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缓激肽受体介导 的 v—Ki—m 转化成纤维细胞 

内钙离子振荡的调节 
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摘要 由单个细胞内钙离子的分析显示：缓激 

肽 受体拮抗剂 ，抑制了缓激肽所诱导的在 v— 

Ki—ra5转化成纤维细胞内的钙离子振荡，B 受 

体拮抗剂无此作用． 降低胞外钙离子 浓度以 

及用 thapsigargin处理细胞均阻止了钙离子振 

荡的发生． 这些结果提示，持续地激活 B2受 

体，导致钙离子 内流及钙离子从内源性贮存部 

位释放的波动，从而引起钙离子的振荡． 
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ABsTRACT Immunoregulatory properties of 

a hOVel antimalarial drug dihydroartemisinin 

(DHA)were investigated in vitro． DHA O．5 

— 5#mol·L enhanced the lymphocyte prolif— 

eration induced by Con A． Interleukin 2 (IL一 

2) production and its mRNA expression by 
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both Con A—stimulated mouse splenoeytes and 

a T eell line LBRM 一33—1A5 were’also aug— 

mented by DHA． In contrast，DHA O．5— 5 

啪 ol·L did not show any effect on the 

lip0polysaccharides (LPS)一induced lympho— 

cyte proliferation and the spontaneous and 

mitogen—induced proliferation of transformed 

T cells． These resuhs indicated that DHA 

might regulatd lymphocyte responses through 
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the induction of IL一2 production and that the 

enhanced T cell proliferation and IL--2 produc—- 

tion m ight be mediated through different path- 

w ays· 

KEY W ORDS dihydroartemisinin ；inter— 

leukin-2 l messenger RNA} T—lymphocytes} 

lymphocyte transformation}cultured cells 

The antimalarials， dihydroa'rtemisinin 

(DHA )， artemisinin (Art)，and artesunate 

were first developed in China in 1970s． 

These drugs can also regulate immune fe— 

sponses． SRBC—driven plaque forming cell 

(PFC ) formation， lymphoc yte proliferation 

and delayed hypersensitivity(DH)were inhib- 

ited by Art 1OO一 300 mg．kg and DHA 100 

mg·kg～ (i--]3． In contrast，Art(5O一 1OO mg 

·kg )strengthened the phagoeytosis of peri— 

toneal maerophages and the production of 

interferon in serum ，and to enhance the DH 

responses and acid phosphatase of 

macrophages“一 ． W hen cultured with 

mouse splenoeytes in vitro Art promoted the 

lymphocyte transform ation ． Sodium arte— 

sunate， a water soluble derivative of Art， 

markedly enhanced anti—SRBC PFC form ation 

in mice ” at a daily concentration of 50 mg 

·kg for 5 d． Art and its 2 derivatives DHA 

and arteether exhibited marked suppression of 

humoral responses at concentrati0ns 0f 4OO一 

600 mg·kg～ ，as measured by the hemolytic 

plaque assay ． But these 3 agents did not 

alter DH response to SRBC哪． Our experi— 

ments showed that Art and its derivatives 

stimulated immune responses in norrgl~l mice 

and accelerated immune reconstitution of mice 

after syngeneic bone marrow transplantation 

(SBM T)at lower concentrations (< 50 mnol 

· L )． but exhibited moderate suppressing 

effect on immune responses at higher concert— 

trations (> 1000 vimol·L一。) ． 

In this report，we mainly studied the ef— 

fect of DHA On T lymphocyte proliferation． 

IL一2 production and its mRNA expression，at— 

tempting to elucidate its immune modulating 

mechanisms． 

M ATERIALS AND M ETHOil6 

Reagents DHA was prepared by Dr TU You— 

You (Institute of Tradltional Chinese Herbs．Chinese 

Academy of Traditional Chinese Medicine，BelOng)． 

Con A and LPS were from Sigma． Recombinant hu— 

man 1L一2 (rh—IL一2) was produced in E coil in our 

Department． PhotoGenTM Nucleic Arid Detection 

Syztem w 8 from Gibco／BRL Life Tcchnolo~es， 

Inc(Galtheraburg，USA)． 

Mice BALB c mice，早，3 months old (Experi— 

mental Adimal Center，Beijing Medical Udiversity)， 

were group—housed for at least 1 wk before use． Food 

and water were given ad ib． 

Cell llnes A type一2 T helper (HT一2)eell rione 

and a T eell line LBRM 一33—1A5 (LBRM )were main— 

tained in our la1>oratory． HT一2 clone wa grown in 

RPM I 1640 medium containing rh—IL一2 20— 3O U 

·ml一 and cultfirea were split 1I 5 into fresh IL一2 con— 

taining m edium twice a week+ LBRM w as passaged 

as HT-2 cells． but without adding 1L一2 into the 

medium + 

Sp!eaoeyte preparation and ／a ，口 lympho~yte 

proliferation a自自jy Spleen single cell suspensions 

were prepar ed in com plete RPM l 1640㈣ ． To iIxea— 

sure the effect of DHA on mltogen—induced prolifera— 

tion，triplicate cultures were established containing 5O 

of splenopytes(4×1o5 cell／wel1)with 5O m of sub— 

optimal concentration of Con A (5 ug·ml )and  100 

I‘1 of sedal tenfold dilutions of DHA． Cuhures were 

incubated for 72 h in a humidified chamber at 37℃／5 

CO=in air，pulsed with PH]TdR 14．8 MBq／well in 

the final 12 h ineubating  period and harvested onto 

glass fibel"mters． Cell—associated radioactivity was 

measured using a scintillation counter(elBe iency~ 45 

)． The results are expressed as disintegrations per 

minute (dora)． 

IL一2 gemera~om by印lenie cells and LBRM tells 

Splenoeytes (2× 10 )or LBRM ce lls (1× 10 )sus 

pended in complete RPM I 1640 med ium were incubat— 

ed n 24一well tissue culture plates in 1 ml RPM 1 1640 

final volume containing varying concentrations of DHA 
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in the presence of Con A 5 ·Ⅲl～ ． After cultured 

for 12，24，and 48 h，the supernatants were collected 

for assaying the IL-2 levels． 

IL--2 bloassay A modification of the hioassay es— 

tablished by Gillis t a／ “ was used． Twotold dilu— 

tions of supernatants (0．1 mI)were added to 96一we1I 

culture plates containinR 0．1 ml IL-2 sensitive HT一2 

indicator cells (1× 10 cells／m1)． These plates砒 re 

incubated for 18 h，pulsed for 6 h with H]TdR l ．8 

M B日 ／well and processed a3 described above for the 

determination ot cell-associated red ioacfivity． Stan- 

dard rh—IL一2 and Con A c0ncentrat 0Ⅱ response curves 

with HT一2 cells were always included to ensure the 

integrity of the indicator cells． 

Preparation of RNA and dot H ot analysis Each 

assay used 2× 10 splenocytes or 5× 10 LBRM  cells 

cultured【n a 15一cm plastic culture dish． At'mdicated 

times． total RNA was extracted  using the AGpc 

method ． Equal amounts of RNA (5 gg)was spot— 

ted on nylon membrane ”． The m embranes were 

prehybridized and hybridized as desc ribe d previous— 

ly ． Quantitation of mRNA wag performed by scan- 

ning the blot using a densitometer． 

Statistics analysis Statistics l s niflcance v s 

determ ined  by 2-taiI￡test． 

RESULTs 

Effeet of DHA on mouse lym phocyte pro— 

Iiferation The influenee of DHA on the m ito． 

genic responses of splehie T—and B-cells was 

determined at first． Con A and LPS were se． 

1eeted as mitogens for T—and B-cells，respee— 

tively，because both are effeetive polyclonal 

activators for T．and B-cells． Normal mouse 

splenoeytes were incubated for 72-h in varying 

concentrations of DHA． DHA enhanced Con 

A induced T-lymphocyte proliferation in a 

concentrati0n—dependent manner，but did nOt 

show any effect on LPS—induced B eell prolif- 

eration at the same concentrations． Unstimu— 

lated splenocytes，however．were not affeeted 

byDHA (F|g1)． 

W hen the concentratioIts of DHA were>  

500 gmol·L一 ， a moderate suppression of 

Iymphoc yte proliferation induced by both Con 

c0nA 

i一  
· LPS 

4"------"‘＼ ：—／ ‘—～ ： 
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F 1． Effect of DH A oD lympbecyte proliferation In 

the presence and 妇  e 0f Con A (5 Pg·mr )oF 

lipopo lysar cherJdes(LIPS，10崞 ·m】一 )． n= 4 cI．1tlIre 

wells． 覃土 ． 。P> 0．05， 。P< 0．05． ‘P< 0．01 yj 

contro1． 

A and LPS was observed (data not shown)． 

The inhibitory effeet of DHA (> 50 propI 

·L )on lymphocyte proliferation ma y be due 

t0 its direct eytotoxicity，because the ce ll via_ 

bility in DHA (1 mmol·L一 )一treated group 

was weakened control(Tab 1)． So，the 

concentrations of DHA < 500 nrrl0卜 L were 

used in our experiments． 

Talb 1． ViabUity of Spleaocyte~~u|tm-ed for 3 d with 

dlhydroactemlslnin in the presence or 8l~elmge of COB 

A． n= 3． ‘P> 0-0g， P< O．05 yj~；ontro1． 

DHA／ 

“mol·L 

Cell viability／ 

W ithoutCo n A W ithCo nA 

5 ttg·I『 

Kinetics of DHA enhancement on T lyre- 

phocyte proliferation The stimulating effect 

of DHA on Con A—induced  T cell pro liferation 

b ● t 
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was dependent on the time at which the corn— 

pound was added to the cultures． The addi— 

tion ofDHA (5 vmol·L )at 0 or 6 h resulted 

in m aximal enhancement． A moderate aug— 

mentation of lymphoproliferation was seen 

when DHA was added at l2 h． There was no 

action on T cel1 proliferation when DHA was 

added 1ater than 24 h (Fig 2)． 

f u after DHA -dded to the~mhu~  

Fig Kinetics of DHA on Con A (S lag-ml一 )in- 

duced lym p~ yte proliferation． 一 3 experimeats． 

x土 ． P> 0．05， P< O．0l P5 contro1． 

Effect 0f DHA on IL一2 production by 

m ouse splenocytes and mouse T—cell line 

LBRM  DHA enhanced IL一2 production by 

mouse splenoeytes in the presenee of Con A 

(Fig 3)． However．DHA did not increase IL一 

2 production from unstimulated lymphoeytes 

(data are not shown here)． In order to test 

whether DHA had any direct stim ulating ef- 

fect on IL一2 production，LBRM cells，a T—cel1 

1ine， were incubated in DHA and Con A． 

DHA strengthened the production of IL一2 by 

LBRM cells in the same way as that of mouse 

splenocytes (Fig 3)． But DHA had no effect 

on either spontaneous or Con A—induced 

LBRM cell proliferation (data not shown)． 

Effect 0f DHA on IL一2 mRNA expression 

by mouse splenocytes and LBRM  cells 

Splenic cells and LBRM  cells were assessed 

for their capacity to pr duce IL一2 tuRNA upon 

T 

E 
● 

’； 

： 

d 

。0．05 S 

L i 

Fig 3． Effect of DHA on IL一2 production from Con A 

(5 ug ·m l ‘) induced splenocytes and T—cell line 

LBRM 一33—1A5． n 一 3 experiments． 士 s． ‘P >  

0．05 P< 0．05， P< 0．01 controI． 

stimulation by Con A in the presence of DHA． 

DHA stimulated IL一2 mRNA expression over 

a wide range of concentrati0ns (0．5— 5“mol 

·L )and the stimulation of IL一2 m RNA ex— 

pression appeared in a concentration—depen— 

dent fashion (Fig 4)． 

Fig 4． Eff~ t of DHA On IL一2 m RNA accum ulation jn 

Con A··stimulated  LBRM —-3~ lA5 and splenocytes 

(Sp1)． 一 3 expe riments． 土 5． ‘尸> 0．05， ‘P< 

0 01 vs~ontroI． 

Kinetics of IL-2 production and IL一 

2 mRNA expression by DHA Kinetics of IL一2 

production by DHA was determined by assess— 

ing the supernatants of splenocytes stimulated 

岬● ●●叶 -享] ● I1【uj l】l! - l!立0_《z t 1l 

维普资讯

 http://www.cqvip.com 

http://www.cqvip.com


BIBLID：ISSN 0253 9756 Acta Pharmacologica Sinlca 中 国药理学报 1994 Nov}15(6) -519· 

with Con A for their capacity to support HT一2 

eell growth in the presence of DH A 5 

Ⅲn0l·L ． The II 一2 production was en— 

hanced by DHA at 24．48 and 72 h culture pe— 

riods． The maxima1 production of IL一2 was 

not only enhanced in its height hut also broad— 

ened in its peak． In addition，the production 

0f IL一2 decreased with lengthening of culture 

time to a 1esser degree in DHA treated 

groups． II 一2 mRNA expression was aug— 

mented by DHA ，especially during the 48 h 

incubating time (Fig 5)． 

Cultuz'~time／h 

Fig S． Kinetics of IL-2 production and m RNA 

accumulation in Con A—induced spleno~ytes by 

dihydroartem|slnln (S umo1．L一 )． IL-2 actlvIty(A) 

and its mRNA (B)． n一 3 experiments． 士 ． ‘ > 

0．05， P< 0．05． P< O．01 j contro1． 

DISCUSSIoN 

The present experiments showed that 

DHA in a concentration range of 0．05—— 5 

p-mol·L consistently augmented the T—cell 

proliferation， while B—cell proliferation was 

not affected． These results confirmed our 

previous reports and that of Qian et al ”． 

However，our results did not conform to those 

of Shen et al ：and Sun et al。：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 tom— 

pounds used and their purity． In fact，DHA 

was also found to inhibit lymphocyte prolifera— 

tion at higher concentrations (> 50 “mo1 

·L ) ． The suppressed lymphocyte prolif= 

eration may be due to the direct cytotoxicity to 

some degrees． because the eel1 viability in 

DHA (1 mmol·L )treated group (cultured 

for 3 d in the presence of Con A)was slightly 

decreased as assessed hy the technique of 

trypan—blue exclusion． 

While it might be argued that 1ymphocyte 

response to mitogen and specific antigens were 

dependent upon the production of IL一2． This 

was not true for the spontaneous and Con A 

induced proliferation of transformed T—eel1 

1ines LBRM ．and it was not true for the pro— 

liferation of splenocytes previously activated 

by Con A， either． The kinetics studies of 

Con A induced mouse splenocyte proliferation 

by DHA demonstrated that T—·lymphocyte pro一 

1ireration was enhanced only when DH A 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 

Iectin Co n A ，increased the IL一2 production． 

hut not the celI proliferation．which were vetv 

similar to those of Stanley et al ‘ and Mereep 

et al。 ”． Both reported that culture of T-ceU 

1ines with mitogen increased the IL一2 secretion 

while decreased the lymphocyte proliferation
．  

These results suggest that IIf2 production 

言_， ● ●●蚪 

l-
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and T—-cell growth may be mediated through 

different pathways． 

The enhanced IL一2 production and the re— 

tarded decrease of IL—-2 activity in the super—- 

natants ot T—celI cultures demonstrated a clos— 

er parallel to IL一2 mRNA Ievels． These may 

indicate that the increased IL一2 production by 

DHA is due to the enhanced IL一2 mRNA Iev— 

els． At present， we cannot distinguish 

whether the increased IL一2 mRNA Ievel was 

resulted from the enhanced mRNA transcrip— 

tion and／or inereased stability ot the mRNA． 

These and the obligatory event in the trane一 

9 Ya g SX，Xie SS，Gao HL，Long ZZ． Artemisimn and 

its deri~ tives enhance T lymphocyte—medmted immune 

responses in normal mice and accelerate 

stitution of mice with syngeneic bone R~rrow transplan 

tation． CIin Immunol Immunopathol 1993}69：143— 8 

10 Yang SX，Ll XY． Enhancement of T lymphocyte 

proliferation and suppression of antibody-producing cell 

formation hv 

Acta Pharmacol Sin 1990 E 11：359— 9． 

1I GⅡ S，Ferm MM ，Ou W -Smith KA T cell growth 

factor：paramete~ of prnd uedon and n quantitative mi- 

eroassay for acti~t~． 】Immunol 1978{120：2027—32． 

12 Chomczynski P，Sacchl N． Single-step method of RNA 

isolation by acld gnanldinium 

form extraction． Anal Bioehem I987；168i 158— 9． 

memhrane sigualin譬 processes that lead to 13 Cheler S，A ㈣ n R- A replxzducible mieroanMytical 

IL一2 Droducti0n and T—cell activation needs met nd for the 。“ of pec。’ A que 。by 

lurther explorat10 n． Anal Bioch
em 1984 137：15—9． 
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