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Astragaloside II triggers T cell activation through 
regulation of CD45 protein tyrosine phosphatase 
activity
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Aim: To investigate the immunomodulating activity of astragalosides, the active compounds from a traditional tonic herb Astragalus 
membranaceus Bge, and to explore the molecular mechanisms underlying the actions, focusing on CD45 protein tyrosine phosphatase 
(CD45 PTPase), which plays a critical role in T lymphocyte activation.
Methods: Primary splenocytes and T cells were prepared from mice.  CD45 PTPase activity was assessed using a colorimetric assay.  
Cell proliferation was measured using a [3H]-thymidine incorporation assay.  Cytokine proteins and mRNAs were examined with ELISA 
and RT-PCR, respectively.  Activation markers, including CD25 and CD69, were analyzed using flow cytometry.  Activation of LCK 
(Tyr505) was detected using Western blot analysis.  Mice were injected with the immunosuppressant cyclophosphamide (CTX, 80 
mg/kg), and administered astragaloside II (50 mg/kg).
Results: Astragaloside I, II, III, and IV concentration-dependently increased the CD45-mediated of pNPP/OMFP hydrolysis with the 
EC50 values ranged from 3.33 to 10.42 µg/mL.  Astragaloside II (10 and 30 nmol/L) significantly enhanced the proliferation of primary 
splenocytes induced by ConA, alloantigen or anti-CD3.  Astragaloside II (30 nmol/L) significantly increased IL-2 and IFN-γ secretion, 
upregulated the mRNA levels of IFN-γ and T-bet in primary splenocytes, and promoted CD25 and CD69 expression on primary CD4+ 
T cells upon TCR stimulation.  Furthermore, astragaloside II (100 nmol/L) promoted CD45-mediated dephosphorylation of LCK 
(Tyr505) in primary T cells, which could be blocked by a specific CD45 PTPase inhibitor.  In CTX-induced immunosuppressed mice, 
oral administration of astragaloside II restored the proliferation of splenic T cells and the production of IFN-γ and IL-2.  However, 
astragaloside II had no apparent effects on B cell proliferation.
Conclusion: Astragaloside II enhances T cell activation by regulating the activity of CD45 PTPase, which may explain why Astragalus 
membranaceus Bge is used as a tonic herb in treating immunosuppressive diseases.
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Introduction 
Astragalus membranaceus (Fisch) Bge (AM) is a well-known 
traditional Chinese herbal medicine that has been used as a 
tonic herb in various immuno-deficient diseases.  Clinically, 
it is thought to act by boosting the body’s general vitality 
and by strengthening resistance to exogenous pathogens.  In 
recent decades, AM was reported to be composed primarily 

of polysaccharides and saponins[1, 2], which were considered 
the most important components for the immunomodula-
tory activities of AM.  It has been reported that triterpene 
saponins, including astragaloside I, II, II, and IV, possess a 
prominent IL-2-inducing activity, which may have a contribut-
ing role in immune-stimulating and anticancer effects of these 
compounds[2].  Astragaloside IV, a key component of AM, 
has been shown to increase T and B lymphocyte proliferation 
and antibody production in vivo and in vitro, but inhibit the 
production of IL-1 and TNF-α from peritoneal macrophages in 
vitro[3].  Astragaloside IV can boost both cellular and humoral 
immune responses[4, 5].  However, comparatively little immu-
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nomodulating activity has been reported for other saponins.  
Additionally, the molecular mechanism of action of AM has 
yet to be fully elucidated.

The delicate balance between kinases and phosphatases is 
crucial for regulating lymphocyte signaling[6].  CD45 is a mem-
ber of a family of transmembrane PTPs and is expressed exclu-
sively on the surface of all hematopoietic cells and their pre-
cursors, except mature erythrocytes and platelets.  The major 
intracellular targets of CD45 PTPase activity are the Src-family 
kinase (SFKs).  In T cells, the predominant SFKs are p56LCK 
and p59Fyn (Fyn).  LCK, in particular, is a primary initiator of 
signal transduction upon T cell receptor engagement[6].  CD45 
is highly glycosylated and has been estimated to comprise up 
to 10% of the T lymphocyte surface area[7].  CD45 plays a criti-
cal role in T-cell receptor (TCR)-mediated signaling by regu-
lating the phosphorylation and activation of protein tyrosine 
kinases and their substrates[7].  Given that the cytosolic portion 
of CD45 contains protein tyrosine phosphatase activity and is 
critical for TCR-mediated T cell activation, compounds specifi-
cally targeting this PTPase might be useful in treating immune 
disorders.  

In the present study, we performed a high-throughput 
screen by utilizing the cytosolic portion of CD45 and pNPP/
OMFP as the substrates to screen our in-house compound 
library.  The results showed that astragaloside I, II, III and IV 
significantly improved CD45-mediated pNPP/OMFP hydro-
lysis.  Consequently, we demonstrated that astragaloside II 
was the most promising compound for regulating immune 
activities in vitro.  Astragaloside II enhanced T lymphocyte 
proliferation in response to ConA, alloantigen and anti-CD3 
stimulation.  It also increased IL-2 and IFN-γ production, 
upregulated mRNA expression of IFN-γ and T-bet, and 
enhanced the expression of CD25 and CD69 on CD4+ T cells.  
In immunosuppressed mice, oral administration of astragalo-
side II (50 mg/kg, po) promoted the recovery of splenic T cell 
proliferation and the production of IFN-γ and IL-2.  However, 
astragaloside II had no apparent effects on B cell proliferation 
in vitro or in vivo.  Compounds with a thiophene core can bind 
to PTP receptors with high affinity and have demonstrated 
extensive cellular activities[8].  We hypothesized that astragalo-
side II might also interact directly with T lymphocyte surface 
proteins, which are critical components of the TCR signaling 
pathway.  In this case, a specific CD45 PTPase inhibitor was 
used.  The results showed that astragaloside II significantly 
promoted T cell proliferation and IFN-γ production, and the 
immunomodulatory effects were blocked by a CD45 PTPase 
inhibitor.

This observation implied that astragaloside II could directly 
affect T cell function by regulating the activity of CD45 
PTPase.  It has been confirmed that LCK (Tyr505) is a physi-
ologically relevant target of CD45 activity in vivo and that the 
dephosphorylation of CD45 enables LCK to be active[9].  Astra-
galoside II significantly promoted the CD45 PTPase-dependent 
dephosphorylation of LCK (Tyr505), which was blocked by a 
specific CD45 PTPase inhibitor.  Based on these findings, we 
proposed a new mechanism for the immunomodulating activ-

ity of astragaloside.

Materials and methods 
Chemicals and reagents
Astragaloside I, II, III, and IV were extracted and purified 
from AM.  The purity of the astragalosides was over 98%, as 
ascertained using HPLC analysis.  

Concanavalin A (ConA), lipopolysaccharide (LPS, Escheri-
chia coli O55:B5), and 3, 3’,5,5’-tetrametylbenzidine (TMB) were 
purchased from Sigma (St Louis, MO, USA).  RPMI (Roswell 
Park Memorial Institute)-1640 medium was purchased from 
Gibco BRL, Life Technologies (Carisbad, CA, USA).  Fetal 
bovine serum (FBS) was purchased from Hyclone Laboratories 
(Logan, UT, USA).  Mouse cytokine (IL-2, IFN-γ)-detecting 
ELISA kits were from BD Biosciences (San Diego, CA, USA).  
[3H]-thymidine (1 mCi/mL) was purchased from the Shanghai 
Institute of Atomic Energy.  CD45 inhibitor N-(9,10-dioxo-
9,10-dihydro-phenanthren-2-yl)-2,2-dimethyl-propionamide 
was obtained from Calbiochem (La Jolla, CA, USA).  A poly-
clonal antibody against LCK (phospho-Tyr505) was obtained 
from Biolabs (San Diego, CA, USA).  Rat-anti-mouse CD16/
CD32 (clone 2.4G2) was purified in-house.  Anti-CD3 (145-
2C11) monoclonal antibody, PE-conjugated anti-CD4, FITC-
conjugated anti-CD25, biotin-conjugated anti-CD69 and 
cytochrome-conjugated streptavidin were purchased from BD 
Bioscience.  Cyclophosphamide was purchased from Jiangsu 
Hengri Pharmaceutical Company.  

Enzyme-based assay for CD45 phosphatase activity
A colorimetric assay to measure the activity of CD45 was 
performed in a 96-well plate.  PNPP (50 mmol/L)/OMFP (0.5 
mmol/L) and amylopectin (0.9 µg/µL) were used to determine 
the phosphatase activity of Hs-laforin, Cm-laforin, and SEX4.  
Assays were performed as previously described[10].  Briefly, 
reactions were carried out in buffer containing 0.1 mol/L 
sodium acetate, 0.05 mol/L bis-Tris, 0.05 mol/L Tris-HCl, 2 
mmol/L dithiothreitol, pH 6.0 for the pNPP assay or in a buf-
fer (0.1 mol/L Tris-HCl pH 8, 40 mmol/L NaCl, 2 mmol/L 
DTT) for the OMFP assay.  The absorbance of the product was 
measured at 410 nm for the pNPP assay and at 490 nm for the 
OMFP assay.  The reaction was terminated by the addition of 
0.1 mol/L N-ethylmaleimide prior to the addition of malachite 
green reagent.  The activity of the compound was continu-
ously monitored, and the initial rate of dephosphorylation was 
determined by using the early linear region of the enzymatic 
reaction kinetic curve.

Experimental animals
Female BALB/c and C57BL/6 mice (6–8 weeks old) were 
obtained from Shanghai Laboratory Animal Center of the 
Chinese Academy of Sciences, and the mice were housed in 
controlled, pathogen-free conditions (12-h light/12-h dark 
photoperiod, 22±1 °C, 55%±5% relative humidity).  All mice 
were allowed to acclimate in our facility for 1 week before the 
experiments began.  All experiments were performed accord-
ing to the institutional ethical guidelines on animal care and 
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approved by the Institute Animal Care and Use Committee at 
Shanghai Institute of Materia Medica.  

Cell preparation
The mice were sacrificed, and the spleens were removed asep-
tically.  A splenocyte suspension was prepared as previously 
described[11] and resuspended in RPMI-1640 media (containing 
10% FBS) supplemented with penicillin (100 U/mL) and strep-
tomycin (100 µg/mL).  

Purified T cells were prepared by using immuno-magnetic 
negative selection to deplete B cells and I-A+APC, as described 
previously[12].  Briefly, lymphocytes were allowed to react with 
an anti- I-Ad/b monoclonal antibody (mAb) and then incubated 
with magnetic beads bound to goat anti-mouse Ig.  The purity 
of the resulting T cell populations was examined by flow 
cytometry and was consistently >95%.

Proliferation assay
The proliferation of splenocytes in response to ConA, LPS or 
alloantigen was determined by [3H]-thymidine as described 
previously[13].  Briefly, BALB/c splenocyte suspensions 
(4×105 cells/well) were cultured in a 96-well flat-bottom 
plate (Costar) with ConA-treated (1 μg/mL), LPS-treated 
(10 μg/mL) or 30 Gy (Gammacell 3000, Canada)-irradiated 
C57BL/6 splenocytes (4×105 cells/well).  The cultures were 
incubated for 48 h and 96 h for ConA, LPS and alloantigen-
induced proliferation.  The cultures were then pulsed with 0.5 
μCi [3H]-thymidine for 8 h (ConA- and LPS-induced prolifera-
tion) or 24 h (alloantigen-induced proliferation) prior to the 
termination of the cultures.  The cultured cells were harvested 
onto glass fiber filters.  The radioactivity was determined with 
a Beta Scintillation Counter (MicroBeta Trilux, MA, USA).

Anti-CD3 mediated splenic T lymphocyte activation
BALB/c splenocytes (4×105 cells/well) were cultured in 
96-well flat-bottom plates that were coated with anti-CD3 (5 
µg/mL), in the absence or presence of astragaloside II, at the 
indicated concentrations.  The culture supernatants were har-
vested after 36 h to measure IL-2 and IFN-γ levels by ELISA 
following the manufacturer’s instruction.  

To investigate IL-2, IFN-γ and T-bet mRNA expression, 
total RNA was isolated 16 h after stimulation with anti-CD3 
(5 µg/mL) by using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA), reverse transcribed, and amplified by polymerase chain 
reaction using specific primers.  RT-PCR products were visual-
ized by electrophoresis through 1.2% agarose gels containing 
ethidium bromide.  Gene-specific primers are as follows:

IL-2, (sense) 5’-TGAGCAGGATGGAGAATTACAGG-3’,
(anti-sense) 5’-GTCCAAGTTCATCTTCTAGGCAC-3’;
IFN-γ, (sense) 5’-ATGAACGCTACACACTGCATC-3’, 
(anti-sense) 5’-CCATCCTTTTGCCAGTTCCTC-3’; 
T-bet, (sense) 5’-CCAGGAAGTTTCATTTGGGAAGC-3’', 
(anti-sense) 5’-ACGTGTTTAGAAGCACTG-3’;
β-actin, (sense) 5’-GGCTGTATTCCCCTCCATCG-3’, 
(anti-sense) 5’-CCAGTTGGTAACAATGCCATGT-3’.
To detect the expression of an activated marker, splenocytes 

were stimulated with anti-CD3 (5 µg/mL) in the absence or 
presence of astragaloside II (30 nmol/L) for 36 h.  Next, the 
cells were collected and blocked with rat-anti-mouse CD16/
CD32 and stained with phycoerythrin-conjugated anti-CD4, 
fluorescein isothiocyanate-conjugated anti-CD25 and biotin-
conjugated anti-CD69 plus Cytochrome-conjugated streptavi-
din.  The expression levels of CD69 and CD25 were analyzed 
on a FACS Calibur (BD Biosciences, San Jose, CA, USA).  

Induction of immunosuppression and treatment protocols
Mice received intraperitoneal injections (ip) of CTX (80 
mg/kg) on d 1 and d 4, and were then randomly divided into 
two groups: a vehicle control group and an astragaloside II 
group.  Astragaloside II (50 mg/kg) was orally administered 
daily from d 1 for 8 d.  Twenty-four hours after the last drug 
administration, the mice were sacrificed, and splenic lympho-
cytes were prepared.

T cell activation and western blotting assay 
Purified primary T cells (5×106/mL) were pretreated with 
astragaloside II at the indicated concentrations for 2 h in the 
presence or absence of the CD45 PTPase inhibitor before stim-
ulation with anti-CD28 (2 µg/mL).  The cells were then added 
to anti-CD3-coated plates (5 µg/mL) for 30 min.  After the 
incubation, the cells were harvested and lysed in SDS sample 
buffer (62.5 mmol/L Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 
5% 2-mercaptoethanol and 0.02% bromophenol blue) and 
boiled for 10 min at 100 °C.  The proteins were separated by 
running them through 10% SDS-polyacrylamide gel electro-
phoresis (PAGE) gels and transferring them to a nitrocellulose 
membrane (Amersham Pharmacia Biotech, Buckinghamshire, 
UK).  The blots were blocked with 5% BSA-TBST buffer (TBS 
containing 0.1% Tween-20) for 1 h at room temperature.  The 
membranes were incubated overnight at 4 °C with 1:500 or 
1:5000 dilutions of the polyclonal antibodies against phospho-
LCK (Tyr505).  The blots were rinsed three times with TBST 
buffer for 15 min each time.  The washed blots were incubated 
with a 1:4000 dilution of horseradish peroxidase conjugated-
secondary antibody for 1 h and then washed three times with 
TBST buffer.  The transferred proteins were visualized with an 
enhanced chemiluminescence detection kit (Amersham Phar-
macia Biotech, Buckinghamshire, UK).

Statistical analysis
Data are expressed as the mean±SEM of each indicated experi-
ment.  Student’s t test was used to determine significance 
between two groups, where appropriate.  P<0.05 was consid-
ered statistically significant.

Results 
Astragalosides significantly increased CD45 phosphatase activity 
A colorimetric assay was used to examine the effects of com-
pounds on CD45 phosphatase activity.  As shown in Figure 1, 
astragalosideI, II, III, and IV significantly enhanced CD45-me-
diated pNPP/OMFP hydrolysis in a dose-dependent manner.  
Additionally, the EC50 value and activation ratio were pre-
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sented in Figure 1C.  Then, we investigated the proliferation 
of anti-CD3-stimulated splenocytes.  The results indicated that 
astragaloside I, II, III, and IV significantly increased anti-CD3 
induced splenocyte proliferation.  Astragaloside II possessed 
the strongest proliferation-enhancing effect (Figure 1D).  Thus, 
astragaloside II was chosen as the representative compound 
for further investigation of immunomodulating activity and 
exploration of the underlying mechanism of AM.

Astragaloside II enhanced ConA-induced murine splenocyte 
proliferation and mixed lymphocyte reaction (MLR) 
ConA and LPS have been considered T and B cell mitogens, 
respectively.  MLR is a model of T cell response to an alloanti-
genic peptide complex with major histocompatibility (MHC) 
protein on the APC.  The in vitro immunomodulatory activity 
of astragaloside I, II, III, and IV were investigated.  As shown 
in Figure 2, astragaloside II promoted ConA- and alloantigen-
induced T cell proliferation.  However, astragaloside II exerted 
no obvious effects on LPS-induced B cell proliferation (Fig-
ure 2B), suggesting that it was the T cell population that was 
mainly influenced by astragaloside II.  

Astragaloside II elevated the immune response in CTX-treated 
mice
Astragaloside II showed significant immunomodulatory activ-
ity in vitro, as described above.  To further explore the immu-
noregulatory properties of astragaloside II, the in vivo immu-

nological activity was investigated in CTX-induced immuno-
compromised mice.  The proliferative responses of splenocytes 
upon ConA stimulation were markedly impaired in CTX-
treated mice as compared with the normal mice.  Administra-
tion of astragaloside II (50 mg/kg, po) significantly rescued 
the splenic T cell proliferation induced by ConA (Figure 3A).  
ConA-induced production of IL-2 and IFN-γ was also consis-
tently and markedly decreased in CTX-treated mice, but the 
production of these proteins increased after the administration 
of astragaloside II (Figure 3B and 3C).

Astragaloside II significantly promoted anti-CD3-stimulated 
splenocyte activation
Because T cell populations have been considered an important 
target in the immunomodulatory activity of astragaloside II, 
both in vitro and in vivo, we further studied the effect of astra-
galoside II on anti-CD3-mediated splenocyte activation.  The 
results indicated that astragaloside II significantly promoted 
cell proliferation (Figure 4A) and the secretion of IL-2 (Figure 
4B) and IFN-γ (Figure 4C) in a dose-dependent manner in 
anti-CD3-stimulated splenocytes.

The transcription factor T-bet controls the polarization of 
Th1 cells, which preferentially produce IFN-γ.  Additionally, 
expression of T-bet is the hallmark of Th1 cells[14, 15].  After anti-
CD3 stimulation, the expression of Th1-related cytokines and 
transcription factors at the mRNA level was examined (Figure 
4D).  The results showed that astragaloside II significantly 

Figure 1.  AstragalosideI, II, III, and IV significantly enhanced CD45 phosphatase activity towards the substrates pNPP (A) and OMFP (B).  CD45 
activity was detected by monitoring the dephosphorylation of pNPP and OMFP, and the EC50 value (C) was also analyzed.  The lymphocyte proliferation 
assay was used to investigate anti-CD3-stimulated splenocyte proliferation (D).  The results are expressed as the mean±SEM of three independent 
experiments.  bP<0.05, cP<0.01 vs the medium group.  The EC50 is the concentration of compound required to increase enzyme activity by 50%.  The 
activation ratio was calculated as Top Value/Bottom Value.

C

                                              pNPP                                          OMFP
Compound               EC50               Activation              EC50               Activation 
                              (µg/mL)                ratio                (µg/mL)               ratio
 
	 As I	   4.57	 2.41	   8.88	 1.83
	 As II	   9.23	 2.39	   5.37	 2.08
	 As III	   6.86	 2.44	   3.33	 1.83
	 As IV	 15.15	 2.58	 19.41	 1.62
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upregulated mRNA expression of both IFN-γ and T-bet after 
anti-CD3 stimulation.

Astragaloside II markedly enhanced the expression of activation 
markers on the cell surface 
CD25 is as IL-2 receptor α that expressed on CD4+ T cells dur-
ing an early period of the immune response, and this type of 
CD25 expression indicates T cell activation[16].  CD69 is gener-
ally thought to be the earliest cell surface activation marker 
on T cells, which may act as a co-stimulatory molecule for T 
cell activation and proliferation[17, 18].  To examine activated 
cell surface marker expression, splenocytes were stimulated 
with anti-CD3 (5 µg/mL) for 36 h.  The cells were stained for 
CD4, CD25 and CD69 and then analyzed by flow cytometry.  
The results indicated that anti-CD3 stimulation up-regulated 
the expression of CD25 and CD69 on primary CD4+ T cells, an 
effect that was largely enhanced in the presence of astragalo-
side II (30 nmol/L) (Figure 5).

Astragaloside II triggered T cell activation via regulating the 
activity of CD45 PTPase
As the most important transmembrane protein tyrosine 
phosphatase in T lymphocytes, CD45 plays a pivotal role in 
regulating T cell activation.  To reveal the correlation between 
astragaloside-triggered T cell activation and CD45 phos-
phatase activity, a specific CD45 PTPase inhibitor, we used 
N-(9,10-dioxo-9,10-dihydro-phenanthren-2-yl)-2,2-dimethyl-
propionamid.  Not surprisingly, the immuno-enhancement 
activity of astragaloside II, including the proliferative response 
(Figure 6A) and increased IFN-γ production (Figure 6C) upon 
anti-CD3 stimulation, was blocked in presence of the specific 
CD45 PTPase inhibitor.  These results confirmed that astra-
galoside II triggered T cell activation through the regulation of 
CD45 PTPase activity.  There was no significant change in IL-2 
production (Figure 6B) in astragaloside II-treated splenocytes.  
Because IL-2 is necessary for T cell survival, proliferation and 
differentiation, we deduced that may due to the specific CD45 
PTPase inhibitor reduced T cell proliferation in this in vitro 
culture system.  

Figure 2.  Astragaloside II enhanced the splenocyte proliferation induced 
by ConA, LPS, and alloantigen treatment.  BALB/c mouse splenocytes 
(4×105 cells/well) were stimulated with ConA (1 μg/mL) (A), LPS (5 μg/mL) 
(B), or irradiated C57BL/6 splenocytes (1:1) (C) for 48 h or 96 h, in the 
absence or presence of astragaloside II.  Cells were plated in triplicate 
in a 96-well plate.  The results are presented as the mean±SEM.  n=3.  
bP<0.05, cP<0.01 vs the control group.

Figure 3.  Administration of astragaloside II promoted recovery of splenic 
T cell function in immunosuppressed mice.  BALB/c mice received 
and intraperitoneal injection (ip) of CTX (80 mg/kg) on d 1 and d 4; 
astragaloside II (50 mg/kg) was given orally for 8 d (5 mice per group).  
Splenocytes (4×105 cells/well) from each group were incubated with ConA 
(1 µg/mL) in triplicate for 24 h.  (A) A proliferation assay.  An ELISA was 
used to detect IL-2 (B) and IFN-γ (C) in supernatants.  Results presented 
are the mean±SEM.  n=3.  bP<0.05, cP<0.01 vs CTX-treated mice orally 
administered saline vehicle.  
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Astragaloside II facilitated CD45-mediated LCK dephosphoryla
tion 
The major intracellular target of CD45 phosphatase activity 
is the p56LCK tyrosine kinase in T cells, which belongs to the 
Src-family of kinases.  CD45 is capable of activating Src family 

tyrosine kinases by dephosphorylating the negative regulator 
p56LCK (Tyr505)[7].  To better understand the contribution of 
CD45 to astragaloside II-induced T cell activation, we exam-
ined CD45-mediated dephosphorylation of LCK (Tyr505).  The 
endogenous levels of LCK at tyrosine 505 were detected by 
Western blot.  The results presented in Figure 7 demonstrate 
that astragaloside II significantly promoted the dephospho-
rylation of LCK (Tyr505); however, this effect was blocked by 
a specific CD45 PTPase inhibitor.  Therefore, concluded that 
astragaloside II exerted an immunomodulatory effect by initi-
ating the activation cascade via CD45-mediated dephosphory-
lation of the Lck tyrosine kinase.

Discussion 
Signal transduction events depend on the subtle balance 
between protein tyrosine kinases and protein tyrosine phos-
phatases, which control phosphorylation and dephospho-
rylation events, respectively.  CD45 is a member of a family 
of transmembrane PTPs that are expressed exclusively on 
the surface of all nucleated hematopoietic cells and their 
precursors[7].  CD45 plays a critical role in TCR-mediated sig-
naling by regulating the phosphorylation of protein tyrosine 
kinases and their substrates.  It has been observed that pri-
mary CD4+ T cells that have been pretreated with anti-CD45 
mAb become unresponsive to anti-TCR cross-linking in vitro[7].  
A mAb against CD45 was reported to inhibit IL-2 secretion, 
Ca2+ mobilization, and tyrosine phosphorylation in response 
to anti-CD3 stimulation[19].  Additionally, T cells from CD45 
knockout mice fail to respond to antigen challenge[20].  Several 
studies have also demonstrated that a mAb specific for the 
CD45 RB isoform is a potent immunomodulator that prolongs 
allograft survival in several murine transplantation models 
and induces long-term engraftment and donor-specific toler-
ance in murine renal and islet allograft models[21].  Given that 
the cytoplasmic domain of CD45 contains PTPase activity 
and plays a role in TCR-mediated signaling, it is reasonable 
to hypothesize that specifically targeting the PTPase may be 
useful in the treatment of immune disorders.  Advances have 
been made in recent decades in the development of potent 
small-molecule inhibitors for CD45 PTPase.  A series of CD45 
inhibitors have been discovered and used for the treatment 
of variety of inflammatory and immune disorders[22–24].  How-
ever, there have been fewer reports showing the immuno-
modulating activity of small-molecule CD45 PTPase activators 
for the treatment of primary immune deficiencies and for anti-
cancer immunotherapy[25].  In the present study, astragalo-
side I, II, III, and IV, as bioactive components from Chinese 
herb AM, were identified as CD45 activators.  Among these 
saponins, astragaloside II exhibited significant immuno-
modulatory effects, including a remarkable enhancement of T 
lymphocyte proliferation upon ConA and alloantigen stimula-
tion.  Additionally, it demonstrated a significant increase in 
IL-2 and IFN-γ production and increased the expression of 
CD25 and CD69 on CD4+ T cells.  In CTX-induced immuno-
compromised mice, oral administration of astragaloside II (50 
mg/kg, po) promoted splenic T cell proliferation and produc-

Figure 4.  Astragaloside II significantly promoted anti-CD3-stimulated 
splenocyte activation.  (A) For the proliferation assay, BALB/c splenocytes 
(4×105 cells/well) were cultured in a plate that was coated with anti-CD3 
(5 µg/mL) in the absence or presence of astragaloside II for 48 h.  For 
cytokine measurements, the culture supernatants were harvested at 36 h 
to measure the IL-2 (B) and IFN-γ (C) levels by ELISA.  IL-2, IFN-γ, and T-bet 
expression in splenocytes at the mRNA level were examined by RT-PCR 
after 16 h of stimulation (D).  The results are expressed as the mean±SEM 
of three independent experiments.  bP<0.05, cP<0.01 vs control group.
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tion of immunostimulatory cytokines.  To investigate the role 
of CD45 PTPase activation in astragaloside II-triggered T cell 
responses, a specific CD45 PTPase inhibitor was used.  We 
demonstrated that astragaloside II significantly promoted T 
cell proliferation and IFN-γ production, and the effect was 
markedly blocked by a CD45 PTPase inhibitor, which suggests 
that astragaloside II triggered T cell activation by regulating 
the activity of CD45 PTPase.

The positive role of CD45 in T cell activation has largely 
been attributed to Src family kinase activity through the 
dephosphorylation of the negative regulator, carboxy-terminal 
tyrosine p56LCK (pTyr505), thus maintaining Lck in an open, 
active configuration[26].  Recent studies have demonstrated 
that CD45 is the only known phosphatase that dephosphory-
lates p56LCK at Tyr505 site[27].  Further studies have shown 
that astragaloside II reduces the expression of phosphorylated 
forms of Lck in anti-CD3/CD28-stimulated T cells.  However, 
this effect is blocked by a specific CD45 PTPase inhibitor.  
These data support the assertion that astragaloside II signifi-
cantly improves CD45-mediated LCK dephosphorylation .

Although CD45 is also expressed on B cells and associ-
ated with B cell receptor signaling, astragaloside II had no 
obvious effects on B cell function.  Several reports have dem-
onstrated that the extracellular domain regulates CD45 func-
tion, perhaps by binding to a ligand or by mediating CD45 
dimerization, which induces the inhibition of its phosphatase 
activity[23].  Thus, CD45 can be regulated by the differential 
homo-dimerization of isoforms; the expression of different 
CD45 isoforms is cell type specific and depends on the state 
of the activation and differentiation of hematopoietic cells[7].  
B lymphocytes express the high molecular weight isoform, 

220 kDa (also termed B220), which includes all alternatively 
spliced CD45 exons (CD45RABC).  A potential explanation 
for the lack of efficacy on B cells is that astragaloside II inter-
acts with CD45 RO, which is expressed on T cells, but with 
the high molecular weight isoforms, which are expressed on 
B cells.  Further studies should be carried out to verify this 
hypothesis.

The T helper lymphocyte is responsible for orchestrating the 
appropriate immune response to a wide variety of pathogens.  
Upon T cell activation, IL-2 and IFN-γ are two essential cytok-
ines that contribute to adaptive immunity, and they protect 
against cancer progression and various intracellular infectious 
diseases[28].  IFN-γ can promote the differentiation of T cells 
and can activate macrophages, which results in increased 
phagocytosis, MHC class I and II expression, and the induc-
tion of IL-12, nitro oxide, and superoxide production, which 
contribute to the elimination of intracellular pathogens[14, 29].  
Based on its induction of IFN-γ, T-bet was proposed to be 
the master switch for Th1 development[30].  Our experiments 
demonstrated that astragaloside II significantly upregulated 
mRNA expression of IFN-γ and T-bet in anti-CD3-stimulated 
T lymphocytes.  However, astragaloside II could not enhance 
IL-2 transcription.  Our data show that astragaloside II 
enhances IL-2 protein production, as found by ELISA.  The 
accumulation of IL-2 in the supernatant should not be the 
consequence of diminished consumption of IL-2 by proliferat-
ing T cells because astragaloside II enhanced the proliferation 
consistently.  Although there was a report that showed that 
IL-2 accumulation in the supernatant will suppress the tran-
scription of IL-2 itself, this issue should not be the case in our 
system because we detected IL-2 mRNA expression as early as 

Figure 5.  Astragaloside II enhanced the expression of activation markers on CD4+ T cells.  BALB/c splenocytes (4×106 cell/well) were cultured in 24-well 
flat-bottom plates that were coated with anti-CD3 (5 µg/mL) in the absence or presence of astragaloside II (30 nmol/L) for 36 h.  Subsequently, CD25 (A) 
and CD69 (B) expression on CD4+ T cells were analyzed by flow cytometry.  The result presented here is representative of three individual experiments.  
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16 h after stimulation[31].  Thus, we propose that astragaloside 
II might affect the transcription of IL-2, but not the mRNA 
expression, in T cells upon the TCR stimulation, which needs 
to be verified by further investigations.

In conclusion, the results from this study establish that 
astragaloside, and bioactive components from TCM, exerted 
immunomodulatory functions by regulating the activity of 
CD45 PTPase.  We believe that these data warrant further 
evaluation of astragaloside as a tonic herb in the treatment of 
immune diseases.

Acknowledgements
This work was supported by grants from the National Natural 
Science Foundation of China (81072652 and 81273524), and 
National Science & Technology Major Project “New Drug Cre-
ation and Manufacturing Program” China (2012ZX09102-101-
006).

Author contribution
Jian-ping Zuo, Jia Li and Jian-min Yue designed the research; 

Chun-ping Wan performed biological research, analyzed data 
and wrote the paper; Li-xin Gao performed in vitro studies of 
enzyme activity; Li-fei HOU, Xiao-qian Yang, Pei-lan He and 
Yi-fu Yang performed biological research; Wei Tang and 
Jian-ping Zuo analyzed data and revised the paper.

References
1	 Bedir E, Calis I, Aquino R, Piacente S, Pizza C.  Cycloartane triterpene 

glycosides from the roots of Astragalus brachypterus and Astragalus 
microcephalus.  J Nat Prod 1998; 61: 1469–72.

2	 Yesilada E, Bedir E, Caliş I, Takaishi Y, Ohmoto Y.  Effects of triterpene 
saponins from Astragalus species on in vitro cytokine release.  J 
Ethnopharmacol 2005; 96: 71–7.

3	 Wang YP, Li XY, Song CQ, Hu ZB.  Effect of astragaloside IV on T, B 
lymphocyte proliferation and peritoneal macrophage function in mice.  
Acta Pharmacol Sin 2002; 23: 263–6.

4	 Nalbantsoy A, Nesil T, Erden S, Calış I, Bedir E.  Adjuvant effects of 
Astragalus saponins macrophyllosaponin B and astragaloside VII.  J 
Ethnopharmacol 2011; 134: 897–903.  

5	 Nalbantsoy A, Nesil T, Yılmaz-Dilsiz O, Aksu G, Khan S, Bedir E.  
Evaluation of the immunomodulatory properties in mice and in 
vitro anti-inflammatory activity of cycloartane type saponins from 
Astragalus species.  J Ethnopharmacol 2012; 139: 574–81.

6	 Zamoyska R.  Why is there so much CD45 on T cells? Immunity 2007; 
27: 421–3.

7	 Trowbridge IS, Thomas ML.  CD45: an emerging role as a protein 
tyrosine phosphatase required for lymphocyte activation and 
development.  Annu Rev Immunol 1994; 12: 85–116.

8	 Ye D, Zhang Y, Wang F, Zheng M, Zhang X, Luo X, et al.  Novel 
thiophene derivatives as PTP1B inhibitors with selectivity and cellular 
activity.  Bioorg Med Chem 2010; 18: 1773–82.  

9	 Hermiston ML, Tan AL, Gupta VA, Majeti R.  CD45: a critical regulator 

Figure 7.  Astragaloside II facilitated CD45-mediated LCK dephosphoryla
tion.  Purified primary T cells were pretreated with astragaloside II (100 
nmol/L) in the absence or presence of CD45 PTPase inhibitor (1.5 µmol/L) 
for 2 h, followed by anti-CD3 stimulation (5 µg/mL) and anti-CD28 (2 
µg/mL) for 30 min.  The cells were lysed and assayed for LCK (phospho-
Tyr505) phosphorylation and GAPDH by western blotting assay.  The result 
presented here is representative of three individual experiments.

Figure 6.  Astragaloside II triggered T cell activation by regulating the 
activity of CD45 PTPase.  Splenocytes (4×105 cells/well) were stimulated 
with anti-CD3 (5 µg/mL) in the absence or presence of the CD45 PTPase 
inhibitor (1.5 µmol/L).  The proliferative response (A) and cytokine level 
of IL-2 (B) and IFN-γ (C) were detected after 48 h or 36 h.  The results are 
expressed as the mean±SEM of three independent experiments.  cP<0.01 
vs medium control.



530

www.nature.com/aps
Wan CP et al

Acta Pharmacologica Sinica

npg

of signaling thresholds in immune cells.  Annu Rev Immunol 2003; 
21: 107–37.

10	 Shi L, Yu HP, Zhou YY, Du JQ, Shen Q, Li JY, et al.  Discovery of a novel 
competitive inhibitor of PTP1B by high-throughput screening.  Acta 
Pharmacol Sin 2008; 29: 278–84.

11	 Hu XD, Jiang SL, Liu CH, Hu YY, Liu C, Sun MY, et al.  Preventive effects 
of 1,25-(OH)2VD3 against ConA-induced mouse hepatitis through 
promoting vitamin D receptor gene expression.  Acta Pharmacol Sin 
2010; 31: 703–8.

12	 Wang JX, Tang W, Shi LP, Wan J, Zhou R, Ni J, et al.  Investigation of 
the immunosuppressive activity of artemether on T-cell activation and 
proliferation.  Br J Pharmacol 2007; 150: 652–61.  

13	 Zhou R, Zhang F, He PL, Zhou WL, Wu QL, Xu JY, et al. (5R)-5-hydro
xytriptolide (LLDT-8), a novel triptolide analog mediates immunosup
pressive effects in vitro and in vivo.  Int Immunopharmacol 2005; 5: 
1895–903.  

14	 Szabo SJ, Sullivan BM, Peng SL, Glimcher LH.  Molecular mechanisms 
regulating Th1 immune responses.  Annu Rev Immunol 2003; 21: 
713–58.

15	 Amsen D, Spilianakis CG, Flavell RA.  How are T(H)1 and T(H)2 effector 
cells made?  Curr Opin Immunol 2009; 21: 153–60.

16	 Zwickey H, Brush J, Iacullo CM, Connelly E, Gregory WL, Soumyanath A, 
et al.  The effect of Echinacea purpurea, Astragalus membranaceus 
and Glycyrrhiza glabra on CD25 expression in humans: a pilot study.  
Phytother Res 2007; 21: 1109–12.

17	 Sancho D, Gómez M, Sánchez-Madrid F.  D69 is an immunoregulatory 
molecule induced following activation.  Trends Immunol 2005; 26: 
136–40.

18	 Brush J, Mendenhall E, Guggenheim A, Chan T, Connelly E, 
Soumyanath A, et al.  The effect of Echinacea purpurea, Astragalus 
membranaceus and Glycyrrhiza glabra on CD69 expression and 
immune cell activation in humans.  Phytother Res 2006; 20: 687–95.

19	 Maroun CR, Julius M.  Distinct involvement of CD45 in antigen 
receptor signalling in CD4+ and CD8+ primary T cells.  Eur J Immunol 
1994; 24: 967–73.

20	 Goldman SJ, Uniyal S, Ferguson LM, Golan DE, Burakoff SJ, Kiener PA.  
Differential activation of phosphotyrosine protein phosphatase activity 

in a murine T cell hybridoma by monoclonal antibodies to CD45.  J 
Biol Chem 1992; 267: 6197–204.

21	 Gregori S, Mangia P, Bacchetta R, Tresoldi E, Kolbinger F, Traversari 
C, et al.  An anti-CD45RO/RB monoclonal antibody modulates T cell 
responses via induction of apoptosis and generation of regulatory T 
cells.  J Exp Med 2005; 201: 1293–305.

22	 Urbanek RA, Suchard SJ, Steelman GB, Knappenberger KS, Sygowski 
LA, Veale CA, et al.  Potent reversible inhibitors of the protein tyrosine 
phosphatase CD45.  J Med Chem 2001; 44: 1777–93.

23	 Pericolini E, Gabrielli E, Bistoni G, Cenci E, Perito S, Chow SK, et al.  
Role of CD45 signaling pathway in galactoxylomannan-induced T cell 
damage.  PLoS One 2010; 5: e12720.

24	 Lee K, Burke TR Jr.  CD45 protein-tyrosine phosphatase inhibitor 
development.  Curr Top Med Chem 2003; 3: 797–807.

25	 Baba M, Yong Ma B, Nonaka M, Matsuishi Y, Hirano M, Nakamura 
N, et al.  Glycosylation-dependent interaction of Jacalin with CD45 
induces T lymphocyte activation and Th1/Th2 cytokine secretion.  J 
Leukoc Biol 2007; 81: 1002–11.  

26	 Leitenberg D, Falahati R, Lu DD, Takeda A.  CD45-associated protein 
promotes the response of primary CD4 T cells to low-potency T-cell 
receptor (TCR) stimulation and facilitates CD45 association with CD3/
TCR and lck.  Immunology 2007; 121: 545–54.

27	 McNeill L, Salmond RJ, Cooper JC, Carret CK, Cassady-Cain RL, 
Roche-Molina M, et al.  The differential regulation of Lck kinase 
phosphorylation sites by CD45 is critical for T cell receptor signaling 
responses.  Immunity 2007; 27: 425–37.  

28	 Mitsuyasu RT.  The potential role of interleukin-2 in HIV.  AIDS 2001; 
15: S22–7.

29	 Mullen AC, High FA, Hutchins AS, Lee HW, Villarino AV, Livingston 
DM, et al.  Role of T-bet in commitment of TH1 cells before IL-12-
dependent selection.  Science 2001; 292: 1907–10.

30	 Afkarian M, Sedy JR, Yang J, Jacobson NG, Cereb N, Yang SY, et al.  
T-bet is a STAT1-induced regulator of IL-12R expression in naïve CD4+ 
T cells.  Nat Immunol 2002; 3: 549–57.

31	 Villarino AV, Tato CM, Stumhofer JS, Yao Z, Cui YK, Hennighausen L, et 
al.  Helper T cell IL-2 production is limited by negative feedback and 
STAT-dependent cytokine signals.  J Exp Med 2007; 204: 65–71.




