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Abstract

Introduction: Proline-rich tyrosine kinase 2 (PYK2) provides important signals during the activation 

of lymphocytes, which is essential in autoimmune diseases. Systemic lupus erythematosus (SLE) 

is a representative autoimmune disease, and lupus nephritis (LN) is one of its most severe compli-

cations. Although glucocorticoid-binding immuno-suppression is the first-line therapy for patients 

with LN, the common and severe side effects of such treatment call for new strategies to improve 

long-term prognosis and life quality for these patients. Curcumin has been used to treat autoim-

mune disease with good curative effect, but little is known about the effect of curcumin on LN 

patients. Our aim was to investigate the mechanism of curcumin for management of LN, specifically 

regarding the PYK2 pathways.

Material and methods: Freshly isolated peripheral blood mononuclear cells (PBMCs) from 20 LN pa-

tients and 20 healthy individuals were cultured and stimulated with either PMA, PMA+TyrA9 (PYK2 

specific inhibitor), or PMA+Curcumin, and with PBS as control. After 48 hours of incubation, cells 

were harvested and the expression of PYK2, p-PYK2, CD40L, CTLA-4, and PBMCs proliferation were 

measured. Then the expression and activation of PYK2 was evaluated using Western blot, the ex-

pression of costimulatory molecules CD40L and CTLA-4 protein was evaluated using flow cytometry, 

and PBMC proliferation was assessed using a [3H]-thymidine incorporation assay.

Results: Curcumin inhibited the expression and activation of PYK2 in PBMCs in patients with LN in 

vitro. The inhibition rate of curcumin was negatively correlated with the level of serum complement, 

but positively correlated with 24-h proteinuria. Curcumin also suppressed the expression of costim-

ulatory molecules CD40L and CTLA-4, as well as PBMC proliferation. Interestingly, these effects were 

not reproduced on PBMC cultures of healthy subjects.

Conclusions: The inhibition of PYK2 signalling protein may be one of the mechanisms underlying 

the action of curcumin in LN treatment.
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Introduction
Systemic lupus erythematous (SLE) is associated with 

multiple organ involvement. Among the several manifesta-
tions of SLE, renal involvement, known as lupus nephritis 
(LN), is a  common and severe complication and a  major 

predictor of poor outcome [1]. Glucocorticoids and immu-
nosuppressive drugs can inhibit immune response in nu-
merous cases and are the standard of care for SLE patients, 
particularly for those with organ damage (such as LN) [2]. 
However, common and severe side effects associated with 
treatment with glucocorticoids and immunosuppressive 
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agents (for example, infection, osteoporosis, and peptic 
ulcers) call for safer and more tolerable therapeutic alter-
natives for LN patients.

Curcumin is a polyphenolic compound derived from 
the roots of the plant Curcuma longa, which is used in 
traditional Asian medicine [3, 4]. Curcumin has been 
shown to exhibit immunomodulatory properties in lots 
of diseases [5, 6]. A previous study showed that curcum-
in can modulate the cellular response and growth of 
cells within the immune system [7]. In addition, a recent 
report showed that curcumin modulates Th17/Treg bal-
ance specifically on CD4+ T cells of SLE patients without 
affecting healthy subjects [8]. However, the precise mo-
lecular mechanism for such effects of curcumin in LN 
therapy is still unclear despite the extent of curcumin’s 
effects on various biological processes. 

The expression of costimulatory molecules such as 
CD40L and CTLA-4, which are essential for lymphocyte 
activation [9], is up-regulated in human lupus T cells 
[10] or in patients with SLE [11]. Lupus mice treated 
with monoclonal antibody against CD40L or CTLA4-Ig 
showed low levels of anti-double-stranded DNA an-
tibodies, delayed development of nephritis, and pro-
longed survival time [12, 13]. Therefore, CD40L and 
CTLA-4 become targets in considering effective thera-
peutic strategies for LN. 

Proline-rich tyrosine kinase 2 (PYK2) is a non-recep-
tor protein tyrosine kinase belonging to the adhesion 
kinase superfamily [14]. Previous reports showed that 
PYK2 is over expressed in glomeruli from human and 
mice crescentic glomerulonephritis, and its over expres-
sion is closely associated with the onset of glomerular 
nephritis [15]. Moreover, the activation of the PYK2 sig-
nalling on rheumatoid arthritis (RA) lining cells plays 
a pivotal role in inflammatory cell adhesion and migra-
tion into the synovial tissue lesions [16]. Treatments tar-
geting the PYK2 signalling pathway may be effective in 
autoimmune diseases.

Studies over the years have shown that the 
LPS-stimulated phosphorylation of PYK2 in human 
tracheal smooth muscle cells is blocked by pretreat-
ment with curcumin [17]. In addition, the hyperosmot-
ic-stress-induced rapid phosphorylation of PYK2 in rat 
aortic smooth muscle cells is blocked by curcumin [18]. 
However, the curcumin modulation of PYK2 phosphor-
ylation in peripheral blood mononuclear cells (PBMCs) 
from LN patients remains unclear.

In the present study, the expression and activation 
of PYK2 in LN patients’ PBMCs pretreated by curcumin 
in vitro was examined. Furthermore, the expression of 
costimulatory molecules CD40L and CTLA-4, as well as 
PBMC proliferation, inhibited by curcumin, was inves-
tigated. 

Materials and methods 

Subjects of the study

The study subjects were 20 healthy volunteers  
(5 men and 15 women, mean age 38.4 years [range 
23–64 years]), and 20 LN patients (three men and 17 
women, mean age 34.5 years [range 15–67 years]). The 
diagnosis of SLE was confirmed according to the Ameri-
can College of Rheumatology criteria for systemic lupus 
erythematous, and the diagnosis of LN was confirmed in 
the presence of > 500 mg per 24 h proteinuria on at least 
two occasions, as well as kidney biopsy [19]. The activity 
of SLE (SLEDAI) was assessed by a validated question-
naire for SLE disease activity [20]. All patients with con-
firmed LN were included.

Exclusion criteria were as follows: SLE patients with 
diabetes, urinary tract infection or urinary nephrolithi-
asis, patients with overlap connective tissue disease, 
vasculitis syndrome, SLE patients with antiphospholipid 
syndrome, end-stage renal disease, or patients on hae-
modialysis. Healthy volunteers were considered as the 
controls. The study protocol was approved by the Ethics 
Committee of Peking University Shenzhen Hospital, and 
informed consent was obtained from all patients and 
healthy subjects.

Isolation and culture of PBMCs

PBMCs from LN patients and healthy controls were 
purified from heparinised peripheral venous blood us-
ing Lymphoprep density gradient centrifugation (Invit-
rogen). The isolated PBMCs were suspended in buffered 
RPMI-1640 medium and then were divided into four 
groups: the first group (1 × 106/ml) was cultured with  
5 µl phosphate-buffered saline (PBS) for 48 h, as control, 
the second group (1 × 106/ml) was cultured with 5 µl (0.1 
µg/ml)  PMA (Sigma) for 48 h, and the third (1 × 106/
ml) and the fourth group (1 × 106/ml) were, respectively, 
pretreated with 1 µl (0.1 µg/ml) TyrA9 (Calbiochem) or  
1 µl (0.1 µg/ml) curcumin (Shanghai Jinma Biotechnology, 
Shanghai, China) for one hour and then was continually 
cultured with 5 µl PMA for 48 h. These four groups were 
incubated in 24-well culture dishes in 5% CO2 at 37°C.

Measurement of PYK2 expression and 
activation using Western blot 

Cells were harvested and lysed for 30 min using cold 
RIPA buffer mixed with protease inhibitor compounds. 
The lysates were separated by a  3–16% gradient gel, 
and then were transferred to PVDF membranes. Blots 
were blocked with 5% milk in TBST and probed for total 
PYK2, phospho-PYK2, or β-actin. Proteins were detected 
by a chemiluminescence detection system using Super 
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Signal West Pico Substrate (Pierce). Antibodies used in-
cluded PYK2 (SC-9019) and p-PYK2 (SC-11767-R) (Sigma).

Measurement of CD40L and CTLA-4 
percentages using flow cytometry 

Cells were harvested and labelled with 5 µl FITC-con-
jugated anti-CD40L monoclonal antibody (TRAP1, BD 
Biosciences), FITC-conjugated anti-CTLA-4 monoclo-
nal antibody (BNI3, BD BioSciences), or PE-conjugated 
matched-isotype antibody (IgG1κ, BD BioSciences), 
served as a control for 30 min at 4°C, washed twice in 
PBS and subsequently analysed using FACScan (Bec-
ton-Dickinson, Mountain View, CA, USA). A  minimum 
of 1 × 104 cells were counted and analysed for each de-
termination. Results are expressed as the percentage of 
positive cells.

Proliferation assays 

Harvested PBMCs (2 × 105 cells/well) were plated in 
96-hole, flat-bottomed plates and then were pulsed for 
18 h with [3H]-thymidine (1.0 µCi/well). [3H]-thymidine 
incorporation was measured using an LS6500 Microbe-
ta Plus liquid scintillation counter (BACKMAN, U.S.). Each 
experiment was performed at least three times.

Statistical analysis 

Values are shown as mean ± standard deviation. Dif-
ferences between two groups were conducted by t-test. 
The comparison among multiple groups was compared 
by ANOVA with Bonferroni test analysis. Correlations 
between two variables were analysed Spearman’s rank 
test. The experimental data analyses were performed 
using SPSS16.0 statistical package; values of p < 0.05 
were considered statistically significant.

 

Results

Curcumin reduces the expression and 
activation of PYK2 in PBMCs from patients 
with LN in vitro 

The levels of the expression and activation of PYK2 in 
PBMCs were analysed using Western blot as described 
in “Material and methods”. As shown in Figure 1A (top 
blot), a  marked reduction in PYK2 expression was ob-
served in PBMCs following curcumin or TyrA9 pretreated 
in the LN patients but not in healthy donors. Quantita-
tive analysis showed that the expression of PMA-stimu-
lated PYK2 in PBMCs from LN patients was significantly 
up-regulated but was down-regulated by pretreatment 
with curcumin (1.43 ±0.44 vs. 0.81 ±0.29, p = 0.002, t = 
3.942) or TyrA9 (1.43 ±0.44 vs. 0.93 ±0.28, p = 0.020, t = 

2.343). Curcumin or TyrA9 pretreatment showed no in-
hibitory effect in the cells of the control group (Fig. 1B).

PYK2 activation is integral to its downstream sig-
nalling. The activation status of PYK2 was assessed by 
Western blot with a  PYK2 phospho-specific antibody. 
Consistently, PYK2 was weakly phosphorylated on the 
tyrosine 402 residue in PBMCs cultured with the medi-
um, whereas a markedly higher signal for phosphorylat-
ed PYK2 (p-PYK2) was observed in lanes of PBMCs treat-
ed with PMA, suggesting higher level of PYK2 activation. 
However, when cells were pretreated with curcumin or 
TyrA9 before PMA stimulus, a much thinner band corre-
sponding to p-PYK2 was seen in lanes of the LN patients, 
but not in lanes of the control group (Fig. 1A, middle 
blot). This has also been further verified by quantitative 
analysis, as shown in Figure 1B. The expression level of 
p-PYK2 stimulated by PMA was blocked by pretreatment 
with curcumin (1.37 ±0.44 vs. 0.51 ±0.19, p = 0.001, t = 
4.027) or TyrA9 (1.37 ±0.44 vs. 0.59 ±0.20, p = 0.025,  
t = 1.926) in LN patients. Instead, curcumin or TyrA9 pre-
treatment showed no inhibitory effect in the cells of the 
control group (Fig. 1B). The comparison of the inhibitory 
rates between curcumin and TyrA9 on PMA-stimulated 
phosphorylation of PYK2 in LN PBMCs was also anal-
ysed, and no significant difference was found (0.51 ±0.19 
vs. 0.59 ±0.20, p = 0.17, t = 0.263).

Correlation between the effect of curcumin 
on the activation of PYK2 and clinical 
indices in LN patients

In the LN group, the inhibition rate of PYK2 activation 
caused by curcumin showed a negative correlation with 
the level of serum complements (p < 0.01, r = −0.532) 
and a  positive correlation with quantity of 24-h urine 
protein (p < 0.01, r = 0.6707) (Fig. 2A and 2B). Howev-
er, the rate of inhibition of PYK2 activation caused by 
curcumin in LN patients showed no correlation with the 
SLEDAI score (data not show).

Curcumin inhibits the expression of CD40L 
and CTLA-4 in LN patients

As shown in Figure 3, PMA induced the up-regula-
tion of CD40L and CTLA-4 protein in PBMCs from LN 
patients and normal individuals. The expression levels 
of PMA-stimulated CD40L and CTLA-4 protein in PBMCs 
from LN patients were significantly reduced by pretreat-
ment with curcumin [CD40L (29.7 ±9.9 vs. 12.1 ± 4.2, p = 
0.008, t = 3.845), CTLA-4 (25.7 ±6.9 vs. 12.9 ±4.2, p = 0.011, 
t = 3.057)] or TyrA9 [CD40L (29.7 ±9.9 vs. 19.1 ±4.5, p = 
0.014, t = 2.861), CTLA-4 (25.7 ±6.9 vs. 14.1 ±3.9, p = 0.019, 
t = 2.447)], but curcumin or TyrA9 pretreatment showed 
no inhibitory effect in the cells of the control group.
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Curcumin pretreatment inhibits the 
proliferation of PBMCs in LN patients

As expected, the proliferation of PBMCs from normal 
individuals in vitro was weaker than that of LN patients. 
With stimulation by PMA, the proliferation of PBMCs 
from LN patients and normal individuals was signifi-
cantly up-regulated. The PMA-stimulated proliferation 
of PBMCs from LN patients was significantly inhibited 
by pretreatment with curcumin (15 000 ±6263 vs. 5498 
±1707, p < 0.001, t = 4.732) or TyrA9 (15 000 ±6263 vs. 
6000 ±2181, p < 0.001, t = 4.185). However, curcumin or 
TyrA9 pretreatment showed no inhibitory effect in the 
proliferation of PBMCs from the control group (Fig. 4).

Discussion

In this study, we showed that curcumin inhibited the 
expression and activation of PYK2 in PBMCs from LN pa-
tients. The rate of inhibition was negatively correlated 
with the level of serum complement and significantly 
positively correlated with 24-h proteinuria. Isolation and 
culturing of PBMCs showed that curcumin suppressed 
the expression of costimulatory molecules CD40L and 
CTLA-4, as well as PBMCs proliferation. Our results 
demonstrated for the first time that curcumin can mod-
ulate the activation of PYK2 signalling, which provides 
us with new insight into the immunoregulatory mecha-
nisms of curcumin for the treatment of LN.

Fig. 1. Reduced expression and activation of PYK2 by curcumin in PBMCs from LN patients. A. Representa-
tive blot of total PYK2 protein and phosphorylated PYK2(p-PYK2) in PBMCs protein lysates obtained from 
normal individuals (n = 20) and LN patients (n = 20). Total proteins extracted from PBMCs lysates were run 
on gradient gel, and subsequently analysed for PYK2 and p-PYK2 as indicated in patients and methods. 
PMA induced a stronger band corresponding to PYK2 and p-PYK2 in PBMCs, curcumin pretreatment inhib-
ited the expression of PMA-induced PYK2 and p-PYK2 in LN patients but not in normal individuals. B. Data 
for protein level were obtained by computerized analysis of the Western blots. The bars represent the mean 
and standard deviation of three separate experiments. Statistical comparison of each group was made to 
the corresponding PMA group. Significance (*) was set to p < 0.05.
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Although curcumin has been extensively used in tra-
ditional medicine in clinical practice for the treatment of 
rheumatoid arthritis [21], ulcerative colitis [22], arterio-
sclerosis [23], skin lesions [24], hepatic [25] and biliary 
disorders [26], and others, its anti-inflammatory action 
has not been fully understood. Recent studies have 
suggested that the inhibition of proliferation of T lym-
phocytes may be responsible for the anti-inflammatory 
action of curcumin [27, 28]. 

Another recent report showed that curcumin can 
modulate Th17/Treg balance specifically on CD4+ T cells 

of SLE patients without affecting healthy subjects [8]. 
Our results showed that curcumin could significant-
ly suppress the expression and activation of PYK2 in 
PBMCs induced by PMA in LN patients. Our results also 
showed a significant negative correlation between the 
inhibition rate of curcumin on PYK2 and serum CH50 in 
LN patients. On the contrary, a positive correlation be-
tween the inhibition rate of curcumin on PYK2 and 24-h 
proteinuria was found for the total cohort of LN patients. 
The results were consistent with the report that LPS-in-
duced PYK2 phosphorylation was blocked by pretreat-
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Fig. 2. Correlation between inhibition rates of curcumin on the activation of PYK2 and 24 hour proteinuria 
or levels of CH50 in LN patients. A. The inhibition rate of PYK2 activation caused by curcumin showed 
a positive correlation with quantity of 24 h urine protein. B. The inhibition rate of PYK2 activation caused 
by curcumin showed a negative correlation with the level of serum complements.
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ment with curcumin [17]. These findings suggest that 
the inhibition of activation of PYK2 may be implicated in 
the mechanism(s) of curcumin in the treatment of SLE, 
especially for LN.

Previous studies revealed that curcumin can effec-
tively treat experimental colitis by inhibiting the expres-
sion levels of CD40L in CD8+ CD1c+ cells [29]. CD40L 
is essential for lymphocyte activation in LN patients; 
therefore, this costimulatory molecule eventually be-
comes the target in considering effective strategies in 
the treatment of these patients [30]. Our results showed 
that curcumin could inhibit the expression of CD40L in 
PBMCs from LN patients. Consistent with the decreased 
CD40L expression, the proliferation of PBMCs in LN pa-
tients was also reduced by curcumin.

With regard to the declining expression of CTLA-4, 
we speculated that the inhibitory effects of curcumin 
on T-cell activation may be involved in the process. As 
we know, CTLA-4 is mainly expressed in active T cells, 
and its peak appears at 24 hours after activation of 
T cells, but it was virtually undetectable on resting T cells 
[31]. In our study, curcumin inhibited the proliferation 
of lymphocytes, and then the resting T cells increased 

accordingly, which might be one of the causes for the 
decrease of CTLA-4 expression. In addition, different 
doses of curcumin can cause different reactions in lym-
phocytes [8, 32]. A  published paper [32] reported that 
high-dose curcumin (20 μM) significantly up-regulated 
CTLA-4 expression in a dose-dependent manner. How-
ever, a recent report showed [8] that low-dose curcumin 
(0.1–1 µg/ml) can promote the apoptosis of T lympho-
cytes, but high-dose of curcumin (100 µg/ml) can inhibit 
the apoptosis of T lymphocytes. Our results also found 
that low-doses of curcumin (0.1 µg/ml) were needed to 
inhibit the activation of lymphocytes and to decrease 
the expression of CTLA-4.

Interestingly, we found that the ability of low-dose 
curcumin to modulate PYK2 activation is only apparent 
in PBMCs cultures of SLE patients without affecting 
healthy subjects. Another study also found that low-
dose curcumin was not able to modulate Th17/Treg 
balance on CD4+ T cells of healthy subjects [8]. Differ-
ences in dose response shown in CD4+ T cells of SLE 
patients and healthy subjects indicated that curcumin 
may be more sensitive to enter CD4+ T cells from SLE 
patients than from healthy subjects. Limitations of the 
present study include the lack of experiments for the as-
sessment of the precise pathway regulated by different 
doses curcumin in order to modulate the activation of 
PYK2 in LN patients. In the follow-up experiment, we will 
continue to improve the exact mechanism of curcumin 
inducing lymphocyte apoptosis.

Conclusions

The results of this present study indicate that cur-
cumin at low doses (0.1 µg/ml) can reduce the prolifera-
tion of PBMCs in LN patients by inhibiting the activation 
of PYK2. This ability to modulate PYK2 activation is spe-
cifically present only on PBMCs of SLE patients without 
affecting PBMCs of healthy subjects.
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Fig. 4. Curcumin inhibits the proliferation of 
PBMCs in LN patients. Isolated PBMCs were 
cultured as indicated in patients and methods, 
and then cultures were pulsed with [3H]-thymi-
dine (1.0 µCi/well) for 18 h before harvesting 
the cells. Subsequently, [3H]-thymidine incor-
poration was measured. PMA induced the pro-
liferation of PBMCs from each group. Instead, 
curcumin pretreatment inhibited the PMA-stim-
ulated proliferation of PBMCs in LN patients but 
not in normal individuals. Statistical comparison 
of all groups was made to the PMA group. Sig-
nificance (*) was set to p < 0.05.
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