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Dimethyl Cardamonin Exhibits Anti-inflammatory Effects via
Interfering with the PI3K-PDK1-PKCa Signaling Pathway
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Abstract

Consumption of herbal tea [flower buds of Cleistocalyx operculatus (Roxb.) Merr. et Perry (Myrtaceae)] is associated with health
beneficial effects against multiple diseases including diabetes, asthma, and inflammatory bowel disease. Emerging evidences
have reported that High mobility group box 1 (HMGB1) is considered as a key “late” proinflammatory factor by its unique secretion
pattern in aforementioned diseases. Dimethyl cardamonin (2',4'-dihydroxy-6'-methoxy-3',5"-dimethylchalcone, DMC) is a major
ingredient of C. operculatus flower buds. In this study, the anti-inflammatory effects of DMC and its underlying molecular mecha-
nisms were investigated on lipopolysaccharide (LPS)-induced macrophages. DMC notably suppressed the mRNA expressions of
TNF-a, IL-1B, IL-6, and HMGB1, and also markedly decreased their productions in a time- and dose-dependent manner. Intrigu-
ingly, DMC could notably reduce LPS-stimulated HMGB1 secretion and its nucleo-cytoplasmic translocation. Furthermore, DMC
dose-dependently inhibited the activation of phosphatidylinositol 3-kinase (PI3K), phosphoinositide-dependent kinase 1 (PDK1),
and protein kinase C alpha (PKCa). All these data demonstrated that DMC had anti-inflammatory effects through reducing both
early (TNF-a, IL-1B, and IL-6) and late (HMGB1) cytokines expressions via interfering with the PI3K-PDK1-PKCa signaling path-
way.
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INTRODUCTION diseases and plays as a key “late-phase” mediator. Indeed,
HMGB1 which is considered as an allimportant late inflam-
Inflammatory processes are considered as a series of com- matory mediator can boost a series of early inflammation
plicated host defense responses. The purpose of inflamma- cytokines during the inflammatory processes (Wang et al.,
tion is to repress vulnera or renovate organic tissues functions 1999; Czura et al., 2004; Yang et al., 2005). Hence, repress-
(Hirahara et al., 2013). Delayed and unchecked inflammation ing HMGB1 proinflammatory activities and its secretion would
would cause the etiopathogenesis of a series of chronic dis- be an impactful way to ameliorate acute and chronic inflam-
eases, such as asthma, inflammatory bowel disease, arthritis matory diseases.
and septic shock syndrome (Kim et al., 2010). Immune macro- Recently, HMGB1 which is identified as a great absorbing
phages are considered as the most special allimportant cells intranuclear protein, can be rapidly and passively secreted
with boosting various inflammatory processes. They act as a through necrotic cells or actively released via immune cells in
key part in releasing “early” and “late” inflammation cytokines response to proinflammatory induction mediators (Oozawa et

after stimulation (Valledor et al., 2010; De-Geus and Vervelde, al., 2008; Lakhan et al., 2009; Yang et al., 2012; Gong et al.,
2013; Cheng et al., 2014). Major “early inflammatory media- 2014). When HMGBH1 is elevated, acetylated and phosphory-
tors” are tumor necrosis factor-a. (TNF-a), interleukin-1p (IL- lated HMGB1 will transfer from nucleus to cytoplasm during
1B), interleukin-6 (IL-6) and so on (Charles et al., 1994; Ed- inflammation process (Bonaldi et al., 2003; Youn et al., 2006;
ward et al., 1995; Pruitt et al., 1995; Abraham et al., 1998). Venereau et al., 2012; Zhou et al., 2014). Several research-
Emerging evidences have demonstrated that High mobility ers have suggested that phosphatidylinositol 3-kinase (PI13K),

group box 1 (HMGB1) acts as a critical part in inflammatory phosphoinositide dependent kinase 1 (PDK1), and classical
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protein kinase C (cPKCs: PKCa, PKCp, and PKCy) signaling
pathways could play a role in concerting to dominate HMGB1
release independent of MAPK and NF-xB. Moreover, PI3K-
PDK1-Akt downstream target cPKCs are considered as effec-
tor kinases of HMGB1 modification secretion (Oh et al., 2009;
Oh et al., 2011). Thus, intensive repression of HMGB1 modifi-
cation secretion is an efficient therapeutic strategy in treating
inflammatory diseases.

Cleistocalyx operculatus (Roxb.) Merr. et Perry (Myrtaceae)
is identified as an edible plant (Dung et al., 2008). Dried flower
buds of C. operculatus are commonly used as an important
ingredient for herbal tea and herbal products in the tropical
countries (Mai et al., 2010). Flower bud of C. operculatus con-
tains chalcone, flavanone, essential oils, triterpene acids, and
sterols. DMC is identified as an allimportant active constituent
of C. operculatus (Fig. 1A) (Ye et al., 2004). DMC has many
health beneficial effects including hepatoprotective activities
(Yu et al., 2011), anti-tumor (Ye et al., 2005a; Ye et al., 2005b),
anti-virus (Dao et al., 2010), anti-microbial (Salem and Wer-
bovetz, 2005), anti-oxidant (Su et al., 2011; Martinez et al.,
2012), anti-diarrheal (Amor et al., 2005; Ghayur et al., 2006),
anti-drug efflux (Huang et al., 2011; Huang et al., 2012), and
anti-diabetic (Hu et al.,, 2012; Hu et al., 2014a; Hu et al.,
2014b). However, the anti-inflammatory effects of DMC along
with the underlying mechanisms remain unclear. In the pres-
ent study, we evaluated the anti-inflammatory effects of DMC
and its molecular mechanism on LPS-induced macrophages.

MATERIALS AND METHODS

Materials

DMC (purity is 99%) is come from dried C. operculatus
flower buds in our lab (Ye et al., 2004). Mouse anti-HMGB1
antibody and Fluorescein-5-isothiocyanate conjugated immu-
noglobulin G were obtained from Invitrogen (Carlsbad, CA,
USA). PKC, PDK1, PI3K, phospho-PKC (p-PKC), p-PKCa,
p-PKCBI, p-PKCBII, p-PKCy, p-PDK1, p-PI3K, Histone H3.1,
B-actin, and Alkaline phosphatase labeled secondary antibody
were purchased from Cell Signaling Technology (Danvers,
MA, USA). TNF-q, IL-1B, IL-6, and HMGB1 were evaluated
via ELISA Kits from R&D Systems (Minneapolis, MN, USA).
Glycyrrhizin (GL), wortmannin (PI3K inhibitor, Wt), and LPS
(Escherichia coli 0111: B4) were purchased from Sigma Al-
drich Company (St. Louis, MO, USA). Cell Counting Kit-8 As-
say Kit (CCK-8) was obtained from Nanjing Jiancheng Com-
pany (NJ, China).

Cell culture and stimulation

RAW 264.7 cells were purchased from American Type Cul-
ture Collection (ATCC, Rockville, MD, USA). Cells were cul-
tured in Roswell Park Memorial Institute 1640 (RPMI-1640)
with Fetal calf serum (FCS, 10%), streptomycin (100 um/mL),
and penicillin (100 U/mL) at 37°C with 5% CO,. The viabil-
ity of the RAW 264.7 cells was measured via CCK-8 Assay
Kit following the manufacture’s specification. After culturing
for 12 h, cells were replaced with fresh medium (RPMI-1640
with 0.25% FCS) with DMC (2.5, 5, and 10 uM) for 2 h, then
were stimulated with LPS (1 ng/mL) for 24 h. RNA extracts,
proteins, and supernatants were stored in -80°C refrigerator.
Treatment with GL (100 uM) was used as a positive control.
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Fig. 1. (A) Chemical structure of dimethyl cardamonin (2',4'-
dihydroxy-6'-methoxy- 3',5'-dimethylchalcone, DMC). (B) Effects
of DMC on cell viability. (C) Effects of DMC on NO production in
LPS-induced RAW 264.7 cells. The concentrations of nitrite were
measured via Griess reagent. Treatment with Glycyrrhizin (GL, 100
uM) acted as positive control group. Each value represents the
mean * SD of triplicate experiments. NS, non significant. *p<0.001
as compared with control group. **p<0.01 and ***p<0.001 as com-
pared with LPS-induced group only.

Cytokines measurement

For the NO assay, cells were pretreated with DMC for 2
h and then stimulated with LPS (1 pg/mL) for 24 h. The su-
pernatants were collected at the designed time points. NO
production was examined via Griess reaction method (Huang
et al., 2011). The amounts of the cytokines in the cell culture
supernatants including TNF-a, IL-18, IL-6, and HMGB1 were
respectively measured via ELISA Kits following the manufac-
ture’s specification.
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Fig. 2. Effects of DMC on the expressions of TNF-q, IL-1B, IL-6, and HMGB1 mRNA in LPS-induced RAW 264.7 cells. Levels of TNF-a
(A), IL-1B (B), IL-6 (C), and HMGB1 (D) mRNA expressions were measured by RT-PCR. Treatment with Glycyrrhizin (GL, 100 uM) acted
as positive control group. B-actin acted as loading control. The bar graph showing semi-quantitative densitometric analysis summarizes the
fold change of TNF-q, IL-1B, IL-6, and HMGB1 expressions in each group. Each value represents the mean + SD of triplicate experiments.
#p<0.001 as compared with control group. *p<0.05, **p<0.01 and ***p<0.001 as compared with LPS-induced group only. #p<0.001 as the
maximum value compared with control group. *p<0.001 as the maximum value compared with the value at 24 h.

Semi-quantitative reverse transcription polymerase chain
reaction (RT-PCR)

RNA extraction and first-strand cDNA synthesis were per-
formed according to the manufacture’s specification (RT-PCR
core kit, Roche, Mannheim, Germany). The primer sequences
used for analyzing of TNF-a, IL-1, IL-6, HMGB1, and p-actin
expressions were as follows: TNF-a, 5-GTAGCCCACGTCG-
TAGCAAA-3'and 5-C-CCTTCTCCAGCTGGAAGAC-3'; IL-18,
5-TCATTGTGGCTGTGGAGAAG-3' and 5-CTATGTCCCG-
ACCATTGCTG-3'; IL-6, 5-GGATACCACCCACAACAGAC-3'
and5-TTGCCGAGTAGACCTCATAG-3";HMGB1,5-ATGGGC-
AAAGGAG-ATCCTAA-3'and 5-CTCTGTAGGCAGGAATATCC-3
B-actin, 5-TGCTGTCCC-TGTATGCCTCT-3' and 5-TGATGT-
CACGCACGATTTCC-3'. The PCR productions were measu-
red via electrophoresis, and then were examined by staining
ethidium bromide with ultraviolet light illumination. The relative
band intensities were analysed via densitometer. The dates
were normalized by p-actin.

Immunofluorescence staining
RAW 264.7 cells were cultured in monolayer with glass cov-

erslip. Cells were pretreated with DMC for 2 h before LPS (1
png/mL) stimulation. Cell samples were fixed by 4% formalde-
hyde for 0.5 h. Samples were permeabilized by Triton X-100
for 15 min. Cells were incubated with anti-HMGB1 primary
antibody and Fluorescein-5- isothiocyanate conjugated sec-
ondary antibody. Finally, samples were stained with DAPI for
15 min. Fluorescence was examined by the laser scanning
confocal microscopy (Olympus Inc., PA, USA).

Western blot analysis

Cells were lysed with lysing buffer in ice condition. To obtain
cytosolic and nuclear proteins, extracts were respectively col-
lected following the manufacture’s specification (Protein Ex-
traction Kit, Pierce Biotechnology Inc., Nepean, Canada). Pro-
tein samples were separated via SDS-PAGE, and then were
electroblotted to PVDF (Millipore, Bedford, MA, USA). After
blocking with 5% non-fat milk, membranes were probed with
primary antibodies (1:1000) for p-PKC, p-PKCa, p-PKCBI,
p-PKCBIl, p-PKCy, PDK1, p-PDK1, PI3K, p-PI3K, HMGB1,
Histone H3.1, and B-actin at 4°C overnight. After three wash-
ing, membranes were probed with AP labeled secondary an-
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Fig. 3. Effects of DMC on the release of TNF-a, IL-18, IL-6, and HMGB1 in LPS-induced RAW 264.7 cells. Levels of TNF-a (A), IL-1B (B),
IL-6 (C), and HMGB1 (D) were determined by ELISA. Treatment with Glycyrrhizin (GL, 100 uM) acted as positive control group. Each value
represents the mean + SD of triplicate experiments. *p<0.001 as compared with control group. *p<0.05, **p<0.01 and ***p<0.001 as com-
pared with LPS-induced group only. #p<0.001 as the maximum value compared with control group. *p<0.001 as the maximum value com-

pared with the value at 24 h.

tibody. Membranes were detected by BCIP/NBT. Finally, the
relative band intensity was analysed via software Quantity
One v4.62 (Bio-Rad, Inc., Berkeley, CA, USA).

Statistical analysis

The data were represented as the mean + SD of triplicate
experiments. The results were performed via one-way ANOVA
followed by Tukey’s test. Differences of p<0.05 were taken as
statistical significant.

RESULTS

DMC suppresses NO production in LPS-induced
macrophages

As shown in Fig. 1B, the cytotoxic effect analysis suggested
that DMC at the tested concentrations had low cytotoxicity on
RAW 264.7 cells with or without LPS. To evaluate whether
DMC could efficiently suppress inflammation, we detected
Nitric oxide (NO) production by Griess reaction method in
LPS-stimulated RAW 264.7 cells. As shown in Fig. 1C, pre-
treatment with DMC could dose-dependently suppress LPS-

http://dx.doi.org/10.4062/biomolther.2015.048

stimulated NO production, and the most inhibition was at con-
centration of 10 uM (p<0.001). Effect of DMC (5 uM) could be
comparable to positive reference GL (100 uM). These results
indicated that DMC had low cytotoxicity and could suppress
LPS-stimulated NO production.

Effect of DMC on productions of early inflammatory cyto-
kines (TNF-q, IL-1f, and IL-6)

As shown in Fig. 2A-C, the mRNA expressions of TNF-a,
IL-1B, and IL-6 were significantly (p<0.001) elevated after LPS
stimulation and expressed mostly at 3h and 6h, respectively.
Pretreatment with DMC significantly (p<0.05) suppressed
their expressions, and the most inhibition was at concentration
of 10 uM (p<0.001). To further confirm observations above,
TNF-a, IL-1B, and IL-6 productions were examined by ELISA
basing on designed time points. As shown in Fig. 3A-C, the
data indicated that the levels of these cytokines (p<0.001)
were significantly evoked after LPS stimulation and expressed
mostly at 3 h, 6 h, and 12 h, respectively. Pretreatment with
DMC significantly (p<0.05) decreased the levels of them in
a time- and dose-dependent manner, and the most inhibition
was at concentration of 10 uM (p<0.001). Effect of DMC (5
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Fig. 4. Inhibitory effect of DMC on the translocation of HMGB1 from nucleus to cytoplasm in LPS-induced RAW 264.7 cells. The cells
were pretreated with DMC for 2 h before LPS (1 pug/mL) treatment for 24 h. (A) HMGB1 nucleo-cytoplasmic translocation was assayed by
laser scanning confocal microscopy. HMGB1 was mainly localized in nucleus of control group (first row). HMGB1 was distributed in both
nuclear and cytoplasmic of LPS-induced RAW 264.7 cells (second row). Pretreatment with DMC markedly inhibited LPS stimulated intra-
cellular HMGB1 movement (third to fifth rows). Nucleus (blue, DAPI staining), HMGB1 (green). Bar: 10 um. The nuclear and cytoplasmic
HMGBH1 proteins were measured via Western blot technique. (B) Histone H3.1 protein acted as loading control of nuclear HMGB1 protein.
(C) B-actin protein acted as loading control of cytoplasmic HMGB1 protein. The bar graph showing semi-quantitative densitometric analysis
summarizes the fold change of HMGB1 expression in each group. Each value represents the mean + SD of triplicate experiments. p<0.001
as compared with control group. *p<0.05, **p<0.01 and ***p<0.001 as compared with LPS-induced group only.

puM) could be comparable to positive reference GL (100 puM).
These data demonstrated that pretreatment with DMC could
suppress the productions of early inflammatory cytokines in-
cluding TNF-q, IL-1B, and IL-6.

Effect of DMC on expressions of late inflammatory
mediator (HMGB1)

HMGB1 was considered as a key late inflammatory media-
tor and booster during the inflammatory processes (Czura et
al., 2004; Yang et al., 2005). On one hand, HMGB1 mRNA
expression was mostly evoked at 24 h with LPS stimulation
(p<0.001). Pretreatment with DMC significantly (p<0.05) at-
tenuated its expression in a time- and dose-dependent man-
ner, and the most inhibition was at concentration of 10 uM
(p<0.001) (Fig. 2D). On the other hand, pretreatment with
DMC significantly (p<0.05) decreased HMGB1 secretion (Fig.
3D) which was consistent with the changes of HMGB1 mRNA
expression. Effect of DMC (5 uM) could be comparable to
positive reference GL (100 uM). Together these results sug-
gested that DMC exhibited anti-inflammatory effects partly via
suppressing HMGB1 secretion.

DMC inhibits LPS-stimulated HMIGB1 secretion by
suppressing its migration from nucleus to cytoplasm

To further evaluate whether DMC could suppress the mi-
gration of HMGB1 from nucleus to cytoplasm, the subcellu-
lar localization of HMGB1 was examined by laser scanning
confocal microscopy. As shown in Fig. 4A, HMGB1 was pre-
dominantly distributed in nucleus during normal circumstance.
LPS could markedly trigger HMGB1 migration from nucleus
to cytoplasm. Intriguingly, pretreatment with DMC could ob-
viously suppress HMGB1 nucleo-cytoplasmic translocation.
The concentration of DMC (10 uM) absolutely suppressed
HMGB1 cytoplasmic migration. To further confirm our detec-
tions, nuclear and cytoplasmic proteins were respectively col-
lected and analysed with Western blotting. As shown in Fig. 4,
LPS alone notably (p<0.001) stimulated HMGB1 translocation
from nucleus to cytoplasm. On one hand, pretreatment with
the tested concentrations of DMC could markedly (p<0.05) cu-
mulate the HMGB1 level in the nucleus (Fig. 4B). On the other
hand, DMC could notably (p<0.05) decrease the HMGB1 level
in the cytoplasm (Fig. 4C). The most inhibition was at con-
centration of 10 uM (p<0.001). These results demonstrated
that DMC could suppress HMGB1 migration from nucleus to
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cytoplasm and inhibit the expression of HMGB1.

DMC down-regulates LPS-stimulated PI3K-PDK1-PKCa.
signal pathway

Some studies suggested that PI3K-PDK1 signal pathway
probably played a role in concerting to dominate HMGB1
release (Youn and Shin, 2006). As shown in Fig. 5A, LPS
alone markedly (p<0.001) stimulated PI3K phosphorylation.
Pretreatment with DMC could dose-dependently decrease
the phosphorylation level of PI3K. The most inhibition was at
concentration of 10 uM (p<0.001). The effect of DMC on the
phosphorylation of PDK1 was evaluated since PI3K down-
stream kinase was PDK1. Consistently, pretreatment with
DMC could markedly (p<0.05) decrease the phosphorylation
level of PDK1, and the most inhibition was at concentration
of 10 uM (p<0.001) (Fig. 5B). Several studies have report-
ed that the PI3K-PDK1-cPKC signal pathway is involved in
HMGBH1 release (Oh et al., 2009). Intriguingly, pretreatment
with DMC could suppress dose-dependently PKCa phos-
phorylation (p<0.001) (Fig. 5C), but not of PKCpI, PKC8II, and
PKCy phosphorylation (data not shown). Together these data
indicated that DMC could down-regulate PI3K-PDK1-PKCa
signal pathway and PKCa played a key role in this signaling
cascades.

DISCUSSION

Natural viable substances that effectively and strongly in-
hibit inflammatory booster have been considered as valuable
candidates for the treatment of inflammations. The dried flow-
er buds of C. operculatus has been used as anti-inflammatory
materials and herbal drink in tropical countries (Mai et al.,
2010). In the present study, we demonstrated that DMC from
C. operculatus flower buds could reduce the secretion and
productions of both early (TNF-a, IL-1B, and IL-6) and late
(HMGB1) cytokines in a time- and dose-dependent manner.
HMGB1 is delayed relative to aforementioned classical early
cytokines, and is also regarded as a critical “late-phase” me-
diator of inflammation (Wang et al., 1999). But, the anti-inflam-
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matory effects of DMC along with the underlying mechanisms
remain unclear. Hence, we deeply evaluated the interrelation
between DMC and HMGB1 and found that DMC exhibited
anti-inflammatory effects via interfering with the PI3K-PDK1-
PKCa signaling pathway.

Inflammation is known as a series of harmful and common
diseases. During several inflammation stimuli, HMGB1 can be
rapidly and passively secreted through necrotic cells or ac-
tively released via immune cells in response to proinflamma-
tory induction mediators (Oozawa et al., 2008; Lakhan et al.,
2009; Gong et al., 2014). During the time of HMGB1 elevat-
ing, it will migrate from nucleus to cytoplasm in the inflam-
mation process. The transport of HMGB1 to the cytoplasm
could induce the productions of early inflammatory cytokines
such as TNF-q, IL-1B, and IL-6 (Andersson et al., 2000). Se-
creted HMGB1 binding to Toll-like receptor 2/4 (TLR2/4) and
the receptor for advanced glycation end products (RAGE)
could exacerbate the inflammatory response (Youn and Shin,
2006). On one hand, DMC could markedly suppress HMGB1
migration from nucleus to cytoplasm. On the other hand, DMC
could notably inhibit the production of HMGB1. These findings
suggested that DMC exhibited anti-inflammatory effects via
inhibiting the expression of HMGB1.

Some articles have reported that PI3BK-PDK1-cPKCs sig-
naling pathways could play a role in concerting to dominate
HMGB1 release independent of MAPK and NF-xB. More-
over, cPKCs are considered as effector kinases of HMGB1
modification secretion (Oh et al., 2009; Oh et al., 2011). The
findings showed that pretreatment with DMC notably reduced
PI3K and PDK1 phosphorylation. Intriguingly, tested concen-
trations of DMC could dose-dependently suppress LPS-stimu-
lated PKCa phosphorylation, but not all of p-cPKCs (including
p-PKCBI, p-PKCBII, and p-PKCy). Therefore, all data support-
ed the hypothesis which DMC could suppress the secretion of
HMGB1 via down-regulating PI3K-PDK1-PKCa signal path-
way and PKCa played a key role in this signaling cascades.

In summary, our results demonstrated that DMC from C.
operculatus flower buds exhibited anti-inflammatory effects
through reducing the release and expressions of both early
(TNF-a, IL-1B, and IL-6) and late (HMGB1) cytokines. The



mechanisms were involved in suppressing HMGB1 secretion,
blocking nucleo-cytoplasmic HMGB1 translocation, and inter-
fering with the PI3K-PDK1-PKCa signaling pathway.
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