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Isoliquiritigenin (ILTG) is a flavonoid with chalcone structure (4,2',4’-trihydroxychalcone),
an active component present in plants like Glycyrrhiza and Dalbergia which showed various
biological activities including anti-inflammatory, anti-carcinogenic and antihistamic. As
very little is known in regard to the underlying mechanism involved in explaining the
various activities of the compound, we carried out a detailed study on the effect of ILTG on
the expression of cell adhesion molecules on human primary endothelial cells. We demon-
strate here that ILTG inhibits TNF-a induced adhesion of neutrophils to endothelial mono-
layer by blocking the expression of ICAM-1, VCAM-1 and E-selectin. Since NF-«B is a major
transcription factor involved in the transcriptional regulation of cell adhesion molecules,
thus we studied the status of NF-«B activation in ILTG treated endothelial cells. We
demonstrate that ILTG inhibits the translocation and activation of nuclear factor-«B (NF-
kB) by blocking the phosphorylation and subsequent degradation of IkBa. As oxidative stress
is also known to regulate the activation of NF-kB to modulate TNF-« signaling cascade, we
tested the effect of ILTG on reactive oxygen species (ROS). We found that it inhibits TNF-«
induced ROS production in endothelial cells. These results have important implications for
using ILTG or its derivatives towards the development of effective anti-inflammatory
molecules.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

on endothelial cells [2]. Nuclear factor-kB (NF-«B) has been
implicated in the transcriptional activation of the genes

The cell adhesion molecules are important for binding of
leukocytes to the endothelial cells and in the infiltration of
inflammatory cells into tissues [1]. Various inflammatory
mediators such as TNF-«, IL-18 and bacterial lipopolysac-
charide (LPS), increase the expression of cell adhesion
molecules (CAMs) including ICAM-1, VCAM-1 and E-selectin
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encoding CAMs [3,4]. NF-kB is sequestered in the cytoplasm
with its inhibitory molecule (IxB). Rapid phosphorylation and
degradation of IkBa allows NF-«B to translocate into the
nucleus and regulate transcription of the target genes.
Emerging evidence suggests that TNF-a signaling cascade
may cause oxidative stress due to the production of reactive

Abbreviations: CAMs, cell adhesion molecules; ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1;
TNF-a, tumor necrosis factor-a; NF-«B, nuclear factor-«B; EMSA, electrophoretic mobility shift assay; HUVECs, human umbilical cord vein

endothelial cells; NEMO, NF-«B essential modulator

0006-2952/$ - see front matter © 2007 Elsevier Inc. All rights reserved.

doi:10.1016/j.bcp.2007.01.015


mailto:bghosh@igib.res.in
http://dx.doi.org/10.1016/j.bcp.2007.01.015

BIOCHEMICAL PHARMACOLOGY 73 (2007) 1602-1612

1603

oxygen species, which in turn temporally regulate NF-«B
activity by IkB kinase and subsequent degradation of IkBa [5-
8]. Also a number of antioxidants and free radical quenchers
have also been shown to block the NF-«B activation [9]. Thus
the centrality of NF-kB as a key mediator involved in
regulation of a plethora of inflammatory responses makes
the idea of identification of small molecules as inhibitors of
NF-«kB and of cell adhesion molecules, quite useful ther-
apeutic approach [10-12].

Isoliquiritigenin (ILTG) is a flavonoid with chalcone
structure (4,2,4'-trihydroxychalcone), an active component
present in plants like Glycyrrhiza and Dalbergia. It has been
evaluated for its various biological activities including anti-
inflammatory, anti-oxidant activity and has been shown to
prevent histamine release from rat peritoneal exudate cells
induced with antigen-antibody reaction and also with calcium
ionophore [13,14]. Its ability to inhibit phosphodiesterase in rat
aortic rings helps to relax smooth muscles [15]. In addition,
ILTG also suppresses metastasis and proliferation of carci-
noma cells and prevents azoxymethane induced colonic
abberent crypt focus and tumor formation in mice [16,17]
and it also induces apoptosis in gastric cancer cells [18].
Recently, it has been reported that ILTG inhibited the Cox and
iNOS activity and exhibit vasorelaxant effect [19,20].

Previously, we have reported that a chalcone derivative, 2'-
hydroxychalcone inhibited NF-«kB translocation and blocked
TNF-a and LPS induced adhesion of neutrophils to human
umbilical vein endothelial cells [10]. Tanaka et al. have reported
different classes of compounds including ILTG for their ability to
inhibit constitutive expression of VCAM-1 on murine endothe-
lial cells and ICAM-1 on mouse myeloid leukemia cells [21].
Further studies on structure activity relationship between
substitution pattern of hydroxyl group and VCAM-1 inhibitory
activity suggests that chalcone with 2’-hydroxyl group on B-ring
and 4'-hydroxyl groups on A-ring are potentially active in
decreasing the cell surface level of VCAM-1 expression [21].
Also, Takano-Ishikawa reported that chalcones with hydroxyl
residue on 4’ position or 3',4'-dihydroxy groups on B-ring exhibit
significant E-selectin inhibitory activity on HUVECs [22]. These
results indicated that chalcones with hydroxyl substitution at
different positions have variable effects on the expression of cell
adhesion molecules. ILTG has a unique structure having
hydroxyl substitutions at 4 position in A-ring and 2’ and 4
positions in B-ring thus it could possess higher inhibitory
activity. However, no detail study has been carried out to
evaluate its inhibitory effect on induced expression of CAMs on
human primary endothelial cells. In addition, very little is
known in regard to the mechanism of action that manifests in
the form of the anti-inflammatory activity of ILTG.

Here, we have not only undertaken a detail study on the
effect of ILTG on the induced expression of ICAM-1, VCAM-1
and E-selectin on HUVECs, but also tried to unravel the
underlying mechanism. We report that ILTG inhibits TNF-«a
induced adhesion of neutrophils to endothelial monolayer by
inhibiting the expression of ICAM-1, VCAM-1 and E-selectin.
We also demonstrate that it inhibits CAMs at the level of
transcription by blocking the translocation and activation of
NF-kB. To elucidate the mechanism further, we have shown
that it blocks NF-«B activity by inhibiting IkB kinase activity
and TNF-a induced ROS production in endothelial cells.

2. Materials and methods
2.1. Materials

Anti-E-selectin, anti-ICAM-1, anti-VCAM-1 antibodies and
TNF-a, were purchased from BD Pharmingen, USA. ILTG,
M-199, i-glutamine, antibiotic and antimycotic solution,
endothelial cell growth factor, trypsin, puck’s saline, HEPES,
o-phenylenediamine dihydrochloride, ficoll-hypaque, cetitri-
methyl ammonium bromide, 3-amino-1,2,4-triazole and anti-
mouse IgG-HRP were purchased from Sigma Chemical Co.,
USA. The ICAM-1, VCAM-1, E-selectin and B-actin primer sets
were synthesized by Genset Corp., Japan. Fetal calf serum was
purchased from Biological Industries, Israel. Anti-mouse-IgG-
FITC was purchased from Becton & Dickinson, USA. Anti-p65,
anti-IkBa, phospho-specific IkBa, anti-glyceraldehyde-3-phos-
phate dehydrogenase and anti-B tubulin antibodies were
purchased from Santa Cruz Biotechnology, USA.

2.2. Human endothelial cell culture

Endothelial cells were isolated from human umbilical cord
using mild trypsinization [23]. The cells were grown in M-199
medium supplemented with 20% heat inactivated fetal calf
serum, 2 mM L-glutamine, 100 units/ml penicillin, 100 pg/ml
streptomycin, 0.25pg/ml amphotericin, endothelial cell
growth factor (50 pg/ml) and heparin (5 U/ml).

2.3.  Cell viability assay

The cytotoxicity of ILTG was analyzed by using trypan blue
exclusion test as described [10], and was further confirmed by
colorimetric MTT assay as described [12].

2.4. Neutrophil adhesion assay

Neutrophil adhesion assay was performed under static condi-
tions as described previously [10,12]. Neutrophils were isolated
from peripheral blood of healthy individuals [10,12]. Endothelial
cells were incubated with or without ILTG for 2 h followed by
induction with TNF-a (10 ng/ml) for 6 h. Endothelial monolayer
was washed and neutrophils (6 x 10%/well) were added to the
monolayer and were allowed to adhere for 1 hat37 °C. The non-
adherent neutrophils were removed by washing. The neutro-
phils bound to endothelial cells were assayed by adding a
substrate solution consisting of o-phenylenediamine dihy-
drochloride, 0.1% cetitrimethyl ammonium bromide and 3-
amino-1,2,4-triazole (1 mM). The absorbance was measured at
490 nm using an automated microplate reader (Spectramax 190,
Molecular Devices, USA). The absorbance is directly propor-
tional to number of cells adhere to endothelial monolayer. Thus
high absorbance illustrates that high number of neutrophils
adhere to endothelial monolayer.

2.5. Cell-ELISA for measurement of ICAM-1, VCAM-1 and
E-selectin

Cell-ELISA was used for measuring the expression of ICAM-1,
VCAM-1 and E-selectin on surface of endothelial cells [10,12].
Briefly, endothelial cells were incubated with or without ILTG
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at desired concentrations for the required period followed by
induction with TNF-a for 16h for ICAM-1 and VCAM-1
expression and for 4h for E-selectin expression. The cells
were fixed, following by overnight incubation at 4 °C with
ICAM-1mAb, VCAM-1 mAb or E-selectin mADb, absorbance was
measured at 490 nm using an automated microplate reader
(Spectramax 190, Molecular Devices, USA).

2.6. Flow cytometry analysis

The cell surface expression of ICAM-1, VCAM-1 and E-selectin
on endothelial cells was further confirmed by flow cytometry
[10,12]. Briefly, endothelial cells were incubated with or
without ILTG (10.0 png/ml) followed by treatment with TNF-ca.
Cells were then incubated with anti-ICAM-1, anti-VCAM-1,
anti-E-selectin or control IgG antibody cells were washed and
stained with FITC conjugated anti-mouse IgG. The cells were
analysed for estimating the expression of cell adhesion
molecules using a flow cytometer (FACS Vantage, Becton &
Dickinson, USA). For each sample, 20,000 events were
acquired. Analysis was carried out by using Cell Quest
Software (Becton Dickinson, USA).

2.7. Total RNA isolation and reverse transcription
polymerase chain reaction

Endothelial cells (2 x 10°) were incubated with or without ILTG
(10.0 pg/ml) for 2 h. Following induction with TNF-«a for 4 h
RNA was isolated from treated endothelial cells according to a
modified guanidium thiocyanate procedure [24]. The expres-
sion of the transcripts for ICAM-1, VCAM-1 and E-selectin was
evaluated by RT-PCR as previously described [18]. Primers
were synthesized according to published cDNA sequences.
The RT-PCR was performed following the manufacturer’s
protocol (Access RT-PCR system, Promega, Madison, USA).

2.8. Preparation of nuclear extracts

Endothelial cells (2 x 10°) were incubated with or without
10.0 pg/ml ILTG for 2h followed by induction with TNF-a
(10 ng/ml) for 30 min as previously described [10].

2.9. Preparation of total cell lysate

Endothelial cells (2 x 10%) were incubated with or without
10.0 pg/ml ILTG for 2h followed by induction with TNF-a
(10 ng/ml) for different time points [25]. The cells were
scraped, collected and centrifuged at 300 x g for 10 min. The
cell pellet was resuspended in RIPA buffer [25], and allowed to
swell on ice for 30 min. Following centrifugation at 13,000 rpm
for 30 min, the supernatant was collected as total cell lysate
and stored at —70 °C. The protein concentration in the extracts
was estimated by BCA method.

2.10. Western blot analysis for p65

Western blot analysis for p65 was performed from nuclear and
cytoplasmic extracts prepared following ILTG treatment and
induction by TNF-a as previously described. [7,10]. To ensure
that there was no contamination of nuclear extracts with

cytoplasmic proteins, western blot was performed for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) simul-
taneously for all samples.

2.11. Western blot analysis for IxBa degradation and
phosphorylation

In order to evaluate the effect of ILTG on degradation and
phosphorylation of IkBa, western blot analysis was performed
with total cell lysates prepared from ILTG treated endothelial
cells. Briefly, lysates were fractionated on 12% SDS poly-
acrylamide gel and the proteins were transferred to Hybond-C
membrane (Amersham, UK) and were incubated with poly-
clonal anti-IkBa (1:100) or phospho-specific IkBa (1:100) for 2 h
at 37 °C. The membranes were subsequently incubated with
HRP-conjugated antibodies. The blots were exposed to
peroxidase substrate. Western blot for p-tubulin was per-
formed to ensure that there was equal loading in all the wells.

2.12. NF-«B activation assay

To determine NF-«kB activation, electrophoretic mobility shift
assay (EMSA) was performed with some modifications as
previously described [26]. Briefly, nuclear extracts were
prepared from ILTG treated endothelial cells, 20 ug of nuclear
extract was incubated with 40-80 fmoles of 3?P-end labelled
double-stranded NF-kB oligonucleotide. The DNA-protein
complexes were analysed by electrophoresis on a 4% native
polyacrylamide gel using Tris-glycine buffer, and visualised by
autoradiography. EMSA was also performed for AP-1and Oct-1
to find out the effect ILTG has on these transcription factors
using radiolabelled AP-1 and Oct-1 oligonucleotide.

2.13.  NF-«B dependent reporter gene assay

The effect of ILTG on TNF-a induced NF-kB dependent reporter
gene transcription was measured as previously described [25].
Briefly, human epithelial A549 cells (2 x 10* cells/well) were
plated in 24 well plates. Next day cells were transfected with
PNF-kB-d2EGFP (1.0 pg) using Lipofectamine 2000, 22 h after
tranfection cells were treated with 10.0 pg/ml ILTG, 2 h after
drug treatment, cells were induced with recombinant human
TNF-a (10 ng/ml) for inducing the expression of GFP. Green
fluorescence was recorded after 6 h by using fluorescence
microscope. Images were captured using Nikon camera and
analysed for mean fluorescence intensity by using software
Image pro plus (Media Cybernetics).

2.14.  IxB kinase assay

Immunoprecipitation was performed as previously reported
[27], with some modifications. Briefly, confluent cells were
incubated with or without ILTG and were stimulated with
recombinant human TNF-a (10 ng/ml) for 15 min. The cells
were washed with cold PBS and lysed using lysis buffer [27].
The lysate was centrifuged at 13,000 rpm for 45 min, the
supernatant was collected as total cell lysate and stored at
—70 °C. Endogenous IKK complexes were immunoprecipitated
from lysates; 100 pg of cell lysate was incubated with 2 pg anti-
IKK-B antibody (H-744, Santa Cruz Biotechnology, Santa Cruz,
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CA, USA) in 100 pl lysis buffer supplemented with 250 mM
NaCl. After incubation for 4h on ice, 20 pl protein A beads
(50%, v/v) were added, and the mixture was incubated under
rotation for an additional 1h at 4 °C.

Kinase assay was performed as previously described [27].
The reaction mixture consisted of kinase buffer [27], 2 ug GST-
IkBa(1-54), 5 pM ATP, and 1 p.Ci [y-**P]ATP in a volume of 30 pl.
Kinase reactions were performed at 37 °C for 30 min, then the
reaction mixtures were subjected to SDS-PAGE and auto-
radiography. Western blot was performed for B-tubulin to
ensure that there was equal loading in all the wells.

2.15.  Measurement of intracellular ROS generation by flow
cytometry

The TNF-a induced intracellular ROS generation in endothelial
cells was measured by probe dichlorofluorescein diacetate
(DCF-DA) (Molecular Probes, Inc., USA) as previously reported
[28].

2.16.  Statistical analysis

Results are given as mean =+ S.D. Independent two-tailed
Student’s t-test was performed. Differences were considered
statistically significant for P < 0.05. All statistical analysis was
performed using software Microcal Origin (ver 3.0; Microcal
Software Inc., Northampton, MA) and Cell Quest Software
(Becton & Dickinson, USA).

3. Results
3.1. ILTG is non-toxic to cells

The cyto-toxicity experiments in this study were performed at
10.0-12.5 pg/ml concentration. Further, we examined the
cytotoxic effect of isoliquiritigeinin up to 22.5 pg/ml concen-
tration more than 96% cells were viable at this concentration
(data not shown).

3.2.  ILTG inhibits adhesion of neutrophils to endothelial
monolayer

As detected by colorimetric assay, there was low adherence of
neutrophils on unstimulated endothelial cells. This adherence
was induced more than three-fold by stimulation with TNF-«
(Fig. 1). Interestingly, ILTG significantly inhibited the adhesion
of neutrophils to endothelium in a concentration dependent
manner and a maximum of 90% inhibition was obtained at
12.5 pg/ml concentration.

3.3.  ILTG inhibits the TNF-« induced expression of ICAM-
1, VCAM-1 and E-selectin on endothelial cells

As the expression of cell adhesion molecules on endothelial
cells is a prerequisite for adhesion of neutrophils, we
investigated the effect of ILTG on TNF-a induced ICAM-1,
VCAM-1 and E-selectin expression. Our cell-ELISA results
demonstrated that ICAM-1, VCAM-1 and E-selectin were
expressed at low levels on unstimulated endothelial cells

BEZ3 Uninduced
E Induced TNF-w

Absorbance at 490 nm

0.0

Control

Concentration of ILTG (ug/ml)

Fig. 1 - ILTG inhibits adhesion of neutrophils to endothelial
monolayer. Endothelial cells were incubated with or
without indicated concentrations of ILTG for 2 h prior to
induction without (hatched bars) or with TNF-a (10 ng/ml)
(closed bars) for 6 h. The adhesion of neutrophils on the
cells was measured by colorimetric assay as described in
Section 2. The data presented are representative of three
independent experiments done in triplicate. Values
shown are mean =+ S.D. of quadruplicate wells.

and there was over four to six-fold increase in their expression
upon stimulation with TNF-a (Fig. 2, panel A, i, ii, iii). Pre-
treatment of endothelial cells with ILTG had no effect on the
constitutively expressed levels of ICAM-1, VCAM-1 or E-
selectin. The inhibitory activity of ILTG on ICAM-1 expression
was first evident at a concentration 0.625 pg/ml with maximal
inhibition at a concentration of 10.0 ng/ml (Fig. 2, panel A, i).
The inhibition pattern for VCAM-1 was first evident at a
concentration 0.625 ng/ml with maximal inhibition at a
concentration of 10.0 pg/ml (Fig. 2, panel A, ii). In case of E-
selectin, inhibition was first observed at a concentration
2.5 pg/ml with maximal inhibition at a concentration 10.0 pg/
ml (Fig. 2, panel A, iii).

The inhibitory activity of ILTG on ICAM-1, VCAM-1 and E-
selectin expression was further confirmed by flow cytome-
try (Fig. 2, panel B, i, ii, iii). The unstimulated cells expressed
low levels of ICAM-1 and undetectable levels of VCAM-1 and
E-selectin. Upon stimulation with TNF-a, a substantial
increase (six- to eight-folds) in the expression of all these
three molecules was observed (Fig. 2, panel B, i, ii, iii). Pre-
treatment of endothelial cells with ILTG (10.0 ng/ml)
significantly inhibited the TNF-a induced expression of
ICAM-1, VCAM-1 and E-selectin (Fig. 2, panel B, i, ii, iii).
Thus, ILTG inhibited the induced expression of cell adhesion
molecules as measured using cell-ELISA and confirmed by
flow cytometry.

To determine the kinetics of inhibition, endothelial cells
were incubated with 10.0 ng/ml of ILTG for 14 h prior to,
simultaneously or 1-2 h after induction with TNF-« for 16 h.
ILTG inhibited ICAM-1 expression when added prior to or
simultaneously with TNF-« induction. However, when it was
added after TNF-a induction, the inhibition of ICAM-1
expression was not significant (Fig. 3). These results, therefore,
indicate that ILTG may be interfering with early signaling
events in response to TNF-a.
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Fig. 2 - Concentration dependent inhibition of TNF-a induced ICAM-1, VCAM-1 and E-selectin expression by ILTG: (A)
endothelial cells were incubated with or without indicated concentrations of ILTG for 2 h prior to induction without
(hatched bars) or with TNF-a (10 ng/ml) (closed bars) for 16 h for ICAM-1, VCAM-1 and 4 h for E-selectin, and level on the
cells was measured by ELISA as described in Section 2. Flow cytometric analysis of inhibition of TNF-a induced ICAM-1,
VCAM-1 and E-selectin expression by ILTG: (B) expression of cell adhesion molecules was measured by flow cytometry as
described in Section 2. Cell Quest Software was used for statistical analysis (p < 0.01). The data presented as mean * S.D. of
three independent experiments after auto-fluorescence was subtracted from treated conditions.

3.4.  ILTG decreases transcript levels of ICAM-1, VCAM-1
and E-selectin

To understand the mechanisms responsible for inhibition of
ICAM-1, VCAM-1 and E-selectin by ILTG, we examined
whether ILTG blocks the induction of their transcript levels.
As shown in Fig. 4, the unstimulated endothelial cells or cells
treated with ILTG alone, there were low levels of ICAM-1
mRNA, and undetectable levels of VCAM-1 and E-selectin
mRNA. Stimulation with TNF-a led to a marked increase in
ICAM-1, VCAM-1 and E-selectin transcripts (Fig. 4), while pre-

treatment with ILTG led to a significant reduction in their
induced transcript levels (Fig. 4). Neither TNF-a nor ILTG
altered constitutive B-actin mRNA levels (Fig. 4). These results
indicate that ILTG inhibits the transcription of ICAM-1, VCAM-
1 and E-selectin genes.

3.5.  ILTG inhibits TNF-a induced nuclear translocation of
p65

Previous studies have demonstrated that NF-xB is a key
transcription factor for TNF-a induced expression of ICAM-1,
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Fig. 3 - Inhibition by ILTG is time dependent: endothelial
cells were incubated with or without 10.0 pg/ml ILTG for
indicated time periods. This was followed by induction
without (hatched bars) or with (closed bars) TNF-« (10 ng/
ml) for 16 h. The ICAM-1 level on the cells was measured
by cell ELISA as described in Section 2. The data are
representative of three independent experiments done in
triplicate. Values shown are mean + S.D.

(A)

T™Fo - + - + - + - +

ILTG

M 1 2 3 4 5 6 7 8 M

ICAM-1 VCAM-1

(B)

T™NFo« - + - + - + - +

ILTG - - + + - -+ +

[B-actin

E-selectin

Fig. 4 - Analysis of ICAM-1, VCAM-1 and E-selectin
transcript levels in ILTG treated cells: Total RNA from the
ILTG treated cells was isolated and analysed by RT-PCR as
described in Section 2. The data are representative of three
independent experiments. (A) ICAM-1 and VCAM-1; (B) E-
selectin and B-actin. Lanes, M: marker ¢ X 174 Hae III
digest; lanes 1 and 5: unstimulated cells; lanes 2 and 6:
stimulated with TNF-q; lanes 3 and 7: ILTG; lanes 4 and 8:
stimulated with TNF-a after ILTG pre-treatment for 2 h.

VCAM-1 and E-selectin on endothelial cells [4]. The activation
of NF-«B requires the translocation of the p65 subunit of NF-«B
from the cytoplasm to the nucleus. We, therefore, measured
the levels of p65 in the cytoplasm and in the nucleus of ILTG
treated cells using western blot. It was observed that there
were low levels of p65 in the nucleus of the unstimulated cells
or cells treated with ILTG alone (Fig. 5A, lanes 1 and 3) while
high levels were observed in the cytoplasm (Fig. 5B, lanes 5 and
8). Upon treatment with TNF-a, the level of p65 in the
cytoplasm decreased (Fig. 5B, lane 6) while its level increased
in the nucleus (Fig. 5A, lane 2). On the other hand, upon
treatment of the cells with ILTG prior to induction with TNF-q,
the level of p65 did not decrease in the cytoplasm (Fig. 5B, lane
8) and there was no concomitant increase in the p65 levels in
the nucleus (Fig. 5A, lane 4). Equal loading of protein amount
was visualized by performing western blot for GAPDH (Fig. 5C
and D). Performing this western blot for nuclear protein also
ensured that there was no contamination of nuclear extracts
with cytoplasmic proteins. These results therefore indicate
that ILTG interferes with the translocation of p65 from
cytoplasm to the nucleus, and hence may be responsible for
preventing the induction of ICAM-1, VCAM-1 and E-selectin.

3.6.  ILTG inhibits TNF-« induced activation of NF-«B but
not AP-1 and Oct-1

To study the effect of ILTG on NF-«B activation, electro-
phoretic mobility shift assay was performed. As shown in
Fig. S5E, there was a low level of NF-«B in unstimulated cells
(lane 2). Upon stimulation with TNF-« there was an increased
level of NF-«B, thus causing substantial retardation in the
mobility of the labelled oligonucleotide (lane 3). The
specificity of the NF-kB DNA complex induced by TNF-a
was confirmed in control experiments. Incubation with
excess unlabelled NF-kB inhibited the formation of the
complex, whereas competition with an excess of an
irrelevant oligonucleotide, SP-1 did not inhibit the complex
(compare lane 7 with lane 8). ILTG alone had no effect on the
basallevel of NF-«B (lane 4). In contrast, the treatment of cells
with ILTG prior to induction with TNF-a caused a substantial
decrease in the level of NF-«B binding at a concentration of
10.0 pg/ml (lane 5). Further, we checked the binding of NF-kB
to DNA in the presence of ILTG, for this, nuclear extract from
TNF-a induced endothelial cells was incubated with radi-
olabelled NF-«B oligos in the presence of ILTG. We found that
ILTG had no effect on NF-«B binding to DNA (Fig. 5E, lane 6).
As cell adhesion molecules are regulated by other transcrip-
tion factors also, like AP-1 and Oct-1 we wanted to see the
effect ILTG has on these transcription factors. As seen in
Fig. 5F and G, ILTG does not seem to affect induced levels of
AP-1and Oct-1. Thus, the inhibitory activity of ILTG is specific
to NF-«kB.

To confirm further, we performed reporter gene assay, by
transfecting A549, a lung epithelial cell line, with pNF-«B-
d2EGFP. It was observed that TNF-a induces GFP expression by
three-fold over the control. However, pre-treatment of A549
cells with ILTG prior to TNF-a stimulation significantly
inhibited the induced expression of GFP (Fig. S5H). These
results therefore, demonstrate that ILTG inhibits the TNF-a
induced NF-«B activation.
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Fig. 5 - Effect of ILTG on p65 translocation: the nuclear and cytoplasmic extracts were prepared and analysed for p65
translocation as described in Section 2. (A) Nuclear extracts and (B) cytoplasmic extracts. Lane M, marker, bio-rad broad
range; lanes 1 and 5, unstimulated cells; lanes 2 and 6, stimulated with TNF-«; lanes 3 and 7, ILTG alone; lanes 4 and 8,
stimulated with TNF-«a after ILTG pre-treatment for 2 h. (C) and (D) are western blot for glyceraldehyde-3-phosphate
dehydrogense (GAPDH) for nuclear and cytoplasmic extracts, respectively, to ensure that there is no contamination of
cytoplasmic proteins with nuclear proteins (lanes 1-8). (E)~(G) ILTG inhibits NF-«xB activation but not AP-1 or Oct-1: EMSA
was performed with double stranded NF-kB or AP-1 or Oct-1 as described in Section 2. Lane 1, free probe; lane 2,
unstimulated cells; lane 3, stimulated with TNF-q; lane 4, ILTG alone; lane 5, stimulated with TNF-« after ILTG pre-
treatment for 2 h; lane 6, nuclear extract from TNF-« stimulated endothelial cells was incubated with ILTG to see its effect
on DNA binding; lane 7, cold chase with specific oligos; lane 8, cold chase with non specific oligos. (H) ILTG inhibits NF-«xB
dependent reporter gene expression. A549 cells were transfected with pNF-kB-d2EGFP as mentioned in Section 2. Bar 1,
unstimulated cells; bar 2, stimulated with TNF-q; bar 3, ILTG alone; bar 4, stimulated with TNF-« after ILTG pre-treatment
for 2 h. The data presented is one of the three independent experiments.

3.7.  ILTG inhibits TNF-« induced IxBo degradation of IkBa. To determine the effect of ILTG on IkBa degradation,

total cell lysate was prepared from the ILTG treated cells. Using
Translocation of NF-kB from cytoplasm to the nucleus is western blot analysis, we demonstrated that the degradation
preceded by the phosphorylation and subsequent degradation of IkBa took place in a time dependent manner with maximum
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Fig. 6 - Effect of ILTG on TNF« induced IkBa degradation
and phosphorylation: total cell lysate was prepared and
analysed for IkBa degradation and phosphorylation as
described in Section 2. (A) Time kinetics of IkBa
degradation, (B) IkBa degradation, (C) IkBa
phosphorylation, lane 1, unstimulated cells; lane 2,
stimulated with TNF-q; lane 3, ILTG alone; lane 4,
stimulated with TNF-« after ILTG pre-treatment for 2h (B
and C). The data presented is one of the three independent
experiments. Western blot was done for g-tubulin to
ensure that there was equal loading in all the wells.

degradation at 15 min after the TNF-a induction. Interestingly,
after 30 min of TNF-a induction the levels of IkBa starts to
increase and at 60 min of TNF-a induction to its reached at
normal (Fig. 6A, left panel). The pre-treatment of endothelial
cells with ILTG inhibited IkBa degradation in a time dependent
manner (Fig. 6A, right panel). As shown in Fig. 6B, upon
induction with TNF-a for 15 min the intensity of IkBa was
significantly reduced (compare lane 1 versus lane 2). In
contrast, pre-treatment of cells with ILTG prior to induction
with TNF-a significantly inhibited the degradation of IkBa
(lane 4). ILTG alone had no effect on the basal level of IkBa (lane
3).

3.8. ILTG inhibits TNF-o induced IxBa phosphorylation

As IkBa degradation is dependent on its phosphorylation, we
determined the status of its phosphorylation upon pre-
treatment with ILTG. As shown in Fig. 6C, the intensity of
phosphorylated IkBa significantly increased after induction
with TNF-a (compare lane 2 versus lane 1). Interestingly,
treatment of endothelial cells with ILTG prior to induction

TNF-o. - + . "
ILTG - - + L
T GsrnBa 59
1 2 3 4

B-tubulin

Fig. 7 - ILTG inhibits TNF-a induced kinase activity of IKK:
endothelial cells were treated with ILTG (10.0 pg/ml) and
stimulated with TNF-q, total cell lysates were prepared.
The ability of immunoprecipitates assayed to directly
phosphorylate GST-IkBa fusion proteins in presence of
[¥32P] ATP in vitro kinase assay was performed as
mentioned in Section 2. Lane 1, unstimulated cells; lane 2,
stimulated with TNF-q; lane 3, ILTG alone; lane 4,
stimulated with TNF-«a after ILTG pre-treatment for 2 h
Western blot was done for g-tubulin to ensure that there
was equal loading in all the wells.

with TNF-a significantly inhibited the intensity of phosphory-
lated IkBa (compare lane 2 versus lane 4). ILTG alone did not
effect the basal levels of phosphorylated IkBa (lane 3).

3.9. ILTG inhibits TNF-«a induced kinase activity of IxB
kinase (IKK)

It has been shown that IKK is required not only for TNF-a
induced phoshporylation and degradation of IkBa but also for
NF-kB activation [25]. Since ILTG inhibits IkBa phosphorylation
and NF-«B activation, we examined the effect of ILTG on TNF-«

Mean Fluorescence Intensity

TNF-o. - + - +
ILTG - - + +

Fig. 8 - ILTG inhibits TNF« induced ROS production:
confluent human endothelial cells were treated with ILTG
(10.0 pg/ml) for 2 h and then cells were loaded with DCF-
DA dye (10 pM) for 30 min and cells were stimulated with
TNF-a (10 ng/ml) for 30 min. Cells were washed with ice-
cold PBS and collected for acquisition as mentioned in
Section 2. The data presented as mean *+ S.D. of three
independent experiments after auto-fluorescence was
subtracted from treated conditions. Bar 1, unstimulated
cells; bar 2, stimulated with TNF-q; bar 3, ILTG alone; bar 4,
stimulated with TNF-«a after ILTG pre-treatment for 2 h.
Cell Quest Software was used for statistical analysis

(p <0.05).
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induced activation of IKK. Stimulation of cells with TNF-«
increased the IkB kinase activity (Fig. 7, lane 2). In contrast,
pre-treatment of cells with ILTG (10.0 ng/ml) for 2 h before
TNF-a stimulation resulted in a decrease in the kinase activity
of IKK (Fig. 7, compare lane 2 versus lane 4). There was a slight
decrease in the basal level of kinase activity when the cells
were treated with ILTG only (compare lane 1 versus lane 3).
This shows that ILTG may inhibit kinase activity of IKK.

3.10.  ILTG inhibits intracellular ROS generation

Emerging evidence suggests that reactive oxygen species
(ROS) can contribute to diverse signaling pathways. TNF-a
induced free radical generation like H,0, activates inflam-
matory signaling pathway, including NF-«B in vascular cells
[29]. As ILTG inhibits TNF-«a induced NF-«B activation, there-
fore, we examined the effect of ILTG on TNF-a induced ROS
generation in endothelial cells. The TNF-a induced intracel-
lular ROS generation in endothelial cells was measured by
probe dichlorofluorescein diacetate (DCF-DA). As shown in
Fig. 8, there was an approximately two-folds increase in
generation of free radicals upon stimulation of cells with TNF-
a. In contrast, treatment of endothelial cells with ILTG prior to
induction with TNF-a significantly inhibited ROS generation,
while ILTG alone had no effect.

4, Discussion

The extracts of Glycyrrhiza and Dalbergia were previously
known to posses various medicinal activities including anti-
inflammatory and anti-oxidant activity. Isoliquiritigenin
(ILTG), a chalcone is one of the major active components in
these extracts. Earlier comparative studies on various mole-
cules with chalcones structure have indicated that ILTG
contains a unique structure (4,2',4’-trihydroxychalcone) and
could possess higher anti-inflammatory activity [10,21,22]. In
the present study, we have demonstrated that ILTG inhibited
the adhesion of neutrophils to endothelial monolayer by
blocking TNF-a induced expression of ICAM-1, VCAM-1 and E-
selectin on primary endothelial cells. One of the critical
aspects of the present study was to compare the effectiveness
of ILTG as inhibitor of expression of cell adhesion molecules
with our previously reported 2’-hydroxychalcone [10]. We
found that ILTG inhibited CAMs at a lower concentration
(10.0 pg/ml or 40 pM) in comparison to 2'-hydroxychalcone
which required a concentration of 60 uM [10]. Similar to 2’'-
hydroxychalcone, the effect ILTG has on ICAM-1 was found to
be reversible as the treated cells were fully capable of
responding to TNF-a induction (data not shown). Thus, ILTG
treatment did not cause any permanent change in the
endothelial cells. We also found that ILTG was more effective
when added prior to or simultaneously with TNF-a (Fig. 3).
These results suggested that ILTG may be interfering at early
stages of signaling events leading to the expression of CAM
upon induction with TNF-a.

To elucidate the mechanism further, we have demon-
strated that it effectively inhibited TNF-«a induced transcrip-
tion of ICAM-1, VCAM-1 and E-selectin (Fig. 4), and it was also
seen to block the translocation and activation of NF-«kB at a

33% lower concentration than that of 2’-hydroxychalcone [10].
Further, when we performed EMSA using labelled AP-1 and
Oct-1, it was also seen that ILTG did not affect these
transcription factors, thus, inhibitory activity of ILTG seems
to be specific to NF-«kB. Recently, Hsu et al. [30] have reported
that isoliquiritigenin induced apoptosis in human hepatoma
cells. Apparently, their findings seem similar to ours in terms
of the ability of isoliquirtigenin to inhibit NF-kB dependent
gene expression. However, unlike their study, where they have
investigated the effect of this compound on the constitutive
levels of NF-«kB protein expression and its DNA-binding
activity in human hepatoma cells, we have shown that ILTG
is able to inhibit nuclear translocation and activation of NF-«B
upon stimulation with TNF-a by inhibiting IkBa degradation in
primary endothelial cells. Hence, our work is quite distinct as
we report here the effect of ILTG on NF-«B signaling pathway
in primary cells. We have also seen that the NF-«B inhibition
by ILTG is not cell specific, as NF-«B inhibition was also
observed in A549, a human lung epithelial cell line (data not
shown). These results were further confirmed by performing
reporter gene assay where the effect of ILTG on the expression
GFP was seen in A549 cells transiently transfected with a
construct having GFP under NF-«kB regulation. We found that
ILTG quite effective in blocking NF-kB dependent GFP expres-
sion (Fig. 5H). As, NF-«B activation by TNF-a requires
phosphorylation of IkBa at 32nd serine residue by IkB kinase
complex (IKK) [3-5], we wanted to study the effect ILTG has on
the phosphorylation and degradation of IkBa using specific
antibody that recognizes the phosphorylation status of serine
32. Indeed we found that the compound inhibited the
degradation and phoshorylation of IkBa (Fig. 6B and C). We
have also found that ILTG inhibited TNF-a induced I«B kinase
activation in endothelial cells (Fig. 7), moreover, when we
incubated IKK immunocomplex with ILTG we found that
kinase activity of IKK was inhibited in a concentration
dependent manner (data not shown). These results though
preliminary suggest that ILTG may be directly interacting with
IKK. Recently it has been shown that cysteine 179 that lies
between the two serine residues in the activation loop of the
kinase can be a site for modification by IKK inhibitors such as
parthenolide [31]. It would be interesting to investigate
whether ILTG works in a similar way. Nonetheless, in order
to establish that the inhibitory activity ILTG is due to its ability
to physically interact with IKK much more work is required.

Ithas been shown that apart from direct recruitment of IKK
complex to activate NF-«B, TNF-a also activates it by the
generation of oxidative stress in inflammatory signaling
pathway [29]. Hence we wanted to look at the effect ILTG
has on ROS production in primary endothelial cells. Here also
we found that this chalcone inhibited TNF-« induced genera-
tion of ROS (Fig. 8).

Based on our above findings we are proposing ILTG, a
modified chalcone, to be an effective inhibitor of NF-«B
signaling and of cell adhesion molecules at a 33% lesser
concentration than our previously reported 2’-hydroxychal-
cone. The concentration at which ILTG works is even lesser
when compared to other known NF-«B inhibitors that work at
much higher concentrations, ranging from 100 to 1000 u.M [32-
34]. Also, N-acetylcysteine and pyrrolidone dithiocarbamate
are effective in inhibiting the TNF-a induced ROS production
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at very high concentrations 30 mM and 100 pM, respectively,
in endothelial cells [35].

Recently, Lee et al., reported that cardamomin (2/,4'-
dihydroxy-6'methoxychalcone), a natural chalcone analog
from Alpinia conchigera, blocked NF-«B activation via inhibiting
the IkBa degradation and phosphorylation in RAW264.7 cells
[36]. The fact that some of their findings are quite similar to
ours further supports our claim regarding the mechanism of
action of chalcones. ILTG has been successfully tested in
animal models for their anti-oxidant, anti-inflammatory, and
anti-carcinogenic properties [11,37].

In our attempt to investigate its mechanism of action we
have found for the first time that ILTG inhibit NF-«B not only by
IKK kinase activity but also by inhibiting ROS generation upon
stimulation with TNF-a in primary human endothelial cells.
Thus, the possibility that ILTG could be effective in blocking
the induction of other protein kinases like protein kinase C
and protein tyrosine kinase or a cyclic AMP-independent
protein kinase-A can be also explored.
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