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Summary

Toll-like receptors (TLRs) play an important role in innate immunity. Meanwhile, cy-adrenergic
receptors (o, AR) provide the key linkages for the sympathetic nervous system to regulate the immune
system; however, its role in macrophages remains uncertain. Here, we demonstrated the cross-talk
between o, AR and TLR signaling pathways. AR expression was down-regulated by TLR4 ligand
lipopolysaccharide (LPS) stimulation. To investigate the physiological consequence of the
down-regulation, the macrohage cell line, RAW?264 cells were transfected with 0, AR expression
vector (RAWar). LPS-stimulated inducible nitric oxide synthase (NOS II) expression and NO
production were markedly suppressed in RAWar cells. The activation of nuclear factor oB (NF-aB)
and degradation of the inhibitor of NF-cB (IcBa)'in response to LPS were markedly decreased in
these cells. The level of a-arrestin 2, which regulates o0, AR signaling, was also reduced in RAW264
cells after stimulation with LPS, but not in RAWar cells. Overexpression of a-arrestin 2 (RAWarr2)
also inhibited NO production and NOS II expression. Further, we demonstrated that a-arrestin 2
interacted with cytosolic IoBa and that the level of IoBa co-immunoprecipitated by anti-o-arrestin 2
antibodies was decreased in RAW264 cells but not in RAWar or RAWarr2 cells. These findings
suggest that LPS-stimulated signals suppress 0,AR expression, leading to down-regulation of
o-arrestin 2 expression, which stabilizes cytosolic IeBa and inhibits the NF-oB activation essential for
NOS II expression, probably to ensure rapid and sufficient production of NO in response to microbial

attack.
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Introduction

The ability of the innate immune system to recognize and respond to microbial components has
been chiefly attributed to a family of type I transmembrane receptors termed Toll-like receptors
(TLRs), which are expressed abundantly on antigen-presenting cells such as macrophages and
dendritic cells and can discriminate among the distinct molecular patterns associated with microbial
components [1, 2]. TLR-initiated activation of NF-aB is essential for the regulation of inducible
nitric oxide synthase (NOS II) and several proinflammatory cytokines in response to invading
pathogens. NO produced by NOS II has a number of important biological functions, including roles
in host defense against intracellular pathogens and tumor-cell killing. Although this basic definition
is still accepted, over the past decade, NO has been shown to play a much more diverse role in the
immune system as well as in other organ systems, including not only beneficial but also detrimental
effects [3, 4]. For example, the systemic inflammatory response syndrome, which includes severe
septic shock and multiple organ system failure, remains a leading cause of death in critically ill
patients. Therefore, it is necessary to clarify the molecular mechanisms of TLR-initiated signaling
that leads to NO produétion in response to microbial components.

NF-0B is found predominantly in the cytoplasm complexed with members of the inhibitor of
NF-oB (IoB) family. The release of NF-oB from IoB proteins is an essential step in the generation
of transcriptionally competent NF-oB. The consensus is that IoB proteins mask the nuclear
localization signals of NF-oB proteins, thereby regulating NF-oB activity, primarily by limiting their
nuclear translocation. Recent studies, however, have indicated that IoBa is detected in both the
nucleus and cytoplasm and that although the NF-oB complexes shuttle between the nucleus and
cytoplasm under all conditions, they are unable to bind DNA due to their association with proteins of
the IoB family [5-7]. Nuclear IoBa is not sensitive to signal-induced degradation. Therefore,
following stimulation, NF-oB activities are dependent on the level of cytoplasmic NF-cB/IoaBo
complexes.

Recently, we demonstrated that the level of o, adrenergic receptor (0;AR) expression influences
TLR4 signaling [8]. AR is a member of a family of G protein-coupled receptors (GPCRs) and is
the key link involved in immune system regulation via the sympathetic nervous system [9, 10].
Primary and secondary lymphoid organs, such as the thymus, spleen, and lymph nodes, receive
extensive sympathetic/noradrenergic innervation, and lymphocytes, macrophages, and many other
immune cells bear functional opAR. Therefore, ;AR stimulation regulates proinflammatory
cytokine production, lymphocyte traffic and proliferation, and antibody secretion through cAMP
generation and protein kinase A (PKA) activation [10, 11]. However, the role of ;AR in the TLR
signaling pathway in macrophages remains vague. On the other hand, we others showed that

arrestins are cytosolic proteins that play a critical role in the regulation of GPCR signaling [12, 13].
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Recent studies have shown that they also interact with their partner molecules in a variety of signaling
pathways, including NF-oB signaling [14-16]. In the present study, we investigated the
physiological consequence of the down-regulation of @, AR expression in macrophages and analyzed

the cross-talk between the signaling of 0, AR and TLRs.
Materials and Methods

Cell Culture

The murine macrophage cell line RAW264 (RCB0535) was purchased from RIKEN Cell Bank
(Ibaraki, Japan) and cultured as described in our previous study [17]. The cells were stimulated with
1 ug/ml lipopolysaccharide (LPS) from E. coli 055 (Sigma-Aldrich, St. Louis, MO). Cell viability
was assessed by using the trypan blue dye exclusion test. Cell size was measured by flow cytometric
analysis of forward light scatter characteristics (FSC) using a FACSCalibur flow cytometer (Becton

Dichinson, Mountain View, CA).

Electrophoretic mobility shift assay _

Nuclear extracts were prepared as described [18]. The NF-oB oligonucleotide probe (5'-AGT TGA
GGG GAC TTT CCC AGG-3") was purchased from Promega (Madison, WI) and labeled with biotin
at its 3' end. The nuclear protein (2 ug) and excess amount of labeled oligonucleotide probes were
incubated in 20 pl EMSA buffer [20 mM HEPES, pH 7.6, 10 mM (NIH,),SO,, 1 mM DTT, 1 mM
EDTA, 0.2% Tween, 30 mM KCl, 1 ug poly (dI-dC), 1 ug poly L-lysine] at room temperature for 15
min, electrophoresed in 7% polyacrylamide gels, transferred onto the Biodyne Plus Membane (Pall
BioSupport Division, port Washington, NY), and UV cross-linked. To detect signals, the blots were
incubated with streptavidin-horseradish peroxidase conjugate in a blocking reagent for 15 min and
with a chemiluminescent reagent for S min. The blots were then exposed to Kodak X Omat AR film

(GE Healthcare Bio-Science, Piscataway, NIJ).

Western Blotting Analysis

Cell membrane proteins were prepared using the Plasma Membrane Protein Extraction Kit (Bio Vision,
Mountain View, CA). Cytoplasmic protein extracts were prepared as described (30). The protein
concentration was determined using the Bradford reagent (Bio-Rad, Hercules, CA), and equal amounts
of membrane proteins or cytoplasmic proteins were loaded. The samples were separated by 10%
SDS-PAGE and transferred onto polyvinylidene difluoride membranes (Applied Biosystems, Foster
City, CA). The membranes were blocked with 10% non-fat dried milk in Tris-buffered saline (TBS)

and incubated with goat polyclonal antibodies (Abs) against ®;AR, goa"c polyclonal Abs against

—230—



5

c-arrestin 2, or rabbit polyclonal Abs against IoBa'and NOS II (Santa Cruz Biotechnology, Santa
Cruz, CA); this was followed by incubation with appropriate secondary Abs (horseradish
peroxidase-conjugated rabbit anti-goat or goat anti-rabbit IgG; DAKO, Kyoto, Japan). To ensure
equal protein loading, the membranes were incubated with rabbit anti-actin or
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Santa Cruz) for detection of cytoplasmic
or cell surface GAPDH [19] after stripping. Immunoreactivity was visnalized using an enhanced

chemiluminescence reagent (ECL; GE Healthcare Bio-Science).

Immunoprecipitation

The cells were lysed with lysis buffer (20 mM Tris/HC], pH 7.6, 150 mM NaCl, 2 mM EDTA, 0.5%
Nonidet P-40, and protease inhibitors). The samples were clarified by centrifugation at 21,000 g at
4°C for 30 min. The protein concentration was determined using the Bradford reagent (Bio-Rad).
o-Arrestin 2 was immunoprecipitated with anti-a-arrestin 2 monoclonal Abs (Santa Cruz
Biotechnology) from equal amount of samples, followed by treatment with 10 ul of protein
G-Sepharose beads (GE Healthcare Bio-Science). After extensive washing, the complexes were

analyzed by SDS-PAGE and Western blotting by using rabbit polyclonal Abs against IoBa!

Determination of Nitrite Concentration
Nitrite in the cell culture supemnatants was measured using the assay system of Ding et al. [20]. The
nitrite concentration was calculated by comparing with sodium nitrite that was used as a standard. In

some experiments, 200 uM pyrrolidine dithiocarbamate (PDTC, Sigma) was added to the cultures.

Determination of Intracellular cAMP Concentration
Cells were cultured with or without LPS for 6 h and were stimulated with Salbutamol (1 x 10° M) for
final 30 min. Cell supernatants were then removed and cells were lyzed. Intracellular cAMP was

determined with a commercially available enzyme immunoassay (GE Healthcare Bio-Science).

Real-time PCR

Total cellular RN A was extracted from cells using the RNeasy Mini Kit (Qiagen), and aliquots of 2 ng
were reverse-transcribed with ReverScript I (Wako Pure Chemical Industries, Osaka, Japan) and an
oligo(dT)15 primer (Roche Diagnostics, Indianapolis, IN) at 42°C for 50 min. cDNAs were
amplified by PCR under the following conditions by using the oligonucleotide primers and cycles
listed in Table 1: 94 °C for 30 sec, 55°C for 30 sec, and 72°C for 30 sec for NOS II and 18S rRNA,
and 94 °C for 30 sec, 60°C for 30 sec, and 72°C for 30 sec for total and transfected o,AR and

c-arrestin 2. The quantity of the cDNA template included in these reactions and the number of
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amplification cycles were optimized to ensure that the reactions were stopped during the linear phase
of product amplification, thus permitting semiquantitative comparisons of mRNA abundance between

different RN A preparations.

x24R and x-arrestin 2 Plasmid Constructs and Stable Transfection

Full-length murine o, AR (x:ar) and o-arrestin 2 (xarrestin2) cDNAs were obtained by PCR using the
primers 5-GCTGAATGAAGCTTCCAGGA-3'(sense) and 5’-GCCTGTATTACAGTGGCGAG-3’
(antisense) for a;AR and 3'-GGCGGGCGGAGGGCGGCGAG-3'(sense) and
5'-CGTCCTAGCAGAACTGGTCA-3' (antisense) for oc-arrestin 2. The amplified ;AR and
o-arrestin 2 fragments were subcloned into the pGEM-T Easy vector (Promega) and then into
Notl-digested pcDNA4 (Invitrogen, Carlsbad, CA). The amplified PCR products were sequenced
using an automatic DNA sequencer (Applied Biosystems). The plasmid DNA used for transfection
was prepared using the EndoFree Plasmid Kit (Qiagen). RAW264 cells were transfected with the
pcDNA4 vector, pcDNA4-aar, or pcDNA4-carrestin2 using Lipofect AMINE Reagent (Invitrogen).

Selection was initiated in a medium containing 500 pg/ml Zeocine (Invitrogen).

Luciferase Assays

The full-length murine NOS II promoter fragment was cloned into the pGL3-enhancer luciferase
reporter gene vector (Promega) (pGL3-NOS II) as described [21]. RAW264 cells were transfected
using the LipofectAMINE Reagent with constructs containing the luciferase reporter gene, and
luciferase activity was determined using the Dual Luciferase Assay System Kit (Promega) as
described [21]. Activity was normalized relative to an internal co-transfected constitutive control
(Renilla lhuciferase expression vector, pRL-TK; Promega). In some experiments, RAW264 cells were
transiently co-transfected with NF-bB-responsive promoter reporter-luciferase construct pNF-oB-Luc
(Clontech, Palo Alto, CA) or pGL3-NOS II and pcDNA4-mar or IoBa dominant-negative vector
pCMV-IoBaM (Clontech).

Statistical Analysis

The Student’s t test for unpaired samples was used to compare two means. For more than two groups,
statistical significance of the data was assessed by ANOVA. Where significant differences were
found, individual comparisons were made between groups using the t statistic and adjusting the critical
value according to the Bonferroni method. Differences were considered significant at P < 0.05.

Data in the text and figures are expressed as means = SEM.
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Results

Preventing the Down-regulation of x;AR Inhibits LPS-stimulated NOS II Expression

AR protein and mRNA levels were markedly decreased in RAW264 cells following LPS stimulation
(Fig. 1A). To investigate the role of @;AR down-regulation in response to LPS, a stable cAR
transfectant (RAWar) and a vector control (RAWvec) were established.  Although the levels of both
AR protein and mRNA expression were notably decreased in RAWvec cells following LPS
stimulation, the down-regulation of ;AR expression was prevented in the RAWar cells (Fig. 1B).
Because the transfected 0, AR protein did not have a tag sequence capable of modifying o, AR function,
the protein levels of only transfected o, AR could not be analyzed. The mRNA levels of transfected
AR were low in unstimulated RAWar cells but markedly increased in the cells following LPS
stimulation (Fig. 1C). In our previous study, we showed that the levels of both protein and mRNA of
transfected cDNA cloned into the pcDNA4 vector were low in unstimulated RAW264 cells but
markedly increased in the cells following LPS stimulation [17]. Therefore, it appears that the levels
of total @, AR expression in unstimulated RAWar cells were not so higher than those in RAWvec cells
and that decrease in the level of intrinsic AR expression in the LPS-stimulated RAWar cells was
masked by the increased expression of transfected 0, AR due to the LPS stimulation. Although, the
intracellular cAMP concentration in RAWar cells stimulated with salbutamol was similar to those in
RAWvec cells, LPS stimulation decreased an accumulation of intracellular cAMP in RAWvec cells
but increased it in RAWar cells (Fig. 1D), suggesting that the transfected 0z AR is functionally active.
The similar histograms of the distribution of FSC were observed in RAWvec and RAWar cells,
suggesting that the 0,AR transfection did not alter the cell size (Fig. 1E). Also, cell viabilities were
more than 98 % in both cells.

The effects of forced AR expression on NO production were examined. The’ nitrite
concentration in the culture supernatants of the LPS-stimulated RAWar cells was considerably lower
than in the culture supernatants of the RAWvec cells (Fig. 2A). After stimulation with LPS for6 h, a
distinct 130-Kd NOS 1 protein band was observed in the RAWvec cells but not in the RAWar cells
(Fig. 2B). Although a protein band corresponding to NOS II was observed in the RAWar cells after
stimulation with LPS for 24 h, the expression level was apparently lower than in the RAWvec cells.

Similar results were obtained on RT-PCR analysis of NOS I mRNA expression (Fig. 2B).

Preventing the Down-regulation of kAR Inhibits LPS-stimulated NF-xB Activation.
Next, the effects of forced @, AR expression on NF-oB activation in response to LPS were analyzed.
As illustrated in Fig. 3A, marked NF-coB activation was observed in the RAWvec cells stimulated with

LPS for 3 and 6 h but not in the RAWar cells. The level of cytoplasmic ToBa was definitely
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decreased in the RAWvec cells after LPS stimulation for 6 h; however, this level was not decreased in
the RAWar cells (Fig. 3B). To further confirm the role of ;AR in LPS-stimulated NF-oB activation,
the effects of forced a;AR expression on NF-aB-dependent gene transcription were analyzed.
NF-aB-mediated-luciferase reporter activity (Fig. 3C) and NOS II promoter activity (Fig. 3D) after
stimulation with LPS were inhibited in cells co-transfected with the pcDNA4-ar construct (AR) as
well as in cells co-transfected with pCMV-1IoBaM (DN-oB). These findings suggested tha§ AR
functions as a negative regulator of NF-cB activation by inhibiting IoBa degradation in
LPS-stimulated macrophages. Previously, it has been shown that PDTC blocks NF-oB activation by
inhibiting IocBo. degradation and subsequently the translocation of NF-oB subunits to the nucleus [22].
Thus, to elucidate the effects of NF-oB activation on the expression of the responsive gene, Nos2,
PDTC was added to the RAW264 cell cultures at several time points after the addition of LPS, and
NO accumulation in the supernatants was analyzed after LPS stimulation for 24 h.  As illustrated in
Fig. 3E, when PDTC was added to cultures at 0~9 h after the addition of LPS, the NO concentrations
in these cultures were markedly lower than those in cultures stimulated with LPS for 24 h without
PDTC (right column), indicating that continuous NF-oB activation is essential for adequate NOS II

induction.

10AR Regulates NF-xB Activation through x-arrestins.
As a-arrestin 2 has been reported to interact with IoBa [15, 16], we examined whether c-arrestin 2
participates in the o, AR-mediated regulation of IoBa degradation and NF-oB activation in response to
LPS. o-Arrestin 2 expression was also down-regulated in the LPS-stimulated RAW?264 cells (Fig. 4,
left panels). Forced o, AR expression abolished the down-regulation of o-arrestin 2 expression
(middle panels), suggesting that a-arrestin 2 expression’was regulated by o AR. Deletion of oo AR by
siRNA decreased o-arrestin 2 expression (data not shown), supporting that o-arrestin 2 expression is
regulated by @;AR.  To investigate the role of a-arrestin 2 down-regulation in response to LPS, a
stable a-arrestin 2 transfectant (R AWarr2) was established (right panels). Since transfection with the
vector did not influence NO production (Fig. 1C), cells transfected with o-arrestin 2 were compared
with RAW?264 cells. As shown in the RAWar cells (Fig. 2), NO production (Fig. 5A) and NOS 1I
protein and mRNA expressions (Fig. 5B) were definitely decreased in the RAWarr2 cells.
Anti-o-arrestin 2 Abs co-immunoprecipitated IoBo in RAW264 cells before but not after LPS
stimulation for 6 h (Fi g 6). On the other hand, the amount of IoBa co-precipitated by anti-o-arrestin
2 Abs was not reduced but rather increased in the RAWar and RAWarr2 cells after LPS stimulation,
indicating that the LPS-stimulated down-regulation of ;AR and c-arrestin 2 is essential for IoBa

degradation.
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Discussion

In this study, we investigated the role played by AR in the anti-microbial responses of
macrophages was investigated. First, we demonstrated that o,AR expression is decreased by LPS
stimulation. To directly investigate the role of 0;AR down-regulation in response to LPS, we
established a macrophage cell line, RAWar. Prevention of the down-regulation of 0, AR expression
in RAWar cells resulted in reduced NO production, suggesting that the LPS-associated
down-regulation of 0, AR expression plays an important role in NO production in macrophages.

Decreases in NOS II mRNA expression were observed in the RAWar cells, indicating that NOS
IT expression was transcriptionally down-regulated by forced 0,AR expression. Prevention of the
down-regulation of 0;AR expression in the RAWar cells resulted in a marked decrease in NF-aB
activation and inhibited cytosolic IoBo degradation, indicating that the forced oo AR expression
inhibited LPS-induced NF-oB activation by IoBa stabilization.

On the other hand, o-arrestins, which are universally éxpressed members of the arrestin family,
are the major regulatbrs of GPCR signaling that bind to activated GPCRs causing receptor
desensitization and internalization [14]. Recently, a-arrestins have been shown to play functional
roles in the regulation of a variety of signaling pathways and in the mediation of cross-talk betweeﬁ
signaling pathways. Moreover, there is accumulating evidence that a-arrestin 2, which is expressed
abundantly in the spleen, is functionally involved in some important immune responses [23-26]. We
have demonstrated that a-arrestin 2 is down-regulated in LPS-stimulated RAW264 cells. o-Arrestin
2 down-regulation was abolished in RAWar cells, suggesting that o-arrestin 2 expression is regulated
by ;;AR. These findings suggest that pAR participates in signal transduction pathways from TLR4
by regulating the level of o-arrestin 2 expression.  Meanwhile, the amount of IcBa
co-immunoprecipitated by anti-o-arrestin 2 Abs was decreased in the RAW 264 cells after their
stimulation with LPS but not in the RAWar or RAWarr2 cells, suggesting that c,AR inhibited
LPS-induced NF-oB activation by stabilizing IcBa through o-arrestin 2. The release of NF-oB
following the degradation of IoBa proteins is an essential step in the generation of transcriptionally
competent NF-oB. In addition, NF-oB activity following stimulation is dependent on the level of
cytoplasmic NF-cB/IcBo complexes free from stabilizing factors. Therefore, the following éppear .
likely: (1) LPS-stimulated signals suppress 0,AR expression, (2) the reduction of cb AR results in the
down-regulation of o-arrestin 2 expression, (3) c-arrestin 2 stabilizes cytoplasmic IoBa and inhibits
NF-oB activation; thus, reduction in the level of a-arrestin 2 accelerates loBo. degradation and NF-0B
. activation in LPS-stimulated cells, and (4) nuclear translocation of NF-oB enhances NOS I
expression.

The cross-talk between ;AR and TLR signaling pathways is schematically summarized in Fig. 7.

Catecholamines increase cAMP via o, AR activation, and PKA activation inhibits NF-oB-induced
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transcription by phosphorylating cAMP responsive element binding protein (CREB), which competes
with p65 for the limited amounts of CREB-binding protein (CBP) (Fig. 7A(2)) [27]. However, ;AR
agonists did not suppress NO production (unpublished observation). In the present study, we
demonstrated that LPS stimulation suppressed the cAMP accumulation in RAWvec cells stimulated
with 0,AR agonist. lIn addition, we showed that prevention of the down-regulation of a,AR inhibits
the degradation of JoBa through orarrestin 2, which stabilizes IoBa in the steady state (Fig. 7A (b)):
Therefore, the down-regulation of ;AR and a-arrestin 2 expressions by the TLR4-dependent pathway
might provide a mechanism for “escaping” anti-proinflammatory signals, such as the
0,AR-cCAMP-PKA pathway [27] or the ayAR-o-arrestin 2-IoBa pathway. As the levels of 0 AR
ligands vary under different conditions, understanding the cross-talk between TLRs and AR
pathways may have both physiological and pathophysiological importance. Taken together, the
observations of the present study regarding the regulation of TLR4 signaling through 0, AR appear to

provide another therapeutic target for the regulation of inflammatory disease conditions.
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Legends for figures

Fig. 1. LPS stimulation down-regulates AR expression. (A) RAW264 cells were stimulated with
LPS. The protein levels of ;AR and GAPDH (loading control) in the plasma membrane were
analyzéd by Western blotting (left panel). The ;AR mRNA and 18S rRNA (loading control) Were
analyzed by RT-PCR (right upper panel). Bar graphs show the relative intensity of the PCR bands
from three separate experiments (mean + SEM) (right lower panel). *P < 0.01 vs. 0 h. (B)
RAW?264 cells were transfected with fhe K,ar construct or vector alone. The protein levels of ;AR
and GAPDH (left panel) and mRNA expressions of @, AR and 18S rRNA (right upper panel) were
analyzed as in A. Bar graphs show the relative intensity of the PCR bands from three separate
experiments (mean = SEM) (right lower panel). *P <0.01 vs. 0 h. (C) mRNA expressions of 0,AR
and 18S rRNA (upper panel) were analyzed as in A. Bar graphs show the relative intensity of the
PCR bands from three separate experiments (mean + SEM) (lower panel). *P <0.01 vs. 0 h. (D)
Cells were cultured with or without LPS for 6 h and were stimulated with Salbutamol (1 x 10" M) for
final 30 min. Then, intracellular cAMP concentrations were analyzed. *P <0.05 vs. without LPS.

(E) Cell size was measured by flow cytometric analysis of forward light scatter characteristics (FSC).

Fig. 2. Forced 0,AR expression suppresses NO production and NOS IT expression. (A) Cells were
stimulated with LPS for 24 h, and nitrite accumulation in the supernatants was measured using the
Griess reagent. The results are expressed as means + SEM from three-well cultures. *P <0.001 vs.
LPS-stimulated RAW264 or RAWvec cells. (B) The protein levels of NOS II and GAPDH (left
panel) and mRNA expressions of NOS II and 18S rRNA were analyzed as in A (right upper panel).
Bar graphs show the relative intensity of the PCR bands from four separate experiments (mean %
- SEM) (right lower panel). *P < 0.01 vs. corresponding RAWvec cells. Data shown are

representative of three—four separate experiments.

Fig. 3. Forced AR expression suppresses NF-oB activation.

(A) The vector control cells and AR transfectant were stimulated with LPS, and NF-oB activation
was analyzed by EMSA. (B) The vector control cells and 0,AR transfectant were stimulated with
LPS, and cytoplasmic loBa and GAPDH (loading control) was analyzed by Western blotting. (C, D)
RAW264 cells were co-transfected with the pNF-aB-Luc vector (C) or NOS II promoter-luciferase
construct (D) and vector (Vec), pcDNA4-0,AR (AR) or pPCMV-IoBaM (DN-IoB). The cells were
cultured with LPS for 24 h, and luciferase activities were determined. The results are expressed as

means = SEM from six-well cultures. *P <0.001 vs. cells co-transfected with Vec. (E) PDTC was
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