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Abstract
St. John's Wort is commonly known for its antiviral, antidepressant, and cytotoxic properties, but
traditionally St. John's Wort has also been used to treat inflammation. In this study, we sought to
characterize the mechanisms used by St. John's Wort to treat inflammation by examining the effect
of the recently isolated protein from St. John's Wort, p27SJ on the expression of MCP-1. By
employing an adenovirus expression vector, we demonstrate that a low concentration of p27SJ

upregulates the MCP-1 promoter through the transcription factor C/EBPβ. In addition, we found that
C/EBPβ-homologous protein (CHOP) or siRNA-C/EBPβ significantly reduced the ability of p27SJ

to activate MCP-1 gene expression. Results from protein-protein interaction studies illustrate the
existence of a physical interaction between p27SJ and C/EBPβ in microglial cells. The use of
chromatin immunoprecipitation assay (ChIP) led to the identification of a new cis-element that is
responsive to C/EBPβ within the MCP-1 promoter. Association of C/EBPβ with MCP-1 DNA was
not affected by the presence of p27SJ. The biological activity of MCP-1 produced by cultures of
adenovirus-p27SJ transduced cells was increased relative to controls as measured by the
transmigration of human Jurkat cells. Thus, we conclude that at high concentration, p27SJ is a
potential agent that may be developed as a modulator of MCP-1 leading to the inhibition of the
cytokine-mediated inflammatory responses.

INTRODUCTION
Hypericum perforatum L. (Hypericaceae), popularly called St. John's Wort, has been used in
popular medicine since ancient times for several disorders such as skin wounds, eczema, burns,
and diseases of the alimentary tract, insomnia, and mental illness, among others [1]. H.
perforatum extract contains flavonoids such as rutin, quercetin, and quercitrin, which have a
free radical scavenging activity in a model of auto-oxidation of rat cerebral membranes [2].
Thus Hypericum extract has a potential antioxidant activity, which may be of value in treating
dementia as well as other disorders of senility in which free radical generation is implicated.
In addition, besides its antidepressant activities, H. perforatum also possesses anxiolytic,
antiviral, wound healing, antimicrobial, analgesic, and anti-inflammatory effects [3].
Antidepressant, analgesic, anti-inflammatory, antioxidant, antimicrobial, and wound healing
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effects have also been found for other species of the genus Hypericum. [4]. More recently, H.
perforatum extract has been reported to efficiently attenuate interferon-γ (IFN-γ)-elicited
activation of STAT-1 in alveolar A549/8 and colon DLD-1 cells [5]. p27SJ is a biologically
active protein that we have recently described, which extracted and purified from a laboratory
callus culture of H. perforatum [6]. We recently demonstrated the ability of the C/EBPβ and
p27SJ to physically and functionally associate and that this association leads to the suppression
of HIV-1 gene expression [6].

C/EBPβ belongs to a family of basic region-leucine zipper (bZIP) transcription factors that
bind to DNA in a sequence-specific manner as dimers and regulate the transcription of genes
involved in proliferation and differentiation [7,8]. The C/EBPβ gene is transcribed into a single
1.4 kb mRNA [9,10]. At the protein level, however, multiple C/EBPβ isoforms, varying in size
from 14 to 40 kDa, have been reported [10]. The C/EBPβ isoforms include full-length and LAP
(Liver-enriched Activator Protein) isoform (40 and 35 kDa) and two truncated 14 and 21 kDa
LIP (Liver-enriched Inhibitory Protein) isoform [10]. Another member of the C/EBP family
is called CHOP (C/EBP-Homologous Protein), and acts in most, but not all circumstances as
a dominant-negative inhibitor of DNA-binding when it is heterodimerized to another C/EBP
partner [11]. C/EBPβ binding sites have been identified in the promoter regions of numerous
genes, including HIV-1 LTR [12], IL-6 [13], TNF-α [14], and MCP-1 [15]. Moreover, the
activity of C/EBPβ is influenced by a variety of inflammatory stimuli, including LPS [16],
IL-6 [17], and TNF-α [18].

The monocyte chemoattractant protein (MCP-1) is a potent chemotactic factor for monocytes.
MCP-1 is produced constitutively, or after induction by oxidative stress, cytokines, or growth
factors, by a variety of cell types, including monocytes, smooth muscle cells, and endothelial
cells. It regulates the migration and infiltration of monocytes, memory T lymphocytes, and
natural killer cells (NK) cells [19]. Increased expression of MCP-1 mRNA or protein has been
associated with a variety of human diseases (e.g. AIDS) [20]. MCP-1 expression is induced
by inflammatory mediators, such as TNF-α, platelet-derived growth factor (PDGF) BB,
IL-1β, and IFN-γ [19]. Agents that suppress inflammation, including retinoic acid,
dexamethasone, and estrogen can suppress the induction of MCP-1 [21]. The MCP-1 promoter
is composed of two upstream regulatory regions, distal and proximal, separated by 2.2 kb of
DNA [22]. The proximal regulatory region, which is required for all aspects of MCP-1 gene
expression contains two elements, κB [23] and a GC-rich domain [24] which are binding sites
for NF-κB and Sp1 proteins, respectively. A third element is also found which is known as site
B for which binding proteins have not yet been identified. The MCP-1 promoter also contains
a classical CAAT box, which can serve as a target for the C/EBPβ transcription factor [15].

Since p27SJ was shown to be a potent suppressor of the HIV-1 gene expression, we sought to
investigate the effect of p27SJ on MCP-1 regulation and whether p27SJ may be involved in
suppressing inflammation via MCP-1. In light of our previous findings on MCP-1 induction
[25], we also examined the role of C/EBPβ in this process.

MATERIALS AND METHODS
Plasmids

The MCP-1-CAT plasmid (−500/+6) and its deletion mutants (−400/+6, −300/+6, −200/+6,
−100/+6), C/EBPβ, and CHOP expression plasmids were previously described [25].
pcDNA6/myc-His-B-p27SJ plasmid was previously described [6].
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Recombinant adenoviruses
p27SJ cDNA (788 bp) excised from pcDNA6/myc-His-B-p27SJ and cloned into EcoRI and
NheI sites of the adenovirus-shuttle plasmid pDC515 under the control of the murine
cytomegalovirus promoter (purchased from Microbix Inc. Ontario, Canada). Adeno-p27SJ

recombinant shuttle containing p27SJ sequence (pDC515-p27SJ) was transfected into HEK-293
cells with pBHGfrt (del) E1, 3FLP, a plasmid that provides adenovirus type-5 genome deleted
in E1 and E3 genes. Plaques of recombinant adenovirus arising as a result of frt/ FLP
recombination were isolated, grown and purified by cesium chloride density equilibrium
banding as previously described [26]. Empty shuttle plasmid, pDC515, was used to construct
control adenoviral vector (Adeno-null, a virus without any transgene). Adeno-p27SJ or adeno-
null were used at an MOI of 0.5, 1, and 10 plaques forming units per cell. [MOI= multiplicity
of infection].

Cell Culture, and Transfection Assays
Human astroglioma (U-87MG) or microglial cells [27] were maintained in DMEM + 10%
FBS. Cells were transfected with 0.5 µg of reporter plasmid (MCP-1-CAT) or co-transfected
with 0.5 µg of various expression cDNAs as previously described [28]. At 4 hours post
transfection, the cells were transduced with adeno-p27SJ or adeno-null. The amount of DNA
used for each transfection was normalized with pcDNA6 vector plasmids. Each transfection
was repeated multiple times with different plasmid preparations. Cell extracts were prepared
24 h after transfection, and CAT assays were performed as previously described [29].

Immunoprecipitation and Western blotting
Microglial cells were infected with adeno-null or adeno--p27SJ virus at an MOI of 1 at 37°C.
Twenty-four hours post-infection, 200 µg of cell extracts were immunoprecipitated with
antibodies as indicated. Western blot analysis was performed as described previously [30]
using anti-C/EBPβ (Santa Cruz), or anti-c-myc/His6 (Invitrogen) antibodies. Note that the
pcDNA6/myc-His-B plasmid contains both tags, which gave us the flexibility to use antibodies
against either one.

RNA interference
Transient knockdown of C/EBPβ was performed with a C/EBPβ-specific siRNA (Dharmacon
Research Inc., Lafayette, CO) [31]. After 24 h of cell plating, microglial cells were rinsed once
with Optimem. siRNA was added at a final concentration of 50 nm as previously described
[28]. Western blot analysis was performed with protein extracts from untransfected cells or
cells transfected with C/EBPβ specific siRNA using anti-C/EBPβ antibody. For a loading
control, anti-Grb2 antibody was used. Control non-targeting siRNA was also obtained from
Dharmacon.

Chromatin Immunoprecipitation (ChIP) Assay
Microglial cells were grown overnight in 100-mm dishes to 60–70% confluency; cells were
then infected with adeno-null or adeno-p27SJ as described above. Plates were returned to the
incubator for 40–48 h. Cells were cross-linked with formaldehyde, harvested, and ChIP was
performed. For these studies, only 5 × 106 cells were used per immunoprecipitation reaction
because the plasmid (MCP-1 CAT) is present at a high copy number. The remainder of the
procedure followed standard protocols for ChIP analysis according to the manufacturer’s
protocol (Upstate Biotechnology, Lake Placid, NY). The resulting DNA was analyzed by PCR
reactions using MCP-1 primers. Antibody used in the ChIP procedure is anti-His or anti-C/
EBPβ (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) as well as rabbit anti-mouse IgG. The
following primers were used for ChIP assay:

Mukerjee et al. Page 3

Mol Immunol. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



F1 (−479/−457): 5’ TCCTACAGTTCTGCTAGGCTTC 3’

F2 (−390/−370): 5’ GCTTGAGAGCTCCTTCCTGG 3’

F3 (−273/−253): 5’ CGCTTCACAGAAAGGCAGAAT 3’

F4 (−190/−170): 5’ CCCCATTTGCTCATTTGGTC 3’

R1 (−360/−380): 5’ GGCCTCCCAGCCAGGAAGGA 3’

R2 (−273/−259): 5’ CTTTCTGTGAAGCGAAAACTG 3’

R3 (−160/−180): 5’ TCACTGCTGAGACCAAATGA 3’

R4 (−39/−59): 5’ AGGAGGGATCTTCCATGAGT 3’

Transmigration Assay
Microglial cells were infected with adeno-null or adeno-p27SJ in serum free media as
previously described [32]. Media were collected and placed in wells of a 24 well plate. Jurkat
cells, in serum-free medium, were placed in 3.0 µm pore sized fluorescence blocking PET
track-etched membrane HTS FluoroBlock™ cell inserts (Becton Dickinson, Franklin Lakes,
NJ). Jurkat cells migration towards serum-free medium or medium containing 2% serum and
were used as negative and positive controls, respectively.

RESULTS
We first examined whether p27SJ can enter the cells under normal physiological conditions
especially since p27SJ is a part of Hypericum perforatum L., which are normally taken orally.
Therefore, we treated the cells with 8 µg of purified callus culture of H. perforatum or lysate
buffer for three hours after which the cell lysates were prepared. Fifty micrograms of cell lysates
were subjected for Western blot analysis using anti-p27SJ polyclonal antibody. Note that 200
ng of pure callus culture (PCC) were used as a control (lane 1). As shown in Figure 1A,
p27SJ was detected in cell lysates (lane 3) and in the control (lane 1) but not in lysis buffer
(LB) (lane 2). These results confirm the ability of p27SJ to enter the cells under normal
physiological conditions.

Using an increasing concentration of PCC, we next sought to examine whether the levels of
p27SJ protein change in these cells. Microglial cells were treated with an increasing
concentration of PCC (0.5 – 2.5 µg) for 24 h, after which the proteins lysates were prepared.
Fifty micrograms of cell lysates were subjected to Western blot analysis with anti-p27SJ and
−Grb2 antibodies. As shown in Figure 1B, an increasing amount of p27SJ was detected in these
cells (p27SJ panel). Anti-Grb2 was used for equal protein loading.

Following PCC treatment, we investigated the impact of increasing amount of p27SJ protein
on MCP-1 secretion. Microglial cells were treated with an increasing amount of p27SJ for 24h
after which the supernatant were collected from these cells and subjected to ELISA to examine
the levels of MCP-1. MCP-1 ELISA kit was purchased from Amersham and contains anti-
MCP-1 antibody. In parallel, Western blot analysis was performed using 30 µl of these
supernatants. As shown in Figure 1C, MCP-1 was only detected in the supernatant prepared
from cells treated with only 0.5 µg of p27SJ. These results were also confirmed using ELISA
where 24.5 pg/ml of MCP-1 were only detected in the supernatant prepared from cells treated
with 0.5 µg of p27SJ. These results confirm that p27SJ has the capability on inducing secretion
of the MCP-1 protein in the supernatant at low concentration. However, at high concentration,
p27SJ suppresses secretion of the MCP-1 protein.
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Next, we sought to examine whether p27SJ can affect MCP-1 at transcriptional levels. Since
we examined the effect of p27SJ in U-87MG cells, we decided to include them in our study as
a control. Microglial (Figure 2A) and U-87MG (Figure 2B) cells were transfected with 0.5 µg
of the full-length MCP-1 promoter fused to the reporter gene CAT (MCP-1-CAT), alone or
with an increasing amount of pCDNA-6 Myc/His-B-p27SJ (0.25, 0.5, 1.0, 2.5 and 5.0 µg).
Twenty-four hours post-transfection, the cells were washed, harvested and assayed for CAT
activity. As shown in Figure 2A and B, transfection of the cells with 0.25 µg of p27SJ was
enough to upregulate the MCP-1 promoter by ~ 2 fold, while other concentration (2.5 and 5.0
µg) had no or a negative effect on the MCP-1 promoter. In parallel, we sought to examine the
effect of adeno-p27SJ on the MCP-1 promoter.

To that end, the cells were transfected with 0.5 µg of MCP-1-CAT alone or with infection by
an increasing amount of adeno-p27SJ or adeno-null (MOI = 0.5, 1, and 10). Note that the cells
were infected with adeno-p27SJ or adeno-null at 4 h after the transfection. Twenty-four hours
post-infection, the cells were washed, harvested and assayed for CAT activity. As shown in
Figure 2C, infection of the cells with an MOI of 1 of adeno-p27SJ was enough to upregulate
the MCP-1 promoter, while other concentration had no or a negative effect on the p27SJ

promoter. No effect was observed in cells transfected with the MCP-1 promoter and infected
with the adeno-null virus. Expression of p27SJ was examined by Western blot analysis using
cellular extract prepared from non-transfected, U-87MG-transfected with pcDNA6/myc-His-
B-p27SJ (0.1 and 0.5 µg) (Figure 2D), non-infected or infected with adeno-p27SJ (MOI = 0.1,
1, and 10) (Figure 2E) for 24 h. Anti c-myc antibody was used to detect expression of p27SJ in
these extracts (Panels D and E).

Later, we examined the ability of p27SJ to activate the MCP-1 promoter in the presence of C/
EBPβ. The ability of C/EBPβ to physically and functionally cooperate with p27SJ [6] gave us
rationale to examine its involvement, if any with p27SJ in regulating the MCP-1 promoter.
Microglial cells were transfected in duplicate with 0.5 µg of MCP-1 promoter alone or in the
presence of 0.5 µg of C/EBPβ expression plasmid followed by infection of 1 MOI of adeno-
p27SJ. Twenty-four hours after transfection, the cells were harvested and processed for CAT
assay. As shown in Figure 3A, transfection of C/EBPβ or p27SJ leads to a modest activation
of the MCP-1 promoter (compare lane 1 to lanes 2 and 3). Interestingly, when the transfection
was performed using both plasmids, activation of the MCP-1 promoter was higher than that
observed with individual plasmid (lane 4) (compare lane 4 to lanes 2 and 3).

In order to identify the cis-element within the MCP-1 promoter responsible for p27SJ activation,
we used a series of MCP-1 promoter deletion mutants. Microglial cells were transfected with
0.5 µg of the MCP-1 promoter deletion mutants either alone or in the presence of 0.5 µg of C/
EBPβ expression plasmid followed by infection of adeno-p27SJ at an MOI of 1. The results
from CAT assays demonstrate that the region between nucleotide −300 and − is responsible
for C/EBPβ and/or p27SJ activation (Figure 3B). The levels of C/EBPβ in microglial cells
transduced with p27SJ was also examined. As shown in Figure 3C, endogenous levels of C/
EBPβ was induced in extracts prepared from p27SJ -tranduced cells but not from the mock. As
a control for equal protein loading anti-Grb2 was used.

To further demonstrate the specificity of this functional interaction, and to examine whether
p27SJ requires the presence of C/EBPβ to activate the MCP-1 promoter, similar experiments
were performed using either a dominant negative form of C/EBPβ, CHOP, or a small
interference RNA directed against C/EBPβ (siRNA-C/EBPβ). The efficiency of siRNA-C/
EBPβ in abrogating endogenous C/EBPβ expression was determined by Western blot (Figure
4A, compare lanes 1 and 3). The use of non-target siRNA did not affect expression of C/
EBPβ (compare lanes 1 and 2). Note that transfection of the cells with siRNA was performed
as described in Materials and Methods.
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Next, we examined the ability and efficiency of CHOP or the siRNA-C/EBPβ to silence C/
EBPβ gene. Microglial cells were transfected with 0.5 µg of the MCP-1 promoter alone or in
the presence of 0.5 µg of CHOP expression plasmid or with 50 nM siRNA-C/EBPβ alone or
in the presence of 0.5 µg of C/EBPβ expression plasmid. Twenty-four hours later, the cells
were collected, washed and subjected to CAT assay. As shown in Figure 4B, addition of CHOP
(lane 4) or siRNA-C/EBPβ (lane 2) inhibits the ability of C/EBPβ to activate the MCP-1
promoter (compare lane 1 to lanes 2 and 4).

We then examine the ability of p27SJ to activate the MCP-1 promoter in the presence of siRNA-
C/EBPβ. Microglial cells were transfected with MCP-1 promoter deletion mutants alone or in
the presence of p27SJ and/or siRNA-C/EBPβ. As illustrated in Figure 4C, addition of siRNA-
C/EBPβ decreased the ability of p27SJ to activate the MCP-1 promoter (compare lanes 2, 4, 6,
8 and 10 to lanes 1, 3, 5, 7 and 9). Similar results were obtained when p27SJ was co-expressed
with CHOP (Figure 4D). Interestingly, inhibition of C/EBPβ by RNAi or CHOP partially
decreases activation of the MCP-1 promoter (panels C and D, lanes 2 and 4, respectively).
Therefore, we concluded that regulation of the MCP-1 promoter by p27SJ partially depends on
C/EBPβ and that other factors might be involved, which remain to be identified.

However, the existence of a functional interplay between p27SJ and C/EBPβ gave us a rationale
to examine whether a physical interaction exists between these two proteins in microglial cells.
The cells in serum free media were infected with adenovirus-myc-p27SJ at an MOI of 1 or with
the control adeno-null virus. Two hours after the infection, the cells were washed with PBS,
and complete media was added for 24 h, after which the cells were collected and 200 µg of
extracts were subjected to immunoprecipitation using anti-His antibody (Figure 5A, lane 3) or
with non-immune mouse serum (NIS) (lane 2). This experiment demonstrated the ability of
endogenous C/EBPβ (lane 3) to interact with p27SJ (lane 3). The specificity of p27SJ:C/
EBPβ interaction was confirmed using NIS. Interestingly, immunoprecipitation/Western
analysis performed with extracts prepared from p27SJ-infected cells revealed that p27SJ

associates with both the 38 and 35 kDa isoforms of C/EBP (compare lanes 1 and 3). Note that
C/EBPγ migrates around 45 kDa as previously described [33]. No interaction was observed
between extracts prepared from adeno-null infected cells and C/EBPβ (data not shown). Our
data agree with previously published data regarding the physical interaction between p27SJ

and C/EBPβ in astrocytes [6].

Next, we sought to test whether p27SJ also associates with MCP-1 DNA. Microglial cells were
transfected with 1.0 µg of MCP-1-CAT. Four hours post transfection, the cells were infected
with adeno-p27SJ. Forty-eight hours after transfection, the cells were harvested and processed
for ChIP assay using several primers as described in Materials and Methods (Figure 5B). To
examine the basal binding affinity of C/EBPβ, MCP-1-transfected/uninfected cells were also
used (Figure 5C, lane 1). ChIP assay was performed using antibodies directed against C/
EBPβ (lane 3) or His (lane 4). Rabbit anti-mouse serum was used as a negative control (NIS)
(lane 2). As shown in Figure 5C, endogenous C/EBPβ binds to MCP-1 DNA (lane 3). It should
be noted that C/EBPβ-DNA interaction was not affected by the presence of p27SJ (lane 3). The
ChIP assay was also performed in the presence of siRNA-C/EBPβ (lanes 5–8). As expected,
C/EBPβ failed to associate with MCP-1 DNA (lane 7), however, p27SJ was unable to associate
with MCP-1 DNA in the presence or absence of C/EBPβ (lane 8). No interaction was observed
when the, non-specific control, serum was used (lanes 2 and 6). These results led us to identify
new cis-element within the MCP-1 promoter responsive to p27SJ activation through C/EBPβ-
DNA association (Figure 5B). Further, it also demonstrated that p27SJ was unable to associate
with MCP-1 DNA or to affect C/EBPβ-DNA association.

Transmigration assays have shown that MCP-1 is a potent chemoattractant agent that is
believed to play an important role in inflammatory processes seen in AIDS patients [20]. Thus
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in order to gain information regarding the physiological effect of p27SJ on MCP-1, we
performed a transmigration assay as previously described [34,35]. Human microglial cells,
maintained in serum containing media, were infected with adenovirus-p27SJ at an MOI of 1
or with the control adeno-null virus. After 24 h, the cells were removed, washed, and transferred
to serum free media. Twelve hours later the conditional media was collected and incubated
with Jurkat grown in serum-free medium labeled with calcein. The number of cells migrating
toward the bottom chamber was determined after 0.5, 1, and 2 hours. As shown in Figure 5D,
at 1 h, infection with null adenovirus did not cause any increase in the levels of Jurkat cell
transmigration, however, expression of p27SJ by adenovirus-p27SJ showed a significant
positive impact (80%) on the transmigration of the Jurkat cells (compare lanes 2 and 3).
p27SJ failed to induce secretion of MCP-1 in cells where antibodies directed against MCP-1
or MCP-1 receptor, CCR2, were added (data not shown). These data further confirm the
existence of a functional interplay between p27SJ and MCP-1.

DISCUSSION
The identification of St John's Wort as antiviral, antidepressant, and inhibitor of inflammation
prompted us to decipher the mechanisms used by this plant to contain inflammation. We
recently isolated a 27-kDa protein (p27SJ) from a laboratory callus culture of H. perforatum
that has the capacity to inhibit expression of the HIV-1 LTR [6]. To further explore the role of
p27SJ, we have now examined its effect on MCP-1 gene expression and production. We show
that low concentration of p27SJ was enough to upregulate the MCP-1 promoter through its
physical and functional association with the transcription factor C/EBPβ. In addition, the
activity of MCP-1 produced by cultures of adenovirus-p27SJ transduced cells is upregulated
as measured by the transmigration of human Jurkat cells. Thus, we conclude that p27SJ is a
potential therapeutic agent that may be developed as a regulator of MCP-1 leading to the
inhibition of the cytokine-mediated inflammatory responses.

Induction of MCP-1 by C/EBPβ is not without a precedent. The bZip domain of C/EBPβ was
shown to mediate lipopolysaccharide (LPS) induction of MCP-1 [36]. Further, C/EBPβ was
also shown to activate the MCP-1 promoter through its association with MCP-1 DNA [15,
25]. In the first study, two C/EBPβ binding sites were identified between 2.6 and 3.6 kb
upstream of the MCP-1 gene, while in the second study, C/EBPβ binding site was shown to
be located in the proximal region of the MCP-1 promoter between positions −200 and +1.
Further, in aortas from hyper-insulinaemic rats, C/EBPβ was shown to bind to MCP-1 DNA
and induce the MCP-1 promoter, which may lead to initiate the process of atherosclerosis
[37]. Finally, in a recent study, it was shown phosphorylation of serine 64 of C/EBPβ is
necessary for C/EBPβ-activation of the MCP-1 promoter [38]. All these data corroborate with
our data regarding the ability of C/EBPβ to activate the MCP-1 promoter. However, in here,
we identified a new C/EBPβ binding site with the MCP-1 promoter located between positions
−300 and −200 as demonstrated by transfection and ChIP assays (Figure 3A and Figure 5C).
Further, our data also confirmed the previously published data regarding the functional and
physical interplay between p27SJ and C/EBPβ [6]. Though in both cases, it associates with C/
EBPβ, p27SJ seems to play a dual role, at low concentration as an activator and at high
concentration as a suppressor. It should be noted that the observed effect of p27SJ is not cell
specific (data not shown). This dual role might be beneficial to keep MCP-1 secretion levels
under control especially in diseases where induction of MCP-1 was shown to affect the
development and progression of the disease [37]. In this regard, MCP-1 was shown to play a
role in rheumatoid arthritis and inflammatory bone-resorbing diseases and that its effect can
be partially suppressed through activation of peroxisome proliferator-activated receptor
gamma [39]. Note that p27SJ joins a long list of chemical effectors that have the capability of
suppressing MCP-1 such as D-Piscose and EGCG. D-Psicose was shown to inhibit the
expression of MCP-1 induced by high-glucose stimulation in HUVECs, whereas (−)-
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Epigallocatechin-3-gallate (EGCG) was shown to suppress MCP-1 expression in endothelial
cells via blocking NF-κB signaling [40,41]. In accord with this last observation, it has been
shown that hyperforin, an active component of St. John's Wort, induces IL-8 expression in
human intestinal epithelial cells through a MAPK-dependent, NF-κB-independent pathway
[42]. However, hyperforin also reduced chemotaxis and chemoinvasion and restrained
inflammation-triggered angiogenesis and lung fibrosis [43]. In another study, extracts of St.
John's Wort increased both 5-HT1A and 5-HT2A serotonergic receptors by 50% in rats [44].
Similar to St. John's Wort, MCP-1 was also shown to activate 5-HT-induced mitogenesis
[45]. Therefore, one may suggest that modulation of MCP-1 by p27SJ through its cooperativity
with C/EBPβ, at the transcriptional and translational levels, is one of the pathways used by
Hypericum perforatum and/or its protein extracts to induce 5-HT leading to restrain
inflammation (studies in progress). Finally, in addition to its involvement in several diseases,
MCP-1 was also shown to play a role in inflammation often observed in AIDS. Taken together,
these results suggest that a high concentration of p27SJ might be beneficial to suppress MCP-1-
involvement in diseases (e.g. AIDS).
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Figure 1. Expression of p27SJ under normal physiological conditions and the status of MCP-1
A, B. U-87MG (A) and microglial (B) cells were treated with purified callus culture of H.
perforatum. Fifty micrograms of cell lysates were subjected for Western blot analysis using
anti-p27SJ rabbit polyclonal antibody. Arrows depict the position of p27SJ protein. Anti-Grb2
was used for equal protein loading. C. MCP-1 levels were measured in supernatants collected
from microglial cells treated with an increasing amount of p27SJ by ELISA and or Western
blot. Number on the top of the bar represents the amount of MCP-1 secreted in the presence
of p27SJ as measured by ELISA. Arrow depicts the position of MCP-1 protein. Histogram
represents amount of MCP-1 secreted following p27SJ treatment.
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Figure 2. Transcription regulation of MCP-1 by p27SJ

A, B, C. Human microglial (A and C) and U-87MG (B) cells were transfected with 0.5 µg of
MCP-1-CAT reporter plasmid alone or combined with increasing amounts of transfected (A,
B) or infected with adeno-p27SJ (C) as indicated. Adeno-null was used as a negative control.
CAT activity was determined 24 h after transfection. D, E. Twenty micrograms of extracts
prepared from non-transfected, p27SJ-transfected U-87MG cells (D), or from uninfected or
p27SJ-infected cells (E) were subjected to Western blot analysis using anti myc antibody. The
arrows point to the position of p27SJ. The values shown on the top of each bar represent the
fold activation over the basal promoter activity, which is arbitrarily set at one. The data
represent the mean value of at least three separate transfection experiments.
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Figure 3. Transcription regulation of MCP-1 by p27SJ and C/EBPβ
A, B. Microglial cells were transfected with 0.5 µg of MCP-1-CAT reporter plasmid (full
length) (A) or deletion mutants (B) alone or in the presence of 0.5 µg of C/EBPβ and/or infected
with adeno-p27SJ at an MOI of 1 as indicated. The values shown on the top of each bar represent
the fold activation over the basal promoter activity, which is arbitrarily set at one. The values
shown on the right represent significant activation (+++ or ++), modest activation (+), or no
effect (−) of p27SJ and/or C/EBPβ over the basal promoter. The data represent the mean value
of at least three separate transfection experiments. An example of CAT assay is also displayed
(A). C. Twenty micrograms of extracts prepared from uninfected or p27SJ-infected microglial
cells were subjected to Western blot analysis using anti-C/EBPβ, -myc, or −Grb2 antibodies.
The arrows point to the positions of different proteins. Anti-Grb2 was used to control equal
protein loading.
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Figure 4.  Functional interplay between C/EBPβ and p27SJ in the presence of CHOP and siRNA-
C/EBPβ
A. Microglial cells were transfected with non-target siRNA or with siRNA-C/EBPβ as
described in Materials and Methods. Cellular proteins were then prepared and subjected to
Western blot analysis using anti-C/EBPβ antibody. Arrows point to the positions of C/EBPβ
proteins. Equal loading of proteins was controlled using anti Grb-2 antibody (lower panel).
Next, microglial cells were transfected with 0.5 µg of the MCP-1 promoter alone or in the
presence of CHOP (B, D) or siRNA-C/EBPβ (B, C). Four hours post transfection, the cells
were infected with adeno-p27SJ at an MOI of 1 (C, D) or adeno-null (data not shown). CAT
activity was determined 24 h after transfection. The values shown on the top of each bar
represent the fold activation over the basal promoter activity which is arbitrarily set at one. The
data represent the mean value of at least three separate transfection experiments.

Mukerjee et al. Page 15

Mol Immunol. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Association of C/EBPβ with p27SJ protein and with MCP-1 DNA
A. Cell lysates were prepared from microglial cells infected with adeno-p27SJ or adeno-null at
an MOI of 1. Two hundred micrograms of cell extract were immunoprecipitated followed by
Western blot analysis utilizing anti-myc antibody (lane 3) or NIS (lane 2). Western blot analysis
was performed using anti-C/EBPβ antibody. In parallel, 50 µg of total cell extracts were
analyzed by direct Western blot assay (lane 1). The arrows depict the positions of the 38 and
35-kDa C/EBPβ. B. Schematic representation of the MCP-1 promoter with the positions of the
various primers used for ChIP assay. Binding of C/EBPβ to MCP-1 DNA is also shown. C.
Extracts prepared from microglial cells transfected with plasmid expressing C/EBPβ
expression plasmid or infected with adeno-p27SJ were subjected to ChIP assay to evaluate the
association of p27SJ and C/EBPβ with the DNA in the absence (lanes 1–4) and presence (lanes
5–8) of siRNA-C/EBPβ. D. p27SJ modulates MCP-1 activity in culture supernatant measured
by Jurkat transmigration activity. Microglial cells were infected with adeno-null or -p27SJ for
24 h. Supernatants were harvested and analyzed by transmigration assay as described in
Materials and Methods.
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