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4.1 Final publishable summary report 
 
Executive summary 
 
Summary description of project context and objectives 
 
Project background 

Atherosclerosis is the hardening of the arteries that occurs when fat, cholesterol, and other 
substances build up in the walls of arteries and form structures called plaques or atherosclerotic 
lesions. Over time, these plaques can block the arteries and cause symptoms and problems such as 
heart attacks. Atherosclerosis is a major risk factor for cardiovascular or heart disease, which causes 
almost 50 per cent of deaths in Europe, and is reported to cost the EU economy about €169bn per 
year. In 2006 it was estimated that more than 17 million people worldwide die each year from heart 
disease. Thus cardiovascular disease is a growing problem for the developed world, which puts an 
even greater strain on healthcare systems. Currently, correction of abnormal cholesterol levels or 
dyslipidemias is a major goal in efforts to prevent cardiovascular disease.  High levels of low density 
lipoprotein (LDL)-cholesterol has been shown to be associated with increase risk of heart disease. 
Supporting this, inhibitors of HMG-CoA reductase (the enzyme responsible for cholesterol 
synthesis) or statins are proved efficient LDL-cholesterol lowering drugs in reducing the risk of heart 
disease.  However, these drugs only prevent approximately 35% of primary or secondary vascular 
events in large clinical trials indicating that risk factors other than high LDL-cholesterol are 
unaffected by statin therapy. In fact, most patients with coronary atherosclerosis do not have isolated 
high LDL-cholesterol concentrations but rather have low high density lipoprotein (HDL)-cholesterol 
or elevated triglycerides or both. This has triggered an intensive search for drugs that increase HDL 
formation and reverse cholesterol transport as additional strategies to treat and prevent 
cardiovascular risk.   

Liver X receptors or LXRs are receptors that act as sensors for cellular cholesterol content 
(1). LXRs belong to a family of proteins called nuclear receptors, ie. transcription factors activated 
by ligands and in this way they control the expression of many genes encoding for proteins that are 
crucial to maintain cholesterol homeostasis. Activation of LXRs increases the level of HDL in blood, 
represses a number of inflammatory pathways (inflammation also being considered and important 
underlying factor in the pathogenesis of atherosclerosis). In this way LXR activation decreases the 
progression of atherosclerosis and the regression of established atherosclerotic lesions in animal 
models. Therefore in recent years, LXRs have been considered promising targets for drug 
development towards the management of human cardio-metabolic diseases such as atherosclerosis. 
Ideally, clinically relevant LXR activators would be tissue- and gene-specific modulators with 
favourable coronary anti-atherogenic and anti-inflammatory properties void of the less favourable 
hepatic effects (mainly the induction of lipid synthesis pathways that result in the elevation of 
triglyceride levels, which are a risk factor for heart disease). In light of the pivotal role LXR alpha 
plays in macrophage biology and atherosclerosis development, we believe that elucidating the 
signalling pathways modulating LXRα function will likely uncover novel points of intervention to be 
exploited in the development of alternative therapies against cardiovascular disease. 

There are two forms of LXR present in cells: LXRα and LXRβ. They are both activated by 
the same reported ligands and they present different tissue and cell distribution patterns. During my 
post-doctoral training in Professor Michael Garabedian’s laboratory at the New York University 
Medical Center I determined in that modulation of a modification of the receptor, which is the 
addition of a phosphate group to a serine residue in the protein or phosphorylation, regulates LXRα 
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actions in a gene-specific manner (2). Phosphorylation of LXRα at serine 198 (S198) in 
macrophages modulates the expression of only a subset of target genes. In particular, the expression 
of certain genes, such as the chemokine ligand CCL24, is largely dependent on the phosphorylation 
status of LXRα. That is, these genes are preferentially present in macrophages expressing a 
phosphorylation-deficient mutant, in which the phosphorylatable serine has been changed for an 
alanine residue that can no longer be phosphorylated (S198A), but not in macrophages expressing a 
wild-type (WT) non mutated LXRα receptor. 

In addition to phosphorylation, LXR activity has been shown to be modulated by other 
modifications such as acetylation or the addition of an acetyl group to a lysine residue. Murine LXRs 
interact with the deacetylase SIRT1, which promotes its deacetylation or removal of the acetyl group 
and subsequent degradation of the receptors (3). Furthermore, loss of SIRT-1 in mice partially 
reduces the increase in triglycerides caused by LXR agonists, suggesting that acetylation of LXRα 
can exert a physiological role in vivo. Compared to previous studies, our proposal addressed the 
acetylation of the human LXRα protein (as opposed to the murine protein studied by Li et al.) by a 
different class of acetylases: the class I and II deacetylases that are targeted by trichostatin A (TSA).  

Initial project objectives 
Our preliminary studies indicated that, in addition to phosphorylation, LXRα is subject to 

acetylation in macrophages and that treatment with an inhibitor of the HDAC histone deacetylases, 
TSA, affects LXRα protein concentration in these cells. Thus, we hypothesized that acetylation of 
the receptor could also affect the transcriptional activity of LXRα in macrophages in a gene-selective 
manner. In this project, we aimed to investigate LXRα acetylation in these cells, and. Our main goals 
were to: 
1) Investigate the influence of LXRα acetylation on LXRα transcriptional activity in macrophages 
2) Determine acetylated LXRα-modulated target gene expression  
3) Examine the potential crosstalk between the acetylation and phosphorylation of the receptor  
 
Description of main S&T results/foregrounds 
 
(1) Generation of Lysine (K)-to-Arginine (R) mutants in potential residues susceptible of being 
acetylated to identify LXRα acetylated residues and investigate LXRα acetylation 
(unpublished/confidential). 

Our initial studies indicated that, in addition to phosphorylation, LXRα is subject to 
acetylation in macrophage cell lines. Previously, it had been shown that Lysine (K)434 (K432 in 
mice) in the ligand binding domain of LXRα is acetylated by SIRT1 in a different cell line, the 
embryonic kidney HEK293T cells and in primary hepatocytes (4). Other studies suggest that K410 
and K434 in LXRα are modified by sumoylation, or the addition of a SUMO group to lysine 
residues, and that this modification also affects the transcriptional activity of this receptor (5). It is 
known that the ligand binding domain of nuclear receptors determines the specific ligand-binding 
properties of each receptor. In the case of receptors that function as heterodimers, such as LXR, the 
ligand binding domain has an important role in the interaction with its heterodimeric partner RXR. 
Ligand-induced allosteric changes within the ligand binding domain can also affect its interactions 
with transcriptional coregulatory molecules or coactivators, making this domain a particularly 
interesting region for this type of modifications. In addition to the lysines mentioned above, we 
observed that lysines in other domains (K91 and K180), could be acetylated based on sequence 
similarity to already characterized acetylated sites. These residues lie within the N-terminal region 
and the hinge-domain located between the DNA binding domain and the ligand binding domain of 
LXRα respectively.  



4 
 

In order to study LXRα acetylation, we have generated a number of mutated receptors in 
which these potential acetylated lysine residues were changed to arginines (R), which can no longer 
be acetylated, thereby mimicking acetylation-deficient proteins. As mentioned above, residues K434, 
K410, K91 and K180 in LXRα were considered to be potentially acetylated (Fig. 1). To confirm that 
these residues are indeed acetylated in the presence of HDAC inhibitors, we initially planned to 
perform in vitro acetylation assays with WT and mutated LXRα proteins in the RAW 264.7 
macrophage cell line in which we performed in the past part of our phosphorylation studies. We did 
not obtain any reliable data from these acetylation assays, in part because at the time we couldn’t 
express enough amounts of the mutated receptors in these cells. We also took an alternative approach 
to verify whether these residues are acetylated in which we isolated the non-mutated or mutated 
LXRα proteins by immunoprecipitation and then examined acetylated lysines by immunoblotting 
using an anti-acetyl lysine antibody. The technical problems persisted with the anti-acetyl Lysine 
antibodies we tried (from Cell signalling and Abcam) although we believe the main issue was still 
the poor expression levels we were getting for the mutated LXRα proteins. These issues were 
resolved by mutating these LXRα residues in a different LXRα expressing vector that has a FLAG 
peptide tag inserted, which will help with their detection and immunoprecipitation as we have 
observed it does for the non-mutated receptor. We just recently obtained these clones and we are 
currently performing the acetylation experiments with them. Since these mutated LXRs show 
differences in the transactivation activity of LXRα (see below) this suggests that these receptors are 
likely to be now expressed in sufficient amounts to mediate the ligand response. Thus, in the near 
future these acetylation assays will determine whether any of those residues is acetylated in the 
presence of the TSA inhibitor. Because multiple residues in LXRα could be acetylated, if LXRα 
acetylation is still detectable when single residues are mutated, double and triple mutants in these 
potential sites will be then be generated.  
 
2) Evaluation of the transcriptional activity of the LXRα mutants in potential acetylation sites 
(unpublished/confidential) 

To examine the functionality of these mutations, ie. whether they affect the transcriptional 
activity of LXRα in macrophages, we tested these LXRα mutants in transient transfection assays on 
a reporter construct containing three copies of a consensus LXR response element or LXRE (Fig. 
2A). These studies were performed with the FLAG tagged LXRα expression vectors. These 
experiments evidenced that mutants in K91R- and K410R-LXRα exhibit lower basal (independent of 
the ligand) activity compared to the non-mutated form. In addition, the ligand-dependent activity of 
all the mutants tested was about 25% lower compared to non mutated LXRα in these assays. 
Previous work has shown that the K434R mutation displays equivalent activity to the WT in 
transfection assays performed using a different reporter gene, one containing the promoter of 
ABCA1, a well characterized LXR target gene (5). The discrepancy with our results could be due to 
sequence-specific differences in the ability these mutants induce the transcription of target genes. To 
assess this, we will conduct additional experiments comparing side by side the transcriptional 
activity of these mutants on the consensus LXR response element reporter and the ABCA1 promoter 
as well as other LXR responsive promoters that we have in the lab. We believe these assays will help 
establish whether these mutations exert gene-specific effects on LXRα activity. 

Published reports show that post-translational modifications such as sumoylation play an 
important role in the negative regulation of certain pro-inflammatory genes by LXRs and K434 has 
been shown to be sumoylated (5). Thus, in addition to the positive regulation studies mentioned, we 
examined the potential of these variants to negatively regulate gene expression using a luciferase 
reporter containing the promoter for the inducible nitric oxide synthase (iNOS). From these 
experiments we have concluded that mutation in K91 does not affect the LXR-mediated repression 
of an iNOS promoter activity (Fig. 2B). This is opposed to the K434R mutation, which was not 
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capable of repressing the iNOS promoter repression by LXRα, consistent with previous reports. 
Additionally, we also observed that other LXRα mutants, the K410R mutant and to a lesser extent 
the K180R mutant, could not repress the iNOS promoter as well as the non-mutated receptor. 
Therefore, modification of these residues (K180, K410 and K434) affects the negative regulation or 
transrepression capabilities of LXRα. Once we demonstrate whether these residues are indeed 
acetylated in the presence of deacetylase inhibitors such as TSA, these results would suggest that 
acetylation of LXRα may affect its transrepression activity which has not been reported to date. It is 
important to note that neither the K410 nor the K180 residues have been previously characterized as 
sumoylation or acetylation sites in LXRα. Thus, these studies may lead to the identification of novel 
residues that are post-translationally modified with a functional relevance. We now plan to express 
these FLAG-tagged mutants in the RAW macrophage-like cell line that we use for our studies to 
investigate the expression of a panel of well-characterized LXRα target genes upon ligand activation. 
In the study of pro-inflammatory gene expression, the levels of those genes previously reported to be 
repressed by the ligand-activated non-mutated receptor upon stimulation with a pro-inflammatory 
signal such as LPS will be examined. If these studies are promising we will then perform microarray 
analysis to investigate the impact of these mutations on the LXR-regulated transcriptome on a 
genome-wide scale. 

 
3) Investigation of the potential crosstalk between acetylation and phosphorylation 
(unpublished/confidential) 
 We have also generated a number of mutants of LXRα that contain both mutations in 
putative acetylated sites (K410R and K434R) and the already identified phosphorylation site 
(S198A). We have now generated these mutants in the same FLAG-tagged expression vector as 
above and we will be testing them in phosphorylation and acetylation assays as explained above in 
the near future. 

 
4) Identification of LXRα target genes sensitive to acetylation, regulation of CCR7 by deacetylase 
inhibitors (unpublished/confidential) 

We proposed to identify endogenous LXRα target genes that are sensitive to acetylation and to 
LXRα acetylation. Because we are particularly interested in those LXR-regulated pathways that are 
relevant to atherosclerosis progression and regression we initially examined the expression of an 
LXRα-regulated gene, the CCR7 chemokine receptor, which plays a key role in macrophage cell 
emigration leading to the regression of atherosclerosis in experimental models as we recently 
published (6). We have observed that CCR7 mRNA expression is markedly enhanced by deacetylase 
inhibition in the RAW macrophage cell line (Fig. 3). Additionally, the TSA-effect is further 
enhanced by an LXR ligand. Because of the relevance of this target gene to atherosclerosis, we 
decided to prioritize these studies and further investigate the mechanism underlying the regulation of 
CCR7 by TSA in macrophages. In order to examine whether LXRα is affecting CCR7 regulation by 
TSA we employed macrophage cell lines that express or are void of hLXRα. RAW 267.4 
macrophage cells expressing the human LXRα cDNA or mock-transduced cells, which we published 
before (2), were employed. In the absence of LXRα, CCR7 expression was low. However at the 
highest TSA concentration tested CCR7 levels were induced by more than 70-fold (Fig 3). This 
suggests that CCR7 expression is strongly affected by the acetylation status of these cells. In the 
presence of LXRα, expression of CCR7 was enhanced almost 35-fold. In agreement with our 
published results showing that the expression of CCR7 is induced by LXRs (6), when LXRα is 
expressed CCR7 levels are also induced by about 3-fold. The regulation of CCR7 expression by a 
deacetylase inhibitor is consistent with previous reports showing the induction of CCR7 levels by 
TSA in melanoma cells (7). The low expression of CCR7 in macrophage cells is also likely the result 
of gene silencing through chromatin remodelling events (histone deacetylation and methylation). To 



6 
 

investigate whether the regulation by TSA is affected by LXR activation, LXRα expressing cells 
were treated with a synthetic (T1317) (Fig. 3). Upon LXRα activation by either ligand CCR7 
expression was further enhanced demonstrating that LXRα can modulate the TSA-induced CCR7 
levels. 
 

We observed that the induction by TSA is partially mediated at the transcriptional level since 
CCR7 promoter activity is also induced by TSA (Fig.4). We performed promoter luciferase assays 
with a reporter driven a CCR7 promoter fragment. CCR7 promoter activity was increased in the 
presence of LXR ligand (T). In agreement with the induction observed at the mRNA level, TSA 
markedly induced the CCR7 promoter activity whereas addition of LXR ligand did not enhance the 
TSA-induction any further. We also performed similar luciferase assays with the promoter of the 
well-characterized LXR target gene ABCA1, which we had previously observed to be also positively 
regulated by TSA. As expected this promoter was significantly regulated by both T ligand and TSA 
in a comparable manner. However, deacetylase inhibition by TSA induced the ABCA1 promoter less 
potently than the CCR7 promoter. Furthermore, addition of both T ligand and TSA synergistically 
induced the ABCA1 promoter activity suggesting these two promoters are differentially regulated. 
We next identified the TSA-responsive region in the CCR7 promoter (Fig.5). For these experiments, 
we employed promoter deletions and measured the fold induction in promoter activity in the 
presence of TSA. We concluded the TSA-responsive region in the CCR7 promoter is located within 
the proximal promoter and not too distal from the transcription initiation site of the gene.  

Additionally, we have evidenced that the phosphatidylinositol 3-kinase (PI3K) signalling 
pathway may be involved in the TSA regulation of CCR7 expression since inhibitors of this pathway 
dampen the induction observed by the deacetylase inhibitor TSA. A number of kinases had been 
previously implicated in CCR7-induced chemotaxis. In particular PI3K appears to mediate CCR7-
dependent migration of immature dendritic cells to inflammatory sites (8). In addition, PI3K is 
involved in the derepression of certain promoters by HDAC inhibitors (9). As shown in Figure 6, 
TSA induction of the CCR7 promoter activity is severely repressed in the presence of the PI3K 
inhibitor suggesting that PI3K may indeed be implicated in the regulation of CCR7 by TSA.  

To complete these studies on the regulation of CCR7 expression in macrophages, we have 
determined that CCR7 regulation by TSA is functionally relevant since CCR7-mediated macrophage 
migration towards CCR7 ligands is induced by the inhibition of deacetylation (Fig.7). Migration 
assays were performed using transwell plates and a combination of CCR7 ligands. Our results 
indicate that migration of LXRα expressing cells towards the CCR7 ligands was enhanced by TSA 
treatment, likely reflecting the induced expression of CCR7. A manuscript describing this work is 
currently in preparation and will be ready to be submitted to a peer-reviewed journal in the near 
future.  
 
(6) Additional studies on LXRα supported by these funds (published and unpublished/confidential) 

We recently described the regulation of an important anti-inflammatory gene, arginase 1, by 
LXR ligands. This was described both in macrophages in culture as well as in macrophages within 
atherosclerotic lesions undergoing regression because either their macrophage or lipid content is 
being diminished. This work was performed in collaboration with Prof. Edward Fisher at the New 
York University Medical Center and Prof. Sidney Morris from the University of Pittsburgh and was 
published in journal Circulation Research (Circ. Res. 2011, 492-501, impact factor 9.5). Funds from 
the international reintegration grant were in part employed to fund small equipment and reagents 
towards experiments aimed at investigating the molecular mechanisms underlying the regulation of 
macrophage arginase 1 by LXR ligands we reported in that manuscript. These studies resulted in the 
description of a novel mechanism of LXR target gene expression in which transcription factors 
whose expression is important for macrophage differentiation and gene expression such as PU.1 and 
IRF8, were implicated in the LXR ligand regulation of arginase 1. We identified novel target sites for 
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PU.1 and IRF8 by chromatin immunoprecipitation assays and also characterized the regulation of 
IRF8 expression by LXRα. 
 In addition to these published studies, unpublished work aiming to investigate the regulation 
of CCR7 by the phosphorylation of LXRα was performed. These studies are part of a collaboration 
with Prof. Edward Fisher and Prof. Michael Garabedian from the New York University Medical 
Center. We observed that the expression of CCR7 is modulated by the phosphorylation status of 
LXRα using the cell lines mentioned above. We performed luciferase, chromatin 
immunoprecipitation and gene expression assays to contribute to this study, whose description is 
currently being prepared in the form of a manuscript and will be soon sent for peer-review.  
 
1. Calkin, A. C., et al. 2010. Liver x receptor signaling pathways and atherosclerosis. Arterioscler Thromb Vasc 

Biol 30:1513-1518. 
2. Pineda-Torra, I., et al. 2008. Phosphorylation of liver X receptor alpha selectively regulates target gene 

expression in macrophages. Mol Cell Biol 28:2626-2636. 
3. Li, X., et al. 2007. SIRT1 deacetylates and positively regulates the nuclear receptor LXR. Mol Cell 28:91-106. 
4. Bradley, M. N., et al. 2007. Ligand activation of LXR beta reverses atherosclerosis and cellular cholesterol 

overload in mice lacking LXR alpha and apoE. J Clin Invest 117:2337-2346. 
5. Ghisletti, S., et al. 2007. Parallel SUMOylation-dependent pathways mediate gene- and signal-specific 
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expression in melanoma cells. Cancer Res 65:1800-1807. 
8. Liu, S., et al. 2008. Complement C1q chemoattracts human dendritic cells and enhances migration of mature 

dendritic cells to CCL19 via activation of AKT and MAPK pathways. Mol Immunol 46:242-249. 
9. Zhang, Y., et al. 2006. Phosphatidylinositol 3-kinase/protein kinase Czeta-induced phosphorylation of Sp1 and 

p107 repressor release have a critical role in histone deacetylase inhibitor-mediated derepression [corrected] of 
transcription of the luteinizing hormone receptor gene. Mol Cell Biol 26:6748-6761. 

 
Potential impact and main dissemination activities 
Potential impact 

The funds from the reintegration grant have contributed to the publication of a 9.5 impact 
factor and 13% acceptance rate peer-reviewed publication (Circ. Res. 2011, 492-501) describing the 
implication of LXRα in the regulation of an important target gene in regressive atherosclerotic 
plaques using experimental models of the disease. In addition, these reintegration funds have served 
towards work on the regulation of the expression of one LXRα target gene, CCR7 by deacetylase 
inhibitors and the phosphorylation status of LXRα as described above. These data will be reported in 
two subsequent publications. Because both CCR7 and arginase 1 have been implicated in the 
regression of atherosclerosis these findings may serve in the future towards the design of novel 
therapies aiming to regress established atherosclerosis lesions.  

Finally, we also anticipate that our current work will result in the identification of novel 
LXRα acetylation sites and the characterization of their impact on LXR target gene expression. We 
will subsequently examine the crosstalk between acetylation with other post-translational 
modifications of LXRα such as phosphorylation. In light of the pivotal role LXRα plays in 
cholesterol metabolism and macrophage biology, identifying the role of acetylation in LXRα activity 
in macrophages and acetylation-sensitive signalling pathways will add to our understanding of the 
different modes of action of these receptors. This could be exploited for the development of therapies 
against different metabolic and inflammatory diseases. 
 
Main dissemination activities. 
 
Work funded by the international reintegration grant has been presented at the following national and 
international conferences/seminar series that are also detailed in template A2 below. 
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- Department of Oncology Seminar Series, Imperial College of London, March 2009 (Invited oral 
presentation). 
- EMBO meeting on Nuclear Receptors. Dubrovnic, Sept 2009. 
- 3rd Benelux Nuclear Receptor meeting, 28 Oct 2010 (oral presentation) 
- Keystone Meeting on Mechanisms of Atherosclerosis and The Macrophage. Calgary, February 
2010. 
- Department of Atherosclerosis, Institut Pasteur de Lille. Lille, France, Dec 2010 (invited oral 
presentation) 
- Cold Spring Harbor meeting on Nuclear Receptors, Long Island, Sept 2010.  
- UCL Cardiometabolic Science Symposium, London, Sept 2010 (oral presentation) 
- EMBO meeting on Nuclear Receptors, Sitges, September 2011. 
- Joint meeting of the International Cytokine Society and ISICR, Florence, October 2011. 
- Keystone meeting on Molecular Basis on Vascular Inflammation and Atherosclerosis, Montana, 
March 2012 
- Arthitis and Tissue Regeneration Program, Hospital for Special Surgery, NY, April 2012 (invited 
oral presentation) 
- Keystone meeting on Nuclear Receptors Matrix, Whistler, Canada, April 2012 
- Madrid meeting on dendritic cells and macrophages, May 2012 (oral presentation)  
 
Address of the project public website 
Not applicable 
 
Figures  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1. Putative acetylation sites in hLXRα . Depicted is a representation of 
hLXRα domains and localization of putative sites that have been mutated for 
this project. 
 

Figure 3. mRNA expression of CCR7 is induced by the deacetylase inhibitor TSA. RAW 
267.4 cells with or without human LXRa (RAW-LXRa) expression were cultured for 16h in 
the presence or absence (DMSO) of the LXR ligands (T) and the HDAC inhibitor trichostatin 
A at two different concentrations. Regulation of CCR7mRNA was quantified by qRT-PCR. 
Expression is nomalised to cyclophilin levels and presented relative to DMSO-treated cells.  
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Figure 2. Transcriptional activity of hLXRα  
mutants. Expression of the human LXRα (mutated 
and non mutated or WT) affects the activity of a 
luciferase reporter driven by three copies of an LXRE 
(A) or by the murine iNOS promoter (B). For A, solid 
and empty bars indicate ligand-treated and vehicle-
treated cells respectively. For B, shaded and solid bars 
indicate LPS or LPS+LXR ligand treated. Values are 
presented as relative luciferase units which have been 
normalized to β−galactoside activity and relative to 
DMSO-treated WT-transfected cells. 
 

Figure 4. CCR7 promoter activity is enhanced by TSA. RAW cells were 
transfected with a luciferase reporter plasmid driven by a fragment of the 
CCR7 or ABCA1 promoters. Cells were treated with the indicated 
compounds as described before. Values are presented as relative luciferase 
units (RLU) normalized to protein content and relative to DMSO-treated 
cells. 
 

Figure 5. Identification of the CCR7 
promoter TSA-responsive region. RAW 
cells were transfected with a luciferase 
reporter plasmid driven by the indicated 
CCR7 promoters. Cells were incubated 
with or without TSA. For each promoter, 
values are normalized to protein content 
and relative to DMSO-treated cells 
(CTRL).  
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Figure 5. Identification of the CCR7 
promoter TSA-responsive region. RAW 
cells were transfected with a luciferase 
reporter plasmid driven by the indicated 
CCR7 promoters. Cells were incubated 
with or without TSA. For each promoter, 
values are normalized to protein content 
and relative to DMSO-treated cells 
(CTRL).  
 

Figure 6. CCR7-induced promoter 
activity by TSA is mediated by PI3K. 
RAW cells were transfected with a 
luciferase reporter plasmid driven by a 
CCR7 promoter. Cells were pre-treated 
the PI3K inhibitor LY 294002 and then 
incubated with or without TSA. Values 
are normalized to protein content and 
relative to DMSO-treated cells. 
 

Figure 7. TSA increases CCR7-dependent 
macrophage chemotaxis. RAW cells expressing 
LXRa were treated with TSA. Chemotaxis 
towards a mix of CCR7 ligands (CCL21 and 
CCL19) was performed on transwell plates. Cells 
that migrated towards the bottom chamber were 
counted. Each condition was assayed in triplicate.  
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4.2 Use and dissemination of foreground 
 
A plan for use and dissemination of foreground (including socio-economic impact and target groups 
for the results of the research) shall be established at the end of the project. It should, where 
appropriate, be an update of the initial plan in Annex I for use and dissemination of foreground and 
be consistent with the report on societal implications on the use and dissemination of foreground 
(section 4.3 – H). 

The plan should consist of: 
 

 Section A  
 
This section should describe the dissemination measures, including any scientific publications 
relating to foreground. Its content will be made available in the public domain thus 
demonstrating the added-value and positive impact of the project on the European Union.  
 
 Section B 
 
This section should specify the exploitable foreground and provide the plans for exploitation. All 
these data can be public or confidential; the report must clearly mark non-publishable 
(confidential) parts that will be treated as such by the Commission. Information under Section B 
that is not marked as confidential will be made available in the public domain thus 
demonstrating the added-value and positive impact of the project on the European Union. 


