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MARS AND MARBPS

Key modulators of gene regulation and disease manifestation
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Abstract: The DNA in eukaryotic genome is compartmentalized into various domains by a
series of loops tethered onto the base of nuclear matrix. Scaffold/ Matrix attachment
regions (S/MAR) punctuate these attachment sites and govern the nuclear architecture
by establishing chromatin boundaries. In this context, specific proteins that interact
with and bind to MAR sequences called MAR binding proteins (MARBPs), are of
paramount importance, as these sequences spool the proteins that regulate transcription,
replication, repair and recombination. Recent evidences also suggest a role for these
cis-acting elements in viral integration, replication and transcription, thereby affecting
host immune system. Owing to the complex nature of these nucleotide sequences, less
is known about the MARBPs that bind to and bring about diverse effects on chromatin
architecture and gene function. Several MARBPs have been identified and characterized
so far and the list is growing. The fact that most the MARBPs exist in a co-repressor/
co-activator complex and bring about gene regulation makes them quintessential for
cellular processes. This participation in gene regulation means that any perturbation
in the regulation and levels of MARBPs could lead to disease conditions, particularly
those caused by abnormal cell proliferation, like cancer. In the present chapter, we
discuss the role of MARs and MARBPs in eukaryotic gene regulation, recombination,
transcription and viral integration by altering the local chromatin structure and their
dysregulation in disease manifestation

1. INTRODUCTION

The eukaryotic nuclei once referred to as “merely a bag of chromatin” has now
been recognized to be a highly ordered structure or a ‘hub’ of cellular activities.
The nucleus is seen as a three dimensional mosaic of nucleolus, inter-chromatin
regions and condensed chromatin, dispersed in a nuclear ground substance
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traditionally called the “Nuclear Matrix” (NM). The NM is a dynamic fibro-granular
structure postulated to contain chromatin and ribonucleoprotein domains (Berezney
and Coffey, 1977; Smith et al., 1984), serving as the structural milieu for gene
function. The multitude of genomic functions occurring in nuclear matrix include
gene replication (Smith and Berezney, 1980; Berezney and Buchholtz, 1981),
transcription (Jackson and Cook, 1985) and RNA splicing and processing (Mariman
et al., 1982; Zeitlin et al., 1987). All the cellular processes are highly coordi-
nated and programmed and this demands that the genome be organized as a set
of genes and gene clusters. Such an orderly arrangement of nuclear domains is
brought about by anchorage of specific sequences to the matrix at interphase
(Berezney and Coffey, 1974) and chromosomal scaffolds during mitosis (Mirkovitch
et al., 1984). These signature sequences known as S/MARs (Scaffold/ Matrix
Attachment Regions) serve as boundary elements that punctuate chromosomal DNA
into topologically restricted functional units, defining borders between chromatin
domains (Breyne et al., 1992; Chung et al., 1993). Several studies also indicate
the insulator nature of these elements, that together control single or multiple gene
expression, by serving as Locus Control Regions (LCRs) (Grosveld et al., 1987).
MARs are also known to aid cell specific expression by their co-habitation with
enhancers (Forrester et al., 1994) and reduce the position effect variegation from
local chromatin structures (Blasquez et al., 1989). This is done by recruiting topoiso-
merase II (Razin et al., 1991; Berrios et al., 1985) and absorbing torsional stress by
their base unwinding ability (Bode et al., 1992). Thus they orchestrate topological
organization of functional chromatin domains. Since MARs organize and govern the
accessibility to local chromatin structures, they are also targets for viral integration
and replication. Recent reports indicate the effect of MARs juxtaposed to retroviral
integration sites on human genome. Several studies report that integration is favored
near DNaseI hypersensitive sites or active genes (Mooslehner et al., 1990). Small
nuclear genome containing tumor viruses like HPV16, HBV, SV40, and HTLV-1
have also been shown to integrate near MARs (Shera et al., 2001). Recent obser-
vations regarding the retroviral integrations reveal that HIV-1 and MoMuLV favor
active genes for their integration (Schroder et al., 2002; Mitchell et al., 2004) Most
of these integration sites (95%) have been shown to be flanked by S/MARs, around
1 Kb region of integration, that could serve as promoters (Kulkarni et al., 2004;
Johnson and Levy, 2005). In this context, specific proteins that bind to S/MARs,
called MARBPs become significant, as they govern the chromatin accessibility
of the region. For example the ratio of SATB1 and Cux/CDP, two well known
MARBPs in various tissues for Mouse Mammary Tumor Virus region (MMTV)
defines the transcriptional status of the virus. (Zhu et al., 2000; Liu et al., 1999).
Similiarly, a study by Stunkel et al., showed that Cux recruits HDAC1 to the
LCR MAR of E6 promoter of Human Papilloma Virus (HPV) and represses this
oncoprotein (2000).

MARBPs have been routinely isolated using high salt extraction of the
matrix and their ability to have base unpairing potential (Galande and Kohwi-
Shigematsu, 1999). Several studies report the ability of these MARBPs to control
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gene expression by binding to MAR sequences within the regulator regions of
the gene and activate or repress the gene expression. They are often found
in a complex with co-activators or co-repressors, modulating gene function
by remodeling or covalently modifying the chromatin structure. Most of these
MARBPs have been shown to be drastically affected upon malignant transfor-
mations. Since aberrant gene expression gives rise to malignancies and abnormal
cell cycle progression, understanding the nature and order of these proteins
assumes great importance in the current scenario of chromatin biology and disease
manifestation.

2. DEFINING MARS

The available literature on MARs reveals that they can enhance the expression of
reporter genes by forming a domain and insulating them from position variegation
effect at the integration site (Breyne et al., 1992; Allen et al., 1993). Their main
function is to bring together control elements like promoters and enhancers loaded
with their transcriptional factors, creating a transcription factor and enzyme rich
nuclear microenvironment.

While there is no stead and fast rule for identifying MARs, certain traits
make the AT rich DNA elements function as MARs. The AT richness confers
DNA unwinding potential, so that in their single stranded form specific DNA
unwinding proteins bind to MARs, relieve the torsional stress and the energy is
used to relax positive supercoiling generated ahead of transcription elongation point
(Bode et al., 1992). Studies by Amati et al., (1990) and von Kries et al., (1991)
although suggest that this property of MARs might not be essential for matrix
binding. A number of studies show that MARs can allow the induction of DNaseI
hypersensitive sites in chromatin. This has been substantiated with several experi-
mental observations that MAR sites overlap with DNase I hypersensitive sites. The
proposed mechanism is that MARs become DNAse I hypersensitive at the time
of their activation as a result of binding of single strand binding proteins (SSBPs)
specifically during transcription and replication due to removal of nucleosomes that
preludes ORI activation (Hsieh et al., 1993).

Several triple helical or Z form, cruciform structure of MARs has also been
proposed. The cruciform loop part is susceptible to DNaseI and hence characteristic
nicking occurs. The role of MARs in chromatin dynamics has also been tested using
an artificial MARBP called MATH 20 (Strick and Laemmli, 1995). This protein has
numerous linked DNA binding domains called AT hooks, which preferentially bind
to AT tracts. Since this protein could then bind MARs and associated chromatin
specifically, this was used to study chromatin condensation in Xenopus oocytes. It
was found that titration of MARs with MATH 20 specifically inhibited chromatid
conversion without inhibiting condensation resulting in abortive mitotic structures.
When MATH 20 was added to chromatids, it leads to a structural collapse and
formation of chromatid balls. Thus, it is speculated that S/MARs could be target
of binding proteins that mediate or facilitate formation and juxtapositioning of
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metaphase chromatin loops (Hart and Laemmli, 1998). Similarly, MAR sites have
been found to be sites of illegitimate recombination, since these elements are found
at the site of DNA insertion, deletion and translocation (Sperry et al., 1989; Shapiro
et al., 1987).

List of well known MARBPs and functions

Name Species Tissue
specificity

Function Interactome

SATB1/L2a-
P1/

Homo
sapiens,
Mus
musculus

Predominantly
thymus,
minute
amounts in
brain

Repressor CDP,
HDAC1,
ACF1,
ISWI

Nucleolin Homo
sapiens

erythroleukemia
cell line K562

Glycosaminoglycan
stabilisation

Glycosaminoglycans

SAF-B Homo
sapiens

Ubiquitous Repressor RNA Pol II

SAF-A Homo
sapiens

HeLa,
Embryonic
kidney cell
line 293,
K562

Activator
Organization of
chromosomal
DNA &
packaging of
hnRNA

p300,
DNA PK

NF�NR/
Cux/ CDP

Mus
musculus

Breast,
Ubiquitous

Important
in organ
development

SATB1,
HDAC1,
SMAR1

p114 Homo
sapiens

Infiltrating
ductal
carcinoma
tissues,
normal breast
tissue, benign
breast
diseases

combined
property of PARP
and
SAF-A
(hnRNP-U)

PARP, Ku

Bright Mus
musculus

Ubiquitous B cell regulator
of immuno-
globulin
heavy-chain
transcription

Sp100,
LYSp100/p140

SP100 Homo
sapiens

Ubiquitous Repressor of
Bright

Bright

Ku
(subunit of
PARP)

Homo
sapiens

SKBR3 cell
line

chromosome
condensation,
subunit of
DNA-dependent
protein kinase

PARP

DNA-PK Homo
sapiens

Breast cancer downregulated
during cellular
senescence

PARP,
SAF-A
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LYSp100/p140 Homo
sapiens

B cells Co-activates
Bright

Bright

SMAR1 Homo
sapiens,
Mus
musculus

Ubiquitous but
predominant in
thymus

Represses
transcription,
downregu-
lated in breast
cancer cells

P53,
HDAC1,
mSin3a

MeCP2/ ARBP Homo
sapiens

Ubiquitous,
particular high
levels in neuron of
the post natal brain

Mutations in
the MECP2
gene cause
Rett
syndrome

mSin3a,
HDAC1,
HDAC2

3. ROLE OF MARBPS IN MODULATING MARS AS FUNCTIONAL
ELEMENT

Gene expression status involves changing of attachment points of chromatin loops
and hence implies the dynamicity of MARs and its association with nuclear matrix,
regulated and governed by cell type (Liebich et al., 2002). The intrinsic activity of
MAR is not sufficient to bring about position effects or transcriptional regulation
but may depend on the contribution of protein factors that specifically bind to these
motifs. These are classified based on their recognition sites as: abundant multi-
functional matrix proteins like High Mobility Group proteins (HMGs), transcription
factors like H box, Y box and CAAT binding proteins. Some class of proteins like
ARBP, MeCP2, SATB1, CDP and SMAR1 also interfere with the MAR- matrix
productive effects on transcription, unlike Bright that activate transcription. The
varied effects of MARBPs could involve changes in the chromatin structure and
activity by the recruitment or interaction with chromatin remodeling complexes. For
example MAR binding repressors like ARBP, MeCP2, SATB1, SMAR1, CDP and
CRBP mediate transcriptional repression by recruitment of components of histone
deacetylating pathways. This is in contrast with activator MARBPs like SAF-A
and Bright that recruits SWI or p300 and affect the acetylation and remodeling of
chromosomes. Apart from affecting chromatin remodeling, gene regulation is also
achieved by the direct interaction of MARBPs like SAF-B with RNA polymerase
II and/ or with RNA processing factor. Hence, MARBPs serve as molecular base
to assemble transcriptome and chromatin remodeling network. (Fig. 1)

4. MARBPS WORK IN CONSORT

Proteins that mediate MAR function (MARBPs) appear to control numerous genes
expressed in differentiated cells. SMAR1, one such MARBP, has been shown to
be ubiquitously expressed in all tissues, predominantly in thymus and governs the
transition of T cells from DN to DP stage. SATB1 is expressed predominantly in
thymus but also in brain and several other organs, while CDP expression occurs
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Figure 1. MARs serve to enrich the nuclear milieu by bringing in transcription factors and enzymes to
regulate transcription

in all but terminally differentiated cells. Binding of SATB1 and CDP to regulatory
elements has been associated with transcriptional repression of numerous genes
expressed in differentiated cells. For instance, SATB1 regulates gene expression
both spatially and temporally during T-cell development. Recently, SATB1 null-
mice were generated, and genome-wide expression profiling analysis indicated that
about 2% of all genes become significantly derepressed in thymocytes (Alvarez
et al., 2000). In contrast, the activator Bright is present in differentiated cells,
where it may compete with repressors for MAR-binding sites. Thus, there would
be a dynamic process of activation/ repression forming temporary sites of DNA
attachment. Bright overexpression was found to enhance transgene expression,
indicating that the normal activator protein level is limiting. In contrast, cotrans-
fection of CDP abrogated Bright transactivation and reduced the basal expression
level, indicating that CDP is able to override the DNA binding and/or transacti-
vation capacity of Bright (Herrscher et al., 1995). Some MARBPs, depending on the
context, either function as transcriptional repressors or activators. MARBPs such
as Cux/CDP and SATB1 can function as transcriptional repressors in non-B cells
by interacting with their target MAR sequences flanking the IgH intronic enhancer
(Alvarez et al., 2000). On the other hand, the MARBP Bright acts as a transcriptional
activator in B cells (Schubeler et al., 1996) and this activation is context-dependent
as it requires an intact IgH enhancer core (Zahn-Zabal et al., 2001).
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Different degrees of repression could be mediated by competition between
repressors and activators for MAR binding. For example, MAR�, which resides
400 bp upstream of TCR� enhancer (E�), is the docking site for three MARBPs:
SMAR1, Cux and SATB1 (Chattopadhyay et al., 2000). MAR� (HS1) is the major
DNase I hypersensitive site induced during the TCR co-receptor CD4−CD8− double
negative (DN) to CD8+CD4+ double positive (DP) stage of thymocyte development.
This induction is concomitant with halt of TCR� V(D)J recombination in DP
thymocytes. Studies by Chattopadhyay et al., (1998) identified that SMAR1 binds
to this region along with Cux and SATB1 (Fig. 2).

The 114 Kd protein PARP, exclusively found as a mixture with DNA-PK has been
implicated in repair after DNA damage. Evidences show that PARP and Ku 70/86
interact together and synergistically enhance their binding to DNA (IgH MARs)

Figure 2. TCR� locus showing eleven DNase1 hypersensitive sites. (a) HS1 and HS2 represent E�

enhancer and MAR� sites respectively that are located upstream of V�14 segment. (b) DNaseI hyper-
sensitivity assay showing four sites within a 6.6 kb BamH1-BglII genomic fragment. Panel 1: P4890
representing Rag mutant double negative (DN) lymphoma T cell line. Panel 2: DP cells of Rag mutant
TCR� transgenic mice. Panel 3: Mature single positive T cells from lymph node stimulated with ConA.
Panel 4: Mature B cell line. No DNaseI hypersensitive sites were observed in B cells indicating that
all four hypersensitive sites are specific for T cell and (c) A current model of possible role of MAR
sites in maintaining cross-talk between E� enhancer, MARs and MARBPs that together control V(D)J
recombination and transcription at TCR� locus
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(Galande and Kohwi-Shigematsu, 1999). Similarly, PARP and SAF-A contribute
to the MAR binding ability of p114. Together, these observations suggest that the
different MAR-binding proteins associate with diverse sets of proteins involved
in transcriptional regulation and also cross-talk amongst each other, constituting a
functional nuclear matrix.

5. MARBPS AND DISEASE MANIFESTATION

Since most cases of malignant transformations occur by means of deregulation
of genes or viral integrations, the role of MARs and MARBPs become crucial.
The composition of nuclear matrix has been reported to be altered during the
course of transformation and the MARBPs that associate with transcriptional units
might be involved in the progression/ cessation of disease. The uncontrolled cell
proliferation and invasion of the cancer cells would naturally require an altered
organization of the chromatin, to assure the differential expression of a subset of
proteins compared to their normal counterparts. These genes have to be expressed or
repressed ectopically. For example, the expression pattern of nuclear matrix proteins
is considerably different between normal breast epithelial cells and malignant cells
(Khanuja et al., 1993).

The abnormal levels of MARBPs, apart from their altered cellular distribution,
seems to govern the progression of proliferative diseases. Studies to identify the
nuclear matrix binding proteins associated with aggressive cancer phenotype have
lead to the identification of PARP, Ku, High mobility group proteins (I/Y), NMP,
SAF-A/B that have binding affinity to double stranded BURs. The expression of
these proteins is dramatically increased upon malignant transformation and marks
the advanced cancer phenotype leading to metastasis. Unlike other MARBPs that
are highly expressed at the onset of malignant transformation, SMAR1 level is
downregulated in breast cancer derived lines, which may be explained in part
to its regulation of Cyclin D1 gene, a hallmark of breast and prostate cancer
(Rampalli et al., 2005). In most cases of cancer, there is gene duplication or loss
of transcriptional control of this gene that leads to uncontrolled cell proliferation,
leading to cancer. We have shown that SMAR1 forms a co-repressor complex
with HDAC1 and mSin3a, recruits this complex to the Cyclin D1 promoter on a
segment that is rich in ATCs (putative MAR sequence as evaluated by MAR finder
program MAR-WIZ). The recruited complex then deacetylates histones (H3K9 and
H4K10) at the loci, leading to chromatin condensation and eventually shuts down
transcription. (Fig. 3)

Several reports have highlighted the ability of such MARBPs to recruit chromatin
modifying enzyme complexes to control gene transcription, showing that differ-
ential expression of these proteins is critical too. For example in breast cancer
derived cell lines, SMAR1 levels are downregulated that correlates to an induced
Cyclin D1 levels. Another example is HMG-I, an architectural chromatin protein
that binds to minor groove of double stranded DNA. Recent reports suggest the role
of HMG-I, C and Y proteins in cellular proliferation and neoplastic transformation
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Figure 3. (a) Western blot analysis of breast cancer derived cell lines showing an induced Cyclin D1
levels that correlates to a decreased SMAR1 expression. (b) A schematic representation of SMAR1
recruitment of HDAC1 on CyclinD1 promoter, that switches off the transcription

(Tamimi et al., 1993). HMG-I has been identified as a target gene for c-myc and is
involved in c-myc mediated neoplastic transformation. Distant metastasis is reported
in animals injected with HMG-I or -C (Wood et al., 2000a, b). The mechanism
of transformation has been attributed to the identification of HMG-C AT hooks in
chimeric proteins associated with lipomas and mesenchymal tumors (Schoenmakers
et al., 1995; Rogalla et al., 1997 ). These chimeras are thought to function by binding
to DNA via the AT hooks and alter the gene regulation by transcriptional regulatory
domains they acquire by rearrangement (Ashar et al., 1995, Wunderlich and
Bottger, 1997; Bustin, 1999). Apart from this, HMG-C, truncated transgenic mice
display gigantism and lipomatosis while the null mice develop pygmy phenotype.
(Battista et al., 1999; Zhou et al., 1995). This reveals that the levels of the MARBPs
must be kept under a tight leash to avoid abnormal cellular proliferation and
transformation.

Protein modifications of MARBPs also assume great importance as their binding
properties can be altered. MARBPs like SATB1 and SAF-A get modified with
special reference to a particular cellular process. For example, the cleavage of
SATB1 by Caspase 6 disrupts the PDZ domain mediated dimerization, resulting
in the formation of SATB1 monomers that do not have DNA binding ability. This
causes detachment of the protein from chromatin that eventually leads to rapid and
efficient disassembly of higher order chromatin structure and facilitates apoptosis in
T cells, an important event in T cell receptor rearrangement (Galande et al., 2001).



222 Samit Chattopadhyay and Lakshminarasimhan Pavithra

Likewise, the SAR binding domain of SAF-A loses its DNA binding potential upon
proteolytic cleavage during apoptosis (Gohring and Fackelmayer, 1997). There are
reports that nuclear matrix proteins associate with granular nuclear bodies and
undergo modifications in cells that undergo apoptosis (Zweyer et al., 1997). In most
of the cases, the loss of DNA binding ability of MARBPs becomes central to the
altered function. For example, Ku deficiency leads to extreme radiation sensitivity
and high levels of chromosomal aberrations (Gu et al., 1997). This is due to the fact
that the Ku heterodimer (Ku 70/80) binds to DNA double strand breaks and facilitate
repair by non-homologus end joining pathway (Walker et al., 2001). In case of
invasive breast cancer, a specific nuclear matrix binding protein called NMP has
been identified, that recognizes a unconventional MAR in the promoter, stimulates
the levels of NF�B, that in turn increases the DNA binding activity of NF�B
observed in c-erb2 and BRCA1 positive human breast tumors, suggesting a role
in breast cancer progression (Raziuddin et al., 1997). HET/SAF-B was originally
cloned as a nuclear matrix protein that binds to the MAR of hsp27 promoter and
represses it in breast cancer cells (Oesterreich, 1997). In addition, it has been
shown to bind to ER and function as its co-repressor (Townson et al., 2000).
There are also reports suggesting that the overexpression of HET causes growth
inhibition in M phase of cell cycle and causes multicellularity. Consistent with this,
it is also known to cause aneuploidy in breast tumor specimens and causes lower
proliferation (Townson et al., 2000). This suggests that these factors might have
important and distinct roles in tumorigenesis independent of their transcriptional
functions. The MARBPs have also been identified to play major role in normal
tissue differentiation and organogenesis. For example, Cux has been shown to play
role in specifying the identity of external sensory organs during peripheral nervous
system development. It has also been implicated in controlling proliferation and
differentiation (Nepveu, 2001). Cux knock out mice show retarded growth, curly
whiskers, late development of lung epithelia, defective hair follicle development,
infertile male progeny and less number of T and B cells and more myeloid cells
(Sinclair et al., 2001, Tufarelli et al., 1998). On the other hand, Cux-1 transgenic
mice show organomegaly and hyperplasia of different organs (Ledford et al., 2002).

Certain novel isoforms of MARBPs have been suggested to play key role in
disease manifestation. Two isoforms of Cux/CDP were previously known till Goulet
et al., showed that a novel isoform of Cux (p75) showed a higher binding affinity
to DNA and represses the transcription of CDK inhibitor p21 and activated DNA
polymerase a gene promoter. They also identified that a novel intronic transcription
initiation was responsible for the expression of this isoform. Although this isoform
is predominant in CD4+/CD8+ and CD4+ T cells, expression was also activated
in breast tumor cell lines and in primary human breast tumors. The stable lines
expressing p75 isoform could not form tubule structures in collagen but developed
as solid undifferentiated aggregates of cells. Some studies also indicate that Cux is
a downstream target of Notch, activated in T cell leukemia. Cux could thus serve as
a downstream target marker for Notch activation (Goulet et al., 2002). Activation
of CDP/Cux at the G1/S transition involved the proteolytic processing of the protein
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to generate a shorter isoform in uterine leiomyomas (Moon et al., 2002). Similarly,
CUTL1 activity is associated with increased migration and invasiveness in numerous
tumor cell lines, both in vitro and in vivo transcriptional target of transforming
growth factor beta (TGF�) and a mediator of its promigratory effects CUTL1
expression is significantly increased in high-grade carcinomas and is inversely
correlated with survival in breast cancer. This suggests that CUTL1 plays a central
role in coordinating a gene expression program associated with cell motility and
tumor progression (Michl and Downward, 2006).

SMAR1 is shown to exist in two isoforms, the shorter form having a deletion
of 117 bp at the N terminus (Chattopadhyay et al., 2000). The 39 aa deleted
shorter form has been shown to be more effective in regressing B16F-10 induced
melanoma (Kaul et al., 2003). SMAR1 transgenic mice showed abnormal V(D)J
recombination and organomegaly of lymphoid organs with cellular infiltrations,
suggesting a necessity for fine tuning of protein expression to continue cellular
process (Kaul-Ghanekar et al., 2005) (Fig. 4). This reveals that various isoforms of
MARBPs may have different roles in the context of cellular functions.

Apart from serving as modulators of transcription, MARBPs alter cellular
functions by their protein interactions. Nucleolin first described by Orrick
et al., (1973) is a major nucleolar protein involved in ribosome biogenesis. Recent
reports also suggest that nucleolin binds to cell surface adhesion molecules like
L-selectin expressed on leucocytes and hemopoeitic stem cell progenitors (Harms
et al., 2001). Modulation of hepatitis delta viral replication is also well documented
(Lee et al., 1998). This protein is also linked to actin cytoskeleton and inhibits
HIV infection by cytokine midkine. Reports by Christian et al., (2003) show that
nucleolin on cell surface is a marker for endothelial cells and its interaction with
Acharan sulfate (AS) may be a key in solving the mechanism of AS mediated
inhibition of tumor growth. The identification of cancer cell specific markers led
to the identification of a subset of nuclear matrix proteins (NMPs) that exist in
prostrate, bladder, colon and renal cancer (Konety et al., 1998). These NMPs can be
detected in the serum samples of the patients because of these factors as tumor cells
undergo degeneration and lysis. NMP 22 has been now routinely used to assess
bladder cancer and similarly L4 is a candidate for identification of colon cancer
(Brunagel et al., 2002).

Several ubiquitous transcription factors like Lys 100/ p140, SP100 are also known
to bind to MARs. While p140 is known to co-activate transcription by Bright, SP1
represses transcription. AP-1 family transcription factor is also known to associate
with nuclear matrix (van Wijnen et al., 1993) and allow the expression of Ig�
gene in response to LPS stimulation (Schanke et al., 1994). p53 another well
known transcription factor, the function of which depends on its DNA binding
ability to different promoters. Wild type p53 is known to be a tumor suppressor
while mutant form exerts oncogenic functions of its own (Dittmer et al., 1993;
Levine et al., 1995). The “gain of function” of mutant p53 has been demonstrated
partly due to its high affinity to bind to MARs (Will et al., 1998). These MARs
have a typical AATATATTT unwinding motif, promoting structural alterations in
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Figure 4. Comparison of lymph node and spleen architecture in SMAR1 transgenic and control littermate
mice. (a) Lymph node size of non-transgenic (N) and transgenic (T) mice are shown at the same scale.
(b) Histological analysis of lymph node from control at 10X and 40X magnification are displayed.
(c and d) Histological sections of Lymph node at 10X and 40X. (e) Enlargement of spleen size shown
in transgenic mice compared to control mice. (f) Histological sections of spleen from Littermate normal
(LM) and SMAR1 transgenic mice showing strong infiltration of T cells into the lymph node. (See
Colour Plate 15.)

chromatin, thereby affecting cellular replication. Since mutations in p53 constitute
the most frequent alteration in a single gene in human cancer (Hainaut et al., 1997),
the MAR binding potential of the mutant form could form the molecular basis of
oncogenic potential documented for mutant p53.

6. MARBPS AS PROGNOSTIC MARKERS AND FUTURE
PERSPECTIVES

The aberrant expression of MARBPs upon malignant transformation makes them
a reliable marker for diagnosis of advanced diseased conditions. For instance,
the NMP 22 levels in urine have now been routinely used to identify bladder
and ductal cancer. Similarly, p114 MAR-binding activity has been detected in
aggressive tumors, while significantly weaker p114 activity has been observed in
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less aggressive tumors. Hence, PARP, an interactor of p114 could be used as a
marker for identifying invasive breast cancer. The novel isoform of Cux (p75)
is a reliable marker for identifying breast cancer. MAR binding protein, p230, is
detectable in rat hepatoma cells but not in normal liver and suggests that this protein
is a diagnostic and prognostic marker for liver cancer. It is clear that nuclear matrix
proteins hold a considerable promise as diagnostic tools for pathologists.

MARBPs with their newly discovered role as linkers between chromatin remod-
eling, signal transduction and cell cycle regulation form an important part of
chromatin biology. Most importantly, direct correlation of disease manifestation
and the MARBPs will make them an important tool in understanding disease
progression. Present evidence, suggests that nuclear matrix proteins may be useful
biomarkers of neoplastic diseases in the serum, body fluids, and tissues. Nuclear
matrix proteins are also potential candidates for the use as tumor prognostic factors
and targets of anticancer drugs through apoptosis.
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GLOSSARY

SAR/MARs

Scaffold Attachment Region
SAF-A: Scaffold Attachment factor A
Nuclear matrix binding proteins
Matrix Associated Region Binding lproteins(MARBPs)
Tumor suppressor p53
Nucleases
DNase I hypersensitivity assay
Locus control Region (LCR)
SMAR1
Human immunodefficiemcu Virus 1
HTLV
MMTV
TCR� locus
Cyclin D1
mSin3A complex
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V(D)J recombination
SATBI: Special AT-rich sequuence binding protein I
Cux/CDP
CUTL1
E� enhancer

REFERENCES

Allen GC, Hall GE, Jr, Childs LC, Weissinger AK, Spiker S, Thompson WF (1993) Scaffold attachment
regions increase reporter gene expression in stably transformed plant cells. Plant Cell 5(6):603–613

Alvarez JD, Yasui DH, Niida H, Joh T, Loh DY, Kohwi-Shigematsu T (2000) The MAR-binding protein
SATB1 orchestrates temporal and spatial expression of multiple genes during T-cell development.
Genes Dev 14(5):521–535

Amati B, Pick L, Laroche T, Gasser SM (1990) Nuclear scaffold attachment stimulates, but is not
essential for ARS activity in Saccharomyces cerevisiae: Analysis of the Drosophila ftz SAR. EMBO
J 9(12):4007–4016

Ashar HR, Fejzo MS, Tkachenko A, Zhou X, Fletcher JA, Weremowicz S, Morton CC, Chada K (1995)
Disruption of the architectural factor HMGI-C: DNA-binding AT hook motifs fused in lipomas to
distinct transcriptional regulatory domains. Cell 82(1):57–65

Battista S, Fidanza V, Fedele M, Klein-Szanto AJ, Outwater E, Brunner H, Santoro M, Croce CM, Fusco
A (1999) The expression of a truncated HMGI-C gene induces gigantism associated with lipomatosis.
Cancer Res 59(19):4793–4797

Berezney R, Buchholtz LA (1981) Dynamic association of replicating DNA fragments with the nuclear
matrix of regenerating liver. Exp Cell Res 132(1):1–13

Berezney R, Coffey DS (1974) Identification of a nuclear protein matrix. Biochem Biophys Res Commun
60(4):1410–1417

Berezney R, Coffey DS (1977) Nuclear matrix. isolation and characterization of a framework structure
from rat liver nuclei. J Cell Biol 73(3):616–637

Berrios M, Osheroff N, Fisher PA (1985) In situ localization of DNA topoisomerase II, a major
polypeptide component of the Drosophila nuclear matrix fraction. Proc Natl Acad Sci USA
82(12):4142–4146

Blasquez VC, Sperry AO, Cockerill PN, Garrard WT (1989) Protein:DNA interactions at chromosomal
loop attachment sites. Genome 31(2):503–509

Bode J, Kohwi Y, Dickinson L, Joh T, Klehr D, Mielke C, Kohwi-Shigematsu T (1992) Biological
significance of unwinding capability of nuclear matrix-associating DNAs. Science 255(5041):195–197

Breyne P, Van Montagu M, Depicker N, Gheysen G (1992) Characterization of a plant scaffold
attachment region in a DNA fragment that normalizes transgene expression in tobacco. Plant Cell
4(4):463–471

Brunagel G, Vietmeier BN, Bauer AJ, Schoen RE, Getzenberg RH (2002) Identification of nuclear
matrix protein alterations associated with human colon cancer. Cancer Res. 62(8):2437–2442

Bustin M (1999) Regulation of DNA-dependent activities by the functional motifs of the high-mobility-
group chromosomal proteins. Mol Cell Biol 19(8):5237–5246

Chattopadhyay S, Whitehurst CE, Chen J (1998) A nuclear matrix attachment region upstream of the
T cell receptor beta gene enhancer binds Cux/CDP and SATB1 and modulates enhancer-dependent
reporter gene expression but not endogenous gene expression. J Biol Chem 273(45):29838–29846

Chattopadhyay S, Kaul R, Charest A, Housman D, Chen J (2000) SMAR1, a novel, alternatively spliced
gene product, binds the Scaffold/Matrix-associated region at the T cell receptor beta locus. Genomics
68(1):93–96

Christian S, Pilch J, Akerman ME, Porkka K, Laakkonen P, Ruoslahti E (2003) Nucleolin expressed at
the cell surface is a marker of endothelial cells in angiogenic blood vessels. J Cell Biol 163(4):871–878



MARs and MARBPs 227

Chung JH, Whiteley M, Felsenfeld G (1993) A 5’ element of the chicken beta-globin domain serves
as an insulator in human erythroid cells and protects against position effect in Drosophila. Cell
74(3):505–514

Dittmer D, Pati S, Zambetti G, Chu S, AK, Teresky, Moore M, Finlay C, Levine AJ (1993) Gain of
function mutations in p53. Nat Genet 4(1):42–46

Forrester WC, van Genderen C, Jenuwein T, Grosschedl R (1994) Dependence of enhancer-mediated
transcription of the immunoglobulin mu gene on nuclear matrix attachment regions. Science
265(5176):1221–1225

Galande S, Kohwi-Shigematsu T (1999) Poly(ADP-ribose) polymerase and Ku autoantigen form a
complex and synergistically bind to matrix attachment sequences. J Biol Chem 274(29):20521–20528

Galande S, Dickinson LA, Mian IS, Sikorska M, Kohwi-Shigematsu T (2001) SATB1 cleavage by
caspase 6 disrupts PDZ domain-mediated dimerization, causing detachment from chromatin early in
T-cell apoptosis. Mol Cell Biol 21(16):5591–5604

Gohring F, Fackelmayer FO (1997) The scaffold/matrix attachment region binding protein hnRNP-U
(SAF-A) is directly bound to chromosomal DNA in vivo: a chemical cross-linking study. Biochemistry
36(27):8276–8283

Goulet B, Watson P, Poirier M, Leduy L, Berube G, Meterissian S, Jolicoeur P, (2002) A Nepveu.
Characterization of a tissue-specific CDP/Cux isoform, p75, activated in breast tumor cells. Cancer
Res 62(22):6625–6633

Grosveld F, van Assendelft GB, Greaves DR, Kollias G (1987) Position-independent, high-level
expression of the human beta-globin gene in transgenic mice. Cell 51(6):975–985

Gu Y, Jin S, Gao Y, Weaver DT, Alt FW (1997) Ku70-deficient embryonic stem cells have increased
ionizing radiosensitivity, defective DNA end-binding activity, and inability to support V(D)J recom-
bination. Proc Natl Acad Sci USA 94(15):8076–8081

Hainaut P, Soussi T, Shomer B, Hollstein M, Greenblatt M, Hovig E, Harris CC, Montesano R (1997)
Database of p53 gene somatic mutations in human tumors and cell lines: updated compilation and
future prospects. Nucleic Acids Res 25(1):151–157

Harms G, Kraft R, Grelle G, Volz B, Dernedde J, Tauber R (2001) Identification of nucleolin as a new
L-selectin ligand. Biochem. J 360(Pt 3):531–538

Hart CM, Laemmli UK (1998) Facilitation of chromatin dynamics by SARs. Cur Opin Genet Dev
8(5):519–525

Herrscher RF, Kaplan MH, Lelsz DL, Das C, Scheuermann R, Tucker PW (1995) The immunoglobulin
heavy-chain matrix-associating regions are bound by Bright: A B cell-specific trans-activator that
describes a new DNA-binding protein family. Genes Dev 9(24):3067–3082

Hsieh CL, Arlett CF, Lieber MR (1993) V(D)J recombination in ataxia telangiectasia, Bloom’s syndrome,
and a DNA ligase I-associated immunodeficiency disorder. J Biol Chem 268(27):20105–20109

Jackson DA, Cook PR (1985) Transcription occurs at a nucleoskeleton. EMBO J 4(4):919–925
Johnson CN, Levy LS (2005) Matrix attachment regions as targets for retroviral integration. Virol J 2:68
Kaul R, Mukherjee S, Ahmed F, Bhat MK, Chhipa R, Galande S, Chattopadhyay S (2003) Direct

interaction with and activation of p53 by SMAR1 retards cell-cycle progression at G2/M phase and
delays tumor growth in mice. Int J Cancer 103(5):606–615

Kaul-Ghanekar R, Majumdar S, Jalota A, Gulati N, Dubey N, Saha B, Chattopadhyay S (2005)
Abnormal V(D)J recombination of T cell receptor beta locus in SMAR1 transgenic mice. J Biol Chem
280(10):9450–9459

Khanuja PS, Lehr JE, Soule HD, Gehani SK, Noto AC, Choudhury S, Chen R, Pienta KJ (1993) Nuclear
matrix proteins in normal and breast cancer cells. Cancer Res 53(14):3394–3398

Konety BR, Nangia AK, Nguyen T.S, Veitmeier BN, Dhir R, Acierno JS, Becich MJ, Hrebinko RL,
Getzenberg RH (1998) Identification of nuclear matrix protein alterations associated with renal cell
carcinoma. J Urol 159(4):1359–1363

Kulkarni A, Pavithra L, Rampalli S, Mogare D, Babu K, Shiekh G, Ghosh S, Chattopadhyay S (2004)
HIV-1 integration sites are flanked by potential MARs that alone can act as promoters. Biochem
Biophys Res Commun 322(2):672–677



228 Samit Chattopadhyay and Lakshminarasimhan Pavithra

Ledford AW, Brantley JG, Kemeny G, Foreman TL, Quaggin SE, Igarashi P, Oberhaus SM, Rodova M,
Calvet JP, Vanden Heuvel GB (2002) Deregulated expression of the homeobox gene Cux-1 in
transgenic mice results in downregulation of p27(kip1) expression during nephrogenesis, glomerular
abnormalities, and multiorgan hyperplasia. Dev Biol 245 (1):157–171

Levine AJ, Wu MC, Chang A, Silver A, Attiyeh EF, Lin J, Epstein CB (1995) The spectrum of mutations
at the p53 locus. Evidence for tissue-specific mutagenesis, selection of mutant alleles, and a “gain of
function” phenotype. Ann N Y Acad Sci 768:111–128

Liebich I, Bode J, Reuter I, Wingender E (2002) Evaluation of sequence motifs found in scaffold/matrix-
attached regions (S/MARs). Nucleic Acids Res 30(15):3433–3442

Liu J, Barnett A, Neufeld EJ, Dudley JP (1999) Homeoproteins CDP and SATB1 interact: potential for
tissue-specific regulation. Mol Cell Biol 19(7):4918–4926

Mariman EC, van Eekelen CA, Reinders RJ, Berns AJ, van Venrooij WJ (1982) Adenoviral hetero-
geneous nuclear RNA is associated with the host nuclear matrix during splicing. J Mol.Biol
154(1):103–119

Michl P, Downward J (2006) CUTL1: a key mediator of TGF beta-induced tumor invasion. Cell Cycle
5(2):132–134

Mirkovitch J, Mirault ME, Laemmli UK (1984) Organization of the higher-order chromatin loop: Specific
DNA attachment sites on nuclear scaffold. Cell 39(1):223–232

Mitchell RS, Beitzel BF, Schroder AR, Shinn P, Chen H, Berry CC, Ecker JR, Bushman FD (2004)
Retroviral DNA integration: ASLV, HIV, and MLV show distinct target site preferences. PLoS Biol
2(8):E234

Moon NS, Zeng W Rong, Premdas P, Santaguida M, Berube G, Nepveu A (2002) Expression of
N-terminally truncated isoforms of CDP/CUX is increased in human uterine leiomyomas. Int J Cancer
100(4):429–432

Mooslehner K, Karls U, Harbers K (1990) Retroviral integration sites in transgenic Mov mice frequently
map in the vicinity of transcribed DNA regions. J Virol 64(6):3056–3058

Nepveu A (2001) Role of the multifunctional CDP/Cut/Cux homeodomain transcription factor in
regulating differentiation, cell growth and development. Gene 270(1–2):1–15

Oesterreich S, Lee AV, Sullivan TM, Samuel SK, Davie JR, Fuqua SA (1997) Novel nuclear matrix
protein HET binds to and influences activity of the HSP27 promoter in human breast cancer cells.
J Cell Biochem 67(2):275–286

Orrick LR, Olson MO, Busch H (1973) Comparison of nucleolar proteins of normal rat liver and
Novikoff hepatoma ascites cells by two-dimensional polyacrylamide gel electrophoresis. Proc Natl
Acad Sci USA 70(5):1316–1320

Rampalli S, Pavithra L, Bhatt A, Kundu TK, Chattopadhyay S (2005) Tumor suppressor SMAR1
mediates cyclin D1 repression by recruitment of the SIN3/histone deacetylase 1 complex. Mol Cell
Biol 25(19):8415–8429

Razin SV, Petrov P, Hancock R (1991) Precise localization of the alpha-globin gene cluster within one
of the 20- to 300-kilobase DNA fragments released by cleavage of chicken chromosomal DNA at
topoisomerase II sites in vivo: evidence that the fragments are DNA loops or domains. Proc Natl
Acad Sci USA 88(19):8515–8519

Raziuddin A, Court D, Sarkar FH, Liu YL, Kung H, Raziuddin R (1997) A c-erbB-2 promoter-specific
nuclear matrix protein from human breast tumor tissues mediates NF-kappaB DNA binding activity.
J Biol Chem 272(25):15715–15720

Rogalla P, Drechsler K, Kazmierczak B, Rippe V, Bonk U, Bullerdiek J (1997) Expression of HMGI-C,
a member of the high mobility group protein family, in a subset of breast cancers: relationship to
histologic grade. Mol Carcinog 19(3):153–156

Schanke JT, Marcuzzi A, Podzorski RP, Van Ness B (1994). An AP1 binding site upstream of the kappa
immunoglobulin intron enhancer binds inducible factors and contributes to expression. Nucleic Acids
Res 22(24):5425–5432

Schoenmakers EF, Wanschura S, Mols R, Bullerdiek J, Berghe H. Van den, Van de Ven WJ (1995)
Recurrent rearrangements in the high mobility group protein gene, HMGI-C, in benign mesenchymal
tumours. Nat Genet 10(4):436–444



MARs and MARBPs 229

Schroder AR, Shinn P, Chen H, Berry C, Ecker JR, Bushman F (2002) HIV-1 integration in the human
genome favors active genes and local hotspots. Cell 110(4):521–529

Schubeler D, Mielke C, Maass K, Bode J (1996) Scaffold/matrix-attached regions act upon transcription
in a context-dependent manner. Biochemistry 35(34):11160–11169

Shera KA, Shera CA, McDougall JK (2001) Small tumor virus genomes are integrated near nuclear
matrix attachment regions in transformed cells. J Virol 75(24):12339–12346

Sinclair AM, Lee JA, Goldstein A, Xing D, Liu S, Ju R, Tucker PW, Neufeld EJ, Scheuermann RH
(2001) Lymphoid apoptosis and myeloid hyperplasia in CCAAT displacement protein mutant mice.
Blood 98(13):3658–3667

Smith HC, Berezney R (1980) DNA polymerase alpha is tightly bound to the nuclear matrix of actively
replicating liver. Biochem Biophys Res Commun 97(4):1541–1547

Smith HC, Puvion E, Buchholtz LA, Berezney R (1984) Spatial distribution of DNA loop attachment
and replicational sites in the nuclear matrix. J Cell Biol 99(5):1794–1802

Sperry AO, Blasquez VC, Garrard WT (1989) Dysfunction of chromosomal loop attachment sites:
Illegitimate recombination linked to matrix association regions and topoisomerase II. Proc Natl Acad
Sci USA 86(14):5497–5501

Strick R, Laemmli UK (1995) SARs are cis DNA elements of chromosome dynamics: synthesis of a
SAR repressor protein. Cell 83(7):1137–1148

Stunkel W, Huang Z, Tan SH, O’Connor MJ, Bernard HU (2000) Nuclear matrix attachment regions of
human papillomavirus type 16 repress or activate the E6 promoter, depending on the physical state
of the viral DNA. J Virol 74(6):2489–2501

Tamimi Y, van der Poel HG, Denyn MM, Umbas R, Karthaus HF, Debruyne FM, Schalken JA (1993)
Increased expression of high mobility group protein I(Y) in high grade prostatic cancer determined
by in situ hybridization. Cancer Res 53(22):5512–5516

Townson SM, Sullivan T, Zhang Q, Clark GM, Osborne CK, Lee AV, Oesterreich S (2000) HET/SAF-B
overexpression causes growth arrest and multinuclearity and is associated with aneuploidy in human
breast cancer. Clin Cancer Res 6(9):3788–3796

Tufarelli C, Fujiwara Y, Zappulla DC, Neufeld EJ (1998) Hair defects and pup loss in mice with targeted
deletion of the first cut repeat domain of the Cux/CDP homeoprotein gene. Dev Biol 200(1):69–81

van Wijnen AJ, Bidwell JP, Fey EG, Penman S, Lian JB, Stein JL, Stein GS (1993) Nuclear matrix
association of multiple sequence-specific DNA binding activities related to SP-1, ATF, CCAAT,
C/EBP, OCT-1, and AP-1. Biochemistry 32(33):8397–8402

von Kries JP, Buhrmester H, Stratling WH (1991) A matrix/scaffold attachment region binding protein:
identification, purification, and mode of binding. Cell 64(1):123–135

Walker JR, Corpina RA, Goldberg J (2001) Structure of the Ku heterodimer bound to DNA and its
implications for double-strand break repair. Nature 412(6847):607–614

Will K, Warnecke G, Wiesmuller L, Deppert W (1998) Specific interaction of mutant p53 with regions
of matrix attachment region DNA elements (MARs) with a high potential for base-unpairing. Proc
Natl Acad Sci USA 95(23):13681–13686

Wood LJ, Maher JF, Bunton TE, Resar LM (2000a) The oncogenic properties of the HMG-I gene
family. Cancer Res 60(15):4256–4261

Wood LJ, Mukherjee M, Dolde CE, Xu Y, Maher JF, Bunton TE, Williams JB, Resar LM (2000b)
HMG-I/Y, a new c-Myc target gene and potential oncogene. Mol Cell Biol 20(15):5490–5502

Wunderlich V, Bottger M (1997) High-mobility-group proteins and cancer–an emerging link. J Cancer
Res Clin Oncol 123(3):133–140

Zahn-Zabal M, Kobr M, Girod PA, Imhof M, Chatellard P, de Jesus M, Wurm F, Mermod N (2001)
Development of stable cell lines for production or regulated expression using matrix attachment
regions. J Biotechnol 87(1):29–42

Zeitlin S, Parent A, Silverstein S, Efstratiadis A (1987) Pre-mRNA splicing and the nuclear matrix. Mol
Cell Biol 7(1):111–120

Zhou X, Benson KF, Ashar HR, Chada K (1995) Mutation responsible for the mouse pygmy phenotype
in the developmentally regulated factor HMGI-C. Nature 376(6543):771–774



230 Samit Chattopadhyay and Lakshminarasimhan Pavithra

Zhu Q, Gregg K, Lozano M, Liu J, Dudley JP (2000) CDP is a repressor of mouse mammary tumor
virus expression in the mammary gland. J Virol 74(14):6348–6357

Zweyer M, Riederer BM, Ochs RL, Fackelmayer FO, Kohwi-Shigematsu T, Bareggi R, Narducci P,
Martelli AM (1997) Association of nuclear matrix proteins with granular and threaded nuclear bodies
in cell lines undergoing apoptosis. Exp Cell Res 230(2):325–336


	MAR1s and MARBP1s
	Key modulators of gene regulation and disease manifestation
	Samit Chattopadhyay* and Lakshminarasimhan Pavithra
	Samit Chattopadhyay and Lakshminarasimhan Pavithra
	National Center for Cell Science, Pune University Campus, Ganeshkhind, Pune 411007, India
	The DNA in eukaryotic genome is compartmentalized into various domains by a series of loops tethered onto the base of nuclear matrix. Scaffold/ Matrix attachment regions (S/MAR) punctuate these attachment sites and govern the nuclear architecture by establishing chromatin boundaries. In this context, specific proteins that interact with and bind to MAR sequences called MAR binding proteins (MARBPs), are of paramount importance, as these sequences spool the proteins that regulate transcription, replication, repair and recombination. Recent evidences also suggest a role for these cis-acting elements in viral integration, replication and transcription, thereby affecting host immune system. Owing to the complex nature of these nucleotide sequences, less is known about the MARBPs that bind to and bring about diverse effects on chromatin architecture and gene function. Several MARBPs have been identified and characterized so far and the list is growing. The fact that most the MARBPs exist in a co-repressor/ co-activator complex and bring about gene regulation makes them quintessential for cellular processes. This participation in gene regulation means that any perturbation in the regulation and levels of MARBPs could lead to disease conditions, particularly those caused by abnormal cell proliferation, like cancer. In the present chapter, we discuss the role of MARs and MARBPs in eukaryotic gene regulation, recombination, transcription and viral integration by altering the local chromatin structure and their dysregulation in disease manifestation
	Introduction
	Defining Mar1s
	Role of Marbp1s in Modulating Mar1s as Functional Element
	Marbp1s Work in Consort
	Marbp1s and Disease Manifestation
	Marbp1s as Prognostic Markers and Future Perspectives



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


