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Figure 1- Genomic organization of the chicken (a) and human (b) CTCF genes. Filled
boxes, protein coding exons; open boxes, untranslated exons; arrow , transcription start
sites. Estimated sizes of introns are in kilobases. The eleven ZFs of mammalian CTCF
are distributed in exons E2 to E8, with several ZFs being split across neighboring
exons15 (Ohlsson et al., 2001).
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Figure 2- schematic drawing of the wild-type CTCF protein shows the NH2-terminal
and COOH-terminal domains of CTCF and the DNA binding domain of CTCF
composed of 10 C2H2-class and 1 C2HC-class ZFs. The enlarged diagrams indicate the
tumor-specific CTCF missense mutations that result in amino acid substitutions within
7ZF3 and ZF7 at positions critical for DNA base recognition or ZF formation (Filippova

et al., 2002).
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Figure 3- Molecular mechanisms engaged by CTCF over-expression in HeLa cells.
Ectopic expression of CTCF induces cell cycle arrest without apoptosis in HeL.a cells.
Enforced CTCF-binding to ctslmyc, cts2myc, ctsprb, ctspl6, ctspl4 and ctsp53 may
explain this senescent-like phenotype. Indeed CTCF would act as positive
transcriptional modulator of p14ARF, p16INK4a, TP53 and RB genes, whereas it would
repress transcription of c-myc. Accumulation of pS3 protein, enforced by pl14ARF
expression, would lead to eventual cell cycle arrest and apoptosis. However, RB family
proteins overcome the pS53-mediated apoptosis induction. In particular, RB and
p16INK4a are well known positive factors of cellular senescence. Finally, pS3-mediated
cell cycle arrest could be enforced by c-myc repression (Fiorentino and Giordano, 2012).
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Figure 4- Types of insulators: (A) enhancer-blocking insulator function. An enhancer-
blocking insulator is expected to interfere with enhancer—promoter communication in a
position-dependent manner. An enhancer-blocking insulator will block transcriptional
activation only when it lies between a promoter and an enhancer (as in the case of
promoter 1); in other situations (such as for promoter 2), activation is not blocked. (B)
barrier insulator. A barrier insulator protects a gene from heterochromatic
encroachment (Gaszner and Felsenfeld, 2006).
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Figure 5- Cell type-specific intrachromosomal interactions at a developmentally
regulated locus. (A) CTCF binding sites in linear manner for p-globin locus. Four globin
genes (green arrows) are embedded within a larger olfactory receptor gene cluster
(orange arrows). Three CTCF-binding sites have been identified upstream (5'HS85,
5'HS62/60, and 5'HS5) and one 20 kb downstream (3’'HS1) of the gene. (B to D) 3C-
based intrachromosomal interactions, and globin gene expression profiles in erythroid
progenitors (B), definitive erythroid cells (C), and non-erythroid brain cells (D) (Phillips
and Corces, 2009).
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Figure 6- (A and B) Linear depiction of the mouse H19/Igf2 locus. The maternally expressed
noncoding H19 gene is located approximately 90 kb downstream from the gene encoding
Insulin-like growth-factor 2 (Igf2) that is expressed exclusively from the paternal allele. The
imprinting control region (ICR) ~2 kb upstream of H19 contains four CTCF-binding sites and is
essential for regulation of the entire locus. Differentially methylated regions (DMRs), such as
DMR1 upstream of Igf2 promoters (P1, 2, 3) and DMR2 within Igf2 exon 6, act in concert to
regulate reciprocal, allele-specific expression patterns from a shared set of downstream
enhancers at 8 kb (Ee: endodermal tissue enhancer) and 25 kb (Em: mesodermal tissue
enhancer) downstream of the H19 gene. —CH3, DNA methylation. Green ovals, enhancers. (C
and D) Schematic 3D models illustrating allele-specific patterns of CTCF binding, DNA
methylation, and chromatin looping (Phillips and Corces, 2009).

' Differentially methylated regions
2 Allele-specific expression patterns
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Figure 7- Elements of the mouse X-inactivation center (Xic). Diagram depicting
the location and transcriptional direction of Xic-elements (Payer and Lee, 2008).
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Figure 8- Model for the regulation of CD45 alternative splicing. (A) Methylation of exon
S DNA prevents binding of CTCF. In the absence of internal pauses, fast elongation
promotes exclusion of exon 5 from mature mRNA. Exclusion of exons 4 and 6 is
promoted by binding of hnRNPLL to these exons in the pre-mRNA. (B) In the absence
of methylation, CTCF binds to exon 5 DNA and creates a transient roadblock to pol 1I
elongation that favors exon 5 recognition at the pre-mRNA level and its inclusion into
mature mRNA. Inclusion of exons 4 and 6 remains inhibited by hnRNPL binding
(Kornblihtt, 2012).
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Abstract

CTCF is a highly conserved DNA-binding protein involved in transcription regulation,
chromatin insulation, genomic imprinting, X-chromosome inactivation, higher-order
chromatin organization, and alternative splicing. These multifunctional properties of CTCF
suggest an essential role in development and disease. CTCF is unique protein that known to
mediate insulation function in vertebrates. Recent studies proposed that CTCF can be a
heritable component in epigenetic and regulating the interaction between DNA methylation,
higher-order chromatin structure, and developmentally regulated gene expression. In this
review, we discuss roles of CTCF in these critical aspects of genome regulation. All
information indicates that CTCF can emerge as a master weaver of the mammalian genome.
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