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Our Ultimate Goal

Assembly of the preinitiation complex (PIC) and initiation

«4 DNA

4 RNA

DNA-binding transcription actors (TEs) associate with cis-regulatory elements
(CRE) to promote assembly

B el dwe:ﬂy ihough nfractions with the Mediator
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TFS also recruit coactivators that can
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Coactivator

Transcription start site

Teditor

Wucleossme
Initiation of RNA synthesis requires the ATP-dependent
opening of the DNA strands by the TFIIH helicase.

The Pol I C-terminal domaln (CTD) is comprised of many repests of the
sequence Y,S,P,T.S,PS, that undergo postiranslational modifications

during the transcription cycle but are generally unmodified in the PIC.
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Biological phenomenon
(in vivo and physiologically)

target genes
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Genome-wide studies

- - — - ———— — o —— ————w— ———— - ——— e ——

Genome-wide sequencing
Bioinformatics

- RNAseq

- Exome seq

- ChIP seq

- Gro-seq Top 20 (or whatever number)
- Mi-seq Up- or down- regulated gens

- LincRNA-seq



Question (1)




uestion (Il)

Assembly of the preinitiation complex (PIC) and initiation

DNA-binding tors (TFs) with cis-reg y elements
(CRE) to prmmsasselmyoflmplc

TFs can stimulate PIC formation directly through Imeractlons with the Mediator
complex and help recruit tl\e neml mlscfm ( TFs)

TFs also recruit coactivat promoter

or modify histone protehs for exampla by aoeMaﬂon (Ac) (rmemylaﬂon (Me).

IA synthesis requires the ATP-dependent

Initiation of RN/
opening of the DNA strands by the TFIIH helicase.

Fromm et al., Cell (2013)



Locus control region (LCR)
- Beta-globin & Th2 cytokine genes-
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Spilianakis et al., Nat Immunol (2004)



Question (lI1)

If there is a control tower which regulates
a series of genes located closely
at the same time,

what happens?
in case of the relevant genes are located on
the different chromosomes

and moreover, one gene should be selected
and the other should not




Immune System

immune
system
defends

Diseases

‘ Bacteria

Pneumonia




Pathogens can be classified into 3 groups

nfection :
Infections 2 immune

s system
0 defends
. my body Diseases

‘ Bacteria

Pneumonia

Viruses

Germs

Allergy
Food allergy
Atopic dermatitis
Asthma

Helminth

Intracellular pathogens

Virus
Listeria
Salmonella
Legionella
Mycobacterium

Extracellular pathogens

Bacillus
Mycoplasma
Pseudomonas
Vibrio
Streptococcus




T cells are key regulators of iImmune systems

IL-17 Th1
- * Cell-mediated immunity and

inflammation

* Intracellular pathogens
- Viruses, bactena

* Autoimmunity
* Inflammation

Th17

* Extracellular bacteria
(skin, lining of intestine)

* Fungi
* Autoimmunity

Physical Triggers of
Immune Response:

« Infections Antigen
-Bacterial, viral Presenting Cells
-Fungal, parasitic

* Toxins
-Exogenous
-Endogenous

* Food peptides
* Allergens

* Medications

* Auto antigens

Th2

* Antibody-mediated immunity
* Extracellular parasites

* Asthma, allergy

TGF-B
IL-35
IL-10

ThO: Naive T cells
Th: Helper T cells
Treg: Regulatory T cells
IL: Interleukin
TNF-a: Tumor necrosis factor-alpha
IFN-y: Interferon-gamma
TGF-f: Transforming growth factor-beta

Treg ' IL-13
* Immune tolerance
* Lympocyte homeostasis

* Regulation of immune
responses

Naive T cells have a potential to express IFNg, IL4 or IL17
These genes are located on different chromosomes




Interchromosomal association of each cytokine loci
In naive T cells
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Interchromosomal association of each cytokine loci
In naive T cells

Naive T cells

Other Factors

Fraser & Bickmore, Nature (2007)



Interchromosomal association of each cytokine loci
In naive T cells
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Dekker, Nat Methods (2006)I
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3C gPCR b/w Th2 locus and IL17 locus
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Interchromosomal association of cytokine loci
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Binding proteins on interest regions

RHS6 of Th2 locus and promoter of IL-17 gene: Oct-1

RHS7 of Th2 locus and CNS164 of IL-17 locus: CTCF




The binding of Oct-1 at RHS6 and IL-17 promoter
INn naive T cell is reduced after differentiation
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The binding of CTCF in the Th2 locus
during T cell differentiation
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The binding of CTCF in the IL-17 locus
during T cell differentiation
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The binding of Oct-1 at RHS6 and IL-17 promoter
In the absence of CTCF
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The binding of CTCF at RHS7 and CNS164
INn the absence of RHS6
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Interchromosomal association of cytokine loci
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Interchromosomal association of cytokine loci

INn the absence of CTCF
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More Th17 cells generation
INn the absence of interchromosomal association
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Aberrant production of effector T cells
INn the absence of interchromosomal association

Physical Triggers of
Immune Response:

* Infections
-Bacterial, viral
-Fungal, parasitic

» Toxins
-Exogenous
-Endogenous

* Food peptides
* Allergens

* Medications

* Auto antigens

ThO: Naive T cells
Th: Helper T cells
Treg: Regulatory T cells
IL: Interleukin
TNF-a: Tumor necrosis factor-alpha
IFN-y: Interferon-gamma

TGF-$: Transforming growth factor-beta

Presenting Cells

Th17
+ Extracellular bacteria

(skin, lining of intestine) IL-17
* Fungi IL-21
* Autoimmunity IL-22

Antigen

Treg
* Immune tolerance

* Lympocyte homeostasis

* Regulation of immune
responses

IL-10
IL-13

Th1

* Cell-mediated immunity and
inflammation

* Intracellular pathogens
- Viruses, bactena

* Autoimmunity
* Inflammation

Th2

* Antibody-mediated immunity
* Extracellular parasites

* Asthma, allergy



Aberrant production of effector T cells
INn the absence of interchromosomal association

Th17
+ Extracellular bacteria

(skin, lining of intestine) IL-17 Th1
' :ungi IL-21 . Qef=l-meditqted immunity and
* Autoimmuni ' inflammation
Physical Triggers of . S ' * Intracellular pathogens
Immune Response: - Viruses. bactena
« Infections Antigen S MDY
-Bacterial, viral Presenting Cells * Inflammation
-Fungal, parasitic
* Toxins hge=—
-Exogenous ' '
-Endogenous ThO
* Food peptides
* Allergens

* Medications
* Auto antigens

Th2

* Antibody-mediated immunity
* Extracellular parasites

* Asthma, allergy

IL-4
IL-5
IL-6

ThO: Naive T cells
Th: Helper T cells
Treg: Regulatory T cells

IL: Interleukin - _— :::':g
TNF-a: Tumor necrosis factor-alpha _—
P * Immune tolerance
IFN-7: Interferon-gamma 4
* Lympocyte homeostasis

TGF-p: Transformi wth f -bet
SR StOmWYy g0 HoiopDee * Regulation of immune

responses



Another study on
spatiotemporal regulation of transcription



Immunological memory is a key feature of immunity
but molecular basis of this remains unclear
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The resting Th1l cells can express TNF alpha rapidly and more efficiently
upon previously encountered challenge
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Interallelic Distance {pm)

Allelic pairing of TNF loci is required for
biallelic expression
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Myosin VI is a motor protein that drives
allelic pairing
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Pol Il is paused at the promoter and
waits for re-challenge
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Initiation Pol Il is already bound
on the promoter of TNF alpha
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T-bet also shows a homologous pairing in Thl cells
after re-stimulation
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Current knowledge in the field
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Nucleus is a well-organized structure.
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There has been a big advance of
spatiotemporal regulation of transcription
recently including us but most studies are

done using cell lines and artificial system
unlike ours.

§f: 2 H
’lmm--—‘> FE T -{f %
2

2
g :
2 Sy,
% A
%
hromatin
loop

Now Open Access
No barri

o access — all articles freely available online OXFORD JOURNALS

Fraser & Bickmore, Nature (2007)



First demonstration of the relevance between
Interchromosomal associlations and

gene expression in primary cells
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Oct-1 Regulates IL-17 Expression
by Directing Interchromosomal Associations
in Conjunction with CTCF in T Cells

Lark Kyun Kim,':2 Enric Esplugues, 'S Cornelia E. Zorca,

and Richard A. Flavell’-%*
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Current knowledge in the field

TNFaRNA DNA Merged

Homolog pairing by Myosin VI and RO
biallelic expression

: hovel and hot R 1

TNF: first coming cytokines

Tbhet: master regulator of Thl cells o pars 1o 159
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Current challenges

1. Direct evidence
2. More mechanism

3. Another examples
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