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Abstrakt:

Tématem prace je shrnout poznatky o zapojeni jadernych télisek PML do regulace vrozené
imunitni odpovédi. Prace zahrnuje popis PML jadernych télisek a immunitni odpovédi na virovou
infekci. Je zde popsano jak PML protein a dal$i komponenty PML jadernych télisek — SP100,
DAXX/ATRX a HIRA chaperonovy komplex — reguluji interferonovou odpovéd’ typu 1. V praci jsou
zminéné mechanismy, jakymi vybrani zastupci Herpesvir, Adenoviri a Polyomavird narusuji tuto

regulaci, a jak inhibuji funkce PML jadernych télisek, ptipadné jak je vyuzivaji k pribéhu infekce.

Klic¢ova slova: PML, jaderna téliska, vrozena imunita, virus

Abstract:

The aim of this thesis is to summarize the findings on the involvement of PML nuclear bodies
in the regulation of the innate immune response. The thesis includes a description of PML nuclear bodies
and the immune response to viral infection. It describes how the PML protein and other components of
the PML nuclear bodies - SP100, DAXX/ATRX and the HIRA chaperone complex - regulate the type I
interferon response. The mechanisms by which selected representatives of Herpesviruses, Adenoviruses
and Polyomaviruses interfere with this regulation and how they inhibit PML nuclear body functions or

exploit them for the course of infection are discussed.
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1 Introduction

The interplay between viral infections and the host's immune system is a complex and dynamic
battle. The innate immune system serves as a first line of defence against pathogens, including viruses.
It aims to prevent the virus from spreading through the organism. During cell infection, the innate
immune system detects the presence of a virus through various pattern recognition receptors. These
receptors then activate signalling cascades, sending the information about the virus in the cell to the
nucleus to start the production of type I interferon. Interferon molecules inform about the infection
autocrine and paracrine via specific receptors. Activated interferon receptors initiate both the canonical
JAK-STAT signalling and noncanonical pathways to promote the expression of interferon-stimulated

genes that promote an antiviral state (reviewed in (7).

Subnuclear structures, known as PML nuclear bodies, have been shown to participate in
numerous cellular processes, including the antiviral response. They modulate the signalling molecules
and transcription factors, enhancing the expression of interferon-stimulated genes that encode proteins
with direct antiviral effects. PML nuclear bodies help limit viral replication and spread through these

mechanisms, highlighting their importance in the cellular antiviral defence machinery (reviewed in (2)).

Viruses have developed various methods to evade the immune response to infection by
disrupting interferon signalling. PML nuclear bodies and numerous other cellular proteins are targeted
and modified by viral proteins to enable the virus to produce progeny successfully. Interestingly,
evidence of a positive role played by PML nuclear bodies on the viral infection has also surfaced

(reviewed in (3)).

This thesis aims to summarize the known information about the role of PML nuclear bodies in
regulating innate antiviral immunity. It will provide a detailed description of PML NBs: their structure
and function. Furthermore, key components of innate immunity recognizing viral infection will be
introduced, emphasising the type I interferon response. The mechanism of regulation of the type I
interferon response by PML NBs and how certain DNA viruses interfere with this mechanism will be
described.



2 PML Nuclear Bodies

Promyelocytic leukaemia nuclear bodies (PML NBs), also known as nuclear domains 10
(ND10) or Kremer (Kr) bodies, are nuclear, membrane-less, multiprotein structures. Their existence was
first documented in the year 1960 by de Thé (4). In 1991, they were re-discovered and characterised in
more detail when they were found to be involved in the development of acute promyelocytic leukaemia
(5, 6). Since then, PML NBs have been intensively studied and found to participate in various cellular

processes, including apoptosis, antiviral defence and regulation of gene expression (7).

2.1 Structure and Composition of PML Nuclear Bodies

PML NBs are structures localised in the nucleus of most mammalian cells (5). Under the
electron microscope, they appear as dense spherical structures that can be either empty or granular inside

(Figure 1), with a diameter of 0.3 pm (4, 5).
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Figure 1. Different types of PML bodies. Immuno-gold electron microscopy of PML NBs in CHO cell line stably overexpressing
PML. (A, B, C) “Classical” PML NBs. PML is distributed on a dense electron shell (A, B) or on light halo (C), that can contain a
microgranular inner core (B, C) or not (A). Images courtesy of Edmond and Francine Puvion (CNRS, Villejuif, France) Taken
from: (8); edited.

In the normal state, 5-30 PML NBs can be found in the nucleus (5). PML NBs are commonly
associated with transcriptionally active genomic regions and are bound to the chromatin (9, /0). During
the S-phase, chromatin rearrangements lead to the fission of PML NBs and, thus, to an approximately
2-fold increase in their number (/7). Completion of cell division results in an equal distribution of PML
NBs among the daughter cells and their increase to their original size (/2). PML NBs disperse into

microbodies in cells exposed to heavy metals or heat stress (/3).

PML NBs consist of an outer shell, composed predominantly of polymerised PML protein and
an inner core, where either permanently or transiently PML NB-associated proteins are located (/4). To
date, 271 proteins have been identified to interact with PML NBs (15). Permanently associated proteins
include speckled protein 100 (SP100), small ubiquitin-like modifier (SUMO) proteins, death-associated
protein 6 (DAXX), and alpha-thalassemia/mental retardation syndrome X-linked (ATRX), which will
be described later in work (14, 16—18). Protein molecules rapidly exchange between PML NBs and the

nucleoplasm (/9). The immunofluorescent image of PML NBs in the nucleus of 3T6 cell presented in



Figure 2 shows the PML protein assembled at the surface of the spherical structure and the SP100 protein
colocalising with it. Interestingly, the PML arrangement captured in the image suggests that PML
protein forms an icosahedral structure. This arrangement could participate in the trafficking of partner
proteins between the PML NBs and the nucleoplasm, as was reviewed in (20). PML deficiency tested

in mice results in aberrant diffusion of PML NBs-associated protein in the nucleus (27).

Figure 2. Section through the centre of the nucleus of a mouse fibroblast (3T6) cell line showing localisation of nuclear
chromatin and two constitutive members of PML NB, PML and SP100 proteins (upper panel). Nuclear chromatin is visualised
by DAPI staining (confocal microscopy), while PML protein and SP100 protein (which was transiently expressed as SP100-
EGFP fusion protein) are visualised by indirect immunofluorescence (STED nanoscopy). Areas indicated by red arrows are
enlarged and presented in the middle and bottom panels. Taken from: (3).

2.1.1 PML protein

PML protein, or TRIM19, is the main organiser of PML NBs (/4, 21). PML can be present in
the cytosol and the nucleus (reviewed in 27) In the nucleus, PML protein accumulates in PML NBs (5).
The synthesis of the PML protein depends on the tissue and cell type and the cell cycle phase (5, 23).

This leads to high inter- and intra-organ variability.

PML protein is encoded by a single Pm/ gene (6, 24). PML belongs to the tripartite motif
(TRIM) protein family (reviewed in 79). In humans, there are seven known isoforms of the PML protein,
designated PML-I to PML-VII. The isoforms share the same N-terminal region with the TRIM motif,
also known as RBBC, but vary in their C-terminal region. The TRIM consists of three zinc-binding
domains: a RING (R), a B-box type 1 (B1), and a B-box type 2 (B2), followed by a coiled-coil (CC)

region (reviewed in /9). Most PML isoforms are localised in the nucleus, as their C-terminus contains



a nuclear localisation signal (NLS). However, due to alternative splicing, pre-mRNA may have their
NLS spliced, resulting in the production of an isoform localised in the cytoplasm (6, 24, 26, 27). The C-
terminal region also contains a SUMO-interacting motif (SIM) (28). In the PML protein, SUMO proteins

are bound covalently to three lysine (K) residues with the assistance of the UBC9 enzyme (29, 30).

2.1.2 SUMO-SIM interactions

The SIM domain enables PML proteins to interact non-covalently with each other and with
partner proteins (3/). The domain with SUMOylated proteins (3/). Partner proteins like SP100 and
DAXX can be SUMOylated or contain the SIM domain, or both, and thus can interact with PML proteins
(32). Taken together, SUMO-SIM interactions mediate the formation of the PML outer shell and the
recruitment of partner proteins to the nuclear bodies (37). The process of SUMOylation will be discussed
in more detail later in the chapter. Apart from the cooperating enzymes that mediate SUMOylation,
PML protein also has the SUMO ligase activity, thus promoting SUMOylation of itself and other
proteins (33, 34).

2.2 Functions of PML NBs

PML NBs are implicated in multiple cellular pathways such as DNA damage sensing and repair,
apoptosis, regulation of gene expression, and tumour suppression (reviewed in 37). The involvement of
PML NBs is mediated via a variety of mechanisms in which PML NBs can be considered as depots for
proteins, transcription factors and co-factors, as sites of post-translational modification of various
proteins, modulators of histone chaperone function, and as protein compartmentalisation centres

(reviewed in 32).

PML NBs also regulate the innate immune responses to viral infection (7, 37). The genes
encoding the PML and some of the PML NB-associated proteins belong to the group of interferon-
stimulated genes (ISGs). The cell's PML and SP100 protein levels increase with the interferon stimuli
(38, 39). Chapter 4 of the work will discuss the role of PML nuclear bodies in regulating the interferon

response.

The PML-/- mice are viable but more susceptible to infections and tumorigenesis (40).

Moreover, PML deficiency in mice protects the cells from apoptotic stimuli (37).

2.3 PML NB-associated proteins

This work exclusively discusses PML NB-associated proteins that are involved in regulation of

type I interferon response and engage in viral infection. This chapter describes the selection of proteins.



SUMO
Small ubiquitin-like modifier (SUMO) proteins are constitutive partner proteins of PML NBs

(16). They are covalently bound to lysine (K) residues as a post-translational modification,
SUMOylation (41, 42). Like ubiquitination, the binding is done through the action of three cooperating
enzymes: an E1 activating enzyme (43, 44), an E2 conjugating enzyme (45), and an E3 ligase (46, 47).
SUMO proteins participate in forming PML NBs; they mediate interactions of PML and PML NB-

associated proteins by interacting with proteins’ SIM domains (37).

SP100
Speckled protein 100 nuclear antigen (SP100) is a constitutive partner protein of PML NBs, the

first discovered partner protein of the PML protein (/8). The Sp/00 gene encodes eleven isoforms, but
only four of them, SP100A, SP100B, SP100HBM and SP100C, have been investigated (48). The protein

serves both as an activator and repressor of gene expression of cellular and viral genes (49, 50).

DAXX/ATRX
The DAXX/ATRX complex is an H3-H4 chaperon, H3.3 specific (57). It is made up of two

constitutive PML NBs-associated proteins: death-associated protein 6 (DAXX) and an ATP-dependent
chromatin remodelling factor, alpha-thalassemia/mental retardation syndrome X-linked (ATRX). The
ATRX localisation in PML NBs is DAXX-dependent (/7). The histone chaperon mediates H3.3 histone

deposition on heterochromatic regions of chromosomes, maintaining its silence (52).

HIRA
The Histone cell cycle regulator A (HIRA) complex is another H3-H4 histone chaperon which

consists of three proteins: the histone cell cycle regulator A (HIRA), ubinuclein 1 (UBN1), and
calcineurin-binding protein 1 (CABIN-1) (53, 54). It also cooperates with a histone-binding protein, the
anti-silencing function protein 1 homolog A (ASF1A) (55). Unlike DAXX/ATRX, the HIRA complex
is a transient partner protein of PML NBs and associates with nuclear bodies in response to the type |

IFN treatment and to the entry of a naked histone-free DNA to the nucleus (56).

H3.3

H3.3 histone is a non-canonical variant of histone H3, that differs in only four amino acid sites
(57). Unlike the canonical forms, H3.1 and H3.2, which are expressed during the S-phase, H3.3 is
expressed throughout the cell cycle (58). DAXX/ATRX or HIRA chaperon complexes deposit the H3.3
histone onto DNA in a DNA-synthesis-independent manner (59). The replacement of canonical H3 by
H3.3 histone can be followed by tri-methylation of H3.3 at lysine 9 (H3.3K9me3) or phosphorylation at
serine 31 (H3.3S31ph). The presence of H3.3K9me3 in chromatin is associated with inhibition of
transcription (60). H3.3S31ph acts as a cofactor of acetyltransferase p300 and is associated with

transcriptional activation (61).



3 Antiviral innate immunity

3.1 Pattern Recognition Receptors

Viruses encounter various barriers during the infection, such as epithelial surfaces and
protective mucus layers. These barriers prevent the virus from adhering to cell surfaces and entering
them. Once the virus breaches these barriers, the innate immune system detects the virus through pattern
recognition receptors (PRRs) (Figure 3). Pattern recognition receptors are protein molecules that can
bind specific “pattern” molecules characteristic of pathogens. The anti-viral PRRs identify viruses
mainly through their nucleic acid. These PRRs are represented by Toll-like receptors (TLRs), retinoic
acid-inducible gene-like receptors (RLRs), nucleotide oligomerisation domain-like receptors (NLRs),

and a group of DNA receptors (reviewed in(62)).

TLRs recognise viral DNA and viral RNA in endosomes. Signal transduction leads to the
activation of transcription factors: nuclear factor kappa-light-chain enhancer of activated B-cells (NF-
«B), interferon regulation factor 3 (IRF3) and/or interferon regulation factor 7 (IRF7) to stimulate the

expression of type I interferon and other cytokines (reviewed in(63)).

The RLR family of receptors, retinoic acid-inducible gene-I (RIG-I) and melanoma
differentiation-associated gene 5 (MDAS), recognise viral RNA. After sensing, they interact with an
adaptor protein mitochondrial antiviral signalling (MAVS, also known as IPS-1), followed by activation

of the IRF3 and NF-«B (64).

Viral DNA sensors, such as [FN-inducible protein 16 (IF116) and cyclic GMP-AMP synthase
(cGAS), relay signals through an adaptor protein known as a stimulator of interferon genes (STING) to
activate the IRF3 (635).

Activated transcription factors are translocated to the nucleus and stimulate the expression of

type I interferon and other cytokines.
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Figure 3. Anti-viral pattern recognition receptors. The figure shows the various pattern recognition receptors that respond to
viral infection from DNA and RNA. The major forms of nucleic acids that act as PAMPs from viruses are illustrated along with
the PRRs they bind to including TLRs, RLRs and DNA sensors. The PRR sensing ultimately leads to the activation of transcription
factors that translocate to the nucleus and help initiate the transcription of type I interferons, e.g., IFN8. Taken from: (66);
edited.

3.2 Type I Interferons

Interferons are cytokines that cells produce in response to viruses and other pathogens. They
initiate signalling cascades that repress viral replication and spread to surrounding cells. Based on their
structure, receptor, and function, interferons are classified into three families: type I IFN (IFN-a, IFN-
B), type I IFN (IFN-y), and type IIT IFN (IFN-L) (reviewed in (67)). Since this work focuses on type I
INF signalling, type II and III IFNs will not be discussed.

The family of type I interferons comprises of IFN-a, -f, -k, -¢ and -o. They all act by binding
to the heterodimeric transmembrane receptor, the interferon-o receptor (IFNAR). The INF-signalling
pathways are stimulated upon interferon molecule binding to the IFNAR. The receptor dimerises with
the binding stimulus. The cytoplasmic domains of the receptor are associated with Janus kinase 1 (JAK1)
and tyrosine kinase 2 (TYK2), which activate each other through phosphorylation and subsequently
phosphorylate specific tyrosine residues on the IFNAR. Activated JAKs and TYKSs then activate the

canonical signalling pathways via signal transducers and activators of transcription (STATSs), and the
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non-canonical pathways like p38 cascade, MEK-ERK pathway or phosphatidylinositol-3 kinase (PI3K)
pathway (reviewed in (7).

The newly phosphorylated sites on IFNARs are binding sites for signal transducers and
activators of transcription (STATSs). For the type I IFN, STAT1 and STAT?2 participate in the signal
transduction. STATs dimerise upon phosphorylation, forming homodimers (STAT1) and heterodimers
(STAT1-STAT?2). Heterodimers interact with IFN-regulatory factor 9 (IRF9) and translocate into the
nucleus as an IFN-stimulated gene factor 3 (ISGF3). The complex binds to a DNA sequence motif
known as the IFN-stimulated response element (ISRE). Homodimers translocate into the nucleus
without IRF9 and bind to a DNA sequence motif called gamma-activated sequence (GAS). ISRE and
GAS are found in promoters of genes known as interferon-stimulated genes. The binding of ISGF3 and
STAT1 homodimers to the ISRE and GAS motifs induces the expression of ISGs (Figure 4) (reviewed
in(68)).
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Figure 4. All type I interferons (IFNs) bind a common receptor at the surface of human cells, known as the type | IFN receptor.
The type | IFN receptor comprises two subunits, IFNAR1 and IFNAR2, which are associated with the Janus activated kinases
(JAKs) tyrosine kinase 2 (TYK2) and JAK1, respectively. Activation of the JAKs that are associated with the type | IFN receptor
results in tyrosine phosphorylation of STAT2 (signal transducer and activator of transcription 2) and STAT1; this leads to the
formation of STAT1-STAT2-IRF9 (IFN-regulatory factor 9) complexes, which are known as ISGF3 (IFN-stimulated gene (ISG)
factor 3) complexes. These complexes translocate to the nucleus and bind IFN-stimulated response elements (ISREs) in DNA to
initiate gene transcription. Type | IFNs also induce the formation of STAT1-STAT1 homodimers that translocate to the nucleus
and bind GAS (IFN-y-activated site) elements that are present in the promoter of certain ISGs, thereby initiating the



transcription of these genes. The consensus GAS element and ISRE sequences are shown. N, any nucleotide. Taken from: (68);
edited.

3.3 Interferon-stimulated genes

Interferon-stimulated genes (ISGs) encode proteins that mediate the innate immune system's
response. More than 300 ISGs are known (69). Among them are proteins that promote an antiviral state
in the cell by interfering with viral replication at different stages or enhancing type I IFN signalling (70).

However, several ISGs also contribute to viral infection (reviewed in (71)).

Besides the ISGF3, the expression of ISGs is activated by the NF-kB factor. The NF-kB
translocation to the nucleus upon the PRRs signalling leads to stimulation of ISGs. This mechanism
occurs simultaneously and independently of the interferon signalling (72). Some ISG products are
expressed basally in the cell, like several PRRs (MDAS, RIG-I) or transcription factors (IRF3, IRF9),
and the IFN stimulus upregulates their expression. At the same time, some ISGs are only IFN-inducible

(70).

3.4 Regulation of Type I interferon response

Precise regulations mediate an appropriate and balanced antiviral immune response. In
particular, regulation of type I IFNs involves post-translational modifications (PTMs) —
phosphorylation, polyubiquitylation, methylation, and ISGylation — of signalling molecules,

transcription factors, histones, and DNA methylation.

Phosphorylation and dephosphorylation
Phosphorylation is the driving modification of the JAK/STAT pathway. Besides the JAK

phosphorylation of STATS, the MAPK pathway and the PKC-6 kinases modify the STAT1s to maximise
the IFN-mediated transcriptional activity (73, 74). Another kinase, the inhibitor of nuclear factor
kBkinase-related kinase (IKK-¢), phosphorylates STAT s to encourage the DNA binding activity of the

molecules (75).

Dephosphorylation mainly suppresses type I IFN signalling. The suppressor of cytokine
signalling proteins (SOCSs) are known to negatively regulate the JAK/STAT signalling pathway.
SOCSs bind to the IFNAR and suppress STAT phosphorylation (76). Phosphatases from the protein
tyrosine phosphatases (PTP) family, specifically the SH2 domain-containing phosphatases SHP1 and
SHP2, dephosphorylate STAT s in the nucleus (77).

Ubiquitylation and ISGylation
The process of covalent binding of the ubiquitin to the substrate is done through the action of

three enzymes: an E1 activating enzyme, an E2 conjugating enzyme, and an E3 ligase (reviewed in (78).

Ubiquitylation regulates the type I IFN response from different levels, including IFNARs, the signal



transducers, and the ISGs (reviewed in (79)). The STAT-interacting LIM (SLIM) protein modifies

STAT molecules in the nucleus, leading to their proteasome-mediated degradation (80).

ISGylation is a process in which a ubiquitin-like modifier, ISG15, is covalently bound to the
substrate. Like ubiquitylation and SUMOylation, the covalent binding is done via an E3 ligase (87).
ISGylation frequently modifies JAK1 and STAT1 molecules and positively regulates activation as well
as STAT! binding to DNA (82). The ubiquitin-specific peptidase 18 (USP18) is specific for
delSGylation (83) and in USP18 knockdown cells, the modification promotes prolonged activation of
JAK1 and STATI (84).

SUMOylation
SUMOylation has a dual regulatory effect on type I IFN response. Viral infection increases

SUMOylation of both IRF3 and IRF7. The modification of transcription factors is mediated via TLR
and RIG/MDA-5 signalling (85). Moreover, the decrease in SUMOylation of the ifnb! gene leads to an
increase in the transcriptional activity of the ifnbl gene. The promoter accumulates the H3K4me3 and
H3ac marks, prolonging the gene's transcription (86). SUMOylation of STAT1 via the E3 ligase protein
inhibitors of activated STAT1 (PIAS1) downregulates the signalling and ISG expression (87).

RIG-I is also a SUMOylation target. However, in this case, the modification mediates positive

regulation, enhancing IFN-B production and the resistance to viral infection (88).

A binding site for the SUMO modification target protein SETDBI, a methyltransferase, was
found between the ifnbl gene promoter and enhancer. SETDBI1 binding overlaps with H3K9me3
heterochromatin marks. Experiments with SUMOylation-defective mutants showed that SUMOylation
is essential for SETDBI1 binding at the heterochromatin region and maintaining H3K9me3 modifications.
SETDBI is associated with TRIM28, and their interaction is mediated via SUMO-SIM. Inhibition of
SUMOylation disrupts the SETDB1-TRIM28 repressive complex, thus regulating ifinb 1 expression (89).

IFNB1

Enhancer Promoter

< '/| SUMOylation Inhibition
il IFNB1

Enhancer Promoter

Figure 5. The SETDB1 and TRIM28 proteins interact via SUMO-SIM interactions and work together as a complex repressing
gene expression. The complex binds to the heterochromatin region between the promoter and enhancer of the ifnb1 gene,
overlapping with the H3K9me3 heterochromatin marks. SUMOylation inhibition affects the binding of SETDBI1 to the
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heterochromatin, but not the TRIM28, and the reduction of SETDBI also leads to the reduction of the H3K9me3 modification.
With the SETDB1-TRIM28 complex disrupted, the expression of the ifnb1 gene increases. Taken from (89).

Acetylation and methylation
Acetylation and methylation are typically epigenetic markers, but both PTMs are also found to

regulate type I IFN signalling on different levels. Histone deacetylase 9 (HDAC9) interacts with TANK-
binding kinase 1 (TBK1) and activates it, which leads to enhanced induction of type I IFNs during viral
infection (90). Phosphorylated IFNARs recruit the histone acetyltransferase CREB-binding protein
(CBP), which acetylates the receptor. The acetyl group serves as a docking site for IRF9. Acetylation of
STATSs by CBP in their DNA-binding domain is essential for forming the ISGF3 complex. The IRF9 is
also a target of acetylation by CBP to bind to STAT1 (91).

Methylation is found to play a crucial role in the moment of STAT1 translocation from the
cytoplasm to the nucleus; arginine methyltransferase 1 (PRMT1) modifies STATI and triggers the

translocation so the PIAS1 cannot interact with it and cannot inhibit the signalling (92).

Histone modifications
Regulation via the histone modifications is mediated on different levels of the type I IFN

response. The ifubl gene expression is regulated through the histone acetyltransferase GCNS. The
acetylation of the H3 histone at lysine 9 (H3K9ac) and lysine 14 (H3K14ac) and of the H4 histone at
lysine 8 (H4K8ac) positioned at the promoter enhances the IFN expression (93). Di-methylation of the
H3KO9 by the lysine methyltransferase G9a is a repressive modification, and its deficiency leads to

enhanced type I IFN and ISG expression (94).

The histone modifications of ISGs are mediated through type I IFN signalling pathway
components. The STAT2 proteins recruit a histone acetyltransferase GCNS5 to acetylate the H3 histone
to induce the expression of ISGs (95). The STAT! proteins bind the E3 ubiquitin ligase PARP9-DTX3L
complex to catalyse the ubiquitylation of the H2B histone to enhance the expression of ISGs (96).

DNA methylation
DNA methylation of 5-cytosine by DNA methyltransferases is a repressive DNA modification.

In terms of the ifnb] gene promoter, it was found to be regulated by single nucleotide methylation.
Deficiency of the UHRF1 protein, which recruits the DNA methyltransferases to the modification sites,

results in demethylation and enhanced interaction of the IRF3 complex with the promoter (97).
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4 Role of PML NBs in antiviral innate immunity

Type I IFN stimulation leads to PML NBs juxtaposing the ISG loci (98, 99). PML NBs regulate
type I IFN signalling on various levels, and this chapter summarises how PML protein and PML NB-

associated proteins regulate the type I IFN response.

4.1 PML

PML protein positively regulates type I IFN signalling in various stages. PML protein facilitates
the transcription of both STAT1 and STAT2 proteins. It then interacts with the STAT1 and STAT2
proteins in the ISGF3 complex and the HDAC1 and HDAC?2 to induce the ISG expression (/00).
Although HDAC activity is known for its transcriptional repression, interestingly HDACs play a
positive role in the ISG transcription in response to type I IFN signalling (101, 102). The HDACI1
interacts with STAT1 and STAT?2 proteins and co-activates the expression of ISGF3-stimulated ISGs
(102).

Besides the transcription regulation, the PML-ISGF3-HDAC complex also regulates expression
epigenetically. After initial IFN stimulation, HDACs modify the ISGs at H3 histone with a tri-
methylation on lysine 36 (H3K36me3) and by positioning the H3.3 histone onto the chromatin (/01,
102). Both modifications mark an IFN epigenetic memory, enabling faster recruitme