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Let’s start from a small fragment..... (?)





Types of leukemias

A.

- Lymphoid

- Myeloid

B.

- acute
(results from a transformation relatively undifferentiated progenitor cells, with only limited 
capabilities of differentiation)

- chronic
(results from a transformation of more differentiated cells, which have capability to mature)



Acute myolocytic leukemia

Chronic myolocytic leukemia



Chronic myeloid leukemia (CML)
- sustains about 3% of cancers in humans (15-20% all leukemias in adults), 
approximately 1-2 cases per 100 000 people

- average age of diagnosed patients: 53 years (30% patients is older than 60 years, 
less than 10% under 20 years of age)

- in about half of patients the disease is 
asympthomatic and is detected during 
routine blood control

- untreated is fatal





Chronic myeloid leukemia (CML)
- First cancer for which the genetical mutation causing the disease has been identified 
(1960, Philadelphia)

- Mutated chromosome Philadelphia forms after translocation of fragment of long arm of 
chromosome 9 (coding for Abl kinase) to long arm 
of chromosome 22 (coding for Bcr....) 
(9            22)

- This mutation is present in 95% patients with 
CML; it can also be found in patints with other 
leukemias (e.g. in 15-30% cases of acute 
lymphoid leukemia)

- Translocation leads to formation of hybrid gene
Bcr/Abl and fusion protein of constitutive, 
unregulated kinase activity

Chromosome 9 Chromosome 9’

Chromosome 22 Philadelphia

Abl
Bcr

Bcr/Abl



Diagnostics of CML

- in vast majority of patients Philadelphia
chromosome can be detected using the 
standar cytogenetic methods

- other good tools are FISH or RT-PCR



Normal Abl tyrosine kinase in leukocytes is associated with regulation of cell proliferation 
and differentiation

Bcr-Abl kinase, which is constitutively active leads to:
- increased proliferation
- decreased rate of apoptosis
- decreased expression of adhesins (attenuation of adhesion and disturbed signal 
transduction from a bone morrow microenviroment)



Chronic myeloid leukemia (CML)
- The most common symptoms at presentation in the chronic phase of CML include:
fatigue, weight loss, abdominal fullness, bleeding, and sweating. 

- As the disease progresses, bone pain and pain from splenic infarction may be seen, and 
end stage CML may present with signs and symptoms of acute leukaemia.



Chronic myeloid leukemia
(CML)
Therapy:

- Bone marrow transplantation (achievable for 
less than 20% of new diagnosed patients)

- Treatment with interferon-α (IFNα)

- chemotherapy (e.g. hydroxyurea)

- Gleevec

At advanced phase no treatment is effective



Gleevec (imatinib)

- first commercially available inhibitor
of tyrosine kinase accepted for a 
clinical use

- specifically inhibits kinases Bcr-Abl, c-Kit (CD117) and PDGF-R

- this way it inhibits proliferation and increases apoptosis of cells expressing those kinases

- causes relatively mild side-effect

- significant improvement is observed in 49% patients in the chronic phase of CML, who 
did not respond to treatment with IFNα

gleevec

2-phenylaminopyrimidine derivative





Kinases inhibited by gleevec



II phase clinical trial with gleevec

532 patients, 1- > 5 years of diagnosis, 400 mg glivec/day
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Three approaches have proved successful in the hunt for orphan receptor
ligands.

1. The first approach employed focused screening of carefully selected sets of candidate
ligands.

By this approach the RXR, PPAR, LXR, and FXR were shown to bind to naturally occurring
retinoids, fatty acids, oxysterols, and bile acids, respectively.

2. The second successful approach for identifying orphan receptor ligands has employed
random screening of known drug molecules.

Synthetic drugs have been shown to bind and activate PXR, CAR, and the ERR.

3. The third approach that has recently identified orphan receptor ligands is x-ray
crystallography.

It is illustrated with HNF4 and the ROR. It is notable that these two receptors have been
resistant to both focused and random high-throughput screening, which raises the possibility that
identification of ligands for the remaining orphan receptors may become progressively more difficult by
traditional screening methods
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Power of nuclear receptors…..



Ambystoma mexicanum

Prof. Laura Kaufman
Uniwerytet Jagielloński

1917



Willson TM and Moore JT

1902 – word ‘hormone’ coined leading to concept of chemical 
messengers 
1911 – mammalian thyroid extract induced amphibian metamorphosis 
1919 – thyroxin and cortisone purified
1935-1945 – synthesis of several hormons and their analogues
1960 – ecdysone induced chromosomal puffs indicated gene activation
1961 – estrogen shown to bind to cytoplasmatic protein and to 
translocate to the nucleus
1976-1979 – estrogen receptor cloned
1981 – hormon receptors shown to interact with promoters of target 
genes

1988 – method for cloning receptors with no known ligands defined 
(orphan receptors)
1990 – heterodimerization of some receptors with RXR
1996 – interaction with co-activators and co-repressors 
1998 – phosphorylation can regulate the activation of nuclear receptors 
2000 – many receptors exist as multiple subtypes and splicing forms...
2002 – interplay between membrane and nuclear signaling pathways 
determines gene expression

The full-length ERα cDNA was isolated around the same
time through three independent strategies:
- Antibodies were used to isolate human ERα from
expression libraries.
- Partial sequencing of purified human ER protein allowed
design of ER-specific oligonucleotides to screen λ-phage
cDNA libraries.
- CHO cells transformed with human cDNA were screened
using radiolabeled E2.

Prezentator
Notatki do prezentacji
Approximately 3 y rago, the chosen method for identification of new nuclear receptors shifted from the laboratory to the computer. The in silico search for nuclear receptors was made possible by the availability of large data bases of randomly generated partial cDNA sequence, known as expressed sequence tags (ESTs), and the development of bioinformatic searchand query tools such as BLAST. Two new mammalian nuclear receptors were successfully identified through automated searches of EST databases. The pregnane X receptor (PXR) was uncovered in a public mouse EST database by a high throughput in silico screen for nuclear receptor-like sequences, and the photoreceptor cell-specific receptor was found in a human EST database. However, after an initial burst of activity in the late1990s, the appearance of new nuclear receptor sequences in EST data bases soon declined. One possible reason for this decline is the bias of random ESTs toward the more abundant mRNA in a cell or tissue, so that receptors expressed at low levels or in rare tissues are less likely to be identified Ideas about the mechanism of action:1. conformational changes (but only the high doses were effective)2. Regulation of transcription (first observations: gene puffing in polytene chromosomes)
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- - Nuclear receptors exist in the all Metazoa studied, 
but have not been found in the other organisms

- Most of receptors are very old and conserved: mammalian proteins 
have their counterparts in insects (exception: steroid hormone receptors)

- Nuclear receptors sustain of one superfamily, originating perhaps from 
one ancestor

- Primary nuclear receptor acted possibly as a constitutive, homodimeric 
transcription factor

Evolution of nuclear receptors



- in Caenorhabditis elegans more than 250 different nuclear receptor genes have been 
found, but in Drosophila melanogaster only 22 (they mediates e.g. action of ecdysone)

- in human there are 49 nuclear receptor genes

- at the protein level the number of receptors is higher 
(alternative splicing, different promoters,
postranslational modifications)



Aranda A. & Pascual A. Physiol Rev 2001.

Modular structure of nuclear receptors

A typical nuclear receptor is composed of 
several domains The variable NH2-terminal region (region 

A/B) contains the ligand-independent AF-1
transactivation domain.

The conserved DNA-binding domain 
(DBD, region C) is responsible for the 
recognition of specific DNA sequences

A variable linker region D connects DBD to 
the E/F region

The conserved  E/F region contains ligand 
binding domain (LBD), dimerization 
structure and ligand-dependend AF2 
transactivation domain 



Region A/B

 The most variable in respect of size and sequence. Very often it includes AF-1. 

 The alternative splicing occurs usually within this domain

 Perhaps this domain is responsible for cell-specific action of the nuclear receptors

 It can be phosphorylated by different kinases involved in signal transduction (MAPK, 
cycline-dependent kinases), which regulates the activity of the receptor



Region DBD (domain C)

 The most conserved domain, confers the ability to recognize specific target sequences
and activate genes

There are 2 zinc fingers divided by the fragment of 60-70 aminoacids – in each finger
four cysteines coordinates one zinc ion

 The sequence at the base of the first finger (P box) recognizes DNA, whereas the
sequence at the base of the second finger (D box) is involved in the receptor dimerization



Aranda A. & Pascual A. Physiol Rev 2001.

DBD of nuclear receptor DBD consists of two zinc fingers (60-70
aminoacids). In each zinc finger, four of the
invariable cysteines coordinate one zinc ion,
and both zinc finger modules fold together to
form a compact, interdependent structure

First finger contains P box residues, involved
in discrimination of response element in DNA

Second finger contains D box, which form a
dimerization interface

CTE (COOH-terminal extension) is critical for
monomeric DNA binding

Fingers form the DBD
that recognizes a hemi-site
of the response element



Hinge region (domain D)

Moderately conserved, serves as a hinge between the DBD and the LBD, allowing
rotation of the DBD

 Very often it includes a nuclear localization signals

Mutations within this region abolishes interaction with nuclear receptor co-repressors



Region LBD (domain E)
 It binds ligand and mediates homo- or hetero-dimerization and interaction with heat
shock proteins

 The LBDs are formed by 12 conserved α-helical regions. On the 12th helise it contains an
AF-2 domain, responsible for a ligand-dependent transactivation. Mutations within AF2
may lead to e.g. androgen-insensitivity syndrome, or thyroid hormones-insensitivity
syndome.

 This domain includes also other sequences necessary for transactivation, dispersed in the
resting receptor, but located closely each other upon ligand binding.



A. Lazar

Domain structure of nuclear receptors



N-terminal DBD LBD



 Nuclear receptors regulate transcription through binding to consensus sequence in
target genes. These sequences are usually located within promoter, but sometimes they
are even several thousand nucleotides up- or down-stream of the start of transcription
site.

TATA box

TATA box

TATA box

TATA box

consensus sequense



DNA

DNA

Early primary response

Delayed secondary
response

ligand

nuclear receptors activate 
primary response genes

primary response proteins 
turn on secondary response genes

secondary response proteins 



adopted from Deanna Kroetz, University of California, San Francisco



Consensus sequence consists of 6 nucleotides: 

AGAACA (recognized by the steroid hormone receptors)

AGGTCA (recognized by the other receptors)

AGTTCA (recognized by the other receptors)

Consensus sequences of nuclear receptors

fragment of 
acylCoA oxidase
promoter



Type I (homodimeric receptors of steroid hormones) – e.g. ER, AR, GR, MR.

Type II (hodimeric orphans) – e.g. RXR

Type III (heterodimers) – e.g. TR, RAR, VDR, PPAR.

Type IV (monomeric orphans) – e.g. Nurr-1

- on the basis of primary structure nuclear receptors they can be classified to 7 families, 
but one family may contain receptors for very distinct ligands, whereas the same ligand 
can be boud by members of different families.

Classification of nuclear receptors

On the basis of ligand binding and dimerization nuclear 
receptors can be classified to 4 types:



 Some nuclear receptors act as monomers
binding to hexamer of nucleotides.

Most receptors act as dimers, binding to the sequence of two hexamers 

 Dimers can be both homo- or heterodimers. In the latter case the partner for 
heterodimerization is always a nuclear receptor RXR

e.g. Nurr-1

homodimers RXR heterodimers

ER
GR

RAR
TR
VDR
PPAR

RXR



 consensus sequences recognized by a dimers can be:

palindroms (only such sequences can be recognized by steroid hormone receptors)

inverted palindroms

direct repetitions (DR1, DR2, DR3 etc.)

AGGTCA...TGACCT

AGGTCA...AGGTCA

TCCAGT...ACTGGA

TCCAGT...TCCAGT

ACTGGA...TCCAGT
TGACCT...AGGTCA

Consensus sequences of nuclear receptors



Aranda A. & Pascual A. Physiol Rev 2001.

Binding of receptors to their consensus sequences

Receptors can bind as monomers, 
homodimers or RXR heterodimers.

Steroid receptors bind as 
homodimers to palindromic 
elements spaced by three 
nucleotides.

Monomeric binding requires the 
half-core motif precede  by a 5’-
flanking A/T reach sequence.

Heterodimers can recognmize 
diverse HREs in which half-core 
motifs can be arranged as 
polindromes, direct repeats or 
inverted polindromes



Permissive heterodimers, such as PPAR/RXR, FXR/RXR or LXR/RXR, can be
activated by ligands of either RXR or its partner receptor and are synergistically
activated in the presence of both ligands.

Aranda A. & Pascual A. Physiol Rev 2001.

Permissive and non-permissive heterodimers



Aranda A. & Pascual A. Physiol Rev 2001.

In non-permissive heterodimers, such as RXR/RAR, RXR/RT or RXR/VDR
heterodimerization precludes binding of the RXR ligand.

Binding of ligand to the RAR moiety causes receptor activation and allows binding of
the RXR ligand resulting in synergism.

Permissive and non-permissive heterodimers



Aranda A. & Pascual A. Physiol Rev 2001.

Ligand can be generated in three different ways: 

1) an active ligand or hormone is synthesized in a 
classical endocrine organ and enters the cell, 

2) the ligand may be generated from a precursor or 
prohormone within the target cell, and 

3) the ligand may be a metabolite synthesized within the 
target cell.

The unliganded receptor may have a nuclear location. 
However, some steroid receptors are cytoplasmic in the 
absence of ligand due to their association with a large 
multiprotein complex of chaperones, including Hsp90
and Hsp56. Ligand binding induces dissociation of the 
complex and nuclear translocation. Once in the nucleus, 
the receptors regulate transcription by binding, generally 
as dimers, to hormone response elements (HREs) 
normally located in regulatory regions of target genes.

Nuclear receptors are activated after ligand 
binding. 

1

2

3



Aranda A. & Pascual A. Physiol Rev 2001.

Mechanism of action of nuclear receptors

Alternative, ligand-independent pathways for
activation of nuclear receptors exist:

• Some receptors may be constitutively active,

• the activity of others is modulated by other
means, for instance, phosphorylation mediated by
hormones and growth factors that stimulate diverse
signal transduction pathways.

Nuclear receptors can act 
independently of ligands





• The hormone transduces its signal through a heterodimeric
complex of two nulear receptors EcR (ecdysone receptor) and USP
(ultraspiracle). The EcR/USP heterodimers bind to the ecdysteroid
response element (EcRE) present in the promoter of target genes.

• EcR/USP directly induces genes coding for transcription factors,
that in turn, regulate cascade of genes essential for appropriate
biological responses to 20-hydroxyecdysone.

• EcR mutants die during early stages of development.

Ecdysone and 
EcR/USP receptors

• Ecdysteroids regulate insect development, reproduction, and several other physiological 
processes. The most active form is 20-hydroxyecdysone (20E).



• Production of ecdysone in prothoracic gland is induced by brain neuropeptide –
prothoracicotropic hormone. Ecdysone is then converted in peripheral tissues to 
active molting hormone – 20-hydroxyecdysone (20E).

• The increase in 20E initiates the molt. It causes:
- division of epidermis
- its separation from the old cuticle
- synthesis and secretion of new cuticle components

• 20E directs also much more complicated than ”simple” molts – metamorphic molts

Ecdysone and 
EcR/USP receptors

Molting 
dragonfly

brain

prothoracic gland



Pulses of 20-hydroxyecdysone act as critical signal that direct each of the 
major developmental transitions in the Drosophila life cycle, including 
molting and metamorfosis.



Regulated by EcR-like nuclear receptors?.....

Molting trilobites….



Fruit fly EcR can induce genes in human cells

The transfected  cells in medium containing DMSO or EcR activator. At 48 h after addition of ligand, 
cells were assayed for luciferase activity

Homo sapiens Locusta migratoria

LmUSPHsRXR



• The pERV3 vector is engineered such that
both receptors are expressed from a single
mRNA transcribed from the CMV promoter.

• It is accomplished by placing the internal
ribosome entry site (IRES) upstream of the
second (RXR) open reading frame (ORF),
which allows high-level internal (cap-
independent) initiation of translation.

• The plasmid also contains a neomycin-
resistance gene, which is expressed in both E.
coli (kanamycin-resistance) and mammalian
cells (G418-resistance).

EcR derivatives as the transgene switchers



EcR and 20E are not found in mammalian
cells, thus they are attractive target for
development of gene switches.

In mammalian cells, EcR heterodimerizes
with RXR, the homologue of USP.

The EcR-RXR heterodimer is capable of
binding to and activating reporters that
contain multiple copies of the ecdysone-
responsive element (EcRE).

EcR protein and EcRE recognition
sequence were modified to create both a
synthetic ecdysone-inducible receptor
that would not bind to and trans-activate
any endogenous host genes, as well as a
synthetic recognition site that would not
be recognized by host transcription
factors.



What would be profitable to remember in June:

- structure of the nuclear receptors

- the way of action of the nuclear receptors

Slides can be found in the library and at the Heme Oxygenase Fan Club 
page:

http://biotka.mol.uj.edu.pl/~hemeoxygenase

Thank you and see you next week...

Molting cicada
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