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STRUCTURE AND FUNCTION OF CYTOKINE RECEPTORS

Cytokines and their receptors are critical for the formation of mature blood cells and for the func-
tion of the immune system. We study the structure and function of receptors for erythropoietin (Epo), 
thrombopoietin (Tpo), interleukins 2 and 9 (IL-2, IL-9) and Granulocyte Colony Stimulating 
Factor (G-CSF). Activation of these receptors is triggered by cytokine-induced changes in receptor 
dimerization/oligomerization, which lead to the activation of cytosolic Janus tyrosine kinases (JAKs). 
Regulation by JAK kinases of receptor traffic, the assembly of cell-surface receptor complexes, the 
mechanisms of dimerization of receptor transmembrane (TM) and cytosolic juxtamembrane (JM) 
domains, and mechanisms of JAK catalytic activation are major points of interest. The laboratory 
identified constitutively active mutants of JAK2 and of thrombopoietin receptor and is actively 
investigating the mechanisms by which JAK2 V617F and thrombopoietin receptor W515 mutants 
induce, in humans, Myeloproliferative Neoplasms, such as Polycythemia Vera or Primary Myelofi-
brosis.

The mechanisms by which 
a mutant JAK2 induces 
Polycythemia Vera and 
myeloproliferative 
diseases in humans

C. Pecquet, J.-M. Heine

The JAK-STAT pathway is emerging as a key 
player in cancer, with several mutations in ge-
nes coding for JAKs being identified in the past 

three years (1). Janus kinases possess two kinase 
domains, one active and the other, denoted as 
the pseudokinase domain, inactive. JAK2, one 
of the four known JAKs (JAK1, JAK2, JAK3 
and Tyk2) is crucial for signaling by several 
cytokine receptors, such as the erythropoietin 
receptor (EpoR), the thrombopoietin recep-
tor (TpoR), the interleukin 3 receptor and the 
growth hormone receptor. JAKs are appended 
to the cytoplasmic juxtamembrane domains of 
receptors and are switched-on upon ligand bin-
ding to the receptors’ extracellular domains. 
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Polycythemia Vera (PV), or the Vaquez di-
sease, is characterized by excessive production 
of mature red cells and sometimes of platelets 
and granulocytes. Erythroid progenitors in PV 
are hypersensitive to or independent of erythro-
poietin (Epo) for proliferation and differentia-
tion. Strikingly, the traffic of TpoR is defective 
in myeloid progenitors from PV. A hint that 
JAK2 or JAK2-binding proteins may be invol-
ved in PV came when we showed that the wild 
type JAK2 strongly promotes the maturation 
and cell-surface localization of TpoR, the very 
process that is defective in PV (2).

In collaboration with Prof. William Vain-
chenker and his INSERM unit at the Institut 
Gustave Roussy in Paris, we have been involved 
in the discovery of the JAK2 V617F mutation 
in a majority of Polycythemia Vera patients (3, 
4). The mutation in the pseudokinase domain 
alters a physiologic inhibition exerted by the 
pseudokinase domain on the kinase domain. 
This mutant is found in >95% of PV patients 
and in 50% of Essential Thrombocythemia 
and Primary Myelofibrosis (PMF), two other 
diseases that belong to the myeloproliferative 
neoplasms (4). Strikingly, the homologous mu-
tations in JAK1 and Tyk2 also enable these ki-
nases to be activated without ligand-binding to 
cytokine receptors (5).  These results suggested 
that point mutations in JAK proteins might be 
involved in different forms of cancers (1). 

Involvement of TpoR 
in myeloproliferative 
diseases

C. Pecquet, M. Girardot 

When the protein sequences of TpoR and 
the closely related EpoR were aligned, we reali-
zed that the TpoR contains a unique amphipa-
thic motif (RWQFP) at the junction between 
the transmembrane and cytosolic domains. 
Deletion of this motif (delta5TpoR) results in 
constitutive activation of the receptor (6), sug-
gesting that these residues maintain the receptor 

inactive in the absence of TpoR. Further stimu-
lation with Tpo of the delta5TpoR leads to an 
excess of immature erythroid progenitors at the 
expense of megakaryocyte differentiation (6). 
In vivo, in reconstituted mice, the delta5TpoR 
induces massive expansion of platelets, neutro-
phils and immature erythroid progenitors and 
eventually myelofibrosis (Staerk et al., in prepa-
ration). Within the KWQFP motif (RWQFP 
in the human), the key residues that maintain 
the receptor inactive are the K/R and W resi-
dues; mutation of either of the two residues 
to alanine activates the receptor. We predicted 
that such mutations may exist in patients with 
myelofibrosis (6). Indeed, residue W515 has 
been found to be mutated to either leucine or 
lysine by the groups of D. G. Gilliland and A. 
Tefferi. Why the phenotype induced by TpoR 
W515 mutants is much more severe than that 
of JAK2 V617F is under investigation in our 
group.

At present, our laboratory is performing un-
der the auspices of an ARC grant (Action de 
Recherche Concertée of the Université catholi-
que de Louvain) with the St Luc Hospital de-
partments of Hematology  (Prof. Augustin Fer-
rant) and Clinical Biology (Prof. Dominique 
Latinne) a large study on the presence of JAK2 
and TpoR mutations in patients with myelo-
proliferative neoplasms. Close collaborations 
with Drs. Laurent Knoops and Jean-Baptiste 
Demoulin are supported by the ARC project.

Determination of the 
interface and orientation 
of the activated EpoR, TpoR 
and G-CSFR dimers

A. Dusa, J.-M. Heine, N. Caceres

Epo binding to the erythropoietin receptor  
(EpoR) results in survival, proliferation and 
differentiation of erythroid progenitors into 
mature red blood cells. In the absence of Epo, 
the cell-surface EpoR is dimerized in an inac-
tive conformation, which is stabilized by inte-
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ractions between the TM sequences. Epo bin-
ding to the extracellular EpoR domain induces 
a conformational change of the receptor, which 
results in the activation of cytosolic JAK2 pro-
teins. 

To identify the residues that form the inter-
face between the receptor monomers in the ac-
tivated EpoR dimer we have replaced the EpoR 
extracellular domain with a coiled-coil dimer 
of a-helices (7). Because coiled-coils  have a 
characteristic heptad repeat with hydrophobic 
residues at positions a (one), d (four), the re-
gister of the coiled-coil a-helices is imposed on 
the downstream TM a-helix and intracellular 
domain.

When each of the seven possible dimeric 
orientations were imposed by the coiled-coil 
on the fused TM and intracellular domain of 
the EpoR,  only two fusion proteins stimula-
ted the proliferation of cytokine-dependent cell 
lines and erythroid differentiation of primary 
fetal liver cells (7). Since the predicted dime-
ric interfaces of the two active fusion proteins 
are very close, a unique dimeric EpoR confor-
mation appears to be required for activation of 
signaling. In this active conformation TM resi-
dues L241 and L244 and JM residue W258 are 
predicted to be in the interface.

Similar studies are undertaken for the related 
TpoR and G-CSFR. Like the EpoR, the TpoR 
is thought to signal by activation of JAK2, of 
several STATs (STAT1, 3 and 5) as well as of 
MAP-kinase, PI-3-kinase and AktB. However, 
TpoR and EpoR signal quite differently since 
only TpoR can induce hematopoietic differen-
tiation of embryonic stem cells or stimulate the 
earliest stages of hematopoiesis in immature 
hematopoietic cells. 

Structure and function of 
juxta-membrane sequences 
in trans-membrane proteins 

A. Dusa, J. Van Hees, C. Mouton, R.-I. Albu

To define the interfaces of the active and 
inactive EpoR dimers we performed cysteine 
scanning mutagenesis of the extracellular juxta-
membrane and TM domains (10). We isolated 
three constitutively active novel mutants of the 
EpoR where residues L223, L226 or I227 were 
mutated to cysteine (10). These three mutants 
as well as cysteine mutants of residues 220-230 
formed disulfide-bonded dimers.  Cysteine-
mediated maleimidyl crosslinking indicated 
that the first five TM residues are not helical 
and that the interface of the active EpoR dimer 
contains residues L241 and L244. Replace-
ment of the first 4-5 predicted transmembrane 
residues of the EpoR, which form a helix-cap, 
with a stretch of leucine residues-which form 
an a-helix- leads to constitutive receptor acti-
vation (8). 

These studies led to the notion that sequen-
ces flanking the transmembrane domain might 
play important roles in receptor function as 
«switch» regions and also may regulate trans-
membrane protein oligomerization. In a col-
laborative study with Jean-Noel Octave and 
Pascal Kienlen-Campard, we noted that the 
juxtamembrane and transmembrane domains 
of the Alzheimer’s Precursor Protein (APP) 
contains three adjacent Gly-x-x-x-Gly motifs, 
that are predicted to promote tight dimeriza-
tion of APP transmembrane domains. Repla-
cement of the middle Gly-x-x-x-Gly motif by 
a Leu-x-x-x-Leu motif changed the dimeriza-
tion interface of the APP transmembrane do-
main and abolished production of amyloido-
genic peptides Abeta40 and Abeta42 (9). These 
results may be relevant for efforts to identify 
small molecules able to block the APP dimer 
into a dimer conformation that is unfavorable 
for the production of amyloidogenic peptides 
Ab40 and Ab42.
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Traffic of cytokine 
receptors to the cell-
surface

J. Kota, C. Pecquet, R.-I. Albu

We have observed that, in hematopoietic 
cells, over-expression of JAK proteins leads to 
enhanced cell-surface localization of cytokine 
receptors (i.e. EpoR TpoR, IL9R, IL2R, gc). 
For some receptors, the effect of the cognate 
JAK is to promote traffic from the endoplasmic 
reticulum (ER) to the Golgi apparatus (12). For 
others, such as the TpoR, JAK2 and Tyk2 also 
protect the mature form of the receptor from 
degradation by the proteasome, and thus JAKs 
enhance the total amount of cellular receptor 
(2).  In collaboration with Pierre Courtoy, we 
are employing confocal microscopy of epitope 
tagged receptors in order to define the precise 
intracellular compartments where receptors 
and JAKs interact. Our working hypothesis is 
that the N-terminus FERM domain of JAK 
proteins exerts a generic pro-folding effect on 
cytosolic domains of cytokine receptors. We are 
testing this hypothesis on several different cy-
tokine receptors and are investigating the link 
between proper folding in the ER and transport 
to the cell-surface. Using a fetal liver retroviral 
cDNA library cloned in pMX-IRES-CD2, we 
are attempting to clone novel proteins that can 
regulate traffic and stability of TpoR.

Random mutagenesis 
approaches to study 
interactions between 
transmembrane domains 
and structure of JAK2 V617F

A. Dusa

Two transmembrane viral envelope pro-
teins (gp55-P and gp55-A) belonging to the 
polycythemic (P) and anemic (A) Spleen Focus 
Forming Virus (SFFV) strains, can activate the 
EpoR when co-expressed in the same cell.  In 

collaboration with Yoav Henis, Tel-Aviv Uni-
versity, Israel, we have shown that both the 
gp55-A and gp55-P TM domains specifically 
interact with the TM domain of the EpoR (Fi-
gure 1C and D). gp55-A weakly activates the 
receptor leading to erythroleukemia with low 
number of red blood cells (anemia). gp55-P 
fully activates the EpoR inducing erythroleu-
kemia with elevated levels of red cells (polycy-
themia). The basis for this difference between 
gp55-P and gp55-A is represented by differen-
ces in specific binding of the TM domains to 
the TM domain of the EpoR. Taking advantage 
of this specific interaction we are constructing 
a genetic system where the TM sequence of 
gp55-P is randomized and tested for the ability 
to bind and activate the EpoR. In this system 
activation of EpoR signaling will result in cell 
survival and proliferation, which represents a 
powerful selection.

Second, we employ a random mutagenesis 
approach coupled to retroviral gene transduc-
tion in order to examine the sequence require-
ments at position V617 of JAK2 for constitu-
tive activation. Mutants of JAK2 V617 to each 
of the other 18 amino acid residues were tested 
for constitutive kinase activity, for induction of 
cell proliferation and activation of STAT5. We 
identifed several other mutations (V617FW, 
V617L, V617I and V617I) which also lead to 
activation of JAK2 (10). Among those, only 
V617FW induces strong activation comparable 
to V617F and is resistant to the down-modu-
lation effect of the negative regulator SOCS3. 
Since the V617F mutation also activated JAK1 
and Tyk2 (5), we will test whether any of the 
potentially activating mutations may also acti-
vate JAK1 and Tyk2. We expect these results 
to shed light on the uniqueness of the JAK2 
V617F in patients and on the structural requi-
rements at position V617 of the JH2 region  
for activation.
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Constitutive activation 
of JAK-STAT signaling 
pathways and genes 
targeted by STAT5 in 
transformed hematopoietic 
and patient-derived 
leukemia cells

M. Girardot

Cytokine stimulation of cytokine receptors,  
induces transient activation of the JAK-STAT 
pathway. In contrast, oncogenic forms of re-
ceptors or of JAKs (JAK2 V617F) transmit a 
continuous signal which results in constitutive 
activation of STAT proteins. In cultured cells 
this process is studied by expressing oncogenic 
forms of cytokine receptors or JAKs in cytoki-
ne-dependent cells and assaying for their trans-
formation into cells that grow autonomously. 
In these transformed cells many of the transient 
signaling events induced by cytokines are de-
tectable permanently, i.e. ligand-independent 
phosphorylation of JAK and STAT proteins 
or high levels of nuclear activated STATs es-
pecially STAT5 and STAT3. A similar picture 
has been noted in patient-derived leukemia 
cells. The critical questions we would like to 
answer concern the mechanisms by which the 
JAK-STAT remain permanently activated in 
transformed cells and which genes are regula-
ted by constitutively active STAT proteins in 
leukemic cells. Using chromatin immunopre-
cipitation and sequencing of native promoters 
bound by STAT5 we noted that in transformed 
cells STAT5 can also bind to low affinity N4 
sites (TTC-NNNN-GAA) not only to N3 si-
tes, which are characteristic of ligand-activa-
ted STAT5. We are attempting to identify the 
promoters actually bound by STAT proteins in 
living cells in physiologic and pathologic situa-
tions. We use a modified version of the chro-
matin immunoprecipitation assay pioneered by 
Alex Varshavsky in conjunction with DNA mi-
croarray  genomic profiling. The isolated geno-
mic fragments are screened for the presence of  
STAT-binding sites and tested for the ability to 

regulate transcription of reporter genes. Newly 
identified genes regulated by such genomic se-
quences will be tested for function by cloning 
their cDNA expressed in bicistronic retroviral 
vectors  that allow wide expression of candidate 
proteins at physiologic levels.
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