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Constitutive Activation of Jak 2/STAT 5 Signalling Pathway in MedB-1 cells Due
to Deficient SOCS-1

1. INTRODUCTION
1.1 Suppressors of Cytokine Signalling: SOCS
Cytokines comprise a large family of secreted glycoproteins, that regulate
fundamental biological processes; including hematopoiesis, immunity, wound
healing and the development of nervous system. Cytokines relay biological
information to target cells by binding to receptors on the cell surface (1).
The mechanism of positive regulation of cytokine signaling pathways has
been well investigated whereas the knowledge of negative regulation is
relatively sparse.
Suppressors of cytokine signalling (SOCS) family of proteins has been
recently discovered as negative feedback regulators of cytokine induced
signalling pathways (2).
The family of suppressors of cytokine signalling is consisting of eight
members (CIS and SOCS-1 to SOCS-7).
The first member of the family, CIS, was identified as an immediate early
gene induced by multiple cytokines (3).
It was denoting as CIS for cytokine-inducible SH2-domain containing protein.
CIS has been shown to bind to phosphorylated tyrosine on multiple cytokine
receptors. In vitro and in vivo studies support a role for CIS as a negative
regulator of STAT5 activation in response to several cytokines; including
EPO, IL-2 and IL-3 (4).
The second member, SOCS-1, was identified by three independent groups,
the same protein was given three different names denoting how it was
identified: SOCS-1 (suppressor of cytokine signalling) was cloned using a
functional screen for inhibitors of cytokine signalling. The M1 myeloid
leukemic cell line was infected with a retroviral cDNA library and M1 colonies
that failed to undergo interleukin-6 (IL-6)-induced macrophage differentiation
were isolated. The cDNA in one IL-6 resistant cell clone encoded an SH2
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domain-containing protein which was named suppressor of cytokine signalling
1 (SOCS1).

SOCS-1 was also identified as a protein that binds to the

catalytic domain of Jak 2 in a yeast two-hybrid screen and it was named JAB
(Jak binding protein). The third group identified SOCS-1 as a STAT induced
STAT inhibitor-1 (SSI-1) a protein recognized by a monoclonal antibody
directed against the SH2 domain of STAT3. (5-7).
SOCS family members have a central SH2 domain that is flanked by a
variable N-terminal domain and a 40-amino acid C-terminal sequence named
the SOCS-box. Data base searches revealed that at least 20 proteins in mice
and humans share sequence homology with the 40-aa residue C-terminal
motif, referred to as the SOCS box (8). These proteins contain ankyrin-like
repeats, in the Ras-like GTPases and a WD domain.
CIS
SOCS-1
SOCS box

SOCS-2

SH2 domain

SOCS-3

Ankyrin repeats

SOCS-4

SPRY domain

SOCS-5

WD40-repeats
GTPase domain

SOCS-6
KIR

SOCS-7
ASB
WSB
SSB
Ras-like GTPase

Figure 1. Domain structure of the SOCS proteins. SOCS proteins share a central SH2
domain and relatively well-preserved amino acid sequence that form the SOCS-box or CIS
homology (CH) domain. SOCS-1 and SOCS-3 have unique 30 amino acid residues at the Nterminal side of the SH2 domain, named the kinase inhibitory region (KIR).
The last four members are non-SH2-containing SOCS proteins; they contain the SOCS box
and protein domains other than SH2 domain and can thus be grouped into several
subfamilies based on the domains that they posses: ASB, ankyrin-repeat-containing proteins,
WSB, WD-40-containing proteins; SSB, SPRY-domain-containing proteins; Ras-like GTPases
contain a GTPase domain.
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1.1.1 Molecular Mechanism of SOCS Action:
SOCS family members can inhibit cytokine signalling by several different
mechanisms. SOCS-1 directly interacts with Jaks, inhibiting their catalytic
activity. SOCS-3 also inhibits Jak2 activity; however compared with SOCS-1,
SOCS-3 binds to Jak2 with a lower affinity and is a significantly less efficient
kinase inhibitor (9-11).
Structure function studies using truncated versions of SOCS-1 have revealed
the mechanism by which SOCS-1 inhibits Jak activity. SOCS-1 binds to
phoyphorylated Y1007 of Jak2 located within the Jak2 activation loop and
regulates Jak2 activity (13). The SH2 domain of SOCS-1 is sufficient for Jak2
binding; however, both the SH2 domain and a sequence of 30 aa flanking Nterminal the SH2 domain are required for high affinity binding and inhibition of
Jak2 activity (14, 15). A 12 aa sequence within this 30 aa region is highly
conserved in SOCS-1 and SOCS-3 and is required for inhibition of Jak2
activity. This region has been termed as the kinase inhibitory region (KIR)
(13). Yakusawa et al. have hypothesized that the KIR might inhibit Jak activity
by acting as a pseudosubstrate, that prevents access of legitimate substrates
to the Jak catalytic pocket (13).
The 40 amino acid SOCS-box motif is composed of two well-conserved
blocks of sequence which are separated by 2-10 nonconserved amino acids.
The carboxy –terminal-conserved region is a leucine/proline-rich sequence of
unknown function and the amino terminal conserved region is a consensus
BC box.
SOCS proteins might act by promoting the degradation of specific signalling
proteins. SOCS box containing proteins act as adapter molecules that recruit
activated signaling proteins to the proteasome (16). All SOCS proteins
associated with a complex containing elongins B and C (elongin BC) through
their SOCS-box (17).
The elongin B and C complex has previously been shown to bind to elongin A
and form an active transcriptional elongation complex or to interact with the
von Hippel Lindau (VHL) tumor suppressor protein (18, 19).
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The VHL/elongin BC complex also functions as a putative E3 ubiquitin ligase
(Cullin-2) that may target VHL-binding proteins to destruction by the
proteasome. Cullin-2 appears to interact with elongin C (directly or indirectly)
independently of subsequent association with VHL (20).
The N-terminal- and SH2 domains of SOCS-1 and SOCS-3, at least, are
required for recognition and binding to activated (tyrosine phosphorylated)
signal transduction molecules (e.g., Jaks).The SOCS box binds to elongins C
and B and through associated Cullin-2 induces ubiquitination of substrates
(Jak) leading subsequently to proteasomal degradation. The substrates and
associated SOCS proteins may be decomposed after a cytokine activation
cycle and the cell would be ready to respond again. (16).
Ubiquitination
Proteasome

Cullin-2
SOCS box

Elongin B
Jak2

Elongin C
SOCS-1

SH2 domain

KIR

Figure 2. SOCS-1 targets Jak2 for proteasomal degradation

In conclusion, the SOCS-box is not involved in Jak2 inhibition but the
interaction of this domain of SOCS-1 with elongins B/C can regulate the
cellular active Jak2 level and at least this mechanism may function to
moderate cytokine mediated cellular responses.
1.1.2 Physiological Role of SOCS-1
To investigate the role of SOCS-1 in vivo several groups established SOCS-1
knock out mice (21). These mice display growth retardation and die within
three weeks of birth with fatty degeneration of the liver and monocytic
infiltration of several organs. Lymphocytes of these mice undergo accelerated
apoptosis associated with increased levels of the proapoptotic protein Bax
(22). In addition these mice exhibited a progressive loss of maturing Blymphocytes in the bone marrow, spleen and peripheral blood (23).
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The complex diseases observed in the SOCS-1 deficient mice are greatly
attenuated in mice deficient in both SOCS-1 and INFγ genes which indicated
that SOCS-1 is a critical regulator of cellular sensitivity to IFNγ. Lymphoid
stem cells from mice lacking SOCS-1, engrafted into sublethally irradiated
Jak3 deficient mice led to an increased rate of lethality of these animals (24).
Introducing RAG2 deficiency into the SOCS-1 null mice can rescue the
lethality caused by SOCS-1 deficiency (25).
These results suggest a critical role of lymphocytes in causing the lethality.
The mechanism by which the SOCS-1 deficient lymphoid cells exert the lethal
effect is still unknown. It has been postulated that loss of SOCS-1 may result
in aberrant development of T or NK cells, which then produce excessive
amounts of IFNγ and cause lethality.
In summary the available data suggest that SOCS-1 may have two essential
functions: to regulate T cell differentiation and function and to modulate
responsiveness to IFNγ in both lymphoid and nonlymphoid cells.
Based on observations that IL-4 induced STAT6 activation in SOCS-1
deficient mice, SOCS-1 was suggested as a negative regulator of IL-4
signaling (22).
1.1.3 Cytokine Induced Expression of SOCS-1.
Transcripts encoding SOCS-1, SOCS-2, SOCS-3 and CIS are often present
in cells at very low levels, but can be induced within 15-30 minutes by a wide
variety of cytokines, hormones or growth factors such as interferon γ (IFNγ),
Epo, granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), interleukin-2 (IL-2), IL-3, IL-4, IL-6,
leukemia inhibitory factor (LIF), growth hormone (GH) and prolactin (26). At
present there is little evidence that expression of SOCS-4, SOCS-5, SOCS-6,
SOCS-7 is induced by cytokines.
1.1.4 STATs Mediate Induction of SOCS Transcription
Members of the STAT family of transcription factors are activated by cytokines
and in many cases the transcriptional upregulation of SOCS genes is
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mediated by the STATs. For example, the proximal promoter of the Cis gene
contains four STAT5-binding sites, all of which are necessary for Epodependent activation of the Cis promoter in reporter assays (26).
Furthermore, the induction of CIS mRNA in response to IL-3 is inhibited in cell
lines expressing a dominant negative version of STAT5 (27) and CIS
expression in mouse ovary is eliminated in mice lacking both STAT5a and
STAT5b (28). Expression of other SOCS genes may also be induced by
STATs. The promoter of the SOCS-1 gene contains STAT3 and STAT6
cognition sites as well as a potential GAS motif, which mediates STAT1
binding. Thus, STATs can form a direct link between the activated cytokine
receptor and the induction of SOCS gene.
Inhibition of Signaling

Activation of Signaling

Cytokine

Cytokine
Receptor

Receptor

Plasma Membrane

Plasma Membrane
Jak
SOCS3

STA T

P

P

P

CIS

P

ST
AT

SO
CS
1

ST
AT

P

AT
ST

S TA T

P

Jak

ST
AT

Jak

Jak

SOCS1

Nucleus

SOCS2

S TA T

P

ST
AT

CIS

P

Transcription

SOCS3

Figure 3. Inhibitory mechanisms of SOCS proteins. Cytokine signalling induces the
expression of SOCS proteins through the Jak/STAT signalling pathway. The induced SOCS
proteins block the interaction of STATs with receptors by steric hindrance or competition via
SH2-domain-mediated binding to Jaks and cytokine receptors, or inhibit the catalytic activity
of Jaks though binding via the KIR and SH2 region. Abbreviations: CIS, cytokine-inducible
SH2-containing protein; JAB, Jak-binding protein; SSI, STAT-induced STAT inhibitor.
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1.2 The Role of STATs in Transcriptional Control
The STATs (Signal Transducers and Activators of Transcription) proteins
were recently identified as transcription factors which are critical in mediating
virtually all cytokine driven signaling. STAT proteins are latent in the
cytoplasm and become activated through tyrosine phosphorylation which
occurs through cytokine receptor associated kinases (Jaks) or growth factor
receptor tyrosine kinases (29).
1.2.1 Structure of STAT Proteins
STAT family of proteins comprises seven members (STAT1, STAT2, STAT3,
STAT4, STAT5a, STAT5b, and STAT6) which share common features:

N-Terminal Coiled-coil DNA binding

Linker

TAD

SH2

P
Figure 4. Structural feature of STAT proteins;

Six conserved domains have been identified through structural and functional analyses:

1.2.1.1 N-terminal Domain
The N-terminal domain is conserved among the STATs (51% sequence
identity between STAT1 and STAT4; 20% between STAT5 and STAT 6) and
comprises approximately 130 amino acids. Studies showed that N-terminal
dimerization promotes cooperatively binding to tandem GAS elements (30),
promotes interaction with the PIAS family (31) and regulates the nuclear
translocation (32).
1.2.1.2 Coiled-coil Domain
The Coiled-coil domain is a flexible polypeptide chain which consists of four
α-helices (approximately aa 135-315). Studies have implicated the coiled-coil
domain in receptor binding, tyrosine phosphorylation and nuclear import (33).
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1.2.1.3 DNA-binding Domain
The DNA-binding domain (approximately aa 320-480) lies carboxy terminal to
the coiled-coil domain. This structure is reminiscent of the NF-kB and p53
binding domains (34). Cooperativity in DNA binding domain is important in
effective transcriptional activity.
1.2.1.4 Linker Domain
The Linker domain (aa 488-576 for STAT1, aa 465-585 for STAT3) connects
the DNA-binding domain with the SH2 dimerization domain. Studies revealed
that DNA binding capacity can be regulated by structural changes in the SH2
domain a binding site for phosphotyrosine. Mutational studies have also
implicated the linker domain of STAT1 in transcriptional regulation (35).
1.2.1.5 SH2 Domain
The SH2 domain and tyrosine activation motif (residues 580-680) is the most
highly conserved STAT domain and plays an important role in signaling
through its capacity of binding specific phosphotyrosine motifs. The STAT
signalling events that require SH2 domain are:
1. recruitment to the cytokine receptor through recognition of specific receptor
phosphotyrosine motifs;
2. association with the activated Jaks (36, 37)
3. Jak mediated phosphorylation of STAT and homo-or hetero-dimerization
(36).
STAT dimerization depends on the interaction between the SH2 domain of
one STAT monomer and the tyrosine phosphorylated tail segment of the other
monomer. All STATs except STAT2 have been shown to form stable
homodimers in vitro and in vivo. Additionally, many STATs, including STAT2,
can heterodimerize with other STATs through this reciprocal SH2phosphotyrosine interaction (38).
1.2.1.6 Transcriptional Activation Domain
The transcriptional activation domain (carboxy-terminal domain) is poorly
conserved among the STATs. Well characterized C-terminally truncated
isoforms have also been identified for STAT3, STAT4 and STAT5 (39) and
they appear to function as dominant-negative regulators.
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1.2.2 Cytokines and Growth Factors Implication in STAT Activation
Structural studies of several hematopoietic receptors from the cytokine family
indicate that ligand binding promotes the dimerization of receptors into an
active conformation (40). Activation leads to close approximation of
cytoplasmic receptor tails, enabling the transphosphorylation (activation) of
the receptor –associated Jaks. Activated Jaks then phosphorylate specific
tyrosine motifs present in the receptor endodomains, which in turn mediate
the recruitment of STATs to their appropriate receptor. This entails the ability
of SH2 domains of STATs to recognize phosphotyrosine residue and 4-5
carboxy-proximal amino acids, known as the receptor STAT recruitment motif
(41).
Jak/STAT pathway has proved to be integral to both type I (IFNα/β) and type
II (IFNγ) interferons (collectively also known as type II cytokines) and to all
cytokines whose receptors are members of the cytokine receptor superfamily,
also known as type I cytokine receptors. These type I cytokines include the
short chain cytokines, IL-2, IL-3, IL-4, IL-5, GM-CSF, IL-7, IL-9, IL-13 and IL15 and the long chain cytokines IL-6, IL-11, OSM, CNTF, CT-1, growth
hormone, prolactin, erythropoietin and thrombopoietin (42). The Jak/STAT
pathway represents an extremely rapid membrane to nucleus signalling
system that clarifies at least part of the basis for specificity of signals that are
induced by different cytokines.
1.2.3 Function of STATs in Oncogenesis
Reports showed in tumor tissue the presence of activated STAT3 and STAT5
proteins without known ligand stimulation i.e. STAT3 activation in squamos
cell head and neck cancer and in multiple myeloma (43).
Similar to STAT3, it was subsequently demonstrated that STAT5 is involved in
proliferation and inhibition of apoptosis in cancer cells.
STAT5 represents two highly homologous genes encoding STAT5a and
STAT5b. These are activated in response to a variety of cytokines and growth
factors including: growth hormone, prolactin, EGF as well as by oncogenic
tyrosine kinases such as Bcr-Abl. Although these two STAT proteins share
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considerable overlapping functions, gene–disruption experiments have
revealed that STAT5a and STAT5b are functionally not redundant (44, 45).
STAT5a/b double knock-out mice show in addition to impared breast
development defects in hematopoiesis (45).
Constitutive STAT5 activation is present in a variety of blood-cell derived
malignancies including CML (chronic myelogenous leukemia) (46). It has
been demonstrated that constitutively active STAT5 is essential for Bcr-Ablinduced transformation and that dominant-negative STAT5 abrogates cellular
transformation induced by Bcr-Abl (47).
Inhibition of Bcr-Abl and thus STAT5 by a selective inhibitor of Bcr-Abl activity
suppressed cell proliferation and induced apoptosis in the Bcr-Ablpositive/STAT5 positive CML cell line (48).
1.2.4 STAT-regulated Genes
Consistent with their critical roles in oncogenesis, subsequent studies have
demonstrated that activation of STAT signalling regulates the expression of
numerous genes involved in growth control and survival. Many studies
showed that antiapoptotic gene encoding Bcl-xL protein is a downstream
target of STAT3 and STAT5 (49). Mcl-1, another antiapoptotic protein, was
shown to be regulated by STAT5 in CML cells (50).The cell cycle control gene
c-Myc has been shown to be induced in response to STAT5 activation (51).
Another example of critical cell cycle control genes target of STAT5 proteins
are cyclins D1/D2 (52). All this proves that the constitutive activation of STATs
is associated with permanent changes in expression of genes that control
fundamental cellular processes involved in oncogenesis.
1.2.5 STAT-interacting Proteins that Modulate STAT Signalling
Since many tumor cells possess more than one permanently activated STAT
family member, it is important to determine how the signal of individual STATs
it is regulated. The SOCS family is known to suppress STAT signalling by
binding to and inhibiting Jaks. Some of SOCS proteins are transcriptionally
regulated by STATs themselves suggesting that STATs can negatively
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regulate their own phosphorylation state. The kinase activity of the Tel-Jak2
fusion protein is associated with leukemia and known to activate STAT5 (53).
SOCS-1 has been demonstrated to block Tel-Jak2 mediated transformation of
hematopoietic cells (54).Recently deletions on chromosome 16p harboring the
SOCS-1 gene was found in 48% of primary hepatocellular carcinoma, raising
the possibility that inactivation of this gene may promote carcinogenesis (55).
All this indicates that the negative regulators of STAT signaling might play
important roles in the control of tumor development and/or progression.
The class of protein inhibitors of activated STATs (PIAS) represents yet
another group that normally serve to decrease gene promoter activation by
blocking the DNA/STAT binding sites. Reports have demonstrated that overexpression of PIAS1 and PIAS3 ,specific nuclear inhibitors of STAT1 and
STAT3, suppresses gene transcription mediated by these STATs (56, 57).
Several STATs contain a critical serine residue near the C- terminus that
provides another phosphorylation site within the STAT molecule. Serine
phosphorylation has been shown to be required for maximal transcriptional
activation of STAT. Still the significance of STAT serine phosphorylation is not
completely understood.
Besides serine kinases, many other co-activators of STAT signaling have
been identified thus far, including the histone acetyl transferases p300/CBP,
the transcription factors c-Jun, Sp1, and glucocorticoid receptor, the
coactivators Nmi and MCM, the nuclear translocation protein NPI-1 and p48
(49).
1.2.6 Targeting STAT Proteins for Therapeutic Intervention.
Inhibitors of Jak family kinases block STAT3 activation and survival of human
myeloma cells, breast cancer cells and prostate cancer cells (58, 59). In the
case of CML, a Bcr-Abl tyrosine kinase inhibitor blocks STAT5 signalling
accompanied by growth inhibition and apoptosis (50). Although tyrosine
kinase inhibitors in general often compete with ATP for the binding sites,
these inhibitors seem to have sufficient biochemical specificity for their target.
However one potential drawback of tyrosine kinase inhibitors is that they block
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multiple downstream signalling pathways in addition to STAT proteins,
increasing the possibility of undesirable toxicity.
STATs have been shown to provide a point of convergence for tyrosine
kinase signalling and thus themselves represent promising targets for the
development of cancer drugs. Alone the functional inhibition of the two targets
STAT3 and STAT5 is sufficient to inhibit cell growth and to induce apoptosis,
in comparison with the multitude of tyrosine kinases.

1.3 Janus Kinases
1.3.1 Structure and Organisation
The Janus kinases (Jaks) is a sub-group of ten known families of nonreceptor tyrosine kinases. Four mammalian Jaks were identified: Jak1, Jak2,
Jak3 and Tyk2. Jaks are relatively large kinases of approximately 1150 amino
acids with apparent molecular weights of about 120-130kDa. Their mRNA
transcripts range from 4,4 to 5,4 kilobases in length.

JH7

JH6

JH 5

JH4

JH3

JH2
( Pseudokinase
Domain )

JH1
(Kinase
Domain)

Figure 5. Structure of Jaks: Jaks present a tandem kinase and a kinase like domain.
The C-terminal kinase domain is the catalytic domain. The exact function of kinase like
domain is yet to be discovered. Regions of homology shared by Jaks have been termed Jak
homology domains (JH). The N-terminus of Jaks (Pseudokinase Domain) seems to be
important for association with cytokine receptor sub-units.

Jaks have seven regions of homology termed Janus homology (JH) domains
(60). The C-terminal tyrosine kinase, the JH1 domain shares the features of
other tyrosine kinase domains playing an important role in phosphorylation
activity.
Structural studies support a model in which, prior to phosphorylation, the
activation loop impedes substrate access to the active site of the enzyme,
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whereas phosphorylation of tyrosine residues within the loop facilitates
substrate accessibility. Consistent with this model, mutation of these residues
reduces kinase activity. For Jak2, the exchange of tyrosine at position 1007
(Y1007) to phenylalanine abrogated kinase activity and the ability to transmit
cytokine mediated signals (61). Indeed, mutations either in the activation loop
or in the ATP binding site reduced but not abrogate signalling while mutations
at both sites abolished signalling. The pseudokinase domain or JH2 domain of
Jaks apparently regulates Jak catalytic function. In the context of growth
hormone receptor-Jak fusion protein, deletion of the JH2 domain led to more
robust signalling, leading the authors to speculate that the JH2 domain serves
to inhibit Jak kinase activity (62). However at present the precise function of
the JH2 domain remains unclear. Another potential function of JH2 is that of a
docking site for other signalling molecules because, as the JH2 domain
associates with STATs (63).
For Jak3 the amino-terminal JH6 and JH7 are sufficient to confer binding
specificity to the cognate cytokine receptor subunit γc, for other Jaks these
reagions are clearly involved in receptor interactions, but may extend beyond
the JH6, JH7 domains (64, 65).
The Jaks have an SH2-like segment in the JH4 domain that has a conserved
arginine residue corresponding to the phosphotyrosine binding pocket of other
SH2 domains (66).
1.3.2 Janus Kinases and Cytokine Signal Transduction
The essential function of Jaks was established in a series of experiments
using mutated cell lines that were resistant to the effects of IFNs. Signalling
was reconstituted by transfection of the cells with different Jaks found to be
lacking in the cells. Specifically, IFN α/β signalling required Jak1 and Tyk2,
whereas IFN γ required Jak1 and Jak2 (67-70). Growth hormone and
erythropoietin were shown to activate Jak2 (71, 72), whereas IL-6 activated
Jak1, Jak2 and Tyk2 (73). In contrast, Jak3 was activated only by cytokines
whose receptor contains the subunit γc. (IL-2, IL-4, IL-7, IL-9 and IL-15) and in
cells lacking Jak3, IL-2 and IL-4 signalling is compromised (74-78). That Jak2
and cytokine receptors associate was shown first by interaction of Jak2 with
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the erythropoietin- and growth hormone receptors (71, 72). Jak2 also
associates with βc-chain, a shared subunit of the IL-3, IL-5, and GM-CSF
receptors (79). The gp130 subunit of the IL-6 family of receptors is likely
bound by Jak1, Jak2 and Tyk 2 (73).
The IFNα/ß receptor α-subunit, also termed IFNAR-1, is associated with Tyk2
and the β subunit (IFNAR-2) is associated with Jak1 (80-82). By comparison
the IFNγRα subunit (IFNGR-1) associates with Jak1 and IFNγRβ (IFNGR-2)
associates with Jak2. For the IL-12R, the β1 subunit associates with Tyk2,
while β2 subunit associates with Jak2 (83).
Although specific Jaks are recruited to different cytokine receptors, this is not
an important mechanism by which specificity in cytokine signalling is impaired.
Firstly, Jak usage is too degenerate to provide such specificity (e.g. many
different cytokines activate Jak1 and Jak2; Table1) and secondly,
experiments have shown that artificially recruiting of a different Jak to a
receptor does not alter signalling (84).
Although Jaks are constitutively associated with receptors, a ligand-inducible
augmentation is seen in several receptor systems; still the mechanism
underlying this augmentation has not been identified. Jaks therefore satisfy
two key criteria: they physically associate with receptor subunits and they are
essential components for signalling.
Type I Cytokines

Jaks

STATs

Cytokines whose receptors share γc
IL-2, IL-7, IL-9, IL-15

Jak1, Jak3

STAT5a, STAT5b,STAT3

IL-4

Jak1, Jak3

STAT6

IL-13*

Jak1, Jak2, Tyk

STAT6

Cytokines whose receptors share βc

Jak2

STAT5a, STAT5b

IL-6, IL-11, OSM, CTNF, LIF, CT-1

Jak1, Jak2, Tyk2

STAT3

IL-12**

Jak2, Tyk2

STAT4

IL-3, IL-5, GM-CSF
Cytokines whose receptors share gp130

Leptin**

STAT3

Cytokines with homodimeric receptors
Growth hormone

Jak2

STAT5a, STAT5b,STAT3

Prolactin

Jak2

STAT5a, STAT5b
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Erytropoietin

Jak2

STAT5a, STAT5b

Trombopoietin

Jak2

STAT5a, STAT5b

IFNα, IFNβ

Jak1, Tyk2

STAT1, STAT2

IFNγ

Jak1, Jak2

STAT1

IL-10***

Jak1, Tyk2

STAT3

Type II Cytokines
Interferons

Table 1: Jaks and STATs that are activated by cytokines
* IL-13 does not share γc but uses IL-4Rα
**IL-12 and leptin do not share gp130, but their receptors are related to gp130
***IL-10 is not an interferon, but its receptor is a type II cytokine receptor

1.3.3 Models of Jak Activation
Binding of cytokines to type I and II receptors has been suggested to initiate
signalling by inducing homodimerization or heterodimerization of the receptor
subunits which in turn activate Jaks. This may allow transphosphorylation of
the Jaks at sites within their activation loops thus enhancing catalytic activity.
A more recently proposed mechanism is that ligand induced allosteric
alteration of the receptor itself leads to Jak activation (85, 86). For receptors
that heterodimerize (most of IL- and IFN receptors), heterodimerization of
different Jaks also occurs and the Jaks are interdependent for activation. For
instance in cells that lack Jak1, no phosphorylation of Tyk2 or Jak2 was
observed upon stimulation with IFN α or γ (69) and conversely no
phosphorylation of Jak1 was seen in cells lacking Jak2 or Tyk2. In Jak3
deficient cells, no phosphorylation of Jak1 occurs in response to IL-2 (87). In
Jak1 deficient cells reconstituted with kinase inactive Jak1, IFN γ could still
induce suboptimal Jak2 phosphorylation, low-level receptor phosphorylation,
STAT activation and ligand-induced gene expression. The model proposed for
IFN γ signalling is that Jak2 phosphorylates itself and Jak1. Jak1 is principally
responsible for receptor phosphorylation, STAT1 is recruited to the receptor
and Jak2 than phosphorylates STAT1 (88).
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1.3.4 Attenuation of Jak Signaling
1.3.4.1 SHP Family Members (Non-receptor Type Protein Tyrosine
Phospahatases)
There are two members of the SHP family: SHP1 and SHP-2 which consist of
two consecutive N-terminal SH2 domain and a C-terminal protein-tyrosine
phosphatase domain. In pathways of signal transduction, phosphorylation of
tyrosine, serine or threonine residues is a common mechanism by which
signalling proteins become active. Both SHPs bind with their SH2 domains to
phosphotyrosine residues of a number of cytokine receptors. SHP-1
negatively regulates cytokine signal transduction by dephosphorylating
signalling components such as the interleukin-4 (IL-4) receptor (89), the stem
cell factor receptor c-kit (90), the erythropoietin receptor (91, 92) and Jak2
(92-94). SHP-1 also associates in an SH-2 independent manner with Jak2
(95). SHP-2 on the other hand appears to function mainly as a positive
regulator of signalling although there is evidence to suggest that it can inhibit
cytokine signalling via the gp130 receptor (96).
1.3.4.2 Receptor type Protein Tyrosine Phosphatases (PTP):
Cd45 a synonym for lymphocyte common antigen is a receptor PTP which is
highly expressed in haematopoietic lineages at all stages of development and
is a key regulator of antigen receptor signalling in T and B cells. CD45 is a
haematopoietic Jak phosphatase that negatively regulates cytokine receptor
signalling.

CD45-/-

enhanced

IL-3

BMMCs

induced

(bone-marrow-derived-mast

Jak2

tyrosine

cell)

phosphorylation.

present
Moreover

phosphorylation of the Jak targets STAT3 (Tyr705) and STAT5 (Tyr694) was
significantly increased in CD45-/- BMMC cells in response to IL-3 (99).
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1.3.4.3 Ubiquitination and ISGylation.
The ubiquitin-proteasome pathway has been implicated in regulation of JakSTAT signaling. Jak2 is ubiquitinylated in vivo and in vitro (100) and IL-3 and
IFNγ stimulation enhances the polyubiquitinylation of Jak 2.
Tyrosine phosphorylation of Jak2 is found to be required for its efficient
ubiquitinylation.
Polyubiquitinylated Jak2 is rapidly degraded. Co-expression of SOCS1
promotes the degradation of ubiquitinylated Jak2. The SOCS box of SOCS1,
which interacts with elongins B and C is required for the ubiquitinylation of
Jak2 (101).
The cellular level of Jak2 seems to be regulated via SOCS1 mediated
ubiquitin-proteosome pathway.
1.3.4.4 PIAS Family Members
There are different mechanisms by which the various PIAS family members
inhibit Jak/STAT signalling. PIAS1 and PIAS3 bind STAT1 and STAT3,
respectively, to abrogate association with DNA, whereas neither PIASx nor
PIASy prevents their target STATs from associating with DNA (97).
PIAS may induce STAT sumoylation (small ubiquitin-related modifiers, or
SUMO).

In yeast two-hybrid screen assays for proteins that interact with

ubiquitin-like protein modifiers, the Saccharomyces cerevisiae protein Siz1p
was identified. Siz1p is necessary for covalent attachment of SUMO1
(sumoylation) to S.cerevisiae septin proteins and that it functions in a manner
analogue to the role of E3 ubiquitin ligase in ubiquitinylation acting
cooperatively with E1&E2 like enzymes in an ATP dependent reaction (98).
1.3.4.5 SOCS1 Regulation and Protein Interaction
SOCS-1

can

negatively

regulate

Jak2

by

directly

interacting

with

phosphorylated Y1007 of Jak2 via SH2 region resulting in inhibition of kinase
activity or by mediating ubiquitinilation and degradation of Jak2 via SOCS
box.
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SOCS1 protein stability is regulated by Pim serine/threonine kinases (102).
Co expression of the Pim kinases with SOCS1 results in phosphorylation and
stabilization of the SOCS1 protein. Through phosphorylation of SOCS-1 by
Pim-1 its half-life is prolonged and are accentuated the inhibitory effects on
Jak/STAT activation.
SOCS1 binds to KIT receptor tyrosine kinase via its SH2 domain and induce
an early gene response following KIT activation. Additional signalling
molecules that couple to KIT include VAV, Jak2, DOK and tyrosine
phosphatases (103).
SOCS1 decreases the steady state levels of cotransfected Vav and onco-VAV
and reduces the focus forming activity of onco-VAV proteins in vivo (104).
TRIM8/GERP a RING finger protein interacts with SOCS1 in vitro and in vivo
and

decreases

SOCS1

protein

stability

and

levels.

Expression

of

TRIM8/GERP decreases the repression of IFNgamma signalling mediated by
SOCS1 (105).
SOCS1 also associates with TEC (nonreceptor type protein tyrosine kinases)
and suppresses its kinase activity (106).

1.4 MedB-1 a Tumor Cell Line Derived from a Primary Mediastinal
large B-cell Lymphoma
Primary mediastinal B-cell lymphoma (PMBL) accounts for about 5% of
aggressive lymphomas, tends to affect young population (average age 37
years) and presents just a 50% to 60% 5-year failure –free survival rate
despite intensive chemotherapy or radio/chemotherapy.
PMBL is a locally highly aggressive but poorly disseminating tumor composed
of medium sized or large cells most probably of thymic medullar origin, first
described in 1986 by Möller et al.(108). The incidence of MBL is low which
initially made disease characterization difficult; however MBL presents some
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particular, morphological, immunological, clinical and genetic characteristics
that distinguish it from other diffuse, large B-cell lymphomas.
Most of the patients who developed these tumors were young women
presenting: cough, chest pain, dyspnoea and vena cava superior syndrome.
The tumors seemed to originate in the upper anterior mediastinum, involving
the thymus and having the capacity to invade adjacent organs. Examination of
the tumor histomorphology revealed a puzzling range of features which in
most cases led investigators to describe the tumor as being of large cell-type,
with a diffuse growth pattern and various grades of sclerosis. Most of the
tumors were composed of cells with clear cytoplasm and irregularly shaped
nuclei, which generally lacked prominent nucleoli (107).
1.4.1 Immunonological Characteristics of Mediastinal B-cell Lymphoma
Immunologically this lymphoma is defined as CD10- , CD19+, CD20+, CD21-,
CD37+, and CD40+. The expression of activation antigens is more variable i.e
CD23+, CD25-, CD30-, CD95+ (108-110).
Although

primary

mediastinal

B-cell

lymphomas

have

rearranged

immunoglobulin (Ig) genes and express B-cell lineage markers they do not
contain any detectable Ig constituents despite the expression of OCT-2,
BOB.1 and PU.1 transcription factors and the lack of the IgVH gene crippling
mutations and has variable and often severe defects in expression of HLA
class I and II molecules (111-113).
1.4.2 Molecular Abnormalities of MBL
In contrast to diffuse large B-cell lymphoma molecular studies of a small
series of PMBLs have so far revealed the usual absence of BCL6 and BCL2
rearrangements/mutations (114, 115).
BCL6 is an oncogene that it is involved in germinal center B-cell maturation
and undergoes point mutation in a manner similar to the immunoglobulin
gene, during germinal center maturation (116-118).
BCL2, an antioncogene that is rearranged in 80% of the cases of follicular
lymphoma and in up to 20% of cases of peripheral large cell lymphoma and is
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usually not rearranged in mediastinal lymphoma. In contrast, BCL2
overexpression which does not correlate with gene rearrangement is common
in PMBL (119-121).
The most specific oncogene abnormality in PMBL is the overexpression of the
mal gene. The mal gene is located on the long arm of chromosome 2 and
encodes a membrane protein that is thought to play an important regulatory
role in membrane trafficking and signaling (122). Mal expression was initially
reported during T-cell development. Subsequently, expression in thymus,
thyroid, kidney and brain was shown. Overexpression of mal was
demonstrated in seven out of nine cases of PMBL; in contrast mal gene was
not expressed in normal B-cells or in eight cases of peripheral diffuse large Bcell lymphoma. Mutations in the gene have not been identified; still the
mechanism of overexpression remains unclear.
Other oncogene abnormalities are: amplification of the rel proto-oncogene
gene, c-myc mutations and p53 mutations found in 3 of 6 cases (114). By
contrast ras mutations, BCL1 rearrangements or infection with the EpsteinBarr virus genome could not be demonstrated in PMBL (114, 120).
1.4.3 Cytogenetics of MBL
MBL is characterized by a highly specific pattern of genetic aberrations.
Banding analysis shows that these cells have a complex karyotype, including
a translocation involving the chromosomal band 18q21.3¸ without an
involvement of the BCL2 locus. The karyotype predicted the presence of
recurrent aberrations i.e. involvement of chromosome 9 and chromosome X.
Subsequent studies with new molecular cytogenetic techniques such as
comparative genomic hybridization (123), fluorescence in situ hybridization
(FISH) (124) with specific probes and arbitrarily prime PCR fingerprinting
(125) showed that chromosome 9 has extra chromosomal material in up to
75% of cases. This aberration is a chromosomal marker in MBL, since gains
on chromosome 9 were only sporadically detected in more than 300 cases of
nodal and extranodal B-cell lymphoma (124). Surprisingly the only lymphoma
that shares this characteristic is classic Hodgkin’s disease, in up to 25% of
cases (126, 127). In MBL, the consensus region of the recurrent aberrations
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on the short arm of chromosome 9 was restricted to the subtelomeric region.
Searching for a candidate gene in this region an amplification of the Janus
Kinase 2 gene (Jak2) was found, which is involved in cytokine dependent
signal transduction (126).
A second essential genomic region in MBL is chromosome X (124,128),
including high levels of DNA amplification. These are present in up to 87% of
cases of MBL. Furthermore, the MBL cell line MedB-1 was derived from a
male who not only showed the characteristic trisomy 9, but also an inversion
of chromosome X (124).
Interestingly, gains of extra chromosomal material involving the MHC class I
locus on chromosome 6p, have been reported, but these gains do not seem
to correspond to the lack of MHC class I expression (129). FISH studies with
probes specific for MHC class II did not show deletions at this locus in MBL,
which differs from findings in other extranodal DLBCLs. Therefore, further
studies are needed to link potential genomic aberrations to phenotypes
negative in the expression MHC class I and II molecules in MBL (130).
The highly characteristic profile of genetic aberrations in MBL provides strong
evidence for the existence of a specific sequence of genetic events during the
neoplastic transformation of MBL (131).
1.4.4 Molecular Diagnosis of Primary Mediastinal B-cell Lymphoma
(PMBL)
Molecular Diagnosis of Primary Mediastinal B cell Lymphoma (PMBL) relates
the subgroup to classical Hodgkin Lymphoma.
Comparative genomic hybridization and fluorescence in situ hybridization
analyses have supported the concept that PMBL is a pathogenetically distinct
subgroup of DLBCL. Gains of chromosome arm 9p have been detected in
more than a half of the PMBL cases, and this karyotypic abnormality is only
occasionally detected in other DLBCLs (123, 124). Chromosome 9p gains can
also be accompanied by amplification of the Jak2 gene, and interestingly,
both 9p gains and Jak2 amplification have also been detected in classical
Hodgkin lymphoma (127). Some patients with Hodgkin lymphoma have been
noted to develop PMBL within 1 year after treatment, and some “grey zone”
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lymphomas can have histological features that are intermediate between
Hodgkin lymphoma and PMBL (132, 133). These observations have led to
speculation

that

PMBL

and

classical

Hodgkin

lymphoma

may

be

pathogenetically related (131, 134). Clinically, PMBL is an aggressive
lymphoma, and its relative responsiveness to treatment is variable (131).
Some studies concluded that PMBL patients have a relatively poor prognosis
(135, 136), but another study showed a 5-years overall survival rate of 64%
with anthracycline-based chemotherapy, similar to that of other DLBCLs
(137). A more recent study that combined chemotherapy with x-ray therapy
reported an 82% overall survival at 3 years, a rate much higher than in other
DLBCLs (138).
Imprecision in the diagnosis of PMBL may account for some of the
heterogeneity in reported clinical responses. In particular, other DLBCLs that
may originate by chance in the mediastinal region may be confused with
PMBL. Currently, no molecular tests are routinely available for the diagnosis
of PMBL. It is known that two genes, mal and FIG, are over-expressed
frequently in PMBLs, but these markers may not identify all PMBL cases, and
FIG1 is also expressed in some DLBCLs (122,139). A gene expression
profiling study of PMBL was undertaken to establish a molecular diagnosis of
this disease. Rosenwald et al. (140) have identified a gene expression
signature of PMBL that distinguished this subgroup from other DLBCLs and
showed that PMBL patients have distinctive clinical features and a favorable
overall survival rate after therapy. The PMBL signature genes revealed an
extraordinarily robust gene expression relationship between PMBL and
classical Hodgkin lymphoma cell lines, strongly supporting a pathogenetic
relationship between these two lymphoma types.
Classical Hodgkin's Lymphoma or Hodgkin's disease is a malignant growth of
cells in the lymph system.
What now differentiates Hodgkin's lymphoma is the presence of ReedSternberg cells (and variations on these cells) in a sea of reactive cells. There
is definitive evidence that the cancerous cells are of B-cell lymphocyte origin.
The Epstein-Barr virus (EBV) also appears to be a factor, at least in some
cases - appearing in about 40-50% of Hodgkin's cases. It has recently been
found that Interleukin-13, a natural cytokine in the body, may be overproduced
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by Hodgkin lymphoma cells. What causes Hodgkin lymphoma is still being
elusive.

1.5 Karpas 1106P a Primary Mediastinal Lymphoblastic B-cell nonHodgkin Lymphoma (B-NHL)
Karpas 1106P was established from the pleural effusion of a 23-year old
woman with mediastinal lymphoblastic B-cell non-Hodgkin lymphoma (B-NHL)
at relapse in 1984.
Karpas 1106P presents an unusual three-way translocation involving 18q21.3,
juxtaposing with the lack of BCL2 rearrangements and expression. Identical
translocations were subsequently detected in about 30% of diffuse B-NHL and
rarely in acute leukemia of mature B-cells and B-cell chronic lymphoid
leukemia (B-CLL) (128).

2. AIMS OF THE PROJECT
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The concept that Jak2 might be a primary oncogenic key player in PMBL
arose from molecular cytogenetic studies and arbitrarily primed PCR
fingerprinting revealing that chromosome 9 has extra chromosomal material in
up to 75% of cases and that consensus region at 9p24 contains the Jak2
locus. Similar to MedB-1 (a PMBL cell line), L428( Hodgkin Lymphoma line)
harbors a 9p23-p24 amplification and presents an increased copy number of
the chromosomal region spanning the tyrosine kinase gene Jak2.
These findings lead to the investigation of Jak2 gene amplification effect
observed in MedB-1 cells on; Jak2 DNA content, mRNA level as well as Jak2
protein expression and the rate of phosphorylation in MedB-1 cells vs. L428
and the Burkitt`s Lymphoma cell line Ramos and autologous fibroblasts
obtained from the parental tumor of MedB-1.
The first results indicated a high Jak2 phosphorylation in MedB-1 cells, but not
in L428 and Ramos. These results raised the question: What causes the
constitutive activation of Jak2/STAT5 signaling pathway in MedB-1? This
question directed towards the investigation of the status and the role of Jak2
regulators in mediastinal B cell lymphomas using MedB-1 cell line as model
cell-line.
First hints pointed out the importance of SOCS-1, known to promote tumor
genesis. The silencing of SOCS-1 gene by CpG methylation it was described
in literature in hepatocellular carcinomas and in myeloid leukemia, mantle cell
lymphoma, follicular lymphoma and myeloma, tumor progression (55, 149152) being shown to be related to constitutive activation of Jak/STAT
singnaling pathway.
The present work intended to clarify at least in part the aberrance of
Jak/STAT signaling in MedB-1 cells and extended the research on other
PMBL.

3. MATERIALS AND METHODS:
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3.1 Cell Culture and Transfection
The MedB-1 cell line was established in our laboratory (1991) from a primary
mediastinal large B-cell lymphoma, using a tumor specimen of 3 cm³.
Outgoing fibroblasts gradually decreased and finally disappeared, while tumor
cells have been growing as a single suspension with a doubling time of about
2 days.
All other cell lines were obtained from the Deutsche Sammlung für
Mikroorganismen und Zellkultur (DSMZ, Braunschweig). Highly purified
peripheral blood B-lymphocytes were obtained from the blood bank of the
German Red Cross (Ulm, Germany).
Hodgkin`s lymphoma cell line L428, Burkitt´s lymphoma cell line Ramos and
non-Hodgkin Primary Mediastinal B-cell lymphoma cell line MedB-1, and
Karpas P1106 were cultivated in Iscov`s medium ( IMDM + RPMI medium
mixture

3/1

vol/vol

(Cambrex)

supplemented

with

10%

FCS

(PAA

Laboratories-Linz, Austria) 0,01% Penicillin/Streptomycin and L-glutamine
2mM (Cambrex), Hek293 (human embryonic kidney cells) were cultivated in
DMEM (Dulbecco`s modified Eagle`s medium -Invitrogen).
Transfection of Hek293 cells was done using Fugene-Transfection Reagent
(Roche).
1-2 x106 Hek 293 cells were grown on 21.5 cm2 Growth Area Plates (Nunc,
Denmark).
There were prepared 2 solutions:
Solution A: 7.5 µg plasmid DNA + up to 1000 µl serum free medium
Solution B: 22.5 µl Fugene + up to 1000 µl serum free medium
The two solutions were mixed and incubated for 30 minutes at room
temperature. Meanwhile the cells were washed 3 times with serum free
medium. After the complete removal of medium the mix (A+B) was added to
the cells and incubated for 20 minutes at 37°C and 5% CO2. After the
incubation, 5 ml FCS free medium was added to the cells. The next day the
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cells were set on medium containing 10% FCS. 48h after the transfections
cells were harvested and proteins and total RNA were extracted.
Transient transfections of MedB-1 cell line were done using the Nucleofector I
device (Amaxa, Cologne, Germany) according to the manufacturer’s protocol.
The cells were set one day before on fresh medium. The next day
approximately 2x106 cells were resuspended in 100 µl Cell line Nucleofector
solution V (Amaxa). 5µg plasmid was added to the mix and the cells were
electroporated using program U 01. Immediately after electroporation the cells
were resuspended in 0.5 ml pre-warmed cell-culture medium and transferred
to the 37° C incubator. Survival rate after transfection was measured by
trypan blue exclusion and found to be higher than 80%. Transfection
efficiency was monitored using pGFPmax plasmid which encodes the green
fluorescent protein (GFP) and is provided in the Nucleofector kit (Amaxa).
3. 1.1 Cell Counting
The cell suspension was diluted 1:1 with Trypan Blue solution (Sigma). 10 µl
of the diluted cell suspension were loaded in the counting chamber and cells
were counted above the grid of the counting chamber at 100x magnification.
Non-viable cells were stained in dark blue, viable cells appeared clear. There
was determined the number of cells overlying four times 1mm2 areas of the
counting chamber. Viable cells counted in 4 mm2 area were divided by 4, than
divided by the dilution factor, the result being multiplied with 104 cells /ml.
3.1.2 Cell Freezing
For long storage of cells, a freezing medium containing 50% FCS, 10%
DMSO, 40% cell culture medium, was prepared. About 4x106 cells were
harvested, centrifuged for 5 minutes at 900 rpm, resuspended in 1.5 ml
freezing medium on ice for 1 hour and than stored at -80°C in special freezing
vials (Nunc).
3.1.3 Cell Thawing
The vials stored at -80°C were quickly transported on ice, brought to room
temperature, transferred to a sterile 15 ml tube (Falcon) and than 10 ml of
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pre-warmed medium was added drop by drop. The cell suspension was
centrifuged for 5 minutes at 900 rpm. The supernatant was completely
removed because DMSO from the freezing medium is toxic for the cells. The
cells were than resuspended in pre-warmed complete medium and stored in a
humidified incubator at 37°C and 5% CO2.

3.2. Cell Lyses and Western Blotting
The cells were washed 3 times with ice cold phosphate buffered saline (PBS)
containing 1 mM NaF and lysed for 15 minutes at 75°C in 2xNuPage-LDS
sample buffer (Invitrogen) containing 5% (v/v) 2-mercaptoethanol. Protein
concentration was determined according to Chapdelaine et al (141) with
following modification.
1µl aliquots of the protein extracts were spotted in triplicates on a moistened
Polyvinylidene difluoride (PVDF) membrane (Millipore, Germany) as well as
1µl BSA solution (Fraction V; Sigma) at concentrations between 0,1 and 5
mg/ml dissolved in SDS loading buffer for standardization of the protein
content.
The membrane was air dried, soaked shortly in methanol and stained for 10
minutes with 0,1% Amino Black 1B solution in 45% methanol and 5% acetic
acid 50% H2O. The over stained membrane was washed several times in
distaining solution (45% methanol and 5% acetic acid 50% H2O vol/vol), air
dried and the intensities of the protein dots were quantified using the
ImageMaster VDS (Amersham, Germany).
Proteins (20µg/lane) were separated on 2-8% NuPage Tris-Acetate or 4-12%
Nupage Novex Bis-Tris gradient gels (Invitrogen) and transferred onto PVDF
membranes by semidry blotting.
In order to obtain a better separation of proteins used for phospho-Jak2 and
STAT5 detection there were prepared following acrylamide gels:
8% acryl amide gels offer a better separation of high molecular weight
proteins
10-12, 5 % acryl amide gels offer a better separation of low molecular weight
proteins
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8% Acrylamide Gel

10% Acrylamide Gel

8 ml

10 ml

Tris 1,5M pH 8,8

7,5 ml

7,5 ml

SDS (20% SDS stock solution)

0,4% (2 ml)

0,4% (2 ml)

Water

12, 5 ml

10 ml

10% APS

100 µl

100 µl

TEMED

20 µl

20 µl

Glycerin

0, 5 g

0, 5g

(lower gel)
30% Acrylamide /
0,8% Bis-Acrylamide

Collecting Gel (upper gel):
30% Acrylamide/0,8% Bis-Acrylamide

2, 5 ml

Tris 1,5M pH 6,8

3,75 ml

SDS (20% SDS stock solution)

0,4 % (2 ml)

dd-Water

8, 75 ml

10 % APS

50 µl

TEMED

10 µl

(N,N,N',N'-Tetramethylethylenediamine)
Glycerin

2g

After polymerization it was added the upper gel:
Running buffer was a Tris/Glycin/SDS buffer (6.05 g Tris-base, 28.8 g Glycin,
2 g SDS dissolved in 2 liters dd-water). The gel was run over night at 45-60 V.

For transferring the proteins onto the membrane it was used the semi-dry
blotting technique with a Discontinuous Buffer-System:
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Anode Buffer II :

0, 3 mol/L Tris

36, 3 g

25 mmol/L Tris

3,03 g

0, 01% Natriumazid

0,1 g

0,01 % Natriumazid

0,1 g

20 % (v/v) Methanol

200 ml

20 % (v/v) Methanol

200 ml

dd-Water

up

Water

up

to

1000ml

to1000ml

Cathode Buffer:
40 mM 6-aminohexanoicacid

5,2g

0,01 % SDS

0,1 g

0,01 % Natriumazid

0,1 g

20 % (v/v) Methanol

200ml

Water

up

to

1000ml
After the run of the PAGE, the protein transfer unit was prepared as follows:
6 pieces of Whatman`s paper fitting to the gel size were soaked in anode I
buffer and placed onto the anode graphite plate. On these filter paper block 3
pieces of Whatman`s paper soaked in anode II buffer were placed, followed
by the moistened PVDF membrane. Therefore the membrane was first
soaked in methanol and than washed several times with distilled water. The
gel and 9 filter papers soaked in cathode buffer was placed onto the
membrane. The sandwich was located between the two graphite plates,
cathode plate on top, anode plate at the basis of the sandwich. The protein
transfer was performed using 1 mA for 1 cm2 membrane arrea and applied for
approximately 80 minutes.
The membrane was blocked in Tris-buffered saline/0.1% Tween20 containing
5% BSA, 1mM NaF and 1mM Na3VO4 and incubated with the primary
antibodies in blocking solution over-night at 4°C.
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10x TBS Buffer (Tris Buffer Saline)
Tris-HCl

0, 2 M

NaCl

1, 36 M

pH

7, 6

After incubation with appropriate secondary antibodies proteins were
visualized on
Hyperfilm ECL(Amersham) using the enhanced chemiluminescence’s (ECL)
system (Amersham).

3.3. Antibodies
The following primary antibodies were used: anti-Jak2 antibody (06-255
Upstate Biotechnology Inc. Charlottesville, VA), anti-STAT5B and anti
STAT5A+B antibodies (SC-1656, SC-836, Santa Cruz Biotechnology, Santa
Cruz, CA), anti-phospho-STAT5 antibody, and anti-phospho-Jak2 antibody
(Cell Signaling Technology, Beverly, MA) and anti-β-actin antibody (Sigma).
As second antibodies there were used α rabbit IgG- horseradish-peroxidase
(HRP) (Santa Cruz), and Anti-mouse Ig- HRP (Amersham).

3.4. RNA-isolation, RT-PCR, and Real-Time PCR
Total RNA was isolated from cultured cells using the RNeasy kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions and treated
with RNase-free DNAse (Roche, Mannheim, Germany). The RNA integrity
was assessed by an RNA 6000 Nano-Assay using a 2100 Bioanalyzer
(Agilent Technologies, Böblingen, Germany).
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Figure 6.
Result of a total RNA analysis by an RNA 6000 Nano-Assay using a 2100 Bioanalyzer.

The degradation of RNA could be easily detected by a shift in the RNA size
towards smaller fragments ( smear) and a decrease in fluorescence signal of
ribosomal RNA peaks.
3.4.1 RT-PCR:
5 µg total RNA were reversely transcribed using random hexamer primers and
SuperScript II reverse transcriptase according to the manufacturer’s protocol
(Invitrogen, San Diego, CA).
PCR conditions were as follows: a mixture consisting of 1 µl RT-reaction, 25
pmol forward and reverse primers (Table 2), 10 pmol dNTP’s, 5 µl 10x PCRbuffer, 5 µl Q-Solution (Qiagen), and 2.5 U Taq-polymerase (Qiagen) at a final
volume of 50 µl was hot started at 95°C and run for 5 min at 95°C, followed by
25 cycles of 95°C, 60°C and 72°C for 1 min at each temperature, and a final
elongation step for 10 min at 72°C. PCR products were loaded on a 2 % high
resolution agarose gel

with ethidium bromide staining and sized by

comparison with a 100 bp DNA ladder.
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Real-Time PCR analysis was performed to determine relative genomic DNA
content and expression of Jak2 using the Bio-Rad iCycler Detection System
(Bio-Rad Laboratories

Hercules

, CA). PCR was carried out using 12.5 ng cDNA

as template, in a total reaction volume of 20 µl, containing 10 µl SYBR Green
PCR Supermix (Bio-Rad). In order to ensure product specificity, there was
done a melt curve analysis and an electrophoresis of the products using a
1.5% agarose

gel with ethidium bromide staining. Samples together with

water as negative control were run on triplicates in a 96-well plate. Thermal
cycling conditions were as follows: 3 min at 95°C, 40 cycles at 95°C for 25
sec, 60°C for 15 sec, 72°C for 15 sec. As reference the housekeeping gene
β2- microglobulin was used to ensure normalisation.
Relative expression of Jak2 was calculated using the 2-∆∆CT method (144) and
compared with Jak2 gene dosage of autologous fibroblasts.
10x TAE Buffer (Tris Acetate EDTA)
Tris-base

0, 4 M

Acetic Acid

22, 8 ml

0,5 M EDTA (pH 8)

40 ml

(EDTA- ethylene-diamine-tetra-acetic acid)

3.5. Analysis of Cell Proliferation
Cell proliferation assays were performed in culture medium, starting at a cell
density of 1x105 cells/ml in a total volume of 5 ml. Cells were cultured with or
without 20 µM Tyrphostin AG490 (SIGMA, St Louis, MO) for 8 days. Cell
proliferation measurement of wt-SOCS-1 and mock transfected MedB-1 cells
was done 2 d after transfection. Wt-SOCS-1 expression was controlled by RTPCR. Dead cells were removed using magnetic micro beads (Miltenyi Biotec,
Bergisch Gladbach, Germany). Daily there were taken three aliquots of 50 µl
cell suspension for cell number counting in a Neubauer chamber.
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3.6. Electrophoretic Mobility Shift Assay (EMSA)

Nuclear protein extracts from MedB-1 cells, AG 490 Thyrphostin treated cells,
and cells transiently transfected with the wt-SOCS-1 expression vector were
prepared using the Dignam protocol.
Buffer A:
10 m M Hepes pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT,
0.5 mM PMSF.
Buffer C:
20 mM Hepes pH 7.9, 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM PMSF,
1 mM DTT.
Cells were washed 3 times in ice cold PBS, thoroughly resuspended at 4° C in
200-400 µl buffer A and incubated for 15 minutes on ice. After centrifugation
at 14.000 rpm by 4°C for 20 minutes, the supernatant, which contained the
cytoplasmic proteins, was removed and stored separately at -80°C. The
nuclear pellet was resuspended in Buffer C and rocked for 1 hour at 4°C. After
centrifugation at 14000 rpm for 10 minutes by 4°C, the supernatant containing
the nuclear proteins was stored at -80°C.
3.6.1 Determination of Protein Concentration
The protein extracts were diluted 1:5 in dd-water and 10 µl used in the BioRad Protein Assay (Biorad) according the manufacture’s instruction. The
absorbance at 595 nm was measured (Amersham Biosciencies photometer)
and the protein content was calculated using BSA as standard.
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3.6.2 32P-labelling of STAT5-DNA Binding Probe
As a specific STAT5-DNA binding probe the double stranded DNA sequence
of the β-casein gene promoter was used (Table 2).
1 µmol of sense- and antisense-oligonucleotides (MWG-Biotech) was mixed
and diluted in 500 µl annealing buffer. After denaturation at 95°C for 10
minutes the mixture was cooled down within 2 hours to 10°C for double strand
formation.
The annealing buffer consisted of:
70mM

Tris-HCl,

pH

7.5
70 mM

MgCl2

500 mM

NaCl

The concentration of the double stranded probe was adjusted to 200ng/µl and
1 µl was used for 32P-labelling in the Klenow reaction.
α 32P dCTP

5 µl (50µCi)

2,5 mM dNTPs

1 µl

10x Klenow Buffer

5 µl

Klenow DNA polymerase

1 µl

dd-water

36 µl

DNA probe

1 µl

A mixture according to the details given in the table above was made and
incubated for 60 minutes at room temperature. The labelled probe was
separated on a NucTrap-Column and collected in an eppendorf tube. Before
use the column was equilibrated with 80 µl 10x STE Buffer.
(10xSTE Buffer: 1 M NaCl, 200mM tris HCl, pH 7, 5, 10mM EDTA)
For EMSA experiments were used 50.000 cpm of the 32P-labelled probe.
The reaction mix consisted of 10 mM Tris-HCl pH 7.5, 50 mM KCl,
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0.1 mM EDTA, 1 mM dithiothreitol (DTT), 5% v/v glycerol, 0.1% NP40, 1 µg/µl
poly (dI-dC), 1 mg/ml bovine serum albumin (BSA), 1 µg of nuclear protein
extract in a final volume of 10 µl and were carried out for 30 min at room
temperature.
The unlabelled competitors were added in 10- or 100-fold molar excess. For
the super-shift or competition assays the mix was incubated for 15 min at
room temperature together with anti-STAT5 antibodies before the DNA probe
was added. Samples were than loaded on 4.5% polyacrylamide gels and run
at 10 V/cm for 2 hr in 0.5x TBE buffer. The gels were dried and exposed to an
X-ray film.
4, 5% Polyacrylamide-Gel
30% Acrylamide/

10,5 ml

0,8% bisAcrylamide
10x TBE

7 ml

dd-water

52,5 ml

10% APS

490 µl

TEMED

49 µl

10x TBE Buffer (Tris Borate EDTA)
Tris-base

1M

Boric Acid

1M

20 mM EDTA 7, 4 ml
(pH 8.3)

3.7. Analysis of SOCS-1 cDNA Sequence
PCR was performed on cDNAs of MedB-1 and L428 cells and SOCS-1
specific primer pairs (Table 2). For high resolution analysis 1 µl of the PCR
reaction was loaded on a DNA 1000 LabChip (Agilent Technologies) and run
on the Bioanalyser 2001 (Agilent Technologies). The remaining product was
subjected to a low melting agarose gel (Roth-Karlsruhe, Germany). DNA
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bands obtained were extracted using Wizard SV Gel and PCR Clean-UP
System (Promega)-according to manufacture’s instruction. For analysis of the
sequence the separated PCR products were inserted into a pGEM-T Easy
vector (Promega, Madison, WI).
In detail:
Cloning of PCR Products:

Standard

Positive Background

Reaction

Control

control

2xRapid Ligation Buffer

5µl

5µl

5µl

pGEM-T Vector (50ng)

1µl

1µl

1µl

PCR product

3µl

-

-

Control Insert DNA

-

2µl

-

T4 DNA Ligase (3 units/µl)

1µl

1µl

1µl

Deionized water to a final volume of

10µl

10µl

10µl

Ligation Reaction Mix

The components of ligase reaction were mixed according the details given in
the table and incubated for 24 hour at 10°C (refrigerator).
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To get enough DNA for sequencing reactions, the ligation product (pGEM-T
Easy vector plus SOCS-1 fragment insert) was transformed into the
competent bacteria E.coli strain JM109 (Promega).
The cells were (5x106cfu) added to every ligation mix, mixed carefully and
incubated on ice for 20 minutes.
The whole mix was than heated at 42°C in the water bath without shaking for
approximately 45-50 seconds and than cooled on ice for 2 minutes.
To propagate the transformants 950µl SOC-Medium was added to the E.coli
suspension and rocked for 90 minutes at 37°C. LB/ampicilline plates were
lubricated with 100µl IPTG + 20µl X-Gal solution using a sterile spatula and
left 30 minutes at room temperature for absorption.
Each 100 µl and 250 µl of the SOC medium culture was crossed out over two
plates and incubated overnight at 37°C. As the pGEM-T Easy vector contains
the advantage for white/blue selection to discriminate between bacteria which
propagate the vector plus insert - white colonies - and those, bearing the
vector only – blue colonies. A number of white colonies were picked with a
sterile pipette tip and suspended each in 5 ml of LB medium using10 ml sterile
tubes (Falcon). To propagate the colonies the tubes were rocked over night at
37°C.
In order to control that the E.coli contained the SOCS-1 fragment 10 µl of the
culture were boiled in 100 µl H2O for 5 minutes and 1µl used in a following
PCR with M13/-M13 primers (Table 2) flanking the insert region of the vector.
PCR products were loaded on a 2 % high resolution agarose gel with ethidium
bromide staining and sized by comparison with a 100 bp DNA ladder. A PCR
product of 464 bp confirms a vector containing the SOCS-1 fragment.
Plasmids of those colonies have been isolated using the Promega plasmid kit
and were custom sequenced using standard sequencing primers (MWG
Biotech, Ebersbach, Germany).
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IPTG-Stock-solution

SOC-Medium (100ml)

1.2 g Isopropyl-thiogalaktoside (IPTG)

2.0 g Bacto-tryptone (Becton Dickinson)

Water was added to a final volume of 0.5

g

Bacto-Yeast-Extract

50 ml.

Dickinson)

sterilize by filtration, store at 4°C

1 ml 1MNaCl

(Becton

0.25 ml 1M KCl
1 ml 2 M Mg2+
1 ml 2 M glucose
Bacto-tryptone,

LB Ampicillin Plates

Bacto-yeast

extract,

15 g Agar was added to 1 l of LB NaCl and KCl was added to a volume of
medium and autoclaved. The medium 97ml distilled water. The medium was
must have 50°C or less before adding autoclaved and chilled down at room
ampicillin to a final concentration of 100 temperature. Mg2+ and glucose was
µg/ml. The plates were coated and added filled up with water to100ml. The
medium

stored at 4°C

was

sterilized

by

passing

through a 0.2µm sterile filter.
LB Medium (pro liter)

X-Gal

10 g Bacto-tryptone (Becton Dickinson

100 mg 5-bromo-4-chloro-3-indolyl-β-Dgalactoside (X-Gal) were dissolved in 2
ml N,N-dimethyl-formamide and than
stored at -20°C

5

g

Bacto-Yeast-Extract

(Becton

Dickinson)
5 g NaCl

2 M Mg2+ stock solution

adjust to pH 7.4 with 1 M NaOH

20.33 g MgCl2x 6H2O
24.65 g MgSO4 x7H2O
Water was added until 100ml and sterile
filtered.
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3.8 Analysis of SOCS-1 Mutations in PMBL
DNA Extraction
The cell pellets or tissue slides were resuspended in DNA Digestion Buffer
and incubated for 2-3 hours at 56° C under shaking.
Digestion Buffer:
100 mM NaCl
10 mM Tris-HCl
25 mM EDTA
0,5% SDS
0,1 mg/ml Proteinase K, fresh added

500µl Phenol/probe were added and vigorously mixed for 2 minutes. To
separate the phases the mixture was centrifuged at 10.000 rpm for 3 minutes,
the upper phase was separated in a new vial and the phenol extraction was
two times repeated. Traces of phenol in the DNA extract was removed by
chloroform-isoamylalcohol (24:1 v/v) treatment and centrifugation of the
mixture at 10.000 rpm for 1 minute. The upper phase of the mixture was
separated and DNA was precipitated with isopropanol in proportion 1:1. The
mixture was centrifuged and the pellet representing the DNA was 2 times
washed with 70% ethanol, dried and dissolved in 50µl water.

3.9 Wt-SOCS-1 Expression Plasmid Preparation
The SOCS-1 coding sequence was amplified by PCR on DNA extracted from
human spleen tissue using Pfu-polymerase and SOCS1 primers (Table 2).
The PCR-product was inserted in the pcDNA 3.1D/V5-His-TOPO vector
(Invitrogen), according to the manufacture’s protocol. The plasmid was
multiplied using E.coli JM 109 under ampicilin selection and purified using the
Endofree Plasmid Purification MaxiKit (Qiagen). The SOCS-1 wild type
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sequence was checked by custom sequencing (MWG Biotech). The pcDNA
3.1 vector (Invitrogen) was used as control vector (mock plasmid).
3.9.1 Quantification of DNA
Aliquots of the DNA extract were diluted in water (e.g. 5 µl DNA in 195 µl
water, dilution factor 40)
The OD was measured at 260nm and 280nm in a Quartz cuvette. The final
concentration was calculated according to the formula: c [µg/µl]= 0.05 x
OD260nm x dilution factor

3.10 Pulse-chase Experiments
In pulse and chase experiments cells are grown in medium supplemented
with a radioactive labeled substance of interest for a brief period (the pulse)
and then transferred to a medium containing the unlabeled substance in 10
times excess for a longer period (the chase). In those experiments the
metabolism and half life of the labeled compounds could be determined.
2x107 of each MedB-1- and L428 cells were harvested and incubated at 37°
C for 15 minutes in methionine and cysteine free RPMI 1640 medium (ICN
Biomedical, Costa Mesa, CA) supplemented with 2.5 % dialysed foetal bovine
serum (FCS). Cells were than isolated by centrifugation and pulsed with 0.5
mCi TRANS

35

S-LABLE (ICN Biomedical) in 2 ml methionine and cysteine

free RPMI 1640 medium for 30 min in order to label the cellular proteins.
Following the pulse, cells were washed three times in PBS and than
incubated in the chase medium (RPMI 1640 supplemented with 10% FCS and
10-fold molar excess of Cys and Met for various time periods.
3.10.1 Immunoprecipitation and Determination of JAK-2 degradation
Cells from the pulse/chase experiment were harvested at the indicated time
points, washed twice with ice cold PBS and lysed for 1 hr in ice cold cell lysis
buffer
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(50 mM Tris/HCl pH 7.4; 150 mM NaCl; 1 mM EDTA; 0.5% NP40: 0.25%
sodium

desoxycholate;

1

mM

NaF;

1

mM

Na3VO4;

1

mM

phenylmethanesulfonyl fluoride;
1 µg/ml leupeptin, pepstatin, aprotinin). Cell lysates were centrifuged for 15
min at 14,000 rpm and 4° C pre-cleared with 100 µl Protein-A agarose bead
slurry (Amersham Biosciences) for 1 hr.

35

S-incorporation into the total cell

protein extracts was determined by liquid scintillation counting (LS 6000,
Beckman, Germany). Aliquots of 500 µg total protein extract were diluted to 1
ml with lysis buffer and incubated with 5 µl anti-Jak2 antibody and 100 µl
Protein-A agarose bead slurry over night at 4° C. Agarose beads were
collected by centrifugation for 5 sec at 14,000 rpm and than washed three
times in ice cold lysis buffer. Samples were heated for 10 min at 75° C in 2x
NuPAGE-LDS sample buffer containing 5% v/v 2-mercaptoethanol and
proteins were subjected to NuPAGE Tris-acetate gel electrophoresis using a
2-8% gradient gel. The gels were fixed in 40% methanol, 10% acetic acid,
50% H2O for 15 min, saturated with Amplify solution (Amersham Bioscience),
dried and autoradiographed using Hyperfilm ECL (Amersham Bioscience).
For quantification of JAK2 synthesis and degradation, labelled bands were
captured and analysed using the ImageMaster VDS (Amersham Bioscience).
3.10.1.2 Immunohistochemistry and Immunocytochemistry
Immunohistochemistry is a method to detect the presence of proteins of
interest in cells or tissues and consists of the following steps:
1) primary antibody binds to the protein (antigen);
2) antibody-antigen complex is bound by a secondary, enzyme-conjugated,
antibody;
3) in the presence of substrate and chromogen, the enzyme forms a colored
deposit at the sites of antibody-antigen binding.
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3.10.2 Table 2
PCR primer
JAK2-f
JAK2-r
β-2M-f
β-2M-r
M-13-f
M-13-r
SOCS-1-f
SOCS-1-r
Cyclin D1-f
Cyclin D1-r
RB1-f
RB1-r
HPRT-1-f
HPRT-1-r
SOCS-1-Age I
SOCS-1-Nhe I

5’-sequence-3’
AAGCCACTGCCAGAAACTTG
ACTGAATTCCACCGTTTCCA
TGTCTTTCAGCAAGGACTGG
GATGCTGCTTACATGTCTCG
GTTTTCCCAGTCACGAC
GTCATAGCTGTTTCCTG
AGAGCTTCGACTGCCTCTTC
AGGGGAAGGAGCTCAGGTAG
CGTGGCCTCTAAGATGAAGG
CTGGCATTTTGGAGAGGAAG
GGAAGCAACCCTCCTAAACC
TTTCTGCTTTTGCATTCGTG
GACCAGTCAACAGGGGACAT
CTTGCGACCTTGACCATCTT
GATCACCGGTAGATGGTAGCACACAACCAGG
TCGAGCTAGCAACACGGCATCCCAGTTAATG

EMSA-probe
β-Casein-f
β-Casein-r

AGGAGATTTCTAGGAATTCAATCC
AGGGGATTGAATTCCTAGAAATCT

Table 2. Oligonucleotides used for PCR and EMSA (MWG)

3.11 Chemicals, Reagents and Devices
3.11.1 Enzymes
Reaction conditions were according to the manual instruction.
Klenow-Polymerase (USB)
T4-DNA-Ligase (Amersham)
Taq-DNA-Polymerase (Qiagen)
Proteinase K (Roth)
RNase A (Roche)
3.11.2 Standards
1kb Ladder (Invitrogen)
100bp Ladder (Invitrogen)
Precision Plus Protein Standard (Bio-Rad)
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SeeBlue Pre-Stained Standard (Invitrogen)
3.11.3 Ready to use Kits
ECL-System (Amersham Biosciences)
Enhanced ECL-System (Amersham Biosciences)
RNA Isolation Kit (Qiagen)
DNA isolation Kit (Qiagen)
Wizard Plus SV Minipreps DNA purification System (Promega)
Wizard Plus SV Gel and PCR Clean-Up System (Promega)
Wizard Plus SV DNA Clean-Up System (Promega)
RNA 600 Nano Reagents and Supplies (Agilent Technologies)
DNA 500 and DNA 1000 Reagents and Supplies (Agilent Technologies)
3.11.4 Used Materials
Cell culture plates (6 well; Nunc)
Cell culture flasks (25cm2 und 75cm2;Nunc)
Cell culture plates (94mm und 145mm; Nunc)
Centrifugation falcons (15 und 50ml;Nunc)
Electroporations-Cuvettes (0,1cm, 0,2cm und 0,4cm; Amaxa)
Eppendorfs (1,5ml; 1,5ml; 2 ml; Eppendorf)
Freezing vials (1.8ml; Nunc)
Neubauer-Cellchamber (Brand)
Plasticpipettes (1ml; 2ml; 5ml; 10ml; 25ml; Nunc)
Pasteur pipettes (VWR)
Petridishes (94mm und 145mm; Nunc)
Pipett Tips (10µl; 200µl; 1ml; Eppendorf)
PCR tubes (Eppendorf)
PS Disposable Cuvettes (Plastibrand)
Röntgenfilms (Amersham)
Syringes and needles (BD Microlance)
UV Cuvette micro (Plastibrand)
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3.11.5 Membranes and Filters
Filters (Schleicher& Schuell)
Hybond-C extra (Fa.Amersham)
Hybond-N (Fa.Amersham)
3MM Whatman Papier (Schleicher& Schuell)
PVDF (Fa.Millipore)
Sterilfilters (0,22µm und 0,45µm; Schleicher& Schuell)
3.11.6 Devices
Analysesbalance (Satorius)
Autoclave (H+P, München)
Bidest-Device (Millipore)
Cryostat (Gefrierschnitt-Mokrotom)
Eppendorfzentrifuge (Centrifuge 5417 C, 5417 R; Eppendorf)
Eismaschine (Ziegra)
Electroporator (Amaxa)
Eppendorf Shaking Termostat Device (Eppendorf)
Filmsdeveloper (Tetenal)
-80°C Freezing Compartments (Heraeus)
Gel chamber (AGS)
Glasses (50, 100, 500, 1000ml; Schott)
Heraeus-Centrifuge (Heraeus)
Horizontal Shaker (Köttermann)
Hybridising Incubator (Bachofer)
Incubator (37°C –cell culture; Nunc)
Incubator (37°C –bacterias; Memmert)
Light Cycler (Bio-Rad)
Magnet agitator (Heidolph)
Micropipettes (P10; P20; P100; P200; P1000; Eppendorf)
Microscope (Zeiss)
Microwave Oven (Macrom Professionals)
PCR Machines (MWG Biotech)
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pH-Meter (WTW)
Pipettboy (Hirschmann EM)
Photometer (Amersham Biosciencies)
Refrigerator& Freezing Compartments (Liebherr; Bosch)
Shaking incubator (Köttermann)
Scintillations-Counter (Beckmann)
Semidry-Blotting Device (Bio Rad)
Sensitivebalance (Scaltec)
Vacuum dryer (Hetovac)
Sterile bench (Labotech)
Thermocycler (Bio-Rad)
Overhead Shaker (Sijders)
Ultra Turrax T25 (Fa.Janke&Kunkel)
Ultracentrifuge und VTi65-Rotor (Fa.Beckmann)
UV-Device (Herolab)
UV-Videosystem (Pharmacia Biotech)
Vortex (Heidolph)
Waterbath (GFL)

For the evaluation of the measured data and preparation of the manuscript
were used the following programs:
Word 98
Exel 98
Canvas 6
Netscape Navigator 4.7
Cricket Graph III
Adobe Photoshop 5.0
3.11.7 Chemicals
Acetic Acid (Roth, Karlsruhe), Aceton (Merck, Darmstadt), Agarose (Roth,
Karlsruhe), Agarose (for routine use) (Sigma, Deisenhofen), Acrylamid
(Serva), 3-Amino-9-Ethylcarbazol (Sigma, Deisenhofen), Ammonium acetate
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(Merck, Darmstadt) Ammonium chlorid (Fluka, München), Ammoniumsulphat
(Merck, Darmstadt), Amphotericin B (Biochrom, Berlin), Ascorbic acid (Merck,
Darmstadt)
Benzylamine (Sigma, Deisenhofen), Boric Acid (Pharmacia, Uppsala,
Schweden), Bicin (Roth, Karlsruhe), Bis-Tris (Sigma, Deisenhofen)
CalciumChloride

(Roth,

Karlsruhe),Chloralhydrat

(Fluka,

München),

Chloroform (Merck, Darmstadt), Chlorhidric acid, 1mol/l (J.T.Baker, Deventer,
Niederlande),
Collagenase (Sigma, Deisenhofen), Collagen R (Serva, Heidelberg), Cytric
acid (Merck, Darmstadt)
Deoxycholic acid (Sigma, Heidelberg), N,N Dimethylformamid (Fluka,
München), DNase I, RNase-frei (Boehringer Mannheim, Mannheim), 1,4Dithiothreitol (Serva, Heidelberg), Dextran (Pharmacia, Uppsala, Schweden),
DMSO (Merck, Darmstadt)
EDTA

(AppliChem,

Darmstadt),

Ethanol

abs.

(Merck,

Darmstadt),

Ethidiumbromid (Merck, Darmstadt), Ethylenglycol-bis (2-Aminoethylether)N;N,N’,N’-Tetraacetic acid (Serva, Heidelberg)
Ferric Nitrate (Sigma, St.Louis USA), Formamide (Fluka, Buchs, Switzerland)
Gentamycinsulfat (BioWhittaker, Walkersville, MD), Giemsas-Solution (Merck,
Darmstadt), L-Glutamin (BioWhittaker, Walkersville, MD), Glycerin(Merck,
Darmstadt),

Gelatine (Sigma Steinheim), Glycin (AppliChem, Darmstadt),

Glycogen (Boehringer Mannheim, Mannheim)
Hepes (Roth, Karlsruhe), L-hystidine (Sigma, St.Louis USA)
Isopropanol (Merck, Darmstadt)
Kaliumaluminiumsulfat (Fluka, München), Kaliumchlorid (Fluka,
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(Fluka,

München),

Kaliumdihydrogenphosphat (Fluka, München)
Magnesiumchlorid (Merck, Darmstadt), Magnesiumchlorid-Lösung (Qiagen,
Hilden), Magnesiumsulphat (Sigma, St.Louis USA), May-Grünwald EosinMethylenblau-Lösung

(Merck,

Darmstadt),

β-Mercaptoethanol

(Merck,

Darmstadt), Methanol (Merck, Darmstadt), Mineralöl (Nujol) (PerkinElmer,
Norwalk, Conneticut)
Natriumacetat

(Fluka,

Natriumchlorid

(Fluka,

München),
München),

Natriumazid

(Fluka,

München),

Natriumcarbonat(Merck,

Darmstadt),

Natriumcitrat (Merck, Darmstadt), Di-Natriumhydrogenphosphat (J.T.Baker,
Deventer, Niederlande),
Natriumhydroxid, 1mol/l (J.T.Baker, Deventer, Niederlande), NatriumhydroxidPlätzchen (Merck, Darmstadt), Natruimiodat (Fluka, München),
PBS Dulbeccos’ w/o Ca2+/Mg2+/Na2CO3 (Gibco BRL,
Gaithersburg, MD), Penicillin / Streptomycin (BioWhittaker, Gaithersburg,
MD),

Propidiumiodid

(Sigma,

Deisenhofen),

Polyacrylamide

(Aldrich,

Milwauke USA), Ponceau-S (Sigma, Deisenhofen), Protein-Assay Bio-Rad
(Bio-Rad, München)
Q-Lösung (Qiagen, Hilden)
RPMI 1640 Medium without L-Glutamine (Gibco BRL, Gaithersburg, MD)
SDS (Serva Heidelberg), Streptavidin-biotinylated Horseredish Peroxidase
Komplex (Amersham, Arlington Heights, IL)
TEMED (Sigma, St.Louis USA), NNNN Tetramethylenediamine (Roth,
Karlsruhe), Tricin (Roth, Karlsruhe), Tris (Fluka, München), Triton X-100
(Merck, Darmstadt), Trypsin Versene/EDTA (500 mg/L1:250/EDTA 200 mg/l)
(BioWhittaker, Walkersville, MD)
X-gal

(Roth,

Karlsruhe),Xylol

(Merck,

Darmstad
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4. RESULTS
4.1 Jak2 DNA Level and its Expression in MedB-1, a Mediastinal
B-cell Lymphoma Cell Line.
Primary mediastinal B-cell lymphoma (PMBL) is a locally aggressive tumor
having

histopathological,

immunological

and

molecular

cytogenetic

characteristics that classify PMBL as a distinct subtype of diffuse large B-cell
lymphoma.
In PMBL (142) comparative genomic hybridization indicated several genomic
imbalances in particular a gain in chromosomal arm 9p that includes Jak2
locus (124).
Jak 2 is a member of Jak family of kinases (Janus Kinases) which comprises
4 members (Jak1, Jak2, Jak3 and Tyk2). Upon cytokine stimulus, receptors
undergo conformational changes that bring Jaks into proximity with each
other, which enables their activation through tyrosine phosphorylation. The
activated Jak phosphorylate the cytoplasmic domains of the receptor, thereby
creating docking sites for Src-homology 2 domain (SH2) containing signaling
proteins.
Although this pathway was initially found to be activated by interferons (IFNs)
it is now known that a large number of cytokines, growth factors and hormons
activate Jaks (4).
In order to distinguish between the effect of Jak2 gene amplification and the
constitutive activation of Jak2 observed in MedB-1 cells Jak2 DNA content
was analyzed together with mRNA level as well as Jak2 protein expression
and the rate of phosphorylation in MedB-1 cells, L428 a Hodgkin Lymphoma
cell line, the Burkitt`s Lymphoma cell line Ramos and autologous fibroblasts
obtained from the parental tumor of MedB-1.
Similar to MedB-1, L428 harbors a 9p23-p24 amplification and presents an
increased copy number of the chromosomal region spanning the tyrosine
kinase gene Jak2 (143).
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4.1.1 Determination of Jak2 DNA Level
In RealTime-PCR experiments Jak2 genomic DNA content in the lymphoma
cell lines and autologous fibroblasts was analyzed. Jak2 DNA level from
MedB-1 and L428 was compared with that from autologous fibroblasts
obtained from the parental tumor of MedB-1 cell line

Figure 7. Jak2 DNA level
There was analyzed the Jak2 DNA content in Mediastinal B-cell Lymphoma
line MedB-1cells and L428 Hodgkin lymphoma cell line and related to that of autologous
fibroblasts

and Jak2 DNA level was found to be about two fold higher in MedB-1 and
L428 cell lines in comparison with the autologous fibroblasts of MedB-1.
These findings are in correlation with FISH experiments showing more than
two copies of Jak2 in these lymphoma cell lines.
4.1.2 Determination of Jak 2 mRNA Level
In order to examine a gene dosage effect of Jak2 gene amplification on its
mRNA expression RT-Real-Time-PCR experiments were performed. The
mRNA levels of Jak2 were quantified in Hodgkin L428 cells, PMBL line MedB1, Burkitt`s lymphoma Ramos cell line and peripheral B-lymphocytes.
Jak2 expression in L428 was 3 times higher compared to those of MedB-1
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Figure 8. Jak2 mRNA expression
Expression of Jak2 mRNA in PMBL (MedB-1) and Hodgkin cell line
(L428) were compared with those in Burkitt`s line Ramos and
peripheral B-lymphocytes

whereas compared to peripheral B-lymphocytes and Ramos cells in MedB-1
cells Jak2 mRNA expression was about four-fold higher.
4.1.3 Jak2 Protein Expression
To determine whether the high expression of Jak2 in MedB-1 and L428 cells
leads to an elevated Jak2 protein level in these cell lines, total protein lysates
of the cells were separated by PAGE and analyzed by Western blotting using
specific antibodies directed against Jak2 and its phosphorylated form.
Although there are marked differences between Jak2 mRNA levels in MedB1, L428 and Ramos cell lines, this was not reflected at the Jak2 protein levels.
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Figure 9. Western Blot analysis of Jak2
Jak2 protein expression was measured in protein extracts of
Karpas1106P, Ramos, L428 and MedB-1 cell line, 20µg protein being subjected per lane
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20µg of total protein cell lysate was subjected per lane and Jak2 protein
expression was detected using an anti-Jak2 antibody. It could be stated that
the level Jak2 protein, which migrates at about 130kDa, was approximately
comparable in the four cell lines.
Knowing that not Jak2 but its phosphorylated form is responsible for initiating
the signal transduction, the state of phosphorylation was analyzed in Western
blotting.
An anti-phospho Jak2 antibody detected a strong band located at 130kD in
MedB-1cells.
In comparison to MedB-1 cells in L428 and Ramos cell lines Jak2
phosphorylation was virtually absent.
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Figure 10. Western Blot analyses of phospho-Jak2
Jak2 phosphorylation was measured in total protein extracts using an anti-phospho-JAK2
antibody specific for Jak2 phosphorylated at tyrosine Y1007 and Y1008

4.2. STAT5 Expression and the Rate of Phosphorylation.
Among the Jak2 targets which are activated by tyrosine phosphorylation are
the signal transducers and activators of the transcription family of proteins
(STATs).
In addition to ligand-induced autophosphorylation, Jaks also phosphorylate
intracellular tyrosine residues on cytokine receptors, thus creating docking
sites for SH2 (Src homology 2) containing proteins such as STATs. Attached
STATs also become tyrosine phosphorylated by Jak kinases. The next step
was to analyze the expression of STAT5 which is a downstream target of
Jak2 as well as its state of phosphorylation. STAT5 encodes two genes
STAT5 A and STAT5 B that share 93% identity at the protein sequence. To
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measure the protein level by Western Blot technique an antibody against
STAT5A/B was used.
STAT5 proteins were found to be highly expressed in MedB-1 and L428 cell
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Figure 11. Western Blot analysis of STAT5 and its state of phosphorylation
Stat5 protein expression was measured using an anti-STAT5AB antibody which recognizes
both isoforms of STAT5. STAT5 phosphorlation was measured In MedB-1, L428, Ramos cell
lines using an anti-phospho STAT5 antibody

STATs are activated by phosphorylation following formation of homo- or
hetero-dimers which translocate into the cell nucleus where they are active as
transcription factors. For studying STAT5 phosphorylation in the B-cell
lymphoma cell lines anti-phospho-STAT5 antibody was used in the immuno
blot.
The anti-phospho STAT5 antibody detected in MedB-1 cells a highly
phosphorylation rate of STAT5 which migrates at approximately 90kDa, while
STAT5 phosphorylation is definitely lower in L428 and virtually absent in
Ramos cell line.
Immuno blots of β-actin were used as loading control of the proteins amounts
separated by PAGE
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4.2.1 Determination of STAT5 DNA Interaction in Nuclear Protein
Extracts of MedB-1 cells.
The process of packaging DNA in the cell, regulating the expression of
individual genes, and then reading/translating of the encoded sequences,
requires the interplay of large numbers of non-specific and specific DNA
binding proteins.
It is known that binding of cytokines to specific receptor molecules leads to
phosphorylation and activation of receptor associated members of the Janus
kinase family. This is followed by tyrosine phosphorylation of the associated
receptor and members of the STAT (signal transducer and activator of
transcription) family of proteins. Phosphorylation is accompanied by STAT
dimerisation, their translocation in the nucleus where they initiate the
transcription of genes important in cell cycle regulation and cell proliferation.
Activation of gene transcription is mediated by the binding of STAT dimers to
palindromic STAT response elements. A number of areas of confusion
remain; not at least the mechanism by which multiple cytokines signal via a
limited number of STATs.
Non-activated Jak2 and STAT5 are unable to participate in a complex
formation.
In order to show the DNA binding of STAT5 in MedB-1 cells an EMSA
(Electrophoretic Mobility Shift Assay) was performed using a

32

P- labelled β-

casein promoter region containing the STAT5 DNA binding motif and nuclear
protein extracts from MedB-1 cells. For showing the specificity of protein/DNA
binding an inhibition experiment was performed using various amounts of
unlabelled probe and in addition, co-incubation of the protein extracts with
anti-STAT5 antibodies.
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Figure 12. DNA binding of STAT5 in MedB-1 cell extracts
EMSAs were performed using a 32P- labeled β- casein gene promoter region containing the
STAT5 DNA binding motif and nuclearprotein extracts from MedB-1 cells:
Lane A: Competition with unlabeled probe
Lane B: Inhibition of complex formation by STAT5 antibodies
Lane C: EMSA on nuclear extracts from MedB-1 cells treated with 20µM Tyrphostin

Nuclear protein extract from MedB-1 formed a strong protein-DNA complex in
which the labeled probe was totally replaced by a 100-fold molar excess of
unlabelled probe (Lane A). Pre-incubation of protein extracts with anti-STAT5
antibodies did not result in a complex shift but inhibited complex formation.
DNA binding was totally inhibited by the anti-STAT5 antibody against
STAT5A/B and STAT5B. The fact that an anti-STAT5B antibody extensively
diminished the probe/DNA complex formation indicates that, in MedB-1 cells,
STAT5B is the dominant DNA binding partner (Lane B).
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AG 490 is an inhibitor of Jak2 which has also been shown to inhibit the
autokinase activity of Jak3 and cytokine-mediated Jak3/STAT5A/B signal
transduction and cellular proliferation of antigen-activated human T cells.
Inhibition of Jak2 by AG 490 selectively blocks leukemic cell growth in vitro
and in vivo by inducing programmed cell death, with no harmful effect on
normal hematopoiesis.
The prolonged life time of activated Jak2 on STAT5 phosphorylation was
shown by the action of AG 490. No immediate inhibitory response on STAT5
DNA complex formation was observed using protein extracts from MedB-1
cells incubated with 20 µM AG 490. After 2 days of treatment with this Jak2
kinase inhibitor, the reduction in complex formation was minimal while a
clearly diminished STAT5 probe binding was achieved after 5 days of
treatment (Lane C).
The competition with unlabeled probe and the inhibition of complex formation
by anti-STAT5 antibodies showed the specificity of protein/DNA binding.

4.3 Regulators of Jak2 Activity in MedB-1 Cells
Jaks are regulated through various mechanisms mainly at the posttranslational level
-SHP family of SH2 domain containing phosphatases (Non-receptor
Protein tyrosine Phosphatases. PTPs)
SHP-1 and SHP-2 are two members of the SHP family in mammals. SHP-1
negatively regulates cytokine signal transduction by dephosphorylation of
signalling proteins such as IL-4 receptor, c-kit receptor and Jak2.
-PTP receptor type Protein tyrosine Phosphatases:
Cd 45 is a receptor PTP which is highly expressed in haematopoietic lineages
at all stages of development and is a key regulator of antigen receptor
signalling in T and B cells. CD45 is a haematopoietic Jak phosphatase that
negatively regulates cytokine receptor signalling.
- SOCS protein family (Suppressor of Cytokine Signalling)
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SOCS box acts as an independent binding domain for the elongin BC
complex (17) which, in turn, couples SOCS proteins and their substrates to
the proteasomal degradation pathway.
- Ubiquitinylation and ISGylation.
The stability of Jak2 seems to be regulated via SOCS-1-ubiquitin-proteasome
pathway. Still further studies are required to understand the precise
contribution of protein ubiquitinylation to the regulation of Jaks under
physiological conditions.
4.3.1 Expression of Jak 2 Regulators in Ramos, L428 and MedB-1 Cell
Line
In order to detect the cause of high constitutive Jak2 phosphorylation it was
examined the mRNA expression of known regulators of Jak2 activity :
phosphatases SHP1, SHP2, the leukocyte common antigen CD45 and the
suppressor of cytokine signaling, SOCS-1 and SOCS-3 by RT-PCR.
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Figure 13. Comparative RT-PCR analysis of Jak2 regulators in Ramos, L428 and MedB1 cells
RT-PCR performed on RNA from Ramos, L428, MedB-1 cells with specific PCR primer pairs
to detect the expression of indicated genes
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In MedB-1 cells as in Ramos and L428 cells SHP1 and SHP2 proved to be
normal in length corresponding to gene data bank and in abundance in
comparison with house keeping gene HPRT1.
CD45 expression in Ramos and L428 proved to be normal whereas in MedB1 cells was barely detectable.
SOCS-3 expression proved to be normal in L428 cells and MedB-1, while
being absent in Ramos cell line.
The

PCR

product

amplified

with

SOCS-1

primers

showed

after

electrophoresis in Ramos and L428 cells one band corresponding in length
with wt-SOCS-1, while in MedB-1 cells there were obtained two truncated
DNA bands instead of the expected 201bp band resulting with wild type
SOCS-1.
Taken together these results indicated that: in Med B-1 cells the expression of
SHP1, SHP2 and SOCS-3 proved to be normal corresponding in length to
gene data bank and in high amounts whereas CD 45 expression was bearly
detectable in comparison with the house keeping gene HPRT 1 and SOCS-1
showed to be biallelicly truncated.
4.3.2 Expression of Jak 2 Regulators in Karpas 1106P Cell Line
Karpas 1106P is another mediastinal lymphoblastic B-cell non-Hodgkin
lymphoma (B-NHL).
Karpas 1106P was established from the pleural effusion of a 23-jear old
woman with mediastinal lymphoblastic B-cell non-Hodgkin lymphoma (B-NHL)
at relapse in 1984.
Karpas 1106P presents an unusual three-way translocation involving 18q21.3,
juxtaposing with the lack of BCL2 rearrangements and expression. Identical
translocations were subsequently detected in about 30% of diffuse B-NHL and
rarely in acute leukemia of mature B-cells and B-cell chronic lymphoid
leukemia (B-CLL) (128).
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Figure 14. Comparative RT-PCR analysis Jak2 regulators in Karpas1106P cell line
PCR was performed on cDNA from Karpas 1106P cell line using specific primers for SOCS-1,
SOCS-3, CD45, SHP1, SHP2 and HPRT-1 expression.

PCR was performed on cDNA from Karpas 1106P cell line using SOCS-1,
SOCS-3,

CD45,

SHP1,

SHP2

primers

and

Hypoxantine

Guanine

Phosphorybosyltransferase1(HPRT-1) as a house keeping gene. In contrast
with the other cell line analyzed, Karpas 1106P show no expression of SOCS1 but a strong expression of SOCS-3, CD45, SHP1 and SHP2.

4.4 MedB-1 Cells Contain Biallelic Mutations in the Coding Region
of SOCS-1
4.4.1 SOCS-1 Expression in MedB-1 cell line:
SOCS-1 it is known as JAB i.e. Jak binding protein or SSI-1, STAT-induced
STAT-inhibitor 1. SOCS-1 is consisting of a central SH-2 domain and a highly
conserved C-terminal domain named SOCS box.
This domain associates with the elongins B and C to the elongin BC complex
which, in turn, couples SOCS proteins and their substrates to the proteasomal
degradation.
It is know that following the expression of SOCS-1, tyrosine phosphorylated
Jaks and STATs are greatly reduced. So the status of SOCS-1 in Med B-1
cells was analyzed.
The

PCR

product

amplified

with

SOCS-1

primers

showed

after

electrophoresis two truncated bands instead of the expected 201bp band
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resulting with wild-type SOCS-1. These abnormal bands were extracted and
subjected to sequencing.
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Figure 15.Mutational analyses of the SOCS-1 gene of MedB-1
A. Gel view of an DNA 1000 LabChip TM bio sizing assay
Lane 1: SOCS-1 mRNA specific PCR products from RT-PCR assay on
RNA derived from MedB-1 cells and autologous fibroblasts (Lane2).
Lane 3, 4 and 5 specific SOCS-1 gene fragments amplified by PCR on
DNA separated from MedB-1 cells, autologous fibroblasts and tumor
tissues. The sequence appeared as the 201bp band.
B. Detailed sequencing chromatogram of the 193bp PCR product
indicating an 8bp deletion (red sequence) causing a reading frame shift
(altered protein sequence in italics).
C. Detailed sequencing chromatogram of the 177 bp PCR product
indicates an in frame deletion of 24 nucleotides (red) and loss of 7
amino acids.
DNA and protein sequences are numbered relative to the start codon
as 1.

The separated PCR products were run on a DNA 1000 Lab Chip assay. As
the coding sequence is located on exon 2, PCR products of 193 and 177bp
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length were obtained using cDNA (Lane 1) or DNA templates of MedB-1
(Lane 3). The identical intensities of the two bands formed on DNA reveal a
deletion mutation of 8 bp on allele A and 24 bp on allele B. SOCS-1 mutations
are restricted to the lymphoma since SOCS-1 amplification using cDNA and
DNA from autologous fibroblasts yielded wild-type sequences (Lanes 2).
Lanes 3, 4 and 5 represent specific SOCS-1 gene fragments amplified by
PCR on DNA separated from Med B-1 cells (lane 3), autologous fibroblasts
(lane 4) and tumor tissue (lane 5). Wild-type sequence of SOCS-1 appears at
201 bp.
The detailed sequencing chromatogram of the 193bp PCR product indicates
an 8bp deletion (red sequence) causing a frame shift mutation at nucleotide
525 of the coding sequence leading to a C-terminal nonsense protein
sequence up to amino acid 176 which is dominantly expressed in MedB-1
cells.
The detailed sequencing chromatogram of the 177 bp PCR product indicates
an in frame deletion of 24 nucleotides (red sequence) and a loss of 7 amino
acids from position 184 to 190 in the SOCS-1 protein sequence.
The biallelic mutation in the SOCS-1 gene of MedB-1 cells and its lymphoma
of origin involves the C-terminal region of the protein including the SOCS-box
domain.

4.5 Impaired Degradation of Jak 2 Protein in MedB-1 cells
As it is known SOCS-1 functions as an adapter molecule in mediating
proteasomal degradation through its SOCS box domain and targets in this
manner wt-Jak 2 for ubiquitinyation and proteasomal degradation.
In order to examine the cause of the elevated activity of Jak2 in MedB-1 cells,
de novo Jak2 protein synthesis and its rate of degradation was studied in
pulse and chase experiments.
MedB-1 cells and L428 Hodgkin cells as control were pulsed for 30 min with
35

S-methionine / cysteine and than chased in complete medium.
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Figure 16. Turnover of Jak2 protein
MedB-1 cells and L428 were pulsed with
chased for the indicated times
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S-methionine /cysteine for 30 minutes and than

At the indicated time points protein extracts were made from the cells and
Jak2 protein was immunoprecipitated and subjected to SDS-PAGE and
autoradiography. Immediately after the pulse and after 4 hr of chase no
significant difference of the

35

S- incorporation in the total proteins of MedB-1

and L428 cells were measured
At time zero we detected 4.6x104 and 4.2x104 x104 cpm/µg protein,
respectively and after 4 hours chase measured 2.9 x104 and 2.7 x104 x104
cpm/µg protein, respectively.
However comparing the signals oft the immunoprecipitated

35

S-Jak2 in the

autoradiograms at time zero, a striking difference in Jak2 synthesis by L428
cells and MedB-1 cells emerged as de-novo Jak2 synthesis was abnormally
low in MedB-1 but not in L428 cells. In addition, the turn-over of

35

S-Jak2 in

MedB-1 cells was strikingly protracted compared with that in L428 cells
(Figure 3A). Analysis of the intensities of the

35

S-Jak2 bands using the

ImageMaster VDS software revealed that the half life time of Jak2 was found
to be more than 4 hr in MedB-1, while being around 1 hr in L428 cells.

4h
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4.6 Impaired Degradation of Jak2 in Karpas 1106P Cells vs.
Ramos Cells
Analyzing Jak2 activity in Karpas 1106 cells which completely lack expression
of SOCS-1 at the RNA level vs. Ramos cells that express wt SOCS-1 mRNA
transcripts, primarily results indicated a delayed protein degradation of Jak2 in
Karpas 1106P. In Ramos cell line when comparing the signals of

35

S-Jak2 at

time 0 with that at time 4 hours there is to be seen a continuously decreasing
Jak2 protein activity.
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Figure 17. Time dependent degradation of Jak2 in Karpas1106P and Ramos cell lines
Protein extracts from Karpas1106P and Ramos cell lines containing 35S methionine/cysteine
were used for immunoprecipitation with anti-Jak2 antibody, the activity being counted by
scintilator
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These data also support the assumption that loss of function SOCS-1 might
be the reason for sustained action and low turnover of phospho-Jak2.

4.7 Ectopic wt-SOCS-1 Expression Inhibits Cell Proliferation of
MedB-1 Cells
SOCS-1 was found to be biallelicly mutated in the SOCS-box region of MedB1, which may cause the delayed degradation of Jak2 protein. In order to
evaluate the effect of ectopic wt SOCS-1 expression on cell proliferation of
MedB-1cells were performed transfection experiments using a wt.SOCS-1
expression vector.
To measure the MedB-1 proliferation rate, cell numbers were counted at the
indicated time points in various culture conditions. In addition, the effect of
ectopic SOCS-1 expression on the phosphorylation rate of Jak2 and STAT5
was analyzed by Western blots using protein extracts derived from MedB-1
cells 48h after transfection with an empty vector (mock) and a wt.SOCS-1
expression vector.
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Figure 18.
A: MedB-1 cell proliferation assay
B: Western blot analysis of wt-SOCS-1 transfected MedB-1cells
Proliferation assays were performed with MedB-1 cells, MedB-1 cells 48 hours after SOCS-1
transfection and MedB-1 treated with Tyrphostine AG490 a Jak2 inhibitor
Western Blots were performed using protein extracts derived from MedB-1cells mock
transfected and MedB-1 cells 48hours after SOCS-1 transfection

In complete medium

MedB-1 cells have a doubling time of about 24h. In

medium supplemented with tyrphostin AG 490

, a Jak 2 inhibitor, was

observed a decreasing rate of proliferation, the doubling time being extended
to 48h. Analyzing the proliferation rate of MedB-1 transiently transfected with
SOCS-1 expression plasmid

a much more striking effect was obtained:

the cells are growing slower having a doubling time of about 4 days.
Comparing the proliferation rate of MedB-1 cells with that of MedB-1
transfected with the empty vector (mock)

there is no significant difference.

To evaluate the influence of ectopic wild-type SOCS-1 expression on the
Jak2/STAT5 activation in MedB-1 cells, Western blot was performed using
protein extracts derived from MedB-1 cells 24 and 48 hours after SOCS-1
transfection. It could be stated that the effect of diminished cell proliferation of

RESULTS

72

MedB-1 transfected with SOCS-1 is accompanied by reduced expression of
Jak2 and STAT5 proteins in SOCS-1 MedB-1 transfectants compared to
MedB-1 cells transfected with the empty vector (mock-transfectants). A much
more diminished rate of phosphorylated Jak2 and STAT5 protein was
achieved in the SOCS-1 transfectants compared to mock transfectants.

4.8 wt-SOCS-1 Modifies Expression of Cell Cycle Regulatory
Proteins
Cyclin D1
It is known that aberrant signalling through a number of upstream pathways
can result in constitutively activated STATs in tumor cells, leading to
malignant progression via a few common biologic mechanisms involving
prevention of apoptosis by and dysregulation of cell-cycle progression by
upregulation of Cyclin D1 gene expression.
Retinoblastomaprotein-1 (Rb-1)
Retinoblastoma gene Rb-1 is one of the best-studied tumor suppressor gene.
Mutations in Rb-1 gene are often associated with the occurrence of various
tumors. The activity of Rb-1 protein is regulated through phosphorylation in a
cell cycle-dependent manner. The hyperphosphorylated Rb-1 protein (pRb)
usually associates with the cell nucleus and binds transcription factors of the
E2F family. pRb also represses transcription of its targets such as cdc2, cyclin
A, c-myc, and c-fos through the binding with E2F factors, thus regulating cell
proliferation.
To find out which of these genes are involved in maintaining the high
proliferation rate in MedB-1 cells there were performed RT-PCR experiments
on cDNA derived from MedB-1 and L428 cells cultured in complete medium,
cells treated for 5 days in medium containing 20 µM AG490 or 10 µM 5-azadeoxycytosine and MedB-1 cells transiently transfected with a wt-SOCS-1
expression vector.
5-aza-deoxycytidine has been used both in vitro and in vivo to inhibit DNA
CpG methylation.
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DNA methylation
Studies demonstrated that methylation of cytosine in CpG dinucleotides of the
DNA is a fundamental feature of genome that can play an instrumental role in
cancer processing. It seems clear that DNA methylation plays a variety of
roles in different cancer types and probably at different stages of
oncogenesis. DNA methylation is intricately involved in a wide diversity of
cellular processes.
By the means of RT-PCR was analyzed the expression pattern of selected
genes SOCS-1, Cyclin D1, Retinoblastomaprotein-1 and HypoxantineGuanine Phosphorybosyltransferase (HPRT-1).

Figure 19. wt-SOCS-1 modifies expression of cell cycle regulatory proteins
RT-PCR experiments on cDNA derived from MedB-1 cells,
MedB-1 treated for 5 days with Tyrphostine or 10µM 5-aza-deoxycytosine and MedB-1
transiently transfected with a wt-SOCS-1 expression vector.
The expression pattern obtained by RT-PCR of selected genes SOCS-1, cyclin D1,
Retinoblastoma-1 (Rb-1) and house keeping gene HPRT-1
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In the case of MedB-1, two truncated bands were obtained corresponding to
193 bp and 177 bp of length using the SOCS-1 primers.
Cyclin D1 expression was detectable whereas no Rb-1 message was found in
these cells. Treatment with AG 490 Tyrphostine, a Jak2 inhibitor, showed a
slight down-regulation of Cyclin D1 but no striking difference in the expression
of other genes. 5-aza-deoxycytosine a demethylating agent functioned in a
slight increase of Cyclin D1 message and an induction of the expression of
Rb-1
Strikingly responses on gene expression were achieved in MedB-1 cells
transiently transfected with wt-SOCS-1. Using the SOCS-1 primers was
exclusively obtained the 201 bp PCR product corresponding in size with wtSOCS-1 transcript. Analyzing the transfectants a downregulation of Cyclin D1
gene expression and an unexpectedly Rb-1 gene induction to levels
exceeding those obtained by DNA demethylation was observed.
As control were used L428 cells in which was detected a 201bp fragment
corresponding to wt –type SOCS-1 transcript and the presence of Cyclin D1
and Rb-1 transcripts.

4.9 wt-SOCS-1 Inhibits STAT 5 DNA Binding Activity
To investigate a possible function of wt-SOCS-1 expression in MedB-1 cells
on the activation of the Jak/STAT signaling cascade was performed an
Electrophoresis Mobility Shift Assay (EMSA) in order to measure STAT5
binding towards a

32

P-labeled oligonucleotide which contains the STAT5

binding site of the β-casein promoter (Table 2).
A strong protein/DNA complex is formed by nuclear extracts from MedB-1
cells with the specific STAT5 DNA probe. Comparable

intensities were

obtained in experiments with protein extracts from MedB-1 cells transfected
with the empty vector (mock) but the intensity dropped to about one-third
when using protein extracts of MedB-1 cells being transiently transfected for
48 h with a wt-SOCS-1 expression vector.
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Figure 20. DNA binding of STAT5 in MedB-1 cells is inhibited by wt-SOCS-1
STAT5 DNA probe binding in protein extracts from MedB-1 cells, MedB-1 cell 48hours after
SOCS-1 transfection, MedB-1 cells mock transfected

The results lead to the conclusion that MedB-1 cells and its lymphoma of
origin present a biallelic loss of function mutation of SOCS-1 gene. The
mutated SOCS-1 proteins critically interact with the Jak/STAT signalling
pathway being unable to diminish Jak2 phosphorylation and activation. Jak2
kinase in turn phosphorylates STAT5 and induces cyclin D1 resulting in an
accelerated proliferation of MedB-1 cells.

4.10 SOCS-1 Mutations in PMBL
An important question is whether the SOCS-1 mutation in MedB-1 lymphoma
is a single event or more frequent in PMBLs. The open reading frame of
SOCS-1 in DNA extracts from 20 cryo-stored mediastinal B-cell lymphomas
was amplified by PCR and the sequences compared with the gene bank
SOCS-1 sequence.
DNA extracts from two non-neoplastic spleens, three tonsils and peripheral
blood lymphocytes of 10 healthy blood donors were used as controls. After
analyzing the coding sequence of SOCS-1 there was found wt-SOCS-1 in all
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of the DNAs from the controls whereas nine cases out of twenty PMBLs
harboured SOCS-1 mutations.
Two lymphomas (cases 6 and 7) had identical mutations while in all other
cases the positions and sizes of mutations were different.

A
1

P

KIR ESS

SH2

SOCS box

211

B
case 1

del nt186-nt323
del aa62-aa107

case 2

del nt318-nt377
del aa106-aa125

case 3

ins nt 237-nt275; del nt471-nt482
ins aa79-aa91; del aa157-aa160; stop aa 220

case 4

del nt192-nt541
fs aa64; stop aa87

case 5

del nt216-nt225
fs aa72; stop aa81

case 6
case 7

del nt108-nt171
fs aa36; stop aa63

case 8

del nt150-nt166
fs aa50; stop aa108

case 9

del nt483-nt489
fs aa161; stop aa202

del deletion

ins insertion

fs frame shift; nonsense sequence

Figure 21. SOCS-1 mutations in PMBLs

Case no. 1: presents a frame deletion predicting a loss of 46 aa in the protein
sequence affecting the extended SH2 (ESS) domain and in the SH2 region.
Case no. 2: retains a deletion predicting a loss of 20 aa in the SH2 domain.
Case no. 3: has an in frame insertion of 39 nucleotides and a 12 bp deletion
affecting the ESS/SH2 domain and the SOCS box respectively.
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In the cases 4 until 8: there were found deletion mutations downstream the
start codon, region important in SOCS-1 protein synthesis.
Case no. 9: presents a deletion leading to a nonsense sequence in the SOCS
box region.
These results showed that almost half of our series of PMBL had SOCS-1
mutations.
To find out whether SOCS-1 mutation in PMBL is correlated with an overrepresentation of Jak2, there was compared the status of Jak2 with CGH and
FISH data of the lymphomas included in this study (123).
7 out of 9 lymphomas with a SOCS-1 mutation had a gain of chromosome 9
including the Jak2 locus. In comparison 6 out of 8 lymphomas without SOCS1 mutation had gains of the Jak2 locus.
Although these genomic events were frequent in these series of PMBL they
are neither correlated nor mutually exclusive.
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5. DISCUSSION
5.1 Constitutive activation of Jak2/STAT5 signaling pathway in
MedB-1 cells (Mediastinal B-cell lymphoma line).
MedB-1 is a tumor cell line first described by Möller et al (141) derived from a
Primary Mediastinal large B-cell lymphoma (PMBL).
PMBL is a highly aggressive but poorly disseminating tumor which occurs in
the anterior mediastinum often localised to the thymus. It appears more
frequently in women of median age 37 and the survival rate in the first years is
of 64%.
PMBL was described in the early ‘80s by Möller et al. (108) and due to its
unique clinical, histopathological, immunological and molecular cytogenetic
characteristics

REAL

(Revised

European

and

American

Lymphoma)

classification acknowledged PMBL as a distinct subtype of DLBCL (diffuse
large B-cell lymphoma).
Expression profiling of PMBL revealed high Jak2 transcription and supported
the concept of Jak2 as candidate oncogene.
Jak2 codes for a protein which is part of the Jak/STAT signaling pathway and
is activated by cytokines and several growth factors (145). Ligand binding to
its

cognate

receptor

leads

to

receptor

oligorimerization

and

trans/

autophosphorylation of Jaks in their activation loop (61). Activated Jaks
phosphorylate the receptor and associated targets e.g. STAT proteins, which
dimerize and translocate in the nucleus inducing transcription of genes like;
Cyclin D1 (146), oncostatin M (3), BCLxL (45) which mediate the cellular
responses to cytokine stimulation.
The concept that Jak2 might be an oncogenic key player in PMBL arose from
molecular cytogenetic studies (124) and arbitrarily primed PCR fingerprinting
(125), revealing that chromosome 9 has extra chromosomal material in up to
75% of cases and that the consensus region at 9p24 contains the Jak2 locus
(127).
In the work here described the investigation was being extended in order to
determine the cause of high constitutive activation of the Jak2 in MedB-1
cells.
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MedB-1 which harbors a trisomy 9 (124) has about the double dose of Jak2
DNA compared to that of autologous fibroblasts, which were sub-cultured and
stored at the time MedB-1 was being established from the patient tumor. Two
independent groups (140, 147) supported this view in expression profiling
data on PMBL.
It is shown here that Jak2 expression although being clearly higher than in
peripheral B lymphocytes in MedB-1 cells fails to match transcript levels of
L428 (Hodgkin’cells) in which an additional copy of Jak2 was found by FISH
analyses(124).
The protein data revealed from Western Blot analyses indicated that the high
Jak2 transcript levels in MedB-1 and L428 translate in only a slightly elevated
Jak2 protein content when compared to control cells. This indicated that the
constitutively high Jak2 phosphorylation in MedB-1 might not be due to a
simple gene dosage effect.
Jak2 protein in MedB-1 and L428 was at comparable ratio, still Jak2 was
found to be highly phosphorylated in MedB-1 but not in L428.
In order to evaluate the cause of this high constitutive Jak2 phosphorylation in
MedB-1 cells mRNA expression of the following genes which code for yet
known regulators of Jak2 activity were analysed.
These are: PTPs (protein tyrosine phosphatases): CD45, a receptor PTP, a
haematopoietic phosphatase that negatively regulates cytokine receptor
signaling

(99),

Scr-homology

2

(SH2)-containing

protein

tyrosine

phosphatases SHP family), nonreceptor PTPs which dephosphorylate
signaling components like IL-4 receptor, c-kit receptor and Jak2 (89-94) and
SOCS. The SOCS family of proteins (supressors of cytokine signalling) are
the most intensive studied Jak2 regulators. SOCS-1 is located on
chromosome 16p13.13. The product, also termed Jak-binding protein (Jab) is
a member of SOCS family of proteins which comprises 8 members that
contain a variable N-terminus, a central SH2 domain and share a conserved
C-terminus named the SOCS box. SOCS-1 binds via its SH2 region to the
catalytic domain of phospho-Jak2 and inhibits its intrinsic kinase activity. As a
consequence tyrosine phosphorylated Jak2 and STATs are greatly reduced
(140, 148).
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The transcripts of SHP1 the cytoplasmic protein tyrosine phosphatase
associated with Jak2 dephosphorylation (95) were clearly detectable in MedB1 cells, while the cell membrane spanning phosphatase CD45, involved in the
negative regulation of cytokine receptor signalling (99), was undetectable by
RT-PCR.
First hints that aberrant SOCS-1 might promote tumor genesis came from
microsatellite analyses of hepatocellular carcinomas. Using markers covering
chromosomal arm 16p13.13 including the SOCS-1 locus, the authors
observed an allelic loss in 48% of the tumors (55). In addition, silencing of
SOCS-1 gene expression by CpG-methylation was found in hepatocellular
carcinomas (149) and in myeloid leukemia, mantle cell lymphoma, follicular
lymphoma, and myeloma (150-152) and tumor progression was shown to be
related to constitutive activation of Jak/STAT signalling. To prove whether
aberrant SOCS-1 is functional in MedB-1 cells, there were performed RT-PCR
experiments on DNA and cDNA derived from MedB-1 using SOCS-1 specific
primers.
SOCS-1 PCR products revealed after sequencing a deletion mutation of 8bp
on allele A and a 24bp deletion on allele B. SOCS-1 mutations were restricted
to the lymphoma since SOCS-1 amplification using cDNA and DNA from
autologous fibroblast yielded the wild type sequence. The 8 bp deletion
resulted in a frame shift mutation at nucleotide 525 of the coding sequence
leading to a predicted nonsense protein sequence up to amino acid 176. The
24 bp in frame deletion resulted in a loss of 7 amino acids from position 184 to
190

in

the

SOCS-1

protein

(Fig.)

sequence.
1

P

KIR ESS

SH2

SOCS box

211

B non-sense protein
sequence up to aa 176

C loss of 7aa (from aa 184190)

Figure 22.

MedB-1 cells and its parental tumor contain a biallelic mutation,
influencing the SOCS box region of SOCS-1
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The biallelic mutation in the SOCS-1 gene of MedB-1 cells and its lymphoma
of origin involves the C-terminal region of the protein including SOCS-box
domain.
As evidenced by comparing the SOCS-1 DNA of MedB-1 and the autologous
fibroblasts, none of the mutations were present in the fibroblasts, indicating
that the patient did not carry a silent, monoallelic SOCS-1 mutation in its germ
line.
Importantly, the mutations were already present in the patient lymphoma
tissue and hence were both acquired in vivo. The C-terminal SOCS box
domain of SOCS1 associates with elongins B and C. The elongin BC complex
subsequently couples SOCS proteins and their substrates to the proteosomal
protein degradation pathway (20).
In order to find out whether the constitutive Jak2 activation in MedB-1 was
due to its impaired degradation, it was examined the neo-synthesis and
turnover rate of Jak2 protein in MedB-1 and as control in L428 cell line. In
pulse-chase experiments was observed an abnormally low

35

S-incorporation

into immunoprecipitated Jak2 of MedB-1 cells accompanied by a rather
retarded degradation. This was not seen in L428 cells. L428 cells featured a
robust de-novo Jak2 protein synthesis and a half-life consistent with the
literature (148). The half-life of Jak2 was calculated by Siewert et al. (148) in a
study determining different protein turn-over of IL-6 –type cytokine signalling
components to be 1,9 hours which is consistent with the half-life measured in
L428 cells, while in MedB-1 it was over 4 hours. Thus a possible gene dosage
effect of over-represented Jak2 seemed at least in MedB-1 to be completely
overrun at the functional level.
Thus, the assumption is that mutated, loss of function SOCS-1 might be the
reason for sustained and low turnover of phospho-Jak2.
Ectopic expression of wt-SOCS-1 in transiently transfected MedB-1 cells with
a wt-SOCS-1 expression vector provided evidence that the active state of
Jak2 and its delayed protein degradation is maintained by the absence of
SOCS box function caused by the SOCS-1 mutation.
As discussed above the high constitutive ratio of phospho-Jak2 leads in turn
to constitutive activation of its downstream signaling targets (STAT5).

DISCUSSION

82

Wt-SOCS-1 abolished the constitutive activation of Jak2/STAT5 pathway
while the rate of phospho-Jak2 and STAT5 were dramatically reduced.
As a functional read-out there were probed the expression of cyclin D1 which
is under the transcriptional control of STAT5. Ectopic SOCS-1 expression
leads to abrogation of cyclin D1 expression. Furthermore the results indicated
an induction of Rb1 gene expression in wt-SOCS-1 transfectants.
Retinoblastoma gene Rb-1 is one of the best-studied tumor suppressor gene,
mutations in Rb-1 gene being often associated with the occurrence of various
tumors. The activity of Rb-1 protein is regulated through phosphorylation in a
cell cycle-dependent manner. The hyperphosphorylated Rb-1 protein (pRb)
usually associates with the cell nucleus and binds transcription factors of the
E2F family. pRb also represses transcription of its target genes such as cdc2,
cyclin A, c-myc, and c-fos through the binding with E2F factors, thus
regulating cell proliferation.
SOCS-1 it is known to interact with HPV E7, inducing ubiquitination and
degradation of E7 in a SOCS-box dependant manner (153). HPVs are small
dsDNA

viruses

responsible

for

inducing

cervical

cancer.

SOCS-1

overexpression was shown by Kamio et al. (153) to increase Rb protein levels
and suppress in this way proliferation of cervical cancer cell lines infected with
HPV.
MedB-1 constitutively lacks Rb1 expression which was shown to be induced
in the SOCS-1 transfectants.
As silencing of tumor suppressor genes by CpG methylation in a wide range
of cancers is well established (154, 155) that is why was assumed that this
mechanism is also operative in MedB-1. In fact, after incubation of MedB-1
cells with the demethylating agent 5-aza-deoxycytosine, Rb1 was expressed.
Intact SOCS-1 protein may influence, besides its known function epigenetic
events of gene regulation by induction of Rb1. Anyway, this event, combined
with the loss of cyclin D1 expression may contribute to the growth arrest
observed in wt-SOCS-1 transfected MedB-1 cells.
In order to find out whether SOCS-1 mutations occur in PMBL it was analysed
the coding sequence of SOCS-1 in cryo-stored tumors. SOCS-1 was found to
be mutated in 50% of the PMBL tested, moreover SOCS-1 mutations in PMBL
is correlated with an over-representation of Jak2. Thus these genomic events
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were frequent in the series of PMBL analysed being neither correlated nor
mutually exclusive.

5.2 Conclusions
High Jak2 expression leading to enhanced tumor growth has been proposed
as a consequence of genomic overpresentation of Jak2. This data presented
here do not exclude an additive effect of Jak2 overexpression but collectively
challenge the concept of Jak2 deregulation as the primary growth-promoting
event in PMBL and establish SOCS-1 as a novel tumor suppressor, which is
mutated in MedB-1, its tumor of origin, and in about half of PMBL tested so far.
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6. SUMMARY
Mediastinal (thymic) B-cell lymphoma (MBL) is a locally highly aggressive
tumor that retains unique immunophenotypic features, characteristic of the
lymphoma subtype itself, which defines MBL as a distinct subclass of diffuse
large B-cell lymphoma.
MBL exhibits several characteristic genetic abnormalities; including frequent
gains of chromosome 9p and distinct high-level amplifications, with the
consensus region 9p24, including the Janus Kinase 2 (Jak2) locus.
Expression profiling of MBL also revealed high Jak2 transcript levels and
supported the concept of Jak2 as a candidate oncogene.
The cytokine induced signal is triggered via activation of Janus Kinases (Jaks)
and their downstream targets, Signal Transducers and Activators of
Transcription (STAT proteins).
Jaks are associated with the membrane proximal region of the cytokines
receptors,

either

constitutively

or

following

ligand-induced

receptor

aggregation, become activated by auto-or trans-phosphorylated in the "kinase
activation loop” and, in turn phosphorylate bound STAT proteins and induce
their translocation to the nucleus. Binding to specific promoter sides, STAT
complexes initiate the transcription of genes important in cell-cycle
progression for e.g.Cyclin D1, oncostatin M, BCLxL, Fig-1, mal and SOCS
genes.
In MedB-1, a cell line that was established by our group from a mediastinal Bcell lymphoma, was found about the double dose of Jak2 DNA compared to
autologuos fibroblasts, Jak2 m-RNA expression in MedB-1 cells was higher
than in resting peripheral B cells and Ramos cells. The results indicated that
Jak2 was not overexpressed at the protein level but highly phosphorylated in
MedB-1 cells in comparison with Hodgkin and Burkitt lymphoma cell lines, its
protein turn-over being delayed. STAT5 proteins, downstream partner of Jak2
were highly expressed and phosphorylated at the protein level. MedB-1 also
expressed high level of Cyclin D1 one of STAT5 target genes important in
cell-cycle regulation. The central finding in MedB-1 cells is a biallelic mutation
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in the SOCS-1 (suppressor of cytokine signaling-1) gene, which abrogates
SOCS box function of the protein.
Ectopic expression of wild-type (wt) SOCS-1 in MedB-1 leads to growth arrest
and dramatic reduction of phospho-Jak2 and its downstream partner
phospho-signal transducer and activator of transcription-5 (phospho-STAT5).
Ultimately, the target gene cyclin D1 is repressed in transfectants while Rb1,
which is silenced in MedB-1, is induced. In conclusion, in MedB-1, the action
of phospho-Jak2 is sustained due to defective SOCS-1. Hence, SOCS-1
qualifies as a novel tumor suppressor. Of note, SOCS-1 mutations are also
present in the parental tumor of MedB-1 and were detected in 9 of 20 PMBLs
analyzed.
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