
Background
Myeloproliferative disorders (MPDs) are characterized by the aberrant
proliferation of cells from various terminally differentiated myeloid lineages. It
has been shown that virtually all cases of polycythemia vera (PV) and nearly
half of the cases of essential thrombocytopenia (ET) and primary myelofibrosis
(PMF) harbor the constitutively activating V617F mutation of the JAK2 tyrosine
kinase. Our initial studies indicate that mutant JAK2 leads to the constitutive
activation of the canonical JAK2 pathway and suggests that unidentified
pathways may also be affected. In addition, we identified recurrent genomic
abnormalities that imply a synergy between mutant JAK2V617F and other
genes independently deregulated in MPDs. Among these, nuclear factor I B
(NFIB), a transcriptional regulator normally expressed at low levels in
hematopoietic cells, is significantly upregulated with JAK2V617F in
polycythemia vera patients. This upregulation correlates with a recurrent
amplification of the NFIB locus on chromosome 9, and possibly results from the
activation of an alternative pathway independent of JAK2V617F.

Results

Figure 1. Expression microarray heat map. RNA from CD34+ cells derived from marrow specimens of
normal controls and PV patients are profiled using Affymetrix arrays. C(8 columns on the left): Normal samples;
PV(9 columns on the right): PV patient specimens.
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To test whether NFIB expression is regulated by JAK2, we inhibited JAK2
activity in HEL (homozygous JAK2V617F) (Fig 4A) or overexpressed
JAK2V617F in TF-1 (homozygous JAK2WT) (Fig 4B). There was no significant
change in NFIB expression level in both cases, suggesting that NFIB is not
downstream of JAK2. In addition, NFIB expression is downregulated in the
absence of GM/SCF (Fig 4C), therefore NFIB is involved in a cytokine-stimulated
pathway that is independent of JAK2.

Conclusions
• NFIB locus is amplified and expression is upregulated in polycythemia vera.
• NFIB overexpression gives EPO dependent cells a growth advantage and
protects cells from EPO withdrawal.
• NFIB expression is stimulated by cytokines but not regulated by JAK2V617F-
mediated signaling pathway.

Aberrations of Gene expression in PV patients

Microarray analysis showed that 138 genes are significantly
differentially expressed (>2, p<0.005) in PV versus normal
specimens (Fig 1). Most of these genes are downregulated in
PV samples, with a few exceptions. The downregulated
genes include putative tumor suppressor genes such as
TUSC4/NPRL2, and NDRG1. NFIB, which is upregulated in
PV patients, is a nuclear factor involves in both replication
and transcription. NFIB gene is located adjacent to the JAK2
locus at 9p24, and is not stimulated by EPO signaling (Table
1). Therefore, it is a strong candidate gene that correlates
with JAK2V617F during transformation, while functionally
independent.

Real-time PCR performed with
mRNA of HEL and UKE-1 (both
homozygous for JAK2V617F) or
U937 and K562 (expressing wildtype
JAK2) shows high level of NFIB
expression in cells with JAK2V617F
mutation (Fig 2A), suggesting that
NFIB expression may cooperate with
JAK2V617F induced transformation.
Western blot also reveals same
pattern of NFIB protein level in these
cell lines (data not shown). RT-PCR
performed with the genomic DNA of
the four cell lines shows that NFIB
and JAK2 locus in JAK2V617F
transformed cells are amplified (Fig
2B). Therefore, in PV patients, NFIB
aberration not only exists at the
mRNA level, but also at the genomic
level.

Figure 2. NFIB expression level is upregulated with JAK2V617F transformation. A. NFIB and JAK2 mRNA
level in different cell lines. HEL and UKE-1 express homozygous JAK2V617F, and U937 and K562 express
JAK2WT. B. NFIB and JAK2 genomic DNA level in different cell lines. Genomic DNA extracted using Qiagen kit,
and amplified by RT-PCR.

NFIB overexpression gives Ba/F3-EPOR cells growth advantage

Figure 3. NFIB gives EPO dependent cells growth advantage and protects cells from apoptosis in the
absence of EPO. A. 10 day growth curve of Ba/F3-EPOR cells with EF (vector) or NFIB. Cells were infected and
GFP sorted, then plated at 2x10^4 cells/ml in duplicates. Media was changed on day 3, day5 and day 8. B. Dead
cell percentage on day 2. Percentage equals number of dead cells divided by total cell number.

To study NFIB’s role in myeloid transformation, we cloned NFIB gene into a
lentiviral vector pEF.CMV.GFP, and overexpressed the construct or the empty
vector (EF) into a cytokine-dependent murine hematopoietic cell line, Ba/F3-
EPOR (Fig 3A). Cells with NFIB overexpression show growth advantage
compared to control, indicating that NFIB is involved in cell proliferation. NFIB
overexpression also protects cells from apoptosis induced by EPO
withdrawal(Fig 3B), suggesting NFIB’s role in cell survival.

Table 1.

Table 1. Microarray of CD34+ cells nucleofected with JAK2V617F with or
without EPO. Cells are nucleofected using Amaxa kit, and harvested at day 5.
Separate microarray data sets are obtained, and NFIB level in the presence of
EPO is divided by the level without EPO.

 Probe 1 Probe 2 Probe 3 Probe 4 Probe 5 Probe 6 Probe 7 

NFIB fold 

change 

-2.9 -2.36 -1.18 -1.02 -2.32 -1.12 -1.06 

 

Figure 4. NFIB expression is not regulated by
JAK2, but is affected by cytokine withdrawal. A.
HEL cells were treated with JAK2 inhibitor for 15h, at
the concentration of 1000 nM and 2000 nM. B. TF-1
cells were infected with empty vector, JAK2 wildtype,
or JAK2V617F, and cultured in media with 2 ng/ml
GM/CSF. C. TF-1 cells were cultured in the absence
of GM/SCF and harvested at 18h.
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