
Short-term administration of JAK2 inhibitors reduces
splenomegaly in mouse models of b-thalassemia
intermedia and major 

b-thalassemia is one of the most common congenital
red blood cell (RBC) disorders characterized by limited b-
globin synthesis and ineffective erythropoiesis.1 Based
on the requirements for blood transfusion, the disease
can be classified as non-transfusion dependent tha-
lassemia (NTDT), or transfusion dependent thalassemia
(TDT).2 We previously demonstrated that in b-tha-
lassemia, in response to anemia and hypoxia, high levels
of erythropoietin (EPO) are associated with increased
activation of the JAK2/STAT5 pathway and number of
erythroid progenitors, especially in the spleen.3 The
extramedullary hematopoiesis (EMH) leads to
hepatosplenomegaly which enhances the entrapment of
RBCs in the spleen and exacerbates the anemia, further
worsening the hepatosplenomegaly. Although splenec-
tomy has now become almost obsolete in patients with
TDT, the procedure is still more frequently used in
patients with NTDT as it may improve anemia and
avoid the need for transfusions.4 Unfortunately, this pro-
cedure remarkably increases the rate of thromboembolic
complications.5

Clinical studies in patients affected by myeloprolifera-
tive disorders, characterized by activating JAK2 muta-
tions (such as polycythemia vera, PV), suggest that JAK2
inhibitors (JAK2i) are an effective treatment for
splenomegaly.6-10 Given the central role of the EPO/JAK
axis in b-thalassemia, we hypothesized that targeting
JAK2 could be effective in reversing splenomegaly, and
therefore could be used as an alternative to splenectomy.
In fact, preliminary studies showed that the use of a
JAK2i improved splenomegaly in a mouse model of 
b-thalassemia intermedia or NTDT (Hbbth3/+).3 In this sub-
sequent study, we administered the JAK2i INCB018424
(Ruxolitinib) and TG101348 (Fedratinib, SAR302503) for
10 days to Hbbth3/+ mice, and to mice requiring chronic
blood transfusions for survival (TDT). TDT mice (C57-
FLCth3/th3) were generated by transplanting fetal liver cells
(FLC) from Hbbth3/th3 embryos into C57BL/6 congenic ani-
mals. One month following engraftment, C57-FLCth3/th3

mice exhibited prominent splenomegaly and severe inef-
fective erythropoiesis, rapidly becoming dependent on
chronic blood transfusion for survival.11 Hbbth3/+mice
treated with either JAK2i showed a mild reduction in
hemoglobin (Hb) levels, (8-10%), and RBC (8-9%) when
compared to vehicle-treated animals (Figure 1A and B).
This mild worsening of anemia, however, was sufficient
to increase serum EPO levels compared to placebo-treat-
ed Hbbth3/+ controls (up to 84%) (Figure 1C). Both JAK2i
significantly reduced spleen weight (60% for
INCB018424 and 31% for TG101348; Figure 1D) and
reticulocyte numbers (Online Supplementary Figure S1A).
Compared to placebo-treated mice, flow cytometry
studies revealed that animals receiving JAK2i exhibited a
reduction in the number of erythroid nucleated cells in
the spleen but not in the bone marrow (BM) (Figure 1E
and Online Supplementary Figure S1B).12 This suggests that
JAK2i might target preferentially rapidly proliferating
erythroid progenitors in the spleen, as in extramedullary
stress erythropoiesis. No differences were observed in
serum HEPCIDIN levels (Online Supplementary figure 2A)
or other iron parameters (Online Supplementary Figure
S2B-F). Since the reduction in splenomegaly was associ-
ated with mild anemia, we investigated whether co-
administration of a JAK2i with transfusion could further

reduce the splenomegaly whilst preventing the anemia.
We first tested this hypothesis by transfusing RBCs from
transgenic animals expressing GFP into NTDT Hbbth3/+

mice. GFP animals were utilized in order to discriminate
by flow cytometry the relative contribution of endoge-
nous versus donor RBCs in circulation at the end of treat-
ment. Weekly transfusions started one week prior to ini-
tiating treatment with JAK2i and continued throughout
the experiment (for a total of three weeks). As expected,
blood transfusions reduced splenomegaly (28%) com-
pared to non-transfused controls (Figure 2A). When the
transfusion was combined with the administration of
JAK2i for 10 days, the spleen weight was further reduced
by 64% for INCB018424 and 45% for TG101348 versus
animals that received transfusion alone (Figure 2A). This
observation was supported by flow cytometry studies,
which showed reduction in the proportion of erythroid
nucleated cells in the spleen (Figure 2B and Online
Supplementary Figure S3A). We did not observe any dif-
ference in Hb levels between transfused animals in pres-
ence or absence of JAK2i, although a trend towards
lower Hb levels was noted in mice treated with both
transfusion and JAK2i (Online Supplementary Figure S3B).
The contribution of endogenous GFP-RBCs to the total
number of RBCs was smaller in JAK2i treated mice com-
pared to the placebo treated group, although the total
number of transfused GFP+ RBCs did not significantly
differ among groups (Figure 2C). 
This finding, together with the reduction of nucleated

erythroid cells in the spleen (Figure 1E, 2B, Online
Supplementary Figure S1A and 3A), indicates that the com-
bination of JAK2i and transfusion further suppresses
extramedullary erythropoiesis in the spleen. However, in
this setting, the loss of endogenous RBC was only partial-
ly balanced by the transfused RBCs (Figure 2C).
We then tested the JAK2i in TDT C57-FLCth3/th3

mice.  Animals that received transfusions showed 35%
reduction in spleen weight when compared with non-
transfused animals (Figure 2D). The combination of
blood transfusion with administration of JAK2i for 10
days further reduced spleen weight (84% for
INCB018424 and 79% for TG101348; Figure 2D) when
compared with untransfused animals, with neither detri-
mental nor incremental effects on Hb levels and number
of RBCs in circulation (Online Supplementary Figure S3C
and D). 
Our first observation is that combined administration

of JAK2i and transfusion can further reduce the
splenomegaly. This would be very helpful in patients
who are unable to receive transfusion and iron-chelation
therapy as well as those with clinically symptomatic
splenomegaly or hypersplenism.13 Based on our data, we
can only speculate that this reduction may prevent exac-
erbation of the anemia in the long term. However, our
data also indicate that this combination further sup-
pressed endogenous erythropoiesis and RBC production.
For this reason, potential clinical trials using these
inhibitors should aim for a reduction of splenomegaly,
rather than increasing the levels of total RBCs (endoge-
nous + donor) in circulation. 
Our second observation pertains to safety. Long-term

use of JAK2i has proven to be effective for the treatment
of myeloproliferative disorders such as Polycythemia
Vera.10,14 However, in these studies, the positive effect on
splenomegaly was associated with thrombocytopenia
due to the inhibitory effect of JAK2i on megakary-
opoiesis.15 In this study, we administered two JAK2i for
only 10 days and noted that the spleen weight was
almost normalized when transfusion was combined with
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the JAK2i. This short treatment was not associated with
thrombocytopenia (not shown), though could be a possi-
bility if duration of treatment were prolonged. 
Our third major observation is related to the variation

in the reduction of splenomegaly comparing
INCB018424 vs. TG101348, in absence or presence of
transfusion (Figure 1D and 2A). These differences could

be due to the distinct activity of the two compounds.
INCB018424 is a selective JAK1/JAK2 inhibitor (respec-
tively with IC50 3.3 nM and IC50 2.8 nM) whilst
TG101348 is a potent inhibitor of JAK2 (IC50 3 nM) with
30-fold less selectivity for JAK1.10,14Our data showed that
the amelioration of splenomegaly observed using
TG101348 is not as effective as INCB018424, suggesting
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Figure 1. JAK2i significantly improved splenomegaly in a mouse model of b-thalassemia intermedia. Short-term treatment with the JAK2i INCB018424 or
TG101348 in a mouse model of b-thalassemia intermedia (NTDT-Hbbth3/+) resulted in very mild exacerbation of anemia (A) and reduction in RBC number (B). This
effect was associated with expected increase in serum EPO level (C). The significant reduction in splenomegaly suggests that JAK2i may target preferentially rap-
idly proliferating erythroid progenitors in the spleen, limiting their expansion and thus allowing the reduction in the spleen size (D). Some expected variability in
spleen size was observed in control animals receiving the placebo which can be attributed to the diversity among mice. This variability seemed to be blunted by
the administration of the inhibitors. Representative flow cytometry analysis (showing the different erythroid populations, in wild type (WT) and thalassemic ani-
malsz, indicated the reduction of nucleated erythroid cells in the spleen (depicted by number 1 through 4; while population 5 represents RBC) after treatment
with JAK2i, but not in the bone marrow (BM). (E). Analysis was performed using One-way ANOVA with Tukey multiple comparison adjustment. Results represent
mean ± SD, ****P<0.0001, ***P<0.001, **P<0.01, *P<0.05.  
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a role of JAK1 in modulating extramedullary
hematopoiesis and ineffective erythropoiesis. Further
studies need to be performed in order to underline the
role of Jak1 in the pathophysiology of b-thalassemia. 
In conclusion, we showed that short-term suppression

of JAK2, and eventually also JAK1, in presence of trans-
fusion can effectively reduce splenomegaly by limiting
the number of nucleated erythroid cells with no detri-
mental effect on other lineages or anemia. This approach
could be utilized as an alternative to splenectomy in tha-
lassemic patients.
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Figure 2. Co-administration of
JAK2i and transfusion further
improved extramedullary
hematopoiesis. Administration
of transfusion (indicated with
TXF in the graphs) and JAK2i in
a mouse model of b-tha-
lassemia intermedia (NTDT-
Hbbth3/+) almost normalized
spleen size compared to wild
type (WT) values (A). In the
same mice, a reduction in the
proportion of nucleated ery-
throid cells in the spleen was
detected by flow cytometry (B).
When the administration of a
JAK2i was combined with trans-
fusion, suppression of erythro-
poiesis was more pronounced,
as indicated by a decreased
number of endogenous RBC (C).
Splenomegaly was also
improved in a mouse model of β-
thalassemia major (TDT-C57-
FLCth3/th3) when JAK2i and trans-
fusion were administered simul-
taneously (D). Analysis was per-
formed using One-way ANOVA
with Tukey multiple comparison
adjustment or Two-way ANOVA
with Sidak’s multiple compari-
son adjustment. Results repre-
sent mean ± SD,
****P<0.0001, ***P<0.001,
**P<0.01. 
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