
LJ000328, a novel ALK2/3 kinase inhibitor, 
represses hepcidin and significantly improves the
phenotype of IRIDA

Matriptase-2 (MT2), a transmembrane serine protease
expressed mainly in the liver, plays an essential role in
the regulation of iron homeostasis. Mutations in the
MT2-encoding gene (TMPRSS6) result in excessive hep-
cidin expression and iron-refractory iron-deficiency ane-
mia (IRIDA) in both humans and mice.1,2 IRIDA is an
autosomal recessive disorder characterized by congenital
hypochromic, microcytic anemia, low mean corpuscular
erythrocyte volume, low transferrin saturation, and
defects in iron absorption and utilization.3 TMPRSS6
mutations affect around 100 patients worldwide,
although probably underestimated, who are unrespon-
sive to oral iron treatment and only partially responsive
to parenteral iron therapy. Therefore, there is an urgent

need for novel therapeutic approaches for the manage-
ment of IRIDA. Hepcidin expression is physiologically
regulated by the body iron status via the BMP-SMAD sig-
naling pathway that is initiated by the binding of BMP24

and BMP65 to transmembrane serine-threonine kinases,
the BMP type I6 (particularly ALK2 and ALK3) and type
II7 receptors. This results in the phosphorylation of the
SMAD1/5/8 effectors, translocation of the phosphorylat-
ed SMAD bound to SMAD4 to the nucleus, and upregu-
lation of hepcidin gene transcription.8 MT2 is an inhibitor
of this pathway and functional loss of MT2 leads to inap-
propriate activation of BMP signaling and elevated hep-
cidin levels. Increased hepcidin downregulates the iron
exporter ferroportin9 and thereby decreases the amount
of iron released from the enterocytes and the body iron
stores to the blood compartment. Impairment of dietary
iron absorption results in hypoferremia and microcytic
anemia.  Interestingly, deletion of Bmp6 in Tmprss6-/- mice
reduced their excessive hepcidin production and correct-
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Figure 1. LJ000328 is selective of the BMP Type I receptors and is a potent inhibitor of liver hepcidin expression. (A) LJ000328 chemical structure. (B)
Selectivity of LJ000328 for different BMP, TGF-b, and activin receptors, determined by in vitro kinase assays. Wild-type (WT) C57BL/6 male mice injected with
LJ000328 (blue boxes) (8-10/group) were sacrificed 2, 6, and 15 hours after injection and compared to mock-injected mice (grey boxes). Mice were analyzed
for liver (C) P-SMAD5 relative to total SMAD5 protein expression and (D) Hamp mRNA expression. Box-and-whisker plots are shown for Hamp ΔCt values. Mean
ΔCt values were compared by a Student’s t-test. ****P<0.0001.
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ed the microcytic anemia,10 suggesting that targeting
BMP-SMAD signaling could offer an effective therapeutic
approach to the correction of anemia in IRIDA patients.
In this study, to improve the iron deficiency and the
microcytic anemia caused by the deletion of MT2, we
inhibited the BMP-SMAD signaling with a novel ALK2/3
inhibitor, LJ000328. We demonstrate that only a few

weeks of treatment are sufficient to strongly repress 
hepcidin expression and significantly improve the micro-
cytic anemia in Tmprss6-/- mice. 

Dorsomorphin11 and LDN-193189,12 two small mole-
cule repressors of hepcidin expression, are potent
inhibitors of the kinase activity of BMP type I receptors,
but they also exhibit significant TGF-b receptor inhibition
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Figure 2. LJ000328 inhibits hepcidin expression and improves the anemia of Tmprss6-/-mice. Tmprss6-/- male mice injected with LJ000328 (blue boxes) (n=3)
were sacrificed 2 hours after injection and compared to mock-injected mice (grey boxes) (n=4). Mice were analyzed for liver (A) P-SMAD5 relative to total SMAD5
protein expression and (B) Hamp mRNA expression. Tmprss6-/- male mice were injected with LJ000328 (pink boxes) (n=5) for seven weeks and compared with
mock-injected mice (purple boxes) (n=5). Mice were analyzed for (C) liver Hamp mRNA expression, (D) serum iron content, (E) transferrin saturation, (F) hemo-
globin, (G) hematocrit, and (H) mean corpuscular volume. For comparison, black boxes indicate levels measured in wild-type (WT) mice. Means ± standard error
of the mean (SEM) are shown for hematological parameters, and box-and-whisker plots for Hamp ΔCt values. Mean comparisons were made by Student’s t-tests.
**P<0.01.

A B

C D E

F G H

Se
ru
m
 ir
on

 c
on

te
nt

(µ
g/
dL

)

H
b 
(g
/d
L)

M
C

V
 (f

L)

P-SMAD5

SMAD5



at moderate concentrations.13 Thus, while dorsomorphin
and LDN-193189 are valuable tool compounds, they lack
sufficient target specificity for clinical testing, particularly
for indications requiring long-term treatment. LJ00328
(Figure 1A) is a member of a new class of BMP type I
receptor inhibitors with improved in vivo pharmacody-
namics. Moreover, LJ000328 exhibits substantially
greater selectivity for BMP than for TGF-b and activin
type I receptors, as shown in in vitro kinase assays (Figure
1B and Online Supplementary Table S2). Indeed, LJ000328
demonstrated the greatest potency against ALK3 and
ALK2, which are the BMP type 1 receptors whose dele-
tion in hepatocytes induces hepcidin repression in vivo.6

These data suggest that LJ000328 might be efficient to
reduce hepcidin in vivo. 

To investigate this possibility further, C57BL/6J male
wild-type mice received a single intraperitoneal injection
of LJ000328 (20 mg/kg; diluted in 2-hydroxypropyl-β-
cyclodextrin solution) and were sacrificed 2, 6, or 15
hours later. Interestingly, LJ000328 injection inhibited
BMP-SMAD signaling in the liver for up to 6 hours, as
illustrated by a decrease in Smad5 phosphorylation
(Figure 1C) and Id1 and Smad7 levels (Online
Supplementary Figure S1A-B). As a consequence, hepcidin
was reduced by 83.3% (95% confidence interval [CI]:
75.6-89.9) 6 hours post-LJ000328 injection (Figure 1D),
leading to serum iron content and transferrin saturation
increases (Online Supplementary Figure S1C-D). Of note,
BMP type I and II receptor expression was not affected
by the treatment (Online Supplementary Figure S2). We
next assessed whether LJ000328 also inhibits hepcidin
expression in Tmprss6-/- male mice, despite their excessive
BMP-SMAD signaling. Promisingly, we observed a signif-
icant inhibition of Bmp signaling and hepcidin expression
two hours after LJ000328 administration (Figure 2A-B
and Online Supplementary Figure S3A-B), suggesting that
prolonged LJ000328 administration could impact the
excessive hepcidin production seen in the absence of
MT2 and correct at least in part the anemia associated to
the IRIDA mouse model.

Based on these results, LJ000328 was administered
twice-daily to Tmprss6-/- mice for several weeks. After
seven weeks of treatment, the alopecia usually observed
in these mice had disappeared (Online Supplementary
Figure S4A), which can be explained by the repression of
BMP signaling and hepcidin sustained over time (Online
Supplementary Figure S4B and  Figure 2C), allowing more
dietary iron to be absorbed. We indeed noticed a massive
increase in serum iron content and transferrin saturation,
compared with mock-injected Tmprss6-/- mice (Figure 2D-
E). Most notably, the microcytic anemia caused by the
lack of MT2 was partially corrected, leading to decreased
serum erythropoietin level (Online Supplementary Figure
S4C) and improved hematological parameters,  with
notably significant increases in hemoglobin, hematocrit,
and mean corpuscular volume in mice that received
LJ000328, compared with mock-injected mice 
(Figure 2F-H). Although hemoglobin did not reach the
level seen in wild-type mice, the increase of 1.7 g/dL
observed here is comparable to the hemoglobin rise
gained after intravenous iron therapy in children with
IRIDA.14 Importantly, injections of LJ000328 were well
tolerated. We observed no weight loss (Online
Supplementary Figure S5A) and importantly no liver dam-
age characterized by the measurement of serum transam-
inases, serum creatinine and lactate dehydrogenase
(Online Supplementary Figure S5B-E) and no signs of
inflammation and fibrosis (Online Supplementary Figure

S5F-H). Moreover, after seven weeks of treatment, no
signs of peritonitis, and no histopathological abnormali-
ties in the liver, spleen, heart and kidney were seen
(Online Supplementary Figures S6-9). 

Currently, IRIDA patients are treated with intravenous
iron injections. However, there are safety concerns about
parenteral iron therapy, as it may increase the risk of
infection and favor oxidative stress. Therefore, the devel-
opment of new therapies is essential. We show in the
present study that the novel kinase inhibitor LJ000328 is
a very promising small molecule for the treatment of
IRIDA. First, it is highly selective for BMP compared with
TGF-b type I receptors, which should alleviate toxicity
concerns associated with TGF-b inhibition. Second, it
strongly represses hepcidin and significantly improves
the microcytic anemia after only a few weeks of treat-
ment. Third, given its low molecular weight, it easily
crosses the intestinal barrier and represses hepcidin after
oral administration (Online Supplementary Figure S10).
Therefore, in contrast to the similarly efficient anti-
hemojuvelin antibody,15 it will be active when adminis-
tered orally, which offers patients significant advantages.
Although we did not observe toxicity after seven weeks
of treatment, the drug safety of LJ000328 is still under
assessment to evaluate potential toxicities of prolonged
BMP signaling inhibition in the liver.

In line with this study, the ability of LJ000328 to sup-
press hepcidin expression could be a novel therapeutic
option for the treatment of others iron-restricted anemias
caused by increased hepcidin level such as anemia of
inflammation, cancer, or chronic kidney disease. Further
studies will be required to address this possibility. 
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