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Presenter
Presentation Notes
I am honored to be here today and to deliver a lecture named after a hero of modern hematology, a man whose work transformed the treatment of many lethal hematologic disorders. 


Systemic iron homeostasis
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During erythropoietic stimulation
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During infection/inflammation
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Hepcidin—an iron-regulatory
peptide hormone

Made In the liver as 84 aa preprohepcidin
Cleaved to 25 aa bioactive hepcidin by furin
Secreted by hepatocytes

Regulates intestinal iron absorption and the
distribution of iron to tissues
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Jordan et al. JBC 2009



.

Hepcidin peptide lowers plasma iron

Synthetic hepcidin 50 ug IP/mouse
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Presentation Notes
Injection of 50 micrograms of hepcidin into mice causes the rapid development of severe hypoferremia that lasts for more than 48 hours.


Ferroportin

* 12 transmembrane segment protein

* Found Iin plants, invertebrates, vertebrates

* |n vertebrates, the receptor for hepcidin

* The only cellular iron exporter known (Donovan et al.)

* Present in the macrophages, duodenum, hepatocytes,
and the placenta (Donovan et al., McKie et al., Abboud




Ferroportin is internalized by
hepcidin and degraded in lysosomes

control + 1 ug/ml hepcidin

Nemeth et al. Science 2004
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Regulation of intestinal iron absorption
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Without ferroportin, cells cannot export iron and plasma iron levels drop.
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Regulation of erythrocyte iron recycling
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Without ferroportin, cells cannot export iron and plasma iron levels drop.


Hepcidin regulates dietary iron
absorption and influx to plasma

Duodenum



Signals regulating hepcidin

Inflammation

Erythropoietic signal



Hepcidin excess In anemia of
Inflammation

 Hepcidin-dependent effects

— Inflammatory cytokines increase
hepcidin and cause Fe trapping in
macrophages

— \VFe restricts hemoglobin
synthesis and erythropoiesis is

| inhibited

~« Hepcidin-independent effects

— Shortened erythrocyte lifespan

— Direct suppression of
erythropoiesis by cytokines




lron-restricted anemias
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Ablation of hepcidin is beneficial in anemia of
iInflammation induced by heat-killed Brucella abortus
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For this study, Hamp-KO mice underwent dietary iron conditioning to prevent the development of iron overload and maintain iron levels comparable to those of WT mice. At weaning (3-4 wks of age), Hamp-KO  mice were placed on a low-iron diet (4 ppm) for 2 weeks followed by a 20 ppm iron diet for 2 weeks. This regimen allows for iron depletion without development of anemia. At 7-8 wks of age, the mice were injected with B. abortus or saline and switched to an adequate-iron diet (50 ppm) to match the experimental conditions used for WT mice.


Hepcidin deficiency In
B-thalassemia

7 _.1__ Day 1:
f Fidad M Proerythroblast
g
Erythroblasts ’ ' b
{?,.., — - Fe overload
@ Basophilic secreted suppressors 4 less hepcidin .
Ny ? erythroblast Worse an emla
Vv
‘ Polych?:?;g{gp{hilic
0
ru. ®  omobis « Failure of red cell precursors to mature
—eZ=Ab into functional RBCs
Ejection of
w0 | etoieore » Anemia, increased erythropoietin
Enters
'? R e Expansion of immature RBC
— precursors
« Hepcidin-suppressive signal causes
hepcidin deficiency
Anhemia * Increased Fe absorption, Fe overload



Rational design of peptide
agonists

* Strateqgy for development: structure-function study of
hepcidin and ferroportin
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Hepcidin Ferroportin
25 aa peptide hormone 571 aa protein
4 disulfide bonds 12 transmembrane segments

Preza at al. JCI 2011, Ramos et al. Blood 2012
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I will discuss the peptide mimics which we developed. The strategy we used was rational design based on structure function studies of hepc and fpn. We tried to find the minimal hepcidin structure that would mimic its activity. Hepcidin is 25 aa peptide, 4 disulfide bonds, tight bent hairpin. Pretty conserved in vertebrates -  you can use human or zebrafish hepcidin on a mouse ferroportin, it works. Mutagenized both hepcidin and ferroportin. 
Fpn much larger and topology not understood well. 


Minihepcidin PR73

lda-Thr-His-Dpa-bhPro-Arg-Cys-Arg-bhPhe-Ahx-
lda(NHPal)-CONH2

Iminodiacetic acid, L-threonine, L-histidine, L-3,3-diphenylalanine, L-B-homoproline, L-
arginine, L-cysteine, L-arginine, L-B-homophenylalanine, 6-aminohexanoic acid,
Iminodiacetic acid palmitylamide (PEG-free)



Mouse model of B-thalassemia:
minihepcidin improves anemia and
decreases iron overload
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A search for erythroid factor
suppressing hepcidin

* Stimulated erythropoiesis in mice by phlebotomy (0.5 ml) or EPO
injection (200 U)
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®* Gene chip expression profiling of the bone marrow to identify
erythroid transcripts that 1) change before the hepcidin suppression
and 2) encode secreted proteins

Erythroferrone (Erfe)



Erythroferrone (Fam132b, CTRP15)

TNFa-like

Aolybasic
cleavage sites?,\ = W

o
|

g PP-rich ¢ 74
Van A" a4 E

-

e 50 kD glycoprotein highly expressed In
erythropoietin-stimulated erythroblasts

A~
r‘/ Signal sequence




Erfe knockout mice do not suppress
hepcidin in response to bleeding

* Erfel**, */- and /- mice were phlebotomized (0.5 ml)

Liver hepcidin mRNA expression
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To confirm that ERFE is an erythroid factor directing hepcidin suppression in response to erythropoietic stimulation, we studied the time course of liver hepcidin mRNA expression in littermate WT, heterozygotes and ERFE-deficient mice after phlebotomy.

As hepcidin mRNA expression was suppressed approximately 10 fold in wild-type mice in red within 15h after phlebotomy, ERFE deficient mice (in green) fail to suppress hepcidin suggesting that ERFE is an erythroid factor necessary for hepcidin suppression in response to increased erythropoietic demand. Moreover, ERFE haplo-insufficient mice did not exhibit complete suppression of hepcidin compared to wild-type mice.

Phenotypical characterization of ERFE-deficient mice did not reveal any difference in liver, spleen and serum iron compared to wild-type mice and the hematological parameters are normal. 






Dose-response for mouse
erythroferrone on hepatocytes
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Mouse model of B-thalassemia: Ablation
of Erfe reverses hepcidin suppression
and improves iron overload
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Development of new treatments

* Prevent iron overload and improve erythropoiesis
In B-thalassemia

— minihepcidins (hepcidin agonists)
— erythroferrone antagonists

* Release sequestered iron in anemia of
iInflammation and anemia of chronic kidney disease
— hepcidin antagonists
— erythroferrone agonists

* UCLA licensed the intellectual property related to

minihepcidin and erythroferrone to two startup
companies for drug development
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