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Abstract 30 

Objective. During hypoxia hepcidin expression is inhibited to allow iron mobilization to sustain 31 

erythropoietic expansion. We analysed molecular mechanisms underlying hypoxia-induced hepcidin 32 

inhibition in an in vivo model of acute hypoxia.  33 

Methods. Mice were kept under normal or hypoxic conditions for 6h and 15h and treated with -PDGF-BB 34 

antibody or PDGF-BB receptor inhibitor. Blood, liver, spleen, and bone marrow were collected to extract 35 

RNA and protein or to quantify EPO and PDGF-BB. mRNA and protein levels were assessed by RT-PCR and 36 

Western Blot.  37 

Results. Hepcidin was strongly inhibited at 15 hours and this down-regulation followed erythropoiesis 38 

activation and up-regulation of several growth factors. PDGF-BB, Erythroferrone, GDF15 and TWSG1 were 39 

up-regulated by hypoxia in the bone marrow, but not in spleen or liver. Inactivation of PDGF-BB or its 40 

receptor suppressed the hypoxia-induced hepcidin inhibition. 41 

Conclusion.  Spleen and liver are not involved in the early stages of hypoxia-induced hepcidin down-42 

regulation. Our data support the role of PDGF-BB and probably also of erythroferrone in the recruitment of 43 

iron for erythropoiesis in the hypoxia setting. The rapid normalization of all the erythroid factors against 44 

persistent hepcidin suppression suggests that other signals are involved that should be clarified in future 45 

studies. 46 

 47 
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Introduction 49 

Hepcidin is a small peptide hormone mainly produced by hepatocytes and codified by HAMP gene. It is the 50 

main negative regulator of systemic iron homeostasis, mediating internalization and degradation of 51 

ferroportin, the only known cellular iron exporter1. Hepcidin activity inhibits iron absorption from diet and 52 

iron release from the stores (liver and spleen macrophages), preventing excess iron absorption and 53 

maintaining normal iron levels. Hepcidin production is strictly controlled by different stimuli that up or 54 

down-regulates its transcription2. In particular, during hypoxia when the bone marrow needs iron to sustain 55 

the erythropoietic expansion, hepcidin expression is inhibited to allow iron mobilization3. Although much 56 

progress has been made in the last years, mechanisms of hypoxia-induced hepcidin regulation are still 57 

partially unknown. More evidences indicate that hypoxia acts indirectly stimulating the bone marrow to 58 

release soluble factors in response to the erythropoietin (EPO)-induced erythropoiesis4-7. Indeed, different 59 

studies in animal models showed that hepcidin down-regulation was blocked by inhibiting erythropoietic 60 

activity8,9, and we previously showed that cell exposure to human hypoxic sera reduced hepcidin expression 61 

in vitro suggesting the existence of circulating factors7. Several erythrokines released by the expanded 62 

erythroid marrow have been proposed, such as Growth Differentiation Factor 15 (GDF15)10 or Twisted 63 

Gastrulation Homolog 1 (TWSG1)11 that could act through the BMP-SMAD pathway11. However, subsequent 64 

studies did not confirm these results in models of hepcidin down-regulation induced by acute blood loss12. 65 

Accordingly, we also confirmed that GDF15 cannot be a main hepcidin regulator in subjects exposed to 66 

hypobaric hypoxia7,13. Erythroferrone (ERFE) has been proposed as candidate erythroid inhibitor of hepcidin 67 

expression through a still undefined mechanism14. ERFE, codified by FAM132B gene, is a recent discovered 68 

TNFα-like protein released by the bone marrow in condition of enhanced erythropoiesis due to phlebotomy 69 

or EPO injection14. While ERFE is not directly regulated by hypoxia, Platelet-Derived Growth Factor-BB 70 

(PDGF-BB) is a target of HIF-115 Recently, Sonnweber et al16 showed that it significantly increases in 71 

humans and mice exposed to hypobaric hypoxia, and inhibits HAMP transcription in hepatic cell lines. 72 

Overall, these findings suggest that hypoxia-induced hepcidin down-regulation might occur through an 73 
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interplay between factors directly activated by hypoxia and factors activated through the hypoxia-induced 74 

erythropoiesis drive. Taking into account that both events may occur in the very first hours after hypoxia 75 

exposure13,14,16,17, we analysed the time course of hepatic hepcidin production and of different hepcidin 76 

regulator candidates in a mouse model of acute hypoxia focusing our attention on PDGF-BB and ERFE.   77 
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Material and methods 78 

Animal care and in vivo mouse studies. Wild type C57BL/6 male mice 10 weeks old were purchased from 79 

Charles River Laboratories (Italy). They were housed at the animal facility of the University of Milano-80 

Bicocca under pathogen-free conditions with fixed day and night cycles and free access to water and food. 81 

All animals received human care. All experiments were approved by the Italian ethics committee (N° 82 

009/2013). 83 

Hypoxia studies. Mice were housed under hypoxic conditions into a hypoxic chamber containing a fraction 84 

of 10% O2 in nitrogen-saturated air for 6 and 15 hours. Normoxic control mice were kept under normal 85 

conditions (21% oxygen content of the air). Following hypoxic challenge, mice were anesthetized and blood 86 

was taken via intracardiac puncture. Normoxic and hypoxic mice were euthanized at the same time via 87 

cervical dislocation and liver and spleen were collected and snap-frozen in liquid nitrogen. Femur and tibia 88 

bones were collected to immediately perform the bone marrow flushing. Tissue samples were used to 89 

extract mRNA as described below; serum was used to quantify EPO and PDGF-BB levels by ELISA Quantikine 90 

Immunoassay kit (R&D Systems, Minneapolis, MN, USA).  Mice received either an intraperitoneal injection 91 

of 500 g AG1296 (Tyrphostin) (M-Medical S.r.l, Cornaredo, MI, Italy) or 100 g of anti-PDGF-BB antibody 92 

(R&D Systems Inc., Minneapolis, MN, USA) each in 100 L of PBS solvent. AG1296 and -PDGF-BB antibody 93 

were delivered as a single dose immediately prior to 15 hours hypoxic challenge. Intraperitoneal injection 94 

of 100 L of PBS was used as mock control.  95 

Bone marrow flushing. For bone marrow cell suspension preparation, cells from mice’s femur and tibia 96 

were flushed with PBS-2% FBS. The cell suspension was gently passed through a 21 G needle and then 97 

through a 40 M cell strainer (BD Bioscience, San Jose, CA, U.S.A.). The suspension was then transferred to 98 

a 50-mL conical tube and centrifuged at 2000 rpm for 5 minutes.  After centrifugation, the cell pellet was 99 

used for RNA extraction as described below.  100 

RNA extraction and cDNA synthesis. RNA was extracted using ZR RNA miniprep (Zymo Research 101 

Corporation, Irvine, CA, USA) according to the manufacturer’s protocol. RNA was then quantified by 102 
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spectrophotometry and its integrity assessed by non-denaturing agarose gel. 2 µg of total RNA was used as 103 

a template for reverse transcription, performed using the High Capacity cDNA Archive kit (Thermo Fisher 104 

Scientific, Waltham, MA, USA), according to the manufacture’s protocol. 105 

Real-time quantitative-PCR. mRNA expression levels of candidate genes were evaluated by quantitative 106 

real time PCR (qRT-PCR); Hprt was chosen as housekeeping gene. The analysis were performed on an ABI 107 

7900HT (Thermo Fisher Scientific, Waltham, MA, USA) using the Assays-on-Demand Gene Expression 108 

Products (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacture’s protocol. 109 

Instrument was set up with default thermal cycler protocol provided by the producer: 50°C for 2 min, 95°C 110 

for 10 min, 95°C for 15 sec and 60°C for 1 min for 40 cycles. For each PCR reaction, 25 ng of cDNA were 111 

used as a template. All analyses were carried out in triplicate; results showing a discrepancy greater than 112 

0.3 cycles between the samples were excluded. Relative quantities present in each sample were assessed 113 

using the 2−(ΔCt) method18. Non-retrotranscribed RNAs were included in each amplification plate, and the 114 

analysis regarded as valid if the fluorescence intensity in the no-template control was zero. 115 

Protein isolation and Western Blot analysis. Tissue samples were solubilized in NET buffer [150 mM NaCl, 5 116 

mM EDTA, 10 mM Tris-Hcl pH 7.4, 1% Triton X-100 (pH 7.4), and 1X Protease inhibitor cocktail (Sigma-117 

Aldrich, St. Louis, MO, USA)] on a roller mixer for 10 min 4°C and cleared by centrifugation at 13500 rpm for 118 

10 min 4°C. Protein concentrations were measured by using Bradford Assay (Sigma-Aldrich, St. Louis, MO, 119 

USA). Lysates were then analysed by Western Blot for CREB/H and L-Ferritin. 40 µg of protein extracts were 120 

diluted in reducing LDS sample buffer (Thermo Fisher Scientific, Waltham, MA, USA) and heated for 5 min 121 

at 97 °C. Proteins were separated electrophoretically on an SDS pre-cast 12% polyacrylamide gel (Thermo 122 

Fisher Scientific, Waltham, MA, USA), transferred to nitrocellulose (GE Healthcare, Amersham Biosciences 123 

Europe GmbH, Freiburg, Germany) and incubated for 1 hour 30 min in blocking buffer [5% non-fat dry milk 124 

in Tris-buffered saline with 0.1% Tween20 (TBST)].  Blots were incubated in blocking buffer containing 125 

rabbit anti-CREB/H (1:1000; Kerafast, Inc., Boston, MA, USA) or rabbit anti-L-Ferritin (1:2000; kindly 126 

provided by Prof. S. Levi). After wash with TBST, blots were incubated in TBST containing a donkey anti-127 
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rabbit secondary antibody conjugated to horseradish peroxidase (Jackson ImmunoResearch Laboratories, 128 

Inc., West Grove, PA, USA). To confirm equivalent loading, samples were re-probed with rabbit anti-actin 129 

(1:5000; Sigma-Aldrich, St. Louis, MO, USA) followed by HRP-conjugated donkey anti-rabbit secondary 130 

antibody (1:10000; Jackson ImmunoResearch Laboratories, Inc., West Grove, PA, USA). After washes with 131 

TBST bands were visualized by using enhanced chemiluminescence (GE Healthcare, Amersham Biosciences 132 

Europe GmbH, Freiburg, Germany) and X-ray film. Densitometry analysis was performed using ImageJ 133 

calculating the intensities of L-Ferritin bands normalized to actin. 134 

Fluorescence Activated Cell Sorting. Cells from bone marrow of normoxic and 6h-hypoxic mice were 135 

flushed as described above and centrifuged 10 min at 2000 rpm. To isolate erythroblasts at different stages 136 

of maturation, cells were stained in blocking-solution (PBS-5% FBS) for 15 minutes on ice in the dark with: 137 

APC/Cy7-conjugated anti-mouse CD45 (0.25 g/106 cells), APC/Cy7-conjugated anti-mouse Ly-6G/Ly-6C 138 

(Gr-1) (0.25 g/106 cells), Alexa Fluor® 700-conjugated anti-mouse/human-CD11b (0.25 g/106 cells), APC-139 

conjugated anti-mouse-TER-119 (1 g/106 cells), Alexa Fluor® 488-conjugated anti-mouse CD117 (c-KIT) 140 

(0.25 g/106 cells) and PE-conjugated anti-mouse/human CD44 (2 g/106 cells) (all from Biolegend, San 141 

Diego, CA, USA). Cell sorting of the different erythroid precursors was performed following a gating strategy 142 

previously described19 on MoFLO Astrios cell sorter equipped with Summit 6.3 software (both from 143 

Beckman Coulter, Miami, FL, USA). Briefly, the different erythroid precursors (pro-erythroblasts, basophilic 144 

erythroblasts, polychromatic erythroblasts, and orthochromatic erythroblasts) were identified on a plot of 145 

CD44 versus FSC of CD45-/c-KIT-/ CD11b-/Gr-1-/TER-119+ single cells and sorted. mRNA from different 146 

population was extracted, retro-transcribed and expression levels of target genes were evaluated by qRT-147 

PCR. 148 

Statistical analysis. One-way Anova and Tukey or Dunn test post hoc analysis were used for paired 149 

comparison. All tests were two sided and with a significance level of  equal to 0.05. Analyses were carried 150 

out by the GRAPHPAD PRISM statistical analysis software (version 3.02) (GraphPad Software, Inc., La Jolla, 151 

CA, USA).  152 
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Results 153 

To assess the erythropoietic activity of the hypoxic mice we first examined serum EPO levels.  EPO levels 154 

doubled at 6 hours of hypoxia exposure, reaching their highest values after 15 hours of treatment [median 155 

(1st-3rd quartiles): 627.9 (355.4-699.2) pg/ml in normoxic vs 1202.8 (881.2-1716.6) pg/ml in HYP‐6h vs 156 

1351.8 (374.1-4875.8) pg/ml in HYP‐15h]. We then evaluated the modulation of hepatic hepcidin 157 

production measuring Hamp1 mRNA levels. As reported in Figure 1, Hamp1 mRNA expression increased 158 

after 6 hours of hypoxic challenge compared to controls and then significantly decreased after 15 hours.  159 

In the liver, mRNA levels of Gdf15 did not significantly change, Twsg1 significantly decreased after 15 hours 160 

of treatment and Pdgf-b levels slightly increased at 6 hours of hypoxic challenge compared to control and 161 

then decreased after 15 hours (Table 1). Fam132b was not expressed in the liver. Since previous study 162 

suggested that Hepatocyte Growth Factor (Hgf) and Epithelial Growth Factor (Egf) could both inhibit 163 

hepcidin expression in chronic liver failure20, we evaluated their mRNA levels to assess whether they could 164 

have a role in hepcidin inhibition during hypoxia. However, we did not observe changes between hypoxic 165 

and control mice at 6 hours, while at 15 hours they even decreased compared to controls or 6-hours 166 

hypoxic mice, respectively (Table 1). At 6 hours of hypoxia exposure, Bmp6 and Tmprss6 showed mild but 167 

not significant changes and returned at basal levels at 15 hours, suggesting that BMP-SMADs pathway was 168 

not primarily involved in hypoxia-induced hepcidin modulation. In mice exposed to hypoxia, L-ferritin 169 

markedly increased at 6 hours and then decreased at 15 hours, close to the level observed in normoxia 170 

(Supplementary Figure 1), suggesting a relationship with the observed transient up-regulation of hepcidin. 171 

The expression of ceruloplasmin, Tnf- and Saa1 (Serum amyloid A1) mRNAs as well as P-STAT3 protein 172 

levels, as indices of inflammatory activation, did not significantly change at 6 and 15 hours (data not 173 

shown). Liver (LIC) and spleen (SIC) iron concentrations did not change at 6 and 15 hours of hypoxia 174 

exposure [Median LIC (1st-3rd) mg Fe/g dry in normoxic: 0.33 (0.31-0.43); HYP-6h: 0.35 (0.22-0.39); HYP-175 

15h: 0.30 (0.22-0.43); Median SIC (1st-3rd) mg Fe/g dry in normoxic: 1.45 (1.42-1.91); HYP-6h: 1.81 (1.47-176 

2.50); HYP-15h: 1.19 (0.85-1.49). p value: ns].  177 
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In the bone marrow, mRNA expression of Gdf15, Twsg1, Pdgf-B and Fam132b (ERFE) were significantly up-178 

regulated after 6 hours of hypoxia exposure and then returned to basal level after 15 hours of treatment 179 

with the exception of Fam132b whose mRNA levels remained still higher than controls at 15 hours, but not 180 

enough to reach the statistical significance (Figure 2). Transferrin receptor 1 (TfR1) progressively increased 181 

from normoxic to 15 hours hypoxia exposure [Median (1st-3rd) AU in normoxic: 2.13 (1.69-2.83); HYP-6h: 182 

3.32 (2.88-3.37); HYP-15h: 4.9 (3.93-5.2). ANOVA p value: 0.08]. Conversely, in the spleen we did not 183 

observe significant changes of the mRNAs expression after hypoxic challenge, compared to controls.  184 

After sorting erythroid precursors (pro-erythroblasts, basophilic erythroblasts, polychromatic erythroblasts, 185 

and orthochromatic erythroblasts), we observed that Fam132b was significantly up-regulated by hypoxia in 186 

polychromatic and orthochromatic erythroblasts (Figure 3A). As shown in Figure 3B, Pdgf-b expression was 187 

very low in erythroid and monocyte cells while it was significantly higher in the non-erythroid TER119neg 188 

than in the other populations. However, differently to what observed in the whole bone marrow, we could 189 

not find significant differences of Pdgf-b mRNA levels in the sorted erythroid and non-erythroid TER119neg 190 

populations according to normoxic or hypoxic status.  191 

To explore if PDGF-BB was directly involved in hypoxia-mediated hepcidin down-regulation, we injected 192 

mice with the specific -PDGF-BB antibody or with the specific PDGF receptor (PDGF-R) kinase antagonist 193 

AG1296 (tyrphostin) and exposed them to hypoxia for 15h.  We confirmed that treatment with -PDGF-BB 194 

antibody resets to zero serum PDGF-BB levels while treatment with AG1296 did not change them 195 

compared to untreated mice (data not shown). As shown in Figure 4A and B, pre-treatment with -PDGF-196 

BB or AG1296 blocked the effect of hypoxia on liver hepcidin expression, while it induced no significant 197 

changes in normoxic mice. To demonstrate that EPO was not involved in these processes, we showed that 198 

non-erythroid TER119neg cells did not express EPO receptor (data not shown), and that serum EPO levels did 199 

not significantly change in -PDGF-BB or AG1296 treated or untreated in normoxic and hypoxic status. 200 

Serum EPO [Median (1st-3rd quartile): normoxic untreated mice: 627.9 (355.4-699.2) pg/ml; normoxic mice 201 

+ -PDGF-BB: 269.8 (260.6-404.1) pg/ml; normoxic mice + AG1296: 529.6 (441.5-583.9) pg/ml; hypoxic 202 
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untreated mice: 1351.8 (374.1-4875.8) pg/ml; hypoxic mice + -PDGF-BB: 1642.1 (1141.1-2189.9) pg/ml; 203 

hypoxic mice + AG1296: 1246.9 (1144.3-1518.1) pg/ml].  204 

To figure out the molecular pathway involved in PDGF-BB-mediated hepcidin inhibition, we evaluated 205 

CREB/H and BMP/SMAD pathways.  Differently to Sonnweber et al.16 who reported a down-regulation of 206 

CREB/H at 48 hours of hypoxic challenge, in our experiments CREB/H levels did not change after 6 and 15 207 

hours of hypoxia exposure suggesting that it was not involved in the early response of hypoxia-mediated 208 

hepcidin down-regulation (Figure 5). We then measured Id1 mRNA levels as a marker of activation of the 209 

BMP-SMADs pathway21 and we found that Id1 was slightly but not significantly down-regulated at 15 hours 210 

of hypoxia exposure (data not shown).   211 
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Discussion  212 

In the present paper we showed that: i. After a very early and transient increase of hepatic hepcidin 213 

expression, hepcidin mRNA markedly decreased at 15 hours of hypoxia exposure; ii. At 6 hours of hypoxia 214 

exposure, Gdf15, Twsg1, Pdgf-B and Fam132b mRNA levels significantly increased in the bone marrow, but 215 

rapidly normalized, while no change was observed in the spleen; iii. In the liver, Pdgf-b, Gdf15, Twgs1, Hgf 216 

and Egf expression were unchanged or decreased; iv. The inhibition of PDGF-BB protein activity by 217 

neutralization of circulating PDGF-BB or the specific PDGF receptor (PDGF-R) abolished hepdicin mRNA 218 

levels down-regulation in hypoxic mice. These findings allow us to conclude that: a. Hepcidin down-219 

regulation had a latency period from hypoxia exposure and was preceded by erythropoiesis activation and 220 

up-regulation of the expression of several growth factors including Gdf15, Twsg1, Pdgf-B and Fam132b in 221 

the bone marrow; b. Spleen and liver seemed not involved in the early stages of hypoxia-induced hepcidin 222 

down-regulation as none of the studied growth factors inhibiting hepcidin synthesis were up-regulated in 223 

those tissues; c. PDGF-BB and ERFE might be major factors involved in the early stages of hepcidin down-224 

regulation by hypoxia; d. Although hepcidin down-regulation persists beyond 15 hours of hypoxia exposure, 225 

as shown in animal and human studies7,13,16,17,22,23, all the growth factors analysed rapidly returned to 226 

normal levels in the bone marrow, suggesting that other actors might be involved in maintaining hepcidin 227 

down-regulation in hypoxia. 228 

Despite some controversies, there is evidence that hypoxia inhibits hepcidin expression indirectly, 229 

stimulating the bone marrow to release soluble factors in response to EPO-induced erythropoiesis4-9. 230 

However, hypoxia induces inhibition or activation of several pathways, some of them directly involved in 231 

iron metabolism24-26, suggesting that hypoxia-induced hepcidin down-regulation in vivo might depend to 232 

more complex events involving both erythroid and non-erythroid related factors. Different erythrokines 233 

have been proposed to be the hepcidin erythroid regulators, such as GDF1510, TWSG111 and, more recently, 234 

PDGF-BB16 and Erythroferrone14. In our model, both Gdf15 and Twsg1 mRNAs were up-regulated in the 235 

bone marrow after hypoxia exposure confirming that their transcription is induced under erythropoietic 236 
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activation. However, previous studies did not support their role as hepcidin inhibitors7,12. ERFE has been 237 

proposed as the erythroid regulator of hepcidin during stressed or enhanced erythropoiesis induced by 238 

phlebotomies or EPO injections in animal models14. Our findings suggest that ERFE might be one of the 239 

erythroid-derived inhibitors of hepcidin expression also in the hypoxia setting and confirm that it was 240 

mainly produced by polychromatic and orthochromatic erythroblasts14. However, Talbot et al27 were 241 

unable to find a clear role for ERFE in linking erythropoietic drive to hepcidin suppression in high altitude 242 

residents that underwent generous phlebotomies. Thus, further studies are needed to clarify the role of 243 

ERFE in the hypoxia setting and the mechanism of ERFE-induced hepcidin inhibition. Sonnweber et al16 244 

recently investigated the effects of hypoxia on iron metabolism in mice at 48 hours of exposure indicating 245 

PDGF-BB as a new “iron-molecule” able to inhibit hepcidin during hypoxia acting through the CREB/H 246 

pathway. We showed that the hypoxia challenge at 6 hours associated with the increase of PDGF-BB mRNA 247 

in the whole bone marrow and that the neutralization of PDGF-BB activity prevented hepcidin down-248 

regulation providing evidence of a role of PDGF-BB in hepcidin inhibition in the early stage of hypoxia. It 249 

was previously demonstrated in vitro that EPO induces PDGF-BB expression in HUVEC cells (endothelial cell 250 

line) during inflammatory condition (TNF treatment)28, but our findings did not confirm this hypothesis in 251 

our model. Accordingly, Sonnweber et al16 found only a non-significant trend towards higher PDGF-BB 252 

serum levels after EPO injection, suggesting that erythropoietic activity does not play a major effect on 253 

PDGF-BB serum concentrations.  254 

We were not able to confirm the involvement of the CREB/H pathway in the first 15 hours after hypoxia 255 

challenge. Also, our results did not support the involvement of the BMP-SMADs pathway in the same 256 

setting.  So, further studies are needed to clarify the signalling pathways involved in the early stages of 257 

PDGF-BB-mediated hepcidin down-regulation in hypoxia.  258 

By sorting bone marrow cells, we showed that PDGF-BB was mainly produced by a non-erythroid Ter119neg 259 

population. However, hypoxia did not seem to modulate PDGF-BB mRNAs in any of the sorted bone 260 

marrow populations. We had no clear explanation of these findings and we can only speculate that they 261 
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could be related to the sorting procedures. At our knowledge, there is only one study available showing 262 

increased expression of PDGF-BB in bone marrow-derived mesenchymal stem cells29 exposed to hypoxia. If 263 

these cells are involved in the production of PDGF-BB in hypoxia-induced erythropoietic drive in vivo 264 

remains a mere speculation that we could not confirm using FACS technique.  265 

Although our findings indicated that both ERFE and PDGF-BB might act as hepcidin down-regulators in 266 

hypoxia, they also showed that up-regulation has short duration. This confirms what previously found by 267 

Kautz et al14 in another model of erythropoietic activation and might suggest that hypoxia itself or hypoxia-268 

induced erythropoiesis activate other pathways in the bone marrow or in other tissues to maintain 269 

hepcidin down-regulation. Indeed, we previously demonstrated that hepcidin inhibition persisted after 72 270 

hours of hypoxia in mice22 and even after one month in human volunteers13. The high iron requirement by 271 

the bone marrow, as also confirmed by the progressive increase of TfR1 expression observed in our model, 272 

leading to an iron deficient erythropoiesis, might be one of these additional factors. Transferrin saturation, 273 

as we previously suggested13,30, and Transferrin receptor (TfR)-2 and its soluble form, as recently proposed 274 

by Camaschella et al31, could be the connectors between erythropoiesis and hepcidin regulation through 275 

the BMP-SMADs pathway. We did not observe changes in LIC and SIC in the earliest stages of hypoxia 276 

exposure, but the decrease of hepatic iron stores and serum ferritin that generally occurs after 48-72 hours 277 

of hypoxia exposure7,13,17,32-34, might contribute in maintaining hepcidin down-regulation and iron supply to 278 

the erythroid bone marrow.  279 

Our results, taken together, demonstrated that the hypoxia-mediated hepcidin regulation occurs quickly 280 

and follows the release of circulating factors from the activated erythropoietic bone marrow. This study 281 

also confirmed that the bone marrow plays a key role in the inhibition of hepcidin during hypoxia and that 282 

both PDGF-BB and, possibly ERFE, could be good candidates as hepcidin inhibitors. However, future studies 283 

are needed to better understand the complex and coordinated mechanisms occurring between the bone 284 

marrow and the liver during hypoxia exposure. 285 

286 
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Figures legend 385 

Figure 1. Hamp1 mRNA expression in the liver of normoxic (CTRL, N=12) and hypoxic mice (HYP) after 6h 386 

(N=6) and 15h (N=11) of hypoxia exposure. Boxes denote lower quartile, mean and upper quartile, and 387 

whiskers show maximum and minimum ranges. 388 

Figure 2.  A) Gdf15, B) Twsg1, C) Pdgf-b and D) Erfe (Fam132b) mRNA expression in the bone marrow of 389 

normoxic (CTRL, N=12) and hypoxic mice (HYP) after 6h (N=6) and 15h (N=11) of hypoxia exposure. Boxes 390 

denote lower quartile, mean and upper quartile, and whiskers show maximum and minimum ranges. 391 

Figure 3. mRNA levels of Erfe (Fam132b) (Fig 3A) and Pdgf-b (Fig 3B) evaluated in pro-erythroblasts (I), 392 

basophilic erythroblasts (II), polychromatic erythroblasts (III), orthochromatic erythroblasts (IV), Monocyte 393 

and Ter119neg (TER-) population of normoxic and 6-hours hypoxic mice (N=5). Results are expressed as 394 

mean and SEM (Standard Error of the Mean). 395 

Figure 4. Hamp1 mRNA expression of liver of normoxic untreated mice (CTRL); normoxic mice treated with 396 

PBS (CTRL+PBS), -PDGF-BB (CTRL+aPDGF) (Fig 4A) or AG1296 (CTRL+AG) (Fig 4B); hypoxic mice after 15h 397 

of hypoxia challenge untreated (HYP) and treated with PBS (HYP+PBS), -PDGF-BB (HYP+aPDGF) (Fig 4A) or 398 

AG1296 (HYP+AG) (Fig 4B). Values of normoxic mice untreated and treated with PBS were considered as a 399 

sole group in statistical analysis. Results are expressed as mean and standard deviation.  400 

Figure 5.  Western Blot analysis of total lysate protein in liver of normoxic mice (CTRL; N=3) and mice 401 

subjected to hypoxia challenge for 6 (HYPOXIA 6h; N=3) and 15 (HYPOXIA 15h; N=3) hours. After protein 402 

extraction, Western Blot analysis of CREB/H (70 KDa) was performed. Results were then normalized with 403 

actin (42 KDa) expression. 404 

Supplementary figure 1. A) Western Blot analysis of total lysate protein in liver of normoxic mice (CTRL; 405 

N=2) and mice subjected to hypoxia challenge for 6 and 15 hours. After protein extraction, Western Blot 406 

analysis of L-Ferritin (19 KDa) was performed. Results were then normalized with actin (42 KDa) expression. 407 

B) Densitometry analyses performed on three independent experiments. The intensities of L-ferritin bands 408 
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were normalized with actin. Boxes denote lower quartile, mean and upper quartile, and whiskers show 409 

maximum and minimum ranges.  410 


