Liu E, et al. Iran J Immunol. 2019; 16(3):190-199. Iranian Journal of Immunology (1J1)
https://doi.org/10.22034/iji.2019.80270. ijji@sums.ac.ir

ORIGINAL ARTICLE

Hepcidin Induces M1 Macrophage
Polarization in Monocytes or THP-1
Derived Macrophages

Enna Liu*, Zheng Li?, Yan Zhang?, Kuisheng Chen?®

1Department of Tumor Pathology, Luohe Medical College, Henan, 2Yi-Chuang Institute of Biotechnology
Industry, Beijing, 3College of Basic Medicine, Zhengzhou University, Henan, China

ABSTRACT

Background: Macrophage polarization plays a critical role in determining the
inflammatory states. Hepcidin is a key negative regulator of iron homeostasis and
functions. Although hepcidin has been shown to affect ferroportin expression in
macrophages, whether it affects macrophage polarization is still largely unknown.
Objective: To address whether hepcidin induces macrophage polarization. Methods:
The expression of iINOS and CD206, and the ratio of IFN-y vs IL-4 in THP-1 derived
macrophages upon hepcidin stimulation were evaluated. Further detected was the
percentage of CD16" M1, CD23" M1, CD10" M2 and CCL22" M2 cells in monocyte
derived macrophages. Results: M1 associated molecules were increased in hepcidin-
treated cells, yet M2 associated molecules were increased when hepcidin was neutralized.
Concomitantly, we observed a significant increase in IRF3 phosphorylation in hepcidin-
stimulated cells. However, STAT6 phosphorylation with hepcidin was neutralized.
Conclusion: Hepcidin is able to induce macrophage polarization towards M1 type, and
might be utilized as a potential M1 macrophage agonist in clinical practice.
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INTRODUCTION

Macrophages play a key role as the front line of host defenses against pathogenic
microorganisms. They can be polarized into two states depending on the type of secreted
cytokines, i.e. classically activated macrophages (inflammatory or M1 macrophages) and
alternatively activated macrophages (anti-inflammatory or M2 macrophages) (1).
Proinflammatory M1 macrophages produce IFN-y during antigen presentation and
memory T cell activation, while alternatively activated M2 macrophages generate I1L-4
and are involved in housekeeping functions, i.e. phagocytosis, tissue remodeling and
Immune suppression. M1 macrophages are characterized by a high capacity of antigen
presentation, high inflammatory cytokine secretion, increased NO release, enhanced
cytotoxic activity, and ability to induce Thl immune response (1,2). Recently, owing to
the abundance, broad distribution and powerful regulatory function of M1 macrophages,
their induction and mobilization in tumor tissues has attracted tremendous research
attention.

In multicellular organisms and nearly all microorganisms, as an essential trace element,
iron catalyzes some enzymes in many redox reactions that are crucial for intermediary
metabolism and energy production, such as the inflammatory response of macrophages
following exposure to pathogens (3,4). Hepcidin is a major regulator of iron metabolism,
also plays a role in inflammation, infection, and cancer progression (6,7). Once ligated to
its receptor ferroportin, hepcidin causes internalization and degradation of the hepcidin-
ferroportin complex, leading to reduced iron absorption and decreased iron export from
macrophages (5). Under these conditions, iron is transferred from the circulation into
storage, making it less available. Although hepcidin has been shown to effect iron
retention in macrophages. It is still largely unknown whether it affect macrophages
polarization. In this study, to explore how hepcidin polarizes macrophages, we evaluated
the expression of iINOS and CD206, the ratio of IFN-y vs IL-4 in THP-1 derived
macrophages upon hepcidin stimulation. And we also detected the percentage of CD16+
M1, CD23+ M1, CD10+ M2 and CCL22+ M2 cells in monocyte derived macrophages.

MATERIALS AND METHODS

Hepcidin. Human hepcidin peptides (DTHFPICIFCCGCCHRSKCGMCCKT) were
synthesized at SciLight Biotechnology, LLC. The purity of hepcidin was >95% as
confirmed by Mass spectrometry. Hepcidin was dissolved in PBS (pH 7.4) and filtered
through a 0.22 um syringe filter membrane.

Cell Maintenance and Treatment. The THP-1 cells were purchased from ATCC and
cultured in DMEM supplemented with 10% FBS (Gibco, USA), 100 U/ml penicillin, and
100 pg/ml streptomycin in humidified incubator (37°C, 5% C0O2). THP1 cells (2x10%/ml)
were differentiated into THP-1 derived macrophages using 200 nM PMA, phorbol 12-
myristate 13-acetate (Sigma-Aldrich) for 3d. Then the PMA-containing media was
removed and changed to hepcidin (0 uM, 1 uM, 4 uM, 16 uM)-containing media and cells
were kept culturing for another 24 h, followed by flow cytometry assay.

Human study was approved by the Luohe Medical College Research Ethics Committee
and a written, informed consent was required from all subjets. The whole blood from
healthy donors were treated with Ficoll Paque (GE healthcare) and centrifuged to isolate
human peripheral blood mononuclear cells (PBMC), according to the product datasheet.
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To induce monocyte derived macrophages (MDM), we plated 2x10% PBMC in 1 ml of
RPMI 1640 media (Lonza) supplemented with 2 mmol/l L-glutamine (Gibco BRL) and
10% human AB serum (First Link Ltd. UK) into 24-well plates (Costar). Non-adherent
cells in the medium were removed after 24 h, and the medium for the adherent cells was
changed to RPMI with 10% heat-treated fetal bovine serum (FBS; Gibco). Then after
14d-culture, MDM concentration was approximately 2x10° MDM/ml. Macrophages
derived from both THP-1 cells and monocytes were digested using pancreatic enzyme
before flow cytometry assay.

Flow Cytometry. THP-1 derived macrophages were treated with hepcidin (4 uM) or anti-
hepcidin (10 pg/ml) (Beijing Gegen Biotechnology, LLC) for 24 h before flow cytometry
assay. Cells were incubated in 3% bovine serum albumin-PBS (Sigma, #B2064)
containing anti-iNOS antibody (10 pg/ml) (Abcam, #ab15323) after cells fixed and
permeabilized using FIX & PERM (Yeasen, #40402ES50&40403ES64), anti-CD206
antibody (10 ug/ml) (Abcam, #ab87099) or an isotype control (Abcam, #ab172730) at
4°C for 20 min, respectively. FcR blocking is necessary before antibody reactions. Cells
were washed for three times with chilled PBS, and then incubated in PBS supplemented
with 3% BSA, containing goat anti-rabbit 1gG H&L conjugated with FITC (1:1000)
(Abcam, #ab6717). After that, cells were washed for three times with chilled PBS, and
fixed in 4% paraformaldehyde (Solarbio, #P1110). A MACSQuant® Analyzer (Miltenyi,
Paris, France) was used for fluorescence intensity measure. The ratio of IFN-y vs IL-4 in
THP-1 derived macrophages was evaluated using intracellular cytokine staining. Briefly,
cells were fixed and permeabilized with FIX & PERM, followed by incubation with
FITC-conjugated anti-human IFN-y (1 pg/ml) (Biolegend, #506504) or FITC-conjugated
anti-human IL-4 (1 pg/ml) (Biolegend, #500807).

Blood macrophages were treated with hepcidin (4 puM), anti-hepcidin monoclonal
antibody (Beijing Gegen Biotechnology, LLC) (10 pg/ml), or hepcidin (4 uM) plus LPS
(100 ng/ml, Sigma, #L2630). The proportions of CD16+M1, CD23+M1, CD10+M2 and
CCL22+M2 macrophages were then detected by incubation of macrophages with anti-
CD16 (10 pg/ml) (Immunoway, #YM3090), anti-CD23 (10 pg/ml) (Immunoway,
#YMO0113), anti-CD10 (10 pg/ml) (Immunoway, #YM3072), or anti-CD22 (10 pg/ml)
(Immunoway, #YMO0113), or isotype control through flow cytometry assay, respectively.
Goat anti-mouse 1gG H&L (1:1000) conjugated with FITC (Abcam, #ab6785) was used
as the secondary antibody to incubate cells at 4°C for 20 min.

Immunoblot Assay. Lysis buffer was purchased from Sigma (#04906837001). Cells
were lysed for 30 min at 4°C in lysis buffer with protease inhibitor mixture (Sigma) and
1% Triton X-100 (Sigma) and then centrifuged at 20,000 g for 15 min at 4°C. Then the
supernatants were mixed with 4X Laemmli buffer. Fifty micrograms of proteins were
loaded for electrophoresis and transferred according to a standard protocol. Anti-IRF3
(10 pg/ml) (Immunoway, #YT5851), anti-pIRF3 (10 ug/ml) (Immunoway, #YPO088) and
anti-STAT6 (10 pg/ml) (Immunoway, #YT4454), anti-pSTAT6 (10 pg/ml) (Immunoway,
#YP0255), B-actin (10 ug/ml) (Immunoway, #YM3121) antibody were used to detect
corresponding signal pathways. The chemiluminescence was analyzed with
chemiluminescent detection kit (GE Healthcare, #RPN2105).

ELISA. The cytokine (IL-4 and IFN-y) concentration in the supernatants of THP-1
derived macrophages with or without hepcidin treatment were evaluated using Multi
Analyte ELISA Array kit (Qiagen, MEH-004A and MEH-009A), according to the
product datasheet.
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Statistical Analysis. All the results were the average of three independent assays and
were expressed as the mean + SD. Paired Student t test was performed for the statistical
analysis, and p<0.05 was considered statistical significance.

RESULTS

Hepcidin up-regulates the M1 polarization of THP-1 derived macrophages. Firstly,
we investigated the effect of hepcidin on THP-1 derived macrophages. PMA was used to
facilitate THP-1 differentiation. THP-1 derived macrophages were treated with 0 uM, 1
uM, 4 uM, or 16 puM concentration of hepcidin. Expression of inducible nitric oxide
synthase (iNOS), an M1 type marker, and CD206, an M2 type marker, were determined
using flow cytometry. Hepcidin was utilized to induce iNOS, and hepcidin neutralizing
antibody was employed to block the function of hepcidin. It was observed that hepcidin
increased the expression of iNOS in THP-1 derived macrophages in a dose dependent
manner (Figure 1A). Four uM hepcidin, a concentration inducing appropriate reactivity,
was selected to do the following assay. In this study, four groups were created, namely
hepcidin (+), anti-Hepcidin (-) (Hepcidin group), hepcidin (-), anti-Hepcidin (+) (anti-
Hepcidin group), hepcidin (-), anti-Hepcidin (-) (medium control group), and hepcidin
(+), anti-Hepcidin (+) (hepcidin and anti-Hepcidin group). As shown in Figure 1B,
compared with other three groups, hepcidin group had significantly higher iNOS
expressions, and anti-hepcidin group had the highest CD206 expression (p<0.01).
Representative histograms of iINOS and CD206 expression after hepcidin and its
neutralizing antibody treatment are also shown. Further tested was whether hepcidin
impacted the expression of IFN-y and IL-4 in THP-1 derived macrophages. [IFN-y, an M1
type event, and IL-4, an M2 type event, were determined using flow cytometry and
cytokines ELISA assay. Hepcidin was used to induce IFN-y and IL-4 expressions, which
were increased in a dose dependent manner in THP-1 derived macrophages in both cells
and supernatants (Figures 2A, 2B and 2C). Representative histograms of IFN-y and 1L-4
expression with or without hepcidin treatment are shown on the right panel of Figures 2A
and 2B. The ratio of IFN-y vs IL-4 was also compared. As shown in Figure 2D, although
the expression of IL-4 increased with hepcidin stimulation, the ratio of IFN-y vs IL-4 was
significantly higher in different hepcidin-treated groups compared with the medium
control group concerning both flow cytometry assay and cytokines ELISA assay (p<0.01).
These results indicated that hepcidin was able to induce the differentiation of THP-1
derived macrophages into M1 macrophages, while hepcidin neutralizing antibody could
enhance the M2 macrophage phenotypes of THP-1 derived macrophages.

Hepcidin increases the abundance of M1 monocyte derived macrophages in PBMC.
To test the effect of hepcidin on blood macrophages, PBMCs were seeded into 24-well
plates. 10% human AB serum was used to treat the monocyte in PBMC because this kind
of serum contained some cytokines to promote macrophages differentiation (8). After 24-
h incubation and aspiration of floating cells, MDMs were kept for further tests. Hepcidin,
hepcidin neutralizing antibody, and hepcidin plus LPS were used to treat MDMs. After
that, four macrophages markers, i.e. CD16 and CD23 (M1 type markers), CD10 and
CCL22 (M2 type markers) were detected in these MDMs. LPS acts as the prototypical
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Figure 1. Hepcidin increased iNOS expression and decreased CD206 expression in THP-1
derived macrophages. A Left panel, the proportion of INOS*THP-1 derived macrophages after
different concentration of hepcidin treatment. The data were summarized from three independent
assays. The percentage of INOS*THP-1 derived macrophages increased significantly in a dose
dependent manner (p<0.01). Right panel, representative histograms of iINOS expression in
different concentration of hepcidin. B Left panel, the proportions of INOS*M1 and CD206*M2 in
THP-1 derived macrophages after hepcidin or neutralizing antibody treatment. Hepcidin
significantly up-regulated the percentage of INOS*M1 macrophages (p<0.01), while significantly
down-regulated the percentage of CD206*M2 macrophages (p<0.01). Right panel, representative
histograms of INOS and CD206 expression in THP-1 derived macrophages. *, p<0.05. **, p<0.01.
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Figure 2. The ratio of IFN-y vs IL-4 in hepcidin-treated group was higher than medium
control group. A Left panel, IFN-y expression in THP-1 derived macrophages on different
concentration of hepcidin treatment. Right panel, representative flow cytometry histograms of
IFN-y expression in THP-1 derived macrophages. B Left panel, IL-4 expression in THP-1 derived
macrophages on different concentration of hepcidin treatment. Right panel, representative flow
cytometry histograms of IL-4 expression in THP-1 derived macrophages. Hepcidin significantly
increased the production of IL-4 and IFN-y in a dose dependent manner (p<0.01). However, 1 uM
hepcidin had no effect on IL-4 expression. The percentage of IFN-y was higher than IL-4 in
different hepcidin treatment groups. The data were summarized from three independent assays.
C The concentration of IFN-y (left panel) and IL-4 (right panel) in the supernatants of THP-1
derived macrophages with or without hepcidin treatment. IL-4 and IFN-y expression increased
significantly in a dose dependent manner. The data were summarized from three independent
assays. D Statistics for the ratio of IFN-y vs IL-4 both in cells (left panel) and in supernatants (right
panel). The ratio of IFN-y vs IL-4 were significantly higher on 4 uM and 16 pM hepcidin treatment
compared with no hepcidin added group. *, p<0.05. **, p<0.01, n.s., no significant.
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endotoxin to promote cells such asmonocytes, dendritic cells, macrophages and B cells
to secrete nitric oxide, eicosanoids and pro-inflammatory cytokines (9). We wonder if
LPS had synergy effect with hepcidin. As shown in Figure 3, in comparison with control
group, either hepcidin alone or hepcidin plus LPS profoundly increased the proportion of
CD16" M1 and CD23" M1 macrophages. With regard to CD10" M2 and CCL22" M2
macrophages, hepcidin neutralizing antibody robustly increased their abundance, whereas
hepcidin with or without LPS significantly reduced the abundance of CD10" M2 and
CCL22" M2 macrophages. LPS had synergy effect with hepcidin to reduce the proportion
of CD10* M2 and CCL22" M2 macrophages. Interestingly, in comparison with hepcidin
alone, the presence of LPS down-regulated the proportion of CD16* M1 macrophages but
up-regulated the proportion of CD23" M1 macrophages. It is indicated that there is
different signal pathway between hepcidin and LPS. Representative histograms of CD16,
CD23, CD10 or CCL22 expression after hepcidin, hepcidin plus LPS and its neutralizing
antibody treatment were also shown.

Hepcidin induces M1 Polarization through inhibition of STAT6 signaling and
activation of IRF3 signaling. To ascertain the signal pathways underlying hepcidin-
induced changes in monocyte derived macrophages, phosphorylation of two transcription
factors was assessed. Interferon regulatory factor 3 (IRF3) and the phosphorylation of
IRF3, which is related to IFN-y expression, and signal transducer and activator of
transcription 6 (STAT6) and the phosphorylation of STAT6, which is related to 1L-4
expression, were detected. As shown in Figure 4, the protein levels of IRF3 and STAT6
were roughly comparable in each group, suggesting that these treatments did not alter the
expression of these two factors apparently. Whereas hepcidin up-regulated the
phosphorylation of IRF3 but down-regulated the phosphorylation of STAT6 as compared
with control and hepcidin neutralizing antibody treatment group (p<0.01). Hepcidin
neutralizing antibody decreased IRF3 phorsphorylation but increased STAT6
phosphorylation in comparison with hepcidin treatment group (p<0.01). This result
suggests that IRF3 and STAT6 signaling are involved in hepcidin-induced polarization in
macrophages. The IRF3 signaling is related to M1 polarization and the STAT6 signaling
is related to M2 polarization, respectively.

DISCUSSION

In this report we studied the effect of hepcidin on macrophages polarization. We found
that hepcidin induced M1 polarization of macrophages derived from both THP-1 cells
and monocytes by affecting IRF3 phosphorylation, and the polarization is associated with
elevated expression of iINOS, CD16, CD23, and increased secretion of IFN-y. LPS could
enhance some hepcidin-induced M1 and M2 type markers expression. M1 polarization is
induced by Toll-like receptor (TLR) ligands and IFN-y. M2 polarization can be divided
into subtypes such as M2a, M2b and M2c, which were induced by IL-4/IL-13, immune
complex, and IL-10 or TGF-pB, respectively (10,11). This phenomenon mirrors the
Th1/Th2 polarizationin T cell response (12-14). So IFN-y and 1L-4 secretion could reflect
the macrophagess polarization status. We also analyzed IRF3 and STAT6 signal
pathways which have been proved essential for IFN-y and 1L-4 signaling. IL-4 induces
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Figure 3. Hepcidin induces M1 polarization in monocyte derived macrophages. A Left panel,
the percentage of CD16*M1 monocyte derived macrophages under different treatment. Right
panel, representative flow cytometry histograms of CD16*M1 monocyte derived macrophages
proportion under different treatment. B Left panel, the percentage of CD10*M1 monocyte derived
macrophages under different treatment. Right panel, representative flow cytometry histograms of
CD10*M1 monocyte derived macrophages proportion under different treatment. C Left panel, the
percentage of CD23*M2 monocyte derived macrophages under different treatment. Right panel,
representative flow cytometry histograms of CD23*M2 monocyte derived macrophages
proportion under different treatment. D Left panel, the percentage of CCL22*M2 monocyte derived
macrophages under different treatment. Right panel, representative flow cytometry histograms of
CCL22*M2 monocyte derived macrophages proportion under different treatment. The data were
summarized from three independent assays. Control group was no hepcidin added, hepcidin
group was 4uM hepcidin added, anti-H group was 10 pg/ml hepcidin neutralizing antibody added,
and H+LPS group was 4 pM hepcidin plus 100 ng/ml LPS added. In comparison with control
group, hepcidin treatment group had significantly changed the expression of these four markers
(p<0.01). Furthermore, hepcidin treatment group had significantly changed the expression of
these four markers in comparison with anti-H group (p<0.01). **, p<0.01. ##, p<0.01l. LPS
enhanced the down-regulation of hepcidin with CD10* and CCL22*M2 markers, while LPS had
contradictory effect on up-regulation of hepcidin with CD16* and CD23*M1 markers.
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the serine phosphorylation of STAT6 and STAT6-bound enhancers repress macrophage
transcription, and subsequently affects macrophage inflammatory response indued by
LPS. It suggests that during M2 polarization also occurs direct transcriptional repression
(15,16). Iron metabolism has been characterized in macrophages-mediated inflammation
(17-19). Hepcidin has 25 amino acids and is a key regulator of iron metabolism. Our
results suggest that hepcidin induces M1 macrophages polarization. However, in other
study, it was shown iron reduced M1 polarization of RAW?264.7 macrophages (20).
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Figure 4. Phosphorylation of IRF3 and STAT6 in monocyte derived macrophages. A Left
panel: representative images of immunoblot assay for total IRF3 and phosphorylated IRF3 in
different treatment groups. Right panel: Statistics for the ratio of pIRF3 vs IRF3. B Left panel:
representative images of immunoblot assay for total STAT6 and phosphorylated pSTAT6 in
different treatment groups. Right panel: Statistics for the ratio of pPSTAT6 vs STAT6. Densitometric
analysis was performed using pooled data from three such experiments. **, p<0.01. ##, p<0.01.

This discrepancy may be caused by factors such as differential simulation, iron
concentration, cell condition. In that study (20), iron was added directly into RAW264.7
macrophages, the increased concentration of iron may induce more complicated
responses, however in our study, hepcidin was added into macrophages without changing
the iron concentration in the medium, so the activated ferroportin receptor signaling is
more specific. In summary, macrophages polarization plasticity has important therapeutic

implications, and hepcidin is a potential therapeutic agent for macrophages-centered
treatment for various diseases.

Iran.J.Immunol. VOL.16 NO.3 September 2019 198



Hepcidin induce Macrophage Polarization

ACKNOWLEDGEMENTS

This work was supported by the Key scientific research projects of Henan colleges and
Universities, China (#19B310002). Human subjects: Human PBMCs or serum samples
used in this study were obtained previously and stored by the biologics research center at
Luohe Medical College. These anonymous samples were from donors with written
informed consent. The use of these samples was approved by the IRB of Luohe Medical
College (IRB number 4111010128508).

REFERENCES

1. Gordon S. Alternative activation of macrophages. Nat Rev Immunol. 2003; 3:23-35.

2. Naito M. Macrophage’s differentiation and function in health and disease. Pathol Int. 2008;
58:143-55.

3. Ganz T, Nemeth E. Iron homeostasis in host defence and inflammation. Nat Rev Immunol.
2015; 15:500-10.

4. Recalcati S, Locati M, Marini A, Santambrogio P, Zaninotto F, De Pizzol M, et al. Differential
regulation of iron homeostasis during human macrophages polarized activation. Eur J
Immunol. 2010; 40:824-35.

5. Qin H, Holdbrooks AT, Liu Y, Reynolds SL, et al. SOCS3 deficiency promotes M1
macrophages polarization and inflammation. J Immunol. 2012; 189:3439-48.

6. Ganz T. Hepcidin and its role in regulating systemic iron metabolism. Hematology Am Soc
Hematol Educ Program. 2006; 507:29-35.

7. Hare DJ, et al. Hepcidin: a real-time biomarker of iron need. Metallomics. 2017; 9:606-618.

8. Dockrell DH, Lee M, Lynch DH, Read RC. Immune-Mediated Phagocytosis and Killing of
Streptococcus pneumoniae Are Associated with Direct and Bystander Macrophage
Apoptosis. J Infect Dis. 2001; 184:713-22.

9. Maldonado RF, Sa-Correia I, Valvano MA. Lipopolysaccharide modification in Gram-
negative bacteria during chronic infection. FEMS Microbiol Rev. 2016; 40:480-93.

10. Biswas SK, Mantovani A. Macrophages plasticity and interaction with lymphocyte subsets:
cancer as a paradigm. Nat Immunol. 2010; 11:889-896.

11. Garcia-Gonzéalez G, Sanchez-Gonzélez A, Hernandez-Bello R, et al. Triggering of protease-
activated receptors (PARs) induces alternative M2 macrophage polarization with impaired
plasticity. Mol Immunol. 2019; 114:278-288.

12. Yoneyama M, Suhara W, Fujita T. Control of IRF-3 activation by phosphorylation. J.
Interferon Cytokine Res. 2002; 22:73-6.

13. Jang E, Lee S, Kim JH, Kim JH, Seo JW, et al. Secreted protein lipocalin-2 promotes
microglial M1 polarization. FASEB J. 2013; 27:1176-90.

14. Mercalli A, Calavita I, Dugnani E, Citro A, et al. Rapamycin unbalances the polarization of
human macrophages to M1. Immunology. 2013; 140:179-90.

15. Lin YC, Huang MY, Lee MS, Hsieh CC, Kuo HF, Kuo CH, et al. Effects of montelukast on
M2-related cytokine and chemokine in M2 macrophages. J Microbiol Immunol Infect. 2018;
51:18-26.

16. Czimmerer Z, Daniel B, Horvath A, Rickerl D, Nagy G, Kiss M, et al. The Transcription
Factor STAT6 Mediates Direct Repression of Inflammatory Enhancers and Limits Activation
of Alternatively Polarized macrophages. Immunity. 2018; 48:75-90.

17. Nairz M, et al. Iron and innate antimicrobial immunity-Depriving the pathogen, defending the
host. J Trace Elem Med Biol. 2018; 48:118-133.

18. T Ganz. Molecular control of iron transport. J Am Soc Nephrol. 2007; 18:394-400.

19. Vyoral D, Petrak J. Hepcidin: a direct link between iron metabolism and immunity. Int J
Biochem Cell Biol. 2005; 37:1768-73.

20. Gan ZS, Wang QQ, Li JH, Wang XL, Wang YZ, Du HH. Iron Reduces M1 macrophages

Polarization in RAW264.7 macrophages Associated with Inhibition of STAT1. Mediators
Inflamm. 2017; 2017:8570818.

Iran.J.Immunol. VOL.16 NO.3 September 2019 199



