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Supplementary Materials: Developmental Control of
NRAMP1 (SLC11A1) Expression in Professional Phagocytes

Mathieu F. M. Cellier
Correlating CAGE signals and other marks of NRAMP1 expression in AMLs.

The area spanning NRAMP1 exons XIII-XV that comprises DHS F10 and F3 [11] is heavily decorated with
K9/27ac and K4me2/3 in K562 cells, whereas CD14*MNs show strong marking with K4mel only (Figure S2B).
Histone modifications thus appear consistent with CAGE data (Figure S1B), suggesting that RNA Pol II activity
at the 3' end of NRAMPI Orf may coincide with absence of full-length gene expression in myeloid cell types
either divergent from the myelo-monocytic fate (such as K562 cells) or representing some transformed, aberrant
progenitor stage (e.g., NB4 APL, Figure 1). In contrast, RNA Pol II activity at NRAMP1 TSS characterizes cells
either expressing or prone to express NRAMP1, such as CD14*MNs and HL-60 cells, respectively.

Along these lines, the area of NRAMP1 exon XV comprises DNAse footprint F3 found in both
megakaryocytic progenitors and CMPs that matches a potential binding site for ELF1 revealed by ChIP-seq (see
text section 2.3.1.7.). Given ELF1 involvement in gene regulation in both erythrocytes and megakaryocytes [80,
81, 91], its peak of expression in neutrophil precursors from human bone marrow [84] and its ability to either
activate transcription [86,89] or mediate transcriptional repression [79], including in MCs [82], data suggest
possible cooperation between F3 element overlapping NRAMP1 exon XV and F10 candidate alternative TSSs
located in intron 12. As a result, full-length transcription of NRAMPI may be prevented in myeloid cell types
that either represent early progenitors of microbicidal phagocytes (i.e., MNs, PMNs and PM eosinophils) or
diverge toward different lineages (e.g., erythrocytic/megakaryocytic) or various cell types such as DC and MC.

The suspected NRAMP1 alternative TSS was also detected in larger CAGE datasets: it is the sole cluster of
tags detected in ENCODE CAGE dataset (82 samples, including K562 cells but no other myeloid sample) [92]
while it is apparently absent from two other sets that contain data from the monocytic lineage: (FANTOMS3: 120
samples representing various human tissues, hence expected to contain resident populations of macrophages,
including lung which is a major site of NRAMP1 expression, [112]) [94] and (FANTOM4: THP1 CAGE, 36
samples including both untreated and phorblol-ester stimulated cells) [93]; and it was found in FANTOMS5 (1829
sample-set that includes Blood CAGE data presented in Figure 1 and Figures S3-57) [16,17].

Further examination of NRAMP1 expression data in THP1 monocytic cells (FANTOM4) shows that the
gene is transcribed at low level in untreated cells. Gene expression is significantly induced after 24h treatment
with phorblol-ester, to a level that is maintained slightly increased after 96h. These data confirm previous results
obtained with HL-60 cells showing that NRAMP1 expression is not induced rapidly during macrophage-like
differentiation stimulated with phorbol ester (maximal induction attained after 48h treatment; [74]). In addition,
examination of NRAMPI transcript level after siRNA perturbation against 53 TFs showed an up-regulation
trend (twofold or more) in three instances: CTCF, IRF7 and MYC, suggesting that these factors may interfere
with NRAMPI expression [93]. However since transcript expression was probed using the last exon (XV) the
nature of the TSS involved (5" or "3 “alternate") is not known.

Lastly, ChIP-seq data from untreated THP1 cells [93] associated the TFs SP1 and PU.1 with both the 5" and

3" parts of NRAMP1 Orf, in agreement with other results implicating SP1 in NRAMP1 expression in VitD-
differentiated HL-60 cells [12] and demonstrating PU.1 binding at NRAMP1 locus both in MNs and MDMs [13],
whereas K9ac mark and RNA Pol II were found spread along NRAMPI locus including the 5 enhancer
determinants. The negative element suspected in NRAMP1 intron 12 (F10) corresponds to a peak in all four
1
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ChIP-seq analyses, which is more prominent in the case of SP1 compared to PU.1. In contrast, CAGE tags were
few at this site while tag clustering at NRAMP1 TSS was comparatively inferior to CTDSP1 TSS, consistent with
low level NRAMP1 expression in untreated THP1 cells.

Legend to Figures S1-528

Figure S1. CTCF-dependent topological organization of NRAMP1 locus. A. View of a 700 kb chromosome 2
segment centered on NRAMP1 (SLC11A1) gene [9, 10, 48, 78]. From top to bottom: Orientation of CTCF sites
identified by ENCODE project, forward (F) and reverse (R), and labelled with numbers or letters; Chromosome
2 scale; CTCF ChlIP-seq data from CD14* MNs, K562, HUVEC and ESC; CpG islands; UCSC gene descriptions;
DHS mapped in CD14* MN, HL-60, NB4, G-CSF mobilized CD34* precursors (mCD34/CMP), CMK, K562,
HUVEC and ESC; Histone marks of activation (K4mel and K27ac) in CD14* MNs, K562, HUVEC and ESC;
ChIP-seq data for EGR2 (MF/MAC), PU.1 and C/EBPb (MAC and MN/MO; [13]); Histone marks of
transcriptional activity (K9ac, K4me2, K4me3) in CD14* MN, K562, HUVEC and ESC; RefSeq gene descriptions.
A candidate super-domain encompassing NRAMP1 locus is indicated by a thick black line. B. Close-up view of
CTCF-dependent looping around NRAMP1 locus. From top to bottom: CTCF-dependent loops revealed by ChIA-
PET analyses in both K562 and MCEF?7 cells; Orientation of the corresponding CTCF sites, F or R, identified by
their genomic location; Chromosome 2 scale; CTCF ChIP-seq data from CD14* MN, K562, HUVEC and ESC;
CpG islands; UCSC gene descriptions; DHS mapped in CD14* MN, HL-60, NB4, mCD34, CMK, K562, HUVEC
and ESC; Histone marks of activation (K4mel and K27ac) in CD14* MN, K562, HUVEC and ESC; ChIP-seq data
for EGR2 (MF), PU.1 and C/EBPb (MF and MN); Histone marks of transcriptional activity (K9ac, K4me2, K4me3)
in CD14* MN, K562, HUVEC and ESC; RNA-seq data for both strands from GM12878 lymphoblasts, CD20* B
lymphocytes, mononuclear cells from peripheral blood, CD14+* MN, K562, mCD34, HUVEC and ESC; RefSeq
gene descriptions; whole cell CAGE for both strands from GM12878 lymphoblasts, CD20* B lymphocytes, CD14+
MN, K562, mCD34, HUVEC and ESC. Green highlighting underlines myelo-monocytic specific transcription
that typifies NRAMP1 locus; a small contiguous area (blue highlight) delineates hematopoietic-specific
transcription signals. C. Sequence of CTCEF sites. Top: CTCF consensus sequence from various sources: JASPAR
TF database [63], Factorbook database [61] and Guo et al. study [58]; Bottom: sequence and orientation of CTCF
sites identified by ENCODE around NRAMP1I; the three most conserved positions are underlined; # refers to
CTCEF site labels in panel A. D. Both NRAMP1 locus CTCF boundaries comprise predicted eQTLs [54]. a.
Immunpop server [54] display of 416 local eQTLs associated with NRAMP1I, based on gene expression level
variations measured in M2 MF/immature DC (CD14+, CD1a*, CD83lv, HLA-DRlv), either resting or infected for
two hours with Listeria or Salmonella, from individuals of European and/or African ancestry. b. Blow-up of
NRAMP1 locus area (~70kb) highlighting the location of two SNPs widely used for NRAMP1 genotyping which
were previously associated with susceptibility to infectious diseases, including tuberculosis, and/or autoimmune
pathologies (e.g., inflammatory bowel disease, rheumatoid arthritis [111]). Horizontal green arrows indicate
eQTL haplotypes that were co-detected in independent studies [54,50]; the corresponding individual eQTLs are
pointed with green arrowheads. ¢. UCSC genome browser display of the CTCF topologically associating domain
(TAD) delineating NRAMP1 locus. From top to bottom: Chromosome 2 scale; CTCF binding sites revealed by
ChlIP-seq assays in CD14* MNs and K562 cells; CpG islands; RefSeq genes; DHS in CD14* MN (x2); ENCODE TF
binding sites detected by ChIP-seq assays; UCSC genes; Chromosome 2 regions (i-v) part of NRAMP1 locus
(CTCF TAD) carrying sets of transcriptional regulatory elements (F1-F14) predicted to control gene expression.
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Figure S2. Regulatory element in NRAMP1 intron 12 having negative impact on gene expression. A. Cap
analysis of gene expression (CAGE) at NRAMP1 locus showing the transcription start sites (TSS) of NRAMP1
and downstream gene CDTSP1 whereas the upstream gene CATIP is not expressed in myeloid cells [68]. CAGE
for representative examples of cell types that express NRAMP1 at high level (neutrophils, CD14* MNss), at
moderate level similar to CDTSP1 (CD34* progenitors, dendritic cells) or that show negligible NRAMP1
expression (acute myeloid leukemias, mast cells). The mean of tags per million (tpm) detected over the 50kb

analyzed is given for each cell type to illustrate the predominance of NRAMP1 expression in mature

phagocytes. A vertical arrow indicates a putative NRAMP1 internal TSS that is detected in cells producing little

full-length transcript.
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Figure S2B. (Epi)genetic analysis of the 3' end of NRAMP1 gene (exons XIII-XV) including ChIP-seq data for specific TFs and select histone marks,
and DNAse 1 footprints. From top to bottom: F10 and F3 denote DNAse 1 footprints previously described [11]; chromosome 2 scale; ENCODE ChIP-seq
for CTCF (CD14* MNs, K562 cells), UCSC browser description of NRAMP1 structure; CpG islands; ENCODE ChIP-seq data for various TFs; footprints
of areas sensitive to DNasel digestion (CD14* MNs, HL-60 and NB4 cells, mCD34, CMK and K562 cells); ChIP-seq data for select histone marks of
regulatory element priming (K4mel, K27ac; CD14* MNs, K562 cells); ChIP-seq data for the TFs EGR2, PU.1 and C/EBPb in MO and MAC [13]; ChIP-
seq data for select histone marks of transcriptional activation (K9ac, K4me2, K4me3) in CD14* MNs and K562 cells; RefSeq description of NRAMP1
structure.
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Figure S3. Detail of CAGE at NRAMP1 region ii spanning DN ASel footprints (DHS) F12, F13, F5, F2 and F4B. From top to bottom: Location of DN ASel
footprints (DHS, ENCODE); chromosome 2 scale; ENCODE CTCF ChIP-seq data for CD14* MNs, HL-60, NB4 and K562 cells, HUVEC and ESC; CpG
islands; DNAsel footprints in CD14* MNs; UCSC browser gene descriptions; RNA Pol II ChIP-seq data for HL-60, NB4, K562, HUVEC and ESC;
RefSeq genes; CAGE data for 22 blood cell types [68].
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Figure S4. Detail of CAGE at NRAMP1 region iii spanning DN ASel footprints (DHS) F7, F1 (TSS) and E8. From top to bottom: same as Figure S2.
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Figure S5. Detail of CAGE at NRAMP1 region i spanning DNASel footprints (DHS) F6, F11 and F4A. From top to bottom: same as Figure S2.
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Figure S6. Detail of CAGE at NRAMP1 region iv spanning DNASel footprints (DHS) F14 and F9. From top to bottom: same as Figure S2.
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Figure S7. Detail of CAGE at NRAMP1 region v spanning DNASel footprints (DHS) F10 and F3. From top to bottom: same as Figure S2.
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Figure S8. ChIP-seq data for histone marks of de-activation: K27me3 (transcriptionally silent chromatin) and
K9me3 (heterochromatin). NRAMP1 locus is examined at two different scales: upper panel, 6Mb, a vertical
arrow localizes the gene; lower panel, 55kb, the gene is underlined. For each panel, from top to bottom:
chromosome 2 banding pattern; local chromosome 2 scale; CpG islands; ENCODE CTCF ChIP-seq data for ESC,
HUVEC, CD14* MNs and K562 cells; UCSC gene descriptions; DNAsel footprints for CD14* MNs, HL-60 and
NB4 cells, mCD34, CMK and K562 cells; ChIP-seq data for the TFs EGR2, PU.1 and C/EBPb in MN and MF [13];
ChlIP-seq data for select histone marks of chromatin de-activation (K27me3 and K9me3; ESC, HUVEC, CD14+
MNs and K562 cells); RefSeq gene descriptions.
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Figure S9. UCSC browser display of ENCODE TE-specific ChIP-seq data for NRAMP1I locus shows TF
association with multiple DHS, including several CTCF sites. From top to bottom: position and orientation of
CTCEF sites, indicated by colored letters: red (forward), blue (reverse) and grey (undetermined); chromosome 2
scale bar; CD14* MN DHS; CTCF-specific ChIP-seq (K562 cells); UCSC gene descriptions; CpG Islands;
ENCODE TE-specific ChIP-seq data shows variable enrichment at CTCF sites; CTCF-specific ChIP-seq (CD14*
MNs); CD14* MN DHS; Refseq gene descriptions.
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Figure S10. Association of TF mediating inflammatory responses with NRAMP1 locus. From top to bottom: major
CTCF binding sites E, A and D; gene names and position of NRAMP1 TSS; chromosome 2 regions carrying
predicted transcriptional regulatory elements (F1-F14); chromosome 2 scale; IRF1 ChIP-seq data for MDM (in
presence of M-CSF), stimulated for 6h with or without LPS and with or without 24h IFN-g priming [99]; Other
RefSeq gene descriptions; STAT1 ChIP-seq data for MDM stimulated for 6h with or without LPS and with or
without 24h IFN-g priming [99]; UCSC gene descriptions; HIF1a and HIF2a association with NRAMP1 locus in
MDM (RPMI medium alone) exposed to hypoxia for 4h at 37°C after priming or not with IL-10 for 16h [103];
Basic gene depictions; ChIP-seq for EGR2 (MF), C/EBPb and PU.1 (MN and MF) [13]; Ensembl Genes; ENCODE
DHS for CD14* MNs, HL-60, NB4, K562 and CMK cells, mCD34, CD34* progenitors; CTCF specific ChIP-seq in
CD14* MNs; K27ac specific ChIP-seq data for MN and MF [13], CD14* CD16- MNs and CD14- CD16* MNs [152],
CD14* MNs and CD34+ progenitors (ENCODE); CTCF specific ChIP-seq in ESC; K4mel specific ChIP-seq data
for MO and MAC [13], CD14* MNs, CD34 progenitors and HSC (ENCODE); CpG islands; K9ac ChlIP-seq data
(CD14+ MNs); CTCEF specific ChlP-seq in K562 cells; K4me2 and me3 ChIP-seq (CD14* MNs); RefSeq genes;
ChlIP-seq in CD14* MNs (H4K20mel, K79me2, K36me3); CTCF specific ChIP-seq in HUVEC; CAGE data for
CD14+ CD16- MNs and CD14- CD16* MNs [152].
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Figure S11. Predicted NRAMP1 super-enhancer (S-E) determinant. From top to bottom: Chromosome 2 scale; ChIP-seq for CTCF (CD14* MNs, K562 cells,
ESC); CpG islands; UCSC gene description; DHS (CD14* MNs, HL-60 and NB4 cells, mCD34, CMK and K562 cells); ChIP-seq data (K27ac, K4mel and the
TFs PU.1 and C/EBPb in MN and MF [13]; polyA+ CAGE tags for CD14* MNs, mCD34, K562 cells, ESC [16,17]; RefSeq genes; dbSUPER prediction of S-E
determinants in CD14* MNs, K562 cells and CD34* precursors [101]
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Figure S12. Comparison of ChlP-seq data at NRAMP1 locus for histone marks of chromatin activation (K4mel, K27ac and K4me3) from select cell
types (ESCs, ESC-derived cultured cells) and various tissues of mesodermal origin [14]. Each panel is depicted using a common Y-scale. NRAMP1
predicted 5' and 3' regulatory hubs (RH) are highlighted (red and brown, respectively).
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Figure S13. Comparison of ChlP-seq data at NRAMP1 locus for histone marks of chromatin de-activation (K27me3 and K9me3) from select cell types
(ESCs, ESC-derived cultured cells) and various tissues of mesodermal origin [14]. Each panel is depicted using a common Y-scale. NRAMP1 predicted
5'and 3' regulatory hubs (RH) are highlighted (red and brown, respectively). K4mel mark added for comparison with Figure S12.
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Figure S14. ENCODE CAGE and RNA-seq data corresponding to NRAMP1 locus. Results are presented separately for five regions (i-v). From top to
bottom: Location of DHSs; chromosome 2 scale; CTCF ChIP-seq for CD14* MNs, K562 cells, HUVEC and ESC; CpG islands; UCSC gene description; DHSs
in CD14* MNs, HL-60, NB4, mCD34/CMP, CMK and K562 cells, HUVEC and ESC; ChIP-seq for histone marks of priming (K27ac, K4mel; CD14* MNs,
K562 cells, HUVECs and ESCs); ChlP-seq for the TFs PU.1 and C/EBPb in MN and MF; ChIP-seq for histone marks of activation (K9ac, K4me2 and
K4me3); RNA-seq data (CD14* MNs, K562 cells, mCD34, HUVEC and ESC); RefSeq gene description; CAGE data (CD14* MNs, K562 cells, mCD34,
HUVEC and ESC).
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Figure S15. Chromatin status at NRAMP1 locus in hematopoietic cells. From top to bottom: position and
orientation of CTCF sites indicated by arrows, red (forward), blue (reverse) and grey (undetermined);
chromosome 2 regions carrying predicted transcriptional regulatory elements (F1-F14); chromosome 2 scale bar;
ENCODE CTCEF-specific ChIP-seq (CD14* MNs, K562 cells); UCSC gene descriptions; CpG Islands; ENCODE
TF-specific ChIP-seq data; ENCODE DHS for CD14* MNs (x2), HL-60, NB4, mCD34, CMK and K562 cells;
ENCODE ChIP-seq data for select histone marks (K4mel and K27ac) in CD14* MNs and K562 cells; ChIP-seq
data for the TFs EGR2, PU.1 and C/EBPb in MO and MAC [13]; ENCODE ChlIP-seq data for histone marks K9ac,
K4me2 and K4me3 in CD14* MNs and K562 cells; RefSeq gene descriptions; NIH Roadmap epigenomic data for
hematopoietic cells: DHS and ChIP-seq data for histone marks of priming, K4mel and K27ac (panel A); ChIP-
seq data for histone marks of transcriptional activity, K9ac, K4me3 and K36me3 (panel B); RNA-seq profile and
ChlIP-seq data for histone marks of repression, K9me3 and K27me3 (panel C)

29



Biology 2017, 6, 28

BF

scale

chrat | 219,228,888 219,238,808 219,235, 6808)

COi4+ CTCF
KSEZ CTCF 53 1
UCSE Genes

Unnasked Cos
Tn Factor ChIF |
co144 Mono sz 2

CO14 Dhase 27 91

HLE® Sg
NE4 52
COB44+ Mok

oMK
KEE2

@
s

COL4+ HIKAML

KSE2 H3K4m
CO14+ H3KZTac
KSE2 H3kZTac

MAG EGR2 I

MAC FU. L I 1

Mo FUL 1 1 I
MAG G/EEFReta Ll
MO C/EEFREtA L}
HaKgaC
HEKIaC
HIKAm2
HEKAm2

HEKANE
HEKANE

Refisq Genes
DHasE hupersensit

219,248, 808|

S30 of S63

A C
RS

k
219,245, BaA| 219,258, Asa| 219,255, Aga| 219,268, a8a| 219,265, aga|
Histone Modif ications by ChIF-seq from ENCODE/Eroad Institute

219,275, 888] 213,280, 688|

|
CTCF Binding $ites by ChIP-seq from ENCODE/University of Washingtan

219,278, ane|

UCSC Genes (RefSeq, GenBank, CODS, RFAM, TRNAS & COMPararive Genomics)
—
CpG Izlands on A1 Secuence (I=lands < 364 Bases are Lisht Greend .
Tramscript ion Factor ChIP-seq (161 factors) from ENCODE with Factorkook Mot ifs a
DNasel HUPErsSensSitivity by Digital DNASel from ENCODE/Universify of Washington
m 1
DHase Hupersens itivity Raw Signal from REMC/UW
Il
DNasel HUPErSSnSiTivity by Digital DNasel from ENCODE/University of Washington
1 u I I 1
[ o
n [l |
] H 1
Histone MOdif cations bu ChIF-seq from ENCODE /Broad Ins
mr Il imnmErrE 0 | - [ ] ] i
- I/ - 1 1
EGR2 in‘human monocyte-der ived macrophages (I'IFIC)‘
! FU.1 in human monocute-der ived macrophages (HAC)
FU, 1 in MUMaN CD144+ MOROCYEES (MO} . -
C/EEFReta in human monocyte-der ived macrophages (HAG)
. C/EEFReta in human CO14+ monocutes cHd)
HiStone Modifications by ChIP-seq from ENCODE/Broad InSTitute
| I | | 1l
mn
i T jrn I =
I
N L IN N [ LLTT L |
ma n
Refseq Genes
- H—j— —

E123 KS62 Leukemia Cells DHase imputed pval sional

x - i e | A
EBS6 Frilary MEMatops 18T 10 SEem CE115 SAOFT TErm CUIEUrE DNase INRUTEd bwal Sisnal
DHase hupersens it
L A i y
[ —— B85 Frimary hematopoietic stem cel1ls DHase iMGULed pval sional
L A L A
DNase hupersens it EB51 Frimard Mematopoistic STem Ce 115 G-OSF-mohilized Male DNAse (MQUTEH pyal = iSnal
i A - n L. e A
DMase hupersens it El24 Monocutes—CDi4+ ROBL74E Frimary Ce=l1s DHase imputed pval sional
A T - a e A L. A i A
DHase hupersens it EB23 Frinard monoCJTes From BEF pheral G000 DHASe IWALTE Pval =13ha)
A I A A&, A stk AL
DMase hupersens it E836 Frimary nedtrophils from per ipheral blood DNase fWRdted pval sidna
" [ | WY W N roy A
EGRD P Mary WORGALE 185k T2 115 FPOM fer phers ] BIood DNase imputed pual Signal
DHass hupsrsens it
" 'y " P A
DMase hupersens it E1iZ Spieen Diase imputed pval =ional
i e A ok M
EG4E Frinard Hataral 1116k C2115 From periRheral 1000 ONGSE PuLen pwal S ighal
DHase hupersens it Y per il ) 2 E
& -\ & i s e
DMase hupersens it E632 Frimary B tells from peripheral Hlood DNase impULed Aval signal
i F " .‘..._
EBE4 Fromary T L6115 FRom Ger iBRers] 61000 ONGSe IPUTEd pual Signal
DHase hupersens it i Laills Pl [ E
i r' | _ i - L A
Dhase hupersens it E035 Primard T helper naive c=11% From peripheral b1ood DNase mAubed pwal =ignal
" . .
E@47 FRimard T GDB+ Raiwe L2115 FRON peripheral biood DNase mputed Bval ignal
DNase hupersensit I perip i C B
i - i | | — A
Hatned s iana E1Z% Kooz Leukenin Ce 11z HOKANEl imputed fwal =igha)
—— P
Hekaned_signal EB35 Frimard REenatoRoiet 1€ STEm 8115 SROFT TEFM CUITURE HEKAMEl JMBLTEH Byval S19hal
P VL IR o dhin i
Hatned s iana EB35 Frimard Memstopoistic stem os11s HERAmel [mputed pval =ignal
- s dima k. o ntan il A . adh s
HoK4med_2 ignal EGE1 | FFiard Rematont 18T 10 STam £ 115 G-GSF—MoB 11126 Ma e | HSKANEL | ANpUTed pual S i9na 1
d e A
Hatned s iana E124 HonocUtes—CO14+ ROG1T45 PR imary Gz AEKAMEL | iMputed Bva) =ignal
Py
ekenet s iana E623 Frimary monocutes from peripheral R10o8 AaRAmel inputed pwal sisnal
Hatned s iana E030 Frrimard Medtrophi 13| From Ret ipheral | Blood HEH4mel imputed pyal £ignal
ekenet s ana EBE2 Frimary mononuclear cells from perikheral k1ood HaK4el mputed pval sizna)
prrary o - a
Hak4me1_s igna 1 EL13 3k le=r HEkAnel iNpUTed fual =ional
- Snnithonn g ol ab e i
ekane s iane Eo45 Friimard Natural Killer Cells from Reriphieral Biood HR4mel imputed pval sienal
— Abs oy a
EB32 Frinard B o211z FROM Par Bheral bioad HEK4ned | imputed Bva) =ignal
HaKamel_Siznal = e bl s 3 &
Aiba - i
ekenet s ana EB34 Frinard T cells From peripheral piood HEKAMel | imouted pva)l siznal
A -
EBGS Frimard T REIRer Raive CE 115 FRom peripRersl 61006 HoRsmel (MRUTEH pval 5 ienal
HaKamel_Siznal ¥ L perip C G E
P

HEKAMET_S igna 1

.
Ea47 Frimard T COG+ naive cells from peripheral biood Hakdmel imputed pval sisnal

Py
E123 Kotz Leukemia G115 HIKEFAC MALTEd Pwal 5igna)
HakaTac_giona 1 i i 2
- . -
HoKaTAC_S igha 1 N EB2E Frimard hematopoietic stem cells short term culture HGRETac imputed pval sisnal
- a— M s i B
EBSS Frimard Menaronoietic STem o1 1% HGKE7ac WRLTES Pval Sisnal
HIKETaC_Tional o I = 3 E
A —— e A i e
HoKaTAC_S igha 1 EBSL Frimard hematonoietic stem Ce11s G-Gor-mokilized Hale HERZTac inguted pva|‘s|gna\
E12+ MONOCUTES-CD14+ ROB1746 FFimard G115 HGKETAE WALTES Pval 519na1
HIKZFac_Tignal o o = [ 2
i mn Aot calh - a -
HoKETRC_S igna 1 A E6Z3 Frimary monocutes From peripheral 1008 HSKZTAC imputed pwal sional
- Al L A
EB38 FF Mk Medtropny 15 From Rer ipheral B1ood HoKE7ac MpLTed pval £ignal
HIKETaC_Tional o Iz per i p 3 o
a —
HEKETAC_S igha 1 E0BZ Frimsrd mononuclear cells from periRheral R100d HIKE7ac iNpUbed val =ignal
- Ahadbbha | L VL
Ei15 ShIeer HGkE7at iWPUTEH pval =ignal
HIKZFac_Tignal P L w =
Ao " o
HEKETAC_S igha 1 E045 Frimard Natural Killer Cells From peripheral Blood HSKZTAc imputed pval sional
HaETac  fana) EfSE Frinerd 6 L2115 FROm Per RNEral B1ood ASKETAE WWALTES Pyal 519na1
HaKETaC S igna 1 E634 Frimard T cellz From peripheral blood HEKZ7Tac Wputed Dval =ignal
EBEs Frmard T REReF Rave CE 115 FRom BeripReral 61608 FERETAC (MAUTEH Bval S1ena 1
HBKETRC_Tiana 1 = E [T b I L  EEEE
- a -
HEKETAC_S igha 1 Eo47 Frimard T COS+ naive o1z From per inhera] b1ood HEKE7ac impubed pwal signal
- A ———

30



Biology 2017, 6, 28

m

cwz:i| 219,225, an8|

scale
COl4+ CTEF 1

KSE2 CTCF 83 4 I
uCse Genes
Unmasked ope

Tin Facror ohiF ] W
Co14+ Mono S22
CD14 DNase 27 91

HLEa 59

NE4 S8

COB4+ Mok 52

oM sg

KEEa 52

CO14+ HIKHIL I
KEE2 HKmi ]

CD14+ HZK27ac

KSE2 H3KaTac

MAG EGRZ
WA FUL L

MO FUL L

MAC ©/EEFbeta
WO C/EEFREtA
COL4+ HIKZAC
KS62 H3K3ac
COL4+ HIKAMS
KEE2 HEKAM2

COL44+ HBKAME
KEE2 HBKANE

Refieq Genes ——HH————F——F—F——Hl

HEKIAC_S ignal

S31 of S63

BF

28 kol

k
219,230,888 219,235,808 219,248,808 219,245,808 219,258,868| 219,255,888  219,268,880] 213,265, 088] 219,278,688 219,275, 888] 219,230, e08|
Histone Modifications by ChIF-sea from ENCODE/Broad Institute X

A C D
. AV ii v ,_L‘l"l' ‘l’

CTCF Binding $ites ky ChIP-seq from ENCODE/University of Washingtan
UCSC Genes (RefSeq, GenBank, CODS, RFAM, TRNAS & COMPararive Genomics)
CpG Izlands on A1 Secuence (I=lands < 364 Bases are Lisht Greend
Tramscript ion Factor ChIP-seq (161 factors) from ENCODE with Factorkook Mot ifs
] (1] 1 1 1 I'm m | I . I [ B

DNasel HUPErSEnsSiTiviT by Digital OMASel from EMCODE/UNiVersity of Washingtoh
1

DHase Hupersens itivity Raw Signal from REMC/UW

DNasel HUPSFSEMSiTiviTU By Didital DNASel from ENCODE/UNiVErsity of Washington

1 L .
HiSTORe MOOiFications by CRIP-Seq from ENCODE/Broad IRSTitute
I BImmE Ly 1]

EGR2 in human monocute-der ived macrophages (HAC)

FU.1 in human monocute-der ived macrophages CHAC)
FU, 1 in MUMEN CD144+ MOROCYEES (MO}
C/EEFReta in human monocyte-der ived macrophages (HAG)

C/EEFReta in human CO14+ monocutes cHo)

1
HiSTOne MOdifications by CRIP-Seq from ENCODE/Gross IRSTitute
L

Refseq Genes

E123 KS62 Leukemia Cells H3KZac imputed pval =ignal

H3Kaac_3ignal

HEKIAC_S ignal

H3Kaac_3ignal

HEKIAC_S ignal

H3Kaac_3ignal

Y Aa i
E636 Frimary Pematopoistic Stem ce 11 Short Term CUITUre HOKSAC iMpUTed pual =ional
~
EG35 Frimary Pematopoietic stem cells HEKEAC mAUTEd mual sional
h T Y N
EGS1 Frinard ReWsTORD STiC STen CE 115 GoCST—mob 11728 Male HGRSAC iMputed Pval =ignal
E124 MOnoCUtes—CO14+ ROG1746 Frmary Cells FBKEAC imputed pval =ional
e . P, YN
EG20 FF imard MONOCUTes frOm peripneral B1ood HEROAC TMRUTed PWAl = inal
i a

HEKIAC_S ignal

E&3% Frimard neutrophils from peripheral kiood H3KSac imputed pval signal

o e dsn. e

HEKaaC_3 ignal

EBEZ Frimard Mononuc1ear cells From per iphers] Biood HSRSac imputed pual sighal

. a~

HEKIAC_S ignal

E1i% 3plesn HaKeac imputed pwal signal

HEKaaC_3 ignal

HEKIAC_S ignal

HEKaaC_3 ignal

HaKaac_siznal

HEKaaC_3 ignal

rrrrr;rffrfrrr
b}

.
EGA6 PR ilary FATURa1 K3 11er C2115 From per pneral B1oo0 HSROAT aNpUTed pual Signal
E#5Z Frimary B c=11s from per ibneral Biood HOKSAe imputed pval sianal
EG54 Frimary T CE115 From per ipheral B10od FGKGAC TMRHTEd Bval =19nal
EE55 Primary T RElper naive c=115 from per ipheral B1ood HOREAt inputsd pval signal
s F .
EG47 Frinarg TGOS+ naiwe CET15 From per iphera] B1ood FSRaat imeuted pual 5ional
As -

H3K3Eme3_3 ional

E123 KS62 LeUKem s Ce 115 HIKSEMES iMPUTEd pwal Signal

:

HEKSEMEs_S igna 1

EG3E Frimard Mematopoietic stem cells Short Lerm cuiture HaKIemes imputed pval sisnal

H3K3Eme3_3 ional

i, —— e
EBSS Frimard MEmATORc et ic STem C8 115 HGKSGMED iMpUTed Bval 5ignal

I

HEKSEMEs_S igna 1

i e .
EBS1 Frimard hematopoietic stem cells G-CoF-mokilized Male HIKGEWES iMputed pwal si2nal

:

H3K3Eme3_3 ional

e
E184 MONocYTes—CO14+ ROAL746 Frimard Ce11s HOKGOMES (MPUTEd Pwal = ignal

HEKSEMEs_S igna 1

P
EG23 Frimard monocutes from peripheral klood H3K3SmeS imputed pval sional

H3K3Eme3_3 ional

b
EBSE Frimary MeUTrophi s From peripheral blood HSKSBMES impuTed Pual 5igna ]

HEKZEMEE_S ignal

i Bt
EGEEZ Frimarg mononacisar cells from peripheral kiood H3K3Sme3 imputed pwal = ignal

F

H3K3Eme3_3 ional

ET15 Spleen HOKSBMES impUTed pual =ignal

HEKZEMEE_S ignal

Ed45 Frimarg Maturs] Killer cells from periphera) blood H3K3smes

fputed pval = ional

EGSE Frimard B Cel11s from peripheral

1000 HoKSEmES

H3K3Eme3_3 ional

THRLTED pus 1 = igna |

HEKZEMEE_S ignal

EG34 Frimarg T cells from peripheral bilood H3k3Emes

imputed peal = ignal

4

HEK3EMe3_S ianal

EBSE Frimard T melRer Raive Cel1S From periphers) B1ood HeKsemes (mputed Bval =isnal

;

HEKZEMEE_S ignal

EG47 Frimard T COS+ naive cells from peripheral biood HIK3Smes imputed pval sional

:

31



Biology 2017, 6, 28

m

532 of S63

BF

A C D

scale I | noia
chrai | 213,228, eeel 219,230,808 219,235,6080 219,248,608 219,245,008 213,256,880l 219,285,660l 219,264,060l 219,285,060l 213,270,008l 219,275,008l 219,280, 00|
Histone Modifications by CRIF-Zeq from ENCODE/Broad Institute
COl4+ CTEF L |
CTGF BiNding SiTes by CRIF-Seq From ENCODE/UNiVErSiTU OF WASRingron
KSe2 CTCF 52 1 ] "
UGSC Genes (RefSem, GenBank, CCDS, Rfam, LRNAS & Comparative Genamics)
ucse Genes —
CpG Islands on A1 Secuence (ISlands < 369 Bases are Light Greemy
Unmasked ope [ ]
TRAMSCrPTION FACEOr GRIF-Sef (161 fACCOFS) FrOm ENGODE WiTh FACOMGODK MO iFs
Tan Factor chif | NN L]
DMasel Hupersensitivity by Digital DMasel from ENCODE/University of Washington
COl4+ Mono 38 2 1
DNase Hupersens itivity Raw Signal from REMC/UN
CO14 ONase 27 21 11
ONaSe] HUPErSEMS iTiviT by DiZiTa) DNasel From ENCODE/UNiversity of Washington
HLeR 53 1 L ] n | M|
NE4 52 1
CO34+ Mok 52 1
cHK 52 1
KEE2 52 1
CO14+ HIK4m1 [ | (]}
K562 HIK4mL I 1 | -
CD14+ HIKZTac [ THINI]
KEE2 H3K2Tac n IiEmnmE
EGR2 in human monocyte-der ived macrophages (MAC)
MAG EGR2 ] n I 1 I
FU.L in human momacute-der ived macrophages (MAC)
HAC FU. L I I 1
FUL 1 in PUNSN G144 MONOCYTES (MO)
MO OFUL 1 I 'n [}
C/EEFReta in human monocyte—der ived macrophases CMAC
MAG C/EEFReta 1 I
C/EEFReta in human CO14+ mOoncoutes (MO}
MO C/EEPheta 1 1
HYSTONE Modif{Eations by GNIF-Seq from ENCODE/BROS INSTiTuTe
CO14+ HaKZac i
K62 HIKIac
COL4+ HBKAM2 -_ 1
K62 HIKAm2
COL4+ HBKAMS -
KEE2 H3KAMS
Refseq Genes
Fefieq Genes —
[ £123|k3e2 Leukenja|Cells | Fiifded inputed LogRpwl sidnal
E G356 | P D Rematong (6T 10| STan (2] 15 SNort Term ol TUfe | RHFSeq WALTe LOSRFKN S i8na 1
RHA-Se0_% iona 1 N " il 7 i Ll
AR P
[ — Ep35 Friimari) hemstopo st o stem o= 1= RHAseq |iouted LookRKN [ o 1
o Pa Sl
[ EBE1 FF | mary Renatopn |5t 16 STem| 06 110S GISF Mok 1 jZed | Hale KNRSe | Npted | LOSRFIN| = 2na
i e et
[ — EI24 fonotutes—f014f ROPLT#E Frjmary fel1s FHAseu| ipited LOSRFKN| = jonal
el
EB20| PR Matd  marGedtes | ol ek Bhers || 6lond| RIRSed jMPUTeH LOSRFRR £ 13na 1
SR *T il ek E T T Ll
-
[ — Ep3h Frimard QeWtropnjis from|periphera) B1008 RhAses | ioited LOoRFEM = jona)
Ty
G52 | FY 5| MORGRUE JEAr | L2115 | FRON Ber pneral | oo |RNRSEH eured [ORPKT 19041
RHA-S20_% igna 1 N e il 7 19 gy
ARSI MV INFT WIS -
[ — E{LZ ipleen RAs=d {nodted LookFKM =/ignal
ala ol rus
- EB4E FFuard FAtUrm] W1 11ek [Co[l 15 [From aeribnera] biood RHRSed oLt LoSRFKN = igne 1
[ — EF3Z Frijmdry B te )15 from|per iohera) blood FHRsed| ieited LOSRFEN| = jonal
EGE4 Frmary | EE115 FRom | per iehera) BIooH RHRsen | pHted | LOSRFEN | S jena )
RHA-S20_% igna 1 1 il | e - - L el
[ — EG3% Friward T he ek naive ool 1= From meribhera] biood RHAsed npted LookrkH = iona 1
b i Lo,
- BB Frimard [T DOEH FEve c2 115 Frol Perprera | B1o0d RNRSe iwputen LomRpk S e |
Ll e
[ EiZ} Kooz |Leuben i Co] 15 HIKSMED jupubed pvhl|siona)
A e
. EB38 FF | MAry MEfafoRn et 1€ STEm| 8 115 SROTT | TEFn EUITORe HERGMes JMALTEH BUa 1 s |Sha )
[ EB35 P e Menatione j=t1 0 stem (o) s ASkonas |inputen ksl =igna1
A e L O g e
. EOEL | A D | ReMATORG (65 10| STe [ 15 G Gor-MoB 1) 1Zef 5 )8 | HEHanes | BNTed pial §igna 1
[ ELZ4 [HEndcltastCh1 b+ | RO G| 745 P inaiy | CF1 15 | HEHENGS | ifpdted | pYa) < igns1
A Y e
Ef2S Fr jiary MOROEaTes fram| per jphena) BIG08 Relones RWBUTed fwal| s janal
HaKkenes_s igna 4 1 - il i T N
[ EG30| PR iMa | neatraping 1= | Fol Bet ipheral | B lood | HERHMES | (MpQTed | pTal £ignal
A S e
EfEd FrRnrl NORORUEIEar £E) 15 fhon Ber JBNeral B 1008 HoKomes JWRLEed Bual| = iona|
HaKkenes_s igna s i per | i T N
EL13 SR 1e=r| HERONES Rt fea T = iora |
HaKames_& iana 1 g " b P
4 . i Do e in o
EBAE Frmard NAtra 1 K1 1er O 115 From per pRer | 6 1ong HeRames Eated moa = ers |
HaKkenes_s igna 4 ¥ e " b P
[ EO32 P i | 6| 2 1 12| FHal et IDher# 1|k |ohdd | HEKENeS | Wpited |Bya) £i9ns1
A TPUTIES =2
E5e | PR Aaid | 1| 08 1 15| FROM Ber IRNEra 1|k |0n | Hekones | PNt en | PYa) £19na |
HaKkenes_s igna j N e R . - ki
E035 Frinars T Pe1Her| Maive o= 118 From per ipkera ] B oo HORomes impated mol = o]
HaKames_& iana 1 A P b e "l b P
Eat7 FF ard TGOSt i iue (081 15 fFrom mer iphers1 B IooH FaRanes | ouren s 1 S ishe |
HaKkenes_s igna i 4 B P P 9
e s E1Z3 KSE2 Leukeniia Ce 115 HoWE7es [iwputed pwal =ignal
. il
R E6ZE FF Mard RematoRe fea0 STem (81 15 SAORT TePm o TUre HeRe s | imouted pus | S 18ne ]
e s EB35 | Pirilahd| MemAtons iet o Stem €= ) 15 HOKZTNSS | iMpted pya) Fignal
R EBSL Friiiary hematopo et ic stem oo 15 G-GOF-mok 1 1 ized Male HaKarmes (mputed pal sigl:a| T
o i .y bl it
E12% MoNGCUtes—COLar ROBLT4E Frilard G815 HIKETHes plted beal = i9ne |
HakzTines_sianal 4 B 1 i iy
s P T P P Ty N ' n | I oy v i
e e EB25 Frimary Moo cates Trom per ipheral Kgod HIKEwmes |inputed el sisnal
- . L, i, Lo " Py P,
EB30 Friinary nedtropii 15 From peripheral blood HOREmmes pited Bval = ians |
HakzTines_sianal ¥ P e " " i
A " L. | Aes ekl | Bdeh bt il

HEKETHEE_T ignal

HEK2Tmes_s ignal

Ed52 Frimard mononagiean o= l|ls from per iphiera ] Blood H3K2TmeS | inputed pval sisnal

- A i lnlocs et L ey b & o

E115 Splesn|HIK2TMEd jmputed pual|sjonal

HEKETHES_S igna 1

Eg45 Frimary Hatural Killer cells| fron peripheral blogd H3E2TNes jnputed pval s jsnal

HEK2Tmes_s ignal

e ke
EGSE PriinErd B ce1ls from Reripher sl bilogd HORETHES imputed pesl =ions |

HEKETHES_S igna 1

. et
Ea34 Friimary [T cells from peripheral hilood Hek2mmes mputed peal s isnal

HEK2Tmes_s ignal

HEKETHES_S igna 1

pyrery
EBSE Frimard T MelRer|rdive C2 15| FROM pet iBhers) | kIood H3KETMes (AUt Rval = jonal

EB47 |Frimard | T|C08+ naive cells from perjpheral blood HIK2Fmes| inputed|pyal sisnal

32



Biology 2017, 6, 28 S33 of S63

Figure S16. Chromatin status at NRAMP1 locus in myeloid cells, HUVEC and ESC. From top to bottom: position
and orientation of CTCF sites indicated by arrows, red (forward), blue (reverse) and grey (undetermined);
chromosome 2 regions carrying predicted transcriptional regulatory elements (F1-F14); chromosome 2 scale bar;
ENCODE CTCEF-specific ChIP-seq (CD14* MNs, K562 cells); UCSC gene descriptions; CpG Islands; ENCODE
TF-specific ChIP-seq data; ENCODE DHS for CD14* MNs (x2), HL-60, NB4, mCD34, CMK and K562 cells;
ENCODE ChIP-seq data for select histone marks (K4mel and K27ac) in CD14* MNs and K562 cells; ChIP-seq
data for the TFs EGR2, PU.1 and C/EBPb in MO and MAC [13]; ENCODE ChlIP-seq data for histone marks K9ac,
K4me2 and K4me3 in CD14* MNs and K562 cells; RefSeq gene descriptions; NIH Roadmap epigenomic data for
mesodermal cell types and ESCs: DHS and ChlP-seq data for histone marks of priming, K4mel and K27ac
(panel A); ChIP-seq data for histone marks of transcriptional activity, K9ac, K4me3 and K36me3 (panel B);
RNA-seq profile and ChIP-seq data for histone marks of repression, K9me3 and K27me3 (panel C).

33



Biology 2017, 6, 28

E F

B
S 2

A C D
I 20 2N

534 of S63

scale r J f 26 ki | meta
chrat | 219,228,888 219,238,888 219,235,888 219,246,888) 219,245,888] 219,058,888 219,255,888]  219,2068,888]  219,265,888] 219,278,888 219,275,888 219,288, 888|
Histone Modifications bu ChIF-seq from ENCODE/Broad Institute
COl4+ CTEF u LI u n u
CTGF BiNding SiTes by CRIF-Seq From ENCODE/UNiWErSiTU OF Washingron
ksez cTer sz 1 M | B | ] 1 I W mn m |
UCSC Genes (RefSeq, GenBank, CCOS, Rfam, TRNAS 3 COMPararive Genamics)
uCse Genes — —
TG Islands on A1 Secuence (Islands < 369 Bases are Light Greeny
Unmasked ope [ ]
TRAMSCrPTION FACEOr GRIF-Sef (161 fACCOFS) FrOm ENGODE WiTh FACOMGODK MO iFs
Tan Factor ChIF | [
DMasel Hupersensitivity by Digital DMasel from ENCODE/University of Washington
©Di4+ Mono &g 2 o I R [
DHase Hupersens i iv ity Raw Signal from REMC/UN
CO14 ONase 27 21 mm
ONaSe] HUPErSEMS iTiviT by DiZ4Ta) DNASEl From ENCODE/UNiversitd of Washington
HLeR 53 1 1 u 1 1
NE4 52 1
CO34+ Mok 52 1 n
CHE 52 1 1
K562 53 1
Histone Modifications bu ChIF-seq from ENCODE/Broad Institute
COL4+ HEK4mL m i 1 i
K562 HIK4mL 1 1 N
CO14+ H3K2Tac ‘. R B | I . . 1
KSE2 HIK2Tac Ly 1 |
EGR2 in human monocute-der ived macrophages (MAC)
MAC EGRZ I I I in
FUL L in NUIER MOMOCUTE-GEr Ve MACrOPRAZEs (MAC)
MAG FUL 1 | 1 1 |
FUL L in hunan CO14+ monocutes cHo)
M FUL L | 1 ui 1 1 L] 1
C/EEFBeta in hUMEN monocute—cer ived mAcrophages (MAC)
MAC ©/EBFoeta Ll
G/EBFRETA N NUMEN CO14+ MORDCWTES (MO)
MO CrEBFRETA ] 1
Histone Modifications by ChIF-seq from ENCODE/Broad Institute
COL4+ H3KIaC 1 . 1 1 1l Il m
KS62 H3K3ac il |
CO14+ HIK4n2 [l ] L L B R I L}
K62 HIK4m2 iy
COL4+ HIK4nZ L I N i L N
K562 HIK4MS U .
Refseq Genes
Refseq Genes i H—— —
Dase hupersensit E125 KSE2 LeUkemia Ge1ls DNase mputed pval Sional
" - " A
E638 Frimary hematopoietic stem cells short term calbure DHase imputed pwal sional
DHase hupersens it
" A i v
Dhase huperssnsit EB5 Frimary Mematops et 10 STl CB115 ONAse iMPUTEd pval Sighal
L ry L A
E6S1 Frimary hematopoistic stem cells G-CIF-mohilized Male DMase imputed pval sional
DHase hupersens it
" A - " A
EHase hupersens it E124 MomBCTes CO14+ ROB1746 Frilary GE115 ONESe IMPUTEE pual Sighal
" PN A A . L i A ik A
Dhase hupersenzit E0Z3 Frinsrd monacutes from peripheral Blood OHase iWputed Bwal =i3nal
i I A &, i A A ., V.
EG6 Frilard RELERoph 115 From Ber iPheral B1ood DNase nputed pwal Sighal
DHass hupsrsens it 1 iy por P it - =
" L. | AR S N nach A
E122 HUVEC Unbi1ical Wein ERdothe 138l Frimard Ce 11z DNase iwputed pwal Siohal
DHase hupersens it
. L . .
Eo6a H1 Cells OHase imRULed pwal sisnal
DHass hupersens it
i i o T | .
Dhase hupersenzit Eowa He =115 ONaze iNPUTEd pval Signal I
i a n” . a
P —— E0i4 HUES4E Cells DNase imputed pwal Sisnal
" N o RN | '
Dhase huperssnsit E615 HUESS Cells DNase iWpUTed puval =ignal |
i " " . . A
P —— E0ie HUESE4 Cells DNase imputed pwal =ional
i N " i R | .
et e E1=3 Kot Leukenis Ce 15 HOKHIEl WALTEd pval =igha)
- P .
et e EB35 Frimsry Memstopoietic stem cells short Cerm culture Hakemel imputed pval =jonal
e st i,
R EBSs FFmard Renatonn (et 16 STem o1 1= ASAmel [puTen pua il Signal
- i e o i,
et e EOSL Frilard hematonoietic stem tells G-CSF-mobi1ized fale | H3K4mel | inputed pwal signal
e, e |
R E124 NONGCUTES G014+ ROB1TAE FRiMaf G115 ASRAMEL | MALTEH Pva) £19na 1
et e EGZE Frimary monocutes From peripheral B1oo Hakdmel inputed peal Sional
et e EB36Frinard nedtrophils from Reripheral blood HER#mel imputed myal sisnal
et e E122 HUVEL Uk 1381 Mein Endothe]ial Frimard o115 HoKemel imputed pval =ionad
. s
R EBoz HI Cells HakAmel |nputed pval sisnal
et e EAoS M3 Ge 1= HEkamel |NpUTes pval =isnal
e i INARGRFNSRRE N AEERE Y 5 e
R EBL+ HUES+5 Cells Hak+mel |mputed pwal Sisnal
et e EB15 AUESE Ge|1= Hakamel MPUTEE pal| Signal
P — | P Y sk A e
et e EBIE HUESE+ Ca1ls Hakanel |mputed pval =ional
P e
HaETac  fana) E123 WEea2 Leukenia Celis HIKE7at iMpLTed pual =igha)
- . e
Ve iana EB25 Frimary Memstopoistic stem cells short Cerm culture HSKZTac imputed pval =ional
A - . e
EBSS Frimard Renarono et 10 STen 8115 ASkOTAC WRLTen BUal Signal
HaKzTac_%igna | ¥l P F =
A - . A o
EGSL Prinard hemstonoistic stem o113 G-CaF-moki1iZed Male HIKETAC inputed pwal £ignal
HakaTac_&ianal 4 g 4 " T
A .
E124 WOnGCUTES GD14+ ROB17AE FFiMard GE11s AEKETaE WALTEH PYal £13nal
HaKzTac_%igna i N . B 3
HaETa £ fena EGZ3 Frimary monocutes From peripheral B10o0 HOKETRC iwputed pual Sianal
g L A

Hakerar_ s iana Eg36 Frimard neutrophils from per ipheral Blood H3kZTac inputed pval sisnal

s e

EtE= HUVEC UNRI 11681 WE it ENGOTRE 151 Primary G2 115 HOKErac mputed Bval =ignal
HaKaTac_siznal o = G E

| NP -l
[ Ees AL Ge 1= HERETac mputed mval sisnal L
_a
[ E6o5 HS 0= 115 HoKE7at mputed BUal 2ional L
i e
[ EG14 AUESAE Ce11s REKE7ac mputed mval = ional L
_a
615 FUESS CE115 MBRETHE MEUTEd GwAl Signal
HakaTac_giona 1 'l T = i
A
[ EG1E HUESE4 Ce11s REKETAc mputed mval = ional N\
A

34



Biology 2017, 6, 28

m

B
¥

D

scale
chrat | 219,228,888 219,238,808 219,235, 6808)
COl4+ CTEF 1

KSEZ CTCF 53 1 1
UCSE Genes
UPmasked CpG
Txn Factor ChIF |
CDi4+ Mono 52 2
CO14 ONase 27 91
HLBE S

NE4 52

COE<+ Mok 53
CHE 53

KSEZ 52

COL4+ HIKAmL

WSE2 H3Kami
CO14+ H3KZTac
KSE2 H3kZTac

MAC EGRZ I
MAG FUL 1 1 1
HOFUL L 1

MAC ©/EEFbeta

MO CrEBPRETE

COL4+ H3KIaC EIW
KS62 H3K3ac ]
COL4+ H3K4M2

K62 HIK4m2 mi
COL4+ H3K4NE

K562 HIK4MS mi

Refseq Genes ——HH——————F+——F——HHl
H3Kaac_3ignal

C
Y

A
W I

28 ko {
k
219,248, 8a8| 219,245, BaA| 219,258, Asa| 219,255, Aga| 219,268, a8a| 219,265, aga| 219,278, aas| 213,275, aas|
Histone Modif ications by ChIF-seq from ENCODE/Eroad Institute b
CTCF Binding Sites by ChIP-seq from ENCODE/UNiversity of Washingron .
UCSC Genes (RefSeq, GenBank, CODS, RFAM, TRNAS & COMPararive Genomics)
CpG Izlands on A1 Secuence (I=lands < 364 Bases are Lisht Greend .
TrAMSCrpT ion FACTOR GMIF-Seq (161 FACTOFS) From ENCODE With FACTOrbook Motifs
] (1] 1 1 | I'm m | I . I
Dhasel Hupersensitivitd by Digital DHasel from ENCODE/University of Nashin?tun .
DMsse Hupersensitivity Raw Signal from REMC/UM .

DNasel ngersensmnnrlg bY Digital DMasel from ENCODE University of Washingrom

EGR2 in human monocute-der ived macrophages (HAC)

PUL L in hURSh MomoCUTe-der ived macrophages (MAC)
FU 1 in human CO14+ monocdtes (Hay
C/EBPRets in human momocute—der ived macrophages (MAC)
1 CYEBFRETA ih human CO14+ MONOCYTES (MO
Histone Modifications kd ChIF-seq from ENCODE/Broad Institute
m n
I | |
EE 1 .
|l
[

Refieq Genes

E155 KSE2 LEuKemia Ce11S HIKSAC iMAUTEH Pval 5ignal

HEKIAC_S ignal

S35 of S63

219,280, oes|

E&55 Frimary Renatopoistic stem cells short term cOIture HIKSac inputed pual =ional

H3Kaac_3ignal

EBSE Frimard Rematopoietic STem Ce 115 HEKDat Mputed Bual =ignal

HEKIAC_S ignal

PPPP

-
EGS1 Frimard Rematopoistic stem co1ls G-C3F-mobi]ized Male HIKOac imputed pyal siognal

154 MORGCUTEsCO14+ ROBI73E FRmary CE 115 MGKGAC TBUTEG Pval Sianal
Hakzac_S ignal o g v o E i
TS £ F T YN
Hakaac_s ional 4 EOZ5 Fr imard MonGoutes From periphersl Blood HERERC WRUted mwal =ignal
PP - A
536 Friiard MEUTFORR | 15 FRom PR Pheral 61000 HGKGAC TPUTES gual 5ignal
Hakzac_S ignal a ] o e " o o
sat SRS s
HaKsac_s fona 122 AUVEC UnbiTiERT V= in Endothe 1151 Frinary G115 HOKERC fmboted pval signal
N .
HaKaac_s ignal E65 AL Gells AERSac immated mval sianal
- a - .
Haksac_s iznal E605 HE e 11z MEKERe imRUTEd pal =ianal N
a "y - -
HaKaac_s ignal EG14 HUES4E Gells Aakeat Tmmuted mval sianal
- . A - A
615 FUESE G115 FGHAAC WRUEED Pval 5ignal
Hakaac_s ignal e11s A pUTEd puEl S iEna N
A - - aa
HaKaac_s ignat EG1E HUESEA Cells HEkesc Tmmuted mval sional
. - ' a an

H3K3Eme3_3 ional

E103 KEE2 Leukemia Cell1s HBKSEMES npuTed pwal Sighal

HEKZEMEE_S ignal

EG3E Frimard Mematopoietic stem o= 1ls short term culture H3KIEMeS imputed pval signal

HEK3EmeE_S ignal

it e
EGZE Framard REmatopnietic STem Cells HEKSemes ilputed Bval Signal

HEK3Emed_s ignal

. e
EG51 Primary Rematopoistic Stem c=i15 G-CSF-mobilizZed Male HIKSSWeS imputed pual =ignal

HEK3EmeE_S ignal

E15+ MOnocdtes—CO14+ ROBL746 Friuard Ce 115 HaRGemes (MpUTed Pval S igne |
. dne.

HEK3Emed_s ignal

EG23 Primard monocdtes from peripheral kloed HIKISmeS imputed pval signal

HEKSEMEs_S igna 1

EG36 Frimars neutrophils from peripheral blood H3K3Smed imputed pval sisnal

HEK3Emed_s ignal

s St
E122 HUVEC LB i1iEal wein ENGOtheslis] Primary Cslls HIKIENES imputed pval =ignal

HEKSEMEs_S igna 1

Eags HL Gells Heksomes imputed pyal siznal

H3K3Eme3_3 ional

ERBG HY Ce )13 HOKGONES iMpUTed Pual =ignal

HEKZEMEE_S ignal

Eald HUES45 Cells H3KIEmes imputed pval = ional

H3K3Eme3_3 ional

EB1S HUESE Cm 115 HOWGBMES NPUTE pual =i9na 1

HEKZEMEE_S ignal

EALE HUESS4 Cells H3K3EMes imputed pval = ional

35



Biology 2017, 6, 28

v

A
PR

536 of S63

|!|
scale J [ d 20 kof | hets
chweai | 219,228, eas| 219,238, 808) 219,235, 808) 219,248, 888| 219,245, 6aa 219,058,888] 219,085,888] 219,268,888 219,265,888] 219,278,888 219,275, a8s| 219,288, 888|
Histone Modifications bu ChIF-seq from ENCODE/Broad Institute
COl4+ CTEF L |
CTCF Binding Sites by ChIP-seq from ENCODE/UN ivers ity of Washington
KSEZ CTCF 53 1 1 "
UCSC Genes (RefSeq, GenBank, CCOS, RFAan, TRHAS & COMPArative Genomics)
Ucse Genes —
Cob Islands on AT Senuence (lslands < 366 Eases are Lisht Greem
Unnasked Cos n
TranscripTion FACEor GHIP-Seq (161 FACESMS) from ENCODE with FACEOrbook MOt ifs
Txn Facter ChiF | L N ] (1] 1 a [ ) Im m | I W —— [ B
Oitasel Hupersensitivity by Digital Diasel from EMGODE/Universits of Washington
COl4+ Mono 38 2 L [ | u
DNase Hupersens itivity Raw Signal from REMC/UM
CO14 DNase 27 91 L ] 1 11 |
ONasel HUPErssnsitivity bu Digital DMasel from ENCODE/University of Washington
HLGR 52 1 I
B+ 53 1
G54+ Mok S5 1
ik 53 1
KS82 59 1
COL4+ HaKAmL
WSE2 Hakaml 1,
CD14+ H3kZ7ac
K552 Hakz7ac ma
EGR2 in_human monocute-der ived macrophases (HAC)
MAC EGRZ 1 L] ] n 1 I
PULL i hUNSR MOMOCUTE-der ived Macrophages (HAC)
WA FUL 1 1 I | L B I | ] 1
UL in human CO14+ monocutes (Hio)
M FUL L 1 I ] n [ B 1 I ' [}
C/EEPheta in human monocute-der ived macrophases (MAC
MRS C/EEFReta 1 I
C/EBPbEta ih human CO14+ MONOCYTES (MO
MO CrEBPRETE 1 1
Histone Modifications bu GhIF-Sea from ENGODE/Broad Institute
COL4+ HEKIac i
WEEZ HEKEas
COL4+ HIKAM2 - 1
KSEZ HEKAME
COL4+ HIKAG -
KSE2 HaK4m3
Refseq Genes
Refeq Genes —
e 123 kb2 Lelikima|Ce 115 | RiiAed [puted LoSREKN S ignal
[ EESL Ar jnarl Relistone [et 16 Stem| o Ts | GLCIrImGn f112en] M e RHA=en | MRitea| LOSRFRH | = |anal
EB5E [FF e REMATans 16T 1T Stam 2115 SnOFT Term| ol 1FuTe |RIFSES jMpUEed LoSRFKN 518na 1
RHA-Se0_% iona 1 N " il 7 i Ll
et
[ B85S Friinari iemstone et {0 Stem oelTs| s |inouted Loskrk = fena |
ET24 Torofates (0131 ROBITHE Frimard 02|15 RNASSs| MBUTSd LORFkn| = ional
RHA-S20_% igna 1 - 1 I - b ARy
ki .
[ EGEE| P inad | minbautes | Frah pet iRheral|kjood RNAZed jmEuted LoSRERN £ ignal
.
EFGH Frimarl REUEFORN 15 frm| PEr iphana ] B1608 RNASEn| TPUTen | LOSRFEN 53120 )
RHA-S20_% igna 1 1 et il | e - N (i
— Bt JhdB
E1Z2 HIVED Uk i1ical e in Enaothe 1181 Priiary e 115 [Hsed imputed LooRPRN = igne |
RHF-Se0_% izna 1 M 9 9 19 UL e
[ Enes I G115 RRFees |puten LoskrR & fana | T o
End e G= 112 FHFEss |nte LaorRrRn = iane |
RHF-Se0_% izna 1 T = I LU L el
[ El7 FOESAE TR 1S RFeSen |neuted LoarrHi & e iy
) F615 ADESS |f 1 15 RHASE] mputes LogRpril £iana 1
FHA-Sec_3ional
RRFIRE T )
[ EnlE FOESE TelTs RHFeen |ipdted Loorrki & fona 1 LT
[ E125 F5bz|Leukenih Ce 15 MoKanes jubuted puhi|siona)
[ BE5L |1 e Nematong et j o stel fe)1e B-GSr—ioh 1) 12e0 (n | | FEKEMEE | TRRted pyal & 9na i
A S W I
EB58, f | il TEMSFORG et f STem| CE TS| Shoft | ErT FUTTURE HOFomes jmeuTed Rual|=|oha |
HaKkenes_s igna X i th i L N
[ EGT5 Fr e Memistom et o stem [oo1 I FERemes (e pva | = onat
A SRNES P
0% MM CUTASICD 1 44| ROB] A6 | P 1hars | GF 115 | HERGMES | TPUTea [BYa) £13na 1
HaKkenes_s igna 3 i N . - ki
[ EYEE B inard Romorates from|par ipheta) Bi5od MoRoned swputsd Awhi|zional
A o,
[ 50| P s | MEGtroRn |5 | FH0N Rt IRhera || R jood | HERIMEs | MnAted | pal 5 ional
[ ELTE IS Lk 1 3eo1 a1 Epelthel 131 Ff iuare] O 113 HoREmes mpted mval = onm
[ Eea AL [be1 1= HaRanas (it e pom| 5iena 1
Al P [l Adil e
EdoS s a1 15 HaRanes [inputen pui| 3ignal
Hakames_3 iona 1 P P b R
el s i M Abud il
[ 14 HUESAE ool 15 HERoes [iMputer fra ] = iena 1
A . SN
EF15 HUESG ()15 MoRSned Jmputed puhl|sfona)
Hakames_3 iona 1 ' T -
e P N I L |
[ EW1e HUEsed ool e Hokemes [nputem fa ] = ione 1
._._L.__._ P o e rA T ittt el o bl o
. E155 1ben Lenipnq Ce 115 HGREmes [TWPHEes pval Sional
s
[ — EESL Frimarid Pematope 5t 10 Stem = 11s G-CSF-oR T 11Ze0 Male HKEimes (uouted mal = iona
- e i - A Ll A
[ EU5E Y et MEMSTORG 1T 10 STem (81 15 SRort TErm 0 TTUE HGKE NS TWPLEER Pua ] S15na |
[ EG35 P e 4| NemAtonG et §5 Stem £2 ] 15 HOKETHES | IMRUTEd BYA] #i9nn 1
BT MORGCUTES GUL RUBL B FraiEra Do 15 HoReies MRLted B | 5 19ra |
HakzTnes_s ianal f P 1 L iy
e st b dadbatch el ding Sl Lok & " 2 B a Py o e il _‘.‘.
[ EGEE PP imar NOnDodtes fram REr RRErR 1 k19 HOKE eS| IMpHted fva ] S1anal
N N N i Lo, a il
R — | EGZ0 Friiters Medtronni s [Frion merisheral oo ReReries momted mval s | T
. -, N — et Lolg |l L e
[ E122 MUYED DRR1)1ERT W2 i ENGOTNE | 11| P iAr| OF 1 15 | HEKE MTED TNAUEEd Bual 21908 )
R — Eaba HL Ge) 15 Hakatnes | impted| pya] & isng1
- Ir 7\
E665 NG 08 | 15 Hoketnes | Wplted| pya] Eignd
HakzTines_sianal o " 7
PN T
[ — Bl ADESAS Telie HokaTmes| imited mya) $ional
- "N
. Edi5 HUESE Cp (15 HoKE et [mputen puat =iona 1
o r -7 N
[ — EGlE ADESSS Gelie HokaTmed| imited mya) ional
PP TN

36



Biology 2017, 6, 28 S37 of S63

Figure S17. Hypothetical CTCF-dependent topology of NRAMP1 locus and hematopoietic determinants of gene expression (see text for details, sections
2.3.3. and 2.3.4.). NRAMP1 locus boundaries (CTCF sites A and E, "R" orientation, shown in black) are represented interacting with compatible and
preferred upstream CTCF sites (“F” orientation, indicated as 157 and 166, respectively). Other CTCF sites are indicated in grey ("F" or undetermined
orientation: B-D and F, respectively). DHS F1-F14 are colored depending on temporal order of mobilization: purple, light purple, pink and red. It is
proposed that NRAMP1 (SLC11A1) locus activation results from successive steps: i) F12/5'RH (CTCF_B) and F9/3'RH are partially mobilized in non-
hematopoietic cell types; ii) initiation of hematopoiesis may erase negative histone marks leading to increased CTDSP1 transcription -a process that may
result from formation of a CTCF-dependent loop involving sites F and C (orange dotted arrow); iii) myeloid-specific TF-dependent mobilization of F12/5'
RH, F13 and co-activation of sites F6, F10-F3 may prime the locus while preventing gene expression; iv) as differentiation progresses, specific myelo-
monocytic TFs activate elements F5, F7 and F9 leading to disruption of CTCF_F-C loop and allowing contacts between distal regulatory elements and
NR1 TSS (F1), through Mediator based interactions for instance, which activate NRAMP1 transcription (green dotted arrow); and v) terminal
differentiation into mature phagocytes leads to extensive priming/activation of the locus, including elements F11, F4A, F2, F4B, F8 and F14, and further
modulation by signal-dependent TFs (e.g., tissue microenvironment, infections...). According to this hypothesis, CTCF determinants define NRAMP1
locus (TAD); hematopoietic TFs are required for transcriptional activation of the locus 3' end; myeloid TFs allow NRAMP1 locus priming for subsequent
activation while myelo-monocytic TFs mediate NRAMP1 expression and/or signal-dependent regulation.
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Figure S18. NRAMP1 locus region i and ii represent candidate transcriptional regulatory determinants
mediating innate memory in response to microbial stimuli from various origins (Saccharomyces cerevisiae
(1,3)D-glucan, BG, and Escherichia coli lipopolysaccharide, LPS) [128]. From top to bottom: Major CTCEF sites E, A
and D (blue and red arrows correspond to reverse and forward orientations, respectively); gene names and
position of NRAMP1 TSS; candidate NRAMP1 regulatory regions i-v, including DHS F1-F14; chromosome 2
scale; CpG islands; ENCODE CTCEF-specific ChIP-seq data in CD14* MNs; histone modification-specific ChIP-
seq (K4mel, K27ac, K4me3) and Tn5 transposase accessibility (ATAC-seq) data for MNs stimulated with: a)
LPS, for 24h and analyzed five days after (LPS_D6), b) BG, for 24h and analyzed five days after (BG_D6, c) no
additive, for 24h and analyzed five days after (RPMI_D6), d) LPS, for 24h (LPS_D1), e) BG, for 24h (BG_D1) and
f) no additive, for 24h (RPMI_D1), as well as for freshly explanted MNs (RPMI_0); ENCODE DHS (x2) and
ChlIP-seq analyses for similar histone modifications in CD14* MNs (K4mel, K27ac, K4me3); UCSC genes; ChIP-
seq data for the TFs EGR2, PU.1 and C/EBPb in MO and MAC [13]; ENCODE CTCF ChIP-seq data in K562 cells;
ENCODE TE-specific ChIP-seq data; delineation of NRAMP1 regions i-v.
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Figure S19. DHS and binding of RUNX1 at NRAMP1 locus in FLT3-ITD AML patients [139]. From top to bottom:
chromosome 2 scale; RefSeq gene descriptions; DHS in CD14* MNs, CD34+ peripheral blood stem cells (PBSC),
FLT3-ITD AMLs (x3) and MNs; RUNX1-specific ChIP-seq in CD34* cells and FLT3-ITD AMLs (x2); DHS in HL-60
cells; GENCODE gene descriptions; CpG islands.
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Figure S20. Effect of all trans retinoic acid ATRA on NRAMP1 locus activity in AML (TSU1681MT) and APL (NB4). A. Gene expression and TFE-specific
ChlIP-seq data for TSU-1621-MT AML [141]. From top to bottom: Chromosome 2 scale; DHS for HL-60 (M2 AML) and NB4 (M3 AML/APL); CpG islands;
RNA-seq data in cells expressing ERG or not; ChIP-seq data for FLil, RUNX1/AML]1, SPI1/PU.1; FUS, ERG and RNA Pol I in cells treated with ATRA or
not; UCSC gene descriptions. B. NRAMP1 activity in NB4 cells ATRA-treated or not [146]. From top to bottom: ChIP-seq for RNA Pol II; RNA-seq data;
ChlIP-seq for K9me3; nuclease accessibility (Nla III; Hpa 11, sensitive to DNA methylation); DNA methylation; ChIP-seq for K9/14ac; ChIP-seq data in
untreated NB4 cells: p300 (HAT), H2A.Zac and K4me3. DHS in NB4 and HL-60 cells; ENCODE TE-ChIP-seq data; RefSeq gene depictions.
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Figure 521. NRAMP1 activity in Kasumi AML [142—44]. From top to bottom: chromosome 2 scale; CTCF-specific ChIP-seq
(CD14* MNs); RNA-seq for Kasumi cells expressing ERG or not; UCSC gene descriptions; acetylated histone-specific ChIP-
seq data: K9/14ac in cells treated with MS275 (HDAC inhibitor; for 24, 4, or Oh); H4ac (untreated cells); ENCODE TE-specific
ChlIP-seq data; ChIP-seq for HDAC1 and HDAC2, N-CoR, HAT p300 (x2), GATA, LYL1, FLil, TAL1, RUNX1/AML1 (AML
blasts, Kasumi (x2) and NB4 cells; CpG islands; ChIP-seq for AML1-ETO fusion (x5); ENCODE DHS in CD14* MNs (x2), HL-
60 and NB4 AMLs, AML patients (2), mCD34, normal CD34* HSPCs, CMK and K562 cells; RefSeq genes; CTCF-specific
ChlIP-seq (K562 cells); K4mel and K27ac ChIP-seq data (CD14* MNs and K562 cells); ChIP-seq for the TFs EGR2, PU.1 and
C/EBPb in MN and MF [13]; K9ac, K4me2 and K4me3 ChIP-seq data (CD14* MNs and K562 cells).
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Figure 522. TF-specific ChIP-seq data for ME-1 AML [144]. From top to bottom: chromosome 2 scale; RefSeq
genes; ENCODE TF-specific ChIP-seq data; DHS for HL-60 and NB4 APLs; ChIP-seq data specific for ERG,
FLil, TAL1, HEB, ELF1, PU.1, HDACI, K9K14ac, HAT p300, TBP, RNA Pol II; DHS for NB4 and HL-60 APLs;
CpG islands; RefSeq gene depictions.
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Figure 523. mRNA levels induced by 28 stimulation conditions producing MF phenotypes distributing across
M1-M2 spectrum and ranked according to NRAMPI mRNA level (log?2 transformed values, blue), decreasing
from left to right, except for basal conditions (M-CSF or GM-CSF), at most left. A. Expression values are
represented for NRAMPI and two other genes: FTH1 (red) and NCOA4 (green). B. Superimposition on
NRAMP1 profile of expression values for S100A8 (red) and S100A9 (green). C. Comparison of multiple profiles:
NRAMP1 (blue), CD163 (purple), MCOLNT1 (red), HMOX1 (cyan), CYBRD]1 (orange), SLC40A1 (green) [132].
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(next three pages)

Figure 524. RNA-seq analysis of gene expression during mouse embryogenesis and organogenesis: Nramp1 (A),
Emr1 (F4/80; B) and Cx3cr1 (C) [118]. Transcript levels for the genes Catip, Nramp1/Slc11al and Ctdspl, across
several developmental steps, from embryo to adult, including i) tissue MFs (Mac E10.25 and E10.5 (YS, HB, LIV,
SKI); Mac E12.5 (HB, LIV, SKI); Mac E14.5 and E18.5 (HB, LIV, SKI, KID, LUN); Mac P2, P8 and P21 (HB, LIV,
SKI, KID, LUN)) and ii) their precursors (YS EMP E9 and E10.25; LIV EMP 10.25; pMac E9.5 (YS, HB, SKI);
pMac E10.25 (YS, HB, LIV, SKI)). Cx3cr1 expression is the most precocious (starting in EMP), followed by
Nramp1 (beginning in pMac) and Emr1 (F4/80; first detected in tissue Mac). Also, Nramp1 expression is
specifically down regulated in MFs of adult skin and lung (P8, P21 and P2, P8 and P21, respectively).
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Figure S25. Epigenetic activity of Nramp1 locus during primitive or definitive hematopoiesis. A. In vitro
embryonic blood cell development: hematopoietic specification and differentiation starting from ESC [172]. Five
successive stages of in vitro cell differentiation of ESC-derived embryoid bodies include: mesoderm cell (MES,
day 1 of culture), hemangioblast (HB, day 2-3; smooth muscle, endothelial and hematopoietic potential),
hemogenic endothelium (HE, day 4-5; endothelial and hematopoietic potential), CD41* hematogenic precursor
(HP, day 7) and Cd11b* MFs (MAC). Reported epigenetic modifications comprise ChIP-seq analyses directed
either at histone modifications or transcription factors, and DNAse 1 hypersensitive sites (DHS), which together
inform on chromatin activity. From top to bottom: candidate Nramp1 regulatory elements, labeled by analogy
with NRAMP1 locus (cf Figure 7); mouse chromosome 1 scale; K27me3 (silent chromatin); UCSC genes; DHS
(accessible chromatin); RefSeq genes; K27ac (activated chromatin); Ensembl genes; K9ac (transcriptionally active
chromatin); Other RefSeq genes; K4me3 (transcriptionally active chromatin); CpG islands; association with TFs
(Lmo2, Flil, Tall, Runx1, C/ebpb and Pu.1 (Spil)). Note the presence of a cell-type-specific DHS spanning
Nramp1 TSS in MAC, which correlates with significant binding of few TFs in these cells only, including Pu.1,
C/ebpb, Runx1, Tall but not Flil nor Lmo2 (Pu.1 binding was also detected in HP, with low intensity, data not
shown). Nramp1 TSS and downstream area is also prominently decorated with K27ac, K9ac and K4me3 marks,
which indicate gene transcription in MAC. Nramp1 TSS is labeled F1-like by analogy with human NRAMP1
regulation; other predicted regulatory areas that appear similarly positioned to human cis-elements are labeled
accordingly (F12-like, F5-like, F7-like and F9-like) as well as Ctcf sites that either delimitate (E- and A-like) or
flank Nramp1 locus in downstream (C- and D-like). See text for details. DHS and histone marks also suggest
limited activity at F12-, F7- and F9-like predicted determinants in MAC (and HB, F12-like). Epigenetic marks at
Ctdsp1 appear unrelated or inversely related to Nramp1 activity. The above data indicate, as observed with
NRAMPI, that Nramp1 expression is restricted to late stages of myelo-monocytic differentiation and controlled
by Pu.1 and C/ebpb TFs, consistent with the myeloid lineage determining roles of these factors. However,
Nramp1 TF binding profiles differ from what was observed with NRAMP1 (e.g., Pu.1, C/ebpb, Runx1 and Tall,
compared to Figure 7 and Figures 519-22), implying regulatory divergence between mouse and human
orthologous loci. B. Nramp1 gene activity in vivo in bone marrow monocyte and progenitor subsets [150]. Cells
were sorted using surface antigens (Cd155M, Cd117h Cd135* and Ly6Chi or Ly6Cle for cMOP and MDP,
respectively; Cd115M, Cd117%, Cd11c* and Ly6Chi or Ly6Cl for Ly6Chi and Ly6Cle MNss, respectively). ChIP-seq
for Pu.1 (Ly6Ch and Ly6Cle MNs) and K27ac (MDP, cMOP, Ly6Chi and Ly6Clc MNs).
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Figure 526. De novo activation of Nrampl promoter in the myelo-monocytic lineage during definitive
hematopoiesis in vivo (bone marrow) [25,173,177]. A. Myelopoiesis (long term HSC, LT-HSC; short-term HSC,
ST-HSC; multipotent progenitor, MPP; CMP; GMP; GN; MN; MF). From top to bottom: candidate Nramp1
regulatory elements labeled by analogy with NRAMP1 locus (cf Figure 7); mouse chromosome 1 scale; Ctcf sites
(murine erythroleukemia cells); UCSC genes; ChIP-seq for K27ac in B6, BXH2 (Irf8 R294C) and Irfl1- BMDM,
either naive of treated with Ifn-g; RefSeq genes; K27ac mark along myelopoiesis and in naive BMDM; other
RefSeq genes; K4mel mark along myelopoiesis and in naive BMDM (x2); super-enhancer tracks (MFs and pro-B
cells); K4me2 mark along myelopoiesis; Ensembl genes; K4me3 mark along myelopoiesis and in naive BMDM;
CpG islands; transposase accessible chromatin subjected to sequencing (ATAC-seq; Lsk (Lin-, Csalhi, Kith,
representing HSC), CMP, GMP, MN, GN); Pfam domains in UCSC genes. B. Erythropoiesis (MEPs; erythrocytic
progenitors A, EryA (Ter119+, CD71*, high FSC); EryB (Ter119+, CD71*, low FSC) and lymphopoiesis (common
lymphocytic progenitors, CLP; T lymphocytes Cd8+, CD8 and Cd4+, CD4; B lymphocytes, B; NK cells, NK). From
top to bottom: candidate Nramp1 regulatory elements labeled by analogy with NRAMP1 locus (cf Figure 7);
mouse chromosome 1 scale; Ctcf sites (murine erythroleukemia cells); RefSeq genes; naive BMDM RNA-seq
data; ChIP-seq for K27ac in B6, BXH2 (Irf8 R294C) and Irf1/- BMDMV, either naive of treated with Ifn-g; Other
RefSeq genes; K27ac mark in naive BMDM and along erythropoiesis and lymphopoiesis; UCSC genes; K4mel
mark in naive BMDM (2) and along erythropoiesis and lymphopoiesis; super-enhancer (macrophage track);
K4me2 mark along erythropoiesis and lymphopoiesis; super-enhancer (pro-B cell track); Ensembl genes; K4me3
mark in naive BMDM and along erythropoiesis and lymphopoiesis; CpG islands; ATAC-seq (MEP, CD4, CD8,
B, NK); Pfam domains in UCSC genes. Note Nramp1 displays the stereotypical behavior of a de novo myelo-
monocytic gene (similar to SI00A8 and S100A9, for instance) with stepwise acquisition of histone marks during
differentiation: Nrampl promoter becomes marked at the root of the myeloid commitment point (during the
MPP to CMP transition; K4mel and K4me2 marks), then primed in GMP (K27ac) and activated in mature
phagocytes (K4me3; GN, Mono and MF). ATAC-seq areas were detected at F7- and F1-like elements, both
starting in CMP and either maintained in mature phagocytes (F1-like) or reduced after GMP (F7-like),
suggesting that co-activation of F7- and F1-like elements represent an intermediate state. Absence of epigenetic
signal along erythropoiesis and lymphopoiesis demonstrates the myelo-monocytic specificity of Nramp1
expression.
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Figure S27. In vitro and in vivo regulation of Nramp1 gene expression [120,174-176,178,181]. From top to bottom:
candidate Nramp1 regulatory elements labeled by analogy with NRAMP1 locus (cf Figure 7); mouse
chromosome 1 scale; Ctcf sites (murine erythroleukemia cells); H2BK20ac ChiP-seq analyses of microglial BV2
cells (naive or stimulated with LPS with or without Tgfb knockdown) and untreated ESC; super-enhancer track
(macrophage); K27ac mark in microglial BV2 cells (naive or stimulated with LPS with or without Tgfb
knockdown) and untreated ESC; naive BMDM RNA-seq data; RefSeq genes; K27ac mark in naive BMDM,
tissue-resident MFs (peritoneum, small intestine) and blood MNs; Other RefSeq genes; naive BMDM K4mel
mark; CpG islands; ATAC-seq analyses of developmental stages of microglia (yolk sac EMP, early microglia
(until E14), pre-microglia (few weeks post-partum); adult mciroglia); UCSC genes; K4me2 mark in
developmental stages of microglia (yolk sac EMP, early microglia, pre- and adult microglia); super-enhancer
track (pro-B cells); K4me2 mark in bone marrow CMP subtypes (CD41+; CD41-; Flt3* Csflr+; Irf8- GFP MHCII*;
F1t3- Csflr- Irf8- GFP- MHCII'); Ensembl genes; K4me2 mark along in vitro definitive myelopoiesis (fetal liver
HSC; MEP, CMP, GMP); DHS and Pu.1-specific ChiP-seq in GNs; Pfam domains in UCSC genes; K4me2 mark
in tissue-resident MFs (peritoneum, small intestine) and blood MNs; K4me3 mark from naive BMDM and
BMDM stimulated with LPS (0, 4,12 and 24h). Note MF populations studied in vitro display limited activation
of F12-like area (e.g., K27ac in BMDM and BN2 cells vs tissue-resident MFs and blood MNs). In contrast, tissue-
resident MFs, including microglia, display high level of K27ac mark at F12-like element similar to TSS/F1-like;
in addition, bone marrow myeloid progenitors show predominant K4me2 mark at F12-like element (four out of
five CMP subtypes; HSC, MEP and CMP populations).
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Figure 528. Regulation of Nrampl expression in vitro: association with TFs and response to infectious stimuli
[126,180,182,184,185,187,188]. From top to bottom: candidate Nramp1 regulatory elements labeled by analogy with
NRAMP1 locus (cf Figure 7); mouse chromosome 1 scale; ATAC-seq analyses of BMDM either naive or
stimulated with lipid A; RefSeq genes; ChIP-seq analyses of Irf3 and RelA in BMDM stimulated with lipid A;
Ctcf sites (murine erythroleukemia cells); RNA-seq of naive BMDC; co-ChIP-seq analyses in BMDC (Ctcf or
C/ebpb or Pu.1 with H3, K27ac, K4me2 and K4me3); UCSC genes; ChIP-seq analyses of Irf8 and Pu.1 in Irf8*
Tot2 cells vs input; CpG islands; ChIP-seq analyses of Irf8 in BMDC (WT, Batf3+- and Irf87); Other RefSeq genes;
RNA-seq of naive BMDM; ChIP-seq analyses of C/ebpa in macrophages, GMP and LSK (Lyn, Scal*, c-Kit- HSC
population [186]); Ensembl genes; H4K8ac and K27ac activation marks in RN2 cells (MLL-AF9) and K27ac mark
in BMDM; ChIP-seq analyses in RN2 cells (MLL-AF9) of C/ebpa, C/ebpb, Pu.1, Erg, Myb, Flil and p300. Note i)
increased accessibility of F9-like element in response to lipid A treatment, which corresponds to time-
dependent chromatin association with both Irf3 and RelA; ii) association of F7-like element with C/ebpa and
C/ebpb in cell types that do not express Nrampl (RN2 AML) or that express Nramp1 at low level (BMDC,
compare RNA-seq data between BMDC and BMDM, Nramp1 transcript abundance relative to Ctdspl mRNA
levels) vs cells that express Nramp1 at high level (e.g., C/ebpa in Mac; C/ebpb in ESCDM, Figure S25A); and iii)
altered pattern of chromatin association of Irf8 in Batf3-- BMDC.
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Table S1. Expression of macrophage iron genes

Blood
MN and PMN:
SLC11A1 ++
SLC40A1 +)
FTH1 ++
NCOA4 ++
FTL +
S100A8 ++
S100A9 +
MCOLN1 +
SLCI11A2 +/-
TFRC +/-
SLC49A1 +/-
PCBP1 ++
PCBP2 +
CYBRD1 +/-
GAPDH ++
SLC48A1 +/-
MN and NOT in PMN:
CD91 +/-
HMOX1 +
CD163 +
SLC49A2 +/-
HAMP +/-
STEAP3 +/-
ITLN1 +/-
SLC46A1 0
PMN and NOT in MN:
LTF +
LCN2 +
NOT in PMN and MN:
SLC39A14 0
TF 0
TFR2 +/-
LRP2 0
SCARA5 0
cp 0
HEPH +/-
PCBP3 +/-
PCBP4 +/-

#: compared to SLC11A1 level; grey, no absolute values available

Lung

++

+/-

+/-
*)
+/-
(+)

Spleen

*)
*)
+/-

*)

Mac* Ubq
(max)
M1
M2
M1 +
++ +
++ +
M1
+
M2) low
+ low
++ low
(+/-) vlo
+ +
+ +
M2) +
M1) +
vlo
(+/-) +
M2)
M2 ~lo
M2) vlo
M2)
+ vlo
(M2)
+/- vlo
+/-
+/-
+
+/-
+/-
+/-
+/- vlo
+/- vlo
(+/-) low

TSS

CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4

CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4
CpG RPII NB4

CpG w/o RPII NB4
CpG w/o RPII NB4

CpG RPII NB4 (wk)

CpG RPII NB4

CpG w/o RPII NB4

Specificity*

MM

(MM)
(MM)
(MM)
(MM)
MM

MM

(MM)
(MM)
(MM)

MM

(MM)
(MM)
(MM)

(MM)
MM
MM
MM
MM
(MM)
MM

CpG (wk) w/o RPIINB4 MM

CpG RPII NB4

CpG w/o RPII NB4

CpG RPII NB4

CpG w/o RPII NB4

no CpG w/ RPII NB4

CpG w/o RPII NB4

$: candidate super-enhancer domain, MN: monocytes; Spl: spleen; Lng: lung

GTEx expression levels (rpkm) [50]:
++ >200>+>20>(+)>5> +/- ;

Ubq +>20>Ubq low>5>Ubq vlo

¥ MM: myelo-monocytic

(MM)

(MM)
MM
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cS-ES
MN
MN, Spl, Lng

MN
Spl

MN, Spl
Spl

MN, Spl, Lng

MN, Spl, Lng
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Table S2. Macrophage iron gene mRNA expression levels [72].
H1hESC

Gene symbol
SLC11A1
SLC40A1
FTH1
NCOA4
FTL
S100A8
S100A9
MCOLN1
SLC11A2
TFRC
SLC49A1
PCBP1
PCBP2
CYBRD1
GAPDH
SLC48A1
CDI1
HMOX1
CD163
SLC49A 2
HAMP
STEAP3
ITLN1
SLC46A1
LTF
LCN2
SLC39A14
TF

TFR2
LRP2
SCARA5
Cp
HEPHL1
PCBP3
PCBP4

1.47
1.70
12478.75
1944.77
30226.82
0
0.60
1059.94
1445.00
2706.30
2125.13

5600.73
466.81
630762.48
331.28
1814.69
1690.77
0.42
471.22
5.74
1866.10
0.41
245.89
5.82
11.24
4531.96
0.33
75.49
82.61
0.63
6.48
9.82
34.13
893.95

CD34
47.82

7689.32
52104.55
15079.85
36754.15
3506.07
4317.45
239.96
574.77
5399.45
230.89

17121.23
1531.89
110615.15
739.00
49.40
43.28
48.14
30.48
0
228.60
6.06
189.16
727
22.64
212.85
10.64
1065.89
3.59
0
508.59
6.35
92.03
132.47

CD14
7289.39
1681.30
94947.65
26725.16
188509.89
261343.64
704402.40
387.08
480.13
752.67
328.92

1967.30
2657.30
61495.75
416.27
222243
8200.97
2233.87
884.00
21.08
193.95
139.99
310.01
4.35
5.11
46.63
8.46
17.02
1.23
8.06
29.65
17.26
0
29.58

CD56
185.89
1489.35
27761.04
8013.53
32390.51
2098.11
3488.48
51.90
365.51
967.00
286.20

3578.20
711.21
20351.54
136.41
131.08
180.38
91.48
38.14
17.14
46.93
5.36
160.21
13.93
88.17
130.75
14.86
41.36
0
17.55
50.96
59.32
18.24
195.63

CD3
28.10
1621.83
28520.66
6585.10
36014.26
1047.96
1958.10
72.54
433.87
1022.10
298.91

9041.77
73.03
25714.78
260.99
100.52
39.58
12.53
52.87
0
1.76
0
275.61
0
0
224.29
10.02
72.79
1.01

31.17
6.05
20.22
299.66
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CD19
154.52
709.28
14237.49
6150.27
36754.15
3850.38
4690.53
50.70
250.28
1378.73
321.54

2306.60
138.75
19192.00
253.37
80.72
417.62
35.68
31.47
7.33
45.01
1.74
132.14
2.95
40.74
148.33
3.50
26.66
0
30.25
36.96
40.86
15.29
264.89
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