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Table S1. Top differentially methylated loci (in CpG islands of gene upstream regions) in CD14++CD16+ monocytes as compared to CD14++CD16- and
CD14+CD16++ monocytes that are associated with miRNAs

Prob log2FC
Position miRNA CD14++CD16- CD14++CDl6+ CD14+CD16++ CD14++CD16+ CD14++CD16+
NML NML NML VS VS
CD14++CD16-/ CD14+CD16++ CD14++CD16-/CD14+CD16++

chr16:33964507-33964512 miR-1826 1.2 240.1 24 1.000/1.000 76/6.7
chr20:26189837-26189842 miR-663 0.3 76.4 0.4 1.000/1.000 79177
chr10:88126154-88126159 miR-346 0.3 4.7 0.3 0.998/0.997 41/3.9
chr8:124408332-124408337  miR-548d-1 0.1 4.0 0.2 0.997/0.994 48/4.2
chr1:154946769-154946774 miR-4258 0.2 4.2 04 0.997/0.994 41/35
chr4:144258110-144258115 miR-3139 0.1 3.7 0.1 0.995/0.993 51/5.1
chr4:174090079-174090084 miR-548t 0.4 4.2 0.5 0.996/ 0.992 3.6/32
chr6:31926803-31926808 miR-1236 0.3 37 0.2 0.994/0.993 3.7/46
chr15:70389830-70389835 miR-629 0.2 3.9 0.4 0.996/0.989 44/32
chr13:100259217-100259222  miR-4306 0.1 3.6 0.3 0.994/0.989 47135
chr3:71633116-71633121 miR-1284 04 4.2 0.5 0.994/0.989 3.3/3.0
chr4:10118330-10118335 miR-3138 0.1 3.6 0.3 0.994/0.988 51/35
chr8:22102981-22102986 miR-320a 0.6 51 0.8 0.994/0.988 3.0/27
chr7:25990176-25990181 miR-148A 0.2 4.1 0.6 0.997/0.984 43/2.7
chr3:44803496-44803501 miR-564 0.5 38 0.3 0.989/0.992 3.0/38
chr8:22102516-22102521 miR-320a 0.1 3.4 0.3 0.992/0.986 46/3.7



chr19:797679-797684

chr11:79151421-79151426

chrl7:27224863-27224868
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0.6
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0.991/0.987

0.985/0.990
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0.987/0.985

0.990/0.980

0.977/0.992
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0.982/0.977
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29/35

3.7/36

3.4/36

49/33
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48/3.8

29/3.0
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3.1/32
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39/28
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3.3/26

26/25
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-25/-25



chr1:180471815-180471820
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chr14:31495944-31495949
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0.2
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0.5
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0.984/0.967

0.976/0.975

0.982/0.970

0.978/0.972

0.978/0.971

0.974/0.974

0.975/0.973

0.976/0.971

0.986 / 0.956

0.972/0.971

0.974/0.966

0.986/0.953

0.976/0.963

0.974/0.960

0.973/0.961

34127

23/23

3.2/28

35/34

6.1/5.6

23124

3.3/3.7

46/5.6

41/25

27127

51/45

41/25

42/33

51/35

51/3.9

NML: normalized tag count (tags per million); Prob: probability; FC: fold change




Table S2. Differentially methylated loci associated with differential gene expression of corresponding genes

Prob log2FC

Position Gene Feature Cpg island CDlA,'\T,:;ICLDle_ CD14,\T,TACI:_D16+ CDM,\TI\(/:IElBH CD14+\;LSCD16+ CD14+\:;CD16+

CD14++CD16-/ CD14++CD16-/

CD14+CD16++ CD14+CD16++
chrX:47421025-47421030 ARAF Intronic Yes 0.1 1.4 0.3 0.906/0.851 43/24
chr2:219081875-219081880 ARPC2 Splicing Yes 0.1 34 0.3 0.992/0.985 50/34
chr19:36630973-36630978 CAPNS1 UTR5 Yes 1.4 3.7 0.8 0.878/0.957 14721
chr5:149792191-149792196 CD74 Exonic No 0.5 2.6 0.9 0.944/0.840 24114
chrX:47483357-47483362 CFP downstream Yes 0.0 1.0 0.0 0.858/0.842 48/52
chr20:23612769-23612774 CST3 downstream No 0.0 1.0 0.0 0.860/0.842 58/5.2
chr20:23618673-23618678 CST3 Upstream No 0.8 2.1 0.6 0.830/0.861 15/19
chr8:11725752-11725757 CTSB Upstream No 0.0 1.5 0.0 0.924/0.912 54/58
chr8:11725568-11725573 CTSB UTRS Yes 0.1 14 0.2 0.907/0.876 3.7/27
chr8:11725445-11725450 CTSB Intronic Yes 0.2 1.1 0.3 0.831/0.802 24121
chr16:88717569-88717574 CYBA Upstream Yes 0.8 3.5 1.2 0.960/0.891 22116
chr16:88717433-88717438 CYBA UTRS Yes 0.1 1.1 0.3 0.868/0.802 34/21
chr9:140009006-140009011 DPP7 Exonic Yes 0.2 3.8 0.3 0.995/0.991 4.2/3.6
chr1:15737125-15737130 EFHD2 Intronic Yes 0.8 4.5 0.4 0.977/0.996 25/36
chr17:39845739-39845744 EIF1 Intronic Yes 0.2 2.7 0.3 0.977/0.970 35/34
chr11:67351087-67351092 GSTP1 UTRS Yes 04 3.2 0.6 0.980/0.955 29/2.4



chr3:129033777-129033782

chr3:129033967-129033972

chr5:176325240-176325245

chr1:23670944-23670949
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0.921/0.887
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0.987/0.992
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0.983/0.976
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0.958/0.939
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0.947/0.912

3.9/19

44128

51/35

45127

3.8/28

3.1/51

3.8/3.0

48/52

29/36

48/35

40/31

25/23

22122

21/13

3.8/35

3.6/4.0

3.9/30

23122

6.7/28
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STAB1

TAPBP

TBC1D10B
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0.903/0.902
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chr6:28193242-28193247 ZNF193 Intronic Yes 0.1 1.0 0.2 0.833/0.811 2.8/2.6

NML: normalized tag count (tags per million); Prob: probability; FC: fold change




Table S3. Differentially methylated loci in uremic monocytes (in CpG islands of gene upstream regions) associated with cardiovascular disease (CVD), immune disease
(IMM) and infection disease (INF)

Control monocytes  Uremic monocytes

Position Gene NML NML Prob log2FC CVvD INF IMM
chr11:43702119-43702124 HSD17B12 0.1 7.8 1.000 -7.2 . - -
chr2:45878887-45878892 PRKCE 0.3 6.4 1.000 -4.6 . - °
chr10:94449085-94449090 HHEX 0.6 7.3 0.999 -3.6 ° - °
chr22:50683474-50683479 TUBGCP6 0.1 4.2 0.998 -6.3 - . -
chr9:90112524-90112529 DAPK1 0.0 34 0.994 -7.0 ° - -
chr5:10761675-10761680 DAP 0.7 5.1 0.992 -2.9 - - °
chr1:2344070-2344075 PEX10 0.1 1.9 0.965 -4.1 - - °
chr1:14026636-14026641 PRDM?2 0.0 1.7 0.962 -6.0 . - -
chr7:45961262-45961267 IGFBP3 2.2 8.3 0.932 -1.9 ° ° °
chr19:531530-531535 CDC34 0.1 1.3 0.932 -3.6 - - °
chr2:133174115-133174120 GPR39 3.2 10.5 0.920 -1.7 ° - -
chrl:32757466-32757471 HDAC1 1.5 0.3 0.907 2.2 - - °
chr21:28339999-28340004 ADAMTS5 0.2 1.2 0.900 2.5 . - -
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chr11:2465290-2465295

chrX:122866952-122866957

chr5:109024967-109024972

chr6:131456519-131456524
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KCNQ1
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0.6
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0.1

0.6
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NML: normalized tag count (tags per million); Prob: probability; FC: fold change; CVD: cardiovascular disease; INF: infections; IMM: immune disease
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Supplemental Figure Legends

Figure S1. Representative example of isolated monocyte subsets. Mean purity (xSD) of 7

isolations is given in each dot plot.

Figure S2. Interaction analysis of differentially methylated loci in intermediate
monocytes. Interaction network was generated with the string database using most
differentially methylated loci within CpG islands of gene upstream regions (Prob>0.95) in
intermediate monocytes as compared to classical and nonclassical monocytes. Shown are
interactions at a confidence score of 0.9. In line with the proinflammatory and distinct role of
intermediate monocytes in immunity, the interaction analysis of differentially methylated loci
reveals a strong cluster containing genes linked to NF-kB signaling (RELA, NFKB1, NFKB2),
which are presented in the central position of the pathway analysis. In addition, several genes
that are linked to transcriptional regulation (STAT1, CEBPB, FOS) are also located in this
cluster. Gene ontology (GO) analysis of genes that are presented in this network confirm an
enrichment of genes connected to regulation of gene expression, indicating that several
remodeling processes are induced in intermediate monocytes. In line, further significant GO

terms comprise cell differentiation and cellular biosynthesis processes.

Figure S3. Interaction analysis of selected pathways enriched in intermediate monocytes.
Enrichment analysis was performed among genes with differentially (Prob>0.8) methylated
promoters in intermediate as compared to classical and nonclassical monocytes by using the

WEBGESTALT platform. Genes enriched in the pathways “Immune System”, “TNF receptor

14



signaling pathway”, “Metabolism of lipids and lipoproteins” and “Cell cycle” were used as
input to GeneMANIA to construct networks of interactions. Enriched functions in the

networks were highlighted with the GeneMANIA module (“Immune System”: Antigen-

receptor-mediated signaling pathway [yellow], Toll-like receptor signaling pathway [blue],

Regulation of innate immune response [red]; “TNF receptor signaling pathway”: Immune

response-regulating cell surface receptor signaling pathway [red]; “Metabolism of lipids and

lipoproteins™: Triglyceride metabolic process [red]; “Cell cycle”: Cell cycle G2/M phase
transition [blue], Cell cycle checkpoint [red]). In line with the interaction analysis that was
generated with the string database (Figure S2), the cluster that contains genes linked NF-xB
signaling (RELA, NFKB1, NFKB2) is also located at central positions within the networks
“Immune System” and “TNF receptor signaling pathway”. The inflammatory potential of
intermediate monocytes™? is supported by the enrichment of genes connected to the Toll-like
receptor signaling pathway; the potential of intermediate monocytes for antigen processing
and presentation'* is supported by the enrichment of genes connected to Antigen-receptor-
mediated signaling pathway within “Immune System”. The pathway “Metabolism of lipids
and lipoproteins”, which is enriched in intermediate monocytes, is in line with the distinct
function of intermediate monocytes in the cholesterol metabolism.* The three monocyte
subsets represent different stages of monocyte differentiation®. The conversion of one subset
to another requires regulation of cell differentiation and cell cycle, which involves genes that
are differentially methylated in intermediate monocytes in comparison to classical and

nonclassical monocytes.

Figure S4. Analysis of in vitro differentiated classical monocytes. Percentages of classical
monocytes (left panel) as well as the capacity of classical monocytes to produce reactive

oxygen species (middle panel) and to phagocyte (right panel) were determined with flow-
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cytometry. Data are presented as means+tSEM and compared by Student t test. *P<0.05. ROS

indicates reactive oxygen species.

Figure S5. Methyl-Seq analysis of uremic monocytes. Schematic representation of
differences in DNA methylation between monocytes which were differentiated under control
or under uremic conditions. Presented are total loci (left panel) as well as loci within CpG
islands of gene upstream regions (right panel). Loci with differential methylation are given as
circles (Prob>0.9 in red, Prob between 0.8 and 0.9 in black) and all other loci are given as

grey dots.

Figure S6. Interaction analysis of differentially methylated loci in uremic monocytes.
Interaction network was generated with the string database using differentially methylated
loci within CpG islands of gene upstream regions (Prob>0.8) between control and uremic
monocytes. Shown are interactions at a confidence score of 0.4. The interaction analysis of
these differentially methylated loci reveals a strong cluster containing genes linked to
regulation of gene transcription (HDAC1, UBTF, SAP130) and a second cluster containing
genes linked to cell differentiation and cell proliferation (FLT3, NOP2, RUNX1T1), indicating
that hematopoietic differentiation is disturbed under uremic conditions, which is in line with
functional analyses (Figure 2B). A small cluster at the top of the interaction analysis contains
genes linked to intercellular transport processes (AP2M1, AP3M2, CLTB), pointing towards

different remodeling processes in control and uremic monocytes.

16


https://www.dict.cc/englisch-deutsch/hematopoietic.html

Figure S7. Hierarchical cluster analysis. Analysis was performed among those 10,000 loci
with the highest tag count in the combined analysis that comprises both circulating classical,

intermediate and nonclassical monocytes as well as in vitro generated monocytes.

Figure S8. Impact of C1 metabolites on monocyte subsets. Distribution of classical (left
panel), intermediate (middle panel) and nonclassical monocytes (right panel) after stimulation
of whole blood for 5h (upper panel) and 16h (lower panel) with increasing concentrations of
homocysteine (30uM, 100uM and 500uM) or Adenosine-2',3'-dialdehyde (10puM and 50uM).
Data are presented as mean+SEM of six (for 5h) and seven (16h) independent experiments.
Statistical analysis was performed with one-way ANOVA followed by Dunnett’s multiple

comparison post hoc test. *P<0.05, **P<0.001.

Figure S9. Impact of C1 metabolites on CD16 and CD86 expression on total monocytes.
Expression of CD16 (left panel) and CD86 (right panel) on total monocytes after stimulation
of whole blood for 5h with increasing concentrations of homocysteine (30uM, 100uM and
500uM) or Adenosine-2’,3'-dialdehyde (10uM and 50uM). Data are standardized to the
control approach and presented as meanzSEM of six independent experiments. Statistical
analysis was performed with one-way ANOVA followed by Dunnett’s multiple comparison

post hoc test. *P<0.05, **P<0.001.

Figure S10. Impact of C1 metabolites on CX3CR1 and CCR5 expression on total
monocytes and monocyte subsets. Expression of CX3CR1 (left panel) and CCR5 (right

panel) on total monocytes (upper panel) and monocyte subsets (lower panel) after stimulation
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of whole blood for 5h with homocysteine (100uM) or Adenosine-2’,3'-dialdehyde (50uM).
Data are standardized to the control approach and presented as mean+SEM of six independent
experiments. Statistical analysis was performed with one-way ANOVA followed by

Dunnett’s multiple comparison post hoc test. *P<0.05, **P<0.001.

Figure S11. Validation of the gating strategy. An additional gate was drawn within the gate
which defines intermediate monocyte gate at close vicinity to the classical monocyte gate (red
arrow) in the control (left panel) and stimulation approaches (right panel); within this gate,
CCR5 expression was flow-cytometrically determined. Data are standardized to the control
approach and presented as mean+SEM of six independent experiments. Statistical analysis
was performed with one-way ANOVA followed by Dunnett’s multiple comparison post hoc

test.

Figure S12. Impact of C1 metabolites on monocyte subsets. Association of nonclassical
monocytes with homocysteine (left panel) and S-adenosylhomocysteine (right panel) within
the | Like HOMe study. Study participants were stratified into quartiles and data were

analyzed with one-way ANOVA.

Figure S13. Impact of Cl1 metabolitess on monocyte subsets. Correlation between
intermediate monocytes and homocysteine (left panel) as well as between intermediate
monocytes and S-adenosylhomocysteine (right panel) within the | Like HOMe study. To

allow better visualization, data from two participants (participant 1: plasma homocysteine
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46.7 mmol/l; participant 2: plasma SAH 43.0 nmol/l) are not depicted in the figure, but

included in all calculations. Correlation coefficients were calculated by Pearson test.
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CX3CRL1 expression

7,
St
%
b
@
%
O
%
= \0,\
%
r T T T T T O
N o [e0) © < [qV o
i - o o o o o
uolissaldxa gHOD aAleal
X 4
owxo
+0
©
X @ b
7.
22
72
v,
- %
.
\m\O
~ ) © © ~ ~ o O
— i o IS o o o

uolissaldxa THOEXD aAlk|al

so1A00uowW je10l

0
5
0
5
0
0.54

uolissaldxa GO aAleal

< ™ N —
uoissaldxa THOEXD aAle|al

0

Slasqns a1A00u0

Figure S10



CD14 PerCP-A

Hcy / Adox
Control ) y :
stimulation
E oo CE
o &
i g
. .
% . LI | II I T IIIIIIII T TTT |||| 1 ||||||| I E :II T I I | T |||||||| T |||||||| T ||||||| 1
' -10910% 10° 10 10 ' -10910° 10° 10# 10°
4 CD16 PE-CyT-A 4 CD16 PE-Cy7-A

relative CCR5 expression

1.2

1.0

0.8

0.6

Figure S11



Homocysteine

n
1

g

CD14+CD16++ monocytes |cells/ul]
P =
1 T

.
G
1

I
2

Homocysteine [tertiles]

CD14+CD16++ monocytes [cells/ul]

S-Adenosylhomocysteine

o
N
1

N
[
|

3

=
)
]

o7
I

43—

1 2

S-Adenosylhomocysteine [tertiles]

0p=0.013

3

Figure S12




CD14++CD16+ monocytes [cells/ul]

Homocysteine
r=-0.062
1257 p=0.206
100 o o
o) o
75 ° °

e

Homocysteine [umol/l]

CD14++CD16+ monocytes [cells/ul]

S-Adenosylhomocysteine

100

75

r=0.038 )
p=0.443 o

S-Adenosylhomocyteine [nmol/l]

Figure S13




	Supplemental Tables and Figure Legends [clean version]
	Figure S1
	Figure S2
	Figure S3
	Figure S4
	Figure S5
	Figure S6
	Figure S7
	Figure S8
	Figure S9
	Figure S10
	Figure S11
	Figure S12
	Figure S13



