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Supplement 
Supplementary Figure S1 

 
Supplementary Figure S1: (A) Gating strategy. Human leukocytes were isolated by red blood cell lysis. DAPI 

was used to exclude dead cells. A forward-scatter and side-scatter plot served to identify the different leukocyte 

subsets. CD4+ T cell subsets were subdivided into Type 1 helper (TH1) cells, Type 2 helper (TH2) cells and IL-17-

producing T helper (TH17) cells. TH1 cells were identified by the expression of CXCR3 in the absence of CCR4 

and CCR6. TH2 cells were defined as CCR4+CXCR3-CCR6-, while TH17 cells co-expressed CCR4 and CCR6 in 

the absence of CXCR3. CD4+CD25+CD127low cells were defined as Tregs.1 Cytotoxic T cells and B cells were 

identified by the expression of CD8 and CD19, respectively. (B,C) Gating strategy. CD14+ monocytes (B) and 

CD15+ neutrophil granulocytes (C) were sorted by magnetic cell separation. Purity of > 97% was revealed by 

surface staining of CD14 and CD15, respectively. Cells were gated using a forward-scatter and side-scatter plot. 

Doublets were excluded according to the forward-scatter area and height pattern and 7-AAD was used to exclude 

dead cells. (D) AMPD2 surface expression on CD14+ monocytes and CD15+ neutrophil granulocytes sorted by 
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magnetic cell separation. The cells were gated according to Supplementary Figures S1B and S1C. r gMFI 

represents the ratio of geometric mean fluorescence intensity of staining to secondary antibody control. (E) 

PBMCs were gated using a forward-scatter and side-scatter plot. Doublets were excluded according to the 

forward-scatter area and height pattern and 7-AAD was used to exclude dead cells. r gMFI represents the ratio of 

geometric mean fluorescence intensity of staining to streptavidin control. The staining was successfully blocked 

by adding 25-fold excess unconjugated antibody. Classical (CD14+ CD16-), intermediate (CD14+ CD16+) and 

non-classical (CD14- CD16+) monocytes were analyzed individually. The lines on scatter dot plot indicate 

median. Wilcoxon matched-pairs signed rank test. (F) Gating strategy. Cell lines were gated using a forward-

scatter and side-scatter plot. Doublets were excluded according to the forward-scatter area and height pattern 

and DAPI was used to exclude dead cells. 
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Supplementary Figure S2: (A) Flow cytometric analysis of intracellular (upper row) and surface (lower row) 

AMPD2 expression in HEK293, HMEC-1, Jurkat, THP-1 and U-937 cell lines. r gMFI represents the ratio of 

geometric mean fluorescence intensity of staining to secondary antibody control and staining to streptavidin 

control for intracellular and surface stainings, respectively. The surface staining was successfully blocked by 

adding 25-fold excess unconjugated antibody. (B) Western blot analysis of HEK293 cytosolic and membrane 

fractions. The samples on the right were concentrated with the help of centrifugal filters to increase to amount of 

protein analyzed by SDS-PAGE. AMPD2 was detected by the mouse monoclonal anti-AMPD2 antibody clone 

QQ13. Purity of cytosolic and membrane fractions was verified by analyzing pan Cadherin and GAPDH. 

Uncropped images are provided in Supplementary Figure S7. (C) Top 10 proteins enriched by IP from HEK293 

whole cell lysates and membrane fractions using anti-AMPD2 antibodies QQ13 and PA5, respectively, identified 

by mass spectrometric analyses. Enrichment is depicted as fold change of LFQ intensity compared to isotype 

control and was evaluated statistically using two-sample Student’s t test. (D) Characterization of HEK293 and U-

937 cytosolic and membrane fractions by western blot. Uncropped images are provided in Supplementary Figure 

S7. (E) Western blot analysis of U-937 cells after surface biotinylation. Intact U-937 cells were biotinylated at 4°C 

and subsequently lyzed and subjected to streptavidin-based enrichment of biotinylated proteins. Whole cell 

lysates (whole) were generated by adding Laemmli sample buffer. Biotinylated cell lysates (input) and flow-

through (FT) samples of protein not captured by the NeutrAvidin beads were analyzed in parallel. “streptavidin” 

represents a non-biotinylated control sample that was subjected to streptavidin-based pull-down, while the 

“surface” sample was prepared by pull-down following surface biotinylation. (F) eAMPD2 expression and surface 

biotinylation of U-937 cells analyzed by flow cytometry. U-937 cells were fixed after surface biotinylation and 

stained an anti-AMPD2-antibody (PA5) and streptavidin. Non-biotinylated cells were measured in parallel. The 

gating strategy is depicted in Supplementary Figure S1F. (G) AMPD2 surface expression in HMEC-1 cells is 

reduced by hypoxia. Western blot analysis of HMEC-1 whole cell lysate and surface protein enriched by surface 

biotinylation followed by streptavidin-based pull-down. Cells were cultured under normoxic (18% O2) or hypoxic 

(1% O2) conditions for 24 hours. AMPD2 protein expression was semiquantified relative to pan Cadherin by 

image analysis and reduction by hypoxia is depicted in relation to normoxic control. Uncropped images are 

provided in Supplementary Figure S7. The bar graphs show surface expression of eAMPD2 and CD73 under 

hypoxic conditions analyzed by flow cytometry (n=2). Doublets and dead cells were excluded for analysis as 

shown in Supplementary Figure S1F. The data are depicted as change in r gMFI (geometric mean fluorescence 

intensity of staining to streptavidin control) in relation to samples cultured under normoxic conditions. (H) The 

secondary protein structure of AMPD2 was analyzed by the PSIPRED server to identify helical areas (highlighted 

in pink).2 The graph on the right depicts the lipid-binding helix predicted by the HeliQuest webserver represented 

as a helical wheel with the hydrophobic face at the bottom.3 (I) Golgi inhibition by incubation with 1 µg/mL 

brefeldin A and 0.5 µg/mL monensin, respectively, for 24 hours reduced AMPD2 surface expression in HEK293 

and U-937 cells analyzed by flow cytometry (n=8-9). Doublets and dead cells were excluded for analysis as 

shown in Supplementary Figure S1F. The data are depicted as change in r gMFI (geometric mean fluorescence 

intensity of staining to secondary antibody control) in relation to untreated control samples. 

Bar graphs depict median and range. **p<0.01, compared to untreated control; Wilcoxon matched-pairs signed 

rank test. 

BFA, brefeldin A; MN, monensin 
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Supplementary Figure S3 

 
Supplementary Figure S3: (A) Localization of AMPD2 on the cell surface of PBMCs identified by 

immunofluorescence microscopy. Cells were stained for AMPD2 (green), actin (red) and DAPI (blue). Polyclonal 

rabbit IgG served as isotype control for the AMPD2 staining antibody. (B) AMPD2 surface expression on CD15+ 

neutrophil granulocytes sorted by magnetic cell separation. Cells were incubated for 24 hours with 1 µg/mL LPS 

and expression of eAMPD2, CD39 and CD73 was measured by flow cytometry (n=1). The gating strategy from 

Supplementary Figure S1C was applied. r gMFI represents the ratio of geometric mean fluorescence intensity of 

staining to secondary antibody control. (C) AMPD2 surface expression on lymphocytes following stimulation. 

PBMCs were treated with 10 ng/mL PMA + 1 µg/mL ionomycin for 24 hours and expression of eAMPD2, CD39 

and CD73 was measured by flow cytometry (n=2). Lymphocytes were gated according to Supplementary Figure 

S1E for analysis. r gMFI represents the ratio of geometric mean fluorescence intensity of staining to secondary 

antibody control. (D) Proof of lymphocyte activation. Expression of CD25 and CD69 was measured by flow 

cytometry after 24-hour stimulation with 10 ng/mL PMA + 1 µg/mL ionomycin compared to untreated control. Cells 

were incubated in PBMC co-culture and lymphocytes were gated according to Supplementary Figure S1E for 

analysis. (E) Kinetics of AMPD2 surface expression in human PBMC co-culture after incubation with 1 µg/mL LPS 

or 5 µg/mL PHA determined by flow cytometric analysis. The gating strategy from Supplementary Figure S1E was 

applied. Data are expressed as mean (n=2) ratio to untreated control. (F) The effect of apoptosis on eAMPD2 

staining on human monocytes from PBMC co-culture treated with LPS. Apoptotic cells were identified with the 

help of annexin V. The gating strategy is depicted in Supplementary Figure S1E. In the right-hand approach 

apoptotic cells were removed by dead cell removal (DCR) after incubation. Apoptosis does not significantly 

influence AMPD2 surface expression. (G) AMPD2 surface staining on primary human monocytes analyzed by 

flow cytometry. PBMCs were incubated for 24 hours with or without 1 µg/mL LPS. Monocytes were gated 

according to Supplementary Figure S1E for analysis. r gMFI represents the ratio of geometric mean fluorescence 

intensity of staining to secondary antibody control. 

Box plots show median and range. The lines on scatter dot plot indicate median. Wilcoxon matched-pairs signed 

rank test. 

A

eAMPD2 CD39 CD73
0

2

4

6

8

lymphocytes

ra
tio

 g
M

FI
 [s

ta
in

in
g/

co
nt

ro
l]

PMA + ionomycin

ctrl

eAMPD2 CD39 CD73
0

2

4

6

8

CD15+ neutrophil granulocytes

ra
tio

 g
M

FI
 [s

ta
in

in
g/

co
nt

ro
l] ctrl

LPS

B C

D

CD69

FI
TC

CD25

control PMA + ionomycin

F
eAMPD2

annexin V - annexin V + w/ DCR w/o DCR
0

2

4

6

ra
tio

 g
M

FI
 [s

ta
in

in
g/

co
nt

ro
l] ns ns

eAMPD2
co

un
t

control LPS

GE

3 6 12 20 24 30
0.0

0.5

1.0

1.5

incubation time [hours]

fo
ld

 c
ha

ng
e 

to
 u

nt
re

at
ed

 c
on

tro
l 

ra
tio

 g
M

FI
 [s

ta
in

in
g/

co
nt

ro
l]

eAMPD2

PHA [lymphocytes]

LPS [lymphocytes]

PHA [monocytes]

LPS [monocytes] staining
secondary control

10.12 31.71 r gMFI

ACTIN DAPI
AMPD2

AMPD2MERGE

MERGE ACTIN DAPI rb IgG



 5 

Supplementary Figure S4 

 
Supplementary Figure S4: Flow cytometric analysis of eAMPD2, CD39 and CD73 expression on primary human 

immune cell populations at baseline. Correlation between eAMPD2 and ectonucleotidase expression in  

(A) lymphocytes and (B) monocytes from healthy donors after PBMC isolation. eAMPD2, CD39 and CD73 

expression was determined by flow cytometry. The gating strategy from Supplementary Figure S1E was applied. 

Expression is depicted as ratio of geometric mean fluorescence intensity of staining to secondary antibody 

control. eAMPD2 correlates with CD39 surface expression in monocytes. Spearman's Rank-Order Correlation. 

(C) PBMCs were gated using a forward-scatter and side-scatter plot. Doublets were excluded according to the 

forward-scatter area and height pattern and leukocytes were identified by the expression of CD45. Lymphocytes 

and monocytes were gated according to their distinctive appearance in a forward-scatter and side-scatter plot. 

Lymphocytes were subdivided depending on the surface expression of CD4 and CD8. CD4+CD25+CD127low 

cells were defined as regulatory T cells. CD19+ B cells and CD14+ monocytes were evaluated separately. (D) 

CD73 surface expression on immune cells subdivided according to Supplementary Figure S4C. (E,F) AMPD2 

surface expression on human PBMCs is reduced by Golgi transport inhibition. Cells were treated with 1 µg/mL 

LPS with or without 0.5 µg/mL monensin (MN) (n=2) for 21-24 hours and surface expression of AMPD2, CD39 

and CD73 was measured by flow cytometry. Lymphocytes (E) and monocytes (F) were incubated in co-culture 

and gated according to Supplementary Figure S1E for analysis. r gMFI represents the ratio of geometric mean 

fluorescence intensity of staining to secondary antibody control.  

All boxplots show median and minimum or maximum values, respectively. 

 

0 2 4 6
0

1

2

3

eAMPD2

C
D

39

rSp = 0.1827
p = 0.5889

0 5 10 15
0

1

2

3

4

eAMPD2

C
D

39

rSp = 0.6788
p = 0.0255

0 2 4 6
0

2

4

6

8

10

eAMPD2
C

D
73

rSp = -0.2636
p = 0.4348

0 5 10 15
0.0

0.5

1.0

1.5

eAMPD2

C
D

73

rSp = -0.3021
p = 0.3637

A B

C

FSC-A

SS
C
-A

FSC-A

FS
C
-H

CD45

SS
C
-A

FSC-A

SS
C
-A

co
un
t

CD73

% CD73+ 7.55 4.31 67.4 60.8 3.39

CD14

SS
C
-A

CD3

C
D
19

CD4

C
D
8

CD127

C
D
25

CD4+ CD4+CD25+CD127low CD8+ CD19+ CD14+
D

0

2

4

6

eAMPD2

LPS

MN

+ +
+

-
- -

0

1

2

3

4

eAMPD2

LPS

MN

+ +
+

-
- -

0.0

0.5

1.0

1.5

2.0

CD39

LPS

MN

+ +
+

-
- -

0

5

10

15

CD39

LPS

MN

+ +
+

-
- -

0

1

2

3

4

5

CD73

LPS

MN

+ +
+

-
- -

0

2

4

6

CD73

LPS

MN

+ +
+

-
- -

E

ra
tio
gM
FI
[s
ta
in
in
g/
co
nt
ro
l]

F

ra
tio
gM
FI
[s
ta
in
in
g/
co
nt
ro
l]



 6 

Supplementary Figure S5 
Supplementary Figure S5: AMPD2 surface 

expression on human PBMCs following 

immunomodulation. Cells were treated with 10-8 M and 

10-5 dexamethasone, respectively (n=8). Surface 

expression of eAMPD2, CD39 and CD73 was 

measured by flow cytometry. (A) Lymphocytes and 

(B) monocytes were incubated in co-culture and gated 

according to Supplementary Figure S1E for analysis.  

All boxplots show median, interquartile range, and 

minimum or maximum values, respectively. *p<0.05, 

**p<0.01; Wilcoxon matched-pairs signed rank test.  

 
 

 

 

 

 

 

 

Supplementary Figure S6 
 
Supplementary Figure S6: eAMPD2, CD39 and 

CD73 expression depending on donor age. 

PBMCs were isolated from heparinized blood 

samples of young (≤40 years) and old (≥50 years) 

healthy donors. (A) eAMPD2, CD39 and CD73 

expression was analyzed by flow cytometry 

directly after isolation (n=11-12). PBMCs were 

gated according to Supplementary Figure S1E for 

analysis. (B) Flow cytometric analysis of 

eAMPD2, CD39 and CD73 expression after 

incubation with 1 µg/mL LPS for 21-24 hours in 

co-culture (n=11-12). PBMCs were gated 

according to Supplementary Figure S1E for 

analysis. Modification by LPS stimulation is 

depicted in relation to untreated control samples.  
Lines on scatter dot plot represent median. **p<0.01, ***p<0.001, ****p<0.0001, Mann Whitney test. 
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Supplementary Figure S7 

 
Supplementary Figure S7: Uncropped western blot images corresponding to (A) Figure 2B, (B) Figure 2C, (C) 

Supplementary Figure S2E, (D) Figure 2E, (E) Figure 3C, (F) Figure 4F, (G) Supplementary Figure S2B, (H) 

Supplementary Figure S2D, and (I) Supplementary Figure S2G. (J) Protein standard used for all western blots. 
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J

250 kDa

75 kDa
100 kDa

150 kDa

50 kDa

37 kDa

25 kDa

B
anti-AMPD2 (QQ13) + anti-mouse-HRP 

Standard |       input |  streptavidin |    surface |  Standard  |      input |   streptavidin |    surface

CD14+ monocytes HMEC

anti-AMPD2 (QQ13) + anti-mouse-HRP 

Standard  |      whole |       input | FT non-bio |     FT bio |   streptavidin |      surface

U-937

anti-AMPD2 (QQ13) + anti-mouse-HRP 

Standard |      input |  streptavidin |      surface

U-937

C



 8 

Supplementary Table S1: Mass spectrometric analyses of top 10 proteins immunoprecipitated from 

HEK293 samples using anti-AMPD2 antibodies 

 
IP from HEK293 whole cell lysates (total) and membrane fractions (membrane) was performed using anti-AMPD2 

antibodies QQ13 and PA5, respectively. Differential protein abundance compared to isotype control was 

calculated using two-sample Student’s t test. 

 

Supplementary Table S2: Mass spectrometric analysis of surface-enriched protein from HMEC-1 

cells 

  
Top abundant proteins and enrichment of AMPD2 by surface biotinylation. Surface-enriched samples were 

obtained by surface biotinylation of HMEC-1 cells followed by streptavidin-based pull-down. Differential protein 

Gene name Peptides Unique peptides Student's t test  
Difference LFQ intensity 

Student's t-test  
p-value (-log10) LFQ intensity 

Median intensity Intensity rank 

total: IP QQ13 
AMPD2 47 1 16,303 5,516 90290000000 1 
SHCBP1 3 3 7,703 2,805 338410000 60 
RFC2 21 21 7,267 4,166 373610000 54 
TXNRD2 11 10 6,774 0,925 3809600000 7 
DMD 8 7 6,560 0,931 1460400000 15 
HDLBP 81 81 5,936 3,519 18038000 319 
HBZ 1 1 5,792 1,342 306520000 66 
TRRAP 15 15 5,686 3,199 84882000 163 
AMPD3 5 4 5,491 5,041 67224000 191 
ALDH7A1 43 43 5,258 3,076 38252000 232 
total: IP PA5 
AMPD2 47 1 11,237 6,215 4961800000 5 
EML3 24 24 9,992 5,077 1539000000 21 
MDC1 35 35 9,269 5,789 790850000 43 
CLCC1 22 22 9,144 2,917 1159600000 27 
C4A;C4B 7 6 8,266 4,654 452350000 84 
TIMM8B 9 9 8,226 5,364 294480000 114 
TIMM13 8 8 8,044 2,908 584640000 62 
MAPRE1 34 31 7,755 4,784 315370000 106 
PAFAH1B2 15 15 7,539 6,233 611770000 59 
ALDOA 60 53 7,346 2,374 227920000 136 
membrane: IP QQ13 
AMPD2 47 1 5,815 3,849 311700000 34 
HBB;HBD 3 2 4,658 3,967 30926000 185 
UBE2O 33 33 4,557 1,156 32560000 181 
NOL11 22 22 4,392 1,494 18015000 257 
MRPS27 27 27 4,349 1,114 81540000 89 
ARFGEF1 4 4 4,204 1,158 35380000 164 
RBMX 40 15 4,179 2,062 43027000 147 
MRPS9 29 29 4,114 2,713 54771000 124 
MRPS26 23 23 4,086 0,811 23443000 221 
DVL2 8 6 4,041 1,285 45793000 142 

AMPD2 
Peptides 23 
Unique peptides 23 
Sequence coverage [%] 25,4 
Unique sequence coverage [%] 25,4 
Molecular weight [kDa] 100,69 
Q-value 0 
Score 30,278 
Intensity 978860000 
iBAQ 20827000 
MS/MS count 64 
LFQ: surface enrichment vs. non-biotinylated control 
t test Difference (log2) 3,6998 
p-value (-log10) 2,0048 
LFQ: surface enrichment vs. input 
t test Difference (log2) 3,1967 
p-value (-log10) 4,2404 
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abundance compared to non-biotinylated samples undergoing streptavidin-based pull-down (non-biotinylated 

control) and biotinylated whole cell lysate (input) was determined using two-sample Student’s t test. 

† Plasma membrane annotation according to the Gene Ontology project.4, 5 

 

Supplementary Table S3: Search for lipid-binding helices according to the HeliQuest decision tree 

 
Helical domains present in AMPD2 protein sequence as identified by the PSIPRED server (shown in 

Supplementary Figure 2H) were submitted to the HeliQuest webserver.2, 3 D was calculated as follows: 

D = 0.944(<µH>) + 0.33(z). Lipid-binding helix were defined by D > 1.34 (highlighted in green), 

possible lipid-binding helices were defined by 0.68 < D < 1.34 (highlighted in yellow). 

µH, hydrophobic moment; z, net charge; D, discrimination factor 
 

Supplementary Table S4: Mass spectrometric analyses of top 10 proteins immunoprecipitated from 

CD14+ monocyte samples by anti-AMPD2 antibody (QQ13) 

 
CD14+ monocytes were isolated by MACS. IP from membrane fractions was performed using anti-AMPD2 

antibody QQ13. Differential protein abundance compared to isotype control was calculated using two-sample 

Student’s t test. 

 

Gene name Peptides Unique peptides Student's t test  
Difference LFQ intensity 

Student's t test  
p-value (-log 10) LFQ intensity 

Intensity 

RAB5C 8 6 7,833 3,858 3500500000 
PRKAA1 2 2 7,738 2,826 2328900000 
LPCAT2 2 2 6,740 4,248 1221300000 
GNAI2 13 7 5,932 3,962 1741800000 
AMPD2 8 8 4,239 2,869 195980000 
SPTBN 2 2 3,969 1,921 131030000 
GNPAT 1 1 3,954 2,940 219120000 
TRPV2 5 5 3,876 2,898 215710000 
IDH2 11 11 3,646 3,273 1720800000 
CLIP1 1 1 2,899 0,368 10001000000 
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Supplementary Table S5: Characteristics of donors divided into age-related groups 

 
IQR, interquartile range 
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young old 
donors, n 12 11 
age [years], median (IQR) 27 (26-31.75) 61 (55-78) 
age [years], range 25-40 50-86 
female, n (%) 9 (82) 7 (64) 


