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Supplementary Figure 1. Measurement of proliferative EVT population in the implantation-on-a-
chip. (a) Immunofluorescence staining of HLA-G (purple) and Ki67 (yellow) in EVTs migrating in 
the ECM compartment at Day 6. The representative images are from three independent experi-
ments. Scale bars, 50 μm. (b) Cells isolated from the device were flow sorted. Analysis of single, 
live, and CD45-negative cells stained with HLA-G and Ki67 showed that 82% of HLA-G+ cells 
were also Ki67 positive. FMO = fluorescence minus one control. 
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Supplementary Figure 2. Analysis of ECM stiffness in the implantation-on-a-chip. The plot 
shows the Young’s modulus of ECM hydrogel created in the implantation-on-a-chip device prior 
to EVT invasion (left bar) and after 6 days of device culture (right bar). Data represent mean ± SD 
from five independent devices (n=5). P values by unpaired, two-sided t-test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure 3. Comparison of invasive activity of primary EVTs and HTR8/SVneo 
cells on the ‘implantation-on-a-chip’ device. (a) Invasion of primary EVTs in 2%FBS (first column) 
was compared to invasion of the HTR8-SVneo cell line in 2% FBS (second column) and 10% FBS 
(third column) at Day 1 (top panel) and Day 6 (bottom panel). The representative images are from 
three independent experiments (Scale bars, 200 μm). (b) Area invaded by the cells was quantified 
at day 6. Data represent mean ± SD from three independent devices (n=3). One-way ANOVA 
with Tukey’s multiple comparison test. Dashed lines indicate the boundary between the ECM 
hydrogel and the vascular compartment. 
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Supplementary Figure 4. Maintenance of the decidualized phenotype of stromal cells in the im-
plantation-on-a-chip. Immunofluorescence staining of prolactin expression in DSCs cultured in 
the ECM compartment of the implantation-on-a-chip for 6 days without MPA, E2, and cAMP. The 
representative images are from three independent experiments. The dashed lines show the 
boundary between the ECM compartment and side channels. F and V represent the fetal and 
vascular chambers, respectively. Scale bars, 100 μm. 

 

 

 

 

 

 

 

  



Supplementary Figure 5. Analysis of ECM composition and stiffness in the presence of different 
cell types in the hydrogel compartment. (a)  Quantification of the immunofluorescence of collagen 
type I and laminin in DSC-, NHLF-, and hTEC-containing devices after 6 days of culture. Data 
represent mean ± SD from four indepdent devices (n=4). One-way ANOVA with Tukey’s multiple 
comparison test. MFI stands for mean fluorescence intensity. (b) Young’s modulus of the Matrigel-
collagen I mixture hydrogel scaffold containing different cell types after 6 days of device culture. 
Data represent mean ± SD from five independent devices (n=5). One-way ANOVA with Tukey’s 
multiple comparison test. n.s.; not significant 
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Supplementary Figure 6. Secretomics analysis of effluent samples collected from implantation-
on-a-chip in four different culture conditions: i) EVT-mono, ii) EC-mono, iii) CO, and iv) TRI (one-
way ANOVA p<0.05).  
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P 
value 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

1 
Proteasome subunit alpha 
type-2 (Fragment) 

+ + - 0.28 0.3 0.32 0.15 0.44 -2.17 -1.67 -2.05 1.05 0.36 0.65 0.54 0.41 0.59 0.37 0.44 0.003 

2 Tubulin beta chain + - + 0.63 0.57 0.5 0.64 -1.52 -2.12 -1.5 -1.41 0.64 0.32 0.06 0.58 0.57 0.73 0.49 0.82 0 

3 
Thioredoxin reductase 1, 
cytoplasmic 

+ + - -1.86 0.09 0.03 -0.67 -0.31 -0.77 -1.75 -1.29 0.79 0.93 1 0.38 0.77 0.67 0.92 1.08 0.001 

4 Collagen alpha-2(I) chain + - + 0.45 0.42 -0.1 -0.12 -1.43 -2.05 -1.22 -1.23 0.76 0.73 0.55 -0.56 1.08 0.92 0.86 0.93 0 

5 
Proteasome subunit beta 
type-2 

+ + - 0.65 -0.66 -0.99 -0.03 -1.06 -0.41 -1.33 -0.59 0.5 1.15 -0.71 -0.81 1.6 0.53 2.04 0.12 0.028 

6 Collagen alpha-1(VI) chain + - + 0.46 -1.15 0.03 0.06 -0.09 -1.61 -2.31 -0.59 0.22 0.05 0.45 0.89 0.55 0.71 0.66 1.69 0.007 

7 Cell adhesion molecule 1 + + - 0.25 0.56 0.82 0.18 -2.32 -1.87 -1.18 -0.48 0.4 -0.09 -0.12 0.57 0.76 0.93 0.47 1.11 0.000 

8 Histone H2A + + - 0.28 0.47 0.58 0.14 -0.86 0.19 -2.97 -1.52 0.37 0.34 -0.2 0.33 0.83 0.71 0.64 0.67 0.007 

9 
SERPIN domain-containing 
protein 

- + - 0.81 -0.61 0.8 0.65 -0.39 -1.11 -2.77 -1.23 0.23 0.43 0.17 0.45 0.93 0.73 0.28 0.65 0.002 

10 
Receptor-type tyrosine-pro-
tein phosphatase S 

+ + - 0.55 0.65 0.49 0.13 -1.93 -1.49 -1.48 -1.69 0.76 0.38 0.65 0.62 0.53 0.52 0.45 0.87 0 

11 Peroxiredoxin-1 (Fragment) + + - 0.59 0.43 0.36 0.38 -2.01 -1.87 -2.01 0.02 0.61 0.28 0.24 0.22 0.78 0.86 0.39 0.71 0.000 

12 
Translationally-controlled 
tumor protein 

+ + - 0.64 0.08 0.65 0.3 -1.15 -2.01 -2.26 -0.86 0.62 0.48 0.3 0.45 0.68 0.79 0.57 0.74 0 

13 Neurobeachin + + - 0.99 -0.12 1.43 0.05 -0.29 -1.13 -1.07 -1.81 0.09 0.51 -1.18 -0.24 0.81 1.94 0.1 -0.08 0.022 

14 
Microfibrillar-associated 
protein 5 

- + - -0.71 -0.49 -0.35 -0.59 -1.36 -1.21 -1 -1.32 1.81 0.53 0.34 0.63 1.1 0.97 0.55 1.11 0 

15 Carboxylic ester hydrolase + + - 0.23 -1.11 -0.08 0.02 0.1 -1.22 -1.98 -1.75 0.92 0.64 0.87 0.63 0.64 0.34 1.5 0.23 0.002 

16 
Vitamin K-dependent pro-
tein C 

- + - -0.55 0.22 0.23 -0.25 -0.33 -1.39 -1.91 -1.59 0.42 0.64 -0.11 0.77 1.18 1.74 0.82 0.09 0.001 

17 
Glutathione S-transferase 
A1 

- + - 0.76 -0.61 0.14 0.09 -1.37 -1.43 -0.96 -1.96 0.86 0.61 0.37 0.22 1.02 1.22 -0.18 1.21 0.000 

18 Pantetheinase - + - 0.93 0.83 0.01 0.12 -1.06 0.18 -1.81 -2.36 0.79 -0.43 -0.43 0.84 0.83 0.38 0.27 0.92 0.011 

19 
Isocitrate dehydrogenase 
[NADP] cytoplasmic 

+ + - -0.15 -0.92 -0.38 0 -0.6 -1.43 -0.93 -2.06 1.09 1.3 -0.01 0.94 0.89 1.07 0.46 0.75 0.000 

20 Legumain - + - 0.28 0.52 0.69 -0.32 -0.49 -0.61 -3.4 -0.18 0.57 0.17 0.12 0.52 0.7 0.69 0.3 0.43 0.037 

21 Tropomyosin alpha-4 chain + + - 0.43 -0.09 0.52 -0.47 -0.13 -0.65 -2.35 -2.27 0.62 0.56 0.44 0.62 0.6 0.81 0.68 0.68 0.002 

22 Adiponectin B - + - -0.68 -0.81 1 -0.99 -1.03 -1.31 -1.94 0.51 0.58 -0.16 0.16 0.83 0.99 1.43 0.66 0.76 0.019 

23 
Fructose-bisphosphate al-
dolase 

+ + - -0.59 0.2 0.97 1.05 -1.71 -1.13 -1.9 -0.73 0.74 0.43 0.83 0.55 -0.92 0.69 0.81 0.71 0.003 

24 
Collagen alpha-1(IV) chain 
(Fragment) 

+ + - 0.54 0.41 0.5 0.3 -2.27 -1.79 -0.86 -1.43 0.36 0.51 0.22 0.66 0.87 0.83 0.36 0.8 0 

25 Serine protease HTRA1 + + - 0.33 0.76 0.47 0.41 -1.25 -2.15 -1.26 -1.84 0.48 0.63 0.54 0.37 0.71 0.66 0.34 0.8 0 

26 
Complement component 
C7 

- + - 1.27 1.37 1.37 2.07 -0.47 -0.22 0.03 -0.52 0.1 -0.15 -0.92 -1.01 -0.08 -0.84 -1.35 -0.65 0 

27 
Ig-like domain-containing 
protein 

- + - 0.24 0.26 2.07 1.91 0.85 0.48 -0.21 -1.06 -0.21 -0.82 -1.81 -0.63 -0.28 -0.57 0.02 -0.24 0.019 

28 SPARC like 1 - + - 1.16 0.68 1.03 1.42 -1.32 -0.39 -1.28 -1.74 0.77 -0.73 1.04 0.23 -0.77 0.18 0.4 -0.68 0.001 

29 Tenascin C - + - 2.2 -0.05 2.03 1.51 -0.84 -0.12 -0.18 -0.9 -0.19 -0.51 -0.48 -0.66 -0.57 0.1 -0.53 -0.8 0.001 



30 
Ig-like domain-containing 
protein 

- + - 1.54 0.49 1.95 0.49 0.03 0.5 0.99 0.46 -0.43 -1.43 -0.76 -1.43 -0.34 -0.56 -1.25 -0.26 0.000 

31 EMAP like 2 - + - 2.13 1.39 0.95 0.75 -0.69 -0.28 -0.92 -1.31 -0.94 -0.43 -1.25 -0.41 -0.15 0.74 -0.29 0.7 0.000 

32 
Adhesion G protein-coupled 
receptor E5 

- + - 0.57 -0.04 2.43 1.68 -0.56 0.25 -1.23 0.07 0 0.29 0.38 -1.02 -0.51 -1.47 -0.35 -0.47 0.025 

33 
Collagen type V alpha 2 
chain 

- + - 0.97 1.21 1.26 1.26 -0.71 0.47 -0.22 -0.89 -0.7 -0.76 0.55 -2.05 0.24 -1.39 0.34 0.4 0.020 

34 
Ig-like domain-containing 
protein 

- + - 1.51 0.76 1.62 1.71 -0.65 -1.08 -0.23 -1.06 0.01 -0.85 0.15 -1.69 0.2 0.15 -0.14 -0.4 0.000 

35 von Willebrand factor - + - 1.29 0.66 1.17 1.13 -0.12 0.49 0 0.69 -0.21 -2.22 -1.07 -0.1 -1.38 0.26 -1.08 0.51 0.012 

36 Histone H4 + + - 0.37 2.03 1.1 1.33 0.59 -0.04 -1.23 -0.08 -1.57 -0.19 -0.48 -0.13 -1.76 0.03 0.14 -0.1 0.021 

37 
Complement component 
C6 

- + - 1.74 0.89 1.6 1.91 -0.27 -0.46 0.12 -0.41 -0.28 -0.18 -0.59 -0.78 -0.82 -0.59 -1.51 -0.37 0 

38 
Fructose-bisphosphate al-
dolase 

- + - 1.37 0.37 1.05 1.34 -2.14 -1.58 -0.31 -0.82 0.48 -0.45 0.03 0.62 -0.83 0.84 0.06 -0.04 0.003 

39 Glutathione S-transferase P - + - 1.68 1.12 1.12 1.34 -0.73 -0.1 -1.19 -1.07 -1.15 -0.9 -0.86 -0.83 0.26 0.9 -0.15 0.56 0 

40 Neogenin + + - 1.87 1.34 1.52 1.7 -0.24 -0.19 -0.4 -0.5 -0.4 -0.52 -0.25 -0.79 -0.34 -1.27 -0.76 -0.75 0 

41 Leukocyte elastase inhibitor - + - -1.2 0.15 -0.07 0.72 -0.53 -0.88 -0.86 0.23 1.04 2.62 0.43 0.57 0.19 -0.91 -1.34 -0.16 0.028 

42 Uncharacterized protein - + - 0.43 0.4 1.98 1.08 -0.23 -0.49 -0.17 -2.21 -1.18 -0.13 -0.28 -0.52 -0.67 0.73 -0.01 1.27 0.029 

43 Protein disulfide-isomerase + + - 0.83 1.69 1.42 1.98 0.03 -0.32 -0.2 -1.16 -0.87 -0.3 -0.68 -1.43 -0.79 -0.16 0.08 -0.11 0.000 

44 
Interleukin-1 receptor ac-
cessory protein (Fragment) 

+ + - 1.19 0.62 2.68 0.49 -1.21 -0.14 -1.3 -0.81 -0.47 -0.66 -0.64 -0.54 0.31 0.52 -0.37 0.32 0.002 

45 Dystroglycan - + - 0.56 0.55 0.27 1.23 0.57 -1.6 -0.25 0.07 0.27 0.25 0.93 1.13 -1.24 -1.78 -1.57 0.62 0.031 

46 Uncharacterized protein - + - 0.88 1.21 1.39 0.81 0.18 -0.07 0.02 -0.86 -1.25 0.99 0.28 0.55 -1 -2.23 -0.21 -0.68 0.009 

47 Phosphoglucomutase-1 + + - 1.04 1.74 -0.54 1.34 -1.43 -1.91 -0.02 -1.33 -0.07 0.22 0.34 -0.29 -0.21 0.37 0.93 -0.18 0.010 

48 Fumarylacetoacetase - + - 1.11 1.04 1.14 1.43 -0.06 0.14 -0.69 -0.02 0.44 -0.11 -0.12 0.03 0.41 -2.33 -1.39 -1.04 0.002 

49 Lactoylglutathione lyase + + - 1.77 0.94 0.97 0.98 -0.18 -0.29 -1.39 -1.22 -0.89 -0.32 -0.46 -1.17 0.51 1.44 -0.84 0.15 0.003 

50 
Cellular repressor of E1A 
stimulated genes 1 

- + - 2.08 -0.2 1.49 0.71 -0.61 -0.73 -1.06 -0.02 1.19 0.96 -0.22 -1.21 -0.71 -0.36 -0.16 -1.16 0.043 

51 Complement factor H - + - 0.71 0.79 0.5 0.84 -1.75 -1.92 -1.26 -0.84 -1.08 0.21 0.34 0.58 0.43 0.8 0.81 0.84 0.000 

52 Uncharacterized protein - + - 0.94 0.66 0.87 0.87 -1.05 -0.96 -1.92 0.21 0.39 0.81 0.43 0.52 0.43 -0.79 -2 0.57 0.020 

53 Plastin-2 + + - 1.28 1.07 1 1.08 -0.75 0.14 -2.04 -0.7 -0.49 -0.23 -0.76 -1.63 0.35 0.9 0.26 0.53 0.001 

54 
Complement C8 alpha 
chain 

- + - 1.47 0.05 2.37 0.57 0.83 -0.17 -0.04 -1.01 -1.47 -0.4 0.23 -1.24 -0.52 0.51 -0.67 -0.52 0.036 

55 
Vasodilator-stimulated 
phosphoprotein 

+ + - 1.78 1.52 0.51 1.06 -0.27 -0.88 -1.03 0.31 1.06 -0.34 -0.46 -1.45 -1.21 -0.9 -0.22 0.54 0.024 

56 Cadherin-6 + + - 0.81 2.27 0.75 0.69 0.22 0.26 -0.55 -0.85 -2.26 0.27 0.01 -0.37 -0.07 0.46 -1.08 -0.56 0.046 

57 
Adenosine kinase (Frag-
ment) 

+ + - 1.82 1.94 1.54 -0.54 -0.66 -0.31 -0.54 -1.05 -0.73 -0.73 -0.41 0.98 -0.73 0.3 -0.18 -0.7 0.025 

58 
Insulin-like growth factor-
binding protein 6 

- + - 1.4 0.6 1.18 1.29 -0.01 0.3 -0.07 0.08 0.54 0.36 -0.38 -1.93 -0.01 -1.62 -0.13 -1.61 0.018 

59 
Heart development protein 
with EGF like domains 1 

- + - 1.65 1 0.99 1.45 0.22 -0.06 0.33 -0.74 0.18 -1.15 -1.6 -1.19 -1.14 0.75 -0.19 -0.51 0.002 

60 ADP/ATP translocase 1 + + - 1.26 1.43 1.26 1.29 -0.58 -0.59 -2.32 -1.19 0.13 -0.14 0.22 0.24 -0.28 0.08 -0.63 -0.17 0 

61 
Ig-like domain-containing 
protein 

- + - 0.56 -0.48 1.76 1.13 0.29 0.02 -0.02 -0.14 0.23 0.44 -0.94 1.6 -1.37 -1.9 -0.37 -0.82 0.032 

62 Laminin subunit alpha 1 - + - 1.57 0.74 1.6 1.71 0.19 -1.12 -1.01 -1.64 -0.8 0.08 -0.18 0 -0.57 0.29 -0.28 -0.59 0.000 

63 
Ig-like domain-containing 
protein 

- + - -0.78 -0.63 -0.23 0.12 -0.53 -0.93 -0.54 1.27 1.07 1.08 1.26 1.23 1.07 -0.69 -1.42 -1.34 0.034 

64 
Plexin domain-containing 
protein 2 

+ + - 1.03 0.91 1.2 1.13 -0.53 0.41 -0.82 0.88 -1.68 0.48 -1.1 -1.9 0.24 0.28 -0.69 0.15 0.010 

65 Ferritin (Fragment) + + - 1.22 1.86 0.49 1.19 0.15 1.29 -0.52 -1.3 -0.64 -0.2 -0.56 0.43 -1.42 -0.22 -0.65 -1.14 0.011 

66 
Phosphatidylinositol-glycan-
specific phospholipase D 

- + - 1 2.26 1.12 1.24 0.03 -0.4 -0.95 -1 -0.27 0.25 -0.67 -1.27 -0.73 0.67 -0.69 -0.61 0.002 



67 
Collagen type XV alpha 1 
chain 

- + - 1.04 1.01 0.9 0.92 -2.26 0.03 -0.3 -0.77 -0.2 -1.99 -0.41 -0.15 0.75 0.61 0.38 0.43 0.006 

68 
Ectonucleotide pyrophos-
phatase/phosphodiesterase 
family member 2 

- + - 0.64 1.67 1.45 0.21 0.21 -0.62 0.25 -0.17 -0.45 0.43 0 1.11 -1.79 -1.81 -0.11 -1.01 0.004 

69 Proteoglycan 4 + + - 0.41 0.35 0.47 0.35 0.14 0.75 -0.26 0.46 -0.51 -3.38 -0.5 -0.54 0.47 0.68 0.64 0.46 0.019 

70 
Ig-like domain-containing 
protein 

- + - 0.33 1.19 1.04 1.21 1.71 0.58 0.37 -0.59 -0.59 -0.76 -0.42 -0.29 -1.97 -0.68 0.14 -1.27 0.007 

71 Collagen alpha-2(I) chain - + - 1.8 0.24 1.45 1.06 -0.88 -1.17 -0.85 0.89 0.38 -1.66 -0.52 0.58 -0.2 -0.28 0.22 -1.06 0.049 

72 
Four and a half LIM do-
mains 1 

- + - 0.42 0.63 0.57 0.71 0.33 0.73 0.2 0.15 0.52 -0.45 0.37 0.56 -0.62 -0.49 -0.28 -3.36 0.029 

73 KIAA1671 - + - 0.77 1 1.47 1.8 -0.34 -1.18 -0.83 -1.64 0.24 -1.54 0.18 -0.61 -0.05 0.15 0.1 0.46 0.001 

74 Spleen trypsin inhibitor I - + - 0.39 1.32 1.6 1.99 -0.53 -0.91 -0.44 -0.54 -0.1 0.8 -1.09 0.46 -1.33 -0.68 -0.81 -0.14 0.001 

75 
Protein tyrosine phospha-
tase receptor type G 

- + - 1.69 1.33 1.12 0.67 -1.35 0.03 -1.58 -0.68 -0.33 -1.16 -1.07 -0.33 0.4 0.95 -0.06 0.37 0.000 

76 
Ig-like domain-containing 
protein 

- + - 1.58 1.38 1.4 0.92 -0.93 -0.55 -1.86 -0.74 -0.44 -0.73 -0.95 -0.34 0.31 0.57 -0.24 0.62 0 

77 Uncharacterized protein - + - -0.96 1.53 0.99 1.83 -1.14 -0.37 -1.12 -1.58 -0.62 0.15 0.95 -0.17 0.88 -0.18 0.01 -0.2 0.037 

78 
Tyrosine-protein kinase re-
ceptor Tie-1 

- + - 1.74 1.16 1.15 0.54 -1.07 0.17 -1.21 -1 -0.56 -1.41 -1.2 -0.27 0.21 1.08 0.09 0.59 0.000 

79 
Transforming growth factor 
beta receptor 3 

- + - 0.69 0.54 1.1 1.1 -0.84 -2.23 -0.95 -1.21 -1.11 0.96 0.71 -0.41 -0.02 0.47 0.63 0.58 0.002 

80 14-3-3 protein epsilon + + - 0.97 1.08 1.85 1.98 -0.76 -0.79 -0.73 -1.34 -0.31 -0.9 -0.17 -0.92 -0.22 0.35 0.12 -0.21 0 

81 
Alpha-1,4 glucan phosphor-
ylase 

+ + - 1.15 0.5 1.33 1.26 -0.01 -0.26 -0.25 -0.02 1.23 -1.41 0.92 -0.76 -0.21 -1.31 -1.75 -0.4 0.024 

82 Glycoprotein 2 - + - 1.17 0.73 1.24 1.85 -0.41 -0.91 0.63 -0.81 -0.61 0.38 1.22 -0.97 -0.62 -0.99 -0.94 -0.96 0.004 

83 Tubulin alpha-4A chain + + - 1.07 1.54 1.65 1.53 -0.69 0.95 -0.73 0.47 -0.79 -0.67 -0.72 -0.79 -0.6 -0.81 -0.58 -0.84 0 

84 
Cell adhesion molecule L1 
like 

- + - 1.04 1.15 1.35 1.36 0.29 -0.21 -0.39 0.36 0.01 -2.07 -1.02 0.02 -1.74 -0.29 -0.05 0.21 0.008 

85 
Complement factor proper-
din 

- + - 1.02 1.38 0.69 0.86 0.31 0.76 -1.35 0.13 0.66 0.49 -0.8 0.53 -0.3 -1.84 -1.44 -1.09 0.006 

86 Uncharacterized protein - + - 1.77 -0.29 1.04 2.03 0.71 -1.86 -0.66 -0.55 -1 0.45 0.01 -0.26 -0.24 -0.34 -0.64 -0.18 0.043 

87 
Ig-like domain-containing 
protein 

- + - 1.92 1.15 1.4 0.5 -0.43 -0.36 0.56 -0.59 -0.01 -0.63 -1.27 -0.08 -0.41 0.34 0.01 -2.12 0.015 

88 Uncharacterized protein - + - -1.61 -1.47 -1.51 -1.27 0.37 -0.08 0.32 -0.01 1.02 0.25 0.39 -0.59 1.17 0.73 1.06 1.22 0 

89 Cathepsin D - + - -0.46 -3.16 -0.32 -0.42 0.88 0.7 1.02 0.78 -0.09 -0.12 -0.2 -0.52 0.54 0.08 0.38 0.91 0.012 

90 Polyubiquitin-B (Fragment) + + - -1.16 -0.85 -1.41 -1.47 0.41 -0.48 -0.64 0.04 0.15 1.79 0.54 -0.54 1.49 0.25 0.72 1.16 0.002 

91 Histone H3 + + - -1.64 0.42 -1.74 -1.85 0.24 0.42 0.84 -0.16 1.22 -0.04 1.08 0.77 0.64 0.03 0.59 -0.83 0.014 

92 C-type mannose receptor 2 + + - -0.71 -1.53 -2.26 -1.49 0.77 -0.36 0.83 0.24 0.64 0.66 0.61 -0.21 0.64 0.65 0.55 0.97 0.000 

93 Dickkopf-related protein 3 + + - -1.23 -2.17 -0.86 -1.52 0.26 1.13 0.84 0.63 -0.48 0.79 1.18 0.76 0.65 -0.13 -0.09 0.23 0.000 

94 
Extracellular matrix protein 
1 

- + - 0.14 -1.4 -0.28 -2.89 0.53 0.78 0.67 0.79 0.82 -0.5 0.49 0.65 0.45 -0.79 0.42 0.12 0.038 

95 L-lactate dehydrogenase + + - -1 -1.11 -1.12 -1.21 1.28 1.81 0.63 0.4 0.15 -0.36 0.71 1.08 -1.52 -0.46 0.31 0.39 0.003 

96 
Ig-like domain-containing 
protein 

- + - -2.07 -0.79 -0.28 -1.68 1.13 0.91 0.78 -0.18 -0.31 -0.77 -0.28 0.72 1.16 1.02 0.85 -0.22 0.005 

97 Thyroglobulin - + - -2.12 -0.54 -0.77 -0.74 2.02 -0.09 1.83 0.4 0.45 -0.52 0.37 -0.04 -0.74 0.51 0.17 -0.18 0.013 

98 
Epidermal growth factor re-
ceptor 

+ + - -0.25 -2.02 -0.51 -1.17 -0.16 -0.67 1.23 -1.12 0.09 1.27 -0.11 -0.23 1.22 0.17 0.83 1.44 0.031 

99 Contactin-1 + + - -1.22 -0.43 -2.06 -0.77 1.08 -0.3 -0.37 0.28 0.95 -0.21 -0.12 0.75 -1.09 1.45 1.23 0.83 0.047 

100 
Complement C1s subcom-
ponent 

- + - -0.5 -1.49 -1.47 -2.23 0.84 0.37 0.48 0.45 1.14 -0.4 0.89 0.06 0.56 1.23 0.16 -0.1 0.001 

101 
Vitamin K-dependent pro-
tein Z 

- + - 0.3 -2.35 -1.75 -1.85 0.64 0.46 0.64 0.47 0.09 0.38 0.43 0.58 0.6 0.41 0.53 0.41 0.001 

102 Uncharacterized protein - + - -0.89 -2.52 -0.86 -1.08 0.83 0.8 0.88 0.72 -0.48 0.7 0.83 0.78 0.5 -0.89 0.27 0.43 0.002 



103 Collectin-11 - + - -1.8 -1.26 -1.21 -0.55 0.99 0.37 0.37 -0.76 -1.04 0.52 0.13 1.02 0.93 1.03 1.48 -0.2 0.012 

104 
Protein kinase C-binding 
protein NELL2 (Fragment) 

+ + - -0.78 -2.88 -1.18 -0.91 0.45 0.42 0.7 0.53 1.07 0.79 0.52 -0.08 0.13 0.1 0.71 0.39 0.001 

105 Uncharacterized protein - + - -0.18 -0.39 -1.42 -2.06 0.49 -0.23 -0.09 -1.39 0.9 0.34 0.4 0.7 0.69 1.96 -0.28 0.58 0.023 

106 Aminopeptidase - + - -0.34 -1.9 -0.78 -1.4 -0.21 1.1 1.21 0.75 -0.99 -0.96 -0.19 0.28 1.36 0.89 0.77 0.41 0.001 

107 Haptoglobin - + - -0.42 -0.34 -2.3 -2.42 0.09 0.76 0.68 0.58 0.53 0.31 0.73 0.68 -0.3 0.52 0.59 0.3 0.003 

108 Histone H2B + + - -0.05 -1.5 -1.19 -1.05 -1.44 -0.08 -0.54 0.45 1.51 -0.41 1.13 0.38 0.18 1.88 0.37 0.34 0.026 

109 Alpha-actinin-1 + + - 0.58 0.74 -0.09 -1.59 -0.71 -2.01 -1.37 -0.49 0.79 0.99 -0.14 0.77 0.81 -0.26 1.05 0.93 0.018 

110 
Ig-like domain-containing 
protein 

- + - -1.73 -1.22 -0.94 -1.72 0.52 1.12 0.4 1.16 1.14 0.05 0.51 0.53 1.09 -0.51 -0.55 0.13 0.000 

111 SH3KBP1-binding protein 1 - + - -1.47 -2.06 -0.9 -1.86 0.46 0.37 0.07 -0.08 0.82 0.87 0.36 0.57 0.81 0.93 0.54 0.58 0 

112 Serglycin - + - -1.16 -0.92 -0.95 -1.12 0.22 1.12 1.06 1.06 1.19 -0.56 1.82 -1.15 -0.31 -0.23 -0.58 0.51 0.027 

113 
Neural cell adhesion mole-
cule 1 

+ + - -0.52 -1.2 -1.17 -0.83 0.63 0.85 0.84 1.06 0.99 0.32 0.89 -0.3 -1.06 -2.01 0.82 0.69 0.027 

114 
Ig-like domain-containing 
protein 

- + - 0.09 -2.29 -1.87 -1.38 1.2 0.71 -0.21 0.58 0.4 0.04 1.01 0.16 0.35 0.28 0.79 0.15 0.004 

115 Destrin + + - -0.95 -1.85 -1.58 -1.98 0.81 0.84 0.47 0.68 0.77 -0.05 0.21 0.56 0.28 0.86 0.6 0.33 0 

116 
Mannan binding lectin ser-
ine peptidase 1 

- + - 0.4 -1.68 -1.69 -1.7 0.3 -0.5 0.98 -0.95 0.71 0.95 0.81 0.08 -0.1 1.03 0.68 0.67 0.017 

117 Neuropilin - + - -3.14 -0.33 -0.4 -0.08 0.01 0.6 0.04 0.6 0.83 0.27 1.25 0.92 0.04 0.09 -0.94 0.26 0.048 

118 PKHD1 like 1 - + - -0.11 -0.63 -1.14 -2.74 0.53 0.95 0.25 -0.01 0.83 -0.08 -0.56 0.7 -0.38 1.55 0.69 0.13 0.041 

119 
Prostaglandin-H2 D-isomer-
ase 

- + - -0.19 -1.16 -1.17 -2.33 1.21 0.17 1.25 0.4 1.2 0.73 0.28 -0.52 -0.68 0.87 0.12 -0.17 0.011 

120 Complement C1r - + - -1.34 -1.19 -1.27 -1.79 1 1.27 0.78 -0.13 -0.59 0.29 0.74 -0.73 0.92 0.68 0.61 0.75 0.000 

121 Cadherin-13 + + - -1.58 -2.71 -0.4 -0.39 0.8 0.23 0.82 -0.4 0 0.57 0.18 -0.32 0.95 1.13 0.75 0.39 0.005 

122 Prosaposin - + - -1.04 -2.39 -1.59 -0.77 0.71 0.28 0.34 -0.25 1.34 0.42 -0.14 1 0.32 0.86 0.66 0.25 0.000 

123 
Ig-like domain-containing 
protein 

- + - -0.47 -0.29 -1.46 -2.36 0.6 0.9 1.02 0.07 1.14 -0.22 0.01 0.66 -0.31 1.35 0.34 -0.97 0.032 

124 
EGF containing fibulin ex-
tracellular matrix protein 1 

- + - -1.39 -0.96 -2.44 -0.59 0.53 1.15 0.94 0.18 0.87 0.81 0.66 0.56 -0.77 -0.21 -0.08 0.72 0.001 

125 
Ig-like domain-containing 
protein 

- + - -1.05 -1.98 -1.6 -0.93 -0.64 0.53 0.6 0.48 0.59 0.86 1.71 0.73 -0.34 0.24 0.76 0.04 0.000 

126 
Transmembrane protein 
132C 

- + - -0.66 -0.74 -1.96 -2.34 -0.29 0.51 0.22 0.21 1.19 -0.01 0.69 0.49 0.27 1.05 0.77 0.6 0.001 

127 Talin 1 - + - -1.72 -1.24 0.06 -1.62 0.73 1.42 -0.66 0.26 1.42 0.05 0.94 -0.43 0.98 0.59 -0.63 -0.16 0.050 

128 Regucalcin - + - -0.1 -2.42 -1.12 -1 0.35 0.22 -0.21 -0.54 0.44 0.79 -0.64 0.71 1.15 1.26 1.28 -0.19 0.011 

129 Argininosuccinate synthase - + - -1.57 -2.23 -1.45 -0.95 0.62 0.91 0.32 0.88 0.63 0.85 0.84 -0.04 0.5 0.54 -0.12 0.26 0 

130 
EGF-containing fibulin-like 
extracellular matrix protein2 

+ + - -0.1 -1.99 -0.76 -2.4 -0.18 0.48 0.81 0.33 1.18 0.91 -0.06 0.02 0.72 0.97 -0.02 0.08 0.008 

131 Uncharacterized protein - + - -0.83 -1.24 -2.15 -2.02 0.55 -0.03 0.77 0.57 0.6 0.71 0.67 0.85 0.34 0.7 0.03 0.47 0 

132 
Rab GDP dissociation in-
hibitor beta 

+ + - -0.95 -0.88 -2.15 -1.7 1.01 0.4 -0.6 0.16 -0.23 0.88 0.74 0.15 1.19 0.84 0.74 0.39 0.001 

133 
Solute carrier family 3 
member 2 

- + - 0.8 -1.23 -0.01 -0.61 1 0.01 0.77 0.62 -1.55 -0.13 0.24 -2.44 1.13 0.46 0.22 0.72 0.047 

134 Plexin B2 - + - -1.28 -2.38 -0.85 -0.8 0.85 0.82 0.85 -0.01 1.03 -1.18 0.61 0.44 0.61 0.78 0.42 0.08 0.005 

135 
VWFA domain-containing 
protein 

- + - -1.08 -0.56 -1.76 -1.61 1.25 0.39 -0.71 -0.31 0.37 -0.51 1.53 0.77 1.27 -0.11 0.45 0.61 0.012 

136 
Lipocln_cytosolic_FA-
bd_dom domain-containing 
protein 

- + - -1.96 -0.7 -1.22 -0.7 1.32 1.26 0.18 0.49 -1.02 0.13 1.05 -0.66 -0.22 -0.06 0.7 1.4 0.012 

137 
Ig-like domain-containing 
protein 

- + - -0.23 -3.06 -0.79 -0.7 0.63 0.61 0.88 0.66 0.95 -0.58 0.56 0.53 0.57 0.17 0.29 -0.49 0.019 

138 
Lipocln_cytosolic_FA-
bd_dom domain-containing 
protein 

- + - -1.43 -1.35 -1.07 -0.92 0.18 1.62 0.13 -0.1 1.2 -0.2 1.46 -0.03 1.41 -0.11 -0.91 0.13 0.022 



139 
Ig-like domain-containing 
protein 

- + - -0.53 -1.11 -1.85 -1.74 0.45 0.27 1.29 -0.43 0.17 0.52 0.75 -0.01 0.78 1.71 0.36 -0.63 0.008 

140 Cadherin-1 - + - 0.09 -1.05 -2.36 -1.51 0.58 0.35 0.27 -0.39 0.06 0.29 0.8 0.26 0.9 1.41 1.07 -0.77 0.019 

141 Retinol-binding protein 4 - + - -0.59 -3.08 -0.48 -0.6 0.06 0.82 1.42 -0.27 0.01 0.33 0.32 0.53 0.36 0.97 -0.27 0.46 0.033 

142 
Lysosomal-associated 
membrane protein 2 

- + - 0.09 -2.94 -1.01 -0.85 0.52 0.89 0.65 0.81 0.85 -0.24 0.79 -0.15 -0.04 0.59 -0.57 0.62 0.022 

143 Follistatin-related protein 1 + + - -2.31 -1.7 -1.81 0.33 0.77 0.79 0.36 0.5 0.6 -0.19 0.71 0.32 0.47 0.69 0.29 0.19 0.003 

144 Annexin A5 + + - -1.77 -1.19 -1.38 -1.31 0.83 0.67 0.95 -1.29 0.72 0.92 0.41 0.27 0.26 0.75 0.89 0.28 0.001 

145 Beta-2-microglobulin - + - -0.59 -2.62 -1.01 -1.44 0.93 0.26 0.42 0.68 0.85 -0.56 0.67 0.45 0.16 0.19 0.62 0.98 0.001 

146 
Acetyl-CoA acetyltransfer-
ase 2 

- + - -1.31 -1.5 -1.88 -1.75 0.61 0.57 0.28 -0.02 1.02 0.78 0.29 0.34 0.59 0.93 0.72 0.33 0 

147 Biotinidase - + - -0.89 -0.4 -0.22 -1.17 1.31 0.74 1.21 1.59 0.85 -0.96 0.19 -1.85 -0.01 0.74 -0.37 -0.77 0.015 

148 Malic enzyme - + - -1.04 -1.11 -2.07 -1.67 0.67 1.52 0.6 0.76 0.82 0.28 0.13 0.18 -0.36 0.93 0.35 0.02 0.000 

149 
Ig-like domain-containing 
protein 

- + - -1.73 -2.12 -1.88 -0.58 0.58 0.39 0.63 0.52 0.57 0.5 0.42 0.31 0.53 0.88 0.72 0.27 0 

150 Laminin subunit beta 1 - + - -1.89 -1.54 -1.21 -1.24 0.2 -0.31 -0.4 -0.17 0.53 0.82 0.73 0.71 0.94 1.13 0.62 1.09 0 

151 Calsyntenin-1 (Fragment) + + - 0.04 -2.24 -1.37 -1.05 0.56 -1.53 0.15 0.02 0.49 0.75 1.04 0.41 1.02 0.93 0.25 0.54 0.008 

152 
Ig-like domain-containing 
protein 

- + - -1.63 -2.7 -1.21 -0.23 0.59 0.22 0.6 0.31 0.3 0.08 0.74 0.1 0.77 0.6 0.81 0.66 0.001 

153 
Platelet-derived growth fac-
tor receptor beta 

- + - -0.62 -1.1 -0.16 -2.39 -0.19 0.38 0.17 -0.14 1.69 0.16 -0.35 -0.79 0.94 1.33 0.03 1.06 0.034 

154 SPARC + + - -1.16 -0.82 -0.11 -1.65 0.48 -1.79 -0.66 -0.7 1.26 0.72 1.28 0.91 0.72 0.52 0.6 0.39 0.001 

155 
Homogentisate 1,2-dioxy-
genase 

+ + - -0.48 -2.29 -1.42 -0.84 0.99 -0.43 -0.24 -0.32 -0.28 0.48 1.55 0 0.95 0.91 0.63 0.79 0.004 

156 Sulfhydryl oxidase - + - -1.31 -1.19 -1.41 -0.98 0.37 -1 -0.7 -0.92 0.97 0.84 0.89 0.82 0.93 1.09 0.8 0.81 0 

157 Uncharacterized protein - + - -0.22 -1.38 -0.97 -0.3 0.25 -2.06 0.15 -0.85 1.28 0.84 0.86 1.52 0.21 0.91 0.45 -0.69 0.011 

158 
Voltage-dependent calcium 
channel subunit alpha-
2/delta-1 

+ + - 0 -1.83 -1.77 -1.76 0.19 0.04 1.05 -0.73 0.1 0.81 0.43 0.93 0.69 0.92 0.85 0.06 0.003 

159 
Xaa-Pro dipeptidase (Frag-
ment) 

+ + - -1.22 -0.63 -1 -1.55 -0.59 0.99 -0.55 1.23 1.54 -0.41 1.66 0.58 0.01 0.02 -0.74 0.66 0.025 

160 Ceruloplasmin - + - -0.06 -1.88 -0.77 -1.78 0.68 1.4 -0.18 0.89 1.07 -0.14 1 0.14 0 0.17 -1.29 0.77 0.022 

161 Integrin alpha-2 + + - -0.3 -0.56 -1.66 -2 -0.45 0.29 -0.01 0.4 -0.46 1.36 0.52 0.98 1.03 1.21 0.7 -1.05 0.036 

162 
Ig-like domain-containing 
protein 

- + - -1.79 -2.02 0.35 -2.04 0.27 0.63 -0.02 0.37 0.45 0.75 0.26 0.34 0.4 0.26 0.92 0.88 0.002 

163 Complement C2 - + - -2.13 -1.42 -1.41 -1.49 0.84 0.2 0.32 0.33 0.76 0.38 0.35 0.38 0.41 1.09 0.67 0.72 0 

164 
6-phosphogluconate dehy-
drogenase, decarboxylating 
(Fragment) 

+ + - -0.61 -0.91 -0.24 -2.4 1.79 0.06 1.28 -0.11 -0.29 0.15 0.13 -0.55 -0.37 0.86 1.33 -0.11 0.037 

165 
Betaine--homocysteine S-
methyltransferase 1 

+ + - -0.96 0.05 -0.47 -2.14 -0.48 -1.21 0.09 -0.56 0.27 0.62 0.76 -0.6 0.68 1.43 1.07 1.48 0.004 

166 Amine oxidase - + - -1.95 -1.39 -2.52 0.07 0.62 0.51 0.51 0.33 0.56 0.5 0.54 0.36 0.36 0.55 0.55 0.4 0.001 

167 Nucleobindin-1 (Fragment) + + - -0.94 -0.18 -1.47 -2.02 0.32 0.08 0.37 0.46 0.62 0.67 1.12 0.88 -1.36 0.36 1.54 -0.45 0.017 

168 
Metalloproteinase inhibitor 
1 

- + - -0.63 -0.03 -0.88 -0.13 -0.64 -0.64 -0.63 -1.03 -1.1 1.45 1.25 -1.35 1.32 1.03 0.98 1.03 0.031 

169 
Phospholipase A1 member 
A 

- + - 0.86 -1.46 -0.72 -1.27 0.63 -0.02 0.75 0.76 0.61 0.94 1.61 0.17 0.57 -1.58 -1.04 -0.81 0.031 

170 Myosin light polypeptide 6 + + - 0.15 -2.64 -0.14 -1.32 0.86 1.12 0.67 0.44 -0.07 -0.55 -0.46 0.18 -0.31 1.44 0.92 -0.29 0.042 

171 Olfactomedin-like protein 3 + + - -1.19 -0.92 -1.01 -2.14 -0.01 0.39 0.96 0.12 0.6 0.87 0.77 -0.2 0.79 1.03 1.11 -1.18 0.007 

172 
3-hydroxyanthranilate 3,4-
dioxygenase 

- + - -1.06 -0.91 -1.6 -1.9 0.45 0.66 0.5 -0.62 0.06 0.77 1.23 0.04 1.59 0.69 0.55 -0.44 0.003 

173 Coagulation factor X - + - 0.4 -0.11 -1.39 -1.33 -0.01 -2.37 -0.95 -0.17 0.67 0.73 0.56 0.88 1.06 0.81 0.59 0.62 0.010 

174 
Malate dehydrogenase, cy-
toplasmic 

+ + - -0.77 -3.1 -0.74 -0.5 0.99 0.54 0.49 0.48 0.41 -0.14 0.43 -0.51 0.43 0.84 0.73 0.44 0.006 



175 Triosephosphate isomerase - + - -0.46 -0.71 -2.35 -2.18 0.83 0.56 0.96 0.04 0.05 0.02 0.49 0.9 0.47 0.14 0.67 0.58 0.001 

176 Thrombospondin-4 - + - -0.04 -2.49 -1.61 -1.2 0.21 1.26 0.43 0.23 0.91 -0.49 0.49 0.79 0.32 0.86 0.38 -0.05 0.006 

177 Tubulin alpha-1A chain + + - 0.24 -1.72 -1.81 -1.95 0.83 0.55 0.89 -0.1 0.28 -0.13 0.42 0.87 0.71 1.22 -0.32 0.04 0.008 

178 
Rho GDP-dissociation in-
hibitor 1 

- + - -1.08 -1.32 -2.32 -1 1.27 1.05 0.56 -0.14 -0.26 0.3 0.31 0.84 0.2 1.29 0.14 0.15 0.001 

179 
Angiotensin-converting en-
zyme 

- + - -0.93 -2.45 -1.81 -0.99 0.65 0.77 0.55 0.77 0.6 0.74 0.51 0.15 0.56 -0.08 0.57 0.4 0 

180 Zinc-alpha-2-glycoprotein - + - 0.07 -1.54 -1.2 -1.27 -0.22 1.63 0.26 0.97 1.81 -0.01 0.84 -0.3 -0.03 -1.3 -0.04 0.32 0.041 

181 Insulin-like growth factor II + + - 0.29 -1.29 0.15 0.46 0.88 2.14 1.01 0.26 -0.27 -0.49 0.94 -0.45 -1.86 -0.34 -1.25 -0.18 0.024 

182 IL6ST nirs variant 3 + + - 0.2 -1.18 -0.28 -1.54 0.01 1.89 1.48 1.29 -0.44 1.07 -0.97 0.29 -0.64 0.09 -0.41 -0.86 0.019 

183 Serpin A3-2 - + - -0.59 -0.05 -0.64 0.69 0.91 1.4 0.36 0.92 0.37 0.65 0.59 0.69 -1.68 -1.81 -1.58 -0.22 0.000 

184 Cadherin-11 + + - 0.39 1.77 0.08 0.78 -0.56 0.61 0.18 0.66 -0.7 0.27 1.25 0.46 -1.7 -1.3 -1.65 -0.52 0.005 

185 VASN protein - + - 0.21 0.43 -1.11 0.71 -0.41 1.74 0.3 1.47 0.49 0.81 0.48 -0.59 -1.54 -1.25 -1.46 -0.25 0.027 

186 
Immunoglobulin superfam-
ily containing leucine-rich 
repeat protein 

- + - -0.41 -0.58 -1.26 0.2 -0.57 2 0.08 1.26 0.98 -0.16 1.38 0.75 -1.13 -0.99 -0.88 -0.66 0.015 

187 Prolyl endopeptidase FAP - + - 0.28 0.11 0.37 0.42 -0.17 1.09 1.01 1.18 -0.23 0.46 0.93 0.34 -1.59 -2.25 -0.61 -1.32 0.000 

188 Alpha-actinin-4 + + - -0.06 -1.31 -2.03 0.44 0.38 0.78 1.62 0.9 0.61 -0.48 0.36 0.85 -0.97 0.68 -1.31 -0.47 0.047 

189 PCDHGC3 protein - + - -0.11 0.37 -1.13 0.42 0.37 1.35 0.25 0.81 0.94 0.22 0.71 0.81 -1.62 -1.22 -0.04 -2.13 0.003 
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Supplementary Figure 7. Secretomics analysis of human proteins only. Z scores and the results 
of t tests of the different proteins identified in the different culture conditions: i) EVT-mono, ii) EC-
mono, iii) CO, and iv) TRI (two-sided t-test). 
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4 

0.

8 

0.

7 

0.

9 

1.

1 0.027 0.002 0.627 

4 Collagen alpha-2(I) chain 10 0.

4 

0.

4 

-

0.

1 

-

0.

1 

-

1.

4 

-2 

-

1.

2 

-

1.

2 

0.

8 

0.

7 

0.

6 

-

0.

6 

1.

1 

0.

9 

0.

9 

0.

9 0.573 0.002 0.118 

5 Proteasome subunit beta type-2 2 0.

7 

-

0.

7 

-1 0 

-

1.

1 

-

0.

4 

-

1.

3 

-

0.

6 

0.

5 

1.

1 

-

0.

7 

-

0.

8 

1.

6 

0.

5 
2 

0.

1 0.648 0.142 0.161 

6 Collagen alpha-1(VI) chain 20 0.

5 

-

1.

2 

0 
0.

1 

-

0.

1 

-

1.

6 

-

2.

3 

-

0.

6 

0.

2 
0 

0.

4 

0.

9 

0.

5 

0.

7 

0.

7 

1.

7 0.209 0.027 0.169 

7 Cell adhesion molecule 1 1 0.

3 

0.

6 

0.

8 

0.

2 

-

2.

3 

-

1.

9 

-

1.

2 

-

0.

5 

0.

4 

-

0.

1 

-

0.

1 

0.

6 

0.

8 

0.

9 

0.

5 

1.

1 0.291 0.009 0.029 

8 Histone H2A 2 0.

3 

0.

5 

0.

6 

0.

1 

-

0.

9 

0.

2 
-3 

-

1.

5 

0.

4 

0.

3 

-

0.

2 

0.

3 

0.

8 

0.

7 

0.

6 

0.

7 0.393 0.068 0.013 

9 
Receptor-type tyrosine-protein phos-
phatase S 

1 0.

5 

0.

6 

0.

5 

0.

1 

-

1.

9 

-

1.

5 

-

1.

5 

-

1.

7 

0.

8 

0.

4 

0.

7 

0.

6 

0.

5 

0.

5 

0.

5 

0.

9 0.33 0 0.944 

10 Peroxiredoxin-1 (Fragment) 3 0.

6 

0.

4 

0.

4 

0.

4 
-2 

-

1.

9 

-2 0 
0.

6 

0.

3 

0.

2 

0.

2 

0.

8 

0.

9 

0.

4 

0.

7 0.340 0.012 0.045 

11 Translationally-controlled tumor protein 2 0.

6 

0.

1 

0.

6 

0.

3 

-

1.

1 

-2 

-

2.

3 

-

0.

9 

0.

6 

0.

5 

0.

3 

0.

4 

0.

7 

0.

8 

0.

6 

0.

7 0.769 0.001 0.029 

12 Neurobeachin 1 1 

-

0.

1 

1.

4 

0.

1 

-

0.

3 

-

1.

1 

-

1.

1 

-

1.

8 

0.

1 

0.

5 

-

1.

2 

-

0.

2 

0.

8 

1.

9 

0.

1 

-

0.

1 0.177 0.118 0.175 

13 Carboxylic ester hydrolase 1 0.

2 

-

1.

1 

-

0.

1 

0 
0.

1 

-

1.

2 

-2 

-

1.

7 

0.

9 

0.

6 

0.

9 

0.

6 

0.

6 

0.

3 

1.

5 

0.

2 0.017 0.006 0.776 

14 
Isocitrate dehydrogenase [NADP] cyto-
plasmic 

4 
-

0.

1 

-

0.

9 

-

0.

4 

0 

-

0.

6 

-

1.

4 

-

0.

9 

-

2.

1 

1.

1 

1.

3 
0 

0.

9 

0.

9 

1.

1 

0.

5 

0.

7 0.015 0.003 0.913 

15 Tropomyosin alpha-4 chain 3 0.

4 

-

0.

1 

0.

5 

-

0.

5 

-

0.

1 

-

0.

6 

-

2.

4 

-

2.

3 

0.

6 

0.

6 

0.

4 

0.

6 

0.

6 

0.

8 

0.

7 

0.

7 0.010 0.015 0.067 

16 Fructose-bisphosphate aldolase 5 
-

0.

6 

0.

2 
1 

1.

1 

-

1.

7 

-

1.

1 

-

1.

9 

-

0.

7 

0.

7 

0.

4 

0.

8 

0.

5 

-

0.

9 

0.

7 

0.

8 

0.

7 0.582 0.000 0.488 

17 Collagen alpha-1(IV) chain (Fragment) 3 0.

5 

0.

4 

0.

5 

0.

3 

-

2.

3 

-

1.

8 

-

0.

9 

-

1.

4 

0.

4 

0.

5 

0.

2 

0.

7 

0.

9 

0.

8 

0.

4 

0.

8 0.977 0.001 0.117 

18 Serine protease HTRA1 2 0.

3 

0.

8 

0.

5 

0.

4 

-

1.

2 

-

2.

2 

-

1.

3 

-

1.

8 

0.

5 

0.

6 

0.

5 

0.

4 

0.

7 

0.

7 

0.

3 

0.

8 0.932 0.000 0.332 

19 Histone H4 3 0.

4 
2 

1.

1 

1.

3 

0.

6 
0 

-

1.

2 

-

0.

1 

-

1.

6 

-

0.

2 

-

0.

5 

-

0.

1 

-

1.

8 

0 
0.

1 

-

0.

1 0.009 0.457 0.771 

20 Neogenin 4 1.

9 

1.

3 

1.

5 

1.

7 

-

0.

2 

-

0.

2 

-

0.

4 

-

0.

5 

-

0.

4 

-

0.

5 

-

0.

3 

-

0.

8 

-

0.

3 

-

1.

3 

-

0.

8 

-

0.

7 0 0.294 0.240 

21 Protein disulfide-isomerase 5 0.

8 

1.

7 

1.

4 
2 0 

-

0.

3 

-

0.

2 

-

1.

2 

-

0.

9 

-

0.

3 

-

0.

7 

-

1.

4 

-

0.

8 

-

0.

2 

0.

1 

-

0.

1 0.001 0.288 0.105 

22 
Interleukin-1 receptor accessory pro-
tein (Fragment) 

3 1.

2 

0.

6 

2.

7 

0.

5 

-

1.

2 

-

0.

1 

-

1.

3 

-

0.

8 

-

0.

5 

-

0.

7 

-

0.

6 

-

0.

5 

0.

3 

0.

5 

-

0.

4 

0.

3 0.011 0.321 0.008 

23 Phosphoglucomutase-1 2 1 
1.

7 

-

0.

5 

1.

3 

-

1.

4 

-

1.

9 

0 

-

1.

3 

-

0.

1 

0.

2 

0.

3 

-

0.

3 

-

0.

2 

0.

4 

0.

9 

-

0.

2 0.152 0.030 0.581 

24 Lactoylglutathione lyase 1 1.

8 

0.

9 
1 1 

-

0.

2 

-

0.

3 

-

1.

4 

-

1.

2 

-

0.

9 

-

0.

3 

-

0.

5 

-

1.

2 

0.

5 

1.

4 

-

0.

8 

0.

2 0.001 0.877 0.092 

25 Plastin-2 4 1.

3 

1.

1 
1 

1.

1 

-

0.

8 

0.

1 
-2 

-

0.

7 

-

0.

5 

-

0.

2 

-

0.

8 

-

1.

6 

0.

3 

0.

9 

0.

3 

0.

5 0.001 0.913 0.009 

26 Vasodilator-stimulated phosphoprotein 2 1.

8 

1.

5 

0.

5 

1.

1 

-

0.

3 

-

0.

9 

-1 
0.

3 

1.

1 

-

0.

3 

-

0.

5 

-

1.

4 

-

1.

2 

-

0.

9 

-

0.

2 

0.

5 0.041 0.785 0.822 



27 Cadherin-6 3 0.

8 

2.

3 

0.

8 

0.

7 

0.

2 

0.

3 

-

0.

6 

-

0.

9 

-

2.

3 

0.

3 
0 

-

0.

4 

-

0.

1 

0.

5 

-

1.

1 

-

0.

6 0.046 0.597 0.694 

28 Adenosine kinase (Fragment) 2 1.

8 

1.

9 

1.

5 

-

0.

5 

-

0.

7 

-

0.

3 

-

0.

5 

-1 

-

0.

7 

-

0.

7 

-

0.

4 

1 

-

0.

7 

0.

3 

-

0.

2 

-

0.

7 0.094 0.376 0.832 

29 ADP/ATP translocase 1 1 1.

3 

1.

4 

1.

3 

1.

3 

-

0.

6 

-

0.

6 

-

2.

3 

-

1.

2 

0.

1 

-

0.

1 

0.

2 

0.

2 

-

0.

3 

0.

1 

-

0.

6 

-

0.

2 0 0.022 0.077 

30 Plexin domain-containing protein 2 3 1 
0.

9 

1.

2 

1.

1 

-

0.

5 

0.

4 

-

0.

8 

0.

9 

-

1.

7 

0.

5 

-

1.

1 

-

1.

9 

0.

2 

0.

3 

-

0.

7 

0.

1 0.008 0.172 0.124 

31 Ferritin (Fragment) 1 1.

2 

1.

9 

0.

5 

1.

2 

0.

2 

1.

3 

-

0.

5 

-

1.

3 

-

0.

6 

-

0.

2 

-

0.

6 

0.

4 

-

1.

4 

-

0.

2 

-

0.

6 

-

1.

1 0.008 0.813 0.138 

32 Proteoglycan 4 3 0.

4 

0.

4 

0.

5 

0.

3 

0.

1 

0.

8 

-

0.

3 

0.

5 

-

0.

5 

-

3.

4 

-

0.

5 

-

0.

5 

0.

5 

0.

7 

0.

6 

0.

5 0.064 0.091 0.047 

33 14-3-3 protein epsilon 4 1 
1.

1 

1.

9 
2 

-

0.

8 

-

0.

8 

-

0.

7 

-

1.

3 

-

0.

3 

-

0.

9 

-

0.

2 

-

0.

9 

-

0.

2 

0.

4 

0.

1 

-

0.

2 0.001 0.223 0.05 

34 Alpha-1,4 glucan phosphorylase 3 1.

2 

0.

5 

1.

3 

1.

3 
0 

-

0.

3 

-

0.

3 

0 
1.

2 

-

1.

4 

0.

9 

-

0.

8 

-

0.

2 

-

1.

3 

-

1.

8 

-

0.

4 0.163 0.847 0.262 

35 Tubulin alpha-4A chain 12 1.

1 

1.

5 

1.

6 

1.

5 

-

0.

7 

1 

-

0.

7 

0.

5 

-

0.

8 

-

0.

7 

-

0.

7 

-

0.

8 

-

0.

6 

-

0.

8 

-

0.

6 

-

0.

8 0 0.129 0.651 

36 Polyubiquitin-B (Fragment) 2 
-

1.

2 

-

0.

9 

-

1.

4 

-

1.

5 

0.

4 

-

0.

5 

-

0.

6 

0 
0.

2 

1.

8 

0.

5 

-

0.

5 

1.

5 

0.

2 

0.

7 

1.

2 0.015 0.275 0.484 

37 Histone H3 1 
-

1.

6 

0.

4 

-

1.

7 

-

1.

9 

0.

2 

0.

4 

0.

8 

-

0.

2 

1.

2 
0 

1.

1 

0.

8 

0.

6 
0 

0.

6 

-

0.

8 0.019 0.271 0.191 

38 C-type mannose receptor 2 3 
-

0.

7 

-

1.

5 

-

2.

3 

-

1.

5 

0.

8 

-

0.

4 

0.

8 

0.

2 

0.

6 

0.

7 

0.

6 

-

0.

2 

0.

6 

0.

7 

0.

6 
1 0.002 0.882 0.269 

39 Dickkopf-related protein 3 1 
-

1.

2 

-

2.

2 

-

0.

9 

-

1.

5 

0.

3 

1.

1 

0.

8 

0.

6 

-

0.

5 

0.

8 

1.

2 

0.

8 

0.

6 

-

0.

1 

-

0.

1 

0.

2 0.005 0.720 0.36 

40 L-lactate dehydrogenase 11 -1 

-

1.

1 

-

1.

1 

-

1.

2 

1.

3 

1.

8 

0.

6 

0.

4 

0.

2 

-

0.

4 

0.

7 

1.

1 

-

1.

5 

-

0.

5 

0.

3 

0.

4 0.003 0.208 0.286 

41 Epidermal growth factor receptor 1 
-

0.

3 

-2 

-

0.

5 

-

1.

2 

-

0.

2 

-

0.

7 

1.

2 

-

1.

1 

0.

1 

1.

3 

-

0.

1 

-

0.

2 

1.

2 

0.

2 

0.

8 

1.

4 0.055 0.504 0.189 

42 Contactin-1 8 
-

1.

2 

-

0.

4 

-

2.

1 

-

0.

8 

1.

1 

-

0.

3 

-

0.

4 

0.

3 
1 

-

0.

2 

-

0.

1 

0.

8 

-

1.

1 

1.

4 

1.

2 

0.

8 0.019 0.713 0.701 

43 
Protein kinase C-binding protein 
NELL2 (Fragment) 

2 
-

0.

8 

-

2.

9 

-

1.

2 

-

0.

9 

0.

4 

0.

4 

0.

7 

0.

5 

1.

1 

0.

8 

0.

5 

-

0.

1 

0.

1 

0.

1 

0.

7 

0.

4 0.010 0.847 0.418 

44 Histone H2B 4 
-

0.

1 

-

1.

5 

-

1.

2 

-1 

-

1.

4 

-

0.

1 

-

0.

5 

0.

4 

1.

5 

-

0.

4 

1.

1 

0.

4 

0.

2 

1.

9 

0.

4 

0.

3 0.023 0.119 0.953 

45 Alpha-actinin-1 8 0.

6 

0.

7 

-

0.

1 

-

1.

6 

-

0.

7 

-2 

-

1.

4 

-

0.

5 

0.

8 
1 

-

0.

1 

0.

8 

0.

8 

-

0.

3 

1.

1 

0.

9 0.285 0.007 0.939 

46 Neural cell adhesion molecule 1 4 
-

0.

5 

-

1.

2 

-

1.

2 

-

0.

8 

0.

6 

0.

8 

0.

8 

1.

1 
1 

0.

3 

0.

9 

-

0.

3 

-

1.

1 

-2 
0.

8 

0.

7 0.006 0.282 0.292 

47 Destrin 2 -1 

-

1.

8 

-

1.

6 

-2 
0.

8 

0.

8 

0.

5 

0.

7 

0.

8 

-

0.

1 

0.

2 

0.

6 

0.

3 

0.

9 

0.

6 

0.

3 0.001 0.155 0.546 

48 Cadherin-13 3 
-

1.

6 

-

2.

7 

-

0.

4 

-

0.

4 

0.

8 

0.

2 

0.

8 

-

0.

4 

0 
0.

6 

0.

2 

-

0.

3 

0.

9 

1.

1 

0.

7 

0.

4 0.057 0.478 0.029 

49 
EGF-containing fibulin-like extracellular 
matrix protein 2 

2 
-

0.

1 

-2 

-

0.

8 

-

2.

4 

-

0.

2 

0.

5 

0.

8 

0.

3 

1.

2 

0.

9 

-

0.

1 

0 
0.

7 
1 0 

0.

1 0.026 0.703 0.860 

50 Rab GDP dissociation inhibitor beta 6 
-

0.

9 

-

0.

9 

-

2.

2 

-

1.

7 

1 
0.

4 

-

0.

6 

0.

2 

-

0.

2 

0.

9 

0.

7 

0.

2 

1.

2 

0.

8 

0.

7 

0.

4 0.004 0.749 0.234 

51 Follistatin-related protein 1 4 
-

2.

3 

-

1.

7 

-

1.

8 

0.

3 

0.

8 

0.

8 

0.

4 

0.

5 

0.

6 

-

0.

2 

0.

7 

0.

3 

0.

5 

0.

7 

0.

3 

0.

2 0.031 0.324 0.836 

52 Annexin A5 2 
-

1.

8 

-

1.

2 

-

1.

4 

-

1.

3 

0.

8 

0.

7 

0.

9 

-

1.

3 

0.

7 

0.

9 

0.

4 

0.

3 

0.

3 

0.

8 

0.

9 

0.

3 0 0.617 0.878 

53 Calsyntenin-1 (Fragment) 1 0 

-

2.

2 

-

1.

4 

-

1.

1 

0.

6 

-

1.

5 

0.

1 
0 

0.

5 

0.

8 
1 

0.

4 
1 

0.

9 

0.

2 

0.

5 0.01 0.117 0.962 

54 SPARC 13 
-

1.

2 

-

0.

8 

-

0.

1 

-

1.

7 

0.

5 

-

1.

8 

-

0.

7 

-

0.

7 

1.

3 

0.

7 

1.

3 

0.

9 

0.

7 

0.

5 

0.

6 

0.

4 0.001 0.012 0.019 

55 Homogentisate 1,2-dioxygenase 5 
-

0.

5 

-

2.

3 

-

1.

4 

-

0.

8 

1 

-

0.

4 

-

0.

2 

-

0.

3 

-

0.

3 

0.

5 

1.

6 
0 1 

0.

9 

0.

6 

0.

8 0.024 0.433 0.384 

56 
Voltage-dependent calcium channel 
subunit alpha-2/delta-1 

10 0 

-

1.

8 

-

1.

8 

-

1.

8 

0.

2 
0 1 

-

0.

7 

0.

1 

0.

8 

0.

4 

0.

9 

0.

7 

0.

9 

0.

9 

0.

1 0.008 0.335 0.828 

57 Xaa-Pro dipeptidase (Fragment) 1 
-

1.

2 

-

0.

6 

-1 

-

1.

5 

-

0.

6 

1 

-

0.

5 

1.

2 

1.

5 

-

0.

4 

1.

7 

0.

6 
0 0 

-

0.

7 

0.

7 0.010 0.439 0.180 

58 Integrin alpha-2 1 
-

0.

3 

-

0.

6 

-

1.

7 

-2 

-

0.

5 

0.

3 
0 

0.

4 

-

0.

5 

1.

4 

0.

5 
1 1 

1.

2 

0.

7 

-

1.

1 0.023 0.258 0.852 

59 
6-phosphogluconate dehydrogenase, 
decarboxylating (Fragment) 

1 
-

0.

6 

-

0.

9 

-

0.

2 

-

2.

4 

1.

8 

0.

1 

1.

3 

-

0.

1 

-

0.

3 

0.

2 

0.

1 

-

0.

6 

-

0.

4 

0.

9 

1.

3 

-

0.

1 0.124 0.121 0.242 



60 
Betaine--homocysteine S-methyltrans-
ferase 1 

3 -1 
0.

1 

-

0.

5 

-

2.

1 

-

0.

5 

-

1.

2 

0.

1 

-

0.

6 

0.

3 

0.

6 

0.

8 

-

0.

6 

0.

7 

1.

4 

1.

1 

1.

5 0.089 0.095 0.046 

61 Nucleobindin-1 (Fragment) 1 
-

0.

9 

-

0.

2 

-

1.

5 

-2 
0.

3 

0.

1 

0.

4 

0.

5 

0.

6 

0.

7 

1.

1 

0.

9 

-

1.

4 

0.

4 

1.

5 

-

0.

4 0.003 0.010 0.247 

62 Myosin light polypeptide 6 3 0.

2 

-

2.

6 

-

0.

1 

-

1.

3 

0.

9 

1.

1 

0.

7 

0.

4 

-

0.

1 

-

0.

6 

-

0.

5 

0.

2 

-

0.

3 

1.

4 

0.

9 

-

0.

3 0.293 0.004 0.207 

63 Olfactomedin-like protein 3 1 
-

1.

2 

-

0.

9 

-1 

-

2.

1 

0 
0.

4 
1 

0.

1 

0.

6 

0.

9 

0.

8 

-

0.

2 

0.

8 
1 

1.

1 

-

1.

2 0.003 0.668 0.907 

64 Malate dehydrogenase, cytoplasmic 2 
-

0.

8 

-

3.

1 

-

0.

7 

-

0.

5 

1 
0.

5 

0.

5 

0.

5 

0.

4 

-

0.

1 

0.

4 

-

0.

5 

0.

4 

0.

8 

0.

7 

0.

4 0.088 0.068 0.066 

65 Tubulin alpha-1A chain 12 0.

2 

-

1.

7 

-

1.

8 

-2 
0.

8 

0.

5 

0.

9 

-

0.

1 

0.

3 

-

0.

1 

0.

4 

0.

9 

0.

7 

1.

2 

-

0.

3 

0 0.024 0.575 0.899 

66 Insulin-like growth factor II 2 0.

3 

-

1.

3 

0.

2 

0.

5 

0.

9 

2.

1 
1 

0.

3 

-

0.

3 

-

0.

5 

0.

9 

-

0.

4 

-

1.

9 

-

0.

3 

-

1.

2 

-

0.

2 0.958 0.070 0.158 

67 IL6ST nirs variant 3 1 0.

2 

-

1.

2 

-

0.

3 

-

1.

5 

0 
1.

9 

1.

5 

1.

3 

-

0.

4 

1.

1 
-1 

0.

3 

-

0.

6 

0.

1 

-

0.

4 

-

0.

9 0.294 0.098 0.401 

68 Cadherin-11 2 0.

4 

1.

8 

0.

1 

0.

8 

-

0.

6 

0.

6 

0.

2 

0.

7 

-

0.

7 

0.

3 

1.

2 

0.

5 

-

1.

7 

-

1.

3 

-

1.

7 

-

0.

5 0.456 0.848 0.016 

69 Alpha-actinin-4 8 
-

0.

1 

-

1.

3 

-2 
0.

4 

0.

4 

0.

8 

1.

6 

0.

9 

0.

6 

-

0.

5 

0.

4 

0.

8 
-1 

0.

7 

-

1.

3 

-

0.

5 0.143 0.181 0.154 

 

  Z-scores

-1.5 1.50



Supplementary Figure 8. Heatmap depicting the human proteins significantly regulated in abun-
dance in the different culture conditions: i) EVT-mono, ii) EC-mono, iii) CO, and iv) TRI  

No. Description from fasta EVT-mono EC-mono CO TRI 

1 Alpha-1,4 glucan phosphorylase                                 

2 Phosphoglucomutase-1                                 

3 Proteoglycan 4                                 

4 Histone H4                                 

5 Neogenin                                 

6 Protein disulfide-isomerase                                 

7 Interleukin-1 receptor accessory protein (Fragment)                                 

8 Lactoylglutathione lyase                                 

9 Plastin-2                                 

10 Vasodilator-stimulated phosphoprotein                                 

11 Cadherin-6                                 

12 Adenosine kinase (Fragment)                                 

13 ADP/ATP translocase 1                                 

14 Plexin domain-containing protein 2                                 

15 Ferritin (Fragment)                                 

16 14-3-3 protein epsilon                                 

17 Tubulin alpha-4A chain                                 

18 Fructose-bisphosphate aldolase                                 

19 Translationally-controlled tumor protein                                 

20 Tubulin beta chain                                 

21 Collagen alpha-2(I) chain                                 

22 Receptor-type tyrosine-protein phosphatase S                                 

23 Collagen alpha-1(IV) chain (Fragment)                                 

24 Serine protease HTRA1                                 

25 Proteasome subunit alpha type-2 (Fragment)                                 

26 Cell adhesion molecule 1                                 

27 Peroxiredoxin-1 (Fragment)                                 

28 Proteasome subunit beta type-2                                 

29 Histone H2A                                 

30 Thioredoxin reductase 1, cytoplasmic                                 

31 Collagen alpha-1(VI) chain                                 

32 Neurobeachin                                 

33 Carboxylic ester hydrolase                                 

34 Isocitrate dehydrogenase [NADP] cytoplasmic                                 

35 Tropomyosin alpha-4 chain                                 

36 Alpha-actinin-1                                 

37 Neural cell adhesion molecule 1                                 

38 Annexin A5                                 



39 Calsyntenin-1 (Fragment)                                 

40 Follistatin-related protein 1                                 

41 Integrin alpha-2                                 

42 Polyubiquitin-B (Fragment)                                 

43 Histone H3                                 

44 C-type mannose receptor 2                                 

45 Dickkopf-related protein 3                                 

46 L-lactate dehydrogenase                                 

47 Epidermal growth factor receptor                                 

48 Contactin-1                                 

49 Protein kinase C-binding protein NELL2 (Fragment)                                 

50 Histone H2B                                 

51 Destrin                                 

52 Cadherin-13                                 

53 EGF-containing fibulin-like extracellular matrix protein 2                                 

54 Rab GDP dissociation inhibitor beta                                 

55 SPARC                                 

56 Homogentisate 1,2-dioxygenase                                 

57 Voltage-dependent calcium channel subunit alpha-2/delta-1                                 

58 Xaa-Pro dipeptidase (Fragment)                                 

59 
6-phosphogluconate dehydrogenase, decarboxylating (Frag-
ment) 

                                

60 Betaine--homocysteine S-methyltransferase 1                                 

61 Nucleobindin-1 (Fragment)                                 

62 Myosin light polypeptide 6                                 

63 Olfactomedin-like protein 3                                 

64 Malate dehydrogenase, cytoplasmic                                 

65 Tubulin alpha-1A chain                                 

66 Insulin-like growth factor II                                 

67 IL6ST nirs variant 3                                 

68 Cadherin-11                                 

69 Alpha-actinin-4                                 

 

 

  

Z-scores

-1.5 1.50



Supplementary Figure 9. List of proteins showing significant increase or decrease between EVT 
monoculture (EVT-mono) and coculture of EVTs and ECs (CO) (two-sided t-test).  

 

 Up-regulated proteins in CO against EVT-mono 

No. Protein name Peptide Hits 

 EVT-mono CO 
P 

value 

Known role in im-
plantation /placen-

tal  
development? 

Ref. 

1 2 3 4 1 2 3 4    

1 Annexin A5 2 -1.23 -0.71 -0.88 -0.82 1.04 1.22 0.75 0.63 0 Yes S15 

2 Calsyntenin-1 (Fragment) 1 0.24 -1.71 -0.96 -0.69 0.62 0.85 1.1 0.56 0.01 No   

3 Follistatin-related protein 1 4 -1.47 -0.97 -1.06 0.68 0.9 0.26 0.99 0.67 0.031 Yes S20 

4 Integrin alpha-2 1 -0.03 -0.25 -1.17 -1.46 -0.16 1.36 0.66 1.05 0.023 Yes S21 

5 
Neural cell adhesion molecule 
1 

4 -0.34 -1.12 -1.08 -0.69 1.4 0.63 1.28 -0.08 0.006 Yes S14 

6 Triosephosphate isomerase 7 -0.58 -0.47 -1.42 -0.91 1.05 0.76 1.36 0.21 0.002 No   

7 SPARC 13 -1.05 -0.76 -0.14 -1.48 1.05 0.58 1.06 0.74 0.001 Yes S22 

8 
Protein kinase C-binding pro-
tein NELL2 (Fragment) 

2 -0.27 -1.9 -0.58 -0.37 1.16 0.94 0.74 0.27 0.010 No   

9 Histone H2B 4 0.08 -1.23 -0.95 -0.82 1.51 -0.24 1.16 0.48 0.023 Yes S23 

10 Moesin 4 -1.11 -0.71 -0.19 -1.31 0.99 0.14 0.92 1.29 0.003 Yes S24 

11 C-type mannose receptor 2 3 -0.15 -0.87 -1.51 -0.83 1.03 1.05 1.01 0.28 0.002 Yes S25 

12 Destrin 2 -0.31 -1.11 -0.87 -1.23 1.23 0.5 0.74 1.05 0.001 No   

13 Histone H3 1 -1.07 0.49 -1.15 -1.23 1.09 0.14 0.99 0.75 0.019 Yes S26 

14 Dickkopf-related protein 3 1 -0.64 -1.41 -0.34 -0.88 -0.03 1.01 1.32 0.98 0.005 Yes S27 

15 
Thioredoxin reductase 1, cyto-
plasmic 

3 -2.02 0 -0.05 -0.79 0.74 0.87 0.95 0.3 0.027 Yes S28 

17 
Rab GDP dissociation inhibitor 
beta 

6 -0.39 -0.33 -1.49 -1.08 0.27 1.27 1.15 0.61 0.004 No   

 Uniquely expressed proteins in CO against EVT-mono 

No. Protein name Peptide Hits 

EVT-mono CO 
P 

value 

Known role in 
 implantation/ 

 placental  
development? 

Ref. 

1 2 3 4 1 2 3 4 

1 
Neural cell adhesion molecule 
1 

4         0.99 0.32 0.89 -0.30 0.000 Yes S14 

2 Annexin A5 2         0.72 0.92 0.41 0.27 0.021 Yes S15 

3 Protein S100-A9 3         0.52 0.61 0.87   0.100 Yes S16 

4 Actin, cytoplasmic 1 27         1.82 -0.34 1.29 -0.01 0.286 Yes S17 

5 Alpha-2-macroglobulin 11         0.89     0.67 0.312 Yes S18 

6 
Golgi-associated plant patho-
genesis-related protein 1 

1           0.85 1.30   0.352 No   

7 Thioredoxin 3           0.49 0.87 1.43 0.785 Yes S19 



22 
Voltage-dependent calcium 
channel subunit alpha-2/delta-
1 

10 0.32 -1.2 -1.15 -1.14 0.41 1 0.68 1.09 0.008 No   

24 Polyubiquitin-B (Fragment) 2 -0.7 -0.43 -0.92 -0.98 0.46 1.91 0.8 -0.15 0.015 Yes S29 

25 
Isocitrate dehydrogenase 
[NADP] cytoplasmic 

4 -0.48 -1.46 -0.78 -0.3 1.09 1.36 -0.31 0.9 0.015 Yes S30 

26 
Proteasome subunit alpha 
type 

2 -0.97 -1.78 -0.25 -0.25 0.99 0.62 0.71 0.93 0.005 No   

27 L-lactate dehydrogenase 11 -0.71 -0.83 -0.84 -0.95 0.56 0 1.18 1.58 0.003 Yes S31 

28 Collagen alpha-1(IX) chain 2 -0.66 -1.66 -0.47 -0.49 1.23 0.14 1 0.91 0.004 Yes S32 

29 Tubulin alpha-1A chain 12 0.62 -1.08 -1.15 -1.28 0.65 0.3 0.78 1.17 0.024 Yes S33 

30 Contactin-1 8 -0.84 -0.04 -1.7 -0.39 1.35 0.18 0.27 1.15 0.019 Yes S34 

31 
DnaJ homolog subfamily C 
member 13 

1 -0.25 -0.34 -1.05 -1.03 0.09 0 0.49 2.1 0.046 No   

15 Olfactomedin-like protein 3 1 -0.72 -0.48 -0.56 -1.59 0.92 1.17 1.08 0.19 0.003 No   

16 
EGF-containing fibulin-like ex-
tracellular matrix protein 2 

11 0.24 -1.26 -0.28 -1.58 1.25 1.03 0.27 0.33 0.026 No   

17 
Proteasome subunit alpha 
type-2 (Fragment) 

1 -0.62 -0.54 -0.47 -1.07 2.07 -0.34 0.68 0.3 0.043 No   

18 
Homogentisate 1,2-dioxygen-
ase 

5 -0.06 -1.61 -0.87 -0.37 0.11 0.76 1.68 0.35 0.024 No   

19 Nucleobindin-1 (Fragment) 1 -0.66 -0.01 -1.1 -1.57 0.66 0.71 1.09 0.88 0.003 No   

20 Carboxylic ester hydrolase 1 -0.06 -2.05 -0.52 -0.37 0.98 0.56 0.91 0.55 0.017 No   

21 
Xaa-Pro dipeptidase (Frag-
ment) 

1 -0.88 -0.4 -0.7 -1.15 1.35 -0.23 1.44 0.57 0.010 No   

 

 Down-regulated proteins in CO against EVT-mono 

No. Protein name Peptide Hits 

EVT-mono CO 
P 

value 

Known role in 
implantation 

/placental devel-
opment? 

Ref. 

1 2 3 4 1 2 3 4 

1 Cadherin-6 3 0.42 1.55 0.37 0.33 -1.97 0 -0.2 -0.5 0.046 Yes S35 

2 Metalloproteinase inhibitor 1 5 0.43 -0.13 1.73 0.93 -0.14 -1.22 -0.54 -1.07 0.019 Yes S36 

3 
Plexin domain-containing pro-
tein 2 

3 0.77 0.67 0.89 0.84 -1.26 0.35 -0.83 -1.43 0.008 No   

4 Ferritin (Fragment) 1 0.82 1.53 0.02 0.79 -1.23 -0.74 -1.14 -0.04 0.008 Yes S37 

5 
Basement membrane-specific 
heparan sulfate proteoglycan 
core protein 

16 1.51 -0.36 1.52 0 -0.7 -1.12 -0.71 -0.14 0.047 Yes S38 

6 14-3-3 protein epsilon 4 0.44 0.54 1.2 1.31 -0.64 -1.15 -0.53 -1.17 0.001 Yes S39 

7 Histone H4 3 0.05 1.5 0.69 0.89 -1.64 -0.43 -0.68 -0.38 0.009 Yes S40 

8 
Vasodilator-stimulated phos-
phoprotein 

2 1.18 0.95 0.05 0.53 0.54 -0.71 -0.83 -1.71 0.041 Yes S41 

9 Protein disulfide-isomerase 5 0.38 1.04 0.83 1.27 -0.92 -0.48 -0.77 -1.34 0.001 Yes S42 

10 Neogenin 4 1.15 0.68 0.84 1 -0.84 -0.94 -0.71 -1.18 0 Yes S43 

11 Lactoylglutathione lyase 1 1.45 0.67 0.7 0.7 -1.04 -0.51 -0.65 -1.31 0.001 Yes S44 



12 ADP/ATP translocase 1 1 0.84 1.11 0.84 0.89 -0.89 -1.3 -0.76 -0.72 0 No   

13 
Interleukin-1 receptor acces-
sory protein (Fragment) 

3 0.73 0.24 2 0.13 -0.68 -0.84 -0.83 -0.74 0.011 Yes S45 

14 Plastin-2 4 1.03 0.83 0.77 0.84 -0.6 -0.36 -0.85 -1.65 0.001 Yes S46 

15 Tubulin alpha-4A chain 12 0.61 1 1.09 1 -0.97 -0.86 -0.91 -0.96 0 No   

 

 

 

 

  

Z-scores

-1.5 1.50



Supplementary Figure 10. List of proteins showing significant increase or decrease between 
EC monoculture (EC-mono) and coculture of EVT and EC (CO) (two-sided t-test).  

 
 Up-regulated proteins in CO against EC-mono 

No. Protein name Peptide Hits 

EC-mono CO 
P 

value 

Known role in 
implantation/ 
placental de-
velopment? 

Ref. 

1 2 3 4 1 2 3 4 

1 Serine protease HTRA1 2 -0.58 -1.35 -0.59 -1.09 0.88 1.01 0.93 0.79 0.000 Yes S47 

2 
Peroxiredoxin-1 (Frag-
ment) 

3 -1.23 -1.12 -1.24 0.5 1.01 0.72 0.69 0.67 0.012 Yes S48 

3 
Receptor-type tyrosine-
protein phosphatase S 

1 -1.16 -0.8 -0.79 -0.96 1.05 0.74 0.97 0.94 0 Yes S49 

4 
Translationally-controlled 
tumor protein 

2 -0.51 -1.24 -1.46 -0.26 1 0.88 0.73 0.85 0.001 Yes S50 

5 
Collagen alpha-1(IV) chain 
(Fragment) 

3 -1.47 -1.05 -0.25 -0.74 0.81 0.94 0.69 1.06 0.001 Yes S51 

6 Tubulin beta chain 13 -0.8 -1.34 -0.78 -0.7 1.12 0.83 0.6 1.07 0.000 Yes S52 

7 Collagen alpha-2(I) chain 10 -0.8 -1.35 -0.6 -0.61 1.19 1.17 1.01 0 0.002 Yes S53 

8 
Golgi-associated plant 
pathogenesis-related pro-
tein 1 

1 -1.8 -0.28 -0.31 -0.5 -0.21 0.86 1.26 0.98 0.025 No   

9 Tropomyosin alpha-4 chain 3 0.21 -0.2 -1.55 -1.49 0.8 0.76 0.66 0.8 0.015 Yes S54 

10 Cell adhesion molecule 1 1 -1.6 -1.17 -0.51 0.15 0.98 0.52 0.49 1.14 0.009 Yes S55 

11 
Fructose-bisphosphate al-
dolase 

5 -1.18 -0.68 -1.35 -0.32 0.98 0.7 1.06 0.8 0.000 Yes S56 

12 
Triosephosphate isomer-
ase 

7 0.26 -0.42 -2.14 -0.35 0.79 0.61 0.99 0.27 0.048 No   

13 Antithrombin-III 11 -1.13 -0.98 -1.31 0.39 0.86 0.41 1.35 0.4 0.015 Yes S57 

14 SPARC 13 0.26 -1.78 -0.76 -0.8 0.96 0.48 0.98 0.65 0.012 Yes S22 

15 ADP/ATP translocase 1 1 -0.06 -0.07 -2.04 -0.76 0.75 0.45 0.85 0.87 0.022 No   

16 
Thioredoxin reductase 1, 
cytoplasmic 

1 -0.17 -0.6 -1.53 -1.09 0.87 0.99 1.06 0.47 0.002 Yes S28 

17 Reticulocalbin-3 5 -0.12 -0.03 -0.63 -2.08 0.35 1.05 0.67 0.79 0.028   S58 

18 Phosphoglucomutase-1 2 -1.01 -1.57 0.63 -0.89 0.57 0.9 1.04 0.31 0.030 Yes S59 

19 
Isocitrate dehydrogenase 
[NADP] cytoplasmic 

4 -0.31 -0.98 -0.57 -1.48 1.04 1.21 0.16 0.92 0.004 Yes S30 

20 Nidogen-1 7 -0.54 -0.8 -1.14 -0.87 0.95 1.69 0.3 0.41 0.003 Yes S60 

21 Biglycan 3 -0.64 -1.09 -0.5 -0.82 -0.04 1.73 0.16 1.21 0.013 Yes S61 

22 
Proteasome subunit alpha 
type 

2 -1.66 -0.17 -1.32 0.13 0.99 0.5 0.62 0.91 0.015 No   

23 Collagen alpha-1(VI) chain 20 0.26 -1.14 -1.79 -0.2 0.55 0.39 0.76 1.17 0.027 Yes S51 

24 
Proteasome subunit alpha 
type-2 (Fragment) 

1 0.59 -1.34 -0.97 -1.25 1.04 0.53 0.74 0.66 0.019 No 
  

25 Alpha-actinin-1 8 -0.4 -1.6 -1.01 -0.2 0.98 1.16 0.12 0.95 0.007 No 
  

26 Carboxylic ester hydrolase 1 0.26 -0.81 -1.43 -1.25 0.93 0.71 0.89 0.7 0.006 No 
  

27 
GTP-binding nuclear pro-
tein Ran  

2 -0.23 -1.08 -1.28 -0.29 0.26 1.31 -0.19 1.5 0.025 No 
  



28 Nucleobindin-1 (Fragment) 1 -0.75 -1.47 -0.58 -0.33 0.17 0.32 1.68 0.95 0.010 No 
  

 
 Down-regulated proteins in CO against EC-mono 

No. Protein name Peptide Hits 

EC-mono CO 
P 

value 

Known role in 
implantation/ 

placental devel-
opment? 

Ref. 

1 2 3 4 1 2 3 4 

1 Myosin light polypeptide 6 3 0.96 1.39 0.66 0.27 -0.57 -1.36 -1.2 -0.16 0.004 Yes S39 

 
 

 

  

Z-scores

-1.5 1.50



Supplementary Figure 11. Fourteen significantly upregulated endothelial proteins in the cocul-
ture configuration of the implantation-on-a-chip. 

Endothelial Proteins 

No. Protein Name 
Peptide 

Hits 
EC-Mono Co 

1 2 3 4 1 2 3 4 

1 Thrombospondin-4 5                 

2 Pantetheinase 3                 

3 Coagulation factor X 4                 

4 Apolipoprotein B-100 6                 

5 Insulin-like growth factor-binding protein 2 10                 

6 Rab GDP dissociation inhibitor alpha 12                 

7 Parkinson disease protein 7 4                 

8 Collagen alpha-1(VI) chain 37                 

9 Apolipoprotein C-III 1                 

10 Collagen alpha-1(III) chain 19                 

11 Collagen alpha-3(VI) chain 4                 

12 
Prolow-density lipoprotein receptor-related 
protein 1 

52                 

13 Retinol-binding protein 5                 

14 Reticulocalbin-3 8                 

 

  



Supplementary Figure 12. Twelve significantly upregulated EVT proteins in coculture configu-
ration of the implantation-on-a-chip. 

 

 

  

EVT Proteins 

No. Protein Name Peptide Hits 
EVT-Mono Co 

1 2 3 4 1 2 3 4 

1 Thrombospondin-4 5                 

2 Pantetheinase 3                 

3 Coagulation factor X 4                 

4 Collagen alpha-1(II) chain 4                 

5 Apolipoprotein B-100 6                 

6 von Willebrand factor 122                 

7 Thrombospondin-1 13                 

8 
Insulin-like growth factor-binding pro-
tein 2 

10                 

9 Contactin-1 7                 

10 Coactosin-like protein 5                 

11 Parkinson disease protein 7 4                 

12 Dipeptidyl peptidase 2 9                 



Supplementary Figure 13. Viability and marker expression of DSCs and additional cell types in 
the implantation-on-a-chip. (a) Quantification of the viability of DSCs and additional cell types 
used in the implantation-on-a-chip after 6 days of device culture. Data were obtained from 
LIVE/DEAD viability assay using Calcein-AM and ethidium homodimer-1 (EthD-1). Data represent 
mean ± SD from three independent devices (n=3). One-way ANOVA with Tukey’s multiple com-
parison test. (b) Immunofluorescence staining of cell-type-specific marker expression by DSCs 
and NHLFs used in the implantation-on-a-chip after 6 days of device culture. The representative 
images are from three independent experiments. Scale bars, 100 μm. 
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Supplementary Table 1. Cells and authentication methods. 

Cells Vendor 
Catalog 
number 

Authentication method 

HTR-8/SVneo ATCC CRL-3271 

 
 

STR profiling in July 2016;showed a distinctly human pro-
file (TH01: 6, 9.3;D5S818: 12;D13S317: 9, 12;D7S820: 
12;D16S539: 13;CSF1PO: 12;Amelogenin: X;vWA: 13, 

18;TPOX:8). 
  

Human endometrial 
microvascular en-

dothelial cells 
(HEMEC) 

ScienCell 7010 

Phenotypic and immunofluorescent characterization by 
company in March 2015; correct morphology and von Wil-
lebrand Factor VIII expression. HEMECs were tested neg-

ative for HIV, HBV, HCV, mycoplasma, bacteria, and 
fungi. 

Human lung micro-
vascular endothelial 

cells (HMVEC-L) 
Lonza CC-2527 

Phenotypic and immunofluorescent characterization by 
company using von Willebrand Factor VIII. 

Human brain micro-
vascular endothelial 

cells (HBMVEC) 

AngioPorte-
omie 

CAP-0002 
Immunofluorescent characterization by company with 

antibodies specific to von Willebrand Factor VIII, Di-I-Acet-
ylated-low density lipoprotein, and PECAM1. 

Normal human lung 
fibroblasts 

Lonza CC-2512 
Immunofluorescent characterization by company with neg-

ative expression for Factor VIII, Cytokeratin 18, and Cy-
tokeratin 19. 

Human tracheal ep-
ithelial cells 

PromoCell C-12644 
Flow cytometric characterization by company using posi-

tive expression of Cytokeratin. 

  



Supplementary Table 2. Primary and secondary antibodies for immunofluorescence staining. 

Primary antibody 
[Clone] 

Species Dilution 
Product 

information 
Secondary antibody Dilution 

CD31 
[P2B1] 

Mouse 1:200 
Abcam 

#ab24590 
Goat Anti-Mouse IgG (H+L) 

(Alexa Fluor®  Plus 555) 
1:200 

VE-Cadherin 
[D87F2] 

Rabbit 1:200 
Cell Signaling 

#2500 
Goat Anti-Rabbit IgG H&L 

(Alexa Fluor®  647) 
1:200 

Cleaved Caspase-3 
[Asp175] 

Rabbit 1:200 
Cell Signaling 

#9661 
Goat Anti-Mouse IgG H&L 

(Alexa Fluor®  647) 
1:200 

Ki67 
[37C7-12] 

Mouse 1:200 
Abcam 

#ab245113 
Goat Anti-Mouse IgG H&L 

(Alexa Fluor®  647) 
1:200 

Cytokeratin  
 [EPR17078] 

Rabbit 1:100 
Abcam 

#ab181598 
Goat Anti-Rabbit IgG H&L 

(Alexa Fluor®  647) 
1:200 

HLA G 
[MEM-G/9] 

Mouse 1:100 
BioRad 

#MCA2044 
Goat Anti-Mouse IgG H&L 

(Alexa Fluor®  647) 
1:100 

VCAM-1/CD106 
[6G9] 

Mouse 1:200 
Novus Biolog-
icals #NBP1-

47491 

Goat Anti-Mouse IgG H&L 
(Alexa Fluor®  647) 

1:200 

Complement C4 
[JM88-13] 

Rabbit 1:200 
Thermo 
Fisher 

#MA5-32856 

Goat Anti-Rabbit IgG H&L 
(Alexa Fluor®  647) 

1:200 

Prolactin 
[PRL02] 

Mouse 1:200 
Thermo 
Fisher 

#MA5-11998 

Goat Anti-Mouse IgG H&L 
(Alexa Fluor®  647) 

1:200 

Fibroblast Surface 
Protein 
[1B10] 

Mouse 1:200 
Abcam 

#ab11333 
Goat Anti-Mouse IgG H&L 

(Alexa Fluor®  647) 
1:200 
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