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Figure S1. Schematic illustration of the modified cardiovascular differentiation protocol. 

EBs were derived from hESCs (line H9). (A) The differentiation protocol timeline is shown 

together with the stage-specific additives to the medium. Scale bar equals 100 μm. (B) The 

differentiation protocol using NID1 from day 4 (d4) and control are shown together with the 

stage-specific additives in the medium.  
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Figure S2. Recombinant NID1 production and characterization. (A) Schematic representation 

of NID1 production plasmid generation with main components for genomic amplification 

strategy. (B) Schematic depiction of CHO culture transfection with the NID1 production plasmid, 

MTX selection and clone analysis. Scale bars equal 200 µm. (C) Schematic depiction of 

production clone adaptation to FBS-reduced suspension culture and purification of secreted NID1 

using immobilized-metal affinity chromatography (IMAC). Characteristic protein absorption is 

shown at 280 nm (blue line) and 256 nm (red line) in milli absorption unit (mAU). (D) Ponceau-

Red staining of a nitrocellulose membrane with IMAC eluates: negative control (NC, 10 µl IMAC 

eluate of media with 1% FBS, dialyzed), BSA (10 µl IMAC eluate of media with 1% BSA) and 5 
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or 10 µl IMAC eluate of NID1-containing cell culture media with originally 0.5% FBS, dialyzed. 

(E) Same membrane after discoloring and specific immunodetection of NID1. Arrows indicate 3 

NID1 bands at about 140 kDa, 110 kDa and 90 kDa. (F) Specific immunodetection of NID1 

deglycosylated for 4 hours and for 20 hours shows a shift of the characteristic NID1 bands to 

lower molecular weight compared to a NID1 control that was not treated with the deglycosylation 

enzyme, proving the glycosylated state of the recombinant NID1. (G) Schematic of Co-IP 

between interaction partners NID1 and LAM-511. (H) Specific immunodetection of the ß1 and ɣ1 

chain of LAM-511 in Co-IP, NC (Co-IP w/o LAM antibody) and positive control (PC, LAM-

511). (I) Specific immunodetection of NID1 in Co-IP, NC (Co-IP w/o LAM antibody) and PC 

(NID1). The HiMark pre-stained protein standard (PS) was used in all blots.  
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Figure S3. Identification of NID1 as crucial ECM protein in fetal and adult hearts by IF 

staining & Myocardial scar quantification. (A) NID1 (green) was detected in fetal heart 

sections 9, 12 and 17 weeks post-fertilization as well as in sections of 18 and 51 year old adult 

heart tissue. CTNT (red) was used to detect CMs. Cell nuclei were visualized with DAPI (white). 
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Scale bar equals 20 μm. (B-H) HSV color segmentation was performed using a customized 

MATLAB code. The HSV histogram bands responsible for the background are shown in (C), the 

Fast Green-positive region labeling the myocardium is shown in (D) and, the Picrosirius Red-

stained areas corresponding to the scar content are shown in (E). By subtracting band (C) from an 

image of Picrosirius Red and Fast Green (F), an image without background is generated (G) and, 

comparably, the removal of bands (C) and (D) yields an image of only the scar component (H). 
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Figure S4. Raman imaging and multivariate analysis of infarcted mouse hearts and single 

animals. (A) Representative overview of Raman images showing DNA (blue), myocardium (red) 

and the scar (green). Three regions within the scar area (rectangular boxes: 1-3) were selected for 

high-resolution Raman images. (B) Spectra-associated to the color-coding shown in (A). Based 

on the signal patterns, the specific ECM composition for the scar area was detected. Scale bar 

equals 100 µm. (C,D) PCA of Raman spectra revealed molecular and structural differences in the 

scar area of NID1+HA and control hearts. PC score values of spectra from NID1+HA and control 
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hearts were significantly different, unpaired t-test. (E) The loading plot displays typical porphyrin 

vibrations (1513, 1557, 1612 cm
-1

) seen in the NID1+HA heart tissue. Collagen peaks (858 and 

1248 cm
-1

) were assigned to the control hearts. PCA of TCA scar component of (F) control (HA) 

and (G) NID1+HA mouse hearts. Significant differences between animals are detected in both 

groups. Kruskal-Wallis test with Dunn’s multiple comparisons test. Results are shown as standard 

box plot diagram. *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001.  
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Figure S5. Translational changes in ECM production, degradation and regulation due to 

hypoxic conditions. (A) Transcriptional changes of TGFB1 in NID1-treated hiPSC-CMs under 

normoxic conditions. (B,C) Transcriptional changes in gene expression after hypoxic conditions 

without (control) and with NID1 (B) hiPSC-CMs and (C) dermal fibroblasts. Gene regulation are 

shown when fold-regulation > |2|, p-value < 0.05.  
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Figure S6. Human pseudo-islet functionality under hypoxic conditions and characterization 

by in situ Raman imaging and multivariate analysis. (A) Unexcised and (B) excised EndoC-

βH3 morphology. Scale bars equal 100 µm. (C) Reduced cell number over time due to the 

excision of the proliferation transgene over 21 days. (D) GSIS assay (with 0 and 20 mM glucose) 

of pseudo-islets composed of 1000 (1k), 2000 (2k), 5000 (5k) and 10000 (10k) cells/ pseudo-islet 
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after 5 days of culture under normoxic conditions. (E) 1k pseudo-islet morphology. Scale bar 

equals 100 µm (F) Pseudo-islet size, described as pseudo-islet diameter, is stable from 72h until 5 

days under normoxic conditions (n = 10); one-way ANOVA, *p<0.05. (G) GSIS assay (with 0 

and 20 mM glucose) of pseudo-islets under normoxic conditions at 5 days (n = 15); unpaired t-

test, *p<0.05 (H) Significant loss of glucose responsiveness under hypoxic conditions, described 

as the GSIS index (fold increase in insulin release due to the transition from Krebs buffer (0 mM 

glucose) to 20 mM glucose (n = 10); one-way ANOVA, *p<0.05. (I) DNA fragmentation under 

hypoxic conditions determined by the quantification of TUNEL
+ 

cells (n = 3-7); unpaired t-test. 

(J) True component analysis (TCA) identified four major spectral components assigned to nuclei 

(blue), insulin-transporting lipid vesicles (green), mitochondrial activity (pink) and cellular lipids 

and proteins (light blue). (H-O) False color intensity distribution images for each spectral 

component in (H,J,L,N) PBS controls and (I,K,M,O) NID1-treated pseudo-islets. Semi-

quantitative analysis by definition of the mean gray value intensity/pixel demonstrated a 

significant increase in the vesicular lipids and the mitochondrial activity in NID1-treated islets. 

(P) Multivariate curve resolution (MCR) analysis was performed for in-depth analysis of the 

molecular composition in the periphery and core region of the hypoxic pseudo-islets. Most 

relevant, components related to nuclei, insulin, lipids and mitochondria were identified and their 

distribution within both regions were compared in PBS controls and NID1-treated pseudo-islets. 

The control core region showed a significant decrease in insulin, lipids and mitochondria, whereas 

the NID1-treated core region showed levels comparable to the peripheral regions (n = 4); 

*p<0.05, **p<0.01, ***p<0.001. 

  



12 
 

 
Figure S7. Change in protein expression in NID1-treated

 
cultures. DigiWest

®
-based protein 

expression analysis of all tested proteins in (a) NID1-treated pseudo-islets (n = 12) and (b) NID1-

treated hiPSC-CMs (n = 4) under hypoxic conditions compared with their respective controls. 

Data are shown as column-wise and color-coded heatmap from the lowest (blue) to the highest 

(yellow) expression for each analyte. 



13 
 

 
Table S1. Echocardiography analysis 28 days after MI/R. Baseline is the pre-MI/R 

measurement of the NID1+HA mice. Data are presented as means ± standard error of the mean 

(SEM). *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 saline vs. HA and NID1+HA, 
#
p<0.05, 

##
p<0.01 HA vs. NID1+HA; individual one-way ANOVA with Tukey’s multiple comparison test, 

baseline (n = 4), saline (n = 3), HA (n = 3), NID1+HA (n = 4). LVIDd: left ventricular internal 

dimension at end diastole, LVIDs: left ventricular internal dimension at end-systole, LVAWd: left 

ventricular anterior wall thickness in diastole, LVAWs: left ventricular anterior wall thickness in 

systole, LVPWd: left ventricular posterior wall dimensions in diastole, LVPWs: left ventricular 

posterior wall dimensions in systole, LVED: left ventricle end-diastolic diameter, LVES: left 

ventricle end-systolic diameter, EDV: end-diastolic volume, ESV: end-systolic volume, EF: 

ejection fraction, FS: fractional shortening.  
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 Table S2. Raman-associated peaks. Raman peaks in cm

-1
 and their assigned molecular 

structure.   
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Table S3. List of antibodies and primer sequences. 


