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Supplementary Methods 

 

Immuno-staining of murine aortas for transgene expression 

Cre-negative and BMX-CreERT2-positive mice harboring the floxed-stop-caIKK2-IRES-GFP transgene 

were injected on 5 consecutive days with tamoxifen as described in the main Methods section. Aortas 

were isolated by microscope-assisted dissection, perfusion-fixed with 4% paraformaldehyde, followed 

by dehydration and paraffination according to standard procedure. Paraffin-embedded tissue was cut 
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by a microtome to 4 µm thick sections and placed on cover slips. Sections were heated in a dry oven at 

90°C for 10 min, followed by standard de-paraffination and rehydration.  

Antigen retrieval war performed in a boiling solution of 2mM Citric acid, 9mM Trisodium Citrate (pH 

6.0), and 0.01% v/v Tween20 buffer for 10 min, and incubated in the same buffer for 30 min without the 

heat source. After the incubation time, the slides were rinsed using cold tap water. 

For the immunostaining of the GFP, which is expressed from the transgene downstream of an internal 

ribosomal entry site (IRES), the areas enclosing the aortae were circled with a hydrophobic pen (DAIDO 

SANGYO, Tokyo, Japan). The sections were washed twice, for 5 min each time, with TBS + 0.025% v/v 

Tween 20 and each section was incubated with a blocking buffer consisting of TBS + 0.025% v/v Tween20 

+ 3% BSA for 60 mins. After shaking off the blocking solution, the anti-GFP antibody solution (TBS + 

0.025% v/v Tween20 + 3% BSA) was applied. The GFP antibody (rabbit IgG, Santa Cruz Biotechnology, 

Dallas, U.S.A., SC-8334) was used according to the manufacturer guidelines, which suggested a 1:250 

dilution and incubation overnight at 4°C. Slides were washed three times for 10 min with TBS + 0.025% 

v/v Tween 20. Thereafter, the sections were incubated for 60 min at room temperature with a secondary 

antibody solution consisting of a TBS + 0.025% v/v Tween20 + 3% BSA buffer. The secondary antibody, 

linked to a Dylight 650 fluorophore, was issued in a 1:250 dilution, according to the manufacturer 

recommendations (Thermo Fisher Goat-anti-rabbit IgG #84546). The slides were washed twice in TBS, 

10 min each time. The slides were mounted using a 125 g/L glycerin solution. Finally, the edges of the 

slide were sealed with nail polish. 

Imaging was done with an Olympus BX61VS slide scanner (Tokyo, Japan), equipped with an Olympus 

XM10 camera, an Olympus BX – UCB motorized controller, and an XCT10A light 200W Mercury lamp 

(Massachusetts, U.S.A., Lumen Dynamics Group Inc.). The setup was controlled by the VS-ASW-S6 2.6 

/ VS-FLUO 2.9 Olympus software. Two images were taken for each aorta section, one image using the 

FITC configuration (capturing the autofluorescence of the internal elastic lamina), and the remaining 

image was taken using the Cy5 configuration. 
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Supplementary Figure S1. Confirmatory data on the mouse model of arterial endothelial 

inflammation 

A) Genevestigator database expression values for the BMX gene in various cell types as indicated 

(expression in endothelial but not in smooth muscle cells). B) Confirmation of the transgene expression 

(Flag-tagged constitutive active IKK2 and co-expressed GFP downstream of the IRES site) as assessed 

by reverse transcription-qPCR. C) Upregulation of inflammatory genes (E-selectin, VCAM-1 and IL-6) 
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in aortas expressing caIKK2. D) Lack of transgene expression in leukocytes of transgene mice (caIKK2 

knock-in): Mean fluorescence intensity (MFI) of GFP is plotted compared to a wild-type (WT) control. 

E) IKK2 kinase activity of cells treated with TNFα and cells expressing the caIKK2 transgene as 

compared to control cells (as determined by a peptide kinase assay using the cognate IκB substrate 

peptide).  

 

  
Supplementary Figure S2. Confirmation of the transgene expression in the endothelial layer after 

inducing the Cre recombinase activity by tamoxifen injection into mice. 

Cre-negative control mice and BMX-CreERT2-positive mice (both containing the caIKK2-IRES-GFP 

transgene downstream of a loxP-flanked stop cassette) were injected five times (on 5 consecutive days) 

with tamoxifen as specified in the main Methods section, followed by isolation of aortae on day 10, 

fixation and paraffination. Paraffin sections were stained with anti-GFP antibodies (because intrinsic 

GFP fluorescence is lost by the paraffination procedure) and secondary antibodies coupled with a red-

fluorescent dye (shown in magenta in the composite images). The internal elastic lamina (IEL) has a 

strong autofluorescence in the green channel – and serves as localization marker to specify the lumenal 

side of the aorta. Endothelial cells are located on the inner side, while smooth muscle cells are outside 

of the IEL.   
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Supplementary Figure S3. Deconvolution of cell types from aorta samples using CIBERSORTx 

Cell type signatures were determined for aortas from wild-type (WT) and transgene (caIKK2) mice with 

the "Impute Cell Fractions" module of CIBERSORTx, using the batch correction S-mode, in run mode 

absolute. All input files were in transcripts per million (tpm). Changes in cell profile expression upon 

endothelial caIKK2 expression are shown for endothelial cells (EC), macrophages (Macro), fibroblasts 

(Fibro) and vascular smooth muscle cells (VSMC).  
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Supplementary Figure S4. Network analysis of differentially regulated genes after inflammatory 

activation of endothelial cells, which have roles in Coronavirus infection pathways.   

Gene sets for Coronavirus pathogenesis (from Ingenuity Pathway Analysis) and for Coronavirus replication 

were uploaded separately to the NetworkAnalyst platform together with the expression levels of 

differentially regulated genes. The minimum STRING interactome networks that links these genes was 

computed for both gene sets. The resulting networks were downloaded as graphml-files and imported 

into the Cytoscape environment, where they were merged and analyzed for their overlap. ACE2, the 

highest upregulated gene upon inflammatory stimulation of arterial endothelial cells belongs to both 

pathways. Many of the virus pathogenesis genes are upregulated (in particular those, which have roles 

in inflammation) with the exception of several ribosomal protein genes. Genes of the replication 

pathway comprising mostly tubulin genes, important for transport and secretion of viral particles, were 

mostly downregulated (except for beta-tubulin).  

 

 

Supplementary Figure S5: ACE2 expression in HUVECs upon inflammatory activation  

Human umbilical vein endothelial cells (HUVECs) were treated for different periods of time with TNFα 

(50 ng/ml), followed by RNA and protein extraction. A) RNA was reversed transcribed and ACE2 

mRNA measured via quantitative PCR. B) Proteins were separated by SDS-PAGE and subjected to 

Western Blot analysis for ACE2 and β-actin protein expression. C) Quantification of the normalized 

ACE2 expression as shown in B) by densitometry. D), E) Quantification of late apoptotic/necrotic HU-

VECs treated with TNFα: HUVECs were treated with TNFα (50 ng/ml) for 5 days, trypsinized and 

stained with a cell death detection kit to assess Annexin V-binding, as well as uptake of 7-AAD by 
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permeable cells using flow cytometry. Late apoptotic/necrotic cells are positive for Annexin V as well 

as 7-AAD as indicated by the gates in the density plots (D). E) Quantification of these cells and statistical 

comparison (Students t-test, n=3).  

 

Suppl. Figure S6: Apoptosis in HUVECs  

Isolated primary HUVECs were treated for 5 days with TNFα and the percentage of apoptotic cells 

(comprising early as well as late apoptosis/necrosis) was assessed in comparison to control cells using 

flow cytometry analysis of Annexin-V binding.   
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Suppl. Figure S7: Transcriptomic changes of HUVECs after short (5h) and long-term (9d) treatment 

with TNFα 
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Suppl. Figure S8: Pathway analysis of differentially expressed genes in isolated human endothelial 

cells after prolonged treatment with TNFα:  

HUVECs were treated for 5h or 9d with TNFα (50 ng/ml), followed by RNA extraction, sequencing and gene set 

enrichment analysis using the gene ontology of biological processes (n=3 for the different conditions). 
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Suppl. Figure S9: Re-analysis of the dataset GSE77962 for ACE2 expression 

ACE2 levels are highest in overweight humans, decline with weight loss and are lowest at a stable 

reduced weight (reference 30).  
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Suppl. Table S1: Comparison of the effects of endothelial caIKK2 expression in murine aortas of ApoE wild-type or knock-out background 

 

caIKK2 on ApoE wildtype caIKK2 on ApoE KO         

Symbols logFC adj.P.Val Name Symbols logFC adj.P.Val Name 
     

ACE2 3.761 9.15E-15 angiotensin I converting enzyme 2 Robo2 1.9736 6.0304E-10 roundabout guidance receptor 2       

CORIN 3.196 1.04E-02 corin, serine peptidase Ace2 1.8995 3.1442E-07 angiotensin I converting enzyme (peptidyl-dipeptidase A) 2 

Serpina3g 2.594 8.15E-04 Ser (or Cyst) peptidase inhibitor, clade A, memb 3G Serpina3f 1.705 0.000045798 "serine (or cysteine) peptidase inhibitor, clade A, member 3F" 

GBP6 2.249 6.40E-06 guanylate binding protein family member 6 Gal 1.4617 0.00078753 galanin and GMAP prepropeptide 
   

CXCL10 2.083 7.73E-03 C-X-C motif chemokine ligand 10 Serpina3g 1.4156 0.00025261 "serine (or cysteine) peptidase inhibitor, clade A, member 3G" 

Clec2d 1.957 9.14E-08 C-type lectin domain family 2, member d Serpina3i 1.3828 0.0010845 "serine (or cysteine) peptidase inhibitor, clade A, member 3I" 

RPS27A 1.794 6.01E-05 ribosomal protein S27a Grem1 1.3744 0.00050877 "gremlin 1, DAN family BMP antagonist" 
  

Cxcl9 1.751 2.24E-03 chemokine (C-X-C motif) ligand 9 Cd55 1.3645 0.00023661 "CD55 molecule, decay accelerating factor for complement" 

IGSF1 1.738 2.38E-02 immunoglobulin superfamily member 1 Abca13 1.3414 0.0022635 "ATP-binding cassette, sub-family A (ABC1), member 13" 
 

CIITA 1.658 1.56E-02 class II major histocompatibility complex transact.  Gpr171 1.3132 0.00032853 G protein-coupled receptor 171 
   

SBK2 1.657 3.07E-02 SH3 domain binding kinase family member 2 Cyp4f18 1.3003 0.0021674 "cytochrome P450, family 4, subfamily f, polypeptide 18" 
 

GBP5 1.507 3.64E-03 guanylate binding protein 5 Lrrn3 1.257 0.0060936 "leucine rich repeat protein 3, neuronal" 
  

CD55 1.499 6.34E-08 CD55 molecule (Cromer blood group) Spdl1 1.2397 0.00024859 spindle apparatus coiled-coil protein 1 
  

TNFSF10 1.468 5.15E-08 TNF superfamily member 10 Il18rap 1.2263 0.0014373 interleukin 18 receptor accessory protein 
  

RPS13 1.451 3.21E-04 ribosomal protein S13 Prss30 1.2111 0.0033176 "protease, serine 30" 
    

CD274 1.392 6.43E-03 CD274 molecule Doc2b 1.2076 0.0010845 "double C2, beta" 
    

HLA-A 1.386 5.84E-05 major histocompatibility complex, class I, A Mmp13 1.2072 0.001086 matrix metallopeptidase 13 
   

Tgtp1/Tgtp2 1.367 2.44E-02 T cell specific GTPase 1 Dmp1 1.2047 0.0099473 dentin matrix protein 1 
    

TUBB3 1.347 2.79E-02 tubulin beta 3 class III Mefv 1.1897 0.0001645 Mediterranean fever 
    

IL2RG 1.321 2.30E-04 interleukin 2 receptor subunit gamma Mir155hg 1.1888 0.01058 Mir155 host gene (non-protein coding) 
  

CCNL1 1.281 4.61E-10 cyclin L1 Serpina3n 1.1444 0.000026197 "serine (or cysteine) peptidase inhibitor, clade A, member 3N" 

NOD2 1.237 8.37E-06 nucleotide binding oligomer. domain containing 2 Spint1 1.1418 0.00032853 "serine protease inhibitor, Kunitz type 1" 
  

NLRC5 1.236 1.06E-02 NLR family CARD domain containing 5 B3gnt3 1.1338 0.001126 "UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 3" 

TCIM 1.232 3.74E-03 transcriptional and immune response regulator Ercc6l 1.1326 0.0015462 

DNAJC28 1.195 1.06E-02 DnaJ heat shock protein family (Hsp40) member C28 Atp8b4 1.1313 0.00010188 "ATPase, class I, type 8B, member 4"       
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caIKK2 on ApoE wildtype caIKK2 on ApoE KO         

Symbols logFC adj.P.Val Name Symbols logFC adj.P.Val Name 
     

SCX -0.77 4.40E-02 scleraxis bHLH transcription factor Trnp1 -1.0423 0.0057612 TMF1-regulated nuclear protein 1 

RPS5 -0.773 2.66E-07 ribosomal protein S5 5430431A17Rik -1.0477 0.025495 RIKEN cDNA 5430431A17 gene 

ATF5 -0.774 3.97E-10 activating transcription factor 5 Smim5 -1.0517 0.0016514 small integral membrane protein 5 

RPL37A -0.782 1.82E-06 ribosomal protein L37a Lrrn1 -1.0724 0.023821 "leucine rich repeat protein 1, neuronal" 

TRNP1 -0.799 1.25E-02 TMF1 regulated nuclear protein 1 Sost -1.0732 0.004652 sclerostin 

TMEM45A -0.805 1.60E-03 transmembrane protein 45A Ppp1r14c -1.0834 0.00546 "protein phosphatase 1, regulatory inhibitor subunit 14C" 

RPS28 -0.812 1.51E-05 ribosomal protein S28 Mir143 -1.1041 0.020315 microRNA 143 

TMEM98 -0.813 4.01E-04 transmembrane protein 98 Cck -1.122 0.0080187 cholecystokinin 

PERP -0.82 2.07E-03 p53 apoptosis effector related to PMP22 Slc22a2 -1.1309 0.014117 "solute carrier family 22 (organic cation transporter), member 2" 

RBP1 -0.821 3.08E-04 retinol binding protein 1 Adra2a -1.1322 0.0014748 "adrenergic receptor, alpha 2a" 

TMEM160 -0.823 3.34E-04 transmembrane protein 160 Mylk4 -1.1365 0.0025078 "myosin light chain kinase family, member 4" 

Ppbp -0.824 2.67E-02 pro-platelet basic protein Klk10 -1.1593 0.010717 kallikrein related-peptidase 10 

C1orf198 -0.839 2.07E-02 chromosome 1 open reading frame 198 Gja6 -1.1628 0.0045197 "gap junction protein, alpha 6" 

RPS20 -0.84 2.16E-07 ribosomal protein S20 Col19a1 -1.1733 0.0068681 "collagen, type XIX, alpha 1" 

RPS21 -0.849 9.87E-08 ribosomal protein S21 Cdh16 -1.1803 0.010639 cadherin 16 

RPL39 -0.859 1.47E-06 ribosomal protein L39 4930417O22Rik -1.1817 0.0077992 RIKEN cDNA 4930417O22 gene 

EFHD1 -0.881 2.87E-03 EF-hand domain family member D1 Ky -1.1937 0.0012464 kyphoscoliosis peptidase 

KRT18 -0.889 7.14E-05 keratin 18 Ncan -1.2095 0.0090516 neurocan 

TENT5B -0.899 1.60E-02 terminal nucleotidyltransferase 5B Fam25c -1.2294 0.0083178 "family with sequence similarity 25, member C" 

KCNJ15 -0.937 1.60E-02 potassium inwardly rectifying channel subfamily J15  Kcnc4 -1.2363 0.0055485 "potassium voltage gated channel, Shaw-related subfamily, member 4" 

RPS14 -0.944 1.04E-06 ribosomal protein S14 Rab17 -1.2706 0.0010468 "RAB17, member RAS oncogene family" 

CREB3L1 -0.971 9.01E-05 cAMP responsive element binding protein 3 like 1 Casq1 -1.3696 0.0005563 calsequestrin 1 

Rplp1 -1.012 8.38E-10 ribosomal protein, large, P1 Ihh -1.4414 0.0005229 Indian hedgehog 

CLDN3 -1.1 4.57E-03 claudin 3 Slc22a1 -1.4598 0.0004883 "solute carrier family 22 (organic cation transporter), member 1" 

NPAS2 -1.274 2.18E-02 neuronal PAS domain protein 2 Lsmem1 -1.4844 0.0009313 leucine-rich single-pass membrane protein 1 
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Suppl. Table S2: All biological functions altered in murine aortas after inflammatory activation of endothelial cells on ApoE-wild-type background as assessed by Ingenuity Pathway Analysis 
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