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Supplementary Figure 1: Data represent mean + SEM. (A) Plasma IL-4Rα levels assessed by 

ELISA in general COVID-19 patients, age, sex and race matched healthy controls, and COVID-

19 patients with proteinuria. Number of patient samples assayed is shown below. (B) Electron 

microscopy of BALB/cJ mouse glomeruli 24 hours after injecting Common Cold cocktail dose X/2. 

Areas of focal foot process effacement (black arrows) and endothelial hypertrophy (blue circles) 

were noted. (C) Peak change in proteinuria from baseline in Buffalo Mna rats (n = 7 male rats; 

age 3 months) up to 7 days after injection of the rat Common Cold cocktail at threshold 

nephritogenic dose X/50. (D) Electron microscopy images of BALB/cJ mouse glomeruli on Day 1 

after injection of Cocktail D dose X/2. Areas of focal foot process effacement (black arrows), 

endothelial vacuolation (green circles), and endothelial hypertrophy (blue circles) were noted. (E) 

Serum creatinine, assayed by Mass Spectrometry, is not increased in the Common Cold cocktail 

dose X/2 (n = 6 BALB/cJ mice) and COVID cytokine cocktail dose X/2 models (BALB/c and 

BALB/cJ mice; n = 5 - 6 mice per group). Scale bars 0.5 μm. * P<0.05; determined by one-way 

Anova (Tukey, panel A), simple two-way t test (panel C). 
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Mouse Strain Myocytolysis Fibril Disruption Hypereosinophilia Inf lammation Pericarditis

BALB/c Yes Present Focal Mild Yes

BALB/cJ Yes Minimal Focal Moderate No

Mouse Strain Hepatocellular Injury Inf lammation Degenerative

Changes

Regenerative

Changes

Peri-central Vein

Injury

BALB/c Marked Minimal, Prominent

Kupfer cells

Frequen t Frequen t No

BALB/cJ Extensive Moderate Frequen t Frequen t Yes

Mouse Strain Proximal Tubular Changes Distal Tubular Changes

Vacuolation Brush Border Degeneration Desquamation Foam Cells

BALB/c Marked Disrupted Multifocal Yes Occasional

BALB/cJ Frequen t Disrupted Multifocal Yes Frequent
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Supplementary Figure 2: Data represent mean + SEM. (A) Plasma creatine kinase, a marker 

of skeletal muscle injury, in BALB/cJ mice (n = 4 - 5 mice per group) 24 hours after injection of 

Cocktail D at different doses. (B) Serum Cardiac Troponin I level data derived from Fig. 2A, 

plotted again for higher resolution of lesser increase in levels among some single cytokine 

injected groups. (C) Serum ALT level data derived from Fig. 2B, plotted again for higher 

resolution of lesser increase in levels among some single cytokine injected groups. (D) 18-hour 

albuminuria in BALB/c mice injected with single cytokine dose 3X on Day 1, corresponding to 

Figs. 2A-C (n = 5 mice per group). It is possible that some of these values could be higher on 

Day 2, especially IL-4, IL-13, corresponding to Figure 1K. Given their high mortality after 

Cocktail D 3X, metabolic cage housing for timed urine collection is not feasible in BALB/c mice. 

(E) 18-hour albuminuria in BALB/cJ mice injected with Cocktail D 3X or single cytokines dose 

3X, corresponding to Figs. 2A-C (n = 4 - 5 mice per group). (F) Fold-difference in heart and 

skeletal muscle Zhx2 mRNA expression in BALB/cJ compared to BALB/c mice assessed by real 

time PCR (n = 6 templates per group). Lower levels of Zhx2 mRNA expression in the liver were 

previously published and serve as a positive control for this phenomenon. Three-fold difference 

was taken as significant. (G) Real time PCR comparison of expression of cytokine receptors, 

Ace2, Zhx1, Zhx3, and signaling pathway proteins STAT5, STAT6 and P-65 (NFκB) between 

BALB/cJ and BALB/c mouse heart (n = 6 templates per group). Three-fold difference was taken 

as significant. (H) Real time PCR comparison of expression of cytokine receptors, Ace2, Zhx1, 

Zhx3, and signaling pathway proteins STAT5, STAT6 and P-65 (NFκB) between BALB/cJ and 

BALB/c mouse liver (n = 6 templates per group). Three-fold difference was taken as significant. 

(I) Real time PCR comparison of expression of cytokine receptors, Ace2, Zhx1, Zhx3, and 

signaling pathway proteins STAT5, STAT6 and P-65 (NFκB) between BALB/cJ and BALB/c 

mouse skeletal muscle (n = 6 templates per group). Three-fold difference was taken as 

significant. & 3.06 + 0.40 fold higher expression of STAT5 in BALB/c mice. (J) Real time PCR 

comparison of expression of cytokine receptors, Ace2, and signaling pathway proteins STAT5, 
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STAT6 and P-65 (NFκB) between BALB/cJ and BALB/c mouse glomeruli (n = 6 templates per 

group). Three-fold difference was taken as significant. Other IL-2R chains are not expressed in 

mouse glomeruli, and Zhx1 and Zhx3 are previously published. (K) Electron microscopy of 

BALB/c mouse kidney glomeruli 24 hours after injection Cocktail D dose 3X. Extensive foot 

processes effacement (red arrows), endothelial hypertrophy (green arrows) and glomerular 

basement membrane (GBM) remodeling (blue arrows) were present. (L) Electron microscopy of 

BALB/cJ mouse kidney glomeruli 24 hours after injection Cocktail D dose 3X. Multifocal foot 

processes effacement (red arrows), endothelial hypertrophy (green arrows) and glomerular 

basement membrane (GBM) remodeling (blue arrows) were present. (M) Hematoxylin and 

Eosin stained skeletal muscle from BALB/cJ mice 24 hours after injection of Cocktail D dose 3X. 

Focal inflammation (black arrows) was noted in some sections. (N) Morphometric analysis and 

comparison of histological changes in the heart in Cocktail D 3X injected BALB/c and BALB/cJ 

mice. (O) Morphometric analysis and comparison of histological changes in the liver in Cocktail 

D 3X injected BALB/c and BALB/cJ mice. (P) Morphometric analysis and comparison of 

histological changes in the kidney in Cocktail D 3X injected BALB/c and BALB/cJ mice. (Q) 

Albuminuria after induction of the Cocktail D model in BALB/cJ mice (n = 5 - 6 mice per group; 

dose X/2), followed by Control IgG or combinations of depleting antibodies one hour after model 

induction. (R) Albuminuria after induction of Cocktail C in BALB/c mice (n = 5 - 6 mice per 

group; dose X/2), followed by receptor blockage using antibodies against IL-4Rα, TNFR1 and 

IL-10Rβ, or control IgG. Scale bars (K) 0.5 μm, (l) 0.5 μm, (m) 20 μm. * P<0.05; ** P<0.01; *** 

P<0.001, **** P<0.0001, determined by one way Anova (Tukey, panel A; Dunnett, panel Q); 

multiple t test comparison (Holm-Sidak, panels D, E, R), simple two-way t test (panels J, R). 
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Cocktail D 1.8X BALB/c Group Myocytolysis Hypereosinophilia Inf lammation Pericarditis

Control IgG Yes Yes Focally dense, perivascular Focal intense, congestion, microcalcif ications

Anti-TNF-α Ab Yes No Focal Mild to Moderate

Anti-IL-6 Abs No No No Minimal

Anti-IL-10 Ab Focal Yes Scattered Focal mild, edema

Anti-TNF-α + Anti-IFN-γ + Anti-IL-4 Abs Focal injury No Focal Focal mild to moderate

Anti-IL-4 Abs Very focal No No No

Anti-TNF-α+ Anti-IL-4 + Anti-IL-10 Abs No No Minimal No

Anti-IFN-γ Ab Yes No No Moderate

Anti-TNF-α + Anti-IL-4 Abs Focal No Scattered Mild to Moderate
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Supplementary Figure 3: Histological sections from studies of BALB/c mice (n = 3 mice/group) 

euthanized 24 hours after Cocktail D dose 1.8x injection and additional antibodies or Control 

IgG injected one hour after model induction (Figure 3). The numbering code for each group is 

shown below the image panels. (A) Two columns of H & E stained sections of the heart and 

pericardium. Myocytolysis (red arrows), inflammation (black arrows), hypereosinophilia (green 

arrows), pericarditis (orange arrow) and pericardial microcalcification (blue arrow) were noted. 

(B) H & E stained sections of the liver. Hepatocellular injury (red arrows), inflammation (black 

arrows), degenerative changes (green arrows), and regenerative changes (yellow arrows) were 

noted. (C) Toluidine blue stained epon sections of the kidney showing gross tubular 

morphology. Tubular vacuolation (red arows) and tubular degeneration (black arrows) were 

noted in proximal tubules. (D) Electron microscopy of kidney tubules. Tubular vacuolation (red 

arows) and tubular degeneration (black arrows) were noted in proximal tubules. (E) Electron 

Cocktail D 1.8X BALB/c Group Hepatocellular Injury Inf lammation Degene rative

Change s

Regene rative Change s Peri-central Vein

Injury

Control IgG Marked Diffuse and Focal Yes Yes No

Anti-TNF-α Ab No Focal Focal Frequen t binucleated hepatocytes No

Anti-IL-6 Abs No Scattered diffuse No Frequen t No

Anti-TNF-α + Anti-IL-4 Abs Focal Moderate Focal Frequen t No

Anti-TNF-α + Anti-IFN-γ + Anti-IL-4 Abs No Scattered No Focal No

Anti-IL-10 Ab Minimal Scattered diffuse Focal Focal No

Anti-TNF-α+ Anti-IL-4 + Anti-IL-10 Abs No Moderate Minimal Frequen t binucleated hepatocytes No

Anti-IL-4 Abs Focal Diffuse Frequen t Frequen t No

Anti-IFN-γ Ab No Scattered No Yes No
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microscopy of glomeruli. Areas of podocyte foot process effacement (black arrows) were noted. 

(F) Morphometric analysis and comparison of histological changes in the heart between control 

IgG and antibody treated Cocktail D 1.8X injected BALB/c mice (n = 3 mice / group). (G) 

Morphometric analysis and comparison of histological changes in the liver between control IgG 

and antibody treated Cocktail D 1.8X injected BALB/c mice (n = 3 mice / group). (H) 

Morphometric analysis and comparison of histological changes in the kidney between control 

IgG and antibody treated Cocktail D 1.8X injected BALB/c mice (n = 3 mice / group). Scale bars 

(a) 20 μm (b) 20 μm (c) 20 μm (d) 0.5 μm (e) 0.5 μm. 
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Cocktail D 3X BALB/c Group Myocytolysis

(Vacuolation)

Hypereosinophilia Inf lammation Pericarditis

Control IgG Yes Focal Mild Yes

Anti-IL-2 Ab No No No No

Anti-TNF-α + Anti-IL-2 Abs No No Minimal No

Anti-TNF-α + Anti-IL-13 Abs No No Moderate to Severe No

Anti-TNF-α + Anti-IL-4 Abs No No Minimal Yes

Anti-TNF-α Ab No No No No

Anti-IL-13 Ab No No Mild to Moderate No

Anti-IL-4 Ab Focal No Minimal to Mild No

Anti-TNF-α + Anti-IFN-γ Abs Focal No Mild Focal

Anti-TNF-α + Anti-IL-6 Abs Focal No scatttered Focal

Anti-IFN-γ Ab Yes Yes, focal No Yes

Anti-TNF-α + Anti-ACE2 Abs No Focal Minimal No

Anti-TNF-α + Anti-IL-10 Abs No No Minimal No

Anti-IL-6 Ab No No No No
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Supplementary Figure 4: Histological sections from studies of BALB/c mice (n = 3 mice/group) 

euthanized 24 hours after Cocktail D dose 3X injection and additional antibodies or Control IgG 

injected one hour after model induction (Figure 4). The numbering code for each group is shown 

below the image panels. (A) Two columns of H & E stained sections of the heart and 

pericardium. Myocytolysis (red arrows), inflammation (black arrows), hypereosinophilia (green 

arrows) and pericarditis (orange arrow) were noted. (B) Two columns of H & E stained sections 

of the liver. Hepatocellular injury (red arrows), inflammation (black arrows), degenerative 

Cocktail D 3X BALB/c Group Hepatocellular Injury Inf lammation Degene rative

Change s

Regenerative Changes Peri-central Vein

Injury

Control IgG Yes, marked Minimal, Prominent Kupfer cells Frequen t Frequen t No

Anti-TNF-α + Anti-IL-13 Abs Very Focal Multifocal Focal Frequen t Yes

Anti-TNF-α + Anti-IL-4 Abs No Minimal No Occasional ballooned hepatocytes No

Anti-TNF-α + Anti-IL-2 Abs No Scattered, Diffuse No Frequen t No

Anti-IL-2 Ab No Scattered, Minimal No Rare No

Anti-TNF-α Ab No Scattered, Minimal No Focal No

Anti-TNF-α + Anti-IFN-γ Abs Focal Moderate Focal Frequen t No

Anti-TNF-α + Anti-IL-6 Abs No Moderate Minimal Focal binucleated hepatocytes No

Anti-IL-13 Ab No Moderate, Diffuse No Focal binucleated hepatocytes No

Anti-IL-4 Ab No Minimal Focal Frequen t binucleated hepatocytes No

Anti-IFN-γ Ab Marked Diffuse Frequen t Frequen t No

Anti-TNF-α + Anti-ACE2 Abs No Focal Focal Frequen t binucleated hepatocytes No

Anti-TNF-α + Anti-IL-10 Abs No Scattered No Yes No

Anti-IL-6 Ab No diffuse No Frequen t No

Cocktail D 3X BALB/c Group Proximal Tubular Changes Distal Tubular Change s Glomerular change s

Vacuolation Degene ration Desquamation Foam Cells Foot Process effacement

Control IgG Yes, marked Yes, multifocal Yes Occasional Extensive

Anti-TNF-α + Anti-IL-4 Abs No No No No No

Anti-TNF-α + Anti-IL-2 Abs Moderate Yes No No Multisegmental

Anti-TNF-α + Anti-IL-13 Abs Moderate to Severe Multifocal Yes Yes Multisegmental

Anti-IL-2 Ab Minimal No No No Minimal

Anti-TNF-α Ab Mild No No No Segmental

Anti-IL-13 Ab Mild Apical No No No Segmental

Anti-IL-4 Ab Minimal Apical No No No Minimal

Anti-TNF-α + Anti-IFN-γ Abs Frequen t Focal No Yes Segmental

Anti-TNF-α + Anti-IL-6 Abs Rare Focal moderate No Yes No

Anti-IFN-γ Ab Extensive Extensive Yes Yes, frequen t Multi-segmental

Anti-TNF-α + Anti-ACE2 Abs Frequen t Focal Yes Yes Segmental

Anti-IL-6 Ab Frequen t Focal extensive Yes Yes Segmental

Anti-TNF-α + Anti-IL-10 Abs Frequen t Focal moderate Yes Yes Segmental
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changes (green arrows), and regenerative changes (yellow arrows) were noted. (C) Two 

columns of Toluidine blue stained epon sections of the kidney showing gross tubular 

morphology. Tubular vacuolation (red arows) and tubular degeneration (black arrows) were 

noted in proximal tubules. (D) Two columns of electron microscopy of the kidney showing 

images of glomeruli. Areas of podocyte foot process effacement (black arrows) were noted. (E) 

Morphometric analysis and comparison of histological changes in the heart between control IgG 

and antibody treated Cocktail D 3X injected BALB/c mice (n = 3 mice / group). (F) Morphometric 

analysis and comparison of histological changes in the liver between control IgG and antibody 

treated Cocktail D 3X injected BALB/c mice (n = 3 mice / group). (G) Morphometric analysis and 

comparison of histological changes in the kidney between control IgG and antibody treated 

Cocktail D 3X injected BALB/c mice (n = 3 mice / group). Scale bars (a) 20 μm (b) 20 μm (c) 20 

μm (d) 0.5 μm. 
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Cocktail D 3X BALB/cJ Group Myocytolysis

(Vacuolation)

Hypereosinophilia Inf lammation Pericarditis

Control IgG Yes Yes Moderate No

Anti-TNF-α + Anti-IL-2 Abs Very Focal No Mild Focal No

Anti-IL-6 Ab No Yes Moderate Yes

Anti-TNF-α + Anti-IL-4 + Anti-IL-10 Abs No No Mild scattered No

Anti-IFN-γ Ab No Focal Multifocal, mild to moderate Mild focal

Anti-IL-13 Ab Focal No Multifocal No

Anti-IL-2 Ab No No Minimal No

Anti-TNF-α + Anti-IL-13 Abs Very Focal No Multifocal No

Anti-TNF-α + Anti-IFN-γ + Anti-IL-4 Abs Yes No Mild NA

Anti-TNF-α Ab Yes Yes Minimal, ischemic change s noted NA

Anti-TNF-α + Anti-IL-4 Abs Rare No Mild scattered NA
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Supplementary Figure 5: Histological sections from studies of BALB/cJ mice (n = 3 

mice/group) euthanized 24 hours after Cocktail D dose 3x injection and additional antibodies or 

Control IgG injected one hour after model induction (Figure 5). The numbering code for each 

group is shown below the image panels. (A) Two columns of H & E stained sections of the heart 

and pericardium. Myocytolysis (red arrows), inflammation (black arrows), hypereosinophilia 

(green arrows) and pericarditis (orange arrow) were noted. (B) Two columns of H & E stained 

Cocktail D 3X BALB/cJ Group Hepatocellular Injury Inf lammation Degenerative Changes Regene rative Changes Peri-central Vein

Injury

Control IgG Extensive Moderate Yes Frequen t Yes

Anti-TNF-α + Anti-IL-2 Abs No Minimal No Mild No

Anti-IL-6 Ab No Mild No Frequen t Yes

Anti-TNF-α + Anti-IL-4 + Anti-IL-10 Abs No Mild Yes Frequen t binucleated,

focal ballooned

hepatocytes

No

Anti-IFN-γ Ab Focal Necrosis Mild No Frequen t Mild Segmental

Anti-IL-13 Ab No Scattered

Moderate

No Rare Minimal

Anti-TNF-α + Anti-IFN-γ + Anti-IL-4 Abs Focal Focal, Mild No Frequen t binucleated

hepatocytes

No

Anti-TNF-α + Anti-IL-13 Abs No Moderate No Frequen t Severe

Anti-IL-2 Ab No Scattered

Mild

No Mild Minimal

Anti-TNF-α + Anti-IL-4 Abs No Minimal Yes Frequen t binucleated,

focal ballooned

hepatocytes

No

Anti-TNF-α Ab Perivenular ischemic

necrosis

Mild to

Moderate

Minimal (in areas of

necrosis)

Frequen t binucleated,

focal ballooned

hepatocytes

Yes

Cocktail D 3X BALB/cJ Group Proximal Tubular Change s Distal Tubular Change s Glomerular Change s

Vacuolation Degeneration Desquamation Foam Cells Foot Process Effacement

Control IgG Frequen t Multifocal Yes Frequen t Extensive Multisegmental

Anti-IL-6 Ab Rare Minimal No Yes Minimal

Anti-TNF-α + Anti-IL-2 Abs Rare No No No Minimal

Anti-TNF-α + Anti-IL-4 + Anti-IL-10 Abs No Mild No No Segmental

Anti-IFN-γ Ab Rare Minimal No Yes Minimal

Anti-IL-13 Ab Severe Yes Yes Yes Multisegmental

Anti-IL-2 Ab Mild No No No Minimal

Anti-TNF-α + Anti-IFN-γ + Anti-IL-4 Abs No No No No Multisegmental

Anti-TNF-α + Anti-IL-13 Abs Severe apical Yes No No Multisegmental

Anti-TNF-α Ab No Minimal No No Segmental

Anti-TNF-α + Anti-IL-4 Abs No Minimal No Occasional Segmental
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sections of the liver. Hepatocellular injury (red arrows), inflammation (black arrows), 

degenerative changes (green arrows), regenerative changes (yellow arrows), and peri-central 

vein ischemic injury (blue arrows) were noted. (C) Two columns of Toluidine blue stained epon 

or H & E stained sections of the kidney showing gross tubular morphology. Tubular vacuolation 

(red arows) and tubular degeneration (black arrows) were noted in proximal tubules. (D) Two 

columns of electron microscopy of the kidney showing images of glomeruli. Areas of podocyte 

foot process effacement (black arrows) were noted. (E) Morphometric analysis and comparison 

of histological changes in the heart between control IgG and antibody treated Cocktail D 3X 

injected BALB/cJ mice (n = 3 mice / group). NA is Not Assessed. (F) Morphometric analysis and 

comparison of histological changes in the liver between control IgG and antibody treated 

Cocktail D 3X injected BALB/cJ mice (n = 3 mice / group). (G) Morphometric analysis and 

comparison of histological changes in the kidney between control IgG and antibody treated 

Cocktail D 3X injected BALB/cJ mice (n = 3 mice / group). Scale bars (a) 20 μm (b) 20 μm (c) 20 

μm (d) 0.5 μm.  
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Supplementary Figure 6: (A) Single and shared Insertions and Deletions (InDels) in the study 

population (B) InDels in FSGS patients expanded by disease sub-categories. (C) Shared InDels 

in diabetic nephropathy patients (n =13). 
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Supplementary Figure 7: (A) List of single InDels in the study population. (B) The Slc22a22 

gene between Has2 and Zhx2 in rodents, and its absence in larger animals and humans, 

arranged by size and heart rate. Heart rate data derived from Taylor, R. Dukes' Physiology of 

Domestic Animals. 12th edition, William O. Reece, Editor. Cornell University Press, Ithaca, 

2004. 
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Supplementary Figure 8: (A) List of shared InDels in diabetic patients. (B) List of single InDels 

in diabetic patients. (C) Common InDel site between a diabetic and COVID-19 CG patient. (D) 

Ponceau Red stained membrane from blot shown in Fig. 6E. 
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Supplementary Figure 9: (A) Qualitative studies with examples of NFκB / p-p65 (liver, 30 

minutes), pSTAT6 (kidney 60 minutes) and pSTAT5 (heart, 15 minutes) activation by Western 

blot of protein extracts of mice (n = 3 per group) injected with Cocktail D 3X or control saline. (B) 

Examples of nuclear extract purity studies by Western blot of nuclear and cytosol fractions with 

equal protein loading from heart, kidney and liver using anti-Lamin B1 antibody. Traces of Lamin 

B1 in the cytosol may be related to protein synthesis prior to transport to the nucleus. (C) 

Examples of assessment of GAPDH protein in heart cytosolic and nuclear fractions with equal 

protein loading from multiple mice. As expected, GAPDH is expressed in both fractions, with 

greater expression in cytosolic extracts. (D) Quantitative studies showing example of Western 

blots of BALB/c mouse heart nuclear protein extracts (20 μg protein per lane) in a Cocktail D 

(C’tail D) or control saline injection study assessed for pSTAT6 and Lamin B1 on separate blots 
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developed on the same film. Abbreviated mouse numbers are shown for each lane. (E) 

Quantitative studies showing example of Western blots of BALB/cJ mouse heart cytosolic 

protein extracts (20 μg protein per lane) in a Cocktail D (C’tail D) or control saline injection study 

assessed for pSTAT5 and STAT5 on separate blots developed on the same film. Abbreviated 

mouse numbers are shown for each lane. 
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Supplementary Figure 10: (A) Confocal expression of cytokine receptors in BALB/c mouse 

glomeruli. White arrows indicate receptor expression in podocytes (P), endothelial (E) and 

mesangial (M) cells. Since TNFR1 is expressed in podocytes and endothelial cells, only partial 

co-localization with nephrin (blue), a podocyte protein, is noted. Green color is nuclear stain. (B) 

Confocal expression (red) of ACE-2 and cytokine receptors in BALB/c mouse kidney tubules. 

Most images show proximal tubules, except IL-10Rβ image is collecting duct. (C) Electron 

microscopy images of glomeruli from mice in Fig. 8B. (D) Morphometric analysis of kidneys of 

mice from Fig. 8B (n = 3 mice/group). (E) Reducing SDS PAGE and Western blots from co-

immunoprecipitation (co-IP) studies with protein extracted from the CRISPR B human podocyte 

cell line. Anti-ZHX1 antibody (Ab.) could co-IP IL-4Rα (red arrow), and anti-IL-4Rα could co-IP 

ZHX1 (green arrow) selectively from this cell line. (F) At Common Cold cocktail dose X/2, 

albuminuria was higher in dual Zhx2def/def, Enpep-/- mice than BALB/cJ shown in Fig. 1D. Data 

represent mean + SEM. (G) Characterization of antibodies used for depletion studies using 
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recombinant proteins that make up the cytokine cocktails. Scale bars (b) 20 μm (c) 20 μm (d) 

0.5 μm. 
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Supplementary Figure 11: Schematic representation of data assembled from the human 

protein atlas project42  showing approximate distribution and semi-quantitative expression of 

cytokine receptors and ACE2 in (A) kidney tubular segments (B) heart muscle and (C) liver.  

  



23 

 

SUPPLEMENTARY TABLES 

Supplementary Table 1: Source of human genomic DNA for study population. DNA samples 

from Duke University were used for prior (unrelated) studies (52, 53). 
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Supplementary Table 2: Patient characteristics of archived diabetic nephropathy kidney 

biopsies used to extract genomic DNA. 
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Supplementary Table 3: List of cytokine cocktail components, and antibodies injected. 
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Supplementary Table 4: List of primers and probes. 
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Online Methods 

Mass Spectrometry assay for plasma creatinine 

Serum creatinine was measured by LC/MS/MS using an Agilent 1290 Infinity II LC system in 

combination with a 2x50mm, 2 µm Tosoh Bioscience TSK-GEL amide-80 LC column, interfaced 

to an Agilent 6495 Triple Quadrupole. The oven temperature was fixed at 40˚C. The mobile 

phase consisted of 10mM ammonium acetate in LCMS-grade water (35%) and LCMS-grade 

acetonitrile (ACN; 65%). Synthetic creatinine (ranging from 20 µg/ml to 0.16 ug/ml; Sigma-

Aldrich, Inc, St. Louis MO) and isotope-labeled creatinine (D3-creatinine, 10 µg/ml; Sigma-

Aldrich) were used as standard and internal standard, respectively. Then, 10 ul of sample or 

standard was combined with 5 µl internal standard and 235 ul 100% ACN, vortexed and 

centrifuged at 4˚C for 15 min at 15000 rpm. The supernatant was transferred to a new tube with 

200 µl 10 mM ammonium acetate and 65% acetonitrile in LCMS-grade water, vortexed, 

centrifuged at 4˚C for 15 min at 15000 rpm and subsequently measured. All samples were 

measured in duplicate. 

Genome editing in cultured human podocytes using CRISPR/Cas9 

A single cell derived clone of cells was generated from an established early passage 

immortalized human podocyte cell line (60) and used for genome editing studies. The 

oligonucleotides and primers used are listed in Supplementary Table 4. 

CRISPR B 

Generation of the sgRNA plasmid: In order to introduce a 10 bp insertion 

(CACACACACA), sgRNA recognizing a specific site 45 bp downstream of the insertion site 

(Chr8-122,533,694 - 122,533,695) was designed using the Benchling website 

(https://benchling.com). Oligos G0016 and G0017 were phosphorylated and annealed using T4 

https://benchling.com/
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Polynucleotide Kinase (New England Biolabs, Ipswich MA), digested with Bbsl and ligated into 

pX330-U6-Chimeric_BB-CBh-hSpCas9 plasmid (a gift from Feng Zhang, Addgene plasmid # 

42230) using T7 DNA ligase (New England Biolabs). The ligation product was treated with 

PlasmidSafe exonuclease (Epicentre /Illumina San Diego CA) to prevent unwanted 

recombination products and then transformed into One Shot TOP10 cells (Invitrogen / Thermo 

Fisher Scientific, Waltham MA). Ten colonies were picked up and plasmids were isolated using 

QIAprep Spin Miniprep Kit (QIAgen, Hilden Germany). Plasmid DNA was sequenced using 

primer K1145. 

Generation of the donor plasmid: The human genomic sequence from patient E58-13 

containing the insertion under study was amplified using KAPA HiFi HotStart PCR Kit (Kapa 

Biosystems), the specific patient genomic DNA and primers K1195 and K1196, and cloned into 

pBlueScript II KS+ vector between the BamHI and HindIII restriction sites. Plasmid DNA was 

sequenced using K1207 to confirm the presence of the insertion. A single mutation in the PAM 

sequence was made to prevent cutting of this donor template plasmid using Quikchange 

mutagenesis kit (Agilent Technologies) and primers K1215 and K1216, and the change 

confirmed by sequencing. Next, this plasmid was amplified in linear fashion using primers 

K1219 and K1220, and the PCR product digested with DpnI to remove any residual circular 

template plasmid. The antibiotic selection cassette (Puromycin resistance and truncated 

thymidine kinase) flanked by ITR sequences was amplified by PCR from PB-MV1 Puro-TK 

plasmid (Transposagen, Lexington KY) using primers K1217 and K1218, and ligated with the 

linearized plasmid (see above) at a TTAA region 78 bp upstream of the insertion using Gibson 

assembly Master Mix (New England Biolabs). NEB® 5-alpha Competent E. coli cells were 

transformed with 2 µl of the assembly reaction product. Plasmid DNA from 10 colonies were 

isolated and sequenced using primer K1217 to confirm correct assembly. 
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Genome editing using sgRNA and donor plasmids: For in vitro replication of InDels found 

in kidney disease patients, cultured human podocytes derived from a single cell were 

transfected by electroporation (Biorad laboratories, Hercules CA; Gene Pulser XcellTM 

Electroporation System, 0.2 cm cuvette, square wave mode, 150 V and 10 millisecond pulse) 

with the CRISPR/Cas9 vector containing the specific sgRNA, and a donor plasmid containing 

the donor sequence and the antibiotic selection cassette. Following removal of non-transfected 

cells by incubation with 1 µg/ml Puromycin Dihydrochloride (Gibco) for 15 days, 10 µg of 

Excision-only piggyBac transposase expression vector (Transposagen) was transfected for 

scarless removal of the antibiotic selection cassette. Four days after transfection, cells were 

incubated with 2.5 µM ganciclovir (Sigma-Aldrich) to remove cells with residual truncated 

thymidine kinase activity. Single cells were picked, clones established, genomic DNA extracted 

using QIAamp DNA Mini Kit (QIAgen) and the target region PCR amplified using Platinum HiFi 

DNA polymerase (Invitrogen) and primers K1189 and K1188. PCR products were gel purified 

using QIAquick Gel Extraction Kit (QIAgen), cloned into pCR2.1 vector using TA cloningtm kit 

(Invitrogen) and the insert sequenced using the M13 Forward sequencing primer. Sequences 

were aligned with native podocyte genomic sequence and the donor template sequence by 

BLAST. 

CRISPR A 

Overall methods were identical to those for CRISPR B, with the exception of primers and 

oligonucleotides used, and the following site specific details: An 8 bp insertion (TGGATGGA) 

was introduced at Chr 8-122,304,094 - 122,304,095), and the sgRNA designed to recognize a 

specific site 73 bp upstream of the insertion site. While generating the donor plasmid, the 

patient specific genomic DNA (patient SF3) was cloned into the pBlueScript II KS+ vector 

between the SpeI and BamHI sites. During Gibson assembly, the antibiotic resistance cassette 

was ligated with the linearized plasmid at a TTAA region 51 bp upstream of the insertion. 
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Agilent Custom capture and high throughput Illumina sequencing 

A custom capture sequencing panel was created to isolate the genomic interval between 

HAS2 and ZHX2 on Chromosome 8. The target interval was uploaded to the SureDesign 

website for Agilent SureSelect capture probe design and synthesis (Agilent Technologies, Santa 

Clara CA). Genomic DNA library preparation and interval capture was done using the QXT 

SureSelect kit as per the manufacturer’s instructions (Agilent Technologies). The resulting DNA 

libraries were quantitated by QPCR (Kapa Biosystems, Wilmington MA) and sequenced on the 

Illumina HiSeq 2500 or NextSeq 500 with paired end 100bp sequencing following standard 

protocols. Approximately 15 million sequences were obtained per reaction. FASTQ file 

generation was done using bcl2fastq converter from Illumina (Illumina, Inc., San Diego CA). 

Paired Illumina sequences compared with hg38 database (GRCh38.p13 Primary Assembly) 

using CLC Genomics software (Version 12, Qiagen, Venlo, the Netherlands). Insertion and 

deletions of 3 bp size or larger and a minimum of 20 sequence reads were selected for analysis. 

Fisher test comparison of insertions and deletions in study and control subjects was exported in 

Excel format, followed by software assisted and manual exclusion of all insertions and deletions 

present in controls. Next, FASTQ sequences were input into BWA (https://bio-

bwa.sourceforge.net/) and mapped to hg38 to generate BAM files. The BAM files were input into 

PICARD (https://broadinstitute.github.io/picard/), and “build BAM index” tool used to generate 

the BAI file. Only insertions and deletions that were subsequently confirmed using BAM/BAI files 

on the IGV browser software (Broad Institute, Boston MA) were included. Establishment of 

homozygosity required presence of the InDel in over 85% of sequences, and subsequent 

confirmation by IGV. Minor discrepancies (1-2 base pair position differences) in the site of the 

insertion or deletion were occasionally noted between the two software and were resolved by 

Sanger sequencing while designing CRISPR Cas9 studies. All genomic numbering is based on 

hg38 and CLC Genomics software. 

https://bio-bwa.sourceforge.net/
https://bio-bwa.sourceforge.net/
https://broadinstitute.github.io/picard/
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Hypothetical projection of Slc22a22 location in the human genome 

BLAST based margins used the two peripheral parts of the mouse gene that matched with the 

human genome. BLAST and size based projections extended the BLAST based margins to the 

size of the mouse gene at either end. 

STAT5, STAT6 and NFκB pathway studies in animal models 

BALB/c and BALB/cJ mice (n = 3 mice per group) were injected with normal saline or Cocktail D 

dose 3X and euthanized at 15, 30 and 60 minute time points. Mice were perfused with protease 

inhibitors (Thermo Fisher Scientific, catalog number: A32953) and phosphatase inhibitors 

(Thermo Fisher Scientific, catalog number: A32957) via the left ventricle injection prior to 

euthanasia. For qualitative studies, total protein was extracted with RIPA buffer (Thermo Fisher 

Scientific, catalog number: 89900) from random sections of liver, heart and kidney in the 

presence of protease and phosphatase inhibitors to confirm activation of STAT5 (STAT5 and 

pSTAT5), STAT6 (STAT6 and pSTAT6) and NFκB (p65 and phospho-p65) pathways. For 

quantitative studies, nuclear and cytosolic fractions were separately extracted from correlated 

sections from these organs for each mouse separately using the Nuclear Extraction Kit (Novus 

Biological, Centennial CO, USA, cat # NBP-2-29447). Western blots for nuclear expressed 

protein Lamin B1 were conducted on both fractions to confirm predominant expression in the 

nuclear fraction. Western blot for GAPDH was conducted to confirm presence in both fractions. 

For relative quantitation by Western blot, pSTAT proteins were expressed as a ratio with Lamin 

B1 in nuclear fractions and the corresponding STAT protein in cytosolic fractions. Both ratio 

components were always scanned from the same non-saturated film image, and densitometry 

conducted using Bio-rad Image Lab 6.1 software with manual detection of close cropped bands, 

background subtraction, band identification, and adjusted total lane volume calculation. 

Antibodies against the following proteins were purchased: STAT5 (D2O69, 1:500), p-STAT5 

(D47E7, 1:1000), STAT6 (D3H4, 1:500), P-STAT6 (D8S9Y, 1:1000), NF-κB p-65 (D14E12, 



32 

 

1:1000), P-NF-κB P-p-65 (S536, 1:1000), GAPDH 14C10, 1:20,000), all from Cell Signaling 

Technology, Inc. Danvers MA, USA; Lamin B1 (ab16048, 1:5,000, Abcam); Donkey anti Rabbit 

IgG HRP (1:20,000, Jackson Laboratories) 

In vitro STAT6 signaling studies 

Wild-type (precursor of CRISPR modified podocytes) and CRISPR-B podocytes were grown in 

RPMI 1640 media (Life Technologies catalog number 11875-085) containing heat-inactivated 

10% fetal bovine serum, 1% Insulin-Transferrin-Selenium (ITS-G, Thermo Fisher Scientific - 

catalog number 41400045) and 1% Penicillin-Steptomycin (Thermo Fisher Scientific, catalog 

number 15140122) at 330C. Cells were sub-cultured and 50,000 cells/dish were seeded on 10cm 

culture dishes at 370C for 3 days. Next, culture media were exchanged with RPMI 1640 containing 

heat-inactivated 0.2% FBS and 1% Penicillin-Steptomycin. After 24hr, cells were treated with 

Cocktail C or Common Cold Cocktail (X/100,000) for 10, 20 and 30min. Proteins were isolated 

with RIPA buffer containing protease and phosphatase inhibitors (10ml of RIPA buffer contained 

1 tablet each of protease and phosphatase inhibitor). Protein concentration was assessed using 

the Bradford protein assay. The following antibodies were used for Western blot: anti-pSTAT6 

(1:500); anti-STAT6 (1:500). 

Human plasma from COVID-19 and control patients for IL-4Rα assay 

Human plasma 100 μL aliquots were obtained from the following sources (a) De-identified 

hospitalized COVID-19 patient samples from the Rush University COVID-19 Registry and 

Biorepository. (b) De-identified hospitalized COVID-19 patient samples from the Rush University 

COVID-19 Registry and Biorepository, selected for presence of proteinuria. (c) De-identified 

plasma samples that were age, sex and race matched to group a, purchased from Zenbio 

(Durham NC, USA) 


