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SUPPLEMENTAL MATERIAL 

Supplemental Figures 

Figure S1 

 

Supplemental Figure 1. JM403-based ELISA Detection of Plasma HS Does Not Detect Exogenous 

Low Molecular Weight Heparin Anticoagulant Enoxaparin. Plasma samples from healthy donors 

(n=10) or COVID-19 patients (n=32) were measured without (closed circles) or with (open circles) 200ng 

exogenous enoxaparin. Data are reported as mean ± SEM. Differences between the groups were 

calculated using Mann-Whitney U tests. 
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Figure S2 

 

Supplemental Figure 2. Sheddase activity is increased in COVID-19 patient plasma and 

released from plasma treated endothelial cells compared to healthy donor plasma. Protease 

activity was measured for (A) MMP2/9 and (B) cathepsin D in healthy donors (n = 10) and 

COVID-19 patient plasma (n = 27). LMVECs were exposed to plasma from healthy donors or 

COVID-19 patients (n = 6 each). Differences between the groups were calculated using Mann-

Whitney U test, **p<0.01, ***p<0.001. Sheddase activity released into the media was measured 

for (C) MMP2/9 and (D) cathepsin D. Data are reported as mean ± SEM. Differences between 

the groups were calculated using unpaired Student’s t-test, 2 tailed, *p<0.05, ***p<0.001. 
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Supplemental Figure 3. Circulating levels of HA and hyaluronidase activity correlate with 

clinical and inflammatory signatures of COVID-19. Linear regression analysis of SOFA 

scores with (A) HS or heparanase and (B) CS or chondroitinase in COVID-19 patients (n=46). 

(C) Corellation analysis of SOFA scores with HS or heparanase in sepsis patients (n=23). 

Spearman correlation matrix (D) of plasma HA, hyaluronidase activity, and cytokine levels in 

healthy donors (n=18). Yellow indicates a positive correlation and purple indicates a negative 

correlation. Pearson correlation coefficient was used to determine the r value of the correlation between 

the 2 groups. 
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Figure S4. 

 

Supplemental Figure 4. RT-PCR Analysis of LMVECs Treated With COVID-19 Plasma. 

Cells were cultured in the presence or absence of COVID-19 patient plasma for 24 hours and 

analyzed for the presence of the SARS-CoV-2 N1 gene. (A) Representative tracing from ECs 

treated with COVID-19 patient plasma samples (n = 12) for SARS-CoV-2 mRNA (green) or 

r18s mRNA (blue) as a positive control. (B) mRNA isolated from COVID-19 patient tracheal 

aspirates (n = 3) served as a positive control (green) for the detection of viral mRNA. 
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Figure S5. 

 

 

Supplemental Figure 5. HA fragments <100 kDa induce a size-dependent disruption of the 

endothelial barrier permeability in LMVECs. LMVEC were seeded on permeable supports (3 

μm pore size) placed into a 24-well plate and grown to confluence. Cells were treated with or 

without biosynthetic HA polymers of specific sizes (1000 ng) for 16 hours at 37°C to induce 

endothelial barrier disruption. The upper chamber was replaced with FITC-conjugated dextran (1 

mg/mL, 40kDa) in PBS and a sample of medium from the lower chamber was measured after 1 

hour. In some experiments, HA treatments were pre-digested with Streptomyces hyaluronidase 

(HA’ase) as a specificity control. Data is reported as mean ± SEM; n = 5 independent experiments, 

statistics were calculated using a 1-way ANOVA followed by Tukey’s multiple comparison tests. 

Different alphabetical superscripts are significantly different from each other, p < 0.05.   
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Figure S6. 

 

Supplemental Figure 6. HA 4kDa treatment increases mRNA expression of layilin and Hyal-

2. LMVEC were seeded in a 6-well plate and grown to confluence. Cells were treated with or 

without biosynthetic HA 4kDa (1500 ng/mL) for 4 hours at 37°C. RNA was isolated from LMVEC 

and cDNA was made from RNA. qRT-PCR was used to measure relative mRNA expression levels 

of HA receptors (CD44, layilin), adhesive receptor ICAM-1, and hyaluronidases (Hyal-1, Hyal-

2), normalized to housekeeping gene HPRT1. Biosynthetic HA 4kDa was pre-digested with 

Streptomyces hyaluronidase (HA’ase) as a specificity control. *p<0.05, Student’s t-test, 2-tailed,  

n = 5 independent experiments. Data are reported as mean ± SEM.  
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Figure S7. 

 

Supplemental Figure 7. Targeted siRNA knockdown of HA-receptors. LMVEC were seeded in 

a 6-well plate and grown to confluence. Cells were treated with either vehicle (NT), scrambled 

control siRNA (scr, 10nM), or siRNA to indicated HA receptors (10nM). (A) mRNA expression 

normalized to HPRT1. (B) Representative western blot analysis of CD44 protein levels from cells 

treated for 48hrs with 10nM CD44 siRNA. NT (no treatment), scr (scrambled control siRNA), 

numeric lanes indicate independent biological replicates. (C) Densitometry quantification of CD44 

knock down. ***p<0.001, unpaired Student’s t-test, 2-tailed,  n = 5 independent experiments. Data 

are reported as mean ± SEM.  
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Supplemental Tables 

 

Supplemental Table 1. Spearman correlations for HA, hyaluronidase, HA-HC, and inflammatory cytokines in COVID-19 patients. 

Spearman’s ranked correlations are indicated for COVID-19 patients (n=46), R>0.5 in blue, R<-0.5 in red. Significant correlations (P<0.05) are 

indicated in yellow highlight. A) R values. B) P values.  
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Supplemental 

Table 2. Spearman correlations for HA, hyaluronidase, HA-HC, and inflammatory cytokines in healthy donors. Spearman’s ranked 

correlations are indicated for healthy donors (n=18), R>0.5 in blue, R<-0.5 in red. Significant correlations (P<0.05) are indicated in yellow highlight. 

A) R values. B) P values. 


