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Abstract:  

Host metabolic fitness is a critical determinant of infectious disease outcomes. In COVID-19, 

obesity and aging are major high-risk disease modifiers, although the underlying mechanism 

remains unknown. Here, we demonstrate that fatty acid binding protein 4 (FABP4), a critical 

regulator of metabolic dysfunction in these conditions, regulates SARS-CoV2 pathogenesis. Our 

study revealed that elevated FABP4 levels in COVID-19 patients strongly correlate with disease 

severity. In adipocytes and airway epithelial cells we found that loss of FABP4 function by 

genetic or pharmacological means impaired SARS-CoV2 replication and disrupted the formation 

of viral replication organelles. Furthermore, treatment of infected hamsters with FABP4 

inhibitors alleviated lung damage and fibrosis and reduced lung viral titers. These results 

highlight a novel host factor critical for SARS-CoV2 infection and the therapeutic potential of 

FABP4-targeting agents in treating COVID-19 patients. 

 

Introduction:  

Viral infections are highly disruptive events that mobilize extensive resources to facilitate 

replication, organelle remodeling (1, 2), and immune responses (3). The resulting 

immunometabolic interactions substantially modify the host's metabolic state, while also being 

greatly influenced by it (4). Though it is recognized that the host’s metabolism is a critical 

determinant of infectious disease outcomes (5–7), a mechanistic understanding of how 

metabolism affects viral replication and pathogenesis remain limited. Along with age, obesity, 

and its associated metabolic pathologies, which share many immunometabolic underpinnings, 

strongly increase COVID-19-related morbidity and mortality (6, 8). Earlier studies identified 

FABP4 as an exceptionally versatile regulator of energy resources (9, 10) and a modulator of 

metabolic and inflammatory responses (11, 12).  While there is no known direct link between 

FABP4 and SARS-CoV2 infection, FABP4’s role in promoting inflammation and metabolic 

dysfunction in several comorbidities that constitute high-risk COVID-19, including diabetes 

(13), cardiovascular disease (14), and airway disease (11, 12). Adipose tissue dysfunction is 

another common element linking these comorbidities through its regulation of systemic 

metabolism, and its ability to secrete proinflammatory cytokines (15, 16). Adipocytes are also 

permissible to SARS-CoV2 infection, as shown in cultured adipocytes (17, 18). Furthermore, the 

detection of SARS-CoV2 RNA in the adipose tissue of deceased COVID-19 patients and 

infected animals (17–20) indicates that viral dissemination into the adipose tissue may occur 

naturally. Adipocytes are the most abundant source of FABP4 (21), and together with 

macrophages, endothelial and epithelial cells, present an overlapping target for SARS-CoV2 

infection and FABP4 action.  Finally, FABP4 is a critical regulator of intracellular lipid 

metabolism, composition and trafficking, processes that are essential for SARS-CoV2 infection 

(22, 23). These observations prompted us to directly assess the impact of FABP4 in COVID-19.  

In this study, we observed significantly elevated FABP4 levels in the serum and lungs of 

COVID-19 patients that highly correlate with disease severity. We then examined the 

intracellular interaction between FABP4 and SARS-CoV2 using cultured adipocytes, and 

bronchial epithelial cells. We demonstrated that, FABP4 is recruited to the double-membrane 

vesicles (DMVs) of virus replication organelles (ROs), which are membrane-bound 

compartments derived from remodeled cellular organelles (1, 2). Pharmacological inhibition, or 

genetic deletion of FABP4 resulted in a significantly reduced viral titers, due to disrupted DMV 

numbers and organization. Importantly, FABP4 inhibition in infected hamsters significantly 
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reduced viral titers, and ameliorated lung damage and fibrosis. Together, these data indicate that 

FABP4 facilitates SARS-CoV2 infection and that therapeutic targeting of FABP4 may be a 

beneficial treatment strategy for mitigating COVID-19 severity and mortality in humans. 

 

FABP4 protein levels correlate with disease severity in COVID-19 patients. 

To assess FABP4’s involvement in SARS-CoV-2 infection, we conducted immunohistochemical 

staining for FABP4 in lung biopsies obtained from individuals with COVID-19. This revealed a 

high FABP4 signal in the endothelial cells lining the small vessels of the lung parenchyma (Fig. 

1A). We also examined circulating levels of FABP4 in two patient cohorts at distinct stages of 

disease severity according to WHO severity criteria (24) [Cohort 1 (table S2), November 2020 – 

May 2021, n=283, dominant variants: epsilon and alpha (25). Cohort 2 (table S3) March-May 

2020, n=116, dominant variant: original Wuhan strain] and 45 healthy controls (table S1). (26) 

This analysis revealed a progressive increase in FABP4 levels in relation to the disease severity 

in both female and male subjects (Fig. 1, B and C, fig. S1D). We further interrogated this relation 

by analyzing FABP4 concentration over time in each patient, adjusting for age, sex, and BMI. 

This confirmed the significance of the increase in FABP4 in severe and critical irrespective of 

those variables (Fig. 1D). Additionally, this pattern corresponded with an increase in several 

biomarkers of disease severity, including IL-6, C-reactive protein and circulating leukocytes 

(Fig. 1E, fig. S1, A, B and E). In critically ill patients, the percentage of circulating lymphocytes 

was reduced (fig. S1C). We then examined FABP4 levels in severe and critically ill patients in 

relation to BMI, age, and comorbidities. We found that FABP4 levels were only significant in 

patients with a BMI over 30 in our second cohort and were slightly elevated in the first cohort 

(Fig. 1F, fig. S1F). On the other hand, we found that patients over 50 years of age and those with 

comorbidities had significantly higher FABP4 levels (Fig. 1, F and G, fig. S1, G and H). Taken 

together, these data point to a strong regulation and potential involvement of FABP4 in the 

pathophysiology of SARS-CoV2 and suggests that the presence of underlying conditions that are 

regulated by FABP4 could further influence its involvement.  

 

SARS-CoV2 infection is accelerated in mature adipocytes. 

Due to the central role of adipocytes in aging and obesity-related metabolic dysfunction, and 

their high FABP4 abundance (21), we investigated the dynamics of SARS-CoV2 infection in the 

human Telomerase Reverse Transcriptase (hTERT) immortalized preadipocyte cell line (26). 

Preadipocytes and mature adipocytes were infected with SARS-CoV2 (WA1/2020, MOI 0.1 or 

1). Though the nucleocapsid RNA was seemingly unchanged over time (Fig.2A), its protein 

abundance increased (fig. S2, C, E and G). Infected adipocytes also increased IL-6 secretion (fig. 

S2A). Interestingly, viral propagation was significantly higher in mature adipocytes, most 

notably, in viral titers, which exceeded that of preadipocytes by two orders of magnitude (Fig. 2, 

A to C). Infection of adipocytes at various stages of differentiation revealed a striking gradual 

increase in viral replication over the course of adipocyte maturation as evident by the increased 

virus titers and nucleocapsid protein abundance (Fig. 2, D to F). As expected, FABP4 abundance 

also increased during adipocyte differentiation (27) (Fig. 2, E and F).  

We examined the morphology of infected mature adipocytes and found that nucleocapsid-

positive cells contained significantly smaller lipid droplets (LDs) compared to neighboring cells 

(Fig. 2, G and H), suggesting a depletion in infected cells’ lipid stores. Staining of the ER 

membrane protein calnexin, revealed a change in its distribution in infected cells (Fig. 2I), where 
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it condensed, forming puncti that co-localized with viral dsRNA (Fig. 2K), a pattern that is 

indicative of DMVs (28). These results confirm that hTERT cells provide a good model to study 

SARS-CoV2 infection in human adipocytes and suggest that SARS-CoV2 replication is 

accelerated in cells of a higher lipid content.   

 

SARS-CoV2 infection recruits FABP4 to virus replication organelles. 

To contextualize the role of intracellular FABP4 during infection, we examined its expression, 

protein abundance and secretion (fig. S2, B to D). In this setting, FABP4 levels were similar 

across samples collected at 24 and 48 hours after infection. Fluorescence staining revealed a 

striking change in their spatial distribution of FABP4 within infected cells (Fig. 2, J and K, fig. 

S2F). In dsRNA positive cells, FABP4 condensed into puncti that co-localized with the dsRNA 

signal (Fig. 2, J and K). Whereas in nucleocapsid positive cells, the FABP4 signal was 

distributed across the cytoplasm (fig. S2F). Both patterns were observed in neighboring cells, 

suggesting a dynamic change in FABP4 distribution at different stages of infection (fig. S2F). 

These data show that FABP4 is recruited to the ROs and may play a role in virus replication.  

 

FABP4 deficiency impairs coronavirus replication.  

To understand the functional relevance of FABP4 in SARS-CoV2 infection, we utilized small 

molecule inhibitors of FABP4. For these experiments, we used two structurally different 

inhibitors targeting FABP4: the previously established BMS309403 (30) and CRE-14, which 

represents a newly developed class of FABP inhibitors (31). We validated and confirmed the 

activity of these molecules in competing with FABP4 ligands using the Terbium-based time-

resolved fluorescence energy transfer assay (TR-FRET). We confirmed that both BMS309403 

and CRE-14 were able to block FABP4’s ability to bind its lipid ligands (BODIPY FL C12) (fig. 

S3C). Using a micro-scale thermophoresis (MST) assay, we determined that CRE-14 binds 

FABP4 with a (KD = 954nM) (fig. S3A and B). 

Mature human adipocytes were treated with FABP4 inhibitors following SARS-CoV2 infection 

(MOI 0.1 or 1). This inhibition significantly reduced virus nucleocapsid RNA and protein levels 

and resulted in a remarkable reduction in the virus titers (Fig. 3, A to F, fig. S3, F and G). IL-6 

secretion in the inhibitor treated cells was significantly lower 48 hours post-infection (fig. S3E), 

indicating an ameliorated inflammatory state. We then infected mature adipocytes with a higher 

viral dose (MOI 3) to increase the incidence of dsRNA-positive cells, and thereby enable a better 

quantitative characterization of the dsRNA puncti. Interestingly, the dsRNA puncti in the 

FABP4-inhibitor treated samples appeared scattered across the cytoplasm failing to form 

coherent clusters (Fig. 3G), suggesting disruption of DMV formation in which they are packed. 

A quantitative evaluation of the dsRNA positive signal in the confocal images showed a 

significant reduction in the percentage of dsRNA-positive area and mean fluorescence intensity 

per cell (fig. 3H), which confirmed the observed disruption in DMV formation. 

To further confirm the relevance of FABP4 in SARS-CoV2 replication in a genetic model, we 

generated FABP4-deficient human adipocyte cell lines through CRISPR-mediated deletion as 

well as shRNA suppression. In both models, viral titers were significantly reduced in the absence 

of FABP4 (Fig. 3I, fig. S3H), which was also reflected in the reduced nucleocapsid protein in the 

FABP4 knockout cells (Fig. 3, J and K).  
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These data demonstrated the critical importance of FABP4 for SARS-CoV2 replication, likely 

through its engagement with the DMVs in the ROs. We also examined the relevance of FABP4 

for the common cold coronavirus (OC43) infection using a Real-Time Cell Electronic Sensing 

assay (RTCES) to measure cell viability and cytopathic effects (CPE) in wild type and FABP4 

knockout mouse pre-adipocytes (fig. S3, I and J), as well as human lung fibroblasts (MRC5) 

treated with the FABP4 inhibitor CRE-14 (fig. S3K) and observed a significant delay in virus-

induced CPE in the absence of FABP4 function, confirming the relevance of FABP4 in other 

coronaviruses. 

FABP4 facilitates virus replication in bronchial epithelial cells.  

Having established FABP4’s significance in SARS-CoV2 adipocyte infection, we investigated 

its role in human bronchial epithelial (HBE) cells to understand whether it is engaged early on 

during respiratory tract infection (32). HBE135-E6E7 cells were infected with high titers (MOI 

5) of various isolates of SARS-CoV2 representing the alpha, delta, omicron, and Eris variants 

(Ank1, Ank-Dlt1, and Ank-Omicron GKS, Ank-Eris respectively). Following infection, cells 

were treated with two doses of FABP4 inhibitors, and their viral titers (measured as TCID50) 

were monitored over four days (Fig. 4, A and B, fig. S4, A to F). In all tested conditions, FABP4 

inhibition resulted in a marked reduction of virus titers. Next, we used transmission electron 

microscopy (TEM) to examine the consequence of FABP4 inhibition on ROs morphology. 

Infected HBE cells (MOI 1) were treated with the FABP4 inhibitor (CRE-14) then fixed 48 

hours post-infection. TEM imaging revealed a marked reduction in the size of DMVs following 

FABP4 inhibitor treatment (Fig. 4, C and D). 

We also utilized reconstructed airway epithelium organoids that were apically infected with 

SARS-CoV2 and treated with either 1.1μM or 10μM CRE-14 or 5μM of the antiviral Remdesivir 

through the basal layer. Viral titers measured from the apical wash showed a reduction following 

inhibitor treatment 72 hours post-infection that, at the higher dose, matched the titers of the 

Remdesivir treated group (Fig.4E). We then examined the morphology and distribution of DMVs 

in the vehicle or 10μM CRE-14 treated organoids and observed that in the inhibitor-treated group 

DMVs were reduced in both size and numbers (Fig. 4, F, H and I) and appeared more dispersed, 

failing to form the tight clusters observed in untreated controls (Fig. 4J). Clusters of LDs were 

observed in infected samples and were nearly absent in the inhibitor-treated group (Fig. 4G). 

Importantly, we confirmed that exposure to FABP4 inhibitor in uninfected samples did not alter 

cellular or organelle morphology (fig. S4G). We performed a similar analysis in samples treated 

with the BMS309403 compound, and though we observed similar results, the phenotype was less 

pronounced, and the compound treatment induced a significant degree of cell death in the 

organoids (fig. S4, H to J).  Overall, these data confirm the importance of FABP4 for SARS-

CoV2 replication through its influence on the ROs formation in multiple cellular targets. Its 

engagement with virus infection in airway epithelial cells and adipocytes, also increases its 

potential as a therapeutic target. 

 

FABP4 inhibition reduces viral titer and lung damage in infected hamsters.  

To examine the therapeutic potential of FABP4 inhibitor treatment in a preclinical model in vivo, 

we infected 12–14-week-old lean Syrian hamsters with SARS-CoV2 (Ank1, 100 TCID50) (33), 

and treated them for 6-days with a subcutaneous injection of 15 mg/kg FABP4 inhibitor 

BMS309403 and CRE-14 or vehicle (Fig. 5, fig. S5). The hamsters were monitored daily, and 

the experiments were terminated for virus titer measurements (right lung) and histological 
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analysis (left lung). Inhibitor treatment significantly ameliorated the infection-associated weight 

loss (Fig. 5A), and the viral titers were consistently decreased upon treatment with FABP4 

inhibitor (Fig. 5B).  

We further examined the effect of FABP4 inhibition on lung pathology and observed a notable 

reduction in lung damage in H&E-stained samples (Fig. 5C). Quantification of these histology 

images revealed a significant reduction in the percentage of damaged lung tissue (Fig. 5D) and 

an improvement in alveolar space (Fig. 5E) indicating a lower degree of alveolar collapse. 

Trichrome staining revealed an increase collagen deposition in the lung following infection 

which was reduced with inhibitor treatment (Fig.5G). Moreover, immunohistochemical staining 

for the SARS-CoV2 nucleocapsid protein revealed that the nucleocapsid positive areas were 

reduced both in number and in size after inhibitor treatment (Fig. 5, F, H and I). Hamster 

treatment with BMS309403 resulted in similar but less pronounced results (fig. S5, D and E). 

This might be explained in part by the higher plasma exposure and better pharmacokinetics of 

CRE-14 as assessed in mice (fig. S5 A to C). 

Discussion: 

In this study, we observed a striking elevation in circulating FABP4 levels in COVID-19 

patients, correlating with disease severity at a level comparable to the most established clinical 

biomarker IL-6. Using in vitro studies, we demonstrated the significant impact of FABP4 on 

SARS-CoV2 replication in multiple cellular targets using chemical and genetic interventions and 

multiple strains of the virus. We also demonstrated the relevance of FABP4 activity in an in vivo 

infection model of Syrian hamsters, where targeting FABP4 with small molecule inhibitors 

significantly reduced the viral titers in the lungs and alleviated overall lung damage and fibrosis. 

Taken together, our data demonstrates FABP4 as a novel host factor that is critical for SARS-

CoV2 infection, targeting of which may offer unique opportunities for disease management. 

FABP4 has a marked impact on the pathogenesis of metabolic diseases associated with obesity 

and aging (34).  Interestingly, FABP4 levels are also increased in obese mice and humans and 

correlate positively with cardiometabolic pathologies and morbidity (35).  Furthermore, humans 

carrying a low-expression variant of FABP4 exhibit significant protection against the 

development of type 2 diabetes and cardiometabolic disease in multiple GWAS studies (36). As 

such, the impact of targeting FABP4 on overall pathogenesis of COVID-19 may not be limited to 

reduced viral titers. FABP4 can also influence the inflammatory and metabolic milieu both with 

in the local environment of the lungs, and systemically as its effects extend across metabolic 

organs.  Consequently, targeting FABP4 may result in improvements of cardiometabolic as well 

as pulmonary fitness and protection against potential tissue damage and long-term consequences 

of SARS-CoV2 infection in humans. While this requires further investigation, the reduction in 

lung damage and fibrosis that we observed in our inhibitor-treated, SARS-CoV2-infected 

hamsters does highlight this possibility, particularly pertaining to the mitigation of respiratory 

symptoms associated with long-COVID (37). 

Remodeling of host intracellular membranes into virus replication organelles (ROs) is a strategy 

used by Coronaviruses and other positive stranded RNA (+RNA) viruses, to support their 

propagation and secretion and provide an environment shielded from immune recognition (2, 

38).  In the case of coronaviruses, these compartments consist of DMVs, spherules, and 

zippering ER membranes. In this study, we observed a striking recruitment of FABP4 to ROs in 

infected cells. The FABP4 signal, which is usually diffused throughout the cytoplasm, condensed 

into puncti colocalized with dsRNA signals, pointing to their recruitment to DMVs. Examination 
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of infected adipocytes and bronchial epithelial cells with confocal microscopy and TEM revealed 

that the DMVs in cells where FABP4 was inhibited were smaller and more dispersed. We 

suggest that this loss of a spatial organization of the DMVs is what resulted in the reduced viral 

replication capacity, evident by the lower virus nucleocapsid RNA and protein, and overall viral 

titers. How FABP4 contributes to the formation of ROs will be an interesting future question to 

explore as this may open new potential points of intervention to viral replication. For example, 

FABP4 can influence de novo lipogenesis and lipid droplet formation, as well as lipid 

composition in the context of metabolic diseases or directly influence lipid substrate supply for 

RO biogenesis (39, 40). Therefore, by facilitating changes in the lipid landscape, FABP4 may 

impact the subcellular architectural remolding required for RO generation (41–43). In fact, in 

this study, we demonstrate that human adipocytes’ capacity for virus replication increased as 

they matured. These observations might provide one possible explanation of how obesity can 

exacerbate disease severity in COVID-19, both due to the higher lipid content in adipocytes and 

the ectopic lipid deposition at other organs associated with obesity (39). 

In summary, our works demonstrates a critical contribution of FABP4 to SARS-CoV2 virus 

replication, and highlights FABP4 as a therapeutic target acting both as an antiviral and a 

modulator of cardio-pulmonary and metabolic fitness. 
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Fig. 1. FABP4 levels are increased in the lungs and circulation of COVID-19 patients. A) 

Immunohistochemical staining of lung biopsies of controls and COVID-19 patients, using anti-FABP4 

antibody. B and C) Circulating FABP4 concentrations measured by from B) female and C) male COVID-

19 patients and healthy controls, stratified based on disease severity. D) Effect size estimates and 

inference based on regression analysis of FABP4 concentration on COVID-19 severity while accounting 

for time of collection post symptom onset, age, gender, and BMI, using the linear mixed model to account 

for the patient-level random effects. The healthy controls were used as a reference group. p-values are 

calculated based on the Wald test. E) Circulating IL-6 levels in COVID-19 patients, stratified based on 

disease severity. Statistical analysis was performed using one-way ANOVA. E to G) Circulating FABP4 

concentrations in severe and critical COVID-19 patients, stratified based on E) BMI, F) Age and G) the 

presence of comorbidities. B to G) Data are driven from the first patient cohort. Patients were sampled 

longitudinally, and the data represent the maximum measured concentration per patient. Statistical 

analysis was performed using a standard t-test. Data are shown as the mean  s.e.m.  
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Fig. 2. FABP4 colocalizes with SARS-CoV2 replication organelles in human adipocyte cell lines. A 

to C) hTERT pre-adipocytes and mature adipocytes infected with SARS-CoV2 (WA1/2020) (MOI 0.1 or 

1). Relative gene expression of the virus A) genomic (nucleocapsid) or B) sub-genomic RNA (ORF1ab) 

normalized to β-actin. C) Viral loads measured from supernatant using plaque assay. Data is pooled from 

two independent experiments, (n=8). Statistical analysis was performed using two-way ANOVA. D to F) 

Adipocytes were infected at 4, 9, 12, 16, and 20 days, post-differentiation (MOI 1). D) Viral loads 
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measured by plaque assay 48 hours post-infection. Data are representative of two independent 

experiments (n=4). Statistical analysis was performed using one-way ANOVA. E) Western blot of virus 

nucleocapsid, FABP4 and β-Actin from adipocyte lysates following infection. F) Quantification of the 

nucleocapsid and FABP4 band intensities normalized to β-actin. Data are representative of two 

independent experiments (n=4). Statistical analysis was done using two-way ANOVA. G) Confocal 

images of uninfected and infected mature hTERT cells (MOI 1) stained at 48h for SARS-CoV2 

nucleocapsid (red), lipid droplet (yellow) and nuclear staining (Dapi, blue). Scale bar (upper panels: 

100μm, lower panels: 50μm). H) Percent area of lipid droplets of infected cells and neighboring cells was 

quantified based on BODIPY (lipid droplet) signal. Data are pooled from two independent experiments, 

(n=6). Statistical analysis was performed using standard t-test. I and J) Infected hTERT cells (MOI 1), 

(n=3) fixed 24 and 48 hours, post-infection. I) Cells stained for dsRNA (red), calnexin (cyan) and lipid 

droplets (BODIPY, blue). Scale bar (50μm). J) dsRNA (red), FABP4 (green) and lipid droplets (blue) 

staining. Scale bar (50μm). Inlays represent magnified merged or single channel images of the areas 

indicated in I and J with a scale bar (10μm). K) Signal colocalization measure by Pearson’s R between 

dsRNA with calnexin, FABP4 and lipid droplets. Data are shown as the mean  s.e.m.  
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Fig. 3. FABP4 deficiency reduces virus titers and disrupts replication organelles formation in 

adipocytes. A – F) SARS-CoV2-infected mature hTERT adipocytes (MOI 1), treated with either DMSO 

or FABP4 inhibitors, BMS309403 (20μM) or CRE-14 (20μM). A) Relative RNA expression of SARS-

CoV2 nucleocapsid, normalized to β-actin. Data pooled from two independent experiments, (n=8). B) 

Viral load measured by plaque assay. Pooled from two independent experiments, (n=8), representative of 

four independent experiments. Data were analyzed using two-way ANOVA. C) Western blot of 

nucleocapsid protein measured from cell lysates. D) Quantification of nucleocapsid band intensity 

normalized to β-actin. Data are representative of three independent experiments (n=3). E) Confocal 

images of adipocytes infected with SARS-CoV2 (MOI 1) then fixed 48 hours post-infection and stained 

for virus nucleocapsid (red), lipid droplets (BODIPY, yellow), and nuclei (DAPI, blue). (n=3) biological 

replicates. Scale bar (500μm). F) Percentage nucleocapsid positive area per image, with an average of 4-5 

images per sample. G) Adipocytes infected with (MOI 3) and fixed 48 hours post-infection, then stained 
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for dsRNA (red), lipid droplets (BODIPY, yellow) and nuclei (DAPI, blue). (n=3) Scale bar (50μm). 

Inlays represent magnified images of the indicated area with a scale bar of (10 μm). H) Percentages of 

dsRNA positive area and mean fluorescence intensity per cell. (n=3) biological replicates. Statistical 

analysis was performed using one-way ANOVA. I to K) Infected wild type (WT) and FABP4 knockout 

human adipocytes (MOI 1). I) Viral load measured by plaque assay from supernatants collected 24 and 48 

hours post infected. Data are pooled from three independent experiments, (n=9). Statistical analysis was 

done using standard t-test. J) Western blot of nucleocapsid, FABP4 and β-actin proteins measured from 

cell lysates. K) Quantification of nucleocapsid band intensity normalized to β-actin. Data are 

representative of two independent experiments, (n=3). Data are shown as the mean  s.e.m.  
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Fig. 4. Inhibition of FABP4 in bronchial epithelial cells disrupts virus replication organelles. A and 

B) Viral load measured by TCID50 from human bronchoepithelial (HBE) cells infected with SARS-

CoV2 (strain Ank1, MOI 5) and treated with A) BMS309403 or B) CRE-14 at the indicated doses. Data 

are representative of two independent experiments, (n=3). Statistical analysis was performed using two-

way ANOVA. C) Representative transmission electron microscopy (TEM) images of HBE cells 48 hours 

after infection with SARS-CoV2 (WA1/2020, MOI 1) and treatment with DMSO or CRE-14 (10μM). 

(n=3). D) Area of double membrane vesicles in infected HBE cells, determined from TEM images in C. 

Data displayed as the Fit Spline of the percent frequency distribution. E) Virus load measured by TCID50 

of the apical wash of 3D airway epithelium cultures (MOI 0.1). Statistical analysis was performed using 

two-way ANOVA. (n=3). F to J) 3D reconstructed airway epithelium cultures were infected apically with 

105 PFU of SARS-CoV2 (strain WA1/2020) then treated with either DMSO or CRE-14 through the basal 

layer. 24 hours after infection, the cells were fixed for EM and 3 sections per sample (n=2) were 

analyzed. F and G) Representative TEM images showing F) virus double-membrane vesicles (DMVs) and 

G) lipid droplets in control (DMSO) and inhibitor treated samples. H)  Number of double membrane 
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vehicles and I) their average area per image. (n=2) biological replicates with 18-45 images per sample 

taken at an 8000X magnification. I) Frequency distribution of DMV area shown as a Fit Spline. J) The 

mean distance between DMVs within each image, calculated from the X, Y coordinates of each DMV and 

the percent frequency distribution shown as a fit spline. Statistical analyses were done using standard t-

test.  Data are shown as the mean  s.e.m. 
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Fig. 5. FABP4 blockade limits virus replication and ameliorates pathology in infected hamsters. 

Syrian hamsters were infected intranasally with SARS-CoV2 (Ank1, 100 TICD50) and treated daily with 

FABP4 inhibitor (15mg/kg, CRE-14) or vehicle. A) Percent of initial body weight. B) Lung viral titers 

measured by TCID50, pooled from three independent experiments. (n=18 and 17 for infected vehicle and 

CRE-14 respectively and n=6 for each of the uninfected groups). C) Representative H&E staining of the 

lungs of control and infected hamsters with or without inhibitor treatment. D and E) quantification of the 

D) area affected by damage and E) alveolar space, shown as percentage of total lung area. (n=5 with two 

lungs per animal). Statistical analysis was performed using standard t-test. F) Representative IHC of 

SARS-CoV2 nucleocapsid and G) Masson’s trichrome straining of hamster lungs. H) Number of 

nucleocapsid positive areas, and I) frequency distribution of their diameter quantified from dataset 

represented in G. (n=4). Statistical analysis was performed using standard t-test. Data shows the mean  

s.e.m.  
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