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Abstract
Background: Serum biomarker studies on patients with 
severe COVID-19 lung disease indicate that increased 
ligands for Receptor for Advanced Glycation End-products 
(RAGE) and diabetes are risk factors for severe acute 
respiratory distress syndrome (ARDS).

Methods: To investigate in situ RAGE expression in 
coronavirus disease-19 (COVID-19) ARDS, we obtained 
lung tissue from autopsies performed on COVID-19 
decedents with clinical ARDS and corresponding pathology 
showing diffuse alveolar damage (DAD) both with and 
without diabetes. These were compared with a cohort of 
pre-pandemic, COVID-19 (-) decedents with ARDS/DAD 
without diabetes. Quantitative immunohistochemical (IHC) 
staining for RAGE and immunofluorescence (IF) staining 
for RAGE and high mobility group box 1 (HMGB1), a 
damage associated molecular pathway ligand for RAGE, 
were performed on 3 cohorts: 5 diabetic and 5 non-diabetic 
COVID-19 decedents and 5 ARDS/DAD decedents without 
COVID-19; normal lung biopsy tissue served as control. 
RAGE staining was first counted for each decedent and the 
overall averages for each cohort were statistically compared.

Results: RAGE staining was significantly higher in 
COVID-19 decedents with diabetes compared to decedents 
without diabetes, and there was no significant difference 
between non-diabetics with and without COVID-19. IF 
staining for HMGB1was higher in COVID-19 decedents with 
diabetes and co-localized with RAGE.

Conclusions: These findings in a small group of carefully 
selected decedents who died from COVID-19 ARDS 
suggest that RAGE expression is significantly increased in 
a setting of COVID-19 and diabetes and likely plays a role 
in fatal outcome.

Abbreviations
AEC: Alveolar Epithelial Cells; AGES: Advanced Glycation 
Endproducts; ALI: Acute Lung Injury; ARDS: Acute 
Respiratory Distress Syndrome; DAD: Diffuse Alveolar 
Damage; DAMPS: Damage Associated Molecular 
Pathways; HMGB1: High Mobility Group Box 1; IHC: 
Immunohistochemistry; PAMPS: Pathogen Associated 
Molecular Pathways; PCR: Polymerase Chain Reaction; 
RAGE: Receptor for Advance Glycation Endproducts; 
SARS: Severe Acute Respiratory Syndrome; SPC: 
Surfactant Protein C; TLR: Toll Like Receptors

Introduction
Older patients with obesity and/or chronic diseases 

such as hypertension, underlying chronic lung disease, 
and diabetes are at highest risk for developing severe 
complications of COVID-19 lung disease and dying from 
acute respiratory distress syndrome (ARDS) [1-3]. In 
diabetes, high circulating levels of glucose bind proteins 
in a non-enzymatic reaction producing Advanced 
Glycation Endproducts (AGEs). High circulating levels of 
AGEs and other ligands bind a receptor (Receptor for 
Advanced Glycation Endproducts, RAGE) generating 
more receptors and ligands in a positive feedback loop 
[4]. RAGE ligands S100 and high mobility group box 1 
(HMGB1) mediate pathogen-associated molecular 
patterns (PAMPS) and Damage Associated Molecular 
Patterns (DAMPS) that perpetuate and amplify 
inflammatory responses in the lung to infectious agents 
[5-8]. These serum biomarkers have been associated 
with increased mortality in COVID-19 patients [9,10].
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pathology were stained but not quantified. Serial tissue 
sections were stained for hematoxylin and eosin (H&E) 
and for RAGE IHC. The tissue sections were incubated 
overnight with humanized anti-RAGE antibody (50 
µg/ml) followed by incubation for 30 min with HRP-
conjugated biotinylated secondary antibody (1:200). 
Dual IF staining was performed for RAGE with red 
fluorescence, and with green fluorescence for cell type: 
Macrophages, type I alveolar cells (aquaporin 5), type II 
alveolar cells surfactant protein C (SPC), and for HMGB1. 
Merging produced yellow fluorescence to identify co-
localization.

Alveolar cell types
Dual fluorescence staining was performed to identify 

type I and type II alveolar epithelial cells (AEC). The two 
different types of cells composing the alveolar epithelial 
lining were identified by selective staining. Alveolar type 
I epithelial cells comprise about 80% of the alveolar 
surface area and are primarily responsible for gas 
exchange. Meanwhile, alveolar type II epithelial cells 
play the critical roles of producing surfactant, moving 
water out of the airspaces, and regenerating alveolar 
epithelium.

Quantitative staining for RAGE
Morphometric and quantitative analyses were 

performed using a Nikon Eclipse 50i confocal microscope 
(Nikon, Tokyo, Japan) and Image-Pro Plus software 
(Media Cybernetics Inc., Silver Spring, MD).

Statistics
Comparisons of averages among the three cohorts 

(COVID-19 with and without diabetes and non-COVID-19 

To further investigate the role of RAGE expression in 
COVID-19 lung disease, we evaluated lung tissues from 
patients with SARS-CoV-2 confirmed by polymerase 
chain reaction (PCR) who died with ARDS during the 
height of the pandemic in NYC in spring 2020. We 
performed immunohistochemical (IHC) and dual 
immunofluorescence (IF) staining of lung tissue sections 
from selected patients to test our hypothesis that RAGE 
is overexpressed among diabetics with COVID-19 ARDS.

Methods

Case selection
Autopsy reports from patients with either premortem 

or postmortem RT-PCR-confirmed SARS-CoV-2 were 
reviewed. COVID-19 lung tissue from decedents with 
ARDS and histologically confirmed diffuse alveolar 
damage (DAD) from both diabetic and non-diabetic 
patients were identified. For comparison, pre-pandemic 
COVID-19 cases from decedents without viral illness and 
whose cause of death was ARDS secondary to sepsis 
outside the lung were selected. Tissue from selected 
decedents was provided by the Columbia University 
Medical Center COVID-19 Molecular Pathology Shared 
Resource. A surgical specimen from a pneumothorax 
case served as a normal control. All tissue samples were 
deidentified.

Histology, IHC and IF
Tissue sections were analyzed from ARDS/DAD 

SARS-CoV-2 positive cases with and without diabetes 
against ARDS/DAD SARS-CoV-2 negative cases without 
diabetes. Sections from specimens removed from a 
patient with pneumothorax and no known other lung 
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RAGE Aquaporin5 merged

Figure 1: Top row shows H&E staining for RAGE at 10X and 20X from normal lung section taken from a subject with pneumo-
thorax.  The lower row shows IF staining for RAGE (red) on left, Aquaporin5 in middle, and merged IF on the right with yellow/
orange showing co-localization of IF staining for RAGE and alveolar cell type 1.
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seen in non-diabetic patient shown in Figure 2b. Some 
of the staining appears to be in the extracellular space, 
which may represent soluble receptor (sRAGE) cleaved 
from the cell membrane. Dual IF staining for RAGE 
and Aquaporin 5 (type I AEC) and surfactant protein 
C (SPC) showed co-localization to both cell types with 
qualitatively greater co-localized staining for type I AECs 
and greater staining for both AEC type I and II than seen 
in non-diabetic patient (Figure 3c). A similar pattern was 
evident in the remaining 4 decedents with SARS-CoV-2 
and diabetes.

Stained tissue sections from a non-diabetic patient 
negative for SARS-CoV-2 with ARDS secondary to sepsis 
arising from a non-pulmonary source are shown in 
Figure 4. The H&E stained sections show scant hyaline 
membranes and inflammation (Figure 4a). As shown 
in Figure 4b, there is RAGE staining. Quantitatively it 
appears much less extensive than seen in the tissue 
from the SARS-CoV-2 positive decedent with diabetes 
and similar in extent to the non-diabetic SARS-CoV-2 
positive tissue. Dual fluorescence showed localization 
to both type I and type II alveolar epithelial cells (Figure 
4c).

Dual IF staining for HMGB1 and macrophages
Figure 5 shows dual IF staining for RAGE and HMGB1 

in the non-diabetic patient who tested positive for SARS-
CoV-2 (Figure 2) and the diabetic patient who tested 
positive for SARS-CoV-2 (Figure 3). The merged stains 
show co-localization of receptor and ligand with greater 
merged fluorescence signal in the diabetic patient. 
These findings suggest a role for the damage associated 
molecular pathway (DAMP) activation by HMGB1in an 
overactive immune response contributing to disease 
severity in COVID-19.

Quantitative RAGE staining
Quantitative analysis of RAGE by IHC staining was 

performed on 15 lung sections (a single section from 
each decedent in all three cohorts). The average % 

without diabetes) with equal variance were made using 
two sample t tests. A P value < 0.05 was considered 
significant.

Results

Staining with RAGE in control lung tissue
RAGE expression by IHC was detected but in low 

levels in lung tissue from a surgical specimen from 
otherwise healthy individual with pneumothorax- 
selected as a negative control (Figure 1). Dual IF showed 
co-localization of RAGE and type I alveolar epithelial 
cells (Figure 1).

Staining for RAGE in lung tissue from decedents 
with ARDS

Stained sections from a non-diabetic patient who 
tested positive for SARS-CoV-2 on admission and 
who died with ARDS are shown in Figure 2. The H&E 
sections from an area of organizing DAD (Figure 2a) 
and corresponding section with RAGE IHC show brown 
chromogen positive staining predominantly localized 
to intra-alveolar spaces containing predominantly 
macrophages (Figure 2b). Dual IF staining for RAGE 
and Aquaporin 5 (type I AEC) and surfactant protein 
C (SPC) showed co-localization to both cell types but 
with greater co-staining to type I AEC (Figure 2c). The 
lung tissue at the time of autopsy tested negative for 
SARS-CoV-2, and there was no evidence for bacterial 
pneumonia, which suggests that the progressive lung 
damage during the hospital course was due at least in 
part to immunological assault. Similar staining was seen 
in the remaining 4 decedents with SARS-CoV-2 and no 
diabetes.

Stained tissue sections from a diabetic patient who 
tested positive for SARS-CoV-2 and died with ARDS 
are shown in Figure 3. The H&E sections show dense 
infiltrates completely obliterating air spaces (Figure 
3a). RAGE IHC (Figure 3b) shows more extensive brown 
chromogen positive staining compared to RAGE staining 
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Figure 2: Left panel shows H&E (top row) (a) and IHC staining for RAGE (brown chromogen) (bottom row) (b) on lung sec-
tions from non-diabetic decedent positive for SARS-CoV-2 who died with ARDS. There are extensive intra-alveolar infiltrates 
with cells that stain positive for RAGE.  Right panel c shows in top row, IF for RAGE (red) and type I AEC (Aquaporin5) and on 
bottom row RAGE and type 2 AEC (surfactant producing cells-SPC) (green) with co-localization predominantly to type I AEC.
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Figure 3: Row a shows H&E and row b shows IHC staining for RAGE (brown chromogen) on lung sections from diabetic 
decedent positive for SARS-CoV-2 who died with ARDS. There is organizing DAD.  The RAGE staining (brown chromogen) 
is more extensive than shown in non-diabetic patient in figure 2. Rows c and d show IF for RAGE (red) and alveolar epithe-
lial cell type I (Aquaporin5) and type 2 (surfactant producing cells-SPC) (green) with co-localization to both types of alveolar 
endothelial cells.
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Figure 4: Left panel shows H&E (top row) (a) and IHC staining for RAGE (brown chromogen) (bottom row) (b) on lung sec-
tions from non-diabetic decedent negative for SARS-CoV-2 who died with ARDS secondary to sepsis from a non-pulmonary 
source. There are intra-alveolar infiltrates with cells that stain positive for RAGE as seen on sections shown in row b.  Right 
panel c shows in top row, IF for RAGE (red) and type I AEC (Aquaporin5) and on bottom row RAGE and type 2 AEC (surfac-
tant producing cells-SPC) (green) with co-localization predominantly to type I AEC.
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which was not statistically different from the average 
values for the lung tissue sections from the non-diabetic 
COVID-19 ARDS decedents (P = 0.213).

Discussion
To date all reports implicating HMGB1 in COVID-19 

have been serum biomarker studies. This study is the 

area staining for the brown chromogen (RAGE) per 
100x field on the lung tissue sections from SARS-CoV-2 
positive decedents with diabetes was 11.9 ± 2.3% and 
4.2 ± 2.3% for lung tissue from COVID-19 decedents 
without diabetes (P = 0.0005) (Figure 6). Average % 
RAGE staining from 5 decedents who died with ARDS 
and sepsis from non-lung source was 2.56 ± 1.13% 

         

Figure 5: IF staining on lung sections from a diabetic decedent with COVID-19 ARDS (top row) and from a non-diabetic 
decedent with COVID-19 ARDS (bottom row). IF for RAGE (red) is on left, for HMGB1 (green) in middle and co-localization 
(yellow) on right. Qualitatively there is greater HMGB1/RAGE IF in the lung from the diabetic decedent. 
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Figure 6: Bar graph showing mean ± SD for quantitative RAGE IHC on lung tissue from five SARS-CoV-2 + diabetic dece-
dents with ARDS (dark gray bar), five SARS-CoV-2 + non-diabetic decedents with ARDS (medium gray bar), and 5 non-di-
abetic SARS-CoV-2 negative decedents with ARDS (light gray bar). There was statistically significant greater staining in the 
lung tissue from diabetic decedents than the non-diabetic and no statistically significant difference between the SARS-CoV-2 
+ non-diabetic ARDS decedents and the SARS-CoV-1 negative non-diabetic ARDS decedents.
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receptor that binds multiple ligands including DAMPS 
and PAMPS released by damaged cells undergoing cell 
death [17,18]. One of the DAMPS passively released 
by dying cells is HMGB1, which is normally located 
intracellularly acting as a DNA chaperone to facilitate 
access to transcriptional factors to target specific 
genes [17]. Research suggests that this local release 
and binding does not directly lead to proinflammatory 
intracellular signaling but rather that RAGE enables 
transport of HMGB1-partner DNA and RNA molecule 
complexes to bind cognate cytoplasmic receptors that 
lead to overwhelming inflammation [17].

In viral and bacterial disease, both soluble RAGE 
(extracellular component of receptor cleaved at 
cell membrane), and HMGB1 are released into the 
circulation and have been shown to be markers of 
poor prognosis [7-9]. In viral infections, as cells die, 
they release HMBG1 either passively from necrotic 
cells or actively by secretion [18]. The HMGB1 released 
promotes the inflammatory response by binding to cell 
membrane receptors specifically TLR2/4 and RAGE [18]. 
HMGB1/RAGE binding leads to the activation of the NF-
κB and MAPK pathways, while HMGB1 interactions with 
TLR2 and TLR4 mediate immune activation contributing 
to cytokine storm [17,18]. With these known properties, 
RAGE and HMGB1 have been implicated in disease 
severity in bacterial and viral infections and recently in 
COVID-19 [7-9].

Summary
RAGE is a transmembrane receptor that is highly 

expressed in lung tissue of experimental models of 
ALI and circulating sRAGE and DAMPS such as HMGB1 
associated with increased severity of viral and bacterial 
pneumonia. We performed IHC and dual IF staining of 
autopsy lung tissue from selected decedents positive 
for SARS-CoV-2 on hospital admission who died with 
ARDS. We found increased expression of RAGE in 
tissue from both diabetic and non-diabetic decedents, 
with statistically significant higher expression of RAGE 
and HMGB1 in diabetic lung tissue. Although a small 
sample, these findings support the premise that RAGE 
and DAMPS contribute to COVID-19 lung disease and 
cytokine storm. While all cases in this study are from 
autopsies and resulted in fatal outcomes, increased 
expression of RAGE/HMGB1 among diabetics portends 
greater risk.
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