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ABSTRACT
The current COVID-19 pandemic, which continues to spread across the globe, is caused by severe 
acute respiratory syndrome coronavirus (SARS-Cov-2). Soon after the pandemic emerged in China, 
it became clear that the receptor-binding domain (RBD) of angiotensin-converting enzyme 2 (ACE2) 
serves as the primary cell surface receptor for SARS-Cov-2. Subsequent work has shown that 
diabetes and hyperglycemia are major risk factors for morbidity and mortality in COVID-19 patients. 
However, data on the pattern of expression of ACE2 on human pancreatic β cells remain contra
dictory. Additionally, there is no consensus on whether the virus can directly infect and damage 
pancreatic islets and hence exacerbate diabetes. In this mini-review, we highlight the role of ACE2 
receptor and summarize the current state of knowledge regarding its expression/co-localization in 
human pancreatic endocrine cells. We also discuss recent data on the permissiveness of human 
pancreatic β cells to SARS-Cov-2 infection.

ARTICLE HISTORY 
Received 30 March 2021  
Revised 13 May 2021  
Accepted 7 July 2021 

KEYWORDS 
SARS-CoV-2; ACE2; 
pancreatic β cells; type 2 
diabetes; TMPRSS2

1. Introduction

In the early months of 2020, the World Health 
Organization (WHO) declared COVID-19, which 
is caused by the severe acute respiratory syndrome 
coronavirus (SARS-CoV-2), a global pandemic.1 

SARS-CoV-2 cellular entry is mediated by binding 
the viral spike S1 protein to the receptor-binding 
domain (RBD) of the ACE2 on the surface of alveolar 
epithelial cells.2,3 Additionally, several protease acti
vators, including TMPRSS2 and lysosomal proteases, 
have been shown to play essential roles in SARS- 
CoV-2 entry and its subsequent translocation to the 
cytoplasm of target cells4,5 (Figure 1). SARS-Cov-2 
infections are often associated with multiple organ 
failure, suggesting that the virus targets other cell 
types besides alveolar epithelial cells.6,7 Hence, 
researchers are currently investigating additional 
cell types targeted with SARS-CoV-2. The apparent 
approach that was followed by many of the recently 
published studies on this topic was to profile the 
expression pattern of ACE2 on different tissues, 
including pancreatic islets.6,7

Clinical and epidemiological observations have 
established that people with diabetes infected with 
COVID-19 are at high risk of developing severe 
symptoms that may lead to death.8 A substantial 
percentage of COVID-19 patients suffer from acute 
hyperglycemia.9 Some of these subjects continued 
to show uncontrolled glycemia long after glucose- 
lowering medications were applied. Moreover, 
increased serum levels of exocrine pancreatic amy
lases and lipases were reported in severely ill 
COVID-19 patients.10 Hence, the possibility that 
this may predispose such patients to excessive 
inflammation and coagulation system dyshomeos
tasis, among other adverse consequences.11

The observation that COVID-19-infected dia
betics are disproportionately at higher risk of 
becoming severely ill, along with the observation 
that non-diabetic COVID-19 patients often develop 
long-lasting symptoms of aggravated diabetes col
lectively argue for the possibility that SARS-CoV-2 
may target and infect pancreatic islets.10,12–17 

However, despite commendable efforts by several 
research groups across the globe, no conclusive  
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evidence has emerged to rule this possibility in or 
out. To this end, this mini-review will examine 
available clinical and experimental observations 
on the interaction between SARS-CoV-2 and 
human pancreatic islets and β cells.

2. Role of ACE2 in pancreatic β cell function

ACE is one of the main enzymes that cleave angio
tensin I to produce Angiotensin II, the active pep
tide in the renin-angiotensin system (RAS).18 ACE 
is a peptidyl dipeptidase that removes two carboxy- 
terminal amino acids from Ang-I and Ang-1-9.19 

ACE2, a homolog of ACE, is a plasma membrane- 
bound metallocarboxypeptidase that removes 
a single carboxy-terminal amino acid from oligo
peptides like Ang-I and Ang-II to produce Ang-1-9 
and Ang-1-7.19 Numerous studies have established 
that in the RAS system, the protective effects of 
ACE2 counter the detrimental pressure and tissue 
remodeling actions of the ACE/angiotensin-II 
/angiotensin type 1 receptor (Ang-II/AT1R) 

axis.20 Along these lines, previous work has shown 
that RAS is heavily involved in regulating insulin 
secretion, blood flow and cell survival, among other 
aspects of pancreatic biology.21,22 Pre-treatment of 
the rat β cell line (INS-1) with Ang (1–7) restored 
insulin secretion and decreased ROS production 
following exposure to H2O2.23 Ang (1–7) was also 
shown to attenuate pancreatic injury through its 
ability to inhibit apoptosis.24,25 Furthermore, ANG- 
II (a vasoconstrictor) infusion resulted in hypergly
cemia and hyperinsulinemia and decreased insulin 
secretion in mice.26 In contrast, ANG (1–7) (a 
vasodilator) was reported to increase pancreatic 
vascularization and prevent β cell dysfunction.27

Several lines of evidence suggest that ACE2 
expression is important for pancreatic cell func
tion, growth and survival, and the maintenance 
of glucose homeostasis.28 ACE2-deficient mice 
show impaired glucose tolerance and reduced 
insulin secretion.26 ACE2 overexpression in 
INS-1 cells associated with upregulated expres

Figure 1. A schematic proposed interaction/uptake of SARS-CoV-2 into pancreatic β-cell. Figure was acquired using biorender.com.
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sion of a considerable number (67) of mitochon
drial function-related genes.29 Engagement of 
ACE2/A1-7/Mas axis in pancreatic β cells was 
reported to reduce β cell de-differentiation and 
improve islet microcirculation by suppressing 
iNOS production/activity.30 The ACE2/A1-7 
axis was also reported to inhibit pancreatitis via 
NO-dependent signals.31

The protective role of ACE2 in β cell growth and 
function notwithstanding increased morbidity and 
mortality in COVID-19 patients with diabetes rela
tive to counterparts with no history of diabetes has 
been amply documented. Loss of ACE2 was 
reported to promote the deleterious Ang-II/AT1R 
arm of the RAS system.32 COVID-19 patients tend 
to exhibit increased levels of serum Ang-II, perhaps 

indicative of reduced ACE2 cleavage activity.33 In 
this context, some studies have mused on the pos
sibility that upon entry to the host, the virus binds 
to the extracellular domain of ACE2 through its 
spike glycoprotein subunit and reduces its 
expression.34 Should this be the case, it is possible 
that reduced ACE2 expression in diabetics could 
exacerbate the destructive actions of the Ang- 
II–dependent arm of RAS, leading to pulmonary, 
bone marrow and gastrointestinal complications 
that culminate in severe illness and death.32

3. ACE2 expression patterns in human 
pancreatic islets and β cells

Yang et al., was the first to report ACE2 expression 
in human pancreas sections with weak expression 

Table 1. List of the studies investigating the expression of ACE2 in pancreatic islets and β-cells.
Ref Study design Method of ACE2 detection Main findings

Yang et al16 Pancreatic sections from a 43-year-old male 
brain-dead organ donor.

Immunohistochemical staining with 
unspecified ACE2 antibody

Strong staining of ACE2 in pancreatic islets 
and weak in exocrine tissues.

Liu et al A public database (GTEx) database (https:// 
gtexportal.org) and two ssRNA sequencing 
data sets of different endocrine cells.

mRNA expression level of ACE2 ● ACE2 expression is higher in the pancreas 
than in the lung.

● ACE2 is expressed in both the exocrine 
glands and islets.

Taneera 
et al15

Human pancreatic microarray expression data 
from 67 donors

mRNA expression in whole islets ACE2 is expressed at lower levels compared 
to ADAM17 or TMPRSS2.

Fignani 
et al13

Fresh, FFPE, or frozen human pancreatic islets 
from seven brain-dead donors and one T1D 
donor. Also, the human cell line “EndoC- 
βH1” was included.

RNA seq, RT-PCR and immunohistochemical 
staining using anti-ACE2 (cat. MAB933, 
R&D, USA)

● ACE2 preferentially expressed in subsets 
of β-cells and pancreas microvasculature 
pericytes.

● Moderate expression in rare ductal cells
● ACE2 expression in the human EndoC- 

βH1 cells was similar to that observed in 
human pancreatic islets.

Yang et al17 Human Pluripotent Stem-derived endocrine 
cell types and primary human islets.

Immunohistochemical staining with Anti- 
ACE2(Abcam, Cat# ab15348 and R & 
D Systems, Cat# AF933) and ssRNA 
sequencing

● ACE2 protein is expressed in α and β 
derived cells but not in δ cells.

● ACE2 mRNA is expressed in human acinar 
cells, ductal cells, beta cells, alpha cells.

● Primary human β and α cells express ACE2 
protein.

Kusmartseva 
et al14

Public ssRNA-seq from five datasets, including 
22 non-diabetic and 8 T2D individuals. 
Pancreatic tissues from 56 non-diabetic, 
SARS-CoV-2 negative donors and three 
patients with 
fatal COVID-19.

scRNA-sequencing, fluorescence in situ 
hybridization, western blotting, and 
immunolocalization using anti-ACE2 
(Abcam Cat# ab108252, Abcam Cat# 
ab15348;R&D Systems Cat# MAB933 and 
R&D Systems Cat# AF933)

● ssRNA-seq revealed low ACE2 expression 
levels in the majority of islet cell subsets.

● Expression levels of ACE2 were not differ
ent between non-diabetic donors and 
T2D in any of the islet cell subtypes.

Coate et al12 Tow public bulk RNA-seq dataset from human 
islets, four ssRNA-seq from human 
pancreatic and pancreatic tissues normal 
donors with or without diabetes and 
COVID-19 decedents after autopsy.

RNA-seq and Immunohistochemical staining 
using anti-ACE2 (Atlas Antibodies Cat# 
HPA000288; Abcam Cat# ab15348; 
R&DCat# AF933 and R&DCat# MAB933).

● ACE2 is not expressed in β cells at mRNA 
or protein levels

● ACE2 is expressed in exocrine tissue 
microvasculature and a subset of pan
creatic ducts (Percicytes).

Müller et al36 Pancreatic islets from four different donors 
and EndoC-βH1 cells.

RT-PCR and immunohistochemistry staining 
using anti-ACE2 (Abcam Cat # ab15348 and 
ab92323)

● SARS-CoV-2 infects human exocrine and 
endocrine pancreas ex vivo and in vivo 
resulted in reduced numbers of insulin- 
secretory granules in β-cells and impaired 
glucose-stimulated insulin secretion.

● SARS-CoV-2 nucleocapsid proteins 
detected in pancreatic exocrine and β- 
cells.
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in exocrine cells, obtained from a brain-dead 
donor.16 Liu et al. analyzed the expression and 
distribution of ACE2 in normal pancreas and lung 
tissues.10 The data revealed that the expression of 
ACE2 was slightly higher in the pancreas relative to 
the lungs. Moreover, single-cell RNA-sequencing 
(scRNA-seq) showed that ACE2 is expressed by 
both exocrine and pancreatic islets.35 Microarray 
expression data from human pancreatic islets 
demonstrated that the expression of ACE2 is 
lower than ADAM17 or TMPRSS2.15 Fignani 
et al. tapped into the INNODIA network 
EUnPOD biobank collection to study the expres
sion of ACE2 in human pancreatic cells and the 
human insulin-producing cell line, EndoC-βH1.13 

Immunohistochemistry staining in paraffin- 
embedded (FFPE) pancreatic sections showed that 
ACE2 is clearly expressed in a subset of endothelial 
cells or pericytes in specific lobules of the exocrine 
pancreas, some cells of the pancreatic ducts and 
endocrine pancreatic islets. It is worth noting that 
pronounced ACE2 expression was detected in 
a subset of cells within the islet parenchyma in the 
latter. Subsequent triple immunofluorescence 
staining showed that ACE2 expression preferen
tially overlapped with insulin-positive β cells; low/ 
no expression was observed in α cells. Expression of 
ACE2 receptor at the mRNA level was detected in 
pancreatic β cells.13 Similar expression profile of 
ACE2 expression in the human EndoC-βH1 cells 
to that observed in human pancreatic islets. 
Immunostaining studies in different pancreatic 
cell lineages including glucagon+ “α” cells, 
insulin+ “β” cells and somatostatin+ “δ” cells 
derived from hPSC showed that ACE2 is expressed 
in α and β cells but not in δ cells.17 scRNA-seq 
analysis also showed that ACE2 was expressed in 
acinar cells, ductal cells, β cells and α cells. These 
findings were further validated by immunohisto
chemistry in primary human pancreatic islets.17 

However, using scRNA-seq from five datasets, 
including 22 non-diabetic and 8 T2D individuals, 
Kusmartseva et al. showed that most islet cell sub
sets express low levels of ACE2. The percentage of 
ACE2 expressing cells was <2% in endocrine, 4.11% 
in acinar cells and 5.54% in ductal cells in non- 
diabetic donors.14

In contrast, using six transcriptional datasets of 
the human islet, Coate et al. showed no detectable 

levels of ACE2 in β cells. ACE2 protein was 
expressed only in the islet and exocrine tissue 
microvasculature and a subset of pancreatic 
ducts.12 Lastly, a recent study has demonstrated 
that both SARS-CoV-2 entry factors (ACE2 and 
TMPRSS2) are expressed in the pancreatic islets 
across four different donors.36 Interestingly, co- 
staining of endocrine cell types for ACE2 revealed 
that the C-peptide-positive (β cells) has the highest 
coefficients compared to the α – and δ cells.36 For 
a summary of these studies see Table 1.

4. The impact of DM on the expression intensity 
of ACE2 in pancreatic islets

Clinical and experimental evidence supporting the 
idea that diabetes itself affects ACE2 expression in 
human pancreatic islets and tissues have been 
documented. Kusmartseva et al. reported no differ
ences in the expression levels of ACE2 in non- 
diabetic vs. diabetic donors in any of the islet cell 
subtypes.14 However, the percentage of ACE2 
expressing cells was increased in acinar and ductal 
cells from 4% in non-diabetic donors to 8% in 
diabetics.14 Moreover, it has been shown that expo
sure of EndoC-βH1 cells to a cytokine cocktail (IL- 
1β, IFNγ, and TNFα) that commonly increased in 
people with diabetes resulted in an elevation of 
ACE2 expression levels compared to controls.13 

Using microarray expression data, Taneera et al. 
showed that ACE2 is elevated in diabetic/hypergly
cemic (n = 66) islets compared to non-diabetic 
/normoglycemic (n = 12).15 However, no correla
tion between ACE2 expression and HbA1c concen
tration, patient age or body mass index (BMI) was 
observed.

5. Permissiveness of pancreatic β cells to SARS- 
Cov-2 infection

Although most studies that addressed pancreatic β 
cell susceptibility to SARS CoV-2 have argued in 
the affirmative.13,15–17,21 other studies have argued 
in the negative.12,14 Numerous studies have estab
lished that viral infections are risk factors in Type 
1 diabetes.37 For example, viruses like 
Coxsackievirus B, rotavirus, and cytomegalovirus 
were previously shown to infect and destroy pan
creatic β cells.38–40 Immunohistochemistry and 
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in situ hybridization studies have previously 
reported the presence of SARS-CoV in pancreatic 
tissues of patients who died due to SARS 
infections.41 Therefore, it is within the possibility 
for SARS-CoV-2 to gain entry to pancreatic β cells 
through ACE2 to cause significant damage and 
impair insulin secretion. Yan et al. have already 
demonstrated that human pancreatic islets are 
permissive to pseudo-entry and infection by 
SARS-CoV-2.17 The presence of SARS-CoV-2 
spike protein in β and α cells was further con
firmed by immunohistochemical staining. A very 
recent study showed ex vivo infection of isolated 
human pancreatic islets (n = 4) to SARS-CoV-2 
led to a detectable expression of viral spike and 
nucleocapsid proteins at day 3. Although some 
C-pep/chromogranin A cells exhibited double 
positivity with the viral proteins, most SARS- 
CoV-2-infected cells appeared to lack pancreatic 
hormone expression.36 Moreover, postmortem 
examination in COVID-19 patients documented 
the presence of SARS-CoV-2 nucleocapsid protein 
in pancreatic exocrine cells and β cell in four 
subjects, further suggesting that human pancreatic 
tissues are possible targets of SARS-CoV-2 
infection.

It is worth noting that ADAM17 and 
TMPRSS2 were found to play an essential role 
in the permissiveness of pancreatic β cells to 
SARS-Cov-242 (Figure 1). The transmembrane 
serine protease 2 TMPRSS2 was reported to 
prime spike protein and ACE2 cytoplasmic tail 
cleavage; a crucial step that enhances viral uptake 
by target cells.43 Mechanisms that have been 
proposed to explain how TMPRSS2 promotes 
viral entry include the cleavage of SARS-S and 
the subsequent activation of S protein for mem
brane fusion and/or the cleavage of ACE2 as 
means of promoting viral uptake through the 
cathepsin L-dependent pathway.43 The main 
function of ADAM17 is to cleave and release 
the Ectodomain of ACE2 in the circulation; 
a process that culminates with ACE2 
shedding.4,5,44 Several lines of evidence suggest 
that ADAM17 activity contributes to SARS-CoV 
-2 infection and COVID-19 comorbidities such 
as elevated plasma levels of ACE2 in old men as 
well as patients with chronic pulmonary inflam
mation, renal disorders, or diabetes mellitus.45 In 

this context, it is important to emphasize that 
increased activity of ADAM17 has been corre
lated with hyperglycemia, which increases insulin 
resistance.46 Moreover, diabetic patients with 
ADAM17 upregulation exhibited increased insu
lin receptor resistance.44 Taken together, these 
observation suggest that the interaction between 
ACE2, ADAM17, and TMPRSS2 may represent 
a sidestep that determines the course of COVID- 
19 disease. More work is still needed to better 
configure the ACE2/ADAM17/TMPRSS2 axis 
especially as it relates to severe COVID-19 
disease.

6. Impact of ARBs/ACE inhibitors or anti- 
diabetic drugs on ACE2 expression in β-cells

Two of the most widely used drugs in diabetes and 
heart failure are angiotensin-converting enzyme 
inhibitors (ACEI) and angiotensin II receptor 
blockers (ARBs) are known to increase the 
Angiotensin II level and can indirectly activate 
the ACE2.47 Consequently, during COVID-19 
pandemic, there was a raised concern regarding 
patients receiving these medications ACEI or 
ARBs, which elevate ACE2 expression and could 
be more susceptible to infection with SARS-COV 
-2. Although there are no reports on the impact of 
ARBs/ACE inhibitors on ACE2 expression in pan
creatic β-cells, ARBs/ACE inhibitors showed no 
effect on ACE2 expression in the human heart.48 

It was also reported that no relation between ACE 
inhibitors or ARBs and the susceptibility to 
COVID-19 in humans.49 Interestingly, patients 
on ARBs/ACE inhibitors have been shown to 
have a better prognosis and experience less 
inflammation during COVID-19 infection, which 
supports the use of ARBs/ACE inhibitors com
pared to other antihypertensive drugs in treating 
COVID-19 patients.50,51

Additionally, there is a lack of studies on the 
impact of or anti-diabetic drugs such as insulin, 
metformin, sulfonylureas and dapagliflozin on 
ACE2 expression in human pancreatic islets. 
The anti-diabetic drugs, SGLT2 and DPP-4 inhi
bitors, showed no increased risk of COVID-19 
infection, suggesting that they are safe for type 2 
diabetic subjects during the COVID-19 
pandemic.52 At the moment, there is no solid 
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evidence on a particular drug that could attenu
ate or exacerbate the outcomes of COVID-19 
disease.

7. Technical issues of concern

Contradictory data on the expression of ACE2 in 
human pancreatic β cells could be attributed to 
several variables, including the quality of islets 
(cause of death, enzymatic preparation, culture 
conditions, tissues processing, etc.) and the sen
sitivity of antibodies used as per the respective 
study. The localization of ACE2 in endocrine 
cells was observed using two out of three differ
ent antibodies tested in one study.13 Some com
mercial antibodies failed to detect the short- 
ACE2 isoform in human β cells.13,14 It is also 
worth noting that scRNA-seq sequencing data 
often fails to detect the full range of genes that 
are usually detected and counted using bulk cell- 
based RNA sequencing approaches.53 Several stu
dies that relied on scRNA-seq missed multiple 
key genes involved in pancreatic β cell function, 
including SLC30A8 and TCF7L2.54,55 Hence, 
further refinement of these techniques is required 
to generate reproducible data, be it pancreatic 
islet preparation and processing, antibody sensi
tivity, or scRNA-seq data robustness.

8. Concluding remarks

Experimental data accumulated over the last decade 
suggest that ACE2 plays an essential role in pan
creatic β cell function and survival. The majority of 
studies that examined ACE2 expression patterns in 
pancreatic islets indicate that it is expressed at low 
levels. Although several lines of evidence suggest 
that pancreatic β cells could be susceptible to infec
tion by SARS-CoV-2, data on this interaction 
between pancreatic β cells and SARS-Cov-2 remain 
inconclusive. Additionally, the mechanism(s) 
underlying the hyperglycemia-related symptoms 
manifest in non-diabetic COVID-19 patients 
required further clarification. Hence, to understand 
the pathogenesis of SARS-CoV-2, more studies/ 
samples from COVID-19 patients after autopsy or 
ultrasound-guided tissue biopsies are warranted to 
validate the presence of the SARS-CoV-2 and co- 
localization of ACE2 in pancreatic β-cells. Notably, 

such effort should be made in a large number of 
collected pancreata with/without diabetes from dif
ferent geographic/ethnic populations. Great cau
tions must be considered when pancreatic tissue is 
collected from cadaver donors to avoid autolysis 
and thus influence the expression of SARS-CoV-2 
target receptors. Also, different ACE2 antibodies 
are required for a better expression profile of 
ACE2 expression in pancreatic islets. Finally, 
more studies are needed to investigate the effect of 
anti-diabetic drugs on the expression of ACE2 in 
human pancreatic islets.
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