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INTRODUCTION 

Annexin- A1 (ANXA1) is a member of the annexin super-
family of proteins  that bind phospholipids  in a calcium- 
dependent  manner.  Annexins  are  capable  of  a  range  of 
biological  functions,  from  structural  organization  of  the 
cell  to  regulation  of  growth  and  vesicle  trafficking  [1]. 
More  specifically,  ANXA1  has  established  roles  in  both 
apoptosis,  cell  differentiation  and  modulation  of  the  in-
flammatory  response  [2].  ANXA1  has  been  implicated 
in  a  range  of  diseases,  playing  both  pro-   [3]  and  anti- 
inflammatory  [4]  roles  in  inflammatory  conditions,  as 

well as an involvement in cancer metastasis, invasiveness 
and proliferation [5,6].

Under  homeostatic  conditions,  ANXA1  is  expressed 
mostly  in  the  cytosol  of  innate  immune  cells  such  as 
monocytes,  eosinophils  and  neutrophils.  It  is  also  ex-
pressed  at  lower  levels  by  lymphocytes  [7,8].  ANXA1  is 
well established as an anti- inflammatory protein in the in-
nate immune system; however, its role in adaptive immu-
nity is less clear, perhaps partly due to its lower expression 
on adaptive immune cells [8].

Evidence  has  emerged  to  suggest  that  the  anti- 
inflammatory  effects  of  ANXA1  are  mediated  by 
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Abstract
Annexin- A1 has a well- defined anti- inflammatory role in the innate immune system, 
but  its  function  in  adaptive  immunity  remains  controversial.  This  glucocorticoid- 
induced  protein  has  been  implicated  in  a  range  of  inflammatory  conditions  and 
cancers, as well as being found to be overexpressed on the T cells of patients with au-
toimmune disease. Moreover, the formyl peptide family of receptors, through which 
annexin- A1 primarily signals, has also been implicated in these diseases. In contrast, 
treatment with recombinant annexin- A1 peptides resulted in suppression of inflam-
matory processes in murine models of inflammation. This review will focus on what 
is currently known about annexin- A1 in health and disease and discuss the potential 
of this protein as a biomarker and therapeutic target.
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glucocorticoids  (GCs),  through  both  genomic  and 
non- genomic  processes  in  both  health  and  disease  [9– 
11].  GCs  are  a  class  of  steroid  hormones  that  function 
as  inflammatory  mediators  and  regulate  a  plethora  of 
physiological processes. GCs have been adapted for use 
therapeutically  in  a  wide  range  of  diseases,  but  their 
beneficial  effects  can  often  be  surpassed  by  side- effects 
which  range  from  increased  infections  to  osteoporosis. 
Furthermore, long- term usage of GCs can also result in 
tissue- specific resistance to these therapies [12– 14]. This 
research has highlighted a potential molecular pathway 
involving ANXA1 that is activated by GCs to allow them 
to  exert  their  pharmacological  actions.  This  could  per-
haps be manipulated to minimize associated side- effects 
and  drug  resistance.  Therefore,  further  investigations 
into ANXA1 and how it functions are vital. This review 
will summarize what is currently known about ANXA1 
in terms of its structure and function and discuss current 
research examining the role of ANXA1 and its receptors 
in disease. The potential of ANXA1 and its receptors as 
biomarkers  and  therapeutic  targets  in  disease  will  also 
be discussed.

ANXA1 IN IMMUNITY

ANXA1 structure and externalization

ANXA1 is a 37- kDa protein consisting of 346 amino acids. 
It is part of the annexin superfamily of proteins of which 
there are 12 members in vertebrates. Like other members 
of the annexin family, ANXA1 has a core region consisting 
of four repeating motifs containing type 2 calcium binding 
domains [15], and an N- terminal domain which is unique 
to each member of the annexin family [8].

In the presence of calcium, ANXA1 undergoes a criti-
cal conformational change which allows the core region to 
bind to membrane phospholipids and for the N- terminal 

domain  to be exposed allowing  interaction with cellular 
receptors (Figure 1).

The N- terminal domain mediates the anti- inflammatory 
functions  of  ANXA1  including  inhibition  of  leukocyte 
migration  and  the  transendothelial  passage  of  neutro-
phils  [16– 18].  In contrast,  the core region facilitates sev-
eral functions such as membrane fusion and aggregation 
[19,20] and has been shown to act in a pro- inflammatory 
manner by promoting clustering and migration across the 
endothelium [3]. This suggests that the ‘opposite ends’ of 
ANXA1 play contrasting roles in an inflammatory setting.

To  exert  its  biological  effects,  ANXA1  needs  to  be 
externalized  from  the  cell  it  is  contained  within.  Post- 
translational  modification  of  the  ANXA1  protein,  spe-
cifically  phosphorylation  at  serine- 27,  is  essential  for 
secretion of the protein. This was evident in experiments 
in which ANXA1 without this modification could not be 
released [15,21]. When the cell is activated during an in-
flammatory  response,  ANXA1  is  translocated  to  the  cell 
membrane where it is secreted, allowing it to interact with 
its receptors in an autocrine, paracrine or juxtacrine man-
ner.  Notably,  ANXA1  expression  is  highly  regulated  by 
GCs and it  is believed that the anti- inflammatory effects 
of these molecules are mediated by ANXA1 [8,22].

ANXA1 receptors

ANXA1  is  thought  to  mediate  the  majority  of  its  effects 
through formyl peptide receptors (FPRs). The FPRs are a 
family of G protein- coupled receptors of which there are 
three in humans: FPR1, FPR2 and FPR3 [8,23] These re-
ceptors bind a wide range of ligands, including those in-
volved in chemotaxis and activation of phagocytes [24].

Neutrophils can mediate both pro- inflammatory and 
anti- inflammatory functions via FPRs. The most versa-
tile of these receptors is FPR2, which can interact with a 
variety of ligands resulting in diverse pro- inflammatory 

F I G U R E  1  Annexin- A1 alone and in the presence of calcium. Ribbon diagrams showing full- length annexin- A1 (ANXA1) without 
calcium binding (left, protein database code 1HM6) and with calcium binding (right, protein database code 1MCX). The N terminus is 
highlighted in red and calcium ions are in grey. The image shows a conformational change in the ANXA1 protein upon calcium binding 
(B), exposing the N terminus for subsequent binding to membrane phospholipids to facilitate its functions. The images were taken from the 
protein database using the iCn3D [150] software and edited using Biorender.com

ANXA1 in the absence of calcium ANXA1 in the presence of calcium

Calcium

N- terminus N-terminus



4 |   KELLY et al.

(cathelicidin)  and  anti- inflammatory  (lipoxin  A4)  ef-
fects  depending  on  the  particular  ligand  bound  [25] 
(Figure 2).

ANXA1 has been shown to interact primarily with FPR1 
and FPR2 in the context of many diseases. Interestingly, 
N- terminal peptides, including Ac2- 26 (Figure 3) as well 
as  the  full- length  ANXA1  protein,  have  been  shown  to 
activate  the  FPR  family  of  receptors  [26– 28].  Most  of 
the  interactions  mediated  by  the  FPR  receptors  seemed 
to be  involved  in host clearance and tissue maintenance 
processes.

The  interaction between ANXA1 and FPR1 has been 
suggested  to  result  in  anti- inflammatory  processes  in 
diseases such as cancer, where  interactions of  these  two 
proteins on murine dendritic cells  (DCs) were shown to 
establish DC/corpse synapses and clearance of dead cells 
[29]. Contrastingly,  studies have suggested  that ANXA1- 
FPR1 interactions can drive oncogenic processes  includ-
ing  cellular  proliferation  [30]  and  invasion  [5].  Human 
studies  in  an  inflammatory  setting  (cutaneous  adverse 
drug reactions) suggest that the FPR1- ANXA1 interaction 
is involved in mediating necroptosis [31], again suggesting 
a pro- inflammatory role.

In  the  case  of  FPR2,  exposure  of  neutrophils  and 
monocytes  to  GCs  has  been  shown  to  increase  the  ex-
pression  of  this  receptor,  suggesting  it  is  playing  a 
role  in  mediating  anti- inflammatory  interactions  [32]. 
Furthermore,  antibody- mediated  blocking  of  FPR2 
prevented  anti- inflammatory  functions  mediated  by 
ANXA1,  such  as  inhibition  of  neutrophil  transmigra-
tion  [11].  Interestingly,  ANXA- FPR2  interactions  have 
been  associated  with  a  transient  increase  in  the  levels 
of  active  alveolar  macrophages  (AM),  which  are  fur-
ther  associated  with  anti- viral  functions.  An  increased 
expression of the AM regulating cytokine, granulocyte- 
macrophage  colony- stimulating  factor  (GM- CSF),  was 
also observed. These effects were decreased upon addi-
tion  of  an  FPR2  antagonist,  but  remained  upregulated 
after genetic deletion of FPR1, suggesting this anti- viral 
function could not be conveyed via FPR1. This supports 
the  idea  of  differing  functions  of  these  two  receptors 
[33] and leads to the hypothesis that depending on the 
environment  (e.g.  viral  infection  vs  chronic  inflam-
matory  state),  ANXA1  signals  through  either  FPR1 
or  FPR2  to  induce  pathways  required  for  resolution. 
Fully understanding this biology could be beneficial in 
terms  of  providing  a  more  specific  target  for  anti- viral 
and also anti- inflammatory therapies. The anti- viral as-
pect  of  this  is  particularly  relevant  during  the  current 
COVID- 19 pandemic, where there is an immense unmet 
need for alternative targets to help dampen the hyperin-
flammatory state observed as a consequence of this viral 
disease.

ANXA1 in the innate immune system

The  innate  immune  system  is  widely  referred  to  as  the 
human body's first line of defence against invading patho-
gens. It consists of several physical, chemical and micro-
biological  barriers,  as  well  as  cellular  components,  all 
working cohesively to protect the body.

The innate  immune response depends on several cell 
types,  including  monocytes,  dendritic  cells  and  neutro-
phils:  each  responsible  for  particular  functions.  The  re-
sulting effect is the production of a plethora of cytokines 
and chemokines, further activating additional cells to help 
clear the pathogen [34].

As sustained inflammation can be damaging, it is im-
portant  that  once  a  pathogen  is  cleared,  the  inflamma-
tory  response  is  resolved  rapidly  [35]. This  is  controlled 
by several anti- inflammatory mediators, one of which  is 
suggested  to be ANXA1 [23]. During homeostasis, gran-
ulocytes  and  monocytes  of  the  innate  immune  system 
contain  vast  amounts  of  intracellular  ANXA1  within 
the  cytoplasm.  When  an  inflammatory  response  occurs, 
ANXA1  is  transported  to  the cell  surface where  it binds 
to the plasma membrane in a calcium- dependent manner 
[36]. Once activated, ANXA1 exerts anti- inflammatory ef-
fects such as inhibition of neutrophil and monocyte adhe-
sion to the endothelium. Mechanistically, this is thought 
to be due to ANXA1 competing with the endothelial inte-
grin counterreceptor, VCAM- 1 for binding to the adhesion 
molecule α4β1 integrin [37,38].

The role of ANXA1 and its modulation of the inflam-
matory  response  has  also  been  demonstrated  in  studies 
using ANXA1 knockout (- /- ) mice. In addition to the en-
hanced inflammatory responses observed in these knock-
out mice, monocytes and neutrophils were more sensitive 
to  activation.  Moreover,  loss  of  ANXA1  rendered  mice 
more unresponsive to the effects of GCs. Notably,  it was 
harder  to  dampen  the  innate  immune  cell- mediated  in-
flammatory response. Combined, these data provided evi-
dence that the ability of ANXA1 to reduce innate immune 
cell- mediated inflammation is GC dependent [39,40]. This 
was further supported in human studies that demonstrated 
higher expression of ANXA1 in alveolar macrophages ob-
tained from bronchoalveolar lavage (BAL) samples of pa-
tients with asthma and  interstitial  lung disease  that had 
received GCs [41].

ANXA1 in the adaptive immune system

The  adaptive  immune  response  is  a  long- lived,  antigen- 
specific  response  involving  T  cells  and  B  cells  [8].  Cells 
of the adaptive immune system have the ability to recog-
nize  a  wide  range  of  specific  pathogenic  antigens  upon 
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re- exposure.  This  allows  them  to  react  in  an  amplified, 
rapid fashion to prevent significant re- infection and sub-
sequent damage to the body [42].

The role of ANXA1 in adaptive immunity is far from 
understood, perhaps due to its lower expression on adap-
tive immune cells. Inactivated T cells have been shown 

to express little to no ANXA1 and FPR2; however, their 
expression  is  increased  upon  activation  of  these  cells. 
CD4+ T cells have been shown to express more ANXA1 
than CD8+ T cells, with CD4+ memory cells expressing 
more ANXA1 than naïve CD4+ T cells [7,8,43]. Studies 
have  shown  that  murine  naive  T  cells  cultured  in  the 

F I G U R E  2  Actions of FPR2 are 
cell type dependent. Internalization 
and binding of glucocorticoids (GCs) to 
their receptor triggers the production of 
ANXA1. ANXA1 is externalized where 
it can bind to FPR2 on the cell surface 
initiating functions such as apoptosis and 
inhibition of migration in neutrophils and 
enhanced recruitment and efferocytosis in 
monocytes. Image created with Biorender.
com
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F I G U R E  3  ANXA1 structure. 
ANXA1 is composed of four repeating C 
terminal motifs and an N terminal domain 
consisting of the Ac2- 26 peptide. Both 
full- length ANXA1 and Ac2- 26 have been 
shown to interreact with the FPRs. The 
sequence of Ac- 26 is shown, along with its 
acetyl group N terminus constructed for 
stability and delay of protein degradation. 
Image adapted from Gavins et al [8] and 
created using Biorender.com
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presence of human recombinant ANXA1 (h- r- ANXA1) 
produced  more  Th1- associated  transcription  factors 
(such as T- bet) compared to control cells that were not 
cultured  in  the  presence  of  h- r- ANXA1.  These  cells 
also produced increased amounts of Th1- associated cy-
tokines  such as  IL- 2 and decreased amounts of  IL- 4, a 
cytokine  associated  with  decreased  Th1  production. 
This was enhanced  in Th1 skewing conditions  indicat-
ing that ANXA1 might have a regulatory effect on cyto-
kines that modulate this skewing. It also adds evidence 
to the idea that ANXA1 could perhaps play a role in the 
early  stages  of  determination  of  T- cell  differentiation 
[43– 45].  D’Acquisto  et al.  have  further  speculated  that 
ANXA1  may  influence  this  by  altering  the  strength  of 
T- cell receptor (TCR) signalling [44].

ANXA1 has also been shown to be expressed on B cells. 
Interestingly,  ANXA1  was  observed  to  primarily  reside 
on the surface of B cells,  the opposite to what is seen in 
other  immune cells, which could suggest differing  func-
tions  for  this  protein  even  within  adaptive  immune  cell 
types [7,8,46]. Indeed, ANXA1 is known to be involved in 
signalling  pathways  that,  once  induced,  can  have  differ-
ent implications dependent on the cell type. For example, 
ANXA1 is known to activate signalling pathways involv-
ing mitogen- activated protein kinases (MAPK), which can 
lead to monocyte differentiation, T- cell proliferation and 
neutrophil apoptosis [47,48]. This highlights the complex 
and differing functions of this protein within different cell 
types (Figure 4).

Several  studies  have  suggested  that  ANXA1  plays  an 
anti- inflammatory role in adaptive immunity. The addition 
of purified ANXA1 to thymocytes resulted in loss of their 
suppressor T- cell activity [49]. ANXA1 deficiency was also 
shown to enhance antigen- dependent T- cell proliferation 
and subsequent inflammation [50]. Furthermore, ANXA1 
peptides were shown to  inhibit cytokine production and 
antigen- mediated  cellular  proliferation  in  atopic  sensi-
tized patient samples [51]. Combined, these studies insin-
uate that in states of uncontrolled inflammation, ANXA1 
could  potentially  be  released  to  drive  anti- inflammatory 
pathways. Indeed, other proteins act in this way, such as 
the  metabolite  itaconate,  an  anti- inflammatory  protein 
produced during an inflammatory macrophage response. 
Itaconate interestingly has been shown to modify ANXA1 
during an inflammatory response to allow it to carry out 
anti- inflammatory functions. It remains to be seen, how-
ever, whether  these modifications do or do not occur  in 
certain  inflammatory  diseases  where  modification  is  es-
sential for ANXA1 to play its protective role [52].

In contrast, there is also evidence for a pro- inflammatory 
role of ANXA1 in the adaptive immune system. D’Acquisto 
et  al.  investigated  the  effect  of  adding  hu- r- ANXA1  to 
activated T  cells  in vitro  and  found  that  addition  of  this 

protein increased T- cell proliferation and activation. This 
effect  was  only  seen  when  the  T  cells  were  stimulated 
in  conjunction  with  FPR2  receptor  externalization,  sug-
gesting  ANXA1  could  mediate  these  pro- inflammatory 
effects via FPR2 receptor. Furthermore, naïve T cells dif-
ferentiated in the presence of hu- r- ANXA1, and increased 
skewing towards a Th1 phenotype, associated with more 
pro- inflammatory activity [15,43].

ANXA1 IN DISEASE

The above sections have primarily focused on the role of 
ANXA1  in  the  normal  physiology,  ranging  from  modu-
lation  of  inflammation  to  regulation  of  proliferation. 
However, there is an increasing evidence that ANXA1 can 
play a role in disease, including inflammatory disease and 
cancer progression (Table 1). Similar to findings in health, 
the  role  of  ANXA1  in  disease  is  not  entirely  clear,  with 
alternating roles being discussed within the same disease, 
as well as within different disease subsets.

ANXA1 and the innate immune response 
in disease

Evidence for a role of ANXA1 in modulating the activity 
of innate inflammatory cells has also been explored. For 
instance, in multiple sclerosis (MS), increased expression 
of ANXA1 has been observed in macrophages at the sites 
of active lesions [53]. In contrast, reduced ANXA1 levels 
have been found in brain parenchymal capillaries within 
MS patients. However, this fall in ANXA1 expression oc-
curred at sites distant from active lesions [54].

In  models  of  myocardial  infarction  (MI),  treatment 
with exogenous Ac2- 26 at  the onset of  reperfusion  im-
proved  recovery  of  left  ventricle  function  in  rat  and 
murine  hearts,  as  well  as  preventing  cardiomyocyte 
damage.  The  protective  effects  of  Ac2- 26  were  subse-
quently  diminished  upon  addition  of  an  FPR1  antag-
onist.  Interestingly,  the  addition  of  a  FPR2  antagonist 
only  modestly  reduced  cardio- protection  and  this  was 
short- lived compared to the FPR1 antagonist [55]. This 
could suggest  that  the protective role of ANXA1 in MI 
is  mostly  mediated  through  FPR1  rather  than  FPR2. 
Studies in patients with carotid stenosis further support 
this protective  role of ANXA1, as higher ANXA1 gene 
[56]  and  protein  [57]  expression  was  seen  in  patients 
who  were  asymptomatic  compared  with  those  exhibit-
ing symptoms.

Atherosclerosis  is  another  disease  mediated  by  in-
nate  immune  cell  involvement,  and  a  protective  role 
for ANXA1 in modulating this disease has been widely 
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explored.  Atherosclerosis  is  a  well- recognized  contrib-
utor  to  cardiovascular  disease  and  is  characterized  by 
formation of plaques in the artery walls, leading artery 
narrowing  and  reduced  blood  flow.  It  is  known  to  be 
triggered by high levels of cholesterol in the blood, lead-
ing  to  lipoprotein  retention  in  the  artery  walls,  which 
triggers  inflammation.  A  continuation  of  this  athero-
sclerotic process can eventually progress to MI or stroke 
[58,59].

Macrophages  are  key  pro- resolving  players  in  the  in-
flammatory  process  that  occurs  within  atherosclerotic 
plaques via their ability to remove lipoproteins. This func-
tion  becomes  dysregulated  with  continued  leakage  of 
lipids from the blood vessels, leading to macrophages be-
coming inflammatory ‘foam’ cells, which are packed with 
lipids.  Researchers  have  therefore  claimed  that  recruit-
ment of leukocytes such as macrophages is a key process 
in the progression of atherosclerosis [60].

A protective role has been implicated for ANXA1 in ath-
erosclerosis in a study showing that the ANXA1 synthetic 
N- terminal peptide, Ac2- 26,  is able  to  reduce neutrophil 

and monocyte- mediated atherosclerotic plaque formation 
[61]. These protective effects are also seen in combination 
with  the ANXA1 receptors. Administration of Ac2- 26  in 
mice reduced recruitment of myeloid cells, an effect that 
was  shown  to  be  mediated  through  FPR2.  Repeated  ad-
ministration  of  Ac2- 26  was  shown  to  reduce  the  size  of 
atherosclerotic lesions and accumulation of macrophages 
in these lesions [62]. Studies in the low- density lipoprotein 
receptor (LDLR)−/− mouse model of atherosclerosis sup-
port this protective role and show that administration of 
hu- r- ANXA1 to mice fed a western diet attenuated plaque 
progression. Results also showed that hu- r- ANXA1 could 
mediate FPR2- dependent neutrophil rolling, reducing the 
plaque inflammation [63].

De Jong et al have highlighted the  importance of  the 
role of ANXA1 in leukocyte recruitment and macrophage 
polarization, which are key processes  that are known to 
be  dysregulated  in  atherosclerosis  [58].  The  group  also 
suggested the role of ANXA1 as an anti- inflammatory me-
diator in cardiovascular therapeutics should not be over-
looked and have highlighted several studies that show the 

F I G U R E  4  ANXA1 Triggers MAP kinase signalling. ANXA1 binding to FPR2 on the plasma membrane can trigger signalling of MAP 
kinases. This has different outcomes depending on the cell type affected, including monocyte differentiation, neutrophil apoptosis and T- cell 
proliferation. Adapted from D’Acquisto et al [48] Image created with Biorender.com
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benefits of ANXA1 and its synthetic peptide in atheroscle-
rosis [64], stroke [65] and MI [66].

ANXA1 and the adaptive immune response 
in disease

In  addition  to  studies  that  are  investigating  the  role  of 
ANXA1  in  the  disease  associated- innate  immune  com-
partment,  there  is  also  a  focus  on  the  adaptive  immune 
system. Immune cells involved in the adaptive immune re-
sponse that have received particular attention, especially 
with  regard  to  ANXA1,  are  T  cells.  These  are  described 
in the literature as being key players in autoimmune and 
inflammatory disease [67].

A  range  of  autoimmune  inflammatory- mediated 
diseases including rheumatoid arthritis (RA), and mul-
tiple  sclerosis  (MS)  are  known  to  be  associated  with 
T- cell- mediated  pathology  [67].  However,  what  causes 
the  dysregulated  activity  of  these  T  cells  is  currently 
unknown.  Several  groups  have  reported  an  increased 

level  of  ANXA1  in  an  inflammatory  setting,  in  both 
animal  models  of  disease  [68,69]  and  in  human  sam-
ples  [70].  Experimental  autoimmune  encephalomyeli-
tis  (EAE)  mouse  models  of  inflammation  have  shown 
that  ANXA1  levels  correlated  with  disease  severity. 
Moreover, ANXA1−/− mice showed reduced severity of 
disease  upon  induction  of  EAE  compared  to WT  mice 
[71]. CD4+ T cells in patients with RA have been shown 
to have  increased ANXA1 expression  in comparison to 
healthy controls [43]. In addition, GC treatment for this 
disease has been shown to reduce ANXA1 expression in 
CD4+ T cells in RA patients in a time-  and concentration- 
dependent  manner  [72]  perhaps  contradicting  the  hy-
pothesis that ANXA1 is a downstream mediator of GCs. 
ANXA1  has  also  been  found  to  be  released  from  RA 
synovial  fibroblasts  (RASF)  following  tumour  necro-
sis  factor (TNF)- a- mediated activation, and to promote 
RASF matrix metalloproteinase- 1 secretion [73], known 
to play a major role in collagen degradation.

One  hypothesis  suggests  that  ANXA1  could  func-
tion  as  an  antigen  in  inflammatory  diseases,  which 

T A B L E  1   Expression of ANXA1 in different disease settings

Disease ANXA1 Expression Reference

Systemic Lupus 
Erythematosus

Increased Bruschi, M. et al. Annexin a1 and autoimmunity: From basic science to 
clinical applications. International Journal of Molecular Sciences. 19 
(2018).

Sepsis Decreased Tsai, W. H., Shih, C. H., Yu, Y. Bin & Hsu, H. C. Plasma levels in sepsis 
patients of annexin A1, lipoxin A4, macrophage inflammatory protein−3a, 
and neutrophil gelatinase- associated lipocalin. J. Chinese Med. Assoc. 76, 
486– 490 (2013).

Rheumatoid Arthritis Increased D’acquisto, F. et al. Glucocorticoid treatment inhibits annexin−1 expression 
in rheumatoid arthritis CD4+ T cells. Rheumatology 47, 636– 639 (2008)

Idiopathic Pulmonary 
Fibrosis

Increased autoantibodies Bringardner, B. D., Baran, C. P., Eubank, T. D. & Marsh, C. B. The role 
of inflammation in the pathogenesis of idiopathic pulmonary fibrosis. 
Antioxidants and Redox Signaling 10, 287– 301 (2008).

Multiple Sclerosis Decreased Colamatteo, A. et al. Reduced Annexin A1 Expression Associates with Disease 
Severity and Inflammation in Multiple Sclerosis Patients. J. Immunol. 203, 
1753– 1765 (2019).

Lung cancer Increased Biaoxue, R. et al. Upregulation of Hsp90- beta and annexin A1 correlates with 
poor survival and lymphatic metastasis in lung cancer patients. J. Exp. 
Clin. Cancer Res. 31, 1– 14 (2012).

Pancreatic cancer Increased Oliveira- Cunha, M., Byers, R. J. & Siriwardena, A. K. Poly(A) RT- PCR 
measurement of diagnostic genes in pancreatic juice in pancreatic cancer. 
Br. J. Cancer 104, 514– 519 (2011).

Prostate cancer Decreased Kang, J. S. et al. Dysregulation of annexin I protein expression in high- grade 
prostatic intraepithelial neoplasia and prostate cancer. Clin. Cancer Res. 8, 
117– 123 (2002).

Laryngeal cancer Decreased Silistino- Souza, R. et al. Annexin 1: Differential expression in tumor and mast 
cells in human larynx cancer. Int. J. Cancer 120, 2582– 2589 (2007).

Breast cancer Increased Graauw, M. de et al. Annexin A1 regulates TGF- β signaling and promotes 
metastasis formation of basal- like breast cancer cells. Proc. Natl. Acad. Sci. 
U. S. A. 107, 6340 (2010).
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triggers  the  production  of  destructive  autoantibodies 
rather than the protective ones [48]. A study which sup-
ports  this  idea showed  that  in patients with  idiopathic 
pulmonary  fibrosis  (IPF),  ANXA1  was  associated  with 
increased  CD4+ T- cell  activity,  as  well  as  autoantibody 
production in patients with exacerbated IPF [74]. Raised 
levels of ANXA1 autoantibodies have also been seen in 
patients with inflammatory bowel disease [75] and sys-
temic lupus erythematosus (SLE), particularly in lupus 
nephritis [76,77], indicating a potential role for ANXA1 
on  B  cells  in  these  diseases.  However,  further  work  is 
needed  to determine a  role  for  these autoantibodies  in 
the pathogenesis of these diseases.

Other  studies  have  shown  ANXA1  to  be  anti- 
inflammatory in murine models of autoimmune disease. 
In  models  of  contact  hypersensitivity,  collagen- induced 
arthritis and inflammation induced by transgenic T cells, 
deficiency of ANXA1 was associated with exacerbated in-
flammation.  In particular,  loss of ANXA1  in a model of 
arthritis was associated with increased antigen- specific T- 
cell activation [78]. However, as there are limited studies 
to support this anti- inflammatory role of ANXA1 in T- cell- 
associated disease, it is evident further data are needed to 
make this conclusion.

ANXA1 in Th17- associated diseases

Th17 cells are a  subtype of  IL- 17- secreting CD4+ T cells 
that  are  primarily  pro- inflammatory  and  normally  play 
a  role  in  the body's defence against bacterial and  fungal 
infections  [79,80].  However,  uncontrolled  activation  of 
Th17 cells has been shown to be a hallmark of several au-
toimmune  and  inflammatory  diseases  [81– 83].  We  have 
seen  evidence  for  a  role  for  ANXA1  in  mediating  T- cell 
pathology  in  autoimmune  disease,  so  could  this  protein 
be involved in manipulating Th17 activity? Unfortunately, 
there is limited research regarding the role of ANXA1 in 
Th17- mediated diseases, and the available data in the area 
are conflicting.

In a murine model of autoimmune uveitis, ANXA1- /-  
mice had enhanced retinal inflammation associated with 
overactivation and proliferation of Th17 cells. Furthermore, 
the  addition  of  hu- r- ANXA1  reduced  inflammation  and 
inflammatory  cytokine  production,  including  IL- 17  [84]. 
Murine  models  of  atopic  dermatitis  also  demonstrated 
that  knocking  out  ANXA1  upregulated  IL- 17A  [85].  In 
patients with chronic  inflammation (e.g. MS), Th17 cells 
exhibited  a  significant  reduction  in  ANXA1  production, 
also reflecting how downregulation of this protein is asso-
ciated with increased inflammation [86]. Th17 responses 
have also been shown to negatively correlate with ANXA1 
expression in other models of inflammation, including in 

studies  in primates with simian  immunodeficiency virus 
(SIV) infection [87].

In contrast, an ANXA1−/− mouse model of (MOG35- 55 
induced) EAE exhibited a reduced Th17 profile and had 
reduced IL- 17 production in comparison to WT mice [71]. 
It  has  been  suggested  that  the  (MOG35- 55  induced)  EAE 
model relies on early infiltration of Th1 cells for full induc-
tion of the disease. Interestingly, T cells from ANXA1−/− 
mice  had  an  impaired  production  of  Th1- associated 
cytokines,  supporting  the  idea  that  these  mice  have  a 
reduced  ability  to  develop  this  model  of  EAE. This  also 
suggests a potential pro- inflammatory role for ANXA1 in 
modulating Th1- mediated EAE disease pathology.

Transgenic  mouse  models  generated  to  overexpress 
ANXA1  in  T  cells  had  an  exacerbated  inflammatory  re-
sponse (increased IL- 2 production upon stimulation) and 
worse clinical disease scores. Furthermore, accumulation 
of Th17 cells was evident in inflamed tissue [88].

These  contrasting  findings,  alongside  the  fact  that 
the majority of the data is from animal models, indicate 
that  more  research  is  required  to  fully  understand  the 
role  of  this  protein  in  disease.  More  specifically,  fur-
ther analysis of patient and healthy control  samples  is 
needed to fully understand the role of ANXA1 in human 
disease. Often there are limitations with translating ani-
mal model data to the human disease, and these models 
do not always mimic the human disease in an accurate 
way. So, although mice models are invaluable to deepen 
understanding  of  disease  mechanisms  within  a  living 
system, caution should be taken when interpreting the 
data obtained from them.

ANXA1 in cancer

Cancer  is  commonly  described  as  being  initiated 
through a  series of mutations  that  result  in  the  induc-
tion  of  abnormal  rates  of  processes  such  as  growth  or 
angiogenesis [89]. A vital step in tumour growth is the 
ability of cancer cells to develop different ways of mim-
icking  immune  tolerance  mechanisms  to  avoid  detec-
tion  from  the  immune  system.  Interestingly,  chronic 
inflammation seems to play a key role in cancer progres-
sion by inducing stimulation of cancer cell proliferation 
and metastasis [90].

Similar  to  inflammatory  disease,  there  is  a  large 
amount of literature suggesting a role for ANXA1 in can-
cer, but  this role has not been well defined. ANXA1 has 
been shown to be overexpressed in cancers such as lung 
[91], pancreatic [92] and a number of breast cancer sub-
types [93,94], but contrastingly expressed at  lower  levels 
in other types of cancer such as prostate [95] and laryn-
geal [96,97]. It remains to be determined whether ANXA1 
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plays  a  dominant  role  in  certain  cancers.  It  is  clear  that 
expression  of  ANXA1  between  different  cancers  is  vari-
able.  Suggested  mechanisms  for  this  include  mutations 
or deletions  in the ANXA1 gene and epigenetic changes 
such  as  silencing  of  the  ANXA1  promotor.  Studies  have 
also  suggested  that  ANXA1  may  be  specific  to  each  tu-
mour type due to post- translational modifications of  the 
protein [97]. Indeed, post- translational phosphorylation is 
required for transfer of ANXA1 across the membrane [21], 
which could account for alterations in surface expression 
seen on different cells and in different cancers.

Studies  investigating  the  role  of  ANXA1  in  tumour 
progression  demonstrated  that  knocking  out  ANXA1 
resulted  in  reduced  tumour  growth,  angiogenesis  and 
metastasis  [98].  Furthermore,  treatment  of  rats  with  an 
anti- ANXA1  radioimmunotherapy  destroyed  tumours 
and  increased  survival  in  these animals  [99].  It has also 
been suggested that ANXA1 has a role in the development 
of drug resistance [100] and the initiation of DNA repair 
[101]. These multiple functions make ANXA1 an import-
ant target within many cancers and emphasize the need 
for  increased understanding of the exact mechanisms of 
ANXA1- mediated cellular activation. This  is particularly 
imperative in certain malignancies, such as breast cancer, 
where it has been shown that ANXA1 can behave as both 
a  tumour  suppressor  (e.g.  in  oestrogen  receptor+  breast 
cancers that generally have low ANXA1 levels) and an on-
cogene (e.g.  in basal- like breast cancer where ANXA1 is 
highly expressed), with levels of expression dependent on 
tissue and cell type [93,94].

ANXA1 has also been shown to play a role cancer pro-
gression through interactions with immune cells. In par-
ticular,  ANXA1  was  associated  with  worst  outcomes  in 
cancer patients by enhancing regulatory T- cell  functions 
[102], promoting mast cell infiltration [103] and promot-
ing polarization and activation of tumour- associated mac-
rophages [104]. Moreover, ANXA1 was shown to be a key 
component of extracellular vesicles released by pancreatic 
cancer cells and was able to influence the tumour micro-
environment by triggering mesenchymal switches and cell 
motility on fibroblasts and endothelial cells. The mecha-
nism of this was also shown to be mediated through the 
FPRs [105].

The ANXA1 receptors, FPRs, have also been implicated 
in several cancer types such as prostate and breast cancers 
[106,107]. Interaction of ANXA1 and these receptors has 
been shown to activate oncogenic pathways, such as those 
involving extracellular signal- related kinase (ERK) phos-
phorylation  resulting  in activation of  cell  invasion. ERK 
pathway activation has been implicated in several cancer 
types,  perhaps  explaining  the  vast  amount  of  literature 
suggesting a role for ANXA1 and its receptors in numer-
ous different cancer types [5,47].

ANXA1 and the FPRs as potential 
biomarkers in disease

ANXA1  has  been  suggested  as  a  potential  biomarker 
for several diseases [97,108]. Recent data have emerged 
suggesting that ANXA1 could be a novel biomarker of 
congestion in acute cardiac failure [109]. Interestingly, 
an  increased  level  of  circulating  ANXA1  been  sug-
gested  as  a  biomarker  for  several  inflammatory  dis-
eases.  This  has  been  observed  in  SLE  where  patients 
that  present  with  renal  complications  have  higher 
levels  of  circulating  ANXA1  [110].  In  addition,  it  has 
also been suggested that ANXA1 is a biomarker of glo-
merular  injury  [111].  Furthermore,  increased  serum 
ANXA1  has  been  identified  in  patients  with  chronic 
obstructive  pulmonary  disease  (COPD)  compared  to 
healthy  controls.  High  serum  ANXA1  levels  were  as-
sociated  with  disease  severity,  with  ANXA1- induced 
fibroblast  activation  in  the  lungs  being  suggested  as 
a  potential  mechanism  [112].  However,  these  data 
should  be  interpreted  carefully  as  changes  in  the  cir-
culating concentration of a protein do not necessarily 
mean a role in disease pathogenesis.

In  contrast,  plasma  ANXA1  was  shown  to  be  de-
creased  in  sepsis  patients  compared  to  healthy  controls 
[113]. Recent data have also provided evidence that serum 
ANXA1  levels  could  predict  disease  severity  in  a  form 
of  traumatic  brain  injury  called  aneurysmal  subarach-
noid  haemorrhage  (aSAH).  Serum  ANXA1  levels  were 
significantly  lower  in  patients  with  this  condition  than 
in healthy controls. Moreover, serum ANXA1 levels pre-
dicted  a  poor  outcome  6  months  after  aSAH  occurance 
[114]. Interestingly, a recent COVID- 19 study has shown 
that serum ANXA1 levels were significantly lower in sam-
ples  from patients with severe disease compared to both 
healthy  controls  and  those  with  moderate  disease  [115]. 
This  suggests a potential  role of ANXA1 as a biomarker 
in predicting COVID- 19 prognosis, which could allow for 
earlier treatment interventions. Researchers have further 
proposed the idea Ac2- 26 as an anti- inflammatory medi-
ator  in  treating patients with severe COVID- 19 but have 
agreed that further investigations are needed to determine 
the efficacy and safety of this [116].

Research has also suggested ANXA1 acts as a marker 
of sensitivity to endogenous GCs, which may account for 
the  altered  susceptibility  to  inflammatory  diseases  that 
are associated with dysregulation of these molecules [10]. 
In  terms  of  looking  at  ANXA1  as  a  potential  biomarker 
in T- cell- mediated diseases, there is a wide range of data 
suggesting  measuring  increased  levels  of  protein  could 
serve as a potential biomarker [43,50,70]. However, sub-
stantially more human studies need to be done to be able 
to verify these findings.



   | 11ANNEXIN-A1:THECULPRITORTHESOLUTION?

Evidence  has  also  indicated  that  ANXA1  could 
be  a  useful  biomarker  in  certain  forms  of  cancer.  As 
ANXA1 seems to be expressed differently across a range 
of cancers, and this expression also seems to vary depend-
ing on factors such as tumour stage and metastasis [117], 
the idea of developing this protein as a biomarker for all 
cancers  could  be  seen  as  slightly  challenging.  However, 
a  few  studies  have  provided  data  to  support  its  use  as  a 
biomarker. ANXA1 has been suggested as a biomarker in 
cholangiocarcinoma  [118]  and  several  other  cancers  in-
cluding colorectal [119], lung [120], liver [121], pancreatic 
[122] and breast cancers [123], all of which are extremely 
heterogeneous  and  require  good  biomarkers  to  inform 
treatment decisions. Interestingly, ANXA1 overexpression 
in epithelial ovarian cancer was shown to be a marker of 
better overall survival and it has been suggested that this 
may  prove  useful  in  determining  what  treatment  strate-
gies are put in place [124].

In  terms  of  the  FPRs,  some  studies  have  shown  that 
FPR1 could be promising as a biomarker, for acute myo-
cardial  infarction  [125],  tuberculosis  [126]  and  particu-
larly in cancer [127,128]. Recent data have also suggested 
that a particular mutation in FPR1 is a good predictor of 
poor prognosis in advanced rectal cancer [129]. Likewise, 
most of the available data have evidenced a role for FPR2 
as a marker of poor prognosis in cancer, particularly gas-
tric cancer [130] and also epithelial ovarian cancer [131]. 
This  is  in  contrast  to  the  suggested  role  of  ANXA1  in 
this  form of ovarian cancer,  suggesting  the  signalling of 
ANXA1 in this process may not be predominantly medi-
ated through FPR2. However, further studies are needed 
to validate these findings.

ANXA1 and the FPRs as potential  
therapeutic targets

Hu- r- ANXA1 and the N- terminal peptide of the protein, 
Ac2- 26, have both been tested as potential treatments in 
mice models of inflammation [64,132]. Treatment of mu-
rine neuroblastoma cells with hu- r- ANXA1 reduced the 
enzymatic degradation of the amyloid- β (Aβ) protein as-
sociated with Alzheimer's disease pathogenesis. Addition 
of this protein to murine microglial cells also reduced the 
Aβ- induced expression levels of cytokines such as TNF- α 
and  IL- 4,  which  are  associated  with  the  inflammatory 
process [133]. Furthermore, the addition of hu- r- ANXA1 
to macrophages from murine models of liver inflamma-
tory  disease  reduced  their  pro- inflammatory  responses 
[134]. There is very little evidence in the literature for a 
role for ANXA1 in B cells to date; however, experiments 
from  Mihaylova  et  al  in  mice  models  of  SLE  have  pro-
vided proof that ANXA1 could be a potential therapeutic 

target on these cells. Data showed that SLE mice treated 
with an anti- ANXA1 antibody resulted in the inhibition 
of  both  T- cell  activation  and  proliferation  compared  to 
control  groups  [135].  Furthermore,  treatment  with  the 
anti- ANXA1  antibody  was  associated  with  prolonged 
survival  and  decreased  disease  activity  in  these  mice, 
suggesting  a  protective  role  for  ANXA1  on  B  cells,  but 
further investigations are needed to declare this.

Interestingly, knockdown of ANXA1 both  in vivo and 
in vitro enhanced the anti- tumour effects of bortezomib, 
a commonly used treatment in multiple myeloma (MM). 
Cell  apoptosis  was  enhanced  in  ANXA1  knockdown/
bortezomib  combination  groups  compared  to  that  in 
ANXA1  knockdown  alone  or  bortezomib- treated  alone 
cells, supporting a pro- tumour role for ANXA1 in this dis-
ease [136]. Similar observations have been reported in col-
orectal  cancer, where ANXA1 expression was associated 
with resistance to treatment with 5- fluorouracil, a key drug 
used in the treatment of this cancer [137]. ANXA1 knock-
down  has  also  shown  to  suppress  the  proliferation,  mi-
gration  and  invasion  of  non- small- cell  lung  cancer  cells 
and has been suggested as an  in vitro  therapeutic  target 
in this form of cancer [138]. To our knowledge, there are 
currently no ANXA1 therapies undergoing clinical trials, 
with most trials focusing on the use of ANXA1 as a bio-
marker in disease [139].

Several researchers have looked at FPR family agonists 
as  therapeutics. An FPR1 agonist has been shown to  in-
hibit  inflammation  in  animal  models  of  inflammatory 
ear  disease  [140,141].  Moreover,  the  inhibition  of  FPR1 
reduced invasion and migration of lung adenocarcinoma 
cells during hypoxia in vitro [142]. There are very limited 
FPR1- specific  inhibitors  available  commercially;  how-
ever,  recently,  two small molecule human FPR1 antago-
nists have been developed that selectively antagonize the 
function of FPR1 in human neutrophils. Researchers have 
suggested  these  antagonists  seem  superior  to  any  other 
known  antagonists;  however,  more  detailed  studies  are 
needed with these compounds [143].

Preclinical studies have shown that FPR2 antagonists 
protected mice from lethal infection caused by influenza 
and  researchers  have  suggested  that  these  antagonists 
should  be  explored  as  new  influenza  treatments  [144]. 
The FPR2 agonist Cpd43  reduced  inflammation, as well 
as  osteoclastogenesis,  in  a  mouse  model  of  RA  [145]. 
Furthermore, an FPR2 agonist from Bristol- Meyers Squibb 
was able to improve cardiac function in a mouse model of 
heart failure and promote key pro- resolving activities such 
as  macrophage  phagocytosis  [146].  This  compound  was 
also able to promote wound- healing pathways in a mouse 
model  of  MI  and  preserve  cardiac  function  after  the  MI 
[147]. The  compound  is  currently  undergoing  a  phase  I 
trial in humans [148].
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Other FPR2 agonists have also been  investigated  in 
humans. For instance, Actelion have conducted Phase I 
studies with their new FPR2 agonist, ACT- 389949, and 
showed  that  it  was  well  tolerated;  however,  its  thera-
peutic potential as an anti- inflammatory molecule was 
limited [.

CONCLUSION

The  complex  nature  of  ANXA1  and  the  multiple  sig-
nalling  pathways  it  is  involved  in  perhaps  contribute 
to the disparity in literature surrounding the molecule. 
This can be seen in diseases such as cancer, where the 
role  ANXA1  plays  can  depend  on  the  signalling  path-
ways  that  it  is  involved  in,  as  well  as  the  localization 
of the molecule [47]. With a vast majority of data being 
sourced  from  animal  models,  it  is  clear  that  further 
human- based research needs to be conducted to deeper 
understand  the  role  of  this  protein  in  both  health  and 
disease before investigating its use as a potential thera-
peutic target or biomarker. Complementary studies  in-
vestigating interactions with the FPR family  in disease 
would be beneficial  to understand  the  signalling path-
ways elicited by ANXA1, and perhaps highlight if these 
are dysregulated in disease.

In  diseases  such  as  arthritis  or  cancer,  resistance  to 
treatment is common, and in some cases side- effects can 
be  extreme  [12,89].  Therefore,  it  is  evident  that  novel 
treatment strategies need to be explored in these diseases. 
A role for ANXA1 in these diseases, and also in mediat-
ing beneficial effects of commonly used treatments such 
as GCs, has been  implicated  [11]. This provides  further 
rationale for deeper investigation into the mechanisms of 
action of ANXA1 in disease, and in response to treatment 
with the prospect of perhaps manipulating the beneficial 
effects mediated by  this protein  to  reduce  treatment  re-
sistance  and  side- effects. The  anti- inflammatory  role  of 
ANXA1 in innate immunity is consistent throughout the 
literature, in contrast to adaptive immune- cell- associated 
diseases where the part ANXA1 plays are subject  to de-
bate.  ANXA1- based  therapeutics  would  be  more  ben-
eficial  initially  in  diseases  primarily  driven  by  innate 
immune cells such as atherosclerosis [8,64], providing a 
basis for further research into whether this protein could 
perhaps  also  be  manipulated  within  the  adaptive  im-
mune system.

ACKNOWLEDGEMENTS
Lauren Kelly is currently undertaking a PhD studentship 
funded by Medical Research Scotland and would  like  to 
acknowledge them for their continuous support.

CONFLICT OF INTEREST
Dr Fiona Dempsey and Scott Crichton are employed by the 
biopharmaceutical company Medannex, which is working 
to develop therapeutic antibodies targeting annexin- A1.

ORCID
Lauren Kelly   https://orcid.org/0000-0001-5146-4495 
Aysin Tulunay Virlan   https://orcid.org/0000-0003-4735-9902 
Carl S. Goodyear   https://orcid.org/0000-0001-5926-5941 

TWITTER
Carl S. Goodyear   @carl_goodyear 

REFERENCES
  1.  Moss SE, Morgan RO. The annexins. Genome Biol. 2004;5:219.
  2.  Galvão  I,  de  Carvalho  RVH, Vago  JP,  Silva  ALN,  Carvalho 

TG,  Antunes  MM,  et  al.  The  role  of  annexin  A1  in  the 
modulation  of  the  NLRP3  inflammasome.  Immunology. 
2020;160:78– 89.

  3.  Williams  SL,  Milne  IR,  Bagley  CJ,  Gamble  JR,  Vadas  MA, 
Pitson  SM,  et  al.  A  proinflammatory  role  for  proteolytically 
cleaved Annexin A1 in neutrophil transendothelial migration. 
J Immunol. 2010;185:3057– 63.

  4.  Vishwanatha JK, Davis RG, Rubinstein I, Floreani A. Annexin 
I  degradation  in  bronchoalveolar  lavage  fluids  from  healthy 
smokers: A possible mechanism of inflammation. Clin Cancer 
Res. 1998;4:2559– 64.

  5.  Cheng T- Y, Wu M- S, Lin J- T, Lin M- T, Shun C- T, Huang H- Y, 
et al. Annexin A1 is associated with gastric cancer survival and 
promotes  gastric  cancer  cell  invasiveness  through  the  formyl 
peptide receptor/extracellular signal- regulated kinase/integrin 
beta- 1- binding protein 1 pathway. Cancer. 2012;118:5757– 67.

  6.  Han G, Kaijin LU, Huang  J, Ye  J, Dai S, Ye Y,  et  al. Effect of 
Annexin A1 gene on the proliferation and invasion of esopha-
geal squamous cell carcinoma cells and its regulatory mecha-
nisms. Int J Mol Med. 2017;39:357.

  7.  Spurr L, Nadkarni S, Pederzoli- Ribeil M, Goulding NJ, Perretti 
M, D'Acquisto F. Comparative analysis of Annexin A1- formyl 
peptide  receptor  2/ALX  expression  in  human  leukocyte  sub-
sets. Int Immunopharmacol. 2011;11:55– 66.

  8.  Gavins  FNEE,  Hickey  MJ.  Annexin  A1  and  the  regulation  of 
innate and adaptive immunity. Front Immunol. 2012;3:354.

  9.  Goulding NJ, Godolphin JL, Sharland PR, Peers SH, Sampson 
M, Maddison PJ, et al. Anti- inflammatory lipocortin 1 produc-
tion by peripheral blood leucocytes in response to hydrocorti-
sone. Lancet. 1990;335:1416– 8.

 10.  Mulla A, LeRoux C, Solito E, Buckingham JC. Correlation be-
tween the Antiinflammatory Protein Annexin 1 (Lipocortin 1) 
and  serum  cortisol  in  subjects  with  normal  and  dysregulated 
adrenal function. J Clin Endocrinol Metab. 2005;90:557– 62.

 11.  Perretti  M,  D’Acquisto  F.  Annexin  A1  and  glucocorticoids  as 
effectors of the resolution of inflammation. Nat Rev Immunol. 
2009;9:62– 70.

 12.  Ramamoorthy S, Cidlowski JA. Corticosteroids. Rheumatic Dis 
Clin North America. 2016;42(1):15– 31.

 13.  Schäcke H, Döcke WD, Asadullah K. Mechanisms involved in the 
side effects of glucocorticoids. Pharmacol Ther. 2002;96:23– 43.

https://orcid.org/0000-0001-5146-4495
https://orcid.org/0000-0001-5146-4495
https://orcid.org/0000-0003-4735-9902
https://orcid.org/0000-0003-4735-9902
https://orcid.org/0000-0001-5926-5941
https://orcid.org/0000-0001-5926-5941
https://twitter.com/carl_goodyear


   | 13ANNEXIN-A1:THECULPRITORTHESOLUTION?

 14.  Briot K, Roux C. Review: Glucocorticoid- induced osteoporosis. 
RMD Open. 2015;1:e000014.

 15.  D’Acquisto  F,  Perretti  M,  Flower  RJ.  Annexin- A1:  A  pivotal 
regulator  of  the  innate  and  adaptive  immune  systems.  Br  J 
Pharmacol. 2008;155:152– 69.

 16.  Pupjalis D, Goetsch J, Kottas DJ, Gerke V, Rescher U. Annexin 
A1 released from apoptotic cells acts through formyl peptide re-
ceptors to dampen inflammatory monocyte activation via JAK/
STAT/SOCS signalling. EMBO Mol Med. 2011;3:102– 14.

 17.  Perretti  M,  Ahluwalia  A,  Harris  JG,  Goulding  NJ,  Flower  RJ. 
Lipocortin- 1  fragments  inhibit  neutrophil  accumulation  and 
neutrophil- dependent edema in the mouse. A qualitative com-
parison with an anti- CD11b monoclonal antibody. J Immunol. 
1993;151:4306– 14.

 18.  Walther  A,  Riehemann  K,  Gerke  V.  A  novel  ligand  of 
the  formyl  peptide  receptor:  annexin  I  regulates  neutro-
phil  extravasation  by  interacting  with  the  FPR.  Mol  Cell. 
2000;5:831– 40.

 19.  D’Acunto  CW,  Gbelcova  H,  Festa  M,  Ruml  T.  The  complex 
understanding  of  Annexin  A1  phosphorylation.  Cell  Signal. 
2014;26:173– 8.

 20.  McNeil  AK,  Rescher  U,  Gerke  V,  McNeil  PL.  Requirement 
for  annexin  A1  in  plasma  membrane  repair.  J  Biol  Chem. 
2006;281:35202– 7.

 21.  Solito E, Christian HC, Festa M, Mulla A, Tierney T, Flower RJ, 
et al. Post- translational modification plays an essential role in 
the translocation of annexin A1 from the cytoplasm to the cell 
surface. FASEB J. 2006;20:1498– 500.

 22.  Patel HB, et al. The impact of endogenous annexin A1 on glu-
cocorticoid control of inflammatory arthritis. Ann Rheum Dis. 
2012;71:1872– 80.

 23.  Sugimoto  MA, Vago  JP, Teixeira  MM,  Sousa  LP.  Annexin  A1 
and  the  resolution  of  inflammation:  modulation  of  neutro-
phil  recruitment,  apoptosis,  and  clearance.  J  Immunol  Res. 
2016;2016:8239258.

 24.  Ye RD, Boulay F, Wang JM, Dahlgren C, Gerard C, Parmentier 
M, et al. International union of basic and clinical pharmacol-
ogy.  LXXIII.  Nomenclature  for  the  formyl  peptide  receptor 
(FPR) family. Pharmacol Rev. 2009;61:119– 61.

 25.  Ansari J, Kaur G, Gavins FNE. Therapeutic potential of annexin 
A1 in ischemia reperfusion injury. Int J Mol Sci. 2018;19:1211.

 26.  Sheikh MH, Solito E. Annexin A1: Uncovering  the many  tal-
ents of an old protein. Int J Mol Sci. 2018;19:1045.

 27.  Gavins  FNE,  Yona  S,  Kamal  AM,  Flower  RJ,  Perretti  M. 
Leukocyte  antiadhesive  actions  of  annexin  1:  ALXR-  
and  FPR- related  anti- inflammatory  mechanisms.  Blood. 
2003;101:4140– 7.

 28.  Perretti  M,  Getting  SJ,  Solito  E,  Murphy  PM,  Gao  JL. 
Involvement of  the receptor  for  formylated peptides  in  the  in 
vivo anti- migratory actions of annexin 1 and its mimetics. Am J 
Pathol. 2001;158:1969– 73.

 29.  Baracco  EE,  Stoll  G,  Van  Endert  P,  Zitvogel  L,  Vacchelli  E, 
Kroemer G, et al. Contribution of annexin A1 to anticancer im-
munosurveillance. Oncoimmunology. 2019;8:e1647760.

 30.  Vecchi  L,  Zóia  MAP,  Santos  TG,  de  Oliveira  A,  Beserra  CM, 
Ramos C, et al.  Inhibition of  the AnxA1/FPR1 autocrine axis 
reduces  MDA- MB- 231  breast  cancer  cell  growth  and  aggres-
siveness in vitro and in vivo. Biochim Biophys Acta -  Mol Cell 
Res. 2018;1865:1368– 82.

 31.  Saito N, Qiao H, Yanagi T, Shinkuma S, Nishimura K, Suto A, 
et al. An annexin A1- FPR1 interaction contributes to necropto-
sis of keratinocytes in severe cutaneous adverse drug reactions. 
Sci Transl Med. 2014;6:245ra95.

 32.  Sawmynaden  P,  Perretti  M.  Glucocorticoid  upregulation  of 
the  annexin- A1  receptor  in  leukocytes.  Biochem  Biophys  Res 
Commun. 2006;349:1351– 5.

 33.  Schloer  S,  Hübel  N,  Masemann  D,  Pajonczyk  D,  Brunotte  L, 
Ehrhardt C, et al. The annexin A1/FPR2 signaling axis expands 
alveolar  macrophages,  limits  viral  replication,  and  attenuates 
pathogenesis in the murine influenza A virus infection model. 
FASEB J. 2019;33:12188– 99.

 34.  Aristizábal B, González Á. Innate Immune System. In: Anaya 
J- M, Shoenfeld Y, Rojas- Villarraga A, Levy AR, Cervera R eds., 
Autoimmunity: From Bench to Bedside. El Rosario University 
Press; 2013.

 35.  Barton GM. A calculated response: control of inflammation by 
the innate immune system. J Clin Invest. 2008;118:413– 20.

 36.  Han  P- F,  Che  X- D,  Li  H- Z,  Gao  Y- Y,  Wei  X- C,  Li  P- C,  et  al. 
Annexin  A1  involved  in  the  regulation  of  inflammation  and 
cell signaling pathways. Chinese J Traumatol -  English Edition. 
2020;23:96– 101.

 37.  Hayhoe  RPG,  Kamal  AM,  Solito  E,  Flower  RJ,  Cooper 
D,  Perretti  M,  et  al.  Annexin  1  and  its  bioactive  pep-
tide  inhibit  neutrophil- endothelium  interactions  under 
flow:  Indication  of  distinct  receptor  involvement.  Blood. 
2006;107:2123– 30.

 38.  Solito  E,  Romero  IA,  Marullo  S,  Russo- Marie  F, Weksler  BB. 
Annexin 1 Binds to U937 monocytic cells and inhibits their ad-
hesion to microvascular endothelium: involvement of the α 4 β 
1 integrin. J Immunol. 2000;165:1573– 81.

 39.  Hannon R, Croxtall  JD, Getting SJ, Roviezzo F, Yona S, Paul- 
Clark MJ, et al. Aberrant inflammation and resistance to gluco-
corticoids in annexin 1- /-  mouse. FASEB J. 2003;17:253– 5.

 40.  Grewal T, Wason  SJ,  Enrich  C,  Rentero  C.  Annexins- insights 
from knockout mice. Biol Chem. 2016;397:1031– 53.

 41.  De Caterina R, Sicari R, Giannessi D, Paggiaro PL, Paoletti P, 
Lazzerini G, et al. Macrophage- specific eicosanoid synthesis in-
hibition and lipocortin- 1  induction by glucocorticoids. J Appl 
Physiol. 1993;75:2368– 75.

 42.  Marshall JS, Warrington R, Watson W, Kim HL. An introduc-
tion  to  immunology  and  immunopathology.  Allergy,  Asthma 
Clin Immunol. 2018;14:49.

 43.  D'Acquisto  F,  Merghani  A,  Lecona  E,  Rosignoli  G,  Raza  K, 
Buckley CD, et al. Annexin- 1 modulates T- cell activation and 
differentiation. Blood. 2007;109:1095– 102.

 44.  D’Acquisto  F.  On  the  adaptive  nature  of  Annexin- A1.  Curr 
Opin Pharmacol. 2009;9:521– 8.

 45.  D’Acquisto  F,  Paschalidis  N,  Sampaio  ALF,  Merghani  A, 
Flower RJ, Perretti M. Impaired T cell activation and increased 
Th2 lineage commitment in Annexin- 1- deficient T cells. Eur J 
Immunol. 2007;37:3131– 42.

 46.  Huggins A, Paschalidis N, Flower RJ, Perretti M, D’Acquisto F. 
Annexin- 1- deficient dendritic cells acquire a mature phenotype 
during differentiation. FASEB J. 2009;23:985– 96.

 47.  Boudhraa  Z,  Bouchon  B,  Viallard  C,  D’Incan  M,  Degoul  F. 
Annexin A1 localization and its relevance to cancer. Clin Sci. 
2016;130:205– 20.



14 |   KELLY et al.

 48.  D’Acquisto F, Piras G, Rattazzi L. Pro- inflammatory and patho-
genic properties of Annexin- A1: The whole is greater than the 
sum of its parts. Biochem Pharmacol. 2013;85:1213– 8.

 49.  Hirata F, Iwata M. Role of lipomodulin, a phospholipase inhib-
itory protein, in immunoregulation by thymocytes. J Immunol. 
1983;130:1930– 6.

 50.  Yang  YH,  et  al.  Deficiency  of  annexin  A1  in  CD4  +  T  cells 
exacerbates  T  cell- dependent  inflammation.  J  Immunol. 
2013;190:997– 1007.

 51.  Kamal  AM,  Smith  SF,  De  Silva  Wijayasinghe  M,  Solito  E, 
Corrigan CJ. An annexin 1 (ANXA1)- derived peptide  inhibits 
prototype antigen- driven human T cell Th1 and Th2 responses 
in vitro. Clin Exp Allergy. 2001;31:1116– 25.

 52.  O’Neill  LAJ,  Artyomov  MN.  Itaconate:  the  poster  child  of 
metabolic  reprogramming  in  macrophage  function.  Nat  Rev 
Immunol. 2019;19:273– 81.

 53.  Probst- Cousin  S,  Kowolik  D,  Kuchelmeister  K,  Kayser  C, 
Neundorfer  B,  Heuss  D,  et  al.  Expression  of  annexin- 1  in 
multiple  sclerosis  plaques.  Neuropathol  Appl  Neurobiol. 
2002;28:292– 300.

 54.  Cristante E, et al.  Identification of an essential endogenous 
regulator  of  blood– brain  barrier  integrity,  and  its  patho-
logical  and  therapeutic  implications.  Proc  Natl  Acad  Sci. 
2013;110:832– 41.

 55.  Qin C, et al. Reperfusion- induced myocardial dysfunction is pre-
vented by endogenous annexin- A1 and its N- terminal- derived 
peptide Ac- ANX- A12- 26. Br J Pharmacol. 2013;168:238– 52.

 56.  Cheuk BLY, Cheng SWK. Annexin A1 expression in atheroscle-
rotic carotid plaques and its relationship with plaque character-
istics. Eur J Vasc Endovasc Surg. 2011;41:364– 71.

 57.  Viiri  LE,  et  al.  Smooth  muscle  cells  in  human  atherosclero-
sis:  Proteomic  profiling  reveals  differences  in  expression  of 
Annexin  A1  and  mitochondrial  proteins  in  carotid  disease.  J 
Mol Cell Cardiol. 2013;54:65– 72.

 58.  de  Jong R, Leoni G, Drechsler M, Soehnlein O. The advanta-
geous role of annexin A1  in cardiovascular disease. Cell Adh 
Migr. 2017;11:261– 74.

 59.  Bentzon  JF,  Otsuka  F,  Virmani  R,  Falk  E.  Mechanisms  of 
plaque formation and rupture. Circ Res. 2014;114:1852– 66.

 60.  Ilhan F. Atherosclerosis and the role of immune cells. World J 
Clin Cases. 2015;3:345.

 61.  Purvis  GSD,  Solito  E,  Thiemermann  C.  Annexin- A1:  thera-
peutic  potential  in  microvascular  disease.  Front  Immunol. 
2019;10:938.

 62.  Drechsler M, et al. Annexin A1 counteracts chemokine- induced 
arterial myeloid cell recruitment. Circ Res. 2015;116:827– 35.

 63.  Kusters  DHM,  Chatrou  ML,  Willems  BAG,  De  Saint- Hubert 
M, Bauwens M, van der Vorst E, et al. Pharmacological treat-
ment with annexin A1 reduces atherosclerotic plaque burden 
in LDLR- /-  mice on Western Type Diet. PLoS One. 2015;10.

 64.  Fredman  G,  Kamaly  N,  Spolitu  S,  Milton  J,  Ghorpade  D, 
Chiasson R, et al. Targeted nanoparticles containing the prore-
solving peptide Ac2- 26 protect against advanced atherosclero-
sis in hypercholesterolemic mice. Sci Transl Med. 2015;7:2– 26.

 65.  Gavins  FNE,  Dalli  J,  Flower  RJ,  Granger  DN,  Perretti  M. 
Activation of  the annexin 1 counter- regulatory circuit affords 
protection  in  the  mouse  brain  microcirculation.  FASEB  J. 
2007;21:1751– 8.

 66.  La M, D'Amico M, Bandiera S, Di Filippo C, Oliani SM, Gavins 
FN,  et  al.  Annexin  1  peptides  protect  against  experimental 

myocardial ischemia- reperfusion: analysis of their mechanism 
of action. FASEB J. 2001;15:2247– 56.

 67.  Skapenko A, Leipe J, Lipsky PE, Schulze- Koops H. The role of 
the  T  cell  in  autoimmune  inflammation.  Arthritis  Res  Ther. 
2005;7:S4.

 68.  Perretti  M,  Flower  RJ.  Measurement  of  lipocortin  1  lev-
els  in  murine  peripheral  blood  leukocytes  by  flow  cytome-
try:  Modulation  by  glucocorticoids  and  inflammation.  Br  J 
Pharmacol. 1996;118:605– 10.

 69.  Oliani  SM,  Paul- Clark  MJ,  Christian  HC,  Flower  RJ,  Perretti 
M.  Neutrophil  interaction  with  inflamed  postcapillary  ve-
nule  endothelium  alters  annexin  1  expression.  Am  J  Pathol. 
2001;158:603– 15.

 70.  Bringardner BD, Baran CP, Eubank TD, Marsh CB. The role of 
inflammation in the pathogenesis of idiopathic pulmonary fi-
brosis. Antioxid Redox Signal. 2008;10:287– 301.

 71.  Paschalidis N, Iqbal AJ, Maione F, Wood EG, Perretti M, Flower 
RJ,  et  al.  Modulation  of  experimental  autoimmune  encepha-
lomyelitis by endogenous Annexin A1. J Neuroinflammation. 
2009;6:33.

 72.  D'Acquisto F, Paschalidis N, Raza K, Buckley CD, Flower RJ, 
Perretti M, et al. Glucocorticoid treatment inhibits annexin- 1 ex-
pression in rheumatoid arthritis CD4+ T cells. Rheumatology. 
2008;47:636– 9.

 73.  Tagoe CE, et al. Annexin- 1 mediates TNF- α- stimulated matrix 
metalloproteinase secretion from rheumatoid arthritis synovial 
fibroblasts. J Immunol. 2008;181:2813– 20.

 74.  Kurosu K, et al. Identification of annexin 1 as a novel autoan-
tigen in acute exacerbation of idiopathic pulmonary fibrosis. J 
Immunol. 2008;181:756– 67.

 75.  Stevens TRJ, Smith SF, Rampton DS. Antibodies to human re-
combinant lipocortin- I in inflammatory bowel disease. Clin Sci. 
1993;84:381– 6.

 76.  Bruschi M, et al. Glomerular autoimmune multicomponents of 
human  lupus  nephritis  in  vivo:  α- enolase  and  Annexin  AI.  J 
Am Soc Nephrol. 2014;25:2483– 98.

 77.  Bruschi M, et al. Glomerular autoimmune multicomponents of 
human lupus nephritis in vivo (2): planted antigens. J Am Soc 
Nephrol. 2015;26:1905– 24.

 78.  Yang  YH,  et  al.  Deficiency  of  annexin  A1  in  CD4+  T  cells 
exacerbates  T  cell- dependent  inflammation.  J  Immunol. 
2013;190:997– 1007.

 79.  Harrington LE, et al. Interleukin 17- producing CD4+ effector T 
cells develop via a lineage distinct from the T helper type 1 and 
2 lineages. Nat Immunol. 2005;6:1123– 32.

 80.  Waite JC, Skokos D. Th17 response and inflammatory autoim-
mune diseases. Int J Inflam. 2012;2012:1– 10.

 81.  Wu H- J, Ivanov II, Darce J, Hattori K, Shima T, Umesaki Y, et al. 
Gut- residing  segmented  filamentous  bacteria  drive  autoim-
mune arthritis via T helper 17 cells. Immunity. 2010;32:815– 27.

 82.  Lowes  MA,  et  al.  Psoriasis  vulgaris  lesions  contain  discrete 
populations  of  Th1  and  Th17  T  cells.  J  Invest  Dermatol. 
2008;128:1207– 11.

 83.  Ito  R,  et  al.  Involvement  of  IL- 17A  in  the  pathogenesis  of 
DSS- induced colitis  in mice. Biochem Biophys Res Commun. 
2008;377:12– 6.

 84.  Yazid S, et al. Annexin- A1 restricts Th17 cells and attenuates the 
severity of autoimmune disease. J Autoimmun. 2015;58:1– 11.



   | 15ANNEXIN-A1:THECULPRITORTHESOLUTION?

 85.  Parisi  J,  Corrêa  M,  Gil  C.  Lack  of  endogenous  annexin  A1 
increases  mast  cell  activation  and  exacerbates  experimental 
atopic dermatitis. Cells. 2019;8:51.

 86.  Colamatteo  A,  Maggioli  E,  Azevedo  Loiola  R,  Hamid  Sheikh 
M, Calì G, Bruzzese D, et al. Reduced annexin A1 expression 
associates with disease severity and inflammation in multiple 
sclerosis patients. J Immunol. 2019;203(7):1753– 1765.

 87.  Sena AAS, et al. Divergent Annexin A1 expression in periphery and 
gut  is associated with systemic  immune activation and impaired 
gut immune response during SIV infection. Sci Rep. 2016;6:1– 11.

 88.  Piras G, Rattazzi L, Paschalidis N, Oggero S, Berti G, Ono M, 
et  al.  Immuno- moodulin:  A  new  anxiogenic  factor  produced 
by  Annexin- A1  transgenic  autoimmune- prone  T  cells.  Brain 
Behav  Immun.  2020;87:689– 702.  https://doi.org/10.1016/j.
bbi.2020.02.015

 89.  Spill  F,  Reynolds  DS,  Kamm  RD,  Zaman  MH.  Impact  of  the 
physical microenvironment on  tumor progression and metas-
tasis. Curr Opin Biotechnol. 2016;40:41– 8.

 90.  Gonzalez  H,  Hagerling  C, Werb  Z.  Roles  of  the  immune  sys-
tem in cancer: From tumor initiation to metastatic progression. 
Genes Dev. 2018;32:1267– 84.

 91.  Biaoxue R, et al. Upregulation of Hsp90- beta and annexin A1 
correlates with poor survival and lymphatic metastasis in lung 
cancer patients. J Exp Clin Cancer Res. 2012;31:1– 14.

 92.  Oliveira- Cunha M, Byers RJ, Siriwardena AK. Poly(A) RT- PCR 
measurement of diagnostic genes in pancreatic juice in pancre-
atic cancer. Br J Cancer. 2011;104:514– 9.

 93.  de Graauw M, et al. Annexin A1 regulates TGF- β signaling and 
promotes metastasis formation of basal- like breast cancer cells. 
Proc Natl Acad Sci USA. 2010;107:6340.

 94.  Moraes LA, Ampomah PB, Lim LHK. Annexin A1 in  inflam-
mation and breast cancer: a new axis in the tumor microenvi-
ronment. Cell Adh Migr. 2018;12:417.

 95.  Kang JS, et al. Dysregulation of annexin I protein expression in 
high- grade prostatic intraepithelial neoplasia and prostate can-
cer. Clin Cancer Res. 2002;8:117– 23.

 96.  Silistino- Souza  R,  et  al.  Annexin  1:  Differential  expression  in 
tumor  and  mast  cells  in  human  larynx  cancer.  Int  J  Cancer. 
2007;120:2582– 9.

 97.  Fu Z, Zhang S, Wang B, Huang W, Zheng L, Cheng A. Annexin 
A1:  A  double- edged  sword  as  novel  cancer  biomarker.  Clin 
Chim Acta. 2020;504:36– 42.

 98.  Yi M, Schnitzer JE. Impaired tumor growth, metastasis, angio-
genesis and wound healing in annexin A1- null mice. Proc Natl 
Acad Sci USA. 2009;106:17886– 91.

 99.  Oh  P,  Li  Y,  Yu  J,  Durr  E,  Krasinska  KM,  Carver  LA,  et  al. 
Subtractive  proteomic  mapping  of  the  endothelial  surface  in 
lung  and  solid  tumours  for  tissue- specific  therapy.  Nature. 
2004;429:629– 35.

 100.  Chow BHY, Chua DTT, Sham JST, Zhang M- Y, Chow LWC, Bi 
J,  et  al.  Increased  expression  of  annexin  I  is  associated  with 
drug- resistance  in nasopharyngeal  carcinoma and other  solid 
tumors. Proteomics Clin Appl. 2009;3:654– 62.

 101.  Jj P, Kh L, Kh B. Annexin- 1 regulated by HAUSP is essential for 
UV- induced damage response. Cell Death Dis. 2015;6:e1654.

 102.  Bai F, Zhang P, Fu Y, Chen H, Zhang M, Huang Q, et al. Targeting 
ANXA1 abrogates Treg- mediated  immune suppression  in  triple- 
negative breast cancer. J Immunother Cancer. 2020;8:e000169.

 103.  Okano M, Oshi M, Butash AL, Katsuta E, Tachibana K, Saito K, 
et al. Triple- negative breast cancer with high levels of annexin 

a1 expression is associated with mast cell  infiltration,  inflam-
mation, and angiogenesis. Int J Mol Sci. 2019;20:4197.

 104.  Moraes LA, Kar S, Foo SL, Tong GU, Toh YQ, Ampomah PB, 
et al. Annexin- A1 enhances breast  cancer growth and migra-
tion by promoting alternative macrophage polarization in the 
tumour microenvironment. Sci Rep. 2017;7:17925.

 105.  Novizio N, Belvedere R, Pessolano E, Tosco A, Porta A, Perretti 
M, et al. Annexin A1 released in extracellular vesicles by pan-
creatic cancer cells activates components of the tumor micro-
environment,  through  interaction  with  the  formyl- peptide 
receptors. Cells. 2020;9:2719.

 106.  Khau  T,  et  al.  Annexin- 1  signals  mitogen- stimulated  breast 
tumor cell proliferation by activation of the formyl peptide re-
ceptors (FPRs) 1 and 2. FASEB J. 2011;25:483– 96.

 107.  Bizzarro  V,  Belvedere  R,  Milone  MR,  Pucci  B,  Lombardi  R, 
Bruzzese F, et al. Annexin A1 is involved in the acquisition and 
maintenance of a stem cell- like/aggressive phenotype in pros-
tate  cancer  cells  with  acquired  resistance  to  zoledronic  acid. 
Oncotarget. 2015;6:25076– 92.

 108.  Iyer S, et al. Annexin A1 a novel biomarker for congestion in 
acute heart failure? J Am Coll Cardiol. 2019;73:855.

 109.  Adel FW, Rikhi A, Wan S- H, Iyer SR, Chakraborty H, McNulty 
S, et al. Annexin A1 is a potential novel biomarker of conges-
tion in acute heart failure. J Card Fail. 2020;26:727– 32.

 110.  Bruschi  M,  Petretto  A,  Vaglio  A,  Santucci  L,  Candiano  G, 
Ghiggeri G, et al. Annexin a1 and autoimmunity: From basic 
science to clinical applications. Int J Mol Sci. 2018;19:1348.

 111.  Ka  S- M,  Tsai  P- Y,  Chao  T- K,  Yang  S- M,  Hung  Y- J,  Chen  J- S, 
et  al.  Urine  annexin  A1  as  an  index  for  glomerular  injury  in 
patients. Dis Markers. 2014;2014:1– 12.

 112.  Lai T, et al. Annexin A1 is elevated in patients with COPD and 
affects  lung fibroblast function. Int J Chron Obstruct Pulmon 
Dis. 2018;13:473– 86.

 113.  Tsai WH, Shih CH, Yu YB, Hsu HC. Plasma levels in sepsis pa-
tients  of  annexin  A1,  lipoxin  A4,  macrophage  inflammatory 
protein- 3a,  and  neutrophil  gelatinase- associated  lipocalin.  J 
Chinese Med Assoc. 2013;76:486– 90.

 114.  Wang G, Liang XS, He CJ, Zhou YF, Chen SH. Ability of serum 
annexin A1  to predict 6- month poor clinical outcome  follow-
ing  aneurysmal  subarachnoid  hemorrhage.  Clin  Chim  Acta. 
2021;519:142– 7.

 115.  Canacik  O,  et  al.  Annexin  A1  as  a  potential  prognostic  bio-
marker  for  COVID- 19  disease:  Case– control  study.  Int  J  Clin 
Pract. 2021;75:e14606.

 116.  Bonavita AG. Ac2- 26 mimetic peptide of annexin A1 to treat se-
vere COVID- 19: A hypothesis. Med Hypotheses. 2020;145:110352.

 117.  Wang KL, et al. Expression of annexin A1  in esophageal and 
esophagogastric  junction  adenocarcinomas:  Association  with 
poor outcome. Clin Cancer Res. 2006;12:4598– 604.

 118.  Hongsrichan  N,  et  al.  Annexin  A1:  A  new  immunohistologi-
cal  marker  of  cholangiocarcinoma.  World  J  Gastroenterol. 
2013;19:2456– 65.

 119.  Liang Z, Li X. Identification of ANXA1 as a potential prognostic 
biomarker and correlating with immune infiltrates in colorec-
tal cancer. Autoimmunity. 2021;54:76– 87.

 120.  Liu YF,  Zhang  PF,  Li  MY,  Li  QQ,  Chen  ZC.  Identification  of 
annexin A1 as a proinvasive and prognostic factor for lung ade-
nocarcinoma. Clin Exp Metastasis. 2011;28:413– 25.

 121.  Lin Y, Lin G, Fang W, Zhu H, Chu K. Increased expression of 
annexin A1 predicts poor prognosis  in human hepatocellular 

https://doi.org/10.1016/j.bbi.2020.02.015
https://doi.org/10.1016/j.bbi.2020.02.015


16 |   KELLY et al.

carcinoma  and  enhances  cell  malignant  phenotype.  Med 
Oncol. 2014;31:327.

 122.  Gu  Y,  Feng  Q,  Liu  H,  Zhou  QI,  Hu  A,  Yamaguchi  T,  et  al. 
Bioinformatic evidences and analysis of putative biomarkers in 
pancreatic ductal adenocarcinoma. Heliyon. 2019;5:e02378.

 123.  Sobral- Leite M, et al. Annexin A1 expression in a pooled breast 
cancer series: Association with tumor subtypes and prognosis. 
BMC Med. 2015;13:156.

 124.  Manai M, et al. Overexpression of annexin A1 is an indepen-
dent  predictor  of  longer  overall  survival  in  epithelial  ovarian 
cancer. In Vivo (Brooklyn). 2020;34:177– 84.

 125.  Zhang S, Liu W, Liu X, Qi J, Deng C. Biomarkers identification 
for  acute  myocardial  infarction  detection  via  weighted  gene 
co- expression  network  analysis.  Medicine  (United  States). 
2017;96:e8375.

 126.  Chen YC, et al. Blood M2a monocyte polarization and increased 
formyl peptide  receptor 1 expression are associated with pro-
gression from latent tuberculosis infection to active pulmonary 
tuberculosis disease. Int J Infect Dis. 2020;101:210– 9.

 127.  Morris S, Vachani A, Pass HI, Rom WN, Ryden K, Weiss GJ, et al. 
Whole blood FPR1 mRNA expression predicts both non- small 
cell and small cell lung cancer. Int J Cancer. 2018;142:2355– 62.

 128.  Cheng TY, Ming- Shiang WU, Lin J- T, Lin M- T, Shun C- T, Hua K- 
T, et al. Formyl peptide receptor 1 expression is associated with 
tumor  progression  and  survival  in  gastric  cancer.  Anticancer 
Res. 2014;34:2223– 9.

 129.  Chiang S- F, Huang K- Y, Chen W- L, Chen T- W, Ke T- W, Chao 
KSC, et al. An independent predictor of poor prognosis in lo-
cally advanced rectal cancer: rs867228 in formyl peptide recep-
tor 1 (FPR1). Oncoimmunology. 2021;10:1926074.

 130.  Hou XL,  Ji  C- D, Tang  J, Wang Y- X, Xiang  D- F,  Li  H- Q,  et  al. 
FPR2 promotes invasion and metastasis of gastric cancer cells 
and predicts the prognosis of patients. Sci Rep. 2017;7:1– 11.

 131.  Xie  X, Yang  M,  Ding Y, Yu  L,  Chen  J.  Formyl  peptide  recep-
tor  2  expression  predicts  poor  prognosis  and  promotes  inva-
sion  and  metastasis  in  epithelial  ovarian  cancer.  Oncol  Rep. 
2017;38:3297– 308.

 132.  Qin  C,  Yang  YH,  May  L,  Gao  X,  Stewart  AG,  Tu  Y,  et  al. 
Cardioprotective potential of annexin- A1 mimetics in myocar-
dial infarction. Pharmacol Ther. 2015;148:47– 65.

 133.  Ries M, Loiola R, Shah UN, Gentleman SM, Solito E, Sastre M. 
The anti- inflammatory Annexin A1 induces the clearance and 
degradation  of  the  amyloid- β  Peptide.  J  Neuroinflammation 
2016;13:234.

 134.  Locatelli  I,  Sutti  S,  Jindal  A,  Vacchiano  M,  Bozzola  C, 
Reutelingsperger  C,  et  al.  Endogenous  annexin  A1  is  a  novel 
protective determinant in nonalcoholic steatohepatitis in mice. 
Hepatology. 2014;60:531– 44.

 135.  Mihaylova  N,  Bradyanova  S,  Chipinski  P,  Herbáth  M, 
Chausheva S, Kyurkchiev D, et al. Annexin A1 as a target for 
managing murine pristane- induced systemic lupus erythema-
tosus. Autoimmunity. 2017;50:257– 68.

 136.  Jia C, Kong D, Guo Y, Li L, Quan L. Enhanced antitumor ef-
fect of combination of annexin A1 knockdown and bortezomib 
treatment in multiple myeloma in vitro and in vivo. Biochem 
Biophys  Res  Commun.  2018;505(3):720– 725.  https://doi.
org/10.1016/j.bbrc.2018.09.140

 137.  Onozawa  H,  Saito  M,  Saito  K,  Kanke Y, Watanabe Y,  Hayase 
S,  et  al.  Annexin  A1  is  involved  in  resistance  to  5- FU  in 

colon  cancer  cells.  Oncol  Rep.  2017;37:235– 40.  https://doi.
org/10.3892/or.2016.5234

 138.  Fang Y, Guan X, Cai T, Long J, Wang H, Xie X, et al. Knockdown 
of ANXA1 suppresses the biological behavior of human NSCLC 
cells in vitro. Mol Med Rep. 2016;13(5):3858– 3866. https://doi.
org/10.3892/mmr.2016.5022

 139.  ClinicalTrials.gov.  2021,  Annexin  A1  Levels  in  SARS- CoV- 2 
Infection  - Full Text View- ClinicalTrials.gov.[online] Available 
at https://clini caltr ials.gov/ct2/show/NCT04 948229

 140.  Bürli  RW,  et  al.  Potent  hFPRL1  (ALXR)  agonists  as  poten-
tial  anti- inflammatory  agents.  Bioorganic  Med  Chem  Lett. 
2006;16:3713– 8.

 141.  Perretti M, Dalli J. Exploiting the Annexin A1 pathway for the 
development  of  novel  anti- inflammatory  therapeutics.  Br  J 
Pharmacol. 2009;158:936– 46.

 142.  Huang  B,  Guo  H,  Ding  J,  Li  J,  Wang  H,  Jianqun  XU,  et  al. 
Inhibition of formyl peptide receptor 1 activity suppresses tum-
origenicity in vivo and attenuates the invasion and migration of 
lung adenocarcinoma cells under hypoxic conditions  in vitro. 
Ann Transl Med. 2020;8:1174.

 143.  Unitt J, Fagura M, Phillips T, King S, Perry M, Morley A, et al. 
Discovery of small molecule human FPR1 receptor antagonists. 
Bioorganic Med Chem Lett. 2011;21:2991– 7.

 144.  Courtin  N,  Fotso  AF,  Fautrad  P,  Mas  F,  Alessi  M- C,  Riteau 
B.  Antiviral  activity  of  formyl  peptide  receptor  2  antagonists 
against influenza viruses. Antiviral Res. 2017;143:252– 61.

 145.  Kao W, Gu R, Jia Y, Wei X, Fan H, Harris J, et al. A formyl pep-
tide receptor agonist suppresses inflammation and bone dam-
age in arthritis. Br J Pharmacol. 2014;171:4087– 96.

 146.  Asahina Y, Wurtz NR, Arakawa K, Carson N, Fujii K, Fukuchi 
K, et al. Discovery of BMS- 986235/LAR- 1219: A potent formyl 
peptide receptor 2 (FPR2) selective agonist for the prevention 
of heart failure. J Med Chem. 2020;63:9003– 19.

 147.  García RA, Lupisella JA, Ito BR, Hsu M- Y, Fernando G, Carson 
NL,  et  al.  Selective  FPR2  agonism  promotes  a  proresolution 
macrophage  phenotype  and  improves  cardiac  structure- 
function  post  myocardial  infarction.  JACC  Basic  Transl  Sci. 
2021;6:676– 89.

 148.  ClinicalTrials.gov.2021,  A  Study  of  Experimental  Medication 
BMS- 986235  in  Healthy  Subjects  -   Full  Text  View.  -  
ClinicalTrials.gov.  [online]  Available  at  https://clini caltr ials.
gov/ct2/show/NCT03 335553

 149.  Stalder AK, Lott D, Strasser DS, Cruz HG, Krause A, Groenen 
PMA, et al. Biomarker- guided clinical development of the first- 
in- class anti- inflammatory FPR2/ALX agonist ACT- 389949. Br 
J Clin Pharmacol. 2017;83:476– 86.

 150.  Wang  J,  Youkharibache  P,  Zhang  D,  Lanczycki  CJ,  Geer 
RC,  Madej  T,  et  al.  ICn3D,  a  web- based  3D  viewer  for  shar-
ing  1D/2D/3D  representations  of  biomolecular  structures. 
Bioinformatics. 2020;36:131– 5.

How to cite this article: Kelly L, McGrath S, 
Rodgers L, McCall K, Tulunay Virlan A, Dempsey F, 
et al. Annexin- A1: The culprit or the solution? 
Immunology. 2022;166:2– 16. https://doi.org/10.1111/
imm.13455

https://doi.org/10.1016/j.bbrc.2018.09.140
https://doi.org/10.1016/j.bbrc.2018.09.140
https://doi.org/10.3892/or.2016.5234
https://doi.org/10.3892/or.2016.5234
https://doi.org/10.3892/mmr.2016.5022
https://doi.org/10.3892/mmr.2016.5022
https://clinicaltrials.gov/ct2/show/NCT04948229
https://clinicaltrials.gov/ct2/show/NCT03335553
https://clinicaltrials.gov/ct2/show/NCT03335553
https://doi.org/10.1111/imm.13455
https://doi.org/10.1111/imm.13455

