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Abstract 

Annexins are Ca2+-regulated phospholipid-binding proteins that play an important role in the cell life cycle, exocyto-
sis, and apoptosis. Annexin A11 is one of the oldest vertebrate annexins that has a crucial role in sarcoidosis patho-
genesis. The mechanism of effect in sarcoidosis granuloma cells may be due to alterations in apoptosis. Immune cells 
with a specific mutation at protein location 230 are resistant to apoptosis and consequently have continued effects 
on inflammation and progression of sarcoidosis. The mechanism of action of annexin A11 may be based upon altera-
tions in delivering calcium to two different apoptosis pathways (caspase and P53).
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Background
Annexins (ANX) are a large family of calcium-dependent 
membrane-binding proteins. They are widely distrib-
uted among eukaryotes but largely absent in prokaryotes 
and yeasts. The first protein of this family, discovered in 
1977, was called synexin. Currently known as annexin 
A7, it caused aggregation of chromaffin granules in the 
adrenal glands in the presence of free calcium [1, 2]. The 
medulla of bovine adrenal glands was incubated with 
various concentrations of synexin and chromaffin gran-
ules [1]. The regions of contact between granules formed 
by this protein were structurally similar to the contacts 
seen between vesicles and the plasma membrane in the 
process of exocytosis. Because of this ability to bring 
granules together, Creutz and colleagues used the term 
“synexin” from the Greek synexis, which means “meet-
ing” [1]. The protein was found to be soluble, heat labile, 
and trypsin sensitive. Aggregation was also strongly tem-
perature dependent. It did not cause granule aggregation 
in the presence of magnesium, barium, or strontium, but 
was activated by calcium [1]. Further characterization of 

these calcium and phospholipid binding proteins showed 
that they were localized to many different types of cells 
and tissues. The proteins of one group (calpactins) were 
substrates for tyrosine kinases. Because of the similar 
membrane-binding properties of these molecules and 
their conserved amino acid sequences, Geisow and col-
leagues called the group “annexins” [3]. Annexins were 
found to be receptors for calcium in exocytosis, promot-
ing the close association of granules as well as the plasma 
membrane prior to secretion [4].

There is little information about annexin A11 and many 
of its structural and functional characteristics are specu-
lated based on similarity with other members of annexin 
family. Recently, genetic mutation in annexin A11 was 
linked to increasing susceptibility to sarcoidosis. It was 
also suggested that cells with mutant annexin A11 might 
have altered susceptibility to apoptosis. However, the 
mechanism of this effect has never been discussed. We 
propose here a molecular mechanism for this association.

Review
Annexin family
More than a 100 annexins have been identified in many 
different species [5]. Twelve proteins have been iden-
tified in humans; these are conventionally referred to 
as annexin A1-13 (the ANX-A12 gene is unassigned). 
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The descriptor ‘A’ denotes their presence in vertebrates; 
‘B’ denotes their presence in invertebrates; ‘C’ denotes 
their presence in fungi and some groups of unicellular 
eukaryotes; ‘D’ denotes their presence in plants; and ‘E’ 
their presence in protists [5, 6]. The zebrafish demon-
strates that the annexins are conserved through develop-
ment. Zebrafish have eleven annexin genes [7] that are 
expressed in many tissues during embryonic and larval 
stages. Aligning the zebrafish ANX genes with mamma-
lian ANX genes shows that three zebrafish ANX genes 
are homologous with human ANX1; two are homolo-
gous with human ANX2; and two are homologous with 
human ANX11. This information suggests that zebrafish 
ANX genes may have resulted from duplications after the 
divergence of the zebrafish and mammalian genomes [7].

Human annexin genes
The 12 human annexin genes range in size from 15  kb 
(ANXA9) to 96 kb (ANXA10) and are spread throughout 
the genome on chromosomes 1, 2, 4, 5, 8, 9, 10, and 15 
[6]. Other vertebral annexin genes may vary slightly in 
size and chromosomal linkage, but orthologues are simi-
lar in their sequence and splicing patterns. It is important 
that some annexin genes have been lost or duplicated in 
certain species, such as bony fish and pseudotetraploid 
frogs [8]. The duplication of annexin genes is also seen 
in humans [9]. Annexin A6 is a compound gene, prob-
ably derived from the fusion of duplicated ANXA5 and 
ANXA10 genes in early vertebrate evolution. The reasons 
for the annexin genes or their chromosomal regions to 
duplicate are not well understood. Their successful pres-
ervation and the extent to which they contribute to ver-
tebrate complexity are also not well described [10]. The 
presence of multiple members of the annexin family in 
all higher eukaryotes argues for their fundamental role in 
cell biology.

The ANXA11 gene is located on human chromosome 
10q22–q23 and is composed of 15 exons and 14 introns 
without the 5′ flanking region [11]. Exon 1 is the biggest 
region of the gene and is untranslated. The N-terminal is 
coded by exons 2 through 5; exons 6–15 are responsible 
for the C-terminal.

Annexin gene expression levels within human organs 
have a broad range, from universal (for example, annex-
ins A1, A2, A4, A5, A6, A7, and A11) to selective, such 
as annexin A3 in neutrophils, annexin A8 in the pla-
centa and skin, annexin A9 in the tongue, annexin A10 
in the stomach and annexin A13 in the small intestine 
[6]. ANXA11 has the highest gene expression in whole 
blood cells, particularly CD19+ cells (B-cells), CD14+ 
cells (monocytes) and CD33+ cells (myeloid). However, it 
is found in almost all tissues including lung, heart, and 
intestines [12]. Finding high expression of annexin A11 

macrophages [13], neutrophils [14] and T-cells [15] sug-
gests it may have a significant role in immune system 
function and possibly in a number of autoimmune dis-
eases (Fig. 1).

High expression patterns of annexins are detected 
in thymus, lung, and smooth muscle, and low expres-
sion patterns are found in testis, adrenal glands, and 
brain. The expression of annexins may change with the 
cell cycle. For instance, while the cell cycle progresses, 
the distribution of annexin A11 changes. This may be 
because it is associated with microtubules, vesicle traf-
ficking, and Ca2+ regulated exocytosis [1, 16, 17].

Protein structures
All annexins share a conserved C-terminal core domain 
made up of at least four similar repeats, each about 70 
amino acids long [18]. These subunits usually contain 
characteristic ‘type 2′ calcium binding sites. The number 
and location of these sites generally vary between differ-
ent annexin families, with variation and replacement with 
other motifs [5, 19]. Calcium-independent annexin mem-
brane interactions involve a switch from a helix-loop-
helix motif to the transmembrane helix, which drives 
a reversible membrane insertion. This pH-dependent 
conformation switch can be induced by the protonation 
of certain carboxylate residues found close to the loop 
of the helix-loop-helix motif. This model may explain 
why annexins can span a lipid bilayer [5]. In contrast to 
the core domain, individual vertebrate annexins have a 
unique N-terminal domain of variable length, amino acid 
sequences, and determinants of hydrophobicity. This 
plays an important role in mediating the interaction of 
annexins with other intracellular protein partners, such 
as those of the S100 family cytoplasmic proteins [20]. The 
NH2-terminal domain of annexin A2 forms a protein-
protein interaction through a highly specific binding site 
for the small dimeric S100 protein S100A10 [21]. This 
heterotetrameric complex is formed when two annexin 
A2 molecules are non-covalently linked via a S100A10 
dimer bound to their NH2-terminal domains. As a result, 
this complex can bind simultaneously to two membrane 
surfaces through its two annexin A2 cores [5].

Nonhuman annexin protein structure has also been 
studied. The simplest organisms known to express annex-
ins are the protist Giardia lamblia and the fungus Neuro-
spora crassa. The structure of nonhuman annexin protein 
was discussed elsewhere [22, 23]. Plant annexins have a 
structure that is distinct from vertebrates. They lack the 
variable N-terminal domains and type II calcium binding 
sites [24].

ANXA11 contains 504 amino acids and has a molecular 
weight of 56 kDa [25]. Its primary structure was purified 
from rabbit lung in 1992 [26]. ANXA11 has a C-terminal 
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core and a N-terminal head with 50  % homology with 
other annexin core domains [27]. The C-terminal core 
contains four domains with calcium binding properties 
(Fig. 2). Although ANXA11 has not been crystallized yet, 

its tertiary structure was predicted by information from 
ANXA1 and ANXA5 [28]. Three isoforms of Annexin 
A11 are identified in humans, but only one is expressed 
in cells [29].

Intracellular location and function of annexins
Annexins are usually cytosolic proteins with a soluble 
and a stable form. Annexins are reversibly associated 
with components of the cytoskeleton or proteins that 
mediate interactions between the cell and the extracellu-
lar matrix (matri-cellular proteins). Some annexins, such 
as annexins A11 and A2, have been found in the nucleus 
under particular circumstances in the cell cycle [16, 17]. 
It seems that annexin A2 works with annexin A11 in 
the nucleus. When annexin A2 enters the nucleus, it is 
rapidly exported to a functional nuclear export (NES) 
sequence that overlaps the p11-binding region in the 
annexin 11 N-terminus [21]. When p11 binds to annexin 
11, the complex is sequestered in the cytoplasmic com-
partment [16, 21].

In some circumstances, annexins can be expressed at 
the cell surface even without a secretory signal peptide. 
For example, annexin A1 translocates from the cytosol to 

Fig. 1 Tissue distribution of annexin A11 gene expression adapted from BioGPS website available at: http://biogps.org/#goto=genereport&id=311

Fig. 2 Model of the annexin A11 secondary structure with four core 
domains and a rich tail

http://biogps.org/#goto=genereport&id=311
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the cell surface following exposure of cells to glucocor-
ticoids [30]. In a study involving U-937 cells, annexin 1 
translocated from the intracellcular compartment to the 
cell membrane without a signal exporting sequence. The 
level of expression of annexin 1 was directly related to the 
time exposed to dexamethasone. Prior to its release, the 
protein may accumulate in the cell membrane, and this 
is stimulated by dexamethasone in differentiated U-937 
cells [30].

Annexin A2 expression at surface of vascular endothe-
lial cells has a function in the regulation of plasmin 
generation [31]. It has been shown that Annexin A2 is 
a co-receptor for tissue plasminogen activator and plas-
minogen. This expression can be found on a variety of 
cells, including endothelial cells, tumor cells, and mac-
rophages. This study also showed that Annexin A2 may 
also have a role in maintaining vascular patency and the 
cell formation of new blood vessels [31].

Annexin A11 distribution changes per cell cycle. It 
is more prevalent in the nucleus than the cytoplasm in 
interphase cells and then moves to degenerating nuclear 
envelope. And finally during the mitotic phase, it will be 
concentrated within the central spindle [16]. It has been 
shown that Annexin A11 also has an essential role in the 
terminal phase of cytokinesis. Annexin A11 is recruited 
to the midbody in late telophase, and without Annexin 
A11, cells cannot establish a functional midbody. [32]. 
Instead, daughter cells remain connected by intercellular 
bridges. As a result, these cells without Annexin A11 do 
not complete cytokinesis and die by apoptosis [32].

Annexins interaction with other proteins
S100 proteins, which only express in vertebrates, are 
a well-known group of proteins that interact with the 
annexins. The functions of S100 proteins are diverse and 
include regulating actin and microtubule networks, pro-
moting cell survival and proliferation, calcium homeo-
stasis, and mediating muscle contraction. The complex 
of annexin A2-S100A10 interacts with several membrane 
ion channels, such as transient receptor like potential 
vanilloid type 5 and 6 channels (TRPV5 and TRPV6). The 
complex also interacts with cystic fibrosis conductance 
regulator protein (CFTR) and plays a role the regulation 
of these ion channels [33, 34]. It is clear that these pro-
teins are involved in a great number of intracellular pro-
cesses, such as membrane trafficking, organization, and 
functioning as extracellular local hormones.

Annexin A11 is involved in cellular apoptotic pro-
cesses. The N-terminal domain of ANXA11 contains 
binding sites that deliver Ca2+ to S100A6 and apoptosis-
linked gene2 (ALG-2) whose protein augments apoptosis. 
The significance of these interactions in the pathogenesis 
of sarcoidosis is discussed later in this article.

Association of annexin to diseases in laboratory animal 
models
Studies on knockout mice of annexin families show a 
diversity of functions among these proteins. Loss of 
ANXA1 causes changes in the inflammatory response 
and the effects of glucocorticoids [35]. In the ANXA1 
null mouse line, there was altered expression of other 
annexins as well as cyclooxygenase-2 and cytoplasmic 
phospholipase A2. In addition, there was an exaggerated 
response to the stimuli characterized by an increase in 
leukocyte emigration and IL-1β generation and a partial 
or complete resistance to the anti-inflammatory effects of 
glucocorticoids [35].

Data supports the role of annexin 2 as a regulator 
of cell surface plasmin generation, fibrin homeostasis, 
and neovascularization in laboratory mice models [36]. 
Homozygous annexin 2 knockout mice were studied, and 
they showed deposition of fibrin in the microvasculature. 
These null mice also had deficits in the clearance of arte-
rial thrombi and tissue plasminogen activator (T-PA)–
dependent plasmin generation at the endothelial cell 
surface. Also, annexin 2–deficient mice displayed prob-
lems with neovascularization of fibroblast growth factor–
stimulated cornea and of oxygen-primed neonatal retina 
[36].

Another study involved the formation of the ANXA7 
knockout mouse. The viability of the ANXA7 null mouse 
was compared to the heterozygous mouse [37]. The 
ANXA7 null mutation mouse was did not survive past 
embryonic day 10. This was due to cerebral hemorrhage. 
On the other hand, the heterozygous mouse, though only 
expressing low levels of ANXA7, was viable and able to 
reproduce [37].

Another study of ANXA7 null mutant mouse proposed 
ANXA7 function in the fusion of vesicles as a calcium 
channel [38]. Cardiomyocytes from adult ANXA7 null 
mice were studied. When stimulated with high frequen-
cies, the cells showed an altered cell shortening relation-
ship. Possibly through its role in calcium regulation, this 
study suggested a function for annexin A7 in electrome-
chanical coupling [38]. The other annexins knockouts 
need further investigation.

Association of annexin to human diseases
Annexins have essential roles in the pathogenesis or pro-
gression of many human diseases. Recent genetic stud-
ies discovered single nucleotide polymorphisms (SNPs) 
in the genomes of this group of proteins. In a study from 
India, annexin A2 gene SNP (rs7170178) was found to be 
associated with osteonecrosis in sickle cell patients [39]. 
The frequency of the ANXA2 gene polymorphism was 
higher in the sickle cell patients compared to controls. 
The SNP was also present in higher frequency in sickle 
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cell osteonecrosis patients than those without osteone-
crosis [39].

In another study from Japan, the annexin A5 gene 
polymorphism was found to be associated with recur-
rent pregnancy loss. The promoter region of the ANXA5 
gene was sequenced in 243 Japanese women with recur-
rent pregnancy loss and 119 fertile controls [40]. In a 
case control study for six common ANXA5 gene SNPs, 
the carrier frequency for the minor allele was signifi-
cantly higher in the pregnancy loss group [40]. For SNP5, 
women with this minor allele had a two-fold higher risk 
of fetal loss than non- carriers. Homozygotes for the 
SNP5 minor allele had a seven-fold higher risk of recur-
rent pregnancy loss [40].

Annexins are also associated with autoimmune disor-
ders. In rheumatoid arthritis, high extracellular annexin 
V levels initiates the production of annexin V autoan-
tibodies that may have a crucial role in pathogenesis of 
disease [41]. Systemic lupus may involve defective clear-
ance of dying cells, resulting in the exposure of nuclear 
antigens in the form of cellular debris or microparticles. 
These microparticles may contain antigens that trigger 
autoimmune processes. Lupus patients have decreased 
annexin V binding microparticles and an increase in 
annexin V non-binding microparticles [42].

Dysregulation of Annexin A11 has been found in 
cancer, cancer treatment, and diabetes [43]. For exam-
ple, Annexin A11 is directly involved in cell prolifera-
tion in ovarian cancer [44]. The knockdown of annexin 
A11 expression reduced cell proliferation and the abil-
ity of ovarian cancer cells to form a colony. Silencing of 
annexin A11 was also associated with cisplatin resistance 
in ovarian cancer cells. [44, 45]. ANXA2 is also involved 
in P53-mediated apoptosis of lung cancer cells [46]. It 
has been shown that drug-resistant small cell lung cancer 
cells highly express annexin A2. Thus, Annexin A2 may 
have a role in pathogenicity of drug resistance [47].

Some members of the annexin family may also be used 
as biomarkers and for clinical imaging. For example, 
ANXA1 was investigated as a potential serum biomarker 
for lung cancer. Lung cancer tissues exhibited higher 
expression of annexin A1 than normal tissues. In addi-
tion, increased serum annexin A1 was significantly asso-
ciated with pathologic grade and clinical stage of lung 
cancer patients [48]. Quantitative 99  mTc-annexin A5 
(qAnx5) imaging uses human annexin A5 radiolabeled 
for the visualization and measurement of apoptosis. This 
imaging is being investigated as an objective evaluation 
of apoptosis before and after cancer treatment. Annexin 
A5 may be used as clinical imaging marker for treatment 
response [49].

ANXA11 and sarcoidosis
Sarcoidosis is a systemic immune disorder with a charac-
teristic accumulation of epithelioid granulomas in many 
organs, such as the lungs, kidney, skin and eyes [50, 51]. 
Chronic sarcoidosis is disease activity lasting more than 
2 years [52, 53]. One of the consequences of chronic sar-
coidosis is pulmonary fibrosis [54]. Pulmonary fibrosis 
occurs in 20 % of patients and contributes significantly to 
morbidity and mortality among these patients [55–58].

Genetic instability and mutation in annexin A11 has 
been identified in single nucleotide polymorphisms in 
patients with sarcoidosis compared to control groups. 
Decreased activation of CD8+ and CD19+, immune 
cells involved in sarcoidosis, are proposed mechanisms 
for sarcoidosis [15]. In addition to the SNP discovery, 
sarcoidosis patients show an increase in neutrophil 
counts in bronchoalveolar lavage fluid. This has led to 
the investigation of annexin A11, which is important 
in cell division, apoptosis, and neutrophil function. 
In a study of more than 440,000 SNPs of 490 German 
patients with sarcoidosis, a series of genetic associa-
tions were detected compared with controls [15]. The 
strongest association signal maps to the ANXA11 
(annexin A11) gene on chromosome 10q22.3. A com-
mon nonsynonymous SNP (rs104955) was found to be 
strongly associated with sarcoidosis. As it is demon-
strated in Fig. 3, this SNP causes a substitution of argi-
nine with cysteine at position 230 (R230C). Although 
the mechanistic effect of this change has not been well 
defined, it appears to affect apoptosis and proliferation 
in sarcoidosis [15]. Fillerova and coworkers showed that 
peripheral blood mononuclear cell (PBMC) isolated 
from subjects with sarcoidosis who carried the ANXA11 
R230C SNP were more resistant to apoptosis than the 
wild genotype. This association was particularly promi-
nent in subjects with the TT ANXA11 phenotype [59]. 
The mechanism of this increasing resistance to apopto-
sis was not discussed. We theorize that ANXA11 with 
structural changes after SNP R230C loses all or part of 
its functionality. As mentioned above, ANXA11 carries 
4 calcium ions and delivers calcium to many intracel-
lular pathways. ANXA11 is involved in apoptosis in at 
least two known pathways. As shown in Fig. 4, ANXA11 
is involved in mitogen-activated protein kinase (MAPK) 
and P53 pathways. Mitogen-activated protein kinase 
pathways are involved in apoptosis in the setting of 
environmental stress [60]. The MAPK pathway acti-
vates caspase pathway via an ALG-2 protein that is Ca2+ 
dependent. Without calcium delivery from ANXA11 to 
ALG-2, the apoptosis via caspase pathway would not be 
activated [61].
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Fig. 3 ANXA11 polymorphism in location 230. Created based on this article: Alejandra Tomas and Stephen E Moss J Biol Chem 2003, 278:20210–
20216

Fig. 4 The role of ANXA11 in apoptosis. ANXA11 with delivering calcium (ca2+) to ALG-2 in caspase pathway and s100A6 in P53 pathway promote 
apoptosis. Reproduced based on Satoh and coworkers paper [61]
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The second important protein involved in apopto-
sis is P53 [62]. P53 mediated apoptosis pathway starts 
with joining S100 A6 to P53 which needs Ca2+ delivery 
from ANXA11 [16]. Indeed, if ANXA11 R230C could 
not deliver calcium to ALG-2 and S100A6, the apoptosis 
would not occur. However, how could the substitution of 
arginine with cysteine make the protein dysfunctional? 
The possible mechanism could involve the disulfide 
bond between the two cysteine thiol groups. One group 
is native with a close distance to another non-native 
group, which comes from R230C. The two groups form 
a disulfide bridge. Disulfide bonds provide a mixed out-
come, either an increase or decrease in protein structure 
stability [63]. With a new cysteine in the structure of 
ANXA11 R230C, a non-native disulfide bridge is formed. 

This misfolds the protein and renders it nonfunction-
ing [64]. Figure 5 shows the third structures of disulfide 
bonds in ANXA11.

In the sarcoidosis lung, granulomas develop when the 
immune cells attempt to wall off an unknown antigen trig-
ger. These cells include macrophages, lymphocytes, and 
multinucleated giant cells. The granuloma can be effaced 
by apoptosis leaving only minor scar. Without apoptosis 
the inflammatory and granulomatous reaction continues. 
Patients with ANXA11 R230C cannot clear granulomas 
due to altered apoptosis and may have a higher risk of 
onset of sarcoidosis and poorer outcome (Fig. 6).

Pre‑clinical advances in annexin and sarcoidosis
Hofmann et al. were the first group of researchers to iden-
tify the association of ANXA11 with sarcoidosis [15]. More 
recent studies have confirmed that Annexin A11 and its 
regulation of apoptosis is a key genetic player in the devel-
opment of sarcoidosis. The latest in sarcoidosis genetics 
research uses genome mapping to determine gene variants 
associated with increased granuloma formation [65]. A 
2014 study of the Han Chinese population confirmed the 
potential role of ANXA11 SNPs in the genetic susceptibil-
ity to sarcoidosis. Investigators studied 15 potential loci 
and found significant differences between patients with 
sarcoidosis and healthy controls for 3 SNPs. They showed 
that rs1049550 presented a significant effect on disease 
phenotype (p  <  0.001). The T allele was an important 
protective factor against sarcoidosis. Whereas carriers of 
rs1049550, the C allele, had a higher susceptibility to sar-
coidosis. This was confirmed in association analysis, which 
showed that the T–C haplotype occurred significantly less 
frequently and the C–C haplotypes occurred more fre-
quently in in patients with sarcoidosis [66].

Fig. 5 The 3rd structure of disulfide bonds in ANXA11. Modeled 
using Disulfide Bonds in Proteins (MODIP, http://caps.ncbs.res.in/
dsdbase/modip.html) and Disulfide by design (DbD, http://cptweb.
cpt.wayne.edu/DbD2/)

Fig. 6 Demonstrates our proposed mechanism of effect of ANXA11 rs1049550 in progression of sarcoidosis. a Shows onset of granuloma in wild 
type (above) and mutant type of ANXA11, b Shows regression of granulomatous reaction with apoptosis in wild type ANXA11 (above) and continu-
ation of granuloma with resistant to apoptosis in mutant type of ANXA11 (below). c Shows continuation of granuloma cause fibrosis changes in the 
mutant type of ANXA11

http://caps.ncbs.res.in/dsdbase/modip.html
http://caps.ncbs.res.in/dsdbase/modip.html
http://cptweb.cpt.wayne.edu/DbD2/
http://cptweb.cpt.wayne.edu/DbD2/
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In a 2013 study, the role of annexin A11 in sarcoidosis 
was confirmed in a US population. This association also 
extended to clinical manifestation of disease. The studied 
involved 1689 sarcoidosis cases and 1252 controls. 25 SNPs 
in and around ANXA11 were significantly associated with 
sarcoidosis risk in both African Americans and European 
Americans. The most significant allelic association was the 
minor C allele at rs1049550 among African and European 
Americans [67]. This was the same allele identified in the 
original study by Hofmann et al. [15]. ANXA11 mutations 
also conferred risk for radiographic expression of disease. 
For SNP rs4399277, the strongest association was found 
in cases with Scadding stage IV disease. The A allele was 
associated with a 1.52-fold increase in the odds of stage IV 
disease. New independent loci associated with sarcoidosis 
risk in ANXA11 were also identified. The minor A allele of 
SNP rs61860052 was associated with a protective effect on 
sarcoidosis in African Americans [67].

These recent advances of annexin A11 in the pre-clin-
ical stage show its significant role in the pathogenesis 
of sarcoidosis. In the era of personalized medicine, the 
annexin could be a novel focus. Annexin A11 thus may 
be a target for clinical trials in which a patient’s genetic 
risk factors are used to tailor treatment [65].

Conclusions
Annexins have significant effects on human health and 
disease. Annexin A11 affects two apoptosis related path-
ways (caspase and P53) and has a crucial role in sarcoido-
sis pathogenesis. This theory should be tested in cell 
culture and animal models. Recent studies show the sig-
nificant role of annexin A11 in the genetic susceptibility 
to sarcoidosis. If the ANXA11 could increase susceptibil-
ity to sarcoiodosis via interaction with caspase and P53, 
a new opportunity to develop new therapeutic targets in 
sarcoidosis will be recognized.

Abbreviations
ANX: annexins; NES: nuclear export; TRPV5 and TRPV6: transient receptor like 
potential vanilloid type 5 and 6 channels; CFTR: cystic fibrosis conductance 
regulator protein; ALG-2: apoptosis-linked gene2; T-PA: tissue plasminogen 
activator; SNPs: single nucleotide polymorphisms; PBMC: peripheral blood 
mononuclear cell; MAPK: mitogen-activated protein kinase.

Authors’ contributions
Conception, hypothesis and: MM, Review articles and interpretation: SG, MM, 
AV, Writing the article: MM, SG, AV, DS, Critical revision of the manuscript for 
important intellectual content: MM, SG, AV, DS. All authors read and approved 
the final manuscript.

Author details
1 Division of Pulmonary, Critical Care, Sleep and Allergy, Department of Medi-
cine, University of Miami, Miller School of Medicine, 1600 NW 10th Ave # 
7060A, Miami, FL 33136, USA. 2 Department of Ophthalmology, University 
of Illinois at Chicago, Chicago, IL, USA. 3 Department of Medicine, University 
of Miami, Miami, FL, USA. 4 Division of Pulmonary and Critical Care, University 
of Illinois at Chicago, Chicago, IL, USA. 

Competing interests
The authors declare that have no competing interests.

Received: 21 November 2015   Accepted: 30 March 2016

References
 1. Creutz CE, Pazoles CJ, Pollard HB. Identification and purification 

of an adrenal medullary protein (synexin) that causes calcium-
dependent aggregation of isolated chromaffin granules. J Biol Chem. 
1978;253:2858–66.

 2. Salzer U, Hinterdorfer P, Hunger U, Borken C, Prohaska R. Ca(++)-depend-
ent vesicle release from erythrocytes involves stomatin-specific lipid rafts, 
synexin (annexin VII), and sorcin. Blood. 2002;99:2569–77.

 3. Geisow MJ, Walker JH, Boustead C, Taylor W. Annexins–new family of 
Ca2+-regulated-phospholipid binding protein. Biosci Rep. 1987;7:289–98.

 4. Sen N, Spitzer AR, Chander A. Calcium-dependence of synexin binding 
may determine aggregation and fusion of lamellar bodies. Biochem J. 
1997;322(Pt 1):103–9.

 5. Gerke V, Moss SE. Annexins: from structure to function. Physiol Rev. 
2002;82:331–71.

 6. Moss SE, Morgan RO. The annexins. Genome Biol. 2004;5:219.
 7. Farber SA, De Rose RA, Olson ES, Halpern ME. The zebrafish annexin gene 

family. Genome Res. 2003;13:1082–96.
 8. Postlethwait JH, Woods IG, Ngo-Hazelett P, Yan YL, Kelly PD, Chu F, Huang 

H, Hill-Force A, Talbot WS. Zebrafish comparative genomics and the 
origins of vertebrate chromosomes. Genome Res. 2000;10:1890–902.

 9. Smith PD, Davies A, Crumpton MJ, Moss SE. Structure of the human 
annexin VI gene. Proc Natl Acad Sci USA. 1994;91:2713–7.

 10. Bandorowicz-Pikula J. Annexins: biological importance and annexin-
related pathologies. New York: Kluwer Academic/Plenum; 2003. p. 
182–95.

 11. Farnaes L, Ditzel HJ. Dissecting the cellular functions of annexin XI using 
recombinant human annexin XI-specific autoantibodies cloned by phage 
display. J Biol Chem. 2003;278:33120–6.

 12. http://biogpsorg/#goto=genereport&id=311. Accessed 20 Aug 2015.
 13. Kramer PR, Wray S. 17-Beta-estradiol regulates expression of genes that 

function in macrophage activation and cholesterol homeostasis. J Steroid 
Biochem Mol Biol. 2002;81:203–16.

 14. Sjolin C, Dahlgren C. Isolation by calcium-dependent translation to 
neutrophil-specific granules of a 42-kD cytosolic protein, identified as 
being a fragment of annexin XI. Blood. 1996;87:4817–23.

 15. Hofmann S, Franke A, Fischer A, Jacobs G, Nothnagel M, Gaede KI, 
Schurmann M, Muller-Quernheim J, Krawczak M, Rosenstiel P, Schreiber S. 
Genome-wide association study identifies ANXA11 as a new susceptibil-
ity locus for sarcoidosis. Nat Genet. 2008;40:1103–6.

 16. Tomas A, Moss SE. Calcium- and cell cycle-dependent association of 
annexin 11 with the nuclear envelope. J Biol Chem. 2003;278:20210–6.

 17. Eberhard DA, Karns LR, VandenBerg SR, Creutz CE. Control of the nuclear-
cytoplasmic partitioning of annexin II by a nuclear export signal and by 
p11 binding. J Cell Sci. 2001;114:3155–66.

 18. Barton GJ, Newman RH, Freemont PS, Crumpton MJ. Amino acid 
sequence analysis of the annexin super-gene family of proteins. Eur J 
Biochem. 1991;198:749–60.

 19. Draeger A, Monastyrskaya K, Babiychuk EB. Plasma membrane repair and 
cellular damage control: the annexin survival kit. Biochem Pharmacol. 
2011;81:703–12.

 20. Rintala-Dempsey AC, Rezvanpour A, Shaw GS. S100-annexin complexes–
structural insights. FEBS J. 2008;275:4956–66.

 21. Bharadwaj A, Bydoun M, Holloway R, Waisman D. Annexin A2 heterote-
tramer: structure and function. Int J Mol Sci. 2013;14:6259–305.

 22. Vahrmann A, Saric M, Koebsch I, Scholze H. alpha14-Giardin (annexin E1) 
is associated with tubulin in trophozoites of Giardia lamblia and forms 
local slubs in the flagella. Parasitol Res. 2008;102:321–6.

 23. Braun EL, Kang S, Nelson MA, Natvig DO. Identification of the first fungal 
annexin: analysis of annexin gene duplications and implications for 
eukaryotic evolution. J Mol Evol. 1998;47:531–43.



Page 9 of 9Mirsaeidi et al. J Transl Med  (2016) 14:89 

 24. Konopka-Postupolska D, Clark G, Hofmann A. Structure, function 
and membrane interactions of plant annexins: an update. Plant Sci. 
2011;181:230–41.

 25. Odenwald WF, Morris SJ. Identification of a second synexin-like adrenal 
medullary and liver protein that enhances calcium-induced membrane 
aggregation. Biochem Biophys Res Commun. 1983;112:147–54.

 26. Tokumitsu H, Mizutani A, Minami H, Kobayashi R, Hidaka H. A calcyclin-
associated protein is a newly identified member of the Ca2+/phospho-
lipid-binding proteins, annexin family. J Biol Chem. 1992;267:8919–24.

 27. Tokumitsu H, Mizutani A, Muramatsu M, Yokota T, Arai K, Hidaka H. 
Molecular cloning of rabbit CAP-50, a calcyclin-associated annexin pro-
tein. Biochem Biophys Res Commun. 1992;186:1227–35.

 28. Lecona E, Turnay J, Olmo N, Guzman-Aranguez A, Morgan RO, Fernandez 
MP, Lizarbe MA. Structural and functional characterization of recom-
binant mouse annexin A11: influence of calcium binding. Biochem J. 
2003;373:437–49.

 29. Bances P, Fernandez MR, Rodriguez-Garcia MI, Morgan RO, Fernandez MP. 
Annexin A11 (ANXA11) gene structure as the progenitor of paralo-
gous annexins and source of orthologous cDNA isoforms. Genomics. 
2000;69:95–103.

 30. Solito E, Nuti S, Parente L. Dexamethasone-induced translocation of lipo-
cortin (annexin) 1 to the cell membrane of U-937 cells. Br J Pharmacol. 
1994;112:347–8.

 31. Brownstein C, Falcone DJ, Jacovina A, Hajjar KA. A mediator of cell 
surface-specific plasmin generation. Ann N Y Acad Sci. 2001;947:143–55.

 32. Tomas A, Futter C, Moss SE. Annexin 11 is required for midbody forma-
tion and completion of the terminal phase of cytokinesis. J Cell Biol. 
2004;165:813–22.

 33. van de Graaf SF, Hoenderop JG, Gkika D, Lamers D, Prenen J, Rescher 
U, Gerke V, Staub O, Nilius B, Bindels RJ. Functional expression of the 
epithelial Ca2+ channels (TRPV5 and TRPV6) requires association of the 
S100A10-annexin 2 complex. EMBO J. 2003;22:1478–87.

 34. Borthwick LA, McGaw J, Conner G, Taylor CJ, Gerke V, Mehta A, Robson 
L, Muimo R. The formation of the cAMP/protein kinase A-dependent 
annexin 2-S100A10 complex with cystic fibrosis conductance regula-
tor protein (CFTR) regulates CFTR channel function. Mol Biol Cell. 
2007;18:3388–97.

 35. Hannon R, Croxtall JD, Getting SJ, Roviezzo F, Yona S, Paul-Clark MJ, Gavins 
FN, Perretti M, Morris JF, Buckingham JC, Flower RJ. Aberrant inflamma-
tion and resistance to glucocorticoids in annexin 1−/− mouse. FASEB J. 
2003;17:253–5.

 36. Ling Q, Jacovina AT, Deora A, Febbraio M, Simantov R, Silverstein RL, 
Hempstead B, Mark WH, Hajjar KA. Annexin II regulates fibrin homeostasis 
and neoangiogenesis in vivo. J Clin Invest. 2004;113:38–48.

 37. Srivastava M, Atwater I, Glasman M, Leighton X, Goping G, Caohuy 
H, Miller G, Pichel J, Westphal H, Mears D, et al. Defects in inositol 
1,4,5-trisphosphate receptor expression, Ca2+ signaling, and insulin 
secretion in the anx7(+/−) knockout mouse. Proc Natl Acad Sci U S A. 
1999;96:13783–8.

 38. Herr C, Smyth N, Ullrich S, Yun F, Sasse P, Hescheler J, Fleischmann B, Lasek 
K, Brixius K, Schwinger RH, et al. Loss of annexin A7 leads to alterations in 
frequency-induced shortening of isolated murine cardiomyocytes. Mol 
Cell Biol. 2001;21:4119–28.

 39. Pandey S, Ranjan R, Pandey S, Mishra RM, Seth T, Saxena R. Effect of 
ANXA2 gene single nucleotide polymorphism (SNP) on the development 
of osteonecrosis in Indian sickle cell patient: a PCR-RFLP approach. Indian 
J Exp Biol. 2012;50:455–8.

 40. Miyamura H, Nishizawa H, Ota S, Suzuki M, Inagaki A, Egusa H, Nishiyama 
S, Kato T, Pryor-Koishi K, Nakanishi I, et al. Polymorphisms in the annexin 
A5 gene promoter in Japanese women with recurrent pregnancy loss. 
Mol Hum Reprod. 2011;17:447–52.

 41. Rodriguez-Garcia MI, Fernandez JA, Rodriguez A, Fernandez MP, Gutierrez 
C, Torre-Alonso JC. Annexin V autoantibodies in rheumatoid arthritis. Ann 
Rheum Dis. 1996;55:895–900.

 42. Nielsen CT. Circulating microparticles in systemic lupus erythematosus. 
Dan Med J. 2012;59:B4548.

 43. Bastian BC. Annexins in cancer and autoimmune diseases. Cell Mol Life 
Sci. 1997;53:554–6.

 44. Song J, Shih Ie M, Chan DW, Zhang Z. Suppression of annexin A11 
in ovarian cancer: implications in chemoresistance. Neoplasia. 
2009;11:605–14.

 45. Song J, Shih Ie M, Salani R, Chan DW, Zhang Z. Annexin XI is associated 
with cisplatin resistance and related to tumor recurrence in ovarian 
cancer patients. Clin Cancer Res. 2007;13:6842–9.

 46. Huang Y, Jin Y, Yan CH, Yu Y, Bai J, Chen F, Zhao YZ, Fu SB. Involvement of 
annexin A2 in p53 induced apoptosis in lung cancer. Mol Cell Biochem. 
2008;309:117–23.

 47. Cole SP, Pinkoski MJ, Bhardwaj G, Deeley RG. Elevated expression of 
annexin II (lipocortin II, p36) in a multidrug resistant small cell lung cancer 
cell line. Br J Cancer. 1992;65:498–502.

 48. Rong B, Zhao C, Liu H, Ming Z, Cai X, Gao W, Yang S. Elevated serum 
annexin A1 as potential diagnostic marker for lung cancer: a retrospec-
tive case-control study. Am J Transl Res. 2014;6:558–69.

 49. Belhocine TZ, Blankenberg FG, Kartachova MS, Stitt LW, Vanderheyden JL, 
Hoebers FJ, Van de Wiele C. (99m)Tc-annexin A5 quantification of apop-
totic tumor response: a systematic review and meta-analysis of clinical 
imaging trials. Eur J Nucl Med Mol Imag. 2015;42:2083–97.

 50. Birnbaum AD, French DD, Mirsaeidi M, Wehrli S. Sarcoidosis in the 
national veteran population: association of ocular inflammation and 
mortality. Ophthalmology. 2015;122:934–8.

 51. Korsten P, Mirsaeidi M, Sweiss NJ. Nonsteroidal therapy of sarcoidosis. Curr 
Opin Pulm Med. 2013;19:516–23.

 52. Au S, Mirsaeidi M, Aronson IK, Sweiss NJ. Adalimumab induced subcu-
taneous nodular sarcoidosis: a rare side effect of tumor necrosis factor-
alpha inhibitor. Sarcoidosis Vasc Diffuse Lung Dis. 2014;31:249–51.

 53. Sweiss NJ, Lower EE, Mirsaeidi M, Dudek S, Garcia JG, Perkins D, Finn 
PW, Baughman RP. Rituximab in the treatment of refractory pulmonary 
sarcoidosis. Eur Respir J. 2014;43:1525–8.

 54. Mirsaeidi M, Machado RF, Schraufnagel D, Sweiss NJ, Baughman RP. 
Racial difference in sarcoidosis mortality in the United States. Chest. 
2015;147:438–49.

 55. Gideon NM, Mannino DM. Sarcoidosis mortality in the United States 
1979–1991: an analysis of multiple-cause mortality data. Am J Med. 
1996;100:423–7.

 56. Teirstein AT, Morgenthau AS. End-stage pulmonary fibrosis in sarcoidosis. 
Mt Sinai J Med. 2009;76:30–6.

 57. Nardi A, Brillet PY, Letoumelin P, Girard F, Brauner M, Uzunhan Y, Nac-
cache JM, Valeyre D, Nunes H. Stage IV sarcoidosis: comparison of 
survival with the general population and causes of death. Eur Respir J. 
2011;38:1368–73.

 58. Swigris JJ, Olson AL, Huie TJ, Fernandez-Perez ER, Solomon J, Sprunger D, 
Brown KK. Sarcoidosis-related mortality in the United States from 1988 to 
2007. Am J Respir Crit Care Med. 2011;183:1524–30.

 59. Regina Fillerova FM, Zurkova M, Kolek V, Petrek M, Kriegova E. Is a func-
tional variant of ANXA11 R230C associated with impaired apoptosis? Eur 
Respir J. 2012;40:P777.

 60. Wada T, Penninger JM. Mitogen-activated protein kinases in apoptosis 
regulation. Oncogene. 2004;23:2838–49.

 61. Satoh H, Shibata H, Nakano Y, Kitaura Y, Maki M. ALG-2 interacts with the 
amino-terminal domain of annexin XI in a Ca2+-dependent manner. 
Biochem Biophys Res Commun. 2002;291:1166–72.

 62. Fridman JS, Lowe SW. Control of apoptosis by p53. Oncogene. 
2003;22:9030–40.

 63. Craig DB, Dombkowski AA. Disulfide by design 2.0: a web-based tool for 
disulfide engineering in proteins. BMC Bioinform. 2013;14:346.

 64. Trivedi MV, Laurence JS, Siahaan TJ. The role of thiols and disulfides on 
protein stability. Curr Protein Pept Sci. 2009;10:614–25.

 65. Fischer A, Rybicki BA. Granuloma genes in sarcoidosis: what is new? Curr 
Opin Pulm Med. 2015;21:510–6.

 66. Feng X, Zang S, Yang Y, Zhao S, Li Y, Gao X, Zhang L. Annexin A11 
(ANXA11) gene polymorphisms are associated with sarcoidosis in a Han 
Chinese population: a case-control study. BMJ Open. 2014;4:e004466.

 67. Levin AM, Iannuzzi MC, Montgomery CG, Trudeau S, Datta I, McKeigue P, 
Fischer A, Nebel A, Rybicki BA. Association of ANXA11 genetic variation 
with sarcoidosis in African Americans and European Americans. Genes 
Immun. 2013;14:13–8.


	Annexins family: insights into their functions and potential role in pathogenesis of sarcoidosis
	Abstract 
	Background
	Review
	Annexin family
	Human annexin genes
	Protein structures
	Intracellular location and function of annexins
	Annexins interaction with other proteins
	Association of annexin to diseases in laboratory animal models
	Association of annexin to human diseases
	ANXA11 and sarcoidosis
	Pre-clinical advances in annexin and sarcoidosis

	Conclusions
	Authors’ contributions
	References




