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Summary

According to publicly available transcriptome datasets, the abundance of

Annexin A3 (ANXA3) is robustly increased during the course of sepsis;

however, no studies have examined the biological significance or clinical

relevance of ANXA3 in this pathology. Here we explored this interpreta-

tion gap and identified possible directions for future research. Based on

reference transcriptome datasets, we found that ANXA3 expression is

restricted to neutrophils, is upregulated in vitro after exposure to plasma

obtained from septic patients, and is associated with adverse clinical out-

comes. Secondly, an increase in ANXA3 transcript abundance was also

observed in vivo, in the blood of septic patients in multiple independent

studies. ANXA3 is known to mediate calcium-dependent granules–phago-
some fusion in support of microbicidal activity in neutrophils. More

recent work has also shown that ANXA3 enhances proliferation and sur-

vival of tumour cells via a Caspase-3-dependent mechanism. And this

same molecule is also known to play a critical role in regulation of apop-

totic events in neutrophils. Thus, we posit that during sepsis ANXA3

might either play a beneficial role, by facilitating microbial clearance and

resolution of the infection; or a detrimental role, by prolonging neu-

trophil survival, which is known to contribute to sepsis-mediated organ

damage.

Keywords: annexin; bacteremia; cell proliferation; endotoxemia; immu-

nity; inflammation; neutrophil; sepsis; transcriptome.

Introduction

This review article intends to explore a possible role for

Annexin A3 (ANXA3) in the immunopathology of sepsis.

Before attempting to do so by bringing forward original

experimental evidence, the wealth of publicly available

transcriptomic data can be leveraged to: (i) determine if

changes in abundance of ANXA3 measured in earlier

transcriptome profiling studies are robust; (ii) draw infer-

ences regarding the potential biological significance or

clinical relevance of such changes; and (iii) identify paths

for future investigations.

A hands-on workshop held at Sidra Medicine (Qatar)

focused on the discovery of novel candidate genes impli-

cated in the pathogenesis of sepsis. Public omics data

were used as a source of training material for target selec-

tion and gene-centric reductionist investigations in silico.

The approach was described in a recent review (‘collective

omics data’ training module 1 or COD1).1

Annexin A3 (ANXA3) was selected among a pool of

candidates on the basis of: (i) its expression being

increased in vitro in neutrophils exposed to plasma from

a septic patient for 6 hr (GEO dataset GSE49755);2 and

(ii) the apparent lack of literature addressing the role of

ANXA3 in sepsis (the selection process is described in

more details in Ref. [1]).

Annexins are calcium-binding proteins: they bind nega-

tively charged phospholipid membranes in a calcium-de-

pendent manner. These proteins are characterized by a

conserved ‘core domain’ consisting of Ca2+-binding

Abbreviations: ANXA3, Annexin A3; COD, collective omics data; GEO, Gene Expression Omnibus; PBMCs, peripheral mononu-
clear cells
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motifs-containing Annexin repeats. Annexins are involved

in membrane transport and can mediate a wide range of

cellular processes, including endocytosis, exocytosis and

membrane-cytoskeletal organization.3 As discussed below,

ANXA3 promotes neutrophil granules aggregation in a

calcium-dependent manner, is involved in granule–gran-
ule and granule–phagosome fusion,4,5 and also partici-

pates in the microglial response to motor nerve injury,

blood vessel formation and adipocyte differentiation.6-8

Materials and methods

Reference datasets

Details about the study characteristics are thus provided

here in addition to being summarized in Table 1.

GSE49758 Khaenam et al.:2 A Transcriptomic Reporter

Assay Employing Neutrophils to Measure Immunogenic

Activity of Septic Patients Plasma. The datasets that were

used as a starting point to select ANXA3 for further

investigation were contributed by our group.2 Specifically,

the GEO super-series GSE49758 comprised three series

(independent experiments): GSE49755, GSE49756,

GSE49757. In this work, neutrophils, dendritic cells and

peripheral blood mononuclear cells (PBMCs) were anal-

ysed by reporter assay to ‘sense’ the immunomodulatory

factors present in the serum of septic plasma.2 Cells were

isolated or derived from healthy donors, and cultivated

in vitro in the presence of plasma from control and septic

subjects. Diagnosis of sepsis was based on accepted inter-

national guidelines, and defined as presentation with two

or more of the following criteria for the systemic inflam-

matory response syndrome: fever (temperature > 38° or <
36°), tachycardia (heart rate > 90 beats/min), leucocytosis

or leucocytopenia (white blood cell count ≥ 12 9 109/l

or ≤ 4 9 109/l). Blood was collected within 24 hr follow-

ing the diagnosis of sepsis. Samples were selected from

subjects who had the diagnosis of bacteremic sepsis retro-

spectively confirmed by the isolation of a causative organ-

ism on blood culture. Changes in transcript abundance

were measured on a genome-wide scale using Illumina

Beadarrays. The findings were indeed consistent with the

notion that neutrophils are less active transcriptionally,

with lower repertoire diversity and lower RNA content

(21 236 transcript species detected versus 25 728 in

PBMCs and 23 589 in dendritic cells). Neutrophils

proved nevertheless more responsive, with 823 transcripts

differentially expressed versus 610 in PBMCs and 613 in

dendritic cells. In addition, the extent of the transcrip-

tional changes observed in neutrophils exposed to septic

plasma correlated with the extent of the disease severity.

The datasets were deposited and GEO and subsequently

loaded by our team into a data-browsing application

(links are provided in Table 1, the GXB application has

been described earlier in: Ref. [9]).

GSE30119 Banchereau et al.:10 Host immune transcrip-

tional profiles reflect the variability in clinical disease

manifestations in patients with Staphylococcus aureus

infections. The goal of this study was to characterize

changes in transcript abundance in the whole blood of

paediatric patients with acute S. aureus infection. Previ-

ous work had instead used PBMCs — a cellular fraction

that excludes neutrophils, which are essential for the

immune response to bacterial infections. Blood was col-

lected from hospitalized paediatric patients with culture-

confirmed S. aureus infection (n = 99) and from healthy

controls (n = 44), at a single time point. Any subject with

evidence of a viral infection was excluded. Enrollment

took place at a single institution in the USA. The rather

large cohort of subjects permitted an investigation into

the differences in transcript abundance associated with

the infection site, clinical presentation and/or disease

severity. Samples were run on Illumina HT-12 v3 beadar-

rays.

GSE64457 Demaret et al.:11 Marked alterations of neu-

trophil functions during sepsis-induced immunosuppres-

sion. This study aimed to produce an in-depth molecular

characterization of neutrophils during the late immuno-

suppressed phase of sepsis. Enrollment took place at a

single institution in France. Transcriptome profiles were

generated from neutrophils isolated from nine adult sep-

tic shock patients at two time points (between 3 and 4

days, and between 6 and 8 days after sepsis onset) and

from eight healthy volunteers. The patients presented

with characteristics of injury-associated immunosuppres-

sion, with reduced HLA-DR expression, a low CD4+ lym-

phocyte count and an increased abundance of regulatory

T-cells.

GSE25504 Dickinson et al.:12 Whole blood mRNA

expression profiling of host molecular networks in neona-

tal sepsis. The aim of this study was to use blood tran-

scriptome profiling to better understand the immune

response elicited by human neonates to infection. Samples

were collected from subjects at the first suspicion of a

clinical infection. Samples were retrospectively selected

for analysis based on a positive blood culture. Enrollment

took place at a single institution in the UK. We used the

training set from this study to validate differences in

ANXA3 abundance. This training set consisted of 27

patients and 35 age-matched controls; the samples were

run on Illumina HT-12 V3 beadarrays.

GSE13015 Pankla et al.:13 Genomic Transcriptional

Profiling Identifies a Blood Biomarker Signature for the

Diagnosis of Septicemic Melioidosis. This study was also

contributed by our group. We aimed to identify blood

transcriptional signatures that differentiate septic patients

infected by Burkholderia pseudomallei (the bacillus caus-

ing Melioidosis) from septic patients infected by other

bacterial pathogens. Enrollment took place at a single

institution in Northeastern Thailand. Adults with culture-

ª 2020 The Authors. Immunology published by John Wiley & Sons Ltd, Immunology, 161, 291–302292
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confirmed sepsis (n= 29) and uninfected controls (n =
10) were enrolled in the study. Type 2 diabetes is a pre-

disposing factor for Melioidosis, and was represented in

equal proportions between the sepsis and control groups.

The samples were run on Illumina HT-12 V3 beadarrays.

GSE26440 Wong et al.:14 Expression data for derivation

of septic shock subgroups. This study aimed to define

sepsis subtypes via blood transcriptome profiling and

phenotyping. Enrollment took place at 11 different insti-

tutions in the USA; children ≤ 10 years old and who pre-

sented in the intensive care unit exhibiting paediatric-

specific criteria for septic shock (n = 98) and healthy con-

trols (n = 32) were enrolled.

Leucocyte RNAseq reference dataset

A dataset that we previously generated and deposited in

GEO was used to assess restriction of the expression of

members of the Annexin family across leucocyte popula-

tions (Fig. 3). The accession number for this dataset is

GSE60424 and the publication of record is from Linsley

et al.15 Specifically, this dataset consisted of RNAseq pro-

files of neutrophils, monocytes, B-cells, CD4+ T-cells,

CD8+ T-cells and natural killer (NK) cells isolated from

the blood of healthy controls, patients with type 1 dia-

betes, amyotrophic lateral sclerosis, sepsis or multiple

sclerosis prior to and 24 hr post-treatment with IFN beta

(up to 20 subjects per cell type).

Statistics

T-test statistics were used throughout for pair-wise group

comparisons and were performed in Microsoft Excel. An

F-test was used to test if the variances of two groups were

equal. The level of statistical significance is indicated on

the plot: t-test P-values < 0�05*, <0�01**, < 0�001***.

Literature search strategy

The query used to retrieve the body of literature associ-

ated with ANXA3 consisted of a concatenation of its offi-

cial name, symbol and aliases retrieved from the Entrez

Gene, Uniprot and OMIM databases, as follows: ANXA3

[tw] OR ‘Annexin A3’ [tw] OR ‘Inositol 1,2-Cyclic Phos-

phate 2-Phosphohydrolase’ [tw] OR ‘Placental Anticoagu-

lant Protein III’ [tw] OR ‘35-Alpha Calcimedin’ [tw] OR

‘Lipocortin III’ [tw] OR ‘Annexin-3’ [tw] OR ‘Annexin 3’

[tw] OR ‘PAP-III’ [tw] OR ANX3 [tw] OR ‘Annexin III’

[tw] OR ‘Placental Anticoagulant Protein III’ [tw] OR

‘Calcimedin 35-Alpha’ [tw] AND (annexin [tw] OR phos-

phohydrolase [tw] OR placental [tw] OR calcimedin [tw]

OR ANXA3 [tw] OR Lipocortin [tw] OR anticoagulant

[tw] OR calcium [tw]).

The [tw] argument was used to restrict the search to

‘text words’ (title or abstract). The last argument in this

query, following the boolean ‘AND’, was designed to

minimize the number of false positives that arise with the

use of the PAP-III alias, which stands for Placental Anti-

coagulant Protein III. Without including these terms, >50
articles were returned that instead referred to PAP smear

testing or Pancreatitis Associated Protein III.

Results

ANXA3 transcript abundance is robustly increased in
septic patients

Once ANXA3 was selected, we ascertained the robustness

of the initial observation by examining changes in

ANXA3 expression across seven additional public tran-

scriptome datasets (Fig. 1; Table 1; detailed description in

the Materials and methods). Out of the seven datasets,

two were independent repeats of the neutrophil serum

exposure profiling experiment that served as a basis for

our initial screen (GSE49756, GSE49757).2 The five addi-

tional datasets originated from other studies and were

contributed to the GEO by Banchereau et al.

(GSE30119),10 Demaret et al. (GSE64457),10 Dickinson

et al. (GSE25504),12,16 Pankla et al. (GSE13015)13 and

Wong et al. (GSE26440).14 Of these seven datasets: (i)

four were from studies conducted in adults and three in

paediatric subjects; (ii) three were from studies that took

place in Asia, two in North America, two in Europe; (iii)

five were generated using Illumina Beadarrays and two

used Affymetrix Genechips; (iv) four used whole blood as

starting material and three used purified neutrophils. We

observed significant increases in ANXA3 transcript abun-

dance across all the datasets (Fig. 1). This finding suggests

that ANXA3 transcript abundance increases in the context

of sepsis, regardless of the study and experimental set-

tings.

The fact that we observed an increase in ANXA3 tran-

script abundance in purified neutrophils is important:

changes measured in whole blood could otherwise also be

attributed to an increase in relative abundance of this cell

population, in the absence of an increase in gene expres-

sion. It is also notable that increases in ANXA3 abun-

dance were observed across virtually all age groups,

including newborns (GSE25504), as well as among

patients with different disease presentations or severities

(e.g. in patients where the presentation ranges from skin

abscesses, to pneumonia or osteoarticular infection:

GSE30119; in patients diagnosed with septic shock:

GSE26440, and at both early and late stages of sepsis:

GSE64457).

By combining the three neutrophil plasma exposure

datasets (GSE49755, GSE49756, GSE49757), we could

examine a possible association between ANXA3 induction

in neutrophils and clinical outcomes (Fig. 2). We found

that the abundance of ANXA3 transcripts was increased

ª 2020 The Authors. Immunology published by John Wiley & Sons Ltd, Immunology, 161, 291–302 293
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Figure 1. Annexin A3 (ANXA3) is upregulated in septic individuals and in cultured cells exposed to serum/plasma isolated from septic patients.

The plots represent ANXA3 transcript abundance, as measured by microarray across different publicly available datasets (see text and Table 1).

The three plots along the top correspond to independent replications of an experiment in which neutrophils in culture were exposed to plasma

from uninfected control subjects or septic patients for 6 hr (deposited in GEO by Khaenam et al. under the GEO ID GSE49755/56/57). The

GSE64457 data show the ANXA3 transcript abundance in neutrophils isolated from patients diagnosed with septic shock and neutrophils from

healthy controls. The data presented in all other plots derived from studies that profiled the whole blood of septic patients and uninfected con-

trols (all involved paediatric populations except for GSE13015). The level of statistical significance is indicated on each plot: t-test P-values

< 0�05*, < 0�01**, < 0�001***.
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at much higher levels in response to plasma from

patients who eventually died from the infection than in

response to plasma from those who recovered. This find-

ing is consistent with the conclusions made by Khaenam

et al.,2 who identified differences in the transcriptome

responses between patients with severe and non-severe

sepsis, although an association with mortality was not

reported.

Overall, the synthesis of available public data points to

a robust increase in ANXA3 abundance in the context of

sepsis. This finding is based on neutrophils isolated from

septic patients and neutrophils from healthy donors that

were exposed to septic plasma in vivo. ANXA3 upregula-

tion in sepsis is also observed in the whole blood of

patients presenting with different degrees of disease sever-

ity and across all age groups, from infancy to adulthood.

Additional reference datasets inform on ANXA3
restriction and regulation in leucocytes

Next, we accessed gene-centric expression profiles for

additional datasets that are available online through our

Gene Expression Browser web application (GXB). Various

curated dataset collections are available via this web inter-

face, including one that encompasses 93 transcriptome

datasets that are relevant to sepsis (http://sepsis.gxbsidra.

org/dm3/geneBrowser/list). Two datasets provided useful

perspectives regarding the restriction of ANXA3

expression among circulating leucocytes and its regulation

in vitro by various immune stimulators.

Annexin A3 is particularly abundant in neutrophils,

accounting for ~1% of all cytosolic proteins,4 but it has

not been described in other immune cell types. We used

the available transcriptome datasets to determine the

ANXA3 expression profile in leucocyte populations (see

Materials and methods for details). We also accessed the

transcript abundance profiles of other Annexin family

members (accessible via: http://sepsis.gxbsidra.org/dm3/

miniURL/view/Or).9

The overall abundance of ANXA3 transcripts across

leucocyte populations was lower than for most other

Annexin family members: ANXA1, ANXA6 and ANXA11

showed the highest levels of expression (~1 log higher

than ANXA3), followed by ANXA2, ANXA5 and ANXA7

(~0�5 log higher; Fig. 3). ANXA3 did, however, exhibit

the greatest level of cell specificity among all of the family

members, with its expression being almost exclusively

restricted to neutrophils (the difference expression levels

in neutrophils compared with all other cell types was

highly significant, with P < 0�001. Data can be visualized

and downloaded here: http://sepsis.gxbsidra.org/dm3/mini

URL/view/Pv). ANXA9 and ANXA11 were also predomi-

nantly restricted to neutrophils. ANXA11, like ANXA3,

translocates to the neutrophil granule membrane in a cal-

cium-dependent manner, and associates with phago-

somes.17 ANXA2, ANXA5 and ANXA1 were preferentially

expressed in monocytes, and their roles in this cell popu-

lation have been well described in the literature.18,19 It is

also worth noting that, in line with the results presented

earlier, ANXA3 expression was induced in neutrophils

and whole blood of the three septic patients included in

this dataset (http://sepsis.gxbsidra.org/dm3/miniURL/vie

w/Pl). But it did not appear to be robustly induced in

another cell population. Indeed, differences in abundance

between leucocyte populations far outweighed any varia-

tion observed within a given population and across

pathological states.

The availability of a transcriptome dataset from a study

in which blood was stimulated in vitro with a wide range

of immunostimulatory molecules provided an opportu-

nity to evaluate the factors that might drive the increase

in ANXA3 expression in vitro.20 The immunostimulatory

molecules included purified pathogen-derived molecules,

host-inflammatory factors and several species of heat-

killed bacteria that can cause sepsis (Fig. 4).21 Surpris-

ingly, ANXA3 was not upregulated in response to the

pathogen-derived or host-derived pro-inflammatory

molecules. These molecules are potent neutrophil activa-

tors. And, indeed, the transcript abundance of some pro-

totypical inflammation markers (such as CCL2 or IL1B)

dramatically increased under the same conditions (GXB

links: Refs [22,23]). However, ANXA3 transcript abun-

dance was upregulated in blood cultures following
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Figure 2. Annexin A3 (ANXA3) upregulation in neutrophils in

response to septic plasma correlates with clinical outcomes. The

three independent datasets contributed by Khaenam et al.

(GSE49755/56/57) were combined after normalizing each to the

average of its respective controls (neutrophil cultures with medium

only). Other conditions included cells exposed to LPS or to plasma

from: (i) uninfected controls; (ii) septic patients who responded to

treatment and eventually recovered; and (iii) septic patients who did

not improve and ultimately succumbed to sepsis. The level of statis-

tical significance is indicated on the plot: t-test P-values < 0�01**,
< 0�001***.
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stimulation with interferon (IFN) gamma and, to a lesser

degree, IFNb and poly-IC (Fig. 4; ANXA3 abundance

levels were significantly elevated in IFN-stimulated condi-

tions compared with all other stimuli, with t-test

P < 0�05; http://sepsis.gxbsidra.org/dm3/miniURL/view/Pa

). This finding is unexpected, as ANXA3 expression has

not been reported as being induced by IFN. However, we

also found that an increase in ANXA3 transcript abun-

dance was reported in seven out of eight datasets when

querying the ‘interferome’ database.24 The fold change

values ranged from 2�3 to 8�7 (average, 3�9 fold). In the

one discordant dataset, the ANXA3 transcript abundance

decreased by 14-fold, but this experiment compared the

response of THP1 cells with IFN with and without LPS

pretreatment.25 No changes were observed in response to

IFN in murine cells.

Interpretation and inferences regarding the potential
role of ANXA3 in sepsis

Annexin A3 transcript abundance seems to be robustly

increased during sepsis and after exposing neutrophils to

septic plasma in vitro. Surprisingly, we found that ANXA3

is not induced by canonical host-derived or pathogen-

derived immune stimulators or by in vitro exposure to

whole pathogens. We also observed that ANXA3 expres-

sion among circulating leucocytes is almost entirely

restricted to neutrophils, a property that is unique among

the members of the ANXA protein family.

An initial literature search returned no known associa-

tion between ANXA3 and sepsis. This was confirmed

when a more thorough PubMed search was conducted,

including all ANXA3 gene names and aliases (see Materi-

als and methods for details). The ANXA3 literature

retrieved by this search consisted of 262 entries (as of

March 2020). Among those entries, none contained the

keyword ‘septic’ or ‘sepsis’ in their titles or abstracts, 20

contained the keywords ‘neutrophil’ or ‘neutrophils’, 32

contained the keywords ‘inflammation’ or ‘inflammatory’,

and 69 contained the keyword ‘blood’. This simple profil-

ing of the literature confirmed the lack of overlap

between the sepsis and ANXA3 literatures.

Notably, earlier transcriptome re-analyses that included

some of the datasets listed above did report ANXA3 tran-

script abundance as being increased in sepsis and other

inflammatory diseases such as systemic arthritis and sys-

temic lupus erythematosus.26–28 However, these studies,

as those upon which they are based, have not attempted

to address the biological significance or clinical relevance

of changes in ANXA3 abundance during sepsis. Instead,

ANXA3 was one among tens of other genes for which

changes in abundance were measured and reported.

Change in ANXA3 abundance as a result of sepsis was

thus not mentioned in the title or abstracts of these stud-

ies, but those could be identified via a full text search in

Google scholar. While reporting such changes does con-

stitute a form of pre-existing knowledge, this also illus-

trates the existence of ‘interpretation gap’ inherent to

analyses carried out at more global scales.

We thus endeavoured next to start to address such an

interpretation gap on one hand from changes in abun-

dance observed in ancillary reference transcriptome data-

sets, and on the other hand by inferring from its known

functions and involvement in other biological/pathologi-

cal processes.

Regarding the associations observed with the keywords

linked to sepsis (i.e. inflammation, immunity, blood):

several recent publications have reported an increased

abundance of ANXA3 transcripts in the blood of patients

with colorectal cancer, pancreatic cancer,29,30 Hunting-

ton’s disease, cluster headaches, psoriasis and pneumococ-

cal meningitis.31–34 In the latter study, the context of

which is most relevant to the topic of this review, ANXA3

was 1 of 11 markers found to be differentially expressed

in the blood of children with meningitis compared with

uninfected controls (the initial discovery was made in 12

subjects, and then validated using a targeted polymerase

chain reaction panel in a set of 229 subjects).31 Relatively

few studies have examined a functional role for ANXA3

in immunity and inflammation. In the early 1990s, vari-

ous research groups investigated the role of ANXA3 in

promoting membrane–membrane contact in neutrophils

and, more specifically, the fusion of phagocytic vesicle

membranes with the membranes of neutrophil gran-

ules.35,36 Imaging data also showed that ANXA3 redis-

tributed to phagosomes, a phenomenon that was

observed in both neutrophils and immature dendritic

cells.35,36 Given the propensity of ANXA3 to promote

granule aggregation in a calcium-dependent manner, a

role in neutrophil degranulation has been suggested,4 but

not been formally demonstrated. On the basis of these

findings, we infer a possible role for ANXA3 in mediating

neutrophil microbicidal function and pathogen clearance

during sepsis.

Other parts of the ANXA3 literature may also yield

additional clues concerning a role for ANXA3 in sepsis.

For example, ANXA3 function in tumorigenesis has been

an important research focus in recent years. The findings

obtained thus far point towards a potential use of

ANXA3 as a diagnostic, prognostic and predictive bio-

marker for cancer patient management.38–41 More rele-

vant to the sepsis profiling data presented and discussed

here, mechanistic studies point to a role played by

ANXA3 in promoting cancer growth and metastasis.42–45

Notably, a recent study also reported benefits of anti-

ANXA3 monoclonal antibodies in a preclinical mouse

model of HCC.45 Although ANXA3 expression in many

cancer cells seems to correlate directly with the rate of

cellular proliferation,47,48 the underlying mechanism(s)

are undefined. We think that it might be worth

ª 2020 The Authors. Immunology published by John Wiley & Sons Ltd, Immunology, 161, 291–302298
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investigating a possible role for ANXA3 in extending neu-

trophil longevity — a phenomenon that has been

observed during sepsis and is implicated in end-organ

damage.49 It is notable that, on one hand, improved

tumour-cell survival and proliferation was shown to be

mediated, in part, by ANXA3-mediated caspase 3

(CASP3) suppression.45,50,51 And in vascular smooth

muscle cells a decrease in CASP3 levels was also shown to

accompany inhibition of apoptosis and increased prolifer-

ation induced by ANXA3.52 On the other hand, CASP3 is

also well-known to mediate neutrophil programmed cell

death: indeed over 1000 records being returned by the

PubMed query: neutrophil* AND (‘Caspase 3’ OR

CASP3).53–57 Specifically, implications in the regulation of
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Figure 3. Annexin A3 (ANXA3) shows the most restricted expression to neutrophils of all Annexin family member transcripts. Each chord dia-

gram (circle) presents the relative transcript abundance for a given gene across six leucocyte populations: neutrophils, monocytes, B-cells, CD4

T-cells, CD8 T-cells and NK cells. The colours assigned to each cell population are shown on the ANXA3 diagram (bottom). The predominance

of a given colour in a diagram indicates a tendency of expression of the Annexin family member to be preferentially restricted to a given leuco-

cyte population. ANXA3 is predominantly coloured red, indicating the restricted expression of this transcript to neutrophils. Conversely, ANXA2

and ANXA5 are predominantly coloured orange, indicating the preferentially restricted expression of these transcripts to monocytes. Placement

of the diagrams along the y-axis indicates the average abundance levels (expressed as normalized counts) of each Annexin family member. Place-

ment along the x-axis reflects the arrangement in descending order of average intensity. The segments on the right are partitioned by cell type,

and their size is determined according to the average counts of each population across the 20 study subjects [14 in the case of natural killer

(NK) cells]. The ribbons for each segment on the right connect to the same segment on the left, which consists of the sum of average counts

(cum. counts). The plots were generated using the ‘Circlize’ R package.58 Levels of expression of ANXA3 in neutrophils were found to be signifi-

cantly higher than in all other cell types (P < 0�001; interactive box plot: http://sepsis.gxbsidra.org/dm3/miniURL/view/Pv).
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immunopathological processes, including sepsis, have

been well documented, with, for instance, reports show-

ing that in activated neutrophils apoptosis can be pre-

vented via CASP3 inhibition.53,55 Taken together, this

literature might provide sufficient ground to explore a

possible role of ANXA3 in the regulation of neutrophil

survival, which may have a direct implication on survival

in the context of sepsis.

Conclusions

To date, a role for ANXA3 in sepsis has not been

reported in the literature. Our analysis of public tran-

scriptome data supports that ANXA3 transcript

abundance is significantly increased in the blood in

patients with sepsis; our hypothesis now remains to be

elucidated via downstream studies and/or experimenta-

tion. Inferences can nevertheless be drawn regarding some

of the questions that have been left open.

1 The role played by ANXA3 in neutrophils during sep-

sis might be beneficial to the host. Indeed, ANXA3

promotes phagolysosome fusion and thus contributes

to neutrophil antimicrobial activity.5 This function was

not investigated in the context of sepsis, but it can be

inferred that an increase in ANXA3 abundance in this

context may contribute to pathogen clearance and

infection resolution.

Unstimulated

6 hours

Blood cultures

ANXA3

A
N

X
A

3 
E

xp
re

ss
io

n 
V

al
ue

s

100

50

Unstim
ulated

Zym
osan

PAM
3

PolylC

E-LPS

Flagellin

R837
CpG type A

HK A. laidlawi

HK E. coli

HK L. pneum
o

HK S. aureus

Flu
RSV

IFNα2b

IFNβ
IFNγ

IL-18
TNFa

0

TLR
agonists

Whole
pathogens

Host
factors

Figure 4. Annexin A3 (ANXA3) transcript abundance in vitro changes after exposure to certain immunostimulatory molecules. This reference

dataset was contributed to GEO by our group.59 Fresh whole blood samples from four healthy subjects were incubated for 6 hr at 37° with one

of 18 different stimuli or left unstimulated. The RNAs were then stabilized with Tempus reagent and extracted before processing for microarray

analysis. The stimulation conditions included: PAM3, Zymosan, Poly IC, E-LPS, Flagellin, R837, CpG Type A, heat-killed Legionella pneumophila

(HKLP), heat-killed Acholeplasma laidlawii (HKAL), and heat-killed Staphylococcus aureus (HKSA) (all from Invivogen); IL-18, TNF-a, IFN-a2b,
IFN-b, IFN-c (all from Peprotech); heat-killed Escherichia coli (in house preparation), live influenza A virus and live respiratory syncytial virus

(RSV). Levels of expression under stimulation by interferon (IFN-a2b, IFN-b, IFN-c) were found to be significantly higher than in all other con-

ditions (t-test, P < 0�05).
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2 ANXA3 might also have a detrimental effect on the

host, by promoting neutrophil survival. This hypothe-

sis is based on the most recently described role of

ANXA3 as a factor mediating the proliferation and

survival of tumour cells. And, indeed, during sepsis an

increase in the neutrophil lifespan may be one of the

factors promoting end-organ damage.49

3 The factors responsible for upregulating ANXA3

expression in vivo and in vitro after exposure to septic

plasma remain to be determined. Unexpectedly,

in vitro blood stimulation data indicate that ANXA3

expression does not increase upon neutrophil activa-

tion by pathogen-derived or host-derived inflammatory

factors. ANXA3 expression in whole blood also

increases upon stimulation with IFN or poly:IC.

Whether ANXA3 upregulation is mediated by IFN in

the context of sepsis is unknown.

Seminal studies exploring the roles of ANXA3 in neu-

trophil immune biology were published in the 1990s, but

were not pursued beyond that decade. We consider that

our observations provide sufficient grounds for revisiting

and further characterizing the role of ANXA3 in neu-

trophils, and especially in the context of sepsis. Specifi-

cally, the role that ANXA3 may play in enhancing

pathogen clearance and prolonging survival of neutrophils

could be beneficial during the early phase of the immune

response to the infection. At a later stage when the

immune response becomes dysregulated, the same prop-

erties could however lead to severe tissue damage, organ

failure and death.
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