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Macrophages are present in every tissue of the body. Acting as sentinels of the immune system, they have the 

ability to engulf apoptotic cells and pathogens and also produce effector signals to mount a proper immune 

response. In response to tissue injury or microbe invasion, they are rapidly recruited to the injured site and are 

main key players in the protection of the host. Associated with many diseases, macrophages can have deleterious 

roles, especially due to their pro-inflammatory function. However, macrophages were discovered to be central 

during the orchestration of every step of inflammation, from initiation to resolution phases and to participate in 

tissue development, homeostasis and repair. These plural functions exerted by macrophages support their high 

plasticity and versatility potential and suggest the existence of macrophage subsets that might be differentially 

activated and/or recruited during physiological and pathological processes. The study of macrophage behaviour 

dynamics and functions in their activated states requires tractable in vivo models in which macrophages can be 

visualized under physiological or stress conditions. Thus, the zebrafish (Danio rerio) has emerged as an excellent 

vertebrate system to study myeloid development, inflammation and host-pathogen interactions. Conservation of 

immune cell lineage, optical accessibility of the zebrafish embryo combined with genetic approaches unable us to 

improve our understanding of macrophage functions. In this review, we discuss recent studies that have used the 

zebrafish advantages to provide key advances in the field of vertebrate macrophage biology and functions.  
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Introduction 

Initially described for their phagocytic capacities, 

macrophages play a central role in inflammation and belong 

to the first line of defense in the case of wound or infection. 

The presence of macrophage during tissue repair has led to 

identify macrophage involvement in the orchestration of 

inflammation and its resolution and thus in the restoration of 

tissue homeostasis and wound healing 
[1, 2]

. Macrophages are 

also involved in many pathological processes, appearing 

therefore as critical therapeutic targets for controlling disease 

progression. Therefore, innovative strategies which seek to 

deplete macrophages or modulate their functions could be 

developed in order to alter the outcome of the diseases. 

REVIEW 
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Table 1. Tools and zebrafish lines to study macrophage in zebrafish model system 

Name Description References 

Transgenic lines specific to macrophage 

mpeg1: mCherryF macrophage express 1 promoter, macrophage reporter line with fluorescent 

protein trageted to the membrane 

[33, 51] 

mpeg1: GAL4 macrophage express 1 promoter, macrophage reporter line [36]  
mpeg1: kaede macrophage express 1 promoter, macrophage reporter line with 

photoconvertible fluorescent protein 

[35] 

csf1r:GAL4 macrophage colony stimulating factor (fms) reporter line which marks both 

macrophages and xanthophores 

[53] 

mfap4:tdTomato microfibrillar-associated protein 4 promoter, macrophage reporter line  [54] 

Transgenic reporter lines to visualize macrophage subsets and activation 

irg1:EGFP immunoresponsive gene 1 reporter line, which marks activated 
macrophages 

[50] 

tnfa: GFP-F tumor necrosis factor a reporter line, which marks M1-Like polarized 

macrophages 

[51] 

Transgenic lines to ablate macrophage 

mpeg1:GAL4/ 

UAS:nfsb-mCherry 

Escherichia coli enzyme nitroreductase expression in macrophage, 

inducible ablation of macrophages 

[55] 

mpeg1:nfsb-eYFP Escherichia coli enzyme nitroreductase expression in macrophage, 

inducible ablation of macrophages 

[47] 

csf1r:GAL4 / 

UAS:nfsb-mCherry 

Escherichia coli enzyme nitroreductase expression in macrophage, 

inducible ablation of macrophages 

[53, 56] 

Other methods for macrophage ablation 

MO PU.1 Decrease of macrophage number with increase of neutrophil number [36, 60] 

MO IRF8 Decrease of macrophage number with increase of neutrophil number [40, 35] 

Lioposome clodronate After injection, ablate specifically phagocytic macrophages [33, 57, 58] 

mutant cloche Suppression of all early hematopoietic lineage [59] 

 

To investigate the complexity of the role of macrophages, 

several mammalian models have been developed. Indeed, the 

establishment of transgenic mouse strains allowed 

macrophage tracing and depletion thus improving our 

knowledge on their functions in tissue homeostasis and 

diseases. In contrast to zebrafish and other lower vertebrates, 

mouse and human macrophages have been extensively 

studied in vitro mostly using monocyte-derived macrophages 

and are thus well characterized 
[3-5]

. According to the stimuli 

encountered by macrophages, they adopt different 

phenotypes and functions by a process called activation or 

polarization. They were thus classified into subpopulations 

according to their activation state. Classically activated 

macrophages (M1) produce toxic molecules such as 

inflammatory cytokines and reactive oxygen/nitrogen species 

and are involved in the resistance against intracellular 

parasites and tumor cells. The alternative macrophages (M2) 

participate in the resolution of inflammation, parasite 

clearance and tissue remodeling 
[4, 6, 7]

. Macrophage 

polarization into the M1 phenotype required T helper type 1 

(Th1) cytokines and LPS, which stimulate their capacity to 

secrete TNF, IL12 and IL-23. The exposition of macrophages 

to cytokines such as IL-4 induces their polarization toward a 

M2 phenotype producing large amount of IL-10 combined 

with high levels of scavenger, mannose and galactose-type 

receptors 
[4]

. Although simplistic to apprehend the 

complexity of macrophages, this classification was 

established to better understand their plasticity and functions. 

Therefore, this designation does not really reflect 

macrophage diversity in vivo 
[3, 8]

. Indeed, observations of 

macrophages in chronic inflammation, cancer or infection 

reveal that this cell population display a much larger 

transcriptional repertoire according the set of stimuli they 

received enlarging the binary M1/M2 macrophage 

polarization concept to a spectrum model 
[3]

. The study of 

macrophage functions requires in vivo tractable systems in 

which macrophage diversity could be captured during 

physiological or pathological conditions in an entire 

organism. 

The zebrafish has emerged as an exquisite vertebrate 

model system for leukocyte biology studies. Indeed, this little 

tropical fish possesses many advantages including 1) ex vivo 

development making zebrafish embryos easy to visualize, 2) 

the transparency of its larvae allow to monitor immune cells 

in real time and in vivo, 3) the amenability to genetic 

manipulation and 4) the ease to cell lineage and pathogen 

tracing with specific color coding to monitor the dynamics of 

their behavior and interaction. These unique features of 

zebrafish provide an outstanding opportunity to get new 

insights into the field of macrophage biology and functions. 

Zebrafish innate immunity shares many features with 

mammalian systems 
[9]

. In particular, zebrafish macrophages 

harbor morphological, phenotypical, biochemical, and 

functional features similar to mammalian macrophages. The 

recent development of transgenic zebrafish displaying 

immune progenitors or macrophages specifically labeled 

with fluorescent proteins (Table 1) has led to key advances in 
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both septic and aseptic contexts such as in the field of wound 

healing and host/pathogen interactions, respectively. This 

review highlights some key recent studies that have used the 

zebrafish model to provide new insights into vertebrate 

macrophage biology and functions. More exhaustive review 

on hematopoiesis, immunity and host-pathogen interactions 

in zebrafish have already been published 
[10-15]

. 

Macrophage ontogeny in zebrafish 

Macrophages are generated during hematopoiesis, a 

process that occurs in distinct waves during embryonic 

development and adulthood called primitive and definitive 

hematopoiesis. In human and mouse, primitive macrophages 

originate from erythro-myeloid progenitors in the blood 

islands of the yolk sac of the embryo. By contrast, zebrafish 

early hematopoiesis is recapitulated in two anatomically 

distinct sites. Specification of primitive erythrocytes is driven 

by gata1 in the posterior mesoderm that will become the 

intermediate cell mass. Between 12 and 24 hours post 

fertilization (hpf), primitive macrophage progenitors emerge 

rostrally from the lateral plate mesoderm (anterior to the 

cardiac field) in a spi-1/pu.1 expression dependent manner 
[16, 

17]
. Primitive macrophages then invade the embryo (the 

mesenchyme of the head, blood circulation, etc). The 

migration of primitive macrophages in the embryonic tissues 

and subsequent microglia formation in the head require the 

expression of M-CSF receptor/fms/csf1r gene 
[18, 19]

. Then, 

from 26 to 48 hpf, a transient wave of definitive 

hematopoiesis takes place in blood islands with the 

specification of multipotent erythro-myeloid progenitors. 

These lmo2
+
gata1

+
 progenitor cells that display a limited 

proliferative potential will give rise to erythrocytes and 

myeloid cells 
[20]

.  

In mammals, definitive hematopoiesis initiates in the 

aorta-gonad-mesonephros (AGM) region of the embryo 
[21]

. 

In zebrafish, multipotent hematopoietic stem cells (HSCs) 

Figure 1. Hypothetical model for macrophage polarization and plasticity in response to wound 
induced inflammation or acute infection in zebrafish larvae. Diagram representing macrophage 
activation and polarization in zebrafish. Unpolarised macrophages (MO) are mobilised and recruited to the 
wound or the infection site. They are activated and polarized toward a M1-like phenotype (pro-inflammatory). 
In response to changes in environmental cues, the same macrophages progressively change their 
phenotype toward intermediate phenotypes and maybe fully polarized M2-like phenotype (non 

–inflammatory). 
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emerge around 26-28 hpf from the endothelium of the ventral 

wall of the aorta and seed an homologous tissue with the 

AGM of amniotes, between the dorsal aorta and axial vein 

and express in their undifferentiated state cd41, c-myb and 

runx1 markers 
[22-24]

. HSCs then migrate through the blood to 

the caudal hematopoiesis tissue (CHT) where they expand 

and differentiate to give rise to all hematopoietic lineages. 

From 4 days post fertilization (dpf) HSCs located in the 

CHT further migrate through the circulation to colonize the 

major definitive hematopoietic organs i.e. the thymus and the 

kidney. HSCs of the kidney ensure macrophage supply for 

subsequent larval stages and adult life 
[24, 25]

. While it is well 

established that monocytes differentiate into macrophages 

during inflammation in response to a threat in mammals, 

monocytes populations have not yet been fully characterized 

in the zebrafish. 

Role of macrophages in host-pathogen interactions in 

zebrafish  

The zebrafish embryo has been a favorite model for 

developmental biologists. However, recently, the number of 

zebrafish infection models for pathogens has exploded. We 

will not address the multiple ways by which the immune 

system interacts with pathogens in zebrafish, as there are 

excellent reviews covering this subject 
[10-12]

. Instead, we will 

focus exclusively on recent studies that have highlighted the 

role of macrophages in the context of infections, wound 

healing and regeneration in zebrafish larvae. 

In vitro systems cannot fully recapitulate the behavior of 

leukocytes in 3D architecture organs and their dynamic 

interaction with microorganisms. A comparative analysis of 

the behavior of macrophages and neutrophils during early 

stages of E. coli infection was performed using 

high-resolution live imaging in zebrafish larvae 
[26]

. This 

study revealed that microbe elimination by neutrophils and 

macrophages depends not only on the nature of the invading 

microbe, but also on the nature of the site of infection such as 

the surface, matrix, fluid etc… Indeed neutrophils efficiently 

engulf bacteria on tissue surfaces but are poorly efficient to 

phagocytose microbes in fluid environments. By contrast, 

macrophages are able to engulf microbes regardless of the 

infected organ or tissue 
[26]

. 

Tuberculosis (TB) is a chronic disease due to 

mycobacteria infection. It is one of the leading causes of 

death worldwide. While about one-third of world population 

is supposed to be infected with Mycobacterium tuberculosis 

(M. tuberculosis), 5–10% of infected individuals develop 

active tuberculosis. In the other infected individuals, 

mycobacteria persist within granulomas as a dormant form. 

Zebrafish models for tuberculosis using infection with 

Mycobacterium marinum (M. marinum) have brought 

tremendous insights in the field and helped to understand the 

early phase of the disease. M. marinum is a natural pathogen 

of the fish and M. marinum and M. tuberculosis are closely 

related genetically. When infecting the fish, M. marinum 

leads to a physiopathology very closed to the human TB, 

including the formation of granulomas. Due to its many 

advantages, the zebrafish larva offers an outstanding 

opportunity to unravel early stages of granuloma formation 

and the role of macrophages in this process. Adaptive 

immune system of the zebrafish requires several weeks of 

development to become functional. Therefore embryos and 

young larvae only possess an innate immune system 
[27]

. 

Davis and collaborators 
[28]

 showed that despite the 

absence of adaptive immune system, M. marinum infection 

of zebrafish embryos leads to granulomas formation within 

few days, showing that macrophage-mycobacteria interaction 

is sufficient to initiate granuloma formation in the context of 

innate immunity. The recruitment of new macrophages to 

nascent granulomas and their motility throughout the 

structure are dependent on the ESX-1/RD1 virulence locus 
[29]

. Using a M. marinum strain expressing Kaede 

photoactivatable protein, infected macrophages were tracked 

demonstrating that newly infected macrophages from 

primary granulomas seed secondary granulomas. While 

granulomas were believed to benefit the host by containing 

and restricting mycobacteria, this study shows that 

granulomas participate to the expansion and dissemination of 

early tuberculous infection via infected macrophages 
[29]

. 

TB relies on the ability of mycobacteria to invade the host 

from peripheral infection site in the distal lung airways to 

deeper tissues. Because infected macrophages play a major 

role in the transport of the mycobacteria, many research 

focused on how M. tuberculosis survive or escape 

microbicidal activity of these phagocytes. Infection in the 

hindbrain ventricle of zebrafish larvae with M. marinum was 

shown to lead to the recruitment and the infection of CCR2
+
 

iNos
-
 macrophages which possess a low microbicidal activity 

and are thus called “permissive” 
[30]

. One of the mechanisms 

by which macrophages sense pathogenic microorganisms in 

mammals and in zebrafish is through the recognition of 

pathogen molecular patterns (PAMPs) that are present in 

microbial components with Toll-like receptors (TLRs) 
[9, 31, 

32]
. However, in this context of infection, pathogenic M. 

marinum sensing is largely independent of myd88, a central 

regulator of TLRs. This immune evasion is linked to the 

presence of phthiocerol dimycocerosate (PDIM) lipids on the 

bacteria cell-surface that mask PAMPs. By contrast, 

infection with M. marinum mutant that lacks PDIM 

(DmmpL7) leads to the recruitment of microbicidal 
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macrophages (CCR2
-
 iNos

+
) in a TLR/Myd88 dependent 

pathway. Interestingly, co-infection with M. marinum 

together with P. aeruginosa or S. aureus, two bacterial 

colonizers of the pharynx that induce TLR signaling lead to 

the attenuation of M. marinum. This elegant study highlights 

a new mechanism by which PDIM-mediated evasion of 

microbicidal macrophages and suggests a central role for 

commensal flora in controlling mycobacterial entry 
[30]

. 

The importance of macrophage supply and demand in 

granuloma fate was recently highlighted using M. marinum 

infected embryo system 
[19]

. Indeed, during the first phase of 

granuloma growth, a macrophage demand leads to the 

recruitment of new macrophages. But when macrophage 

global pool becomes limited, macrophage supply stops 

leading to granuloma necrosis and increase of bacteria 

burden. Csfr1 plays a major role in the replenishment of 

macrophage pool and thus in macrophage supply. Inversely, 

increasing macrophage supply to the granuloma delays the 

process of granuloma necrosis. Therefore, this study reveals 

that macrophage supply boost with myeloid growth factors 

might be a host-targeting therapy for TB 
[19]

. 

Interestingly, a recent work on Mycobacterium abscessus 

(M. abscessus) infection in zebrafish larvae have shown a 

role of macrophages in the transport of the bacteria to the 

central nervous system (CNS) 
[33]

. M. abscessus is 

responsible for severe pulmonary infections in cystic fibrosis 

patients. Systemic infection with the virulent rough variant in 

the zebrafish larvae leads to the formation of particular 

bacterial structures called cords, in the vasculature and in the 

CNS where they initiate abscess. Importantly, macrophage 

depletion experiments showed that macrophages play a 

major role in the dissemination of M. abscessus into the host 

tissues, especially in the CNS and the restriction of 

mycobacterial cording. Finally, cords prevent phagocytosis 

by neutrophils and macrophages most probably due to their 

large size highlighting thus a new mechanism of immune 

evasion 
[33]

. 

Role of macrophages in wound healing 

Wound healing is an essential biological process relying 

on conserved mechanisms whose aim is to restore barrier 

integrity and tissue homeostasis. After wounding, 

chemoattractant molecules which include the contents of 

damaged cells and chemokines produced by intact cells 

around the wound are released. The reactive oxygen species 

H2O2 were shown to play an immediate role as a 

chemoattractant in zebrafish 
[34]

. Indeed using zebrafish 

larvae expressing a genetically encoded H2O2 sensor called 

HyPer, which detects intracellular H2O2, the authors showed 

that H2O2 forms a chemotactic gradient in the first minutes 

following caudal fin injury. This gradient of H2O2, produced 

from the edge of the wound through the NADPH oxydase 

DUOX activity, was shown to recruit neutrophils, the other 

well represented phagocyte population 
[34]

. In Drosophila 

melanogaster, a similar gradient which recruits the 

macrophage-like cells called haemocytes has been observed 

after laser wounding, suggesting that H2O2 gradient might be 

an evolutionary conserved danger signal. In zebrafish, the 

H2O2 gradient not only recruits neutrophils at the wound but 

also macrophages. Macrophage migration toward the wound 

site is dependent of the SRC family Kinase, Yes-related 

kinase that may acts as a sensor for H2O2 
[35]

. 

The in vivo study of respective behaviour of the different 

phagocyte populations in response to wounding has been 

considerably improved by the use of genetic reporters which 

specifically marks with distinguishable fluorophores 

macrophages and neutrophils 
[36]

. Indeed, neutrophils were 

shown to migrate faster than macrophages, the latter taking a 

more direct route to the wound margin. After arrival at the 

wound, neutrophils display a roaming behaviour while 

macrophages stay at the wound site 
[36]

. By contrast to 

macrophages which remain at the wound up to 4 days, 

neutrophils undergo reverse migration from 6 hours post 

injury 
[37]

. Furthermore, interactions between neutrophil and 

macrophage in vivo were analysed during wounding 

revealing phagocytosis of apoptotic neutrophils by 

macrophages to initiate inflammation resolution phase. This 

process was dynamically observed in zebrafish. Direct 

contacts between macrophages and living neutrophils 

resulting in some cases with the transfer of cytoplasm 

portions from neutrophil to macrophage were also shown 
[36]

. 

More recently, macrophages-neutrophils direct interactions 

in response to tissue injury were described to promote 

neutrophilic resolution through a process of neutrophil 

reverse migration 
[35]

. 

Role of macrophages during zebrafish caudal fin 

regeneration  

Regeneration is a sophisticated and coordinated process 

which consists in the complete restoration of the structure, 

the mass and the function of the injured tissue/organ. In most 

adult vertebrates the regeneration capacity is limited to few 

organs, such as liver, skin, muscle and bones. However, it is 

possible to observe appendage regeneration in some 

amphibian and fish species. This phenomenon requires the 

complete cooperation and tight coordination of numerous 

cell populations including immune cells such as 

macrophages which rapidly invade the wound to orchestrate 

the inflammatory response. Somatic cells from injured 

tissues as well as stem cells also contribute to the 

establishment of the new tissue through the formation of a 
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highly proliferative structure called the blastema 
[38-41]

. 

Several evidences have underlined the central and conserved 

role of inflammation and macrophages in this process. After 

an injury, although the inflammatory response is required for 

limiting the area of tissue damage and debris clearance, it 

might be deleterious if it persists during the whole process of 

tissue repair. Indeed, in larval Xenopus which is known to 

regenerate only during its early developmental stages, 

hindlimb amputation triggers a transient inflammatory 

response followed by an increased expression of blastemal 

markers that signs the regeneration process 
[42]

. In contrast, 

when the limb amputation is performed after metamorphosis 

it results in a persistent inflammatory response marked by the 

absence of blastemal marker expression. Moreover, while 

chronic inflammation during the regeneration competent 

stages leads to a dramatic decrease of the regenerative 

capacity of the Xenopus, the inhibition of the continual 

inflammation in the incompetent stages improves its 

regenerative ability. Therefore, the transient and tightly 

controlled inflammatory response is needed for a successful 

regeneration as its disruption leads to imperfect regeneration. 

These results in anurans also underline a nuanced role of the 

cellular actors of inflammation during regeneration.  

The critical role of macrophages in the regeneration 

process has also been demonstrated in the well-known 

regeneration model; the salamander. Indeed, systemic 

macrophage depletion inhibits the limb regeneration ability 

of the axolotl associated with massive fibrosis 
[43]

. These 

findings strongly exhibit the positive role of macrophages in 

adult amphibian regeneration process underlying the 

importance of their activation, function and regulation for the 

outcome of wound resolution and regeneration.  

However, in zebrafish larvae, morpholino strategy to study 

the role of macrophages in the context of caudal fin 

regeneration led to controversial results. Indeed, while the fin 

regeneration process was not altered by blocking the 

development of all myeloid lineage using Pu.1 morpholino 

(MO), the inhibition of the differentiation of macrophage 

lineage using interferon regulatory factor 8 (irf8) MO 

delayed or did not affect this process 
[40, 44, 45]

. In zebrafish 

cloche mutants, characterized by the lack of most 

hematopoietic tissues, the regeneration is initiated after 

caudal fin amputation but failed because of the loss of 

regenerative cell proliferative potential 
[46]

. These 

controversies might be explained by the lack of specific tools 

to deplete the macrophage lineage without altering the 

generation of other cell types and also point out the need for 

developing strategies to accurately define the role of 

macrophages during regeneration. In adult zebrafish, while 

macrophage depletion during the whole regeneration process 

alters the potential of fin regeneration by affecting the 

proliferative capacity of blastema cell, their depletion during 

the tissue outgrowth phase only modify the pattern of the 

newly formed tissue 
[47]

. These differential roles exerted by 

macrophages during epimorphic regeneration suggest the 

sequential recruitment of macrophage subtypes that govern 

the different phases of appendage regeneration.  

Macrophage polarization in zebrafish 

Macrophages subpopulations have been intensively 

studied in vitro and result from activation processes. While 

results obtained from in vitro studies suggest the possible 

phenotype skewing of macrophages from M1 to M2, a recent 

study argues for the sequential homing of M1 and M2 

macrophages to the site of inflammation 
[1, 48, 49]

. This 

controversy underlined the need for accurate real-time 

tracing of macrophage sub-populations in vivo in response to 

various environmental cues. The existence of macrophage 

subtypes in zebrafish has been recently addressed using 

transgenic reporter zebrafish lines reporting the activated 

states of macrophages in response to stress 
[50, 51]

. 

Immunoresponsive gene 1 (irg1) encodes a 

mitochondria-localizing enzyme that is involved in 

bactericidal activity of Macrophages. Irg1 is specifically 

induced in macrophages following injection of live 

Salmonella enterica serovar Typhimurium into the hindbrain 

ventricle, showing that irg1 is a responsive gene to 

macrophage activation 
[52]

. The transgenic line Tg(irg1:EGFP) 

in which EGFP expression is driven by irg1 promoter, can be 

combined with transgenic lines that constitutively mark 

macrophages, allowing thus real time visualization of 

macrophage activation in response to LPS and xenografted 

human cancer cells (Table 1) 
[50]

. Going further, we recently 

generated new transgenic reporter zebrafish line in which 

macrophages positive for tnfa, a key feature of classically 

activated M1 express both eGFP and mCherry farnelysated 

fluorescent proteins: Tg(mpeg1:mCherry-F/tnfa:GFP-F). 

This line allowed us to track activated macrophages during 

the multi-step inflammation process induce by wounding and 

during infection. Injection in the muscle of live E. coli 

expressing E2-crimson fluorescent protein leads to the 

recruitment of macrophages and their subsequent activation 

while engulfing fluorescent bacteria 
[51]

. We showed that 

caudal fin amputation-mediated inflammation triggered 

macrophage recruitment, some of which started to adopt a 

M1-like phenotype expressing tnfa. Cell sorted tnfa
+ 

and tnfa
-
 

polarized macrophages activated during the regeneration 

process, respectively expressed some mammalian markers of 

M1 and M2 macrophages. During the time-course of 

inflammation, pro-inflammatory macrophages converted into 

M2-like phenotype 
[51]

. Live imaging of zebrafish larvae 

permitted the first real time visualization of macrophage 

activation and polarization demonstrating the diversity and 
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plasticity of zebrafish macrophage subsets. The molecular 

analysis of these macrophage subtypes highlighted the 

evolutionary conservation of macrophage subpopulations 

from fish to mammals 
[51]

. Further development of novel 

inducible reporter lines in combination with established 

macrophage fluorescent transgenic lines (Table 1), will help 

to understand the relationship between activation programs 

and macrophage functions. 

Conclusions 

These important findings demonstrate that work in tractable 

vertebrate systems, as the zebrafish, can be highly 

informative for the study of myeloid biology owing to the 

conservation of innate immune lineage between zebrafish 

and human. Live imaging of transparent transgenic zebrafish 

larvae had allowed the visualization of macrophage 

migration, interactions and activation/polarization after tissue 

injury and infections demonstrating the strength of this 

model to track macrophage functions and fate in pathological 

situations. For these reasons, we can expect more use of 

zebrafish in the future. The establishment of new zebrafish 

transgenic lines should improve our understanding of the 

molecular pathway associated with macrophage functions. In 

addition, in the field of pharmacological research, small 

molecule screening using the zebrafish embryo may lead to 

the identification of new therapeutic compounds.  
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