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ity environment that becomes dominated by multiple growth factors that promote the pro-fibrotic macrophage
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1. Introduction In this review. we will surnmarize how mononuclear phagocytes,
especially macrophages, are involved in the various stages of tissue
Fibrogenesis has been maintained throughout evolution because injury and repair. The different and specific roles of macrophages

of its live-saving benefits during the wound healing processes that  during parenchymal repair, mesenciymal repair, and fibrolysis become

accur after injury. On the other hand fibrogenesis contributes to many more obvious from the perspective of the tissues’ needs to regain ho-

chronic progressive disease states, Ineqstasis upon injury.

In general, any kind of injury involves a sequence of responses to

control the injurigus trigger that restore homeostasis {1} Tissue 2. Phases of tissue injury and repair

toss, either by trauma ar by the collateral damage during the inflam-

matory phase, requires tissue repair, which involves scaring. Cefls of 2.1. The injury phase

the monocyre/macrophage hneage are central players of the immune

response following tissue damage. Macrophages have many functions, Pathogen entry, toxic or oxidative stress often causes necrotic cell

including the promotion and resolution of inflammation, the removal death, which implies the release of damage- and pathogen-associated

ol apoptotic cells, and e support of cell proliferation following injury.  molecular patterns { DAMPs or PAMPs) released by necrotic cells and,

Macrophages exist in several different phenotypic states within the or microorganisms, respectively. These have an identical capacity to

infured tissue and promote inflammation and at the same time are activate toll-like receptors (TLRs), NOD-like receptors {NLRs}, C-type

beneficial for the repair of healing tissue. lectin recaptors (CLRs) or inflaimmasomes for the secretion of cytakines
and chemokines, which set up tissue inflammation and leukocyte
recriitment [ 2-6]. The associated immunopathology often largely con-

e s tributes to acute impairment of tssue dysfunction or mortality, 2.2 in
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2.2 Resolution of inflammation upon control of the injurious trigger

Mechanisms that contral inflammatory processes and restore
homeastasis are crucial for efficdent recovery and preserving tissue
moerphology and function [7], Inflammation suppresses lissue repair,
which impiies that the reselution of inflammation is necessary (o
tip the balance to parenchymal repair and healing. One of the events
participating in these changes is the decreasing amount of DAMPs and
PANPs and the high number of apoptotic neutrophils that need to be re-
moved by macrophages. This process not only turas pre-inflammatory
o anti-inflammatory macrophages that secrete large amounts of
i1-10 and TGE-B [8.9], but the sequential activation of transcription fac-
cors either also promotes inflammation such as NF-<B [10] and IRF-1

i1] and subsequently its resolution fike IRF-4 [1213],

2.3, The epithelial and vasculor repalr phase

Restoring tissue integrity after any kind ol injury may be achieved
hy proliferation of 1. sunviving cells, 2. local progenitor cells. and 3.
bone marrow-derived precursors | 14,15]. The capacity for tissue re-
generation varies hetween different organs. While blood cells easily
and completely rerenerate from hematopoietic stem cells inside the
hone marrow the capacity of vascular regeneration, again from endo-
thelial progenitors inside the bone marrow, is already somewhat
fimited. especially in chronic disease states, like uremia {16-18].
Remote cellular compartments in sofid organs may not even be acces-
sible to bone marrow-derived stem cells even though these still pro-
mote repair by paracrine secretion of growth factors [19]. Therefore,
especially epithelial structures, like the epidermis, the intestinal
epithalium and renal podocytes or fubular epithelial cells rely on local
committed progenitor cells for repair [15.20].

24. Mesenchymal repair

Fibrotic tissue seals and mechanically stabilizes the "wound” only
when damage is not limited to the epithelium and/or repair is not
fast enough | 21]. This may involve partial loss of ergan function also
because fbrosis involves sclerosis that ee. functionally restricts the
fAexibility of skin/fjoints/small bowel; affects electric circuits and he-
madynamics in the heart: reduces arterioiar compliance followed by
arterial hypertension or causes persistent proteinuria from the renal
glomeruli, Cellular and molecular events in mesenchymal healing
{Abrosis) include 1. infiltration of immune cells and fibrocytes, 2, ac-
cumulation of extracellular matrix (ECM), 3. activation of fibroblasts
and myofibroblasts, and 4. angiogenesis [ 22]. Fibrosis is often associated
with persistent inflammation and loss of organ function, i.e. chronic
dispase |231, Their causal relationship is often anticipated but remains
unclear {24}

2.5. Minimiizing scars

Extracellular matrix (ECM} mwmover during homeostasis already
implies that interstitial cells release proteases and that phagocytes re-
move FCM breakdown products {25]. Scars shrink by reducing excess
ECWV via enzymatic activity, eg. by matiix metalloproteases (MMP).
Factors that limit fibrogenesis and promote fibrolysis are prostaglandin
E2 [26] or caveolin-1 and BMP7 {27.28] Furthermore, recombinant
TGF-53 application in humans' skin injury supports ECM breakdown
and scartess healing {29, TGF-R3 apelication prevents excessive profil-
eration of myofibroblasts and changes their migration toward a pattern
normally seen only in the fetal stage where scarless healing occurs [29].

3. Origin and diversity of monocytic phagocytes in healthy tissues

Macrophage development is controlled by CSF-1R, also known as
macrophage colony-stimulating factor-1 receptar, which is expressed

on all monocyte progenitors [30]. Ligation of this receptor activates
the myelsid developmental regulator PU.1. Mice deficient in CSF-1R
or its ligand do not develop any monocyte, macrophages or dendritic
cells [31]. Other essential factors responsible for the development of
myeloid cells include IRFS, KLF4, c-Maf and many more moleaules,
which function have net been precisely described yet {30). The
phenotype of circulating monocytes significantly differs in terms of
their response to infection and inflammation [32]. Monocytes circu-
late in bloed and migrate into tissues where they mature and develop
into macrophages. Human monocytes consist of three subsets which
appear to be respansible for different processes. The new classification
of monocytes is based on the expression of CD14/C016 and Ly6C/CD43
in human and mica respectively [32]. CD14++CD16— (in mice
Ly6C+-+CD43 +) monocytes are commonly referred to as the ‘classi-
cal manocytes’ which produce high levels of TNF-ow and MHC 11 [23]
and are the major population of human menocytes. They also express
£CR2 and, therefore, respond o CCL2 for transendethelial migration
and secretion of additional pro-inflammatory cytokines [34735)
Most of these circulating monocytes become pro-inflammatory
tissue macrophages once they exit the vasculature. By contrast
‘nonclassical’ CD144+CD16+ -+ monocytes [in mice Ly6C+CD43-+-)
and “intermediate’ monocytes (CD14+4-+CD16+ subsets in humans
and Ly6C+ +CD43 — in mice) are in the minor population. The inter-
mediate’ subser expresses surface markers al levels between ‘classival’
and ‘nonclassical’ subsets [36-32). ‘Nonclassical' monocytes were
shown to response poorly to LPS but still are able to produce TNF-ci.
By contrast CD14-+-+CD16+ ‘intermediate’ monocytes show high
expression of TLR4, increased phagocyric activity and decreased
antigen presentation. By conirast LPS-stimulated CD14+-+CD16-+
monocyies produced more IL-10 than ‘nonclassical’ monocytes and
showed anti-inflammatory functions [39} This heterogeneity of
menonuciear phagocytes in healthy or injured tissues relates to differ-
ent microenvironments in different tissue compartments that also
undergo changes during the different phases of dynamic disease
processes, which then is associated with shifts toward different mono-
cytic phagocyte populations. This phenotype plasticity s the reason
wiy most of the in viva studies failed to reveal pure macrophage clus-
ters of a single phenotype [40-42 ). A detailed discussion of classifying
macrophages by their susface marker expression profiles has been
provided eisewhere [41-44]. In vivo, macrophages are present in
all tissues and participate in maintaining homeostasiz. Far exampie,
the lung and fiver are exposed to pathogens from the air or pathogen
components from the intestines, respectively, which explain the pre-
dominance of macrophages that can clear pathogen components by
phagacytosis. Also the bone mamow requires macrophages for the
clearance of the nuclei expelled from erythrobiasts [45]. The intestinal
muecosa rather hosts dendritic cells that pick up signals from rhe
microbiota to secrele mitogenic mediators that support the mainte-
nance of the intact epirhelial lining [46]. Sterile organs rather harbor
dendritic cells that process autoantizens and send tolerogenic signals
to lymphocytes in regional lymphnodes as a mechanism of peripheral
tolerance {47.48).

Together, already during homeostasis different organs provide
unique microenvironments, which generate different shapes and
functional properties of their resident mononuclear phagocytes,
e.g resident dendritic cells or rather resident tissue macrophages. Tis-
sue injuries suddenty change the organ-specific environment, which,
depending of the type of injury, leads to adaplive changes of the resi-
dent mononuclear phagocytes as well as of the infiltrating monocytes.

4, Monocytic phagocytes in the tissue injury/inflammation phase

PAMPs and DAMPs are responsible for generating pro-inflammatory
macrophage subsets during infections and sterile tissue injury, respec-
tively, because they activate pattern-recognition receptors on the mac-
vophage surface [4-6], These macrophages secrete pro-inflammatory
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cytokines and chemokines and atiract other immune cells such as
neutrophils or natural killer cells [49,50]. Furthermore, such activared
macrophages have the ability to kill intraceliular bacteria and bave a
phenotype proposed by in vitro studies as M1 macrophages (Fig. 1,
Table 1). M1a macrophages were defined by [FN-y and LPS stimulation,
whereas M1b macrophages by stimulation with PAMPs. Generaily, in-
flammatory M1a macrophages secrete I1L-1, [L-12, 11-23, tumor necrosis
factor {TNF)-ax and reactive oxygen spacies. They express high leveis of
inducible nitric oxide synthase, major histocompatibility complex class
SHEMHCT™®) and 11-1R {42 ]. They have enhanced phago- and endocytic
shilities and increased expression of co-receprors required for antigen
presentation but cannot efficiently ingest apoptotic cells. This bacteri=
aidal macrophage phenotype appears it the early phases of tissue injury
shortly to enforce local host defense against pathogens, 3 process tharis
notentially life-saving during infectons but also causes collateral rissue
damage [42,51,52} However, sterile injuries induce inflammation
similar to injury caused by pathogens [42,51.52]. M1b macrophages
which predominantly develop in these conditions have been described
to being activated after endogencus danger signals, such as HMGET,
fron, histones or ATP, ligate pattern recognition receptors [42,51-53].
such sterile injuries can oCCUT in many organs [54-36]. Although
inflammation plays an important function in Jimiting the numbers
of pathogens, it Timirs also the epitbelial healing and induces fissue
damage and dysfunction. This finding was supported by showing an
improved re-epithelialization of sterile wounds in PULI-deficient mice
that lack neutrophils and matrophages, or in MydB8-deficent mice
that have impaired innate Immune FESponses (57-59]. Additionally,
reactive oxygen species or TNF-ox was shown to promote cell cycle
artest or apopiesis in epithelial and endothelial cells. A persistent
sro-inflammatory macrophage phenotype is sufficient to turn acute
into chronic tissue inflammation and progressive loss of tissue [60].
Classically-activated pro-inflammatory macrophages amplify inflam-
mation and lo¢s of parenchymal celis alsa in a variety of kidney diseases
such as i anti-glometular basement membrane glomerulonephritis
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[61], lupus nephritis [62-67], antigen-induced immune complex glo-
merulonephritis [68], renal alfograft injury [69], ischemia reperfusion
injury [ 79-73), and adriamycin nephropathy [74], Blodking the recruii-
iment and activation of M1 maciophages redures immuncpathology
in a number of inflammatory kidney disease models [75-77). These:
ohservations do not only apply to the kidney, but also to autoimmune
diceases ofthe central nervous system | 78,79 ], CCl4-induced liver injury
and several ether infectious and noninfectious types of inflammation in
solid organs [7,80]. However, some studies 2lso document that wound
ciosure is significantly delayed upen 2arly macrophage depletion 811

Also in sterile wounds the depletion of pro-inflammatoery macro-
phages leads to reduced scar areas [81], but in sterile environments
the inflammatory phase is short-lasting. Therefore, sterile wounds
heal faster 114,821, This is also because immunomodulatory elements
rapidly downregulate the inflammatory response and promuote rissue
repair [82]. It is of note that certain macrophage phenotypes contribute
o this ant-inflaromatory and pro-regeneratory phase of tissue injury
and repair,

5. Momecytic phagocytes during the reselution of inflammation

The sequential influx of neutrophils and macrophages 1pon injury
is 2 hallmark of acute tissue damage. Macrophages are needed to
remove thase neutrophils that undergo NETosis or apuptosis {Fig. 1)
{84]. The phagocytesis of apoptotic cells is a central element that
changes the phenotype of pro-inflammatory macrophages into anti-
inflammatory macrophages and subsequently profnotes the resolu-
tion of inflammation [85.86]. This 'waste elimination process’ avoids
persistent exposure of immunostimulatory elements o pnmune
cells. Furthermore, such alternatively-activated macrophages release
mediators such as 1L-4, 11-13, [1-10 or transforming growth factor-1
{TCP431) that rather shift rissie inflammation toward tissue repair
18.9.87]. A key regulator of these processes may be circulating serum
amyloid P also known as pentraxin-2 (PTX-2}, which opsonizes dead
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Fig. 1. Macrophases and renal fibrosis. Tissue damage activaies parenchymal cells, which results in subsequent activation of innate immunity. this includes the recruitment of
memocytes that differentiate into various macrophage phenotynes depending an the local tissue environment. pathogens and necrotic cefis reease factors that activate toll-like
and uther innate inmine receplors that diive maciophage polarization roward the M1° proinflammatory macrophage. By contrast, the phagocytic uptake of apuptotic cells
and atier anti-inBammatory sgnals favors macrophage polariation toward antl-inflarmmatory or profibrotic ‘M2' phenatypes. Fibrolytic macrophazes retease proteases which

digest ECM,
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Pepending upon the nature of the acdvating stimuls activated macraphages alter their expression of eytokines, cestimulatory molecules and cyloloxit apparatus to promoke the
response o pathogens. M1 -polarization, o classical activation. is induced by K-y combined with microbial siimuli {PAMPs and DAMPs). N2-polarized macrophages have been
classified into three groups: M2a, M2b and M2e. M2a mactophages (alternatively activated macrophages), are induced by 114 or IL-13 treatient, 2D macrophiges Arise upn
stinmilation with immune complexes. Mic macrophages (deactivated or regulatory macrophages ), are anti-inflammatory macrophages generated by exposare to such stimeli
3 §1-10 or TCF-22. M1-polarized macrnphages cross Lalk with Thi and NK cells, M2 polarizatien af macrophages is driven by Th2 cells, basuphils and eosinophils through their
saeremn of 14 or 11-13. #M2b-like macrophages are pofarized by interaction wich B celle through antihady-/immune-complexes-mediared activation. Micike macrophages
are polanzed by interaction with Treg cells, Molecular pathwiiys of macraphags polarization include activation of the tavscription factass KF-+B (pba and pS0), AP-1, IRF: and
STATs. wiiich Jaads 1 the transcription of approprisie senes {Cyfokines, growth factars and suface malequtes).

cells in injured tissues [88891 In vitro studies have classified
alternatively-activated M2 macrophages into three subtypes: (1)
M2a activated by IL-4 or 1L-13, (2) M2b activated by immune
compiexes and LPS, and (3) M2c activated by IL-10 and TGF-i31
{Table 1). Generally, M2 macrophages express high levels of the
mannase recepfors, of scavenger receptor A as well as FiZZ) and
¥M1. Furthermore, they produce CCL13, CCL8 ar CCL2G6, whith recruits
sasinophils, basophils, and Th2 T cells, a program which derives
from host defence against extracellular pathogens [90]. Experimental
studies showed that direct IL-4/IL-10 treatment or genetically modi-
fed or transfused [L-10-stimulated macrophages help to resolve
renal inflammartion {91-941. TL-10, which strongly activates M2c
macrophages, was proposed to be a predominant cylokine that
srehestrares the resolution of inflammation. Further evidence far this
cancept is provided by studies with tumor associated macrophages
“TAMS), which create 3 nop-inflammatory turnor environment. TAMs
secrete large amounts of 1i-16, VEGF and PDCF, which are necessary
for angiogenesis and building the tumor stroma, conceptually like a
chronic wound [ 93,95]. M2 macrophage injection into mice was protec-
tive in terms of inflammatary cytokine expression and accumulation
of pro-inflammatory macrophages [93]. Also steroids suppress lidney
inflammation by inducing anti-inflammatory macrophages [87]. How-
sver, depletion of anti-inflammatory M2 macrophage reduced muscle
regeneration [21] as well 2s axonal regeneration after sterile spinal
card injury |98, Simifar positive effect of M2 macrophages on healing
processes was ohserved during toxic CCl4-induced fiver disease [29]
and hepatic ischemia/reperfusion injury [ 100}, Moreover, macrophage
depletion from sterile wounds not only delays wound healing but
also leads to apoptosis of endotheliat cells [81). Thus, the switch to an
anti-inflammatory macrophage phenotype supports the resglution of
inflammation, a mandatory step for efficient tissue repair.

6. Monocytic phagocytes during tissue repair and fibrosis
Scariess wound healing occurs in lower animals even in non-

sterile conditions. In mammals and even human fetuses it is limited
to the sterile fetal envirenment or during childhood where lissue

growth involves a higher density of tissue progenitors than in adults
[101]. The process of scarring was evolutionarily censerved and is
necessary to address the loss of tissues that cannot rapidly or only
incompletely regenerate, Insufficient repair is associated with the
persistence of alternatively-activated macrophages that continue o
produce growth facrors, which also stimulate fbroblast activation
and ECM secretion [51]. For example, M2 macrophages secreiz
large amounts of transforming growth factor (TGF-R), a eytoline
with anti-inflammatory as well as pro-fibrotic functions {85]. Other
pro-fibrotic facters are CTGF, CCL17, CCL22, and lgfl. TGRS is also
up-regulated in epithelial cells that can no longer profiferate for
repair and, therefore, produce TGF-f5 and CIGF to activate mesenchiy-
mal healing as a second line healing program [ 1021 In vitro, 1L-4 and
11-13 incluce STATE signaling to promote a macrophage phenetype
that predeminantly releases ECM molecules {42] and blocks inflam-
martion [103]. Furthermere, arginase expressed by M2 macrophages
can directly promote fibrogenesis by activating the synthesis af giuta-
mate and proline which are necessary for collagen synthesis f1o4f
Macrophage-induced anti-inflammatory/pro-Blrotic responses accur
inside solid organs following transient sterile inflammation, such as
ischemia/reperfusion [72]. In the heart, macrophages orchesirate
myocardial remodeling upon myocardial infarction [ 105 |. For example
after renal ischemia/reperfusion injury the phenotypic switch from
pro-inflammatary toward anti-inflammatory macrophages is driven
by tubular epithelial cell-derived factors as well as by the uplake
of apuptotic neutrophils [72,106}. Progression of giomerulosclerosis
and interstitial fibrosis in murine Alport syndrome of cotlagen
4A3-deficient mice is also associated with significant M2 macrophage
infiltrates [ 107]. Therefore. blocking the recruitment and activation of
pro-inflammatory macrophages, eg. with CCL2 antagonist, remained
inaffective in Alport syndrome as these cells do not contribute to
the progression of renal scaring [108), The same applies to hepatic
fibrosis [109,110}. In contrast, blocking CCR1, a chemokine recepior
alse expressed by anti-inflammatory and pro-regeneratory &2 mac-
rophages, reduced macraphages, subsequent fibrosis, and prolonged
survival of collagen 4A3-deficient mice {111} The pro-fibrotic role
of CCR1 = interstitial macrophages was alse confirmed in diabetic
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sephropathy of db/db mice, adriamycin-induced nephropathy, and
senal fibrosis after unilateral ureteral obstruction [112-116].

Another crucial population of immune macrophage-like immune
cells that contributes to tissue repair is circulating fibrocytes [117]
Fibrocytes express the hematopoietic marker CD45 and the progeniior
marker CD34 but they also secrete large amounts of collagen-1 [118].
Fibrocytes display a mixed phenotype betwesn monocytic precursors
and fibroblasts |119] During inflammatory responses fibrocytes
enrer the tissue using surface CXCR4 receptor, which binds CXCLI2
and participates in tissue repair [120]. Consequently, elevated
CXCL12 levels were assodiated with accumudation of fibrocytes in pa-
tients with fbrotic tung disease [121], and the presence of these cells
correlated with early mortality of patents with idiopathic pulmonary
fibrosis [122], In sclerederma patiemts, dermal fibrocyte numbers
correlare with age and the stage of dermal fibrosis {123 Thev seem
to possess a unigue ability to differentiate Into fibroblasts and into
myofibroblasts upon stimulation with TGF-3]124-1261. More recently,
it has been shown that also CXCR3 + hematopoletic cells might be the
subset respansible fur scar formation/fibrosis [127].

Together, macrophages contribuie to tissue fibrosis only because
they support a mesenchymal healing response that is activated once
epithelial/parenchymal repair remains insufficient. This is driven by
a micrnenvironment of apoptotic cells and growth factors that drive
macraphages (o themselves produce pro-fibrotic mediators. in chronic
disorders, especially in dilfuse injuries, the process of fibwosis then ac-
vompanies the progressive loss of function, which largely depends on
the loss of parenchyma. However, sclerosis, the functional consequence
of fibrosis, can contribute to disease progression. e.g. the stiffening of
the cardiac ventricles or of the vascular wall

7. Manscytic phagocytes during the resolation of fibrosis

Distinct macrophage populations also limit or even reverse tissue
fibrosis by digesting ECM deposits. Two proteolytic cascades, the
matrix metalloproteinases (MMPe) and their endogenous inbibiters
{the tissue inhibitors of metalloproteinases-T1iiPs, the plasminogen
activators uPA and tPA, and the plasminogen activator inhibitors-PAls),
regulate matrix turnover [128,129], However, the role of MMPs in
fbrosis 1s complex and seemis to be compartment, - time - and cell
rype-specific. The in vivo effects remain difficult to predict because
MMPs also cleave and activate 3 variety of cytoldnes, Several studies
suggest an increase in MMP expression, rather than a loss of MMPs,
during fibrosis [130,131]. For example, MMP-2, MMP-7 and MMP-9
were elevated in experimental models of lung fibrosis and their
avergxpression was shown o promote fibrogenesis [132-134], They
are most probably involved in basement memibrane digestion, which
leads to a less of structural integrity and contributes to parenchymal
daimage and dysfunction. Furthermore, Mmp7-deficient mice are
protected from bleomycin-induced fibrosis [122]. However, when
macrophages are depleied in the late phase of toxic liver fibrosis the
clearance of liver scars is delaved, because scar-associated macrophages
na longer release MMP13, which breaks down ECM [135] Various
MVIPs have been implicated in the severity of inflammation and fibrasis
in asbestos-induced lung injury and MMP blockade attenuated inflam-
mation and fibrosis [126]. For example, pirfenidone, an anti-fbrotic
agent that decreases collagen deposition in a variety of animal models
and humans is believed to modulate MMP activity | 137]. In some exper-
imental modeis, pirfenittone reduced the expression of TIMP-1, MMP-2
and MMP-8 but not ol MMP-13, which was associated to less TGF-21
expression [137-139]. Macrophages also release MMP2 and NiMPD
that degrade collagen in the kidney [140.741]. Interestingly, late onset
of MMP inhibition in mice with progressive renal scaring aggravated
renal fibrosis, while it was protective during the early stage of the
disease | 142]. It seems that certain MMPs do not anly degrade collagen
but also rather digest ECM including basement membranes, which com-
promises the integrity of epithelial compartments [143] ECM break

down also produces small ECM peptides and glycosaminoglycans,
which themselves can act as immunostimulatory DAMPs and potenti-
ate tissue inflammatien [ 144]. Fibrolytic macrophages have such ap ex-
cessive fibirolytic aetivity but their phenotype has not yet been clearly
defined, e.g. by their specific surface marker expression profile. Recent
studies showed that treatment of cultured macrophages with M-CSF,
but not GM-CSF, shifts macrophages from antigen-presenting cells
to subpopulation of IL-10-producing suppressor cells [145] [L-10
has immunosuppressive function, which acts on macrophages and
prevents them from production of proinflammatory cytokines, and to
downregulate expression of co-stimufatory molecules i1 a STATS-
dependent manner | 146-148], Moreover, [1-10 produced by suppressor
macrophages prevents the development of Thi-type and Th2 T-cell
responses, and promotes Lhe dilferentiation of T cells te regulatony
T-cell population [148]. Also proinflammatory factors such as IFN-v
ar 1-12 may induce regulatory macrophage population. Various studies
demonstrated that continuous exposure of macrophages to TLRZ, TLR4
ar TLRS ligands leads to development ol immunocsuppressive slate
[150-152].

Latest studies identified also non-proteolytic and antifibrotic
factors such as BMP7. BMP7 is one of over 20 known members of
BWP family that are structurally and functionally related and are
part of TGF superfamily of cytokines [153]. BMPT is indispensable far
narmal kidney development [154]. However, uniike TGF-{3 BMP7
was found to be downregulated in experimental and human fibrosis
[28.155]. Furthermare, the kidney mesenchymal cells of BMP7 nufl
embryos were not able to differentiate [156]. Other studies have
demanstrated that BMP7 protects the kidney from injury by enhancing
the survival ability of tubular cells and reduction of inflammation
{157,158). Therefore, BMPT mizht be a crudal survival and differentia-
tion factor for kidney mesenchymal cells.

Taken together, macrophages already contribute to the break-
down and turnover of ECM during homeostasis bul this property
becomes more prominent in the microenvironment of scar tissue.
Removing fibrous tissue is the final phase of the wound healing
process. Activating the fibrolytic properties of these macrophages
may be another option to reverse tissue fibrosis. Such fibrolytic mae-
rophage populations have been described in some organs bur deserve
further phenotypic characterization.

8. Summary

Tissue mononuciear phagecytes can display a phenotype of
resident dendritic cells or of resident macrophages, but they are im-
portant for maintaining homeostasis, During tissue injury changing
tissue environments shape the phenotype of these mononuclear
phagocytes to provide them with additional functional properties
that meet the tissues' need to address the danger. It is instrumental
to apply the model of (dermmal) wound healing upon traumatic injury
to better understand their role in eacii of the phases of danger control
and tissue repair also in other organs. Accordingly, pro-inflammatory
(M1) macrophages support host defense by enhancing the inflamma-
tory environment even in sterile tissue injuries. The inflammatory re-
sponse following tissue injury has important rofes in bath normal and
pathelogical healing. Immediately after injury, the innate immune
system is artivated and is responsible for recruitment of inflammato-
ry cells from the circalation, Local, resident immune cells, including
macrophages produce chemoatiractans that erhaoce inflammatary
responses by recruiting more leukocytes. Understanding of macio-
phage population switch and mechanisms which regulate macro-
phage function seems fo be an attractive therapeutic target, both
to reduce fibrosis and scarring, and to improve healing of chronic
wounds. It seems that during normal inflammation, which includes
masr cell degranulation and neutrophil infiltraton, macrophages
have an important balancing role. Thus, the role of macrophages
must always be considered in the context of the spedific environiment.
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Anti-inflammatory macropliages support the resolution of inflam-
mation. This process involves the expression of growth factors thar
promote parenchymal repair, which includes mesenchymal repair.
Tor example, the anfi-inflammatory cyiokine TGF4A is a potent
pro-tibrotic cytokine that activates mesenchymal repair mechanisms.

Finatly, macrophages contribute to the remaval of fibrous tissue.
Mediating the resolution phase of healing includes capiflary regres-
sion and collagen remodeling. Macrophages can produce factors
that terminate the repair response. However, little is kpown about
now a particular population of macrophages terminates the healing
response but the agent modulating the phenotype of these parricudar
macrophages or ex-vivo production of such cells possesses great
herapeutic potential. Furthermore, using single macrophage factors
a8 therapeutics raise difficulties with optimum delivery systems, timing
ind concentration, not to mention the proteolytic condition which
\imits the half-life of therapeutic agents. One alternative would be in
situ activation, recruitment or addition of exogenous macrophages
which are source of beneficial growth factors and cytakines that stimu-
late regeneration of damaged fissue, angiogenesis and actively Jeads
1o resofution of established fibrosis. However, incréasing the number
of macrophages in the fibrofic tissue might imbalance the environment
and macraphages might switch again the phenotype and potentiate
inappropriate conditions such as inflammation instead of resplution
of fibrotic tissue or regeneration. The strategy of driving macrophages
within Lissue toward a suppresser phenotype might be a promising
therapeuiic approach opening a novel area of celi-based medicinal
products.
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