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Abstract

Purpose of Review—Activated fibroblasts are critically implicated in repair and remodeling of
the injured heart. This manuscript discusses recent progress in the cell biology of fibroblasts in the
infarcted and remodeling myocardium, highlighting advances in understanding the origin, function
and mechanisms of activation of these cells.

Recent Findings—Following myocardial injury, fibroblasts undergo activation and
myofibroblast transdifferentiation. Recently published studies have suggested that most activated
myofibroblasts in the infarcted and pressure-overloaded hearts are derived from resident fibroblast
populations. In the healing infarct, fibroblasts undergo dynamic phenotypic alterations in response
to changes in the cytokine milieu and in the composition of the extracellular matrix. Fibroblasts do
not simply serve as matrix-producing cells, but may also regulate inflammation, modulate
cardiomyocyte survival and function, mediate angiogenesis, and contribute to phagocytosis of
dead cells.

Summary—In the injured myocardium, fibroblasts are derived predominantly from resident

populations and serve a wide range of functions.
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Introduction

Heart failure is a major cause of morbidity and mortality in western societies [1]. Despite
extensive research in the field, prognosis for patients with heart failure remains poor,
reflecting our limited understanding of the pathophysiology of the disease and the
challenges in development and implementation of new therapeutic strategies [2]. Cardiac
fibrosis is one of the major pathophysiologic underpinnings of heart failure [3]. Expansion
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of the cardiac interstitium and deposition of extracellular matrix proteins are consistently
noted in experimental models of heart failure and in human patients with cardiomyopathic
conditions, regardless of etiology. In the injured heart, fibrosis is an important part of the
reparative response. Cardiomyocytes have very limited regenerative capacity; as a result,
sudden loss of significant amounts of cardiac muscle in myocardial infarction activates a
fibrotic response that preserves the structural integrity of the heart, preventing catastrophic
events, such as cardiac rupture. The reparative function of cardiac fibrosis is dependent on
timely activation and suppression of signals that mediate matrix deposition. Excessive or
prolonged fibrogenic activation following myocardial injury increases chamber stiffness
causing diastolic dysfunction. Moreover, perturbations of the myocardial architecture in
fibrotic hearts can also trigger systolic dysfunction [4].

Fibroblasts are the central cellular effectors of fibrosis. Following myocardial injury,
fibroblasts undergo dramatic phenotypic changes in response to microenvironmental
alterations in the cytokine milieu and in the composition of the extracellular matrix [5],[6],
[71,[8]. Traditional concepts paint a unidimensional picture of cardiac fibroblasts, as the
main cellular source of extracellular matrix proteins in the injured myocardium [9].
However, a growing body of evidence suggests that fibroblasts are functionally and
phenotypically heterogeneous, and may play diverse roles in cardiac homeostasis and
disease [10],[11],[12],[13]. The current review manuscript discusses recent advances in our
understanding of the biology of fibroblasts in cardiac remodeling. We will focus on the
cellular origin and function of activated fibroblasts in infarcted and remodeling hearts, and
we will discuss key molecular signals implicated in fibroblast activation.

Fibroblasts in normal myocardium

Extensive experimental evidence suggests that the adult mammalian heart contains a large
population of interstitial cells; many of these cells exhibit fibroblast-like characteristics.
Early reports using transmission electron microscopy suggested that fibroblasts may be the
most abundant myocardial cells [14]. More recent studies using combinations of markers for
cell labeling suggested that in adult mouse hearts less than 20% of non-cardiomyocytes can
be identified as fibroblasts [15]. The relative abundance of myocardial fibroblasts reported in
different studies varies depending on the species, gender and age of experimental subjects,
and on the markers used for cell identification. The absence of specific markers is a major
limitation for definitive identification of fibroblast populations in both normal and injured
hearts.

The role of fibroblasts in cardiac homeostasis remains poorly understood. In vitro studies
have suggested that embryonic cardiac fibroblasts stimulate cardiomyocyte proliferation,
whereas adult cells promote hypertrophy [16]. In the absence of injury, resident cardiac
fibroblasts may serve to maintain the cardiac extracellular matrix network. Because of their
abundance and their close interactions with cardiomyocytes and vascular cells, fibroblasts
may also play an important role in regulating baseline cardiac function. However, in vivo
experiments testing this intriguing hypothesis have not been performed.
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Fibroblasts in the infarcted myocardium

The adult mammalian heart has limited regenerative capacity; as a result, sudden death of a
large number of cardiomyocytes following infarction triggers a reparative response, forming
a collagen-based scar that preserves the structural integrity of the ventricle [17]. Cardiac
repair following myocardial infarction can be divided in three distinct but overlapping
phases: the inflammatory phase, the proliferative phase, and the maturation phase [18]. In
response to the dramatic changes in the cytokine milieu and to the alterations in composition
of the surrounding extracellular matrix following infarction, cardiac fibroblasts exhibit
dynamic phenotypic changes during the 3 phases of cardiac repair [5],[19],[20].

The fibroblasts during the inflammatory phase of infarct healing

In the infarcted myocardium, necrosis of cardiomyocytes activates innate immune signaling
pathways triggering an intense inflammatory reaction [21],[22], associated with marked
upregulation of pro-inflammatory cytokines and chemokines [23]. Upon stimulation with
interleukin (IL)-1 or tumor necrosis factor (TNF)-a., cardiac fibroblasts are capable of
secreting large amounts of pro-inflammatory mediators and proteases [24],[25],[13].
Considering their relative abundance and their strategic location in close proximity to vessels
and cardiomyocytes, fibroblasts may be important cellular effectors of the post-infarction
inflammatory response. Although in vivo experiments testing this hypothesis have not been
performed, a growing body of evidence suggests that resident cardiac fibroblasts may
promote early post-ischemic dysfunction, at least in part, through activation of a pro-
inflammatory program [12],[11].

The fibroblasts during the proliferative phase: myofibroblast
transdifferentiation

Activation of endogenous pathways that inhibit innate immune signaling and suppress pro-
inflammatory activation [26] marks the transition from the inflammatory to the proliferative
phase of infarct healing. As the neutrophil infiltrate is cleared by macrophages, fibroblasts
expand and undergo myofibroblast transdifferentiation [13], expressing contractile proteins,
such as a-smooth muscle actin (a¢SMA) (Figure 1), and secreting large amounts of
extracellular matrix proteins [27],[28]. Activated fibroblasts play a critical role in
preservation of the structural integrity of the infarcted ventricle [10]; however excessive or
prolonged activation of fibroblast populations may reduce ventricular compliance, promote
adverse remodeling and precipitate heart failure [29]. In addition to their established role in
matrix synthesis, injury-associated myofibroblasts (or specific subsets of these cells) may
serve a wide range of additional roles. In the infarcted myocardium, activated fibroblasts
have been implicated in phagocytosis of dead cells [30]. Moreover, activated fibroblasts may
modulate cardiomyocyte survival, hypertrophy and function under conditions of stress [31].
Recent evidence has suggested that following injury, myocardial fibroblasts exhibit
remarkable phenotypic plasticity and may generate endothelial cells contributing to
neovascularization [32].
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Although the heart contains abundant resident cardiac fibroblasts that can respond to
activating signals, several other potential cellular sources have been proposed to explain the
expanding myofibroblast population in the infarcted and remodeling myocardium.
Endothelial cells, hematopoietic fibroblast progenitors, pericytes and vascular smooth
muscle cells, epicardial epithelial cells have been proposed as important contributors to
myocardial fibrotic responses (Figure 1e) [33]. Over the last 10 years several investigative
groups have combined bone marrow transplantation experiments, parabiosis and lineage
tracing strategies to investigate the cellular origin of fibroblasts in the infarcted and
remodeling myocardium [34],[35],[36],[37],[38],[10]. Interpretation of the findings is
inherently challenging because of the functional and phenotypic heterogeneity of fibroblast
populations and the lack of specific molecular markers to identify fibroblasts [39].
Moreover, it should be emphasized that the relative contributions of various cell types may
depend on the type of myocardial injury. In pathophysiologic conditions associated with
extensive cardiomyocyte necrosis (such as myocardial infarction), intense upregulation of
chemokines may drive recruitment of non-resident populations that may significantly
contribute to the activated fibroblast populations. Table 1 provides an overview of recently-
published investigations examining the cellular origin of activated fibroblasts in infarcted
and pressure-overloaded hearts. Although earlier studies have suggested important
contributions of endothelial cells [34],[35] and hematopoietic progenitors [36], recent
investigations combining lineage tracing approaches with several distinct Cre drivers
suggested that subpopulations of resident cardiac fibroblasts are the main source for
activated myofibroblasts in infarcted and remodeling hearts [37],[38],[10].

Signals mediating myofibroblast activation in the remodeling myocardium

Myofibroblast activation in the infarcted and remodeling myocardium requires the co-
operation of growth factors and specialized matrix proteins, which signal through cell
surface receptors to activate transcription of extracellular matrix proteins. Macrophages,
mast cells and lymphocytes infiltrating the remodeling heart play an important role in
fibroblast activation by secreting a wide range of bioactive mediators, including cytokines
(such as Transforming Growth Factor (TGF)-g and IL-10) and matricellular proteins [40],
[41],[42],[43],[44]. Stimulated cardiomyocytes and vascular cells in the area of injury may
also activate molecular cascades that modulate fibroblast behavior [45].

Activation of the renin-angiotensin-aldosterone system signaling plays an important role in
fibroblast proliferation and activation in the infarcted and remodeling myocardium.
Experimental studies have demonstrated that angiotensin type 1 receptor (AT1) and
aldosterone signaling activate fibroblasts in healing myocardial infarcts [46],[47]. Clinical
studies in human patients with acute infarction support this concept demonstrating that
administration of an aldosterone antagonist reduces the levels of circulating markers of
collagen synthesis [48]. Moreover in patients with hypertensive heart disease, AT1 blockade
significantly reduced indicators associated with myocardial fibrosis [49].

The pleiotropic mediator TGF- also plays a crucial role in activation of fibroblasts in the
remodeling myocardium. TGF-B isoforms are markedly upregulated in the infarcted and
remodeling myocardium and are secreted by macrophages, fibroblasts, platelets, vascular
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cells and cardiomyocytes in a latent form [50],[51]. Activation of TGF-p in the cardiac
interstitium requires protease actions and an interaction with the matricellular protein
thrombospondin-1 [52],[53]. Following activation, the TGF-p dimer binds to a
heterodimeric complex of TGFp receptor | and Il activating canonical signaling cascades
that involve the intracellular effectors Smad2 and Smad3, and triggering Smad-independent
pathways. Smad3 signaling appears to play an important role in fibroblast-mediated matrix
synthesis and aSMA expression [54],[55]. Although effects of Smad-independent pathways
have been documented in hypertrophic remodeling and dysfunction of cardiomyocytes in the
pressure-overloaded myocardium [56], the in vivo role of non-Smad signaling in cardiac
fibroblast function has not been documented.

Recent studies have revealed that profibrotic mediators, such as angiotensin Il or TGF- act
by activating the Transient Receptor Potential (TRP) Channel- calcineurin axis. In
fibroblasts, TRPC6 is induced through TGF-p-mediated Smad-independent signaling and is
implicated in cardiac myofibroblast transdifferentiation by activating a calcineurin-Nuclear
Factor of Activated T cells (NFAT) cascade [57],[58]. Experiments in atrial fibroblasts
suggested that TRPM?7 is implicated in TGF-Binduced calcium signaling and in
myofibroblast transdifferentiation [59] TRPV4 is also involved in cardiac myofibroblast
activation by integrating signals from secreted growth factors (such as TGF—) and
mechanosensitive stimuli [60].

Fibroblast de-activation, quiescence and apoptosis in the infarcted and
remodeling myocardium

As the healing scar matures, myofibroblasts become quiescent, reducing synthesis of
extracellular matrix proteins. Many myofibroblasts in the infarct border zone may undergo
apoptosis. Despite their potential importance in protecting the infarcted and remodeling
myocardium from overactive fibrosis and dysfunction, the inhibitory signals responsible for
myofibroblast de-activation in the healing scar are poorly understood. Our experimental
work has suggested that at all stages of repair, fibroblasts are exposed to inhibitory
mediators, such as the CXC chemokine Interferon-y inducible protein (IP)-10/CXCL10 that
may serve to prevent excessive fibrosis [61],[62]. However, the role of specific endogenous
inhibitory pathways in negative regulation of TGF-p and angiotensin-mediated responses
following infarction has not been investigated.

Conclusions and future directions

Cardiac fibroblasts play a crucial role in repair of the infarcted myocardium, but are also
implicated in the pathogenesis of adverse remodeling and heart failure following cardiac
injury. Despite the recent expansion of our knowledge on the cellular origins of fibroblasts in
infarcted and remodeling hearts, our understanding of the molecular signals implicated in
fibroblast activation following myocardial injury remains limited. Future research needs to
focus on in vivo experiments to identify functionally distinct fibroblast subsets in injured
and remodeling hearts, and on studies dissecting the molecular pathways mediating specific
fibroblast responses. Moreover, study of endogenous inhibitory signals that inhibit fibroblast
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activity is crucial in order to design novel strategies protecting from adverse remodeling and
heart failure.
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Figure 1. Myofibroblastsin the infarcted and remodeling myocar dium
aSMA immunofluorescence identifies abundant myofibroblasts (arrows) in infarcted mouse

hearts (after 7 days of coronary occlusion) (a, b) and in pressure overloaded hearts after 7

days of transverse aortic constriction (c, d). (¢) Myofibroblasts in injured hearts may
originate from a variety of sources, including epicardial epithelial cells, endothelium
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(through EndMT), vascular pericytes, bone marrow derived precursors, and resident cardiac
fibroblasts. Recently published studies in mouse models using lineage tracing approaches
suggest that resident cardiac fibroblast populations may be the most important source of
activated myofibroblasts in infarcted and pressure-overloaded hearts.

Curr Pathobiol Rep. Author manuscript; available in PMC 2018 June 01.



Page 12

Shinde and Frangogiannis

‘uoirejndod
SYed apnu ojul 31w d1usbsueli+(d49) uisoid 1S8]70JqI30AW 8} 0} BINQLIIUOD
VINS™® ‘Unuswin 1U32saIoN|} uaaJfb wouy uoneuR|dsues} MOLIBW BUOYg UoIdJeJUI [eIPJed0AN ey 10U PIpP S]|92 MoIBW 3uoq Buirenali) [29] '[e 18 ouBA
(tz
Kep U0 o5z€ ‘uonoleul Jaye / Aep uo
891w o1uabsuel)-(d49a) uisroid uadsaionyy 06./G) S189 MO.LJBW 8UOq WOJJ PAALISP SI [og]
QUIBINIS ‘VINS™ ‘URNUBWIA uaalb paoueyus Woly uolreiue|dsurl) Moliew auog uonoJeUL [RIPJRI0AIN asnoN sise|qouqy 19Jegut Jo uonendod abre| v | [e 18 uuew|jon
VNS pue unuawiA Buissaidxa 891w d1uabsuel)-d49 wouy uoneiue|dsuely ‘uone|ndod 1sejqoiqioAw
S|189 parebuo|s —/molSyaD 1122 2n810doreway a|buls 1o mollew auog ajoyM uondJeyUIl [eIpJed0AN asnon 3y} 01 paIngLIu09 s|199 panuiap-poolg | [99] ‘e 10 eulng
auab (ureys gm) | uabie]]oa ay JO SIUBWIBIS JadUBYUD ‘(panLIap-moltew
pue Jajowoid ay} 4o |0J3U02 3y} Japun (asepisoloefedb-g au0(q a1aMm SIse|qolqIoAW JO %z
pue aselayion]) sauab Janiodal omy ssaadxa ey s|199 ING Ajarewixoldde) wnipresoAw payosejul
Abojoydiow Yum 10 ‘ajndsjow Jariodal e se ‘d493 104 dluabsuely ayy ui uonrejndod 1se|qoOIqIIOAW BY) 0} [59] ‘e 10
padeys ajpuids yim s||3d +yINS-P NG YN painiisuodal ad1w 9/1g/5D Ul paanpul [N uonaJBJUI [eIPIBI0AIN asnon paINgLIu0d S|[32 PaALIap-moLiew auog | uabuolawy Uep
uoleuUIqWOodal pasAlered a1 Buimol|oy uoissaldxa
d49OW 0} g4y W WOoI SBYINMS YdIym ‘aul] Japodas
+/9W | WQZeSOY YLM Passold ‘AlIAIOR JeIpIed palolilsal ‘winipJesoAw
VINS-P ‘uzoasuo.qy -winipJeatds yim ‘+/z1438IDTIM ‘9]9][e 81D padnpul paloJejul 8y Ul Sise|qoaquy ojul
‘111 uabeyjoa ‘| uabejjodoid ‘TdsH uajixowre) Buisn Abajens Buioesy abeaul| o18usn uonaJeul [BIPJRI0AIN asnoN payenualaip s|189 paALIap-wnipJedid3 [¥9] "1 18 noyz
snao| Zoe|dolsy9zy 8y} pue
auab (7DS) e1waxna| [189 WS 8y} JO Jaoueyua di419ads
-[e1]3Y10pUA 8Y} JApUN 3SBUIQUINIBI 31D 3|qIoNpul
ay1 BuiA1red aulj o1usbsuesy ajgnop pue Jayowold
S0} [ewliuiw e Jo weadsdn syrow Bulpuiq -4371/401
SNSUASU0D aAISUOASal-UlUaYed-g Wapue) aaiy} JO 041U0d 'S]19 [e1]3yr0pU
| uabejj0D 3y} Japun ausb Zoe| ay) SalLIeI YdIYyMm ‘aul] asnowl woJj panuap st (9%0v—S¢) sisejqoiquy [ve] ‘1e
pUE UNUBWIA ‘TdSH ‘[leuS ‘VINS® | 21uabsuen Jspodas TwodOL Buisn Buioesy abesul| 1180 UonoJeJUI [eIPJed0AIN asnon pajeAniae Jo uordodoud Juednubis v 19 1uoqyBesiy
jwsipesf T-(4QsS) 10308} PaALIEp
—{189 [ewO.3s 9119BI0WaY 0} asuodsal
“(+d4 A-210TIW) dBeaul] 190 +TIMW ul pazijigow ‘(UoRNQLIUOD JOUIIA)
8 Ul uoissaIdxa (+d4 A8) u1g104d Jusdsaion|y MojjaA (P£QAD /+2A14/+TRIS/+IMO/UIT) |19
padsueyua Janiodas Jusuewad BuieAlde 44 A8-49zesoy ‘uoisnyul PaALIBP-MOLIBW BUOQ pue (UONNQGLIIU0I
UMM P3SS0I0 301W (34D TIM) 810-d49/STHI/TIM uisusjolbue ybnoiyy JofelN)) (-/mo| YINSP/+06AD/ -1€AD
VINS©® Buisn sabeaul| 1189 poo|q PaALIBP—MOLIBW BUOG PUB | PaoNpul PeojIaA0 3INssald J+dd A8 —8IDTIM) S|189 [ewAyouassaw [eo] ‘Te
‘06D ‘24AA ‘TdsH ‘| usbejjo 1189 panLiap -winipseaids jo Buioesy o118uab Jusuewiad uonaJRJUI [eIPJRI0AN NI JUapISaJ panLIdp-felpseald3 | 19 eqpR|IA -ZINY
‘uone|ndod
158|q04q1} PaYeAIde 3U) 03 8INQLIU0D
Apueayiubis Jou op s|189 8jasnw Yyjoows
“(s1180 819snW yroowss (DW1) uonaLlsuod pue ][99 pIojaAw ‘s||32 [eljayiopul
104) 71,5310 TTUAIN pue (51139 [e1]9YI0PUS 10}) 3IDSUPD |  ojpi0e asiansues] ybnoyy “51Se|C|OJqL) JUBPISAI-aNSSI) +TZJ9 L
‘(s1189 projoAw |ade| 03) 810-INSAT (SISe|qoIqy JUBPISBI | paonpul PeOIaA0 3INssaid WioJy panLIap are speay Buijspowsl [o1]
VINSD ‘DH49Ad ‘UnuswiA | 13981 03) yowTZOL ‘wowunisoliad Buisn Buioes sfesur "UONdJeYUI [eIPJEI0AIN asnon pue paldJeyul ul SISe|qoiqly PareAldy ‘e 18 Yealsiuey|
Buipae| sise|qoaquy Buippowey sise|qo.qy
se|qo.qly Ioj pesns B .re N josuibrio fejn|poay} A41uep! 0} pasn saifiere 1is oelpied Jo ppoN | seweds pajeAlioe o (S)e0Inos Iejn|pd 0L BRY

PMC 2018 June 01.

in

available

Curr Pathobiol Rep. Author manuscript;

win1psed0AwW Buljapowal pue paloeIul ay) Ul SISe|OICLL PSTBAIJE JO S80IN0S Je|Nn||89 ay) BuiAJnuapl sa1pnis ay) JO MaIAISAQ

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 13

Shinde and Frangogiannis

(s1192 +T11D
WoJj PaALISP aJe SISe|qoiqly PaleAllde
U0I39141SU0J J11I08 10 9509 Ajarewixoidde) wnipiesoAw
Burpuaose 1o uoisnjul papeo|Jano-ainssaid Buijapowal
uisuajolbue ybnoiyy ays ui uonejndod ise|qolqioAW [89] ‘e
VNS “DY490ad ‘| ushejjon "80IW 7),43840T11D Buisn Buioesy 8besur | paonpui peojsano ainssald | esnow 3y} 01 a1nq1Iu09 sa1koLad +T-119 19 UUBWIWEIY
(st199
+VINS- JO %T'T¢ PUe S[[30 +TdSd
MOJJew auoq Z 9e|doisy9zy 24D TalL UM 801w 10 %1’€T) S[189 POALIP-MOLIBW dUoq
1/ J0 uoneiue|dsuesy mosrew auoq ‘(Tds4) T uisoid wolj pue ‘(+wINS™ 10 +TdS Jayue
214193ds-1se[qo4q1y Jo Jajowoud ayj JO |03U0d 3} Japun (s1se]1q04qly |[e 40 %Se—22) (LINpUT)
passaldxa sI (d49) uigoid jusdsalonfy usalb yorym uonIsuel) [eWAYIUSSAW -[el1]aylopua
u1 ‘991w d1uabsuelt d49-TdSH pue ‘uoissaldxa zae| Aq yBnoauys sj189 [eljayIopuUs WOy
1o uabe)j0d | paxJew Ajqeaonali ase ulblio [e1[ayiopus JO S|18d YaIym VL PaALIap aJe WNIPJed0AW Papeo]iano [ge]
1 8dA1 ‘z4QQ ‘VINS™® ‘T-dSH u1 ‘01wl 7 oejdoisy9zy e 11l Buisn Buioes abesur] | ybnoiyr peojlano ainssald | asnon -ainssald ay ul SI1se|qoaqly PareAdy ‘e 10 Biagsiaz
31D-1p1-esoy S|199 [e1]ayda 10 S||99 [eljaylopusd
pue 81D-TIeIN ‘7145210 -TIM ‘1D-8TXAL ‘7145210 ‘s1990 onalodoyeway Woly Jou pue
-udYpeI-JA ‘aID-ABA ‘91D-galL ‘1D-TIM YUM ‘suore|ndod 1se|qOIqIL JUBPISAI Z WOLY
passo49 Jaoueyua TeTuabe||0d e Ag UBALIP aul| asnow VL panLIap aJe WNIpJed0AW papeo]iano [8e] "[e 18
24ada ‘TAYL ‘o¥49Qad ‘Unuswin Jauodal d49 dwusbsuely Buisn Buioes abeaur) onsus9 | ybnoiy) peosano ainssald NI -ainssald ay} Ul Sise|qoiqly parenoy SILION -3100N
sisAJeue uoissaldxa 'S|199
auab o14109ads-1se|qo.qls pue -[eqolb ‘sisoiqeted Buissaidxa-gxed Woly uonoely |jews
'S]199 [eljayiopus pue sabeydoloew pue uolreluR|dSUBI} MOLIBW BUOQ ‘BJIW DWW/ WHIZY B PUB ‘S|[39 [e1]3yIopus woly Aioutw
's]199 oniatodoreway oy eSO pue d49-9YAN ‘921w d1uabsues) a1D8TXq L e ‘suone|ndod [eipJesids wouy panLisp
uoISN|9Xa8 06AD ‘VINS™ ‘URUBWIA +[IDTABA ‘d4D-+/3IOTTUAIN ‘+/21HTBIDTIM VL ale wnipJesoAw papeoano-ainssald
‘DY49Ad ‘zdaa ‘| usbeyjod ‘+/21D2311 ‘+/31D€Xed Buisn sjepow buiddew-are4 | ybnoay) peojIano ainssaid asnop\ | ay3 ui sisejqouqiy Jeipsed jo Ayiofew ay L [2€] e 10 NIV
Buipde| sise|qo.qy Buippowey sse|qoJql
1se|g0.q1) 10} PaSn Sy e N josuiflio fen|p2 a3yl Aj13uapl 0} pasn saifere 1S Je|pte)d Jo ppoN | seieds paTeAlioe Jo (S)82.nos fejn|pd 20U BPRY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Pathobiol Rep. Author manuscript; available in PMC 2018 June 01.



	Abstract
	Introduction
	Fibroblasts in normal myocardium
	Fibroblasts in the infarcted myocardium
	The fibroblasts during the inflammatory phase of infarct healing
	The fibroblasts during the proliferative phase: myofibroblast transdifferentiation
	Signals mediating myofibroblast activation in the remodeling myocardium
	Fibroblast de-activation, quiescence and apoptosis in the infarcted and remodeling myocardium
	Conclusions and future directions
	References
	Figure 1
	Table 1

