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Abstract Chronic liver disease is a common and epide-

miologically important condition, leading to liver fibrosis

and cirrhosis with many consecutive problems. In response

to liver injury, activated myofibroblasts are responsible for

excessive accumulation of extracellular matrix. However,

the origin of myofibroblastic cells remains unclear. Myo-

fibroblasts originate from hepatic stellate cells, portal

myofibroblasts, interseptal (myo)fibroblasts, and bone

marrow-derived fibrocytes. However, in other organs,

numerous studies showed that myofibroblasts are derived

by endothelial-to-mesenchymal transition (EMT) in

response to chronic injury. In this process, mature epithe-

lial cells lose their epithelial phenotype and gene expres-

sion characteristics and change into mesenchmyal cells.

This process is well described in embryonal development,

cancer progression, and metastasis; however, its existence

and importance in liver fibrosis has been a topic of ongoing

debates. This review summarizes the current knowledge on

EMT in liver fibrosis and tries to discuss caveats and

controversial results of recent studies.
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Introduction

Liver Fibrosis and Origin of Myofibroblasts

Liver cirrhosis is the outcome of multiple causes of chronic

liver injury such as viral inflammation (HBC, HCV),

alcoholic or metabolic injury (ASH, NASH), or occlusive

diseases of the small bile ducts (PSC, PBC). Histologically

cirrhotic/fibrotic livers are characterized by excessive

accumulation of collagen type I and other extracellular

matrix (ECM) proteins [1]. Myofibroblasts are character-

ized immunophenotypically by a spindle or stellate shape,

pale eosinophilic cytoplasm, expression of abundant peri-

cellular matrix, and fibrotic genes (vimentin, a-smooth

muscle actin (a-SMA), nonmuscle myosin, fibronectin) [2].

The cellular ultrastructure is defined by prominent rough

endoplasmic reticulum (rER), a Golgi apparatus producing

collagen, peripheral myofilaments, fibronexus (no lamina),

and gap junctions [2]. Myofibroblasts are implicated in

wound healing and fibroproliferative disorders [3–5].

Studies of fibrogenesis conducted in different organs

strongly suggest that resident myofibroblasts are the pri-

mary source of ECM [6]. In response to fibrogenic stimuli,

such as TGF-b1, myofibroblasts in all tissues express

a-SMA, and secrete ECM (fibronectin, collagen type I and

III), obtain high contractility and change their phenotype

(production of the stress fibers) [7]. Classical myofibro-

blasts differentiate from a mesenchymal lineage and,

therefore, lack expression of lymphoid markers such as

CD45 or CD34. Sustained injury may trigger (trans) dif-

ferentiation of myofibroblasts from other cellular sources,

including hepatic stellate cells (HSCs) [1]. Upon liver

injury, HSCs transdifferentiate from a quiescent vitamin A

storing phenotype into activated myofibroblasts, losing

vitamin A droplets, and producing multiple profibrotic

V. Sterzer, M. Alsamman and T. Bretag have equally contributed to

this work.

V. Sterzer � M. Alsamman � T. Bretag � D. Scholten (&)

Department of Medicine III, RWTH Aachen University

Hospital, 52074 Aachen, Germany

e-mail: dscholten@ukaachen.de

123

Curr Pathobiol Rep (2014) 2:201–207

DOI 10.1007/s40139-014-0056-9



cytokines such as TGF-b [8]. However, quiescent HSCs are

not the only source of myofibroblasts in the injured liver.

Despite of extensive studies, the origin of fibrogenic

myofibroblasts is still unresolved and remains a subject for

scientific debates.

Although it is believed that upon differentiation, all

myofibroblasts acquire common characteristics, they orig-

inate from different sources dependent on etiology of

fibrosis [9••]. Next to activated HSC contributing to the

pool of myofibroblasts portal fibroblasts [10], interphase

(septal) myofibroblasts and bone marrow-derived fibro-

cytes [11, 12••] give rise to myofibroblasts in the injured

liver. Identification of the myofibroblast composition

arising in fibrotic tissue in correlation with the cause of

underlying chronic liver injury will provide new insights in

pathogenesis of fibrogenic liver disease. Since myofibro-

blasts are the major source of collagen type I and ECM

deposition in all fibrosing organs, they are the primary

target for antifibrotic therapy.

The concept of EMT

Previous studies in kidney [13], lung [14], heart [15], and

liver have implicated parenchymal cells to contribute to

fibrogenesis by giving rise to myofibroblasts. Thus, they

suggested that resident epithelial cells may undergo a

process called epithelial-to-mesenchymal transition (EMT)

in response to injury. During this process, mature epithelial

cells change their phenotype into functional mesenchymal

cells. They lose characteristics such as cell polarity, epi-

thelial marker (e.g. cytokeratin-19, cytokeratin-7, E-cad-

herin) and tight junction protein (e.g., zonula occludens-1)

expression, detach from the epithelial layer, increase their

motility, and obtain a myofibroblastic phenotype [16].

During many stages of development, EMT is a common

process and plays an important role in embryogenesis [17].

However, in adult tissues EMT usually is tightly controlled

because such cell plasticity can lead to cancer development

and is required for cancer metastasis [18, 19]. Depending

on the biological and pathophysiological background, EMT

can be observed in three different conditions. It is impor-

tant and well studied during development and embryo-

genesis (Type 1). It can be seen in tissue remodeling due to

wound healing and repair (Type 2) and it describes the

invasion of cancer cells and plays a crucial role in devel-

opment of metastasis (Type 3) [20–23].

EMT in chronic injury was first characterized in kidney

fibrosis due to unilateral ureter obstruction. Using genetic

cell fate-tracking techniques (gGT-LacZ transgenic mice),

tubular epithelial cells could be labeled and identified in

fibrotic kidneys. In this study, Iwano et al. [24] demon-

strated that renal interstitial fibroblasts originate in more

than 30 % from EMT. Additionally several studies

described EMT in fibrosis in chronic lung injury [14],

rheumatoid arthritis [25], and retinopathy [26]. In adult,

liver EMT has been linked to chronic inflammation, cancer,

primary biliary fibrosis, and nonalcoholic fatty liver disease

in patients and rodents [27, 28]. However, these studies,

especially in human patients, relied mostly on immuno-

histochemical stainings. Co-localization of epithelial and

myofibroblastic markers in the same cell usually lead to the

conclusion that these cells had shifted from an epithelial

origin into a myofibroblastic phenotype. Hence, immuno-

histochemistry analysis has several limitations, it does not

allow monitoring the dynamic changes in the differentiat-

ing cells in the injured tissues, but provides a ‘‘snapshot’’ of

proteins expressed at the time of the study. Therefore,

many cellular features characteristic for naive or quiescent

phenotype as well as previously expressed proteins cannot

be detected by this method, indicating that the cellular

origin of myofibroblasts might not be always established

using immunohistochemistry techniques [17, 29]. In sup-

port of this notion, many observations based on co-

expression of specific epithelial and mesenchymal markers

at one given timepoint in injured, inflamed, or scarred

tissues actively undergoing wound healing and remodeling

must be carefully evaluated and confirmed using compli-

mentary or alternative approaches. Thus, in the recent

years, the Cre-LoxP-based genetic linage tracing became a

method of choice to study the cell fate mapping of fibro-

genic myofibroblasts, and in combination with immuno-

histochemical and functional analyses can be used to

dissect the original cellular phenotype and injury-induced

changes. The proposed complimentary approach is partic-

ularly critical to study the cells potentially undergoing

EMT. Due to the difficulties and limitations of existing

techniques outlined above, several contradicting studies

have been published and instigated an ongoing debate on

the relevance of EMT in fibrosis. Although the role of EMT

in fibrogenesis is still unresolved, several recently pub-

lished studies utilizing in vivo genetic linage-tracing

techniques have disproved the role of EMT in liver and

kidney fibrosis and seriously questioned the contribution of

EMT to fibrogenesis of other parenchymal organs [30].

First evidence of EMT in fibrotic injury was provided by

studies in fibrotic kidneys and lung fibrosis [24, 31]. These

concepts and results then have been adopted to liver

fibrosis. In vitro data supported these concepts. Cell culture

studies of primary cholangiocytes and hepatocytes [32]

clearly showed evidence that these cells undergo a change

in phenotype and gene expression exhibiting mesenchymal

cell features. This was even more pronounced after incu-

bation with TGF-b, a cytokine closely associated with liver

fibrosis, tissue remodeling, and EMT [29]. In vivo studies

used immunohistochemical techniques both in murine

models of liver fibrosis and patients with chronic liver
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disease and showed the co-expression of mesenchymal

markers (fibroblast-specific protein 1 [FSP1], a-SMA,

vimentin, desmin) with typical epithelial markers (keratin-

19 for cholangiocytes and albumin for hepatocytes).

Finally at least one study used genetic cell fate tracking in

fibrotic mouse liver to show that cells originally expressing

albumin (hepatocytes) exhibited an FSP-1? myofibroblast

like phenotype after liver injury [33]. However, the func-

tional relevance of EMT (no detection of a-SMA- or col-

lagen expression) remained unclear and identification of

the myofibroblast origin often failed. To clearly investigate

EMT in liver fibrosis robust irreversible lineage-tracing

studies have been performed, well defined, and established

markers for epithelial cells, myofibroblasts, and ongoing

EMT have been analyzed and cell function (i.e., ECM

production) have been taken into account. Recently, three

studies applied these concepts to their experimental setups,

finally questioning the role of EMT in liver fibrosis. Taura

et al. used the well established and highly efficient albu-

minCre mouse to mark all hepatocytes [34]. In our own

work, we labeled cholangiocytes using tamoxifen-induc-

ible cytokeratin-19-Cre-ERT mice (K19CreERT) mice [35].

Finally Chu et al. crossed the alpha-fetoprotein-Cre mice

(AFPCre mice) with the ROSA26YFP reporter mouse

labeling any cell ever expressing AFP (cholangiocytes,

hepatocytes) [36••]. Even if there is in vitro evidence that

hepatocytes and cholangiocytes can exhibit markers of

mesenchymal cells after TGF-b stimulation these studies

come to different results in vivo. All three studies using

three independent strains of Cre-expressing mice in hepatic

epithelial cells as well as different experimental methods

(fluorescence-activated cell sorting, immunofluorescence

to detect myofibroblast markers, and b-galactosidase

enzymatic activity) demonstrated that hepatic epithelial

cells do not undergo EMT in the damaged liver and do not

give rise to the pool of activated myofibroblasts in exper-

imental liver fibrosis. Furthermore, Östereicher et al. [37••]

showed that FSP-1, a common marker widely used to

identify cells undergoing EMT, is expressed by non-

fibroblast cells in the liver, including a subset of mono-

cytes, and does not colocalize with myofibroblasts. The

current review will summarize the recent data on the role

of EMT in fibrogenesis if parenchymal organs.

Fibroblast-Specific Protein-1 (FSP-1): A Marker

of EMT

FSP-1 was described in 1995 by Strutz et al. [38] as a murine

fibroblast-specific protein that belongs to the calmodulin-

S100-troponin C superfamily of intracellular calcium-bind-

ing proteins. Members of this protein family take part in

microtubulus formation [39], interactions between cytoskelet

and cell membrane [40, 41], calcium signaling [42] as well

as cell growth, cell cycle, and regeneration [43]. FSP-1

interacts with cell structure filaments like nonmuscle

myosin II, tropomyosin, tubulin, and actin [44–46]. Fur-

thermore, FSP-1 can induce a migratory or metastatic

phenotype when transfected into nonmetastatic cells

in vitro [47] suggesting that FSP-1 is associated with

mesenchymal cell shape and motility. Transfecting FSP-1

into tubular epithelium leads to the expression of typical

features of EMT such as reduction of cell adhesion and de-

novo expression of vimentin [38]. FSP-1 is expressed in

tissue undergoing remodeling in response to injury [48],

and it was shown that cells of epithelial origin, mesangial

cells, or embryonic endoderm lack FSP-1 expression.

Because of this distinctive cellular distribution and its

functional properties in mesenchymal cells FSP-1 expres-

sion is usually seen as a marker for cells undergoing EMT

[49].

Kidney Fibrosis

Humphreys et al. [50] reassessed the concept of EMT in

kidney fibrosis. In this study, the authors used tamoxifen-

inducible cell specific Cre mice and crossed them to two

different reporter mice. Utilizing two models of kidney

fibrosis, the authors were able to trace epithelial cells in the

fibrotic nephrons. In this study, the authors demonstrated

that interstitial myofibroblasts do not originate from

nephron epithelial cells. The authors suggest that similar to

hepatic fibrosis (in which liver resident HSCs provide a

major source of hepatic myofibroblasts in response to

injury [51]), almost all myofibroblasts in fibrotic kidney

derive from pericytes (FoxD1-expressing cells).

Lung Fibrosis

Many studies show that EMT is involved in the patho-

genesis of various lung diseases ranging from develop-

mental disorders, lung fibrosis to pulmonary cancer.

However, the importance and contribution of EMT in the

pathogenesis fibrotic injury in chronic lung conditions such

as asthma, COPD, and inflammatory lung injury are con-

troversially discussed. Many studies find cells expressing

typical features for EMT regardless of the underlying

injury [52–54]. However, most studies rely on the

co-expression of epithelial and mesenchymal markers in

response to lung injury, either analyzed by immunofluo-

rescence or serial sections. However, only few studies use

genetic cell fate tracking to analyze cells undergoing EMT.

Tanjore et al. [55] used mice expressing Cre recombinase

under the control of the surfactant protein C promoter to

genetically label cells of epithelial origin. These mice were

subjected to bleomycin-induced fibrotic injury. Tissue

sections were analyzed for cells coexpressing S100A4?
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and b-Gal finding that approximately one-third of the

S100A4? fibroblasts were derived from lung epithelium

two weeks after bleomycin administration. Next, outgrowth

fibroblast culture studies were performed from R26Rosa-

Stop-LacZ-SPC-Cre reporter mouse lungs after two weeks

bleomycin-induced injury. However, outgrowth fibroblasts

at from R26Rosa-Stop-LacZ-SPC-Cre demonstrated rare

X-Gal-positive cells, whereas positive controls (R26Rosa-

Stop-LacZ-S100A4-Cre lung fibroblasts) were uniformly

X-Gal positive. The authors conclude that EMT-derived

lung fibroblasts may exhibit a different phenotype from

fibroblasts of other origin. EMT-derived lung fibroblasts

seem to have a decreased ability to proliferate in outgrowth

culture. Therefore, EMT results in a substantial subset of

S100A4? lung fibroblasts in bleomycin-induced lung

fibrosis. Thus, the impact of these cells on the progression

of pulmonary fibrosis needs to be further investigated.

Liver Fibrosis

Original studies by Zeisberg et al. [33] have suggested that

EMT generates significant numbers of myofibroblasts in

fibrotic liver. This study was based on genetic labeling of

albumin? hepatocytes (using Albumin-Cre mice crossed

LacZ-reporter mice) that a population of hepatic FSP-1?

fibroblasts is originated from mature hepatocytes. How-

ever, Albumin?FSP-1? fibroblasts expressed nearly no a-

SMA (\10 %), thereby questioning the functional role of

these cells. A study performed by Taura et al. [34] further

clarified and rather contradicted these data. The cell fate

mapping of hepatocytes was monitored in response to toxic

liver injury (carbontetrachloride, CCl4)-injured triple

transgenic mice generated by crossing of albumin-Cre mice

to ROSA26-LacZ-reporter mice and collagen-a1(I)-GFP

mice. While expression of collagen-a1(I)-GFP transgene

allowed detecting emerging myofibroblasts in fibrotic liver,

genetic labeling of heptocytes was designed to study pos-

sible transition of damaged hepatocytes. Hence, the authors

could not detect transition of LacZ? hepatocytes into col-

lagen-expressing myofibroblasts in vivo in CCl4 induced

mice, suggesting that EMT in hepatocytes does not con-

tribute to collagen producing myofibroblasts in fibrotic

liver. Interestingly, Taura et al. [34] supported the previous

observations that EMT can occur in TGF-b1-stimulated

hepatocytes and may result from in vitro artifacts. Similar

to that, Humphreys et al. [50] detected markers of EMT in

isolated proximal tubular cells and hepatocytes upon

in vitro stimulation with TGF-b1.

Another cellular population, which has been suggested

to undergo EMT in response to liver injury, are cholan-

giocytes. Cholangiocytes are a heterogenuous epithelial

cell population with many highly specialized cell functions

[56]. In injured liver, especially in cholestatic liver disease,

cholangiocytes proliferate, activate, and change their

morphology and gene expression profile thereby modulat-

ing the development of fibrosis and inflammation. Next to

myofibroblasts, reactive cholangiocytes express important

profibrogenic cytokines such as platelet-derived growth

factor-BB (PDGF-BB), ligands of the Hedgehog pathway,

connective tissue growth factor (CTGF), and/or trans-

forming growth factor beta (TGF-b2) [57]. These cytokines

can activate myofibroblasts and further induce cholangio-

cyte proliferation. The compartment of reactive cholan-

giocytes also includes bipotent adult hepatic progenitor

cells (oval cells) capable of differentiating into bile duct

epithelal cells and/or hepatocytes under specific circum-

stances [58]. Due to this plasticity, precursors of cholan-

giocytes have been suggested to undergo EMT in response

to liver injury, specifically cholestatic liver fibrosis. Our

group investigated if cholangiocyte undergo EMT in

response to bile duct ligation (BDL). To address this

question, cholangiocyte-specific cytokeratin 19-CreERT

mice (K19CreERT mice) [59], in which tamoxifen-inducible

Cre-ERT was knocked into the endogenous K19 locus,

were crossed to ROSA26YFP reporter mice [35]. Tamoxi-

fen-inducible K19-Cre knockin mice provide important

advantages for cell fate-tracking experiments. Although

specific homologous recombination to generate the knoc-

kin mice is generally low, overexpression of Cre within the

specific genetic locus is usually controlled by promoter-

specific regulatory elements. Furthermore, generation of

inducible Cre-expressing mice does allow to target cell

specific gene labeling in adult mice, ruling out effects of

promotor activation during development [30]. The duration

of gene expression and cell labeling can be also controlled

by repetitive tamoxifen administration.

Thus, cholangiocytes were irreversibly labeled by YPF

expression in these mice prior to BDL-induced liver injury.

Hence, their cell fate was monitored in response to

cholestatic liver fibrosis, and injured cholangiocytes were

analyzed for expression of myofibroblast markers such as

a-SMA. However, none of YFP? cholangiocytes up-reg-

ulated a-SMA or any other markers of myofibroblasts in

livers of BDL-injured mice, suggesting that it is unlikely

that cholangiocytes undergo EMT in response to chole-

static liver injury which is closely associated to cholan-

giocyte activation.

Furthermore, mice expressing Cre under control of

human glial fibrillary acidic protein (GFAP) promotor have

been reported to specifically label HSCs but not cholan-

giocytes [60], while mice expressing Cre under control of

the fibroblast-specific protein (FSP-1) promoter were

shown to be specific for cells undergoing EMT. Following

induction of liver fibrosis tissues was analyzed for

co-expression of YFP and myofibroblast markers (a-SMA,

desmin). Even though YFP? staining was often observed in
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close proximity to a-SMA? or desmin? staining, a

co-localization of all these markers in the same cells has

never been detected.

The opposite to the EMT phenomenon known as

mesenchymal-to-epithelial transition (MET) has been also

described and was also implicated in pathogenesis of liver

fibrosis. MET has been suggested to play a role in tissue

repair and remodeling. Cell fate mapping of YFP? HSCs in

livers of BDL-injured GFAP-Cre (crossed to Rosa26YFP

reporter) mice had demonstrated that YFP? cells did not

give rise to pan-cytokeratin? hepatocytes and K19? (and

TROMA?) cholangiocytes [35]. Furthermore, YFP? HSCs

have never up-regulated epithelial marker like E-cadherin

in the course of liver fibrosis. Taken together, this study did

not find either evidence of EMT nor evidence of MET in

livers of mice subjected to liver fibrosis [35].

The most critical evidence for the lack of EMT in

fibrotic liver was provided by study by Chu et al. [36••].

The authors used alpha-fetoprotein AFPCre mice (crossed

with Rosa26YFP reporter mice, in which all liver epithelial

cells and their precursors (hepatocytes, cholangiocytes, and

their bipotential progenitors) were irreversibly labeled by

YFP expression. Similar to the findings reported by Taura

et al. and Humphreys et al., primary YFP expressing cho-

langiocytes were able to undergo EMT in vitro after

treatment with TGF-b1 or treatment with TGF-b1 plus

tumor necrosis factor-a. Cultured cholangiocytes changed

their morphology and exhibited fibroblast-like shape,

showed intracellular expression of E-cadherin and up-reg-

ulated a-smooth muscle actin (a-SMA). However, none of

the YFP? hepatocytes, cholangiocytes, or their precursors

expressed markers of myofibroblasts, including a-SMA,

vimentin, or procollagen1a2. Thus, using genetic cell fate

mapping in mice subjected to three well-established mod-

els of liver injury (BDL (2, 4, and 8 weeks), CCl4 treatment

for 3 weeks and 3,5-diethoxycarbonyl-1,4-dihydrocollidine

(DDC; 2 and 3 weeks), epithelial cells did not upregulate

mesenchymal markers FSP-1 (S100A4), vimentin, a-SMA,

or pro-collagen 1a2 in vivo.

The Role of FSP1 as a Marker of EMT

Another recent study by Östereicher et al. [37••] investi-

gated the role of fibroblast-specific protein-1 (FSP-1)

expression in EMT. In several studies, FSP-1 (Ca2?-

binding S100 protein) was identified in fibroblasts but not

in cells of epithelial origin, mesangial cells or embryonic

endoderm [38]. Because it is expressed in organs under-

going tissue-remodeling FSP-1 was often seen as proof of

EMT [61]. However, the functional role of FSP-1 positive

cells in fibrotic livers remained unclear. As expected the

work of Östereicher et al. showed increased numbers of

FSP-1 positive cells in fibrotic livers of humans and

rodents. These cells were located in fibrotic septa and

showed the same spacial location as activated myofibro-

blasts. Surprisingly the authors show that activated hepatic

myofibroblasts do not express FSP-1. Using a ColGFP

mouse in which the collagen a1(I) promoter/enhancer

drives green fluorescent protein (GFP) expression the

authors show that GFP expressing myofibroblasts do not

colocalize with FSP-1 positive cells in injured liver. Vice

versa FSP-1GFP mice, in which the FSP-1 promoter drives

GFP expression, were subjected to liver injury. Again,

GFP-positive cells show no co-staining with a-SMA or

desmin, typical markers of activated myofibroblasts. To

rule out that FSP-1 expressing cells are precursors for

myofibroblasts in fibrotic liver and FSP-1 expression dis-

appears before the upregulation of typical myofibroblast

markers the authors used genetic cell labeling by Cre-LoxP

recombination. By crossing FSP-1Cre mice to ROSA26YFP

reporter mice cells that have expressed FSP-1 during

development or differentiation but lack FSP-1 expression

at the time of analysis could be identified. Again no co-

localization of GFP-positive cells with a-SMA or desmin

expression could be shown. Gene expression profiling

finally placed FSP-1-positive cells in fibrotic liver close to

peritoneal macrophages stimulated with zymosan. The

authors show that FSP-1 expressing cells isolated from

fibrotic livers expressed genes typical for macrophages and

cells of dendritic lineage (CD68, Nramp1, Soat1, CD63,

CD83, CD93, Clec4d, Clec4b1, Clec4n, Clec7a, and p22-

phox). Moreover, genes involved in innate immunity

(CD14, TLR4, TLR2, TLR7, TLR8) were up-regulated in

these cells suggesting that FSP-1? cells detected in the

injured liver may belong to myeloid-monocytic lineage

[62]. These data question the role of FSP-1 as a marker for

EMT in fibrotic liver and emphasize the importance of

well-defined cellular markers as well as characterization of

cell function in EMT.

Conclusion

Recent studies have questioned the contribution of EMT to

liver fibrosis. However, the role of EMT in liver fibrosis

cannot be completely ruled out. Thus, more severe injury to

epithelial liver cells (compared to BDL) such as observed

in response to alcoholic liver disease, might promote EMT

in these situations more readily. Furthermore, in contrast to

mouse models of liver disease, where animals are subjected

to liver injury for 3 weeks–3 month chronic liver injury in

human patients is a long-lasting disease progressing over

several years. This might influence pathophysiology and

lead to mechanisms like EMT which are not seen in rodent

models of liver fibrosis. After all many studies demonstrate

that injured epithelial cells show a certain amount of
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plasticity, producing hedgehog ligands (hepatocytes)

[63] or TGF-b (cholangiocytes) [64] thereby activating

HSCs.

Even though there is no current evidence that myofi-

broblasts originate from hepatic epithelial cells, epithelial

liver cells show a high amount of plasticity in response to

liver injury. As in other models of tissue remodeling the

concept of EMT in response to liver injury and regenera-

tion remains an interesting approach to understand cell

differentiation and transition.
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