
J. Dev. Biol. 2013, 1, 3-19; doi:10.3390/jdb1010003 
 

Journal of 

Developmental 
Biology

ISSN 2221-3759 
www.mdpi.com/journal/jdb/ 

Review 

Evolutionary Origin of the Proepicardium 

Elena Cano *, Rita Carmona and Ramón Muñoz-Chápuli * 

Department of Animal Biology, Faculty of Science, University of Málaga, E29071 Málaga, Spain;  
E-Mail: rita@uma.es  

* Authors to whom correspondence should be addressed; E-Mails: ecano@uma.es (E.C.); 
chapuli@uma.es (R.M.-C.); Tel.: +0034-952131853; Fax: +0034-952131668. 

Received: 11 April 2013; in revised form: 13 May 2013 / Accepted: 17 May 2013 /  
Published: 30 May 2013 
 

Abstract: The embryonic epicardium and the cardiac mesenchyme derived from it are 
critical to heart development. The embryonic epicardium arises from an extracardiac 
progenitor tissue called the proepicardium, a proliferation of coelomic cells located at the 
limit between the liver and the sinus venosus. A proepicardium has not been described in 
invertebrates, and the evolutionary origin of this structure in vertebrates is unknown. We 
herein suggest that the proepicardium might be regarded as an evolutionary derivative from 
an ancient pronephric external glomerulus that has lost its excretory role. In fact, we 
previously described that the epicardium arises by cell migration from the primordia of the 
right pronephric external glomerulus in a representative of the most primitive vertebrate 
lineage, the lamprey Petromyzon marinus. In this review, we emphasize the striking 
similarities between the gene expression profiles of the proepicardium and the developing 
kidneys, as well as the parallelisms in the signaling mechanisms involved in both cases. 
We show some preliminary evidence about the existence of an inhibitory mechanism 
blocking glomerular differentiation in the proepicardium. We speculate as to the possibility 
that this developmental link between heart and kidney can be revealing a phylogenetically 
deeper association, supported by the existence of a heart-kidney complex in 
Hemichordates. Finally, we suggest that primitive hematopoiesis could be related with this 
heart-kidney complex, thus accounting for the current anatomical association of the 
hematopoietic stem cells with an aorta-gonad-mesonephros area. In summary, we think 
that our hypothesis can provide new perspectives on the evolutionary origin of the 
vertebrate heart.  
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1. Introduction 

The prevailing view maintained during two thirds of the 20th century about the origin of the 
epicardium through differentiation of the outer layer of the cardiac wall (the so-called 
"epimyocardium") was challenged by the seminal work by Manasek [1,2] who confirmed previous and 
lengthily neglected studies of His [3] and Kurkiewicz [4]. These works described the origin of the 
epicardium from an extracardiac cluster of cells, first called "pericardial villi" and currently known as 
the proepicardium. Thus, the supposed "epimyocardium" was rightly recognized as exclusively 
constituted of myocardial cells.  

The proepicardium appears on the coelomic wall, just behind the caudal limit of the heart. The 
proepicardium is frequently a single structure located at the right side in most vertebrates, although it 
usually arises from bilaterally paired primordia (reviewed in [5]). Proepicardial cells attach to the heart 
surface, either directly or after they are released into the coelomic cavity. Then, proepicardial cells 
spread over the cardiac surface to give rise to the epicardium.  

The increasing attention that the embryonic epicardium has received as an essential element for 
cardiac development, actively interacting with the developing myocardium, has encouraged interest in 
the peculiar way in which the proepicardium appears. Although some non-vertebrate hearts also are 
lined by an epicardium (e.g., molluscs [6]), the investment of the embryonic heart by an extracardiac 
primordium seems to be exclusive of (and generalized to all) the vertebrates. This particularity and the 
peculiar gene expression profile of the proepicardium and the epicardial cells (including a number of 
kidney-related genes) have raised questions about the evolutionary origin of the proepicardium. We 
have forwarded a hypothesis about the origin of the proepicardium as an evolutionary remain of a 
pronephric external glomerulus [7]. We think that this hypothesis can explain most of the peculiarities 
of the epicardial development and also it relates the early cardiac evolution in vertebrates with the 
excretory and hematopoietic systems rather than with the branchial gas-exchange system as it has been 
traditionally assumed. We herein review the evidence supporting this hypothesis about the evolution of 
the proepicardium.  

2. Comparative Anatomy of the Proepicardium 

With the exception of the epicardial development in lampreys, which will be described in the next 
section, the epicardium of all the vertebrates derives from two clusters of cells located slightly over the 
caudal limit of the sinus venosus (Figure 1) (reviewed in [5]). The fate of these primordia differs 
among vertebrate species. A single proepicardium arises from the asymmetric development of the right 
primordium in amphibian, reptiles and birds [8,9]. Mammals show symmetric development of the 
primordia giving a medial proepicardium [10]. In contrast, paired proepicardia appear in the dogfish 
Scyliorhinus, an elasmobranch [10 12], although only the right one contacts with the heart surface [7] 
(Figure 1A,B). Among bony fishes, the sturgeon also has a bilaterally symmetric proepicardial 
development [13], although the proepicardium is single and medially located in the zebrafish [14]. 
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Depending on the development of other structures located at the level of the proepicardium, it can lie 
over the liver wall, the septum transversum, or ventrally to the right ductus of Cuvier and the right 
horn of the sinus venosus.  

Figure 1. Comparative anatomy of the proepicardium. (A,B) In the dogfish (Scyliorhinus 
canicula), the proepicardium (PE) is paired, and it is located over the septum transversum 
(ST) in its caudal part and over the sinus venosus (SV) in its cranial part. Only the right 
proepicardium contacts the heart surface, as shown by the arrow in A. A detail of the left 
proepicardium is shown in B. The epicardium (EP) is already formed by this stage (23 mm 
total length) and some floating cells can be adhered to the epicardial surface (arrow in B). 
AVC: atrioventricular endocardial cushion; DC: ducti of Cuvier; OE: oesophagous. V: 
ventricle. (C) Chick proepicardium, stage HH17. The proepicardium (PE) is large, contains 
abundant mesenchymal cells and extracellular matrix and it is located below the sinus 
venosus (SV). (D) Mouse proepicardium, stage E9.5. This embryo expresses the reporter 
LacZ under control of the Wt1 promoter. Wt1 expressing cells are observed in the 
proepicardium (PE), located over the septum transversum, the epicardium (EP) and also in 
free floating groups of cells (arrows).  
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The proepicardium can release free floating cells or small cellular vesicles into the pericardial 
cavity, cells that finally adhere to the myocardial surface. This has been described in most species 
studied including the dogfish [12], the sturgeon [13], the amphibian Ambystoma mexicanum [15], the 
chick [16], the mouse [17] and the tupaia [18] (Figure 1D). In the chick embryo, this mechanism has 
little importance [19,20]. Independently of the releasing of free floating cells, in all cases, the 
proepicardium finally attaches to the myocardium of the dorsal surface of the ventricle and the inner 
curvature of the heart, sometimes forming a firm tissue bridge [8,15] and spreading later throughout 
the cardiac surface. The whole proepicardium is usually transferred in this way to the heart surface. 
However, in Scyliorhinus, the paired late proepicardial remains show signs of apoptosis and  
disappear [11,12]. In some amphibians and reptiles, the proepicardial attachment site remains, forming 
the so-called sinu-ventricular ligament, a structure independent of the pericardial stalk located at the 
ventricular apex in many reptiles [21 23].  

The avian proepicardium is composed of large villi containing abundant mesenchymal cells and 
extracellular matrix (Figure 1C). These villi appear in the chick embryo by the stages HH15-16. The 
proepicardium decreases in size as the epicardium spreads on the cardiac surface, and it completely 
disappears by the stage HH25-26 [24]. In the mouse embryo, the proepicardium appears on the surface 
of the transverse septum by 9 dpc, it is smaller than that of the avian embryos, and it is constituted of 
clusters of rounded cells, first, and later of mesothelial villi and mesenchymal cells [17,25] (Figure 1D). 

3. The Proepicardium as the Evolutionary Remain of a Pronephric External Glomerulus 

The basic structure of the primitive excretory system of vertebrates was composed of (1) A set of 
external glomeruli, vascular clusters connected to the aorta, protruding into the coelomic cavity, and 
surrounded by podocytes acting as blood filters, and (2) Ciliated nephrostomes aspirating the filtrate 
from the coelomic cavity and a system of collecting tubules to drain the filtrate out of the body. This 
primitive organization based in two independent compartments became merged later when glomeruli 
formed within the body wall and they were surrounded by cavities connected to the collecting tubules 
(Figure 2). In this way, the general coelomic cavity was excluded from the excretory system. However, 
in some cases this primitive organization of the excretory system can still be observed in larval stages 
of some vertebrates. This is the case of some amphibian tadpoles [26,27]. In chick embryos, external 
glomeruli transiently form but they degenerate and probably they do not perform any excretory 
function [28].  

The lampreys, together with the hagfishes (myxines) are representatives of the Agnathans, the 
phylogenetically most primitive lineage of extant vertebrates. Lamprey larvae also develop paired 
pronephric external glomeruli in the cranial part of the coelom, over the heart. Interestingly, the right 
embryonic primordium of these glomeruli acts like a proepicardium, contacting the cardiac ventricular 
surface and giving rise to cells that spread over the heart and constitute the epicardium (Figure 2). 
Later this "proepicardium" continues its differentiation and gives rise to a fully functional external 
glomerulus [7]. 
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Figure 2. External glomeruli and epicardial development in lampreys (Petromyzon marinus). 
(A) The primitive organization of the vertebrate excretory system is shown in the left 
panel. An external glomerulus filters blood from the aorta and releases the filtrate (arrows) 
into the coelomic cavity, where it is aspirated by ciliated nephrostomes and drained 
through nephric ducts. The advanced condition is depicted in the right panel; the 
glomerulus has become isolated into an internal cavity connected to the nephric ducts. The 
remains of the nephrostomes are sometimes visible in some cases. (B-D) Origin of 
epicardial cells from the attachment of the right external glomerulus (REG) to the ventricle 
(V) in embryos and larvae of lampreys. The attachment is shown in an embryo of 23 dpf 
(B) and a larva of 15 mm (C). The insert in B shows a higher magnification view of the site 
of attachment (arrow) and the early epicardial (EP) cells on the ventricle in the 23 dpf 
embryo. The left external glomerulus (LEG) and the nephrostome (NS) are shown in B. 
Note the position of the ventricle, at the right side, and the atrium (A) at the left. In D, the 
association of the right external glomerulus to the ventricle is shown in a sagittal section of 
a 26 dpf embryo. Note the large distance between the glomerulus and the liver (LI). AO: 
aorta; C: conus arteriosus; CV: precardinal veins; DC: ducts of Cuvier; OE: oesophagous; 
PT: pronephric tubules; SH: suprahepatic vein.  
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This observation moved us to propose that the proepicardium of all the other vertebrates is a remnant 
of the ancestral right pronephric external glomerulus which lose its filtrating function but remains to 
provide not only the epicardial lining of the heart but also vasculogenic cells for the primitive coronary 
plexus (Figure 3). Epicardial-derived cells have proven to be essential for the early cardiac 
vascularization and the development of the ventricular compact layer [29 32]. Interestingly, the 
asymmetric contribution to the epicardium, from cells migrating from the right pronephric glomerulus, 
probably due to the primitive position of the cardiac ventricle at the right side (see Figure 2B,C), has 
been maintained in the evolution. As stated above, the proepicardium is a right-sided structure or, when 
paired, as in the case of elasmobranchs, only the right proepicardium contacts the heart surface. 

Alternatively, it can be argued that epicardial development in lampreys is a derived (apomorphic) 
condition, and that the proepicardium is an evolutionarily new structure developed by jawed 
vertebrates. However, we think that the peculiar gene expression profile of the proepicardium, as 
described in the next section, does not support this alternative explanation.  

A criticism that could be raised against our proposal is that other vertebrates that develop 
pronephric glomeruli, such as zebrafish or Xenopus larvae, also develop an independent 
proepicardium, which is not related to these glomeruli. However, it is important to remark that the 
pronephros in these species appears in a relatively caudal location respect to the heart, between somites 
3 and 5 in amphibians [27] and at the level of the 3rd somite in zebrafish [33]. The uncoupling of the 
cardiac and the pronephric domains, which are still anatomically associated in agnathans, probably 
occurred during the transition to jawed vertebrates, leaving the embryonic heart-associated, most 
cranial glomerular primordium, devoid of its excretory potential, ahead of the pronephric domain 
(Figure 3).  

4. Gene Expression in the Proepicardium. Comparison with Kidney Development 

The expression of a number of genes has been demonstrated to occur (and some times to be required) 
in both, epicardial and kidney progenitors. Wt1, the Wilms' tumor suppressor gene, is expressed in 
specific areas of the coelomic epithelium and also in mesenchymal cells (probably derived from the 
coelomic epithelium in most cases) of many visceral organs. Wt1 is essential for kidney development  
(in fact, Wt1 expression continues in adult podocytes) and also for the differentiation of  
epicardial-derived cells [34]. Conditional deletion of Wt1 in epicardium leads to a failure in epicardial  
epithelial-mesenchymal transition and to defective coronary artery development [32].  

The bHLH transcription factor Tcf21/capsulin/epicardin/Pod1 is expressed in podocytes, epicardial 
and epicardial-derived cells as well as in other organs. Tcf21 knockout mice show defects in 
glomerular development [35,36]. Interestingly, Tcf21seems to be dispensable for epicardial 
development but it is required for fibroblastic differentiation of epicardial-derived cells [37]. The  
T-box factor Tbx18 is also expressed in the venous pole of the heart, the proepicardium and the 
developing epicardium [38]. Tbx18 is essential for kidney development and it is considered as 
dispensable for epicardial development, although a recent report relates Tbx18 with Snail2 regulation 
and epithelial-mesenchymal transition control in epicardial cells [39]. Nephrin (NPHS1) a major 
structural protein of kidney podocytes, reported as essential for proper podocyte function [40], is also 
expressed in the epicardial cells and its loss of function leads to abnormal development of epicardium 
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and coronary vessels [41]. Nestin, an intermediate filament protein dynamically expressed by a variety 
of progenitor cells during development, is strongly expressed in podocytes and also in the embryonic 
epicardium and coronary vessels. In both cases, the expression of this protein seems to be regulated by 
Wt1 [42]. Finally, we have found by RT-PCR expression of Glepp1, the glomerular epithelial  
protein-1, in the chick proepicardium (unpublished observations). Glepp1 is a membrane  
protein-tyrosine phosphatase essential for podocyte structure and function [43].  

Figure 3. Hypothetical evolution of the proepicardium from an external pronephric 
glomerulus. The development of the pronephros at a more caudal level in gnathostomes 
leaves the most cranial pronephric glomerulus associated to the heart and devoid of its 
original excretory function and consequently of its connection with the aorta. The position 
of the proepicardium changes due to the development of a sinus venosus (ill-defined in 
agnathans), the most ventral position of the ventricle respect to the atrium, the development 
of a septum transversum and the approaching of the liver. A potential relationship of the 
agnathan pronephros/heart association with the heart/kidney complex of hemichordates is 
also suggested. The tree shows a much simplified diagram of the phylogenetic relationship 
of these and other phyla mentioned in the text. 
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Besides coincidence in gene expression profiles, proepicardium and pronephric glomerulus show 
similar signaling pathways responsible for their induction. Retinoic acid (RA) and activin are main 
inducers of the pronephric glomus and tubules in Xenopus [44]. This is in agreement with the role 
played by retinoic acid and the activin receptor ALK2 in proepicardial and epicardial  
development [30,31,45]. Proepicardial apoptosis has been described in RXR -null embryos [46]. 
Since RA is also an inducer of mouse podocyte differentiation in vitro and in vivo [47] it can be asked 
why proepicardial cells responsive to RA signals does not differentiate into podocytes. As we will 
discuss below we think that this differentiation pathway is actively blocked. Anyhow, we have found 
evidence of a strong upregulation of podocyte specific markers in chick proepicardial cells after 
treatment with RA (unpublished observations). 

The proepicardium expresses many of the genes required for glomerular differentiation, but it does 
not fully achieve such a differentiation. It is possible that the myocardium be the source of inhibitory 
signals to the epicardium to block podocyte differentiation and mesenchymal to epithelial transition, 
keeping active the program of vascular differentation. In fact, when the proepicardial adhesion to the 
heart in chick embryos is partially blocked, we can still observe proepicardial villi in late embryos, 
about HH29, when all the proepicardial villi should have disappeared. Some cells from these villi, 
especially those located far away from the heart, show an upregulation of laminin, in a similar fashion 
to that observed in the developing glomerulus and suggesting a mesenchymal-epithelial transition 
(Figure 4A-C). As a control, the epicardium in situ and the EPDC are always laminin-negative by  
this stage. 

The Wilms' tumor suppressor gene Wt1 might be related to the mechanism of repression of the 
glomerular fate of the proepicardium. A recent study has shown how Wt1 is promoting expression of 
Wnt4 in the nephrogenic mesenchyme and at the same time, Wt1 represses Wnt4 in the  
epicardium [48]. Since Wnt4 induces mesenchymal to epithelial transition in the nephrogenic 
mesenchyme, this mechanism could be a key to explain the repression of glomerular differentiation in 
the proepicardium. This means that lack of expression of Wt1 in the proepicardium could at least 
initiate glomerular differentiation in this tissue and in fact, Wnt4 expression is increased in cultured 
epicardial cells deficient from Wt1 [48]. We have also observed E-cadherin immunoreactive cells in 
the epicardium and subepicardium of Wt1-null embryos, suggesting a mesenchymal to epithelial 
transformation of epicardially-derived cells (Figure 4D-F). Thus, the blocking mechanism for 
glomerular differentiation of the proepicardium can be due to both, an inhibitory signal from the 
myocardium and a tissue-specific downregulation of Wnt4 by Wt1 (Figure 5). 

The paired-box gene Pax2 is, together with Pax8, essential for nephrogenesis, and particularly for 
the mesenchymal to epithelial transition needed for the early stages of kidney development [49 51]. It 
is interesting to note that while intermediate mesoderm markers such as Lim2 and Odd1 are expressed 
throughout the band comprised between the somites and the lateral mesoderm, including the area 
where the proepicardium arises, Pax2 cranial expression starts at the level of the 4th somite, and it is 
not expressed in the proepicardium (which always develops cranially to somite 4 in chick and mouse 
embryos). Since Pax2 expression only occurs in the mesenchyme, which has been induced by a 
nephrogenic signal [52], it is conceivable that this signal is repressed in the most cranial intermediate 
and lateral mesoderm, possibly by Wt1 itself [53]. In fact, we have found that Pax2 is expressed in the 
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chick proepicardium when this tissue is cultured in isolation, thus supporting the existence of such an 
inhibitory signal (unpublished observations).  

Figure 4. Upregulation of epithelial markers in the proepicardium and epicardium under 
altered developmental conditions. (A-C) Laminin expression appears in the chick 
proepicardium (PE) after a partial blockade of the proepicardial attachment to the heart by 
placing a fragment of shell membrane between the proepicardium and the ventricle. In 
these experimental conditions, the proepicardium is still visible at the stage HH29, when 
the embryos were fixed. Laminin immunoreactivity appears in inner cells (arrow in A) and 
it is more prominent in the proepicardial villi located most far away from the heart 
(arrowhead in B). A glomerulus (GL) of the same embryo, where the strong laminin 
expression is evident, is shown in C. Note the lack of laminin immunoreactivity in the 
epicardium (EP) by this stage. (D-F) E-cadherin expression is upregulated in the 
epicardium (arrows) and epicardial-derived cells (arrowhead) in E13.5 Wt1-null mouse 
embryos (E). The wildtype littermate (D) lacks E-cadherin immunoreactivity in the 
epicardium by this stage, as shown by the arrows. The negative control performed on the 
Wt1-null embryo (F) shows that the myocardial staining is non specific.  

 

In summary, a set of genes has probably been evolutionarily conserved in both, the proepicardium 
and the nephrogenic tissue. Besides these conserved genes, others were lost in the proepicardium, 
mainly those related with nephric lineage specification like Pax2/8, or with podocyte differentiation  
(e.g., podocin, unpublished observations). A third set of genes is expressed in the proepicardium and 
not in the nephric tissue, these are basically genes related with cardiac development. For example, 
Gata4 is required for proepicardial formation [54], but this gene is not expressed in the fetal  
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kidney [55]. Knock out of the cardiogenic gene Nkx2.5 results in abnormal proepicardial development 
and decreased expression of Wt1 [56]. Intermediate mesoderm does not express this gene. However, 
we think that, although a convergence in gene expression between the proepicardium and the excretory 
glomeruli cannot be discarded, the coincidences are enough to grant a base for the hypothesis of a 
common evolutionary origin of these structures. 

Figure 5. Cartoon depicting a hypothetical model about how the glomerular differentation 
of the proepicardium might be inhibited. The lack of Wnt4 expression in the proepicardium 
together with signals coming from the myocardium promotes epithelial-mesenchymal 
transition and differentiation of vascular progenitors. On the other side, Wt1 activates 
Wnt4 expression in the kidneys, and this factor combined with the expression of Pax2 
(which is not expressed in the proepicardium) promotes mesenchymal to epithelial 
transition and glomerular and tubular differentiation. The antagonistic effect of Wt1 on 
Wnt4 in kidney and proepicardium was demonstrated by Essafi et al. [48]. The interaction 
between Wnt4 and Pax2 is reviewed in Dressler et al. [51]. 

 

5. The Proepicardium and the Heart-Kidney Complex 

We think that the close anatomical relationship between the primordium of the pronephric external 
glomerulus of the lamprey with the heart, evolutionarily maintained in the proepicardium-myocardium 
connection, can be revealing a deeper and more ancient relationship between the excretory system and 
the heart. In fact, hagfishes (myxines), which are phylogenetically much older than lampreys, keep the 
association of the pronephros and the pericardium in adults, and its glomerulus releases its filtrate into 
the pericardial cavity [57,58]. This is reminiscent of a structure observed in hemichordates (Figure 3) 
and known as the heart-kidney complex. This complex is constituted by a pulsatile vessel located in 
the most anterior part of the body (the proboscis), and a excretory glomerulus formed by vascular 
spaces lined by a layer of podocytes. The pressure increase provided by vascular contraction of this 
primitive heart allows for filtration of the blood and release of the filtrate into the proboscis coelomic 
cavity. Although the hemichordate "heart" is located dorsally, differently to the vertebrate heart, recent 
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studies on gene expression in the hemichordate Saccoglossus kowalevskii have shown that the 
dorsoventral axis of this species is reversed respect to that of vertebrates [59]. It is important to remark 
that the expression of a Nkx2.5 ortholog in this hemichordate is localized immediately adjacent to, but 
caudal to the area where the heart-kidney complex develops [59]. It is tempting to speculate that this 
observation can be related to the primary and secondary heart fields of vertebrates. The secondary 
heart field (which is Nkx2.5 negative in vertebrates) contributes to the arterial and venous poles of the 
heart, and its caudal part is closely related with the expression of nephrogenic markers and it is indeed 
the place where the proepicardium develops.  

There is no structure that can be compared to the heart-kidney complex in non-vertebrate chordates, 
i.e., urochordates and cephalochordates. However, it is important to remark that a defined excretory 
system is lacking in urochordates, while the cardiac domain is totally decentralized in 
cephalochordates [60]. The relationship between excretory and hematopoietic domains in amphioxus is 
described in the next section.  

6. Proepicardium, Kidney and Hematopoiesis 

The relationship that we are proposing between the proepicardium and the primitive pronephros 
may both, to explain and be supported by the striking link between epicardium, kidney and 
hematopoiesis. Blood-islands have been described in the epicardium of mammalian embryos, 
including humans [17,61]. Hematopoietic progenitors, basically erythropoietic, have been derived in 
vitro from proepicardial-derived cells [62 64]. Erythropoietin and its receptor are required for correct 
epicardial development. All these observations can be related with the role played by the pronephros as 
a main primary hematopoietic organ in fish and amphibians [65,66]. In myxines, the heart-associated 
pronephros is an adult hematopoietic organ [57].  

The association between excretory and hematopoietic domains can be ancestral to vertebrates. We 
have recently described in amphioxus (Branchiostoma) a putative hematopoietic domain characterized 
by the expression of the hematopoietic markers Scl and Pdvegfr. This area is closed to the dorsal aorta, 
partially linked to excretory tissues (characterized by the expression of Pax2/5/8 ortholog, and its 
development is regulated by retinoic acid [60]. 

7. Concluding Remarks 

We think that our proposal of an evolutionary relationship between pro/epicardium and the 
excretory system, namely the glomerular compartment of this system, allows for a better understanding 
of many peculiarities of the epicardial development. Furthermore, this proposal probably is revealing a 
phylogenetically deeper relationship between the heart and the excretory system, a relationship that 
still exists in the most primitive vertebrates and it is witnessed by the peculiar way in which the 
epicardium develops. The relationship between heart and excretory system is not restricted to 
hemichordates and their heart-kidney complex. Association between a hemal pump and excretory 
organs can be seen in many invertebrate phyla, including arthropods and molluscs (see phylogenetic 
position in Figure 3). In the snails, a renopericardial canal drains the excess of pericardial fluid into the 
kidneys, and in some cases, the heart itself is a source of filtrate for excretion, being the atrial 
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epicardium composed of podocytes [67 69]. In the cephalopods, the epicardium is continuous with the 
renal appendages, which constitute the main excretory system [6].  

Even in Drosophila, which lacks of a blood filtration system, pericardial nephrocytes are arranged 
along the heart, and derive from the cardiac mesoderm [70]. Incidentally, this mesoderm giving rise to 
cardiac cells and nephrocytes is also the progenitor of the lymph gland, the source of hemocytes [71]. 
Thus, the ontogenetic relationship between hemal pumping, excretion and hematopoiesis that we have 
described above also appears in animal taxa, which are phylogenetically located far away  
from vertebrates.  

The scenario that we are proposing also clarifies the nature of the proepicardium as the primordium 
of an organ whose differentiation pathway become blocked and their cells are transferred to the heart, 
where they contribute to the cardiac vascular and connective tissue. For this reason we think that the 
term "proepicardial organ" is unjustified, since the potential of the proepicardium as a functional organ 
is never displayed. The only exception are the agnathans, where we cannot talk about a 
"proepicardium" in strict sense, since the tissue from which the epicardial cells migrate is just a 
developing glomerulus.  

On the other hand, we think that the anatomical relationship between liver and proepicardium is 
purely contingent, although it is possible that signals inducing expression of proepicardial markers can 
arise from the liver or, most probably, from the septum transversum mesenchyme where the liver 
develops. Although evidence of an induction of the proepicardium by the liver has been shown [72], 
more recently it has been demonstrated that the liver is not required for proepicardial induction in 
zebrafish [73]. 

Coronary vessels would differentiate, at least partially, from cells that ancestrally were progenitors 
of glomerular vessels. It is uncertain if some peculiarities of the coronary vessels could be accounted 
for this particular origin. For example, Wt1 is upregulated by hypoxia in coronary vessels and kidneys, 
but not in brain or spleen [74].  

Finally, it seems clear that our proposal of an active blocking mechanism repressing the glomerular 
potential of the proepicardium opens interesting opportunities to test the hypothesis by identifying 
these mechanisms and circumventing them. In this way it might be conceivable to perform 
evolutionary rescue experiments transforming the proepicardium into a fully developed external 
glomerulus, using specific inducing signals and controls to demonstrate that this transformation is due 
to a conserved potential and not to the pluripotentiality of the proepicardial tissue. These experiments, 
which we are currently performing in our laboratory, would be a "gold standard" to demonstrate the 
evolutionary origin of the proepicardium.  

Acknowledgments 

This work was supported by grants BFU2011-25304 (Ministerio de Economía y Competitividad) 
and RD12/0019/0022 (TerCel network, ISCIII). E. Cano is recipient of a MINECO fellowship  
(BES-2009-014847). We thank Dr. N. Hastie (Univ. Edinburgh) for the gift of the Wt1-/- embryos, 
and M. Pombal (Univ. Vigo) for providing us the lamprey embryos and larvae. We also thank David 
Navas (SCAI, University of Málaga) for technical help with confocal microscopy. 
  



J. Dev. Biol. 2013, 1                            
 

 

15

Conflict of Interest 

"The authors declare no conflict of interest".  

References and Notes 

1. Manasek, F.J. Embryonic development of the heart. I. A light and electron microscopic study of 
myocardial development in the early chick embryo. J. Morphol. 1968, 125, 329 365. 

2. Manasek, F.J. Embryonic development of the heart. II. Formation of the epicardium. J. Embryol. 
Exp. Morphol. 1969, 22, 333 348. 

3. His, W. Anatomie menschlicher Embryonen. Teil III Zur Geschichte der Organe; Vogel: Leipzig, 
Germany, 1885. 

4. Kurkiewicz, T. O histogenezie miesna sercowego zwierzat kregowych - Zur Histogenese des 
Herzmuskels der Wirbeltiere. Bul. Int. Acad. Sci. Cracovie 1909, 177, 148 191. 

5. Männer, J.; Pérez-Pomares, J.M.; Macías, D.; Muñoz-Chápuli, R. The origin, formation, and 
developmental significance of the epicardium: a review. Cell Tiss. Org. 2001, 169, 89 103. 

6. Budelmann, B.U.; Schipp, R.; Von Boletzky, S. Cephalopoda. Microscopic Anatomy of 
Invertebrates; Harrison, F.W., Kohn, A.J., Eds.; Wiley-Liss: New York, NY, USA, 1997;  
Volume 6A; pp. 119 414.  

7. Pombal, M.A.; Carmona, R.; Megías, M.; Ruiz, A.; Pérez-Pomares, J.M.; Muñoz-Chápuli, R. 
Epicardial development in lamprey supports an evolutionary origin of the vertebrate epicardium 
from an ancestral pronephric external glomerulus. Evol. Dev. 2008, 10, 210 216. 

8. Jahr, M.; Schlueter, J.; Brand, T.; Männer, J. Development of the proepicardium in Xenopus 
laevis. Dev. Dyn. 2008, 237, 3088 3096. 

9. Schlueter, J.; Brand, T. A right-sided pathway involving FGF8/Snai1 controls asymmetric 
development of the proepicardium in the chick embryo. Proc. Natl. Acad. Sci. USA 2009, 106, 
7485 7490.  

10. Schulte, I.; Schlueter, J.; Abu-Issa, R.; Brand, T.; Manner, J. Morphological and molecular  
left-right asymmetries in the development of the proepicardium: A comparative analysis on mouse 
and chick embryos. Dev. Dyn. 2007, 236, 684 695.  

11. Muñoz-Chápuli, R.; Macías, D.; Ramos, C.; De Andrés, A.V.; Gallego, A.; Navarro, P. Heart 
development in the dogfish (Scyliorhinus canicula): A model for the study of the basic vertebrate 
cardiogenesis. Cardioscience 1994, 5, 245 253. 

12. Muñoz-Chápuli, R.; Macías, D.; Ramos, C.; Fernández, B.; Sans-Coma, V. Development of the 
epicardium in the dogfish (Scyliorhinus canicula). Acta Zool. 1997, 78, 39 46. 

13. Icardo, J.M.; Guerrero, A.; Durán, A.C.; Colvee, E.; Domezain, A.; Sans-Coma, V.  
The development of the epicardium in the sturgeon Acipenser naccarii. Anat. Rec. 2009, 292, 
1593 1601.  

14. Serluca, F.C. Development of the proepicardial organ in the zebrafish. Dev. Biol. 2008, 315, 18 27. 
15. Fransen, M.E.; Lemanski, L.F. Epicardial development in the axolotl, Ambystoma mexicanum. 

Anat. Rec. 1990, 226, 228 236. 



J. Dev. Biol. 2013, 1                            
 

 

16

16. Sejima, H.; Isokawa, K.; Shimizu, O.; Morikawa, T.; Ootsu, H.; Numata, K.; Fukai, M.;  
Kubota, S.; Toda, Y. Possible participation of isolated epicardial cell clusters in the formation of 
chick embryonic epicardium. J. Oral Sci. 2001, 43, 109 106. 

17. Komiyama, M.; Ito, K.; Shimada, Y. Origin and development of the epicardium in the mouse 
embryo. Anat. Embryol. 1987, 176, 183 189. 

18. Kuhn, H.J.; Liebherr, G. The early development of the epicardium in Tupaja belangerie. Anat. 
Embryol. 1988, 177, 225 234. 

19. Männer, J. The development of pericardial villi in the chick embryo. Anat. Embryol. 1992, 186, 
379 385. 

20. Männer, J. Experimental study on the formation of the epicardium in chick embryos. Anat 
Embryol. 1993,187, 281 289. 

21. MacKinnon, M.R.; Heatwole, H. Comparative cardiac anatomy of the reptilia. IV. The coronary 
arterial circulation. J. Morphol. 1981, 170, 1 27. 

22. Davies, F.; Francis, E.T.B.; King, T.S. The conducting (connecting) system of the crocodilian 
heart. J. Anat. 1952, 86, 152 161.  

23. Buchanan, J.G. The Gross and Minute Anatomy of the Heart of the Lizard, Leiolopisma grande 
(Gray). Trans. Proc. Royal Soc. N. Z. 1956, 84, 103 119.  

24. Viragh, S.; Gittenberger-de Groot, A.C.; Poelmann, R.E.; Kalman, F. Early development of quail 
heart epicardium and associated vascular and glandular structures. Anat. Embryol. 1993, 188, 
381 393. 

25. Virágh, S.; Challice, C.E. The origin of the epicardium and the embryonic myocardial circulation 
in the mouse. Anat. Rec. 1981, 201, 157 168. 

26. Brandli, A.W. Towards a molecular anatomy of the Xenopus pronephric kidney. Int. J. Dev. Biol. 
1999, 43, 381 395. 

27. Jones, E.A. Xenopus: A prince among models for pronephric kidney development. J. Am. Soc. 
Nephrol. 2005, 16, 313 321. 

28. Hiruma, T.; Nakamura, H. Origin and development of the pronephros in the chick embryo.  
J. Anat. 2003, 203, 539 552. 

29. Stuckmann, I.; Evans, S.; Lassar, A.B. Erythropoietin and retinoic acid, secreted from the 
epicardium, are required for cardiac myocyte proliferation. Dev. Biol. 2003, 255, 334 349.  

30. Lavine, K.J.; Yu, K.; White, A.C.; Zhang, X.; Smith, C.; Partanen, J.; Ornitz, D.M. Endocardial 
and epicardial derived FGF signals regulate myocardial proliferation and differentiation in vivo. 
Dev. Cell. 2005, 8, 85 95.  

31. Merki, E.; Zamora, M.; Raya, A.; Kawakami, Y.; Wang, J.; Zhang, X.; Burch, J.; Kubalak, S.W.; 
Kaliman, P.; Izpisúa-Belmonte, J.C.; Chien, K.R.; Ruiz-Lozano, P. Epicardial retinoid X receptor 
alpha is required for myocardial growth and coronary artery formation. Proc. Natl. Acad. Sci. 
USA 2005, 102, 18455 18460.  

32. Martínez-Estrada, O.M.; Lettice, L.A.; Essafi, A.; Guadix, J.A.; Slight, J.; Velecela, V.; Hall, E.; 
Reichmann, J.; Devenney, P.S.; Hohenstein, P.; Hosen, N.; Hill, R.E.; Muñoz-Chapuli, R.;  
Hastie, N.D. Wt1 is required for mesenchymal cardiovascular progenitor cell formation in 
epicardium and ES cells through direct transcriptional control of Snail and E-cadherin. Nat. 
Genet. 2010, 42, 89 93. 



J. Dev. Biol. 2013, 1                            
 

 

17

33. Drummond, I.A.; Majumdar, A.; Hentschel, H.; Elger, M.; Solnica-Krezel, L.; Schier, A.F.; 
Neuhauss, S.C.; Stemple, D.L.; Zwartkruis, F.; Rangini, Z.; Driever, W.; Fishman, M.C.  
Early development of the zebrafish pronephros and analysis of mutations affecting pronephric 
function. Development 1998, 125, 4655 4667. 

34. Moore, A.W.; McInnes, L.; Kreidberg, J.; Hastie, N.D.; Schedl, A. YAC complementation shows 
a requirement for Wt1 in the development of epicardium, adrenal gland and throughout 
nephrogenesis. Development 1999, 126, 1845 1857. 

35. Quaggin, S.E.; Schwartz, L.; Cui, S.; Igarashi, P.; Deimling, J.; Post, M.; Rossant, J.  
The basic-helix-loop-helix protein pod1 is critically important for kidney and lung organogenesis. 
Development 1999, 126, 5771 5783.  

36. Cui, S.; Schwartz, L.; Quaggin, S.E. Pod1 is required in stromal cells for glomerulogenesis.  
Dev. Dyn. 2003, 226, 512 522. 

37. Acharya, A.; Baek, S.T.; Huang, G.; Eskiocak, B.; Goetsch, S.; Sung, C.Y.; Banfi, S.; Sauer, M.F.; 
Olsen, G.S.; Duffield, J.S.; Olson, E.N.; Tallquist, M.D. The bHLH transcription factor Tcf21 is 
required for lineage-specific EMT of cardiac fibroblast progenitors. Development 2012, 139, 
2139 2149. 

38. Christoffels, V.M.; Mommersteeg, M.T.; Trowe, M.O.; Prall, O.W.; de Gier-de Vries, C.; Soufan, 
A.T.; Bussen, M.; Schuster-Gossler, K.; Harvey, R.P.; Moorman, A.F.; Kispert, A. Formation of 
the venous pole of the heart from an Nkx2 5-negative precursor population requires Tbx18. Circ. 
Res. 2006, 98, 1555 1563. 

39. Takeichi, M.; Nimura, K.; Mori, M.; Nakagami, H.; Kaneda, Y. The transcription factors Tbx18 
and Wt1 control the epicardial epithelial-mesenchymal transition through bi-directional regulation 
of Slug in murine primary epicardial cells. PLoS One 2013, 8, e57829.  

40. Putaala, H.; Soininen, R.; Kilpelainen, P.; Wartiovaara, J.; Tryggvason, K. The murine nephrin 
gene is specifically expressed in kidney, brain and pancreas: inactivation of the gene leads to 
massive proteinuria and neonatal death. Hum. Mol. Genet. 2001, 10, 1 8. 

41. Wagner, N.; Morrison, H.; Pagnotta, S.; Michiels, J.F.; Schwab, Y.; Tryggvason, K.; Schedl, A.; 
Wagner, K.D. The podocyte protein nephrin is required for cardiac vessel formation. Hum. Mol. 
Genet. 2011, 20, 2182 2194.  

42. Wagner, N.; Wagner, K.D.; Scholz, H.; Kirschner, K.M.; Schedl, A. Intermediate filament protein 
nestin is expressed in developing kidney and heart and might be regulated by the Wilms' tumor 
suppressor Wt1. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2006, 291, R779 R787. 

43. Wharram, B.L.; Goyal, M.; Gillespie, P.J.; Wiggins, J.E.; Kershaw, D.B.; Holzman, L.B.; Dysko, 
R.C.; Saunders, T.L.; Samuelson, L.C.; Wiggins, R.C. Altered podocyte structure in GLEPP1 
(Ptpro)-deficient mice associated with hypertension and low glomerular filtration rate. J. Clin. 
Invest. 2000, 106, 1281 1290. 

44. Osafune, K.; Nishinakamura, R.; Komazaki, S.; Asashima, M. In vitro induction of the pronephric 
duct in Xenopus explants. Develop. Growth Differ. 2002, 44, 161 167. 

45. Olivey, H.E.; Mundell, N.A.; Austin, A.F.; Barnett, J.V. Transforming growth factor-  stimulates 
epithelial-mesenchymal transformation in the proepicardium. Dev. Dyn. 2006, 235, 50 59. 

46. Jenkins, S.J.; Hutson, D.R.; Kubalak, S.W. Analysis of the proepicardium-epicardium transition 
during the malformation of the RXRalpha-/- epicardium. Dev. Dyn. 2005, 233, 1091 1101. 



J. Dev. Biol. 2013, 1                            
 

 

18

47. Vaughan, M.R.; Pippin, J.W.; Griffin, S.V.; Krofft, R.; Fleet, M.; Haseley, L.; Shankland, S.J. 
ATRA induces podocyte differentiation and alters nephrin and podocin expression in vitro and in 
vivo. Kidney Int. 2005, 68, 133 144. 

48. Essafi, A.; Webb, A.; Berry, R.L.; Slight, J.; Burn, S.F.; Spraggon, L.; Velecela, V.; Martinez-
Estrada, O.M.; Wiltshire, J.H.; Roberts, S.G.; Brownstein, D.; Davies, J.A.; Hastie, N.D.; 
Hohenstein, P. A wt1-controlled chromatin switching mechanism underpins tissue-specific wnt4 
activation and repression. Dev. Cell. 2011, 21, 559 574. 

49. Bouchard, M.; Souabni, A.; Mandler, M.; Neubüser, A.; Busslinger, M. Nephric lineage 
specification by Pax2 and Pax8. Genes Dev. 2002, 16, 2958 2970. 

50. Torban, E.; Dziarmaga, A.; Iglesias, D.; Chu, L.L.; Vassilieva, T.; Little, M.; Eccles, M.; 
Discenza, M.; Pelletier, J.; Goodyer, P. PAX2 activates WNT4 expression during mammalian 
kidney development. J. Biol. Chem. 2006, 281, 12705 12712. 

51. Dressler, G.R. Patterning and early cell lineage decisions in the developing kidney: The role of 
Pax genes. Pediatr. Nephrol. 2011, 26, 1387 1394. 

52. Phelps, D.E.; Dressler, G.R. Aberrant expression of Pax2 in Danforth's short tail (Sd) mice. Dev. 
Biol. 1993, 157, 251 258. 

53. Ryan, G.; Steele-Perkins, V.; Morris, J.F.; Rauscher, F.J., 3rd; Dressler, G.R. Repression of Pax2 
by WT1 during normal kidney development. Development 1995, 121, 867 875.  

54. Watt, A.J.; Battle, M.A.; Li, J.; Duncan, S.A. GATA4 is essential for formation of the 
proepicardium and regulates cardiogenesis. Proc. Natl. Acad. Sci. USA 2004, 101, 12573 12578. 

55. Dame, C.; Sola, M.C.; Lim, K.C.; Leach, K.M.; Fandrey, J.; Ma, Y.; Knöpfle, G.; Engel, J.D.; 
Bungert, J. Hepatic erythropoietin gene regulation by GATA-4. J. Biol. Chem. 2004, 279,  
2955 2961. 

56. Zhou, B.; von Gise, A.; Ma, Q.; Rivera-Feliciano, J.; Pu, W.T. Nkx2 5- and Isl1-expressing 
cardiac progenitors contribute to proepicardium. Biochem. Biophys. Res. Commun. 2008, 375, 
450 453. 

57. Holmgren, N. On the pronephros and the blood in Myxine glutinosa. Acta Zool. 1950, 31, 233 348. 
58. Fänge, R. Structure and function of the excretory organs of Myxinoids. In The Biology of Myxine; 

Brodal, A., Fänge, R., Eds.; Universitetforlaget: Oslo, Norway, 1963; pp. 516 529.  
59. Lowe, C.J.; Terasaki, M.; Wu, M.; Freeman, R.M., Jr.; Runft, L.; Kwan, K.; Haigo, S.;  

Aronowicz, J.; Lander, E.; Gruber, C.; Smith, M.; Kirschner, M.; Gerhart, J. Dorsoventral 
patterning in hemichordates: insights into early chordate evolution. PLoS Biol. 2006, 4, e291. 

60. Pascual-Anaya, J.; Albuixech-Crespo, B.; Somorjai, I.M.; Carmona, R.; Oisi, Y.; Alvarez, S.; 
Kuratani, S.; Muñoz-Chápuli, R.; Garcia-Fernández, J. The evolutionary origins of chordate 
hematopoiesis and vertebrate endothelia. Dev. Biol. 2013, 375, 182 192. 

61. Hirakow, R. Epicardial formation in staged human embryos. Acta Anat. Nippon. 1992, 67, 616 622. 
62. Kattan, J.; Dettman, R.W.; Bristow, J. Formation and remodeling of the coronary vascular bed in 

the embryonic avian heart. Dev. Dyn. 2004, 230, 34 43. 
63. Tomanek, R.J.; Ishii, Y.; Holifield, J.S.; Sjogren, C.L.; Hansen, H.K.; Mikawa, T. VEGF family 

members regulate myocardial tubulogenesis and coronary artery formation in the embryo.  
Circ. Res. 2006, 98, 947 953.  



J. Dev. Biol. 2013, 1                            
 

 

19

64. Wilting, J.; Buttler, K.; Schulte, I.; Papoutsi, M.; Schweigerer, L.; Manner, J. The proepicardium 
delivers hemangioblasts but not lymphangioblasts to the developing heart. Dev. Biol. 2007, 305, 
451 459. 

65. Carpenter, K.L.; Turpen, J.B. Experimental studies on hemopoiesis in the pronephros of Rana 
pipiens. Differentiation 1979, 14, 167 174. 

66. Willett, C.E.; Cortés, A.; Zuasti, A.; Zapata, A.G. Early hematopoiesis and developing lymphoid 
organs in the zebrafish. Dev. Dyn. 1999, 214, 323 336.  

67. Luchtel, L.L.; Martin, A.W.; Deyrup-Olsen, I.; Boer, H.H. Gastropoda: Pulmonata. In 
Microscopic Anatomy of Invertebrates; Harrison, F.W., Kohn, A.J., Eds.; Wiley-Liss: New York, 
NY, USA, 1997; Volume 6B; pp. 459 718. 

68. Økland, S. The heart ultrastructure of Lepidopleurus asellus (Spengler) and Tonicella marmorea 
(Fabricius) (Mollusca: Polyplacophora). Zoomorphology 1980, 96, 1 19. 

69. Fahrner, A.; Haszprunar, G. Microanatomy, ultrastructure, and systematic significance of the 
excretory system and mantle cavity of an acochlidian gastropod (Opisthobranchia). J. Moll. Stud. 
2002, 68, 87 94. 

70. Denholm, B.; Skaer, H. Bringing together components of the fly renal system. Curr. Opin. Genet. 
Dev. 2009, 19, 526 532. 

71. Mandal, L.; Banerjee, U.; Hartenstein, V. Evidence for a fruit fly hemangioblast and similarities 
between lymph-gland hematopoiesis in fruit fly and mammal aorta-gonadal-mesonephros 
mesoderm. Nat. Genet. 2004, 36, 1019 1023. 

72. Ishii, Y.; Langberg, J.D.; Hurtado, R.; Lee, S.; Mikawa, T. Induction of proepicardial marker gene 
expression by the liver bud. Development 2007, 134, 3627 3637. 

73. Liu, J.; Stainier, D.Y. Tbx5 and Bmp signaling are essential for proepicardium specification in 
zebrafish. Circ. Res. 2010, 106, 1818 1828. 

74. Wagner, K.D.; Wagner, N.; Bondke, A.; Nafz, B.; Flemming, B.; Theres, H.; Scholz, H.  
The Wilms' tumor suppressor Wt1 is expressed in the coronary vasculature after myocardial 
infarction. FASEB J. 2002, 16, 1117 1119. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


