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Abstract
Portal hypertension in the rat by triple partial portal vein 
ligation produces an array of splanchnic and systemic 
disorders, including hepatic steatosis. In the current 
review these alterations are considered components 
of a systemic inflammatory response that would 
develop through three overlapping phenotypes: The 
neurogenic, the immune and the endocrine. These 
three inflammatory phenotypes could resemble the 
functions expressed during embryonic development of 
mammals. In turn, the inflammatory phenotypes would 
be represented in the embryo by two functional axes, 
that is, a coelomic-amniotic axis and a trophoblastic 
yolk-sac or vitelline axis. In this sense, the inflammatory 
response developed after triple partial portal vein 
ligation in the rat would integrate both functional 
embryonic axes on the liver interstitial space of Disse. 
If so, this fact would favor the successive development 
of steatosis, steatohepatitis and fibrosis. Firstly, these 
recapitulated embryonic functions would produce the 
evolution of liver steatosis. In this way, this fat liver 
could represent a yolk-sac-like in portal hypertensive 
rats. After that, the systemic recapitulation of these 
embryonic functions in experimental prehepatic portal 
hypertension would consequently induce a gastrulation-
like response in which a hepatic wound healing 
reaction or fibrosis occur. In conclusion, studying the 
mechanisms involved in embryonic development could 
provide key results for a better understanding of the 
nonalcoholic fatty liver disease etiopathogeny.

Key words: Inflammation; Non-alcoholic fatty liver 
disease; Hepatic steatosis; Extraembryonic functions; 
Fibrosis; Portal hypertension
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Core tip: The current hypothesis proposes that the re-
expression of two embryonic systemic functional axes 
in the rat after partial portal vein ligation produces 
a non-alcoholic fatty liver disease. These axes, a 
coelomicamniotic axis and a trophoblastic yolk-sac or 
vitelline axis, would then integrate in the interstitial liver 
space of Disse. If so, these recapitulated embryonic 
functions would produce firstly, the evolution of liver 
steatosis. In this way, this fat liver could represent 
a yolk-saclike in portal hypertensive rats. After that, 
these embryonic functions would induce a gastrulation-
like response in which liver fibrosis occcur. For that 
reason, studying the mechanisms involved in embryonic 
development could provide key results for a better 
understanding of the non-alcoholic fatty liver disease 
pathophysiology.

Aller MA, Arias N, Peral I, García-Higarza S, Arias JL, Arias 
J. Embrionary way to create a fatty liver in portal hypertension. 
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from: URL: http://www.wjgnet.com/2150-5330/full/v8/i2/39.htm  
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a pathologi­
cal condition derived from a wide spectrum of liver 
damage[1-3]. NAFLD covers from nonalcoholic fatty liver 
(NAFL) to nonalcoholic steatohepatitis (NASH). While 
NAFL is characterized by hepatic steatosis without 
hepatocellular injury such as ballooning of the hepato­
cytes, NASH condition shows hepatic steatosis, inflam­
matory state accompanied with hepatocyte injury and 
ballooning, with or without fibrosis[4]. Although NAFLD 
is strongly associate with obesity, diabetes mellitus and 
dyslipidemia, its pathogenesis remains poorly under­
stood and therapeutic options are limited[3,4].

The concept that this range of related hepatic dis­
orders is an evolutive inflammatory condition could 
simplify the integration of the different etiopathogenic 
mechanisms involved in each one of its evolutive 
phases. Even, NAFLD has been already considered 
like the hepatic manifestation of a systemic auto-
inflammatory disorder[5]. The earliest inflammatory 
phase of NAFLD consists in hepatic steatosis, which is 
characterized by the deposition of triglycerides inside 
of hepatocytes[3]. This early evolutive period of the 
disease is usually clinically silent, which is why its clinical 
diagnosis is delayed and why it is difficult to identify 
the risk contribution of the splanchnic and systemic 
etiopathogenic factors[2]. 

Using experimental liver steatosis models can 
be very useful to prevent this gap in etiopathogenic 
knowledge during the early phase of this disease[6,7]. 
Therefore, the partial portal vein ligation of the rat can 
be considered one of the experimental surgical models 

of hepatic steatosis[8]. We have shown an increase 
in tryglicerides, diacylglicerol and cholesterol in the 
liver of these animals, together with a microvesicular 
hepatocytic fatty infiltration. Moreover, the presence of 
megamitochondria at short (1 mo) and long-term (1 
year)[8-10] has been found. Liver steatosis was described 
in rats with portal hypertension by Izzet et al[11] in 
2005, a pathological association suggested in humans 
35 years ago[12]. Moreover, the liver parenchyma in 
portal hypertensive rats, due to the hepatocytic fatty 
infiltration, is progressively converted into fat[8,10] (Figure 
1). 

Portal hypertension is a type of vascular pathology 
due to the pressure of mechanical energy on splanchnic 
venous circulation[13]. In mammals there are five cellular 
pathways able to translate mechanical forces into biolo­
gic programs, such as integrin-matrix interactions, 
cytoskeletal strain responses, stretch ion channels, cell 
traction forces and G-protein-coupled receptors[14,15]. 
Therefore, mechanical energy may act after TPVL in the 
rat on the vascular splanchnic endothelium as a stressor 
stimulus triggered by mechanotransduction[16]. 

Tissue injury caused by this process can produce 
a systemic inflammatory response in the body. This 
response is developed by three successive and over­
lapping phenotypes: The neurogenic, the immune and 
the endocrine[17,18]. Similar overlapping could also be 
expressed in the body through the action of the intrinsic 
endogenous mechanical energy on the splanchnic 
venous system after the partial PVL[19]. Therefore during 
its evolution, prehepatic portal hypertension would 
induce a low-grade inflammatory response which could 
be developed during the above mentioned phenotypes, 
the neurogenic, the immune and the endocrine[19] (Table 
1). 

THE NEUROGENIC INFLAMMATORY 
PHENOTYPE
The systemic inflammatory response in prehepatic 
portal hypertension could begin with an immediate 
neuromuscular response including the splanchnic and 
systemic vascular smooth muscle with vasoconstriction 
and vasodilation producing an ischemia-reperfusion 
phenomenon. This pathologic vasomotor response 
induces local and systemic hemodynamic impairments, 
i.e., hyperdynamic splanchnic and systemic circula­
tion[20]. Within systemic and splanchnic alterations, 
hyperdynamic circulation is pointed out in relation to 
prehepatic portal hypertension[21]. Regarding this, the 
hyperdynamic or progressive vasodilator syndromes 
could be triggered by splanchnic and systemic vasodila­
tion. Moreover, multiorgan failure in chronic liver disease 
could be attributable to this syndrome[21,22]. Once deve­
loped, the hyperdynamic syndrome induces tissue 
hypoxia, stress (oxidative and nitrosative) accompanied 
by mild edema, and inflammation in tissues and 
organs causing their dysfunction[19]. Multiple studies 
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have shown that the central nervous system plays a 
key role in the pathophysiology of the hyperdynamic 
circulation[23,24]. In particular c-Fos is detected in the brain 
stem and hypothalamic nuclei of rats following portal 
vein ligation[23]. Then, hyperdynamic circulation leads 
to decreased mean arterial pressure thus stimulating 
the sympathetic nervous system and the multiple 
neuro-endocrine axes, including the renin-angiotensin-

aldosterone system. This results in sodium retention and 
volume expansion[20,25,26]. Sodium retention seems to be 
critical for inflammatory response. Under inflammatory 
circumstances, endothelium tends to increase perme­
ability in tissues and organs affected. This strategy will 
allow a selective diffusion of circulating substances from 
the blood into the interstitial space[27]. 

Stress of the neuro-endocrine system by portal 
hypertension could be induce by three mechanisms: 
The hypothalamic-pituitary-adrenal axis, the sym­
pathetic-adrenal medullary and the sympathetic nervous 
system[28] (Figure 2). Moreover, the localization of 
the early inflammatory response could also favor the 
posterior storage of substances derived from the acute 
phase response[29]. Therefore, in the liver of the rats 
with prehepatic portal hypertension, the space of Disse 
could represent the anatomically definable compartment 
where the early inflammatory response is expressed 
(Figure 2).

The main and immediate effect on the liver vascular 
flow after the partial portal vein ligation is greatly reduced 
portal blood flow, which normally represents the 70% of 
its blood supply[30]. Nevertheless, initial portal ischemia 
is followed by arterial reperfusion. It has been described 
that decreased portal venous flow is able to induce an 
increase in hepatic arterial blood flow or “hepatic arterial 
buffer response”[31]. In turn, this vascular compensatory 
mechanism arterializes the liver and produces a capil­
larization of hepatic sinusoids[30]. This phenomenon 
is defined by fenestrae loss and the formation of a 
continuous basement membrane[32]. Although the 
mechanism of defenestration induced in the arterialized 
liver is not well known, it has been demonstrated that 
liver sinusoidal endothelial cell phenotype in capillarized 
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Figure 1  Liver histopathological changes of a rat after three months with triple partial portal vein ligation. Hepatic steatotic areas are mainly distributed in 
zone 1 of the liver acinus, but tipically hepatocyte ballooning is more apparent near zone 3. Both macrovesicular and microvesicular steatosis are evident as well as 
scattered necroinflammatory foci (arrowheads) (H and E stain, × 200). I: Intestine; MVV: Mesenteric venous vasculopathy; S: Spleen; SL: Steatotic liver; TPVL: Triple 
partial portal vein ligation.

Inflammatory phenotype Extra-embryonic and 
embryonic functions

  Neurogenic Portal ischemia
Hepatic arterial 

reperfusion
Neuroendocrine 

response
Hyperdynamic 

circulation
Mild edema of space of 

Disse

Coelomic-amniotic functions
Neurogenic potential

Interstitial edema
Bacteriostasis

Anti-inflammation

   Immune Kupffer cell and hepatic 
stellate cell activation 
Leukocyte infiltration
Acute phase response

Angiogenesis
Hepatic steatosis

Trophoblastic-yolk sac 
functions

Digestive (phagocytic) 
functions

Acute phase proteins
Angiogenic switch

Lipid and protein nutrients 
(vitellum)

 Endocrine Sinusoidal remodeling
Capillarization of 
hepatic sinusoids

Perisinusoidal fibrosis
Steatohepatitis

Gastrulation-like functions
Epithelial-mesenchymal 

transition
Intra-embryonic 

mesenchyma

Table 1  Similarities between the inflammatory changes 
developed after triple partial portal vein ligation in the rat 
and the extra-embryonic functions in mammals

Aller MA et al . The embryonic basis of fatty liver



liver promotes Kupffer cell[30] and hepatic stellate cell[33] 
activation (Figure 3). Moreover, it has been suggested 

that intrasinusoidal crawling behavior could represent 
a form of immune surveillance. So, this mechanism 
could explain the reduction in CD8 T cell surveillance 
by infected or transformed hepatocytes. Furthermore, 
intrasinusoidal crawling behavior could participate in the 
hepatocarcinoma’s development and progression[34]. This 
liver ischemia-reperfusion phenotype with progressing 
interstitial edema in the space of Disse could activate 
lymphatic circulation[35]. As a consequence, increased 
hepatic lymph flow and the transmigration of free cells, 
such as dendritic cells and lymphocytes, have been 
shown[34]. In addition, the edematous space of Disse 
may also serve as a stem cell niche for substances 
derived from the neuro-endocrine response to portal 
hypertensive stress, for mediators of the acute phase 
response and cytokines, and for activated hepatic stellate 
cells and lymphocytes[35-37] (Figure 4). 

THE IMMUNE INFLAMMATORY 

PHENOTYPE 
The immune inflammatory phenotype by the splanchnic 
system after ischemia/reperfusion, and therefore suffer 
oxidative and nitrosative stress, is coupled with the 
activation of intracellular signaling pathways including 
the nuclear factor-κB (NF-κB) pathway, and the 
inflammasome[38]. Reactive oxygen species are central 
in the regulation of NF-κB, although their role is not 
completely understood on account of the contrasted 
outcome reported: Activation vs inhibition. Most likely, 
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Figure 2  Inflammatory phenotypes, neurogenic and immune in prehepatic portal hypertensive rat. ANS: Autonomic nervous system; CNS: Central nervous 
system; HSC: Hematological stem cell; MSC: Mesenchymal stem cell.
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L
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Figure 3  Schematic representation of the liver parenchyma after partial 
portal vein in the rat. The deposit of lipids within the hepatocytes and the liver 
arterialization, associated with defenestration of the sinusoidal endothelium, 
and the perisinuosidal fibrosis stand out. BD: Bile duct; HA: Hepatic artery; HV: 
Hepatic vein; HB: Hepatocyte ballooning; HSCs: Hepatic stellate cells; KC: 
Kupffer cell; L: Leukocyte; PF: Perisinuosidal fibrosis; TPVL: Triple partial portal 
vein ligation. 
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reactive oxygen species could promote NF-κB responses 
in the early stages of the inflammatory response 
instead of inhibiting these responses at later stages. 

Reactive oxygen and nitrogen species could also favor 
the induction of tissue repair or remodeling[38-40].

During this phase the oxygen is creating enzymatic 
stress[19]. Along this acute phase the compensatory 
mechanisms include production of proteins which 
bind proteolytic enzymes, inhibitors of leukocyte and 
lysosomal proteolytic enzymes[41,42]. Likewise, anti-
enzymatic stress could be promoted by the natural 
inhibitors of matrix metalloproteinases[19]. The immune 
phenotype could be coupled with bacterial intestinal 
translocation to mesenteric lymph nodes, increased mast 
cells in the splanchnic area, an acute phase response, 
dyslipidemia and hepatic steatosis[43]. We have shown 
that splanchnic and systemic inflammatory changes 
develop in TPVL-rats, including portal hypertensive 
enteropathy[43,44], mesenteric adenitis[45,46], portal 
hypertensive encephalopathy[47], liver steatosis[8-10], 
aortic atherosclerosis-like disease[48-50] and metabolic 
syndrome[51].

Hepatic steatosis and visceral adipose tissue are 
metabolic risk factors in accumulation of visceral fat. Due 
to their anatomical position, the venous blood from there 
is drained directly into the liver through the portal vein[52]. 
We speculate that the induction of intraabdominal 
fat deposits around the portal venous system could 
represent ontogenic reminiscences, associated with 
yolk sac, or phylogenetic reminiscences, related to 
vitellogenesis[53,54] (Figure 5). Regarding the ontogenic 
origin, the liver, and in particular the omentum, could 

43 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

CNS

ANS

Sympathetic
nervous
system

Adrenal
gland

Collateral
porto-systemic

circulation

Spleen

Gastrointestinal
tract

HSC

MSC

Bone
marrow

HA

BD

TPVL

HV

KC

HSCs

PF HB

L L

Figure 4  The preferential expression of the neurogenic and immune inflammatory phenotypes into the space of Disse induces hepatic steatosis, 
steatohepatitis and fibrosis in portal hypertensive rats by triple partial portal vein ligation. ANS: Autonomic nervous system; BD: Bile duct; CNS: Central 
nervous system; HA: Hepatic artery; HB: Hepatocyte ballooning; HSC: Hematological stem cell; HSCs: Hepatic stellate cell; HV: Hepatic vein; KC: Kupffer cell; L: 
Leukocyte; MSC: Mesenchymal stem cell; PF: Perisinuosidal fibrosis; TPVL: Triple partial portal vein ligation. 
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Figure 5  Schematic representation of early embryo development. 
The extra-embryonic mesoderm and the exocoelomic cavity connect the 
trophoblast with the amnion and the yolk sac. A: Amnion; BI: Blood islands; EC: 
Exocoelomic cavity; EM: Extra-embryonic mesoderm; T: Trophoblast; Y: Yolk 
sac.
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be mimicking the yolk sac, in which pathological lipid 
deposition takes place. Under this scenario, the liver and 
the omentum would be regressing to evolutive phases 
with suitable metabolic conditions, supported by the 
expression of inflammatory markers such as tumor 
necrosis factor (TNF)-α, IL-6, C reactive protein and 
leptin[19,29]. In terms of phylogenetic approach, the body 
would be adopting the molecular mechanisms related 
to the vitellogenesis[53,54], in which oviparous species 
provide a glycolipoprotein yolk storage called vitelline to 
the egg as food-source for the embryo[54]. Lipoprotein 
transport through the circulatory system by eukaryotes 
has been an important function for the existence[53]. 
Thus, the evolutionary perfection of energy accumulation 
in fat has provided organisms an advantage in adapting 
to environmental and developmental changes[54]. 

The increased uptake of free fatty acids derived 
from the hydrolysis of adipose-tissue triglycerides 
results in hepatic steatosis. Moreover, the contribution 
of dietary chylomicrons, hepatic biogenesis and insulin 
resistance increased the uptake[3,4,55]. Hepatic steatosis 
is a key concept in the two-hit NAFLD hypothesis, which 
postulates that hepatic steatosis sensitizes fatty liver to 
secondary hits, such as oxidative and nitrosative stress 
or inflammatory cytokines[56]. In addition, cholesterol 
sensitizes fatty livers to secondary hits, particularly 
when trafficking to mitochondria as it has been recently 
recognized[57,58]. In portal hypertensive rats by TPVL the 
distinction between simple steatosis and steatohepatitis 
(NASH) includes hepatocyte ballooning, leukocyte 
infiltration (lobular inflammation) and perisinusoidal 
(zone 3) fibrosis[9] (Figures 3 and 4). In long-term 
portal hypertensive rats, the plasmatic increase of 
low density lipoprotein and lipopolysaccharide binding 
protein as well as high-density lipoprotein reduction 
has been associated with NASH[8-10]. These findings 
could suggest a NASH role in developing cardiovascular 
disease by two ways: Systemic release of inflammatory 
mediators and/or the production of insulin resistance 
and atherogenic dyslipidemia[49,50]. In this line, recent 
evidence supports a relationship between NAFLD and 
cardiovascular disease[50,55]. Particularly in TPVL-rats 
NASH, this association could be considered a risk factor 
for a wound-like inflammatory aortic response[49], with 
increased expression of NF-κB, TNF-α, IL-1β and IL-6 in 
the aortic wall[48,49].

THE ENDOCRINE INFLAMMATORY 
PHENOTYPE 
During the expression of the endocrine inflammatory 
phenotype in TPVL-rats there is a splanchnic remodeling 
by angiogenesis, which implies growth of new vessels 
from pre-existing ones[59], and fibrosis. Moreover, an 
abnormal splanchnic and systemic angioarchitecture, 
such as portosystemic collaterals have been observed 
in chronic liver diseases[60-62]. This vascular alteration 
found in the gastrointestinal tract under portal hyper­

tension conditions is called “hypertensive portal intes­
tinal vasculopathy”[63,64]. However, not only vascular 
alterations have been described, even histological 
changes have been found[64]. So, angiogenesis is key 
role in portal hypertension and represents a potential 
therapeutic target[65]. Splanchnic hyperemia which 
is followed by increased splanchnic vascularization, 
together with portal-systemic collateral circulation in 
experimental portal hypertension have angiogenic 
origins partly driven by the vascular endothelial growth 
factor (VEGF)[65,66]. Mast cells are able to release 
VEGF among others[67], being involved in promoting 
hypertensive portal vasculopathy and portal systemic 
collateral circulation[43]. 

Fibrosis is a scarring response that seems to be 
reversible in rats with long-term TPVL. Hepatic stellate 
cells (HSCs) play a central role in liver fibrosis and 
homeostasis[68]. In particular, perisinusoidal/pericellular 
fibrosis is typically found in NASH. Excess deposits 
of the extracellular matrix are primarily found in the 
spaces of Disse surrounding sinusoids or groups of 
hepatocytes. This leads to “capillarization of sinusoids” 
or “chickenwire pattern”, respectively[69] (Figures 3 and 
4). HSCs express both mesenchymal markers and 
neuronal or glial markers[70]. The activation of HSCs 
is needed to develop hepatic fibrogenesis[68,69]. HSCs 
activate resident immune cells such as Kupffer and Pitt 
cells which trigger hepatic inflammation[71], as well as 
mono- and polymorphonuclear leukocytes infiltration[70].

In addition, HSCs, once in their myofibroblastic 
phenotype, respond to vasoactive substances by con­
tracting being important in the pathogenesis of portal 
hypertension[72]. They also respond to sinusoidal morpho­
genesis since direct hepatic stellate cell-endothelial 
cell contact inhibits endothelial cell capillary/sinusoidal 
formation[73]. Dynamic interplay between HSCs and 
endothelial cells could be important for understanding 
how the sinusoidal remodeling process is regulated in 
NAFLD in portal hypertensive rats[73] (Figure 3).

RECAPITULATED EXTRA-EMBRYONIC 
FUNCTIONS RELATED TO NAFLD 
The inflammatory response associated with NAFLD 
in portal hypertensive rats could be an ontogenic 
process based on the re-expression of two speculative 
extra-embryonic axes (exocoelomic-amniotic and 
trophoblastic-yolk sac) in the space of Disse. If so, the 
NAFLD concept which vary from steatosis and NASH to 
advanced fibrosis and cirrhosis[58] could be representing 
a normal embryonic development (Table 1).

The hypothetical recapitulation of these initial 
embryonic phases during the evolution of NAFLD would 
be accompanied by functions similar to the extra-
embryonic membranes that surround the embryo. The 
extra-embryonic coelom or exocoelomic cavity surrounds 
the blastocyst, which is composed of two structures, the 
amnion and the primary yolk sac (Figure 5). Coelomic 
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fluid results from an ultrafiltrate of maternal serum with 
the addition of specific placental and secondary yolk sac 
byproducts[74]. Accordingly, the embryonic phenotype 
could be adopted by the inflamed liver interstitium, 
which will induce fluid accumulation with low pH 
and oxygen environment as coelomic fluid[74,75]. This 
interstitial edema seems to occur secondary to hepatic 
ischemia-reperfusion. Moreover, the edema shows 
proinflammatory characteristics due to the high content 
in proteins such as albumin, electrolytes, metals, amino 
acids, antioxidants, cytokines and cholesterol-derived 
hormones[75,76]. So the edema will be leading liver 
trophism. 

Biological and anatomical data of the exocoelomic 
cavity stand it out as a nutritional pathway before pla­
cental circulation is established[76]. The strong neural 
potential of the amnion, an embryonic functional axis, 
has been previously stated[77]. Moreover, from the 
amnion is secreted the “amnio-derived cellular cytokine 
solution” which highlighting a connection between 
mesenchymal and epithelial cells during embryo develop­
ment[78]. Furthermore, the amniotic fluid could be under­
stand as an extension of the extracellular space of the 
fetal tissues[79]. Finally, pluripotent stem cells within 
the amniotic fluid could also be a new source for stem 
cell research[80,81]. Because of these characteristics, the 
amnio-like phenotype could favor nutrition by diffusion, 
transport, excretion, and bacteriostatic and antiinflam­

matory protection[78,79] (Figure 5). 
The development of hematopoiesis and angio­

genesis[81] occurs in the mesenchymal layer which builds 
the wall of the secondary yolk sac in mammals[74]. This 
sac appears from the sixth week of gestation and is 
covered by superficial small vessels[82]. Others layers 
of the secondary yolk sac include, mesothelial and 
endodermal layers which are active in endocytosis/
digestion and absorptive functions[81,82], and the endoder­
mal layer which produces acute phase proteins, such as 
transferrine, α1-antitrypsin, and α-fetoprotein (produced 
by both the adult and fetal liver)[74,83] (Figure 5). So, 
the yolk sac provides lipids, carbohydrates, proteins 
and vascular integrity to the embryos[84] and could be 
involved in lipid metabolism gene regulation[85], immune 
cells recruitment and angiogenic switch[86]. Phagocytosis 
has been associated to trophoblast differentiation as 
well[87].

THE RECAPITULATED SYSTEMIC EXTRA-
EMBRYONIC FUNCTION AND THE 
INTERSTITIAL INFLAMMATORY SPACE 
OF DISSE IN NAFLD 
NAFLD systemic inflammatory pathophysiology shares 
mechanisms with the pluripotential extra-embryonic 
pathways. It is hypothesized that during NAFLD evolu­
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tion, the coelomic-amniotic and trophoblastic-yolk sac 
functions are integrated into the interstitial space of 
Disse, thereby activating embryonic programs in the 
acinus. In this line, coelomic-amniotic functions would 
be embodied by the systemic neurogenic inflammatory 
phenotype, while the trophoblastic-yolk sac functions 
could be represented by the immune inflammatory 
phenotype[88] (Figure 6). Furthermore, the polarization 
of neurogenic and immune-related phenotypes in 
the interstitial space of Disse would condition the 
evolution of NAFLD, including a wound-healing response 
producing fibrosis in the rat[88,89] (Figure 4 and Table 1).

Essentially, the recapitulation of the extra-embryo­
nic functions when focused on the space of Disse[88] 
would produce a gastrulation-like process which is a 
recapitulation of the intra-embryonic mesenchyme 
formation process[89]. Therefore, mesoderm-derived 
cells, particularly fibrocytes and hepatic stellate cells 
have shown a main role in liver restore (Figure 5) after 
TPVL. The involution or dedifferentiation of the liver 
in portal hypertensive rats could be exemplifying a 
prenatal specialization[88] which involves or angiogenic 
regenerative or fibrotic/scarring repairing processes[89]. 

The systemic complications of the prehepatic portal 
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hypertensive syndrome in rats could be connected 
to similar metabolic functions of the extra-embryonic 
coelomic-amniotic and trophoblastic-yolk sac axes[88]. 
For example, hydroelectrolytic decompensation and its 
effects, including hyperdynamic circulation, multiple 
neuroendocrine axis activation, edema due to sodium 
and water accumulation, increase interstitial hepato-
intestinal lymph flow and stimulation of the sympathetic 
nervous system, might be associated to the upregulation 
of a systemic coelomic-amniotic axis after TPVL in the 
rat (Figure 7). In this line, an upregulation of a systemic 
trophoblastic-yolk sac or vitellogenic-like axis could be 
represented through the immune phenotype activation 
of NF-κB and inflammasome, acute phase response, 
splanchnic infiltration by mast cells, bacterial intestinal 
translocation which implies hepatic dyslipidaemia and 
the excessive splanchnic angiogenic response. The 
convergence of these systemic extraembryonic axes in 
the interstitial space of Disse could favor a gastrulation-
like response in which NAFLD develops (Figure 7). 

Recently, it has been established that human NAFLD 
is commonly associated with hypertension, type 2 
diabetes, obesity, dyslipidemia, metabolic syndrome 
and cardiovascular abnormalities leading to death[90-92]. 
The array of alterations associated with the evolution of 
NAFLD make up a syndrome of great pathophysiological 
complexity. Studying this syndrome would help the 
experimental model of liver steatosis in the rat after 
TPVL. Also, the results obtained from studying multiple 
splanchnic and systemic alterations produced in the 
surgical experimental model of NAFLD suggest that the 
systemic inflammatory response could condition the 
evolution of hepatic steatosis. Thus, when the animals 
are isolated in individual cages after TPVL, accelerating 
the development of the liver histopathological changes 
typical of steatosis is possible (Figure 8). This early 
appearance of liver steatosis in TPVL-rats could be 
attributed to stress induced by isolation when rats are 
separated from other rats, and to their limited space for 
movement when kept in individual holders. If the stress 
related to isolation and movement limitation favors 
liver steatosis development, studying the influence of 
systemic neuroendocrine alterations associated with 
stress in NAFLD development in rats with TPVL would 
be an attractive goal for the future.

Finally, if our hypothesis presented in the current 
review of the NAFLD model secondary to TPVL in the 
rat represents the focus of two systemic functional 
axes that recapitulate extra-embryonic functions in 
the interstitial space of Disse, then modulating the 
evolution of experimental liver steatosis is possible by 
modifying the re-expression of these functions. For that 
reason, studying the mechanisms involved in embryonic 
development could provide key results for a better 
understanding of the NAFLD etiopathogeny.

ACKNOWLEDGMENTS
The excellent secretarial support of Mrs. Maria-Elena 

Vicente is gratefully acknowledged. We would also like 
to thank Elizabeth Mascola for translating it into English 
and Javier de Jorge and Maria-José Valdemoro, Director 
and librarian, respectively of the Complutense University 
Medical School Library. This review was made, in part, 
thanks to FICYT FC-15-GRUPIN 14-088 and MINECO 
PSI2013-45924-P grants. Finally, Natalia Arias is now 
granted for Alfonso Martin Escudero Foundation.

REFERENCES
1	 Brunt EM. Pathology of nonalcoholic fatty liver disease. Nat Rev 

Gastroenterol Hepatol 2010; 7: 195-203 [PMID: 20195271 DOI: 
10.1038/nrgastro.2010.21]

2	 Bhala N, Angulo P, van der Poorten D, Lee E, Hui JM, Saracco 
G, Adams LA, Charatcharoenwitthaya P, Topping JH, Bugianesi 
E, Day CP, George J. The natural history of nonalcoholic fatty 
liver disease with advanced fibrosis or cirrhosis: an international 
collaborative study. Hepatology 2011; 54: 1208-1216 [PMID: 
21688282 DOI: 10.1002/hep.24491]

3	 Cohen JC, Horton JD, Hobbs HH. Human fatty liver disease: old 
questions and new insights. Science 2011; 332: 1519-1523 [PMID: 
21700865 DOI: 10.1126/science.1204265]

4	 Townsend SA, Newsome PN. Non-alcoholic fatty liver disease in 
2016. Br Med Bull 2016; 119: 143-156 [PMID: 27543499 DOI: 
10.1093/bmb/ldw031]

5	 Henao-Mejia J, Elinav E, Jin C, Hao L, Mehal WZ, Strowig T, 
Thaiss CA, Kau AL, Eisenbarth SC, Jurczak MJ, Camporez JP, 
Shulman GI, Gordon JI, Hoffman HM, Flavell RA. Inflammasome-
mediated dysbiosis regulates progression of NAFLD and obesity. 
Nature 2012; 482: 179-185 [PMID: 22297845 DOI: 10.1038/
nature10809]

6	 Takahashi Y, Soejima Y, Fukusato T. Animal models of nonal­
coholic fatty liver disease/nonalcoholic steatohepatitis. World 
J Gastroenterol 2012; 18: 2300-2308 [PMID: 22654421 DOI: 
10.3748/wjg.v18.i19.2300]

7	 Asaoka Y, Terai S, Sakaida I, Nishina H. The expanding role of 
fish models in understanding non-alcoholic fatty liver disease. Dis 
Model Mech 2013; 6: 905-914 [PMID: 23720231 DOI: 10.1242/
dmm.011981]

8	 Alonso MJ, Aller MA, Corcuera MT, Nava MP, Gömez F, Angulo 
A, Arias J. Progressive hepatocytic fatty infiltration in rats with 
prehepatic portal hypertension. Hepatogastroenterology 2005; 52: 
541-546 [PMID: 15816474]

9	 Prieto I, Jiménez F, Aller MA, Nava MP, Vara E, Garcia C, 
Arias J. Tumor necrosis factor-alpha, interleukin-1beta and nitric 
oxide: induction of liver megamitochondria in prehepatic portal 
hypertensive rats. World J Surg 2005; 29: 903-908 [PMID: 
15951934 DOI: 10.1007/s00268-005-7757-5]

10	 Aller MA, Vara E, García C, Nava MP, Angulo A, Sánchez-Patán 
F, Calderón A, Vergara P, Arias J. Hepatic lipid metabolism changes 
in short- and long-term prehepatic portal hypertensive rats. World J 
Gastroenterol 2006; 12: 6828-6834 [PMID: 17106932]

11	 Izzet T, Osman K, Ethem U, Nihat Y, Ramazan K, Mustafa 
D, Hafize U, Riza KA, Birsen A, Habibe G, Seval A, Gonul S. 
Oxidative stress in portal hypertension-induced rats with particular 
emphasis on nitric oxide and trace metals. World J Gastroenterol 
2005; 11: 3570-3573 [PMID: 15962377]

12	 Puoti C, Bellis L. Steatosis and portal hypertension. Eur Rev Med 
Pharmacol Sci 2005; 9: 285-290 [PMID: 16231591]

13	 Aller MA, Mendez M, Nava MP, Lopez L, Curras D, De Paz 
A, Arias JL, Arias J. Microsurgery in Liver Research. Bentham 
e-Books, 2009: 117-136 [DOI: 10.2174/97816080506801090101]

14	 Ingber DE. Cellular mechanotransduction: putting all the pieces 
together again. FASEB J 2006; 20: 811-827 [PMID: 16675838 DOI: 
10.1096/fj.05-5424rev]

15	 Wong VW, Longaker MT, Gurtner GC. Soft tissue mechano­
transduction in wound healing and fibrosis. Semin Cell Dev 

47 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

Aller MA et al . The embryonic basis of fatty liver



Biol 2012; 23: 981-986 [PMID: 23036529 DOI: 10.1016/
j.semcdb.2012.09.010]

16	 Shrader CD, Ressetar HG, Luo J, Cilento EV, Reilly FD. Acute 
stretch promotes endothelial cell proliferation in wounded healing 
mouse skin. Arch Dermatol Res 2008; 300: 495-504 [PMID: 
18330587 DOI: 10.1007/s00403-008-0836-3]

17	 Aller MA, Arias JL, Nava MP, Arias J. Posttraumatic inflammation 
is a complex response based on the pathological expression of the 
nervous, immune, and endocrine functional systems. Exp Biol Med 
(Maywood) 2004; 229: 170-181 [PMID: 14734796]

18	 Aller MA, Arias JI, Prieto I, Gilsanz C, Arias A, Yang H, Arias J. 
Surgical inflammatory stress: the embryo takes hold of the reins 
again. Theor Biol Med Model 2013; 10: 6 [PMID: 23374964 DOI: 
10.1186/1742-4682-10-6]

19	 Aller MA, Arias JL, Cruz A, Arias J. Inflammation: a way to 
understanding the evolution of portal hypertension. Theor Biol Med 
Model 2007; 4: 44 [PMID: 17999758 DOI: 10.1186/1742-4682-4-44]

20	 García-Pagán JC, Gracia-Sancho J, Bosch J. Functional aspects 
on the pathophysiology of portal hypertension in cirrhosis. J 
Hepatol 2012; 57: 458-461 [PMID: 22504334 DOI: 10.1016/
j.jhep.2012.03.007]

21	 Iwakiri Y, Groszmann RJ. The hyperdynamic circulation of chronic 
liver diseases: from the patient to the molecule. Hepatology 2006; 
43: S121-S131 [PMID: 16447289 DOI: 10.1002/hep.20993]

22	 Bosch J, Groszmann RJ, Shah VH. Evolution in the understanding 
of the pathophysiological basis of portal hypertension: How 
changes in paradigm are leading to successful new treatments. J 
Hepatol 2015; 62: S121-S130 [PMID: 25920081 DOI: 10.1016/
j.jhep.2015.01.003]

23	 Song D, Liu H, Sharkey KA, Lee SS. Hyperdynamic circulation 
in portal-hypertensive rats is dependent on central c-fos gene 
expression. Hepatology 2002; 35: 159-166 [PMID: 11786972 DOI: 
10.1053/jhep.2002.30417]

24	 Liu H, Schuelert N, McDougall JJ, Lee SS. Central neural 
activation of hyperdynamic circulation in portal hypertensive rats 
depends on vagal afferent nerves. Gut 2008; 57: 966-973 [PMID: 
18270244 DOI: 10.1136/gut.2007.135020]

25	 Frith J, Newton JL. Autonomic dysfunction in chronic liver 
disease. Hepat Med 2011; 3: 81-87 [PMID: 24367224 DOI: 
10.2147/HMER.S16312]

26	 Arroyo V, Moreau R, Jalan R, Ginès P. Acute-on-chronic liver failure: 
A new syndrome that will re-classify cirrhosis. J Hepatol 2015; 62: 
S131-S143 [PMID: 25920082 DOI: 10.1016/j.jhep.2014.11.045]

27	 Chiu JJ, Chien S. Effects of disturbed flow on vascular 
endothelium: pathophysiological basis and clinical perspectives. 
Physiol Rev 2011; 91: 327-387 [PMID: 21248169 DOI: 10.1152/
physrev.00047.2009]

28	 Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, 
Rodés J. Peripheral arterial vasodilation hypothesis: a proposal 
for the initiation of renal sodium and water retention in cirrhosis. 
Hepatology 1988; 8: 1151-1157 [PMID: 2971015]

29	 Aller MA, Arias N, Prieto I, Santamaria L, De Miguel MP, Arias 
JL, Arias J. Portal hypertension-related inflammatory phenotypes: 
From a vitelline and amniotic point of view. Adv Biosci Biotechnol 
2012; 3: 881-899 [DOI: 10.4236/abb.2012.37110]

30	 Yamasaki M, Ikeda K, Nakatani K, Yamamoto T, Kawai 
Y, Hirohashi K, Kinoshita H, Kaneda K. Phenotypical and 
morphological alterations to rat sinusoidal endothelial cells in 
arterialized livers after portal branch ligation. Arch Histol Cytol 
1999; 62: 401-411 [PMID: 10678569]

31	 Lautt WW. Mechanism and role of intrinsic regulation of hepatic 
arterial blood flow: hepatic arterial buffer response. Am J Physiol 
1985; 249: G549-G556 [PMID: 3904482]

32	 SCHAFFNER F, POPER H. Capillarization of hepatic sinusoids in 
man. Gastroenterology 1963; 44: 239-242 [PMID: 13976646]

33	 Xie G, Wang X, Wang L, Wang L, Atkinson RD, Kanel GC, 
Gaarde WA, Deleve LD. Role of differentiation of liver sinusoidal 
endothelial cells in progression and regression of hepatic fibrosis 
in rats. Gastroenterology 2012; 142: 918-927.e6 [PMID: 22178212 
DOI: 10.1053/j.gastro.2011.12.017]

34	 Guidotti LG, Inverso D, Sironi L, Di Lucia P, Fioravanti J, 
Ganzer L, Fiocchi A, Vacca M, Aiolfi R, Sammicheli S, Mainetti 
M, Cataudella T, Raimondi A, Gonzalez-Aseguinolaza G, Protzer 
U, Ruggeri ZM, Chisari FV, Isogawa M, Sitia G, Iannacone M. 
Immunosurveillance of the liver by intravascular effector CD8(+) 
T cells. Cell 2015; 161: 486-500 [PMID: 25892224 DOI: 10.1016/
j.cell.2015.03.005]

35	 Ohtani O, Ohtani Y. Lymph circulation in the liver. Anat Rec 
(Hoboken) 2008; 291: 643-652 [PMID: 18484610 DOI: 10.1002/
ar.20681]

36	 Sawitza I, Kordes C, Reister S, Häussinger D. The niche of stellate 
cells within rat liver. Hepatology 2009; 50: 1617-1624 [PMID: 
19725107 DOI: 10.1002/hep.23184]

37	 Kordes C, Häussinger D. Hepatic stem cell niches. J Clin Invest 
2013; 123: 1874-1880 [PMID: 23635785 DOI: 10.1172/JCI66027]

38	 Lugrin J, Rosenblatt-Velin N, Parapanov R, Liaudet L. The role of 
oxidative stress during inflammatory processes. Biol Chem 2014; 
395: 203-230 [PMID: 24127541 DOI: 10.1515/hsz-2013-0241]

39	 Awad EM, Khan SY, Sokolikova B, Brunner PM, Olcaydu D, 
Wojta J, Breuss JM, Uhrin P. Cold induces reactive oxygen species 
production and activation of the NF-kappa B response in endothelial 
cells and inflammation in vivo. J Thromb Haemost 2013; 11: 
1716-1726 [PMID: 23865569 DOI: 10.1111/jth.12357]

40	 Kleniewska P, Piechota-Polanczyk A, Michalski L, Michalska 
M, Balcerczak E, Zebrowska M, Goraca A. Influence of block 
of NF-kappa B signaling pathway on oxidative stress in the liver 
homogenates. Oxid Med Cell Longev 2013; 2013: 308358 [PMID: 
23577221 DOI: 10.1155/2013/308358]

41	 Gabay C, Kushner I. Acute-phase proteins and other systemic 
responses to inflammation. N Engl J Med 1999; 340: 448-454 
[PMID: 9971870 DOI: 10.1056/NEJM199902113400607]

42	 Cray C, Zaias J, Altman NH. Acute phase response in animals: a 
review. Comp Med 2009; 59: 517-526 [PMID: 20034426]

43	 Aller MA, Arias JL, Arias J. The mast cell integrates the splanchnic 
and systemic inflammatory response in portal hypertension. J Transl 
Med 2007; 5: 44 [PMID: 17892556 DOI: 10.1186/1479-5876-5-44]

44	 Diez-Arias JA, Aller MA, Palma MD, Arias JL, Muñiz E, Sánchez 
M, Arias J. Increased duodenal mucosa infiltration by mast cells 
in rats with portal hypertension. Dig Surg 2001; 18: 34-40 [PMID: 
11244257]

45	 Prieto I, Aller MA, Santamaría L, Nava MP, Madero R, Pérez-
Robledo JP, Arias J. Prehepatic portal hypertension produces increased 
mast cell density in the small bowel and in mesenteric lymph nodes 
in the rat. J Gastroenterol Hepatol 2005; 20: 1025-1031 [PMID: 
15955210 DOI: 10.1111/j.1440-1746.2005.03831.x]

46	 Moquillaza LM, Aller MA, Nava MP, Santamaría L, Vergara 
P, Arias J. Partial hepatectomy, partial portal vein stenosis and 
mesenteric lymphadenectomy increase splanchnic mast cell 
infiltration in the rat. Acta Histochem 2010; 112: 372-382 [PMID: 
19446312 DOI: 10.1016/j.acthis.2009.03.002]

47	 Merino J, Aller MA, Rubio S, Arias N, Nava MP, Loscertales 
M, Arias J, Arias JL. Gut-brain chemokine changes in portal 
hypertensive rats. Dig Dis Sci 2011; 56: 2309-2317 [PMID: 
21347560 DOI: 10.1007/s10620-011-1625-y]

48	 Aller MA, Heras N, Blanco-Rivero J, Arias JI, Lahera V, Balfagón G, 
Arias J. Portal hypertensive cardiovascular pathology: the rescue of 
ancestral survival mechanisms? Clin Res Hepatol Gastroenterol 2012; 
36: 35-46 [PMID: 22264837 DOI: 10.1016/j.clinre.2011.07.017]

49	 de Las Heras N, Aller MA, Martín-Fernández B, Miana M, 
Ballesteros S, Regadera J, Cachofeiro V, Arias J, Lahera V. 
A wound-like inflammatory aortic response in chronic portal 
hypertensive rats. Mol Immunol 2012; 51: 177-187 [PMID: 
22463791 DOI: 10.1016/j.molimm.2012.03.016]

50	 De las Heras N, Aller MA, Arias J, Lahera V. The risk association 
between experimental portal hypertension and an aortic 
atherosclerosis-like disease. Hepatology 2013; 57: 421-422 [PMID: 
22730048 DOI: 10.1002/hep.25917]

51	 Sánchez-Patán F, Anchuelo R, Aller MA, Vara E, García C, Nava 
MP, Arias J. Chronic prehepatic portal hypertension in the rat: is it a 
type of metabolic inflammatory syndrome? Lipids Health Dis 2008; 

48 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

Aller MA et al . The embryonic basis of fatty liver



7: 4 [PMID: 18271959 DOI: 10.1186/1476-511X-7-4]
52	 Kim LJ, Nalls MA, Eiriksdottir G, Sigurdsson S, Launer LJ, Koster 

A, Chaves PH, Jonsdottir B, Garcia M, Gudnason V, Harris TB. 
Associations of visceral and liver fat with the metabolic syndrome 
across the spectrum of obesity: the AGES-Reykjavik study. Obesity 
(Silver Spring) 2011; 19: 1265-1271 [PMID: 21183935 DOI: 
10.1038/oby.2010.291]

53	 Tufail M, Takeda M. Molecular characteristics of insect vitellogenins. 
J Insect Physiol 2008; 54: 1447-1458 [PMID: 18789336 DOI: 
10.1016/j.jinsphys.2008.08.007]

54	 Arukwe A, Goksøyr A. Eggshell and egg yolk proteins in fish: 
hepatic proteins for the next generation: oogenetic, population, and 
evolutionary implications of endocrine disruption. Comp Hepatol 
2003; 2: 4 [PMID: 12685931]

55	 Targher G, Day CP, Bonora E. Risk of cardiovascular disease in 
patients with nonalcoholic fatty liver disease. N Engl J Med 2010; 
363: 1341-1350 [PMID: 20879883 DOI: 10.1056/NEJMra0912063]

56	 Day CP, James OF. Steatohepatitis: a tale of two “hits”? Gastro­
enterology 1998; 114: 842-845 [PMID: 9547102]

57	 García-Ruiz C, Baulies A, Mari M, García-Rovés PM, Fernandez-
Checa JC. Mitochondrial dysfunction in non-alcoholic fatty liver 
disease and insulin resistance: cause or consequence? Free Radic 
Res 2013; 47: 854-868 [PMID: 23915028 DOI: 10.3109/10715762.
2013.830717]

58	 Oh MK, Winn J, Poordad F. Review article: diagnosis and 
treatment of non-alcoholic fatty liver disease. Aliment Pharmacol 
Ther 2008; 28: 503-522 [PMID: 18532991 DOI: 10.1111/
j.1365-2036.2008.03752.x]

59	 Hollenberg SM, Waldman B. The Circulatory System in Liver 
Disease. Crit Care Clin 2016; 32: 331-342 [PMID: 27339674 DOI: 
10.1016/j.ccc.2016.02.004]

60	 Wiernsperger N. Hepatic function and the cardiometabolic 
syndrome. Diabetes Metab Syndr Obes 2013; 6: 379-388 [PMID: 
24143116 DOI: 10.2147/DMSO.S51145]

61	 Coulon S, Heindryckx F, Geerts A, Van Steenkiste C, Colle I, 
Van Vlierberghe H. Angiogenesis in chronic liver disease and its 
complications. Liver Int 2011; 31: 146-162 [PMID: 21073649 DOI: 
10.1111/j.1478-3231.2010.02369.x]

62	 Thabut D, Shah V. Intrahepatic angiogenesis and sinusoidal 
remodeling in chronic liver disease: new targets for the treatment 
of portal hypertension? J Hepatol 2010; 53: 976-980 [PMID: 
20800926 DOI: 10.1016/j.jhep.2010.07.004]

63	 Viggiano TR, Gostout CJ. Portal hypertensive intestinal vasculopathy: 
a review of the clinical, endoscopic, and histopathologic features. Am 
J Gastroenterol 1992; 87: 944-954 [PMID: 1642217]

64	 Mekaroonkamol P, Cohen R, Chawla S. Portal hypertensive 
enteropathy. World J Hepatol 2015; 7: 127-138 [PMID: 25729469 
DOI: 10.4254/wjh.v7.i2.127]

65	 Fernandez M, Mejias M, Angermayr B, Garcia-Pagan JC, Rodés J, 
Bosch J. Inhibition of VEGF receptor-2 decreases the development 
of hyperdynamic splanchnic circulation and portal-systemic 
collateral vessels in portal hypertensive rats. J Hepatol 2005; 43: 
98-103 [PMID: 15893841 DOI: 10.1016/j.jhep.2005.02.022]

66	 Angermayr B, Mejias M, Gracia-Sancho J, Garcia-Pagan JC, 
Bosch J, Fernandez M. Heme oxygenase attenuates oxidative 
stress and inflammation, and increases VEGF expression in 
portal hypertensive rats. J Hepatol 2006; 44: 1033-1039 [PMID: 
16458992 DOI: 10.1016/j.jhep.2005.09.021]

67	 Shaik-Dasthagirisaheb YB, Varvara G, Murmura G, Saggini 
A, Potalivo G, Caraffa A, Antinolfi P, Tete’ S, Tripodi D, Conti F, 
Cianchetti E, Toniato E, Rosati M, Conti P, Speranza L, Pantalone A, 
Saggini R, Theoharides TC, Pandolfi F. Vascular endothelial growth 
factor (VEGF), mast cells and inflammation. Int J Immunopathol 
Pharmacol 2013; 26: 327-335 [PMID: 23755748]

68	 Friedman SL. Hepatic stellate cells: protean, multifunctional, and 
enigmatic cells of the liver. Physiol Rev 2008; 88: 125-172 [PMID: 
18195085 DOI: 10.1152/physrev.00013.2007]

69	 Parola M, Pinzani M. Hepatic wound repair. Fibrogenesis Tissue 
Repair 2009; 2: 4 [PMID: 19781064 DOI: 10.1186/1755-1536-2-4]

70	 Parker GA, Picut CA. Immune functioning in non lymphoid organs: 

the liver. Toxicol Pathol 2012; 40: 237-247 [PMID: 22089842 DOI: 
10.1177/0192623311428475]

71	 Hellerbrand C. Hepatic stellate cells--the pericytes in the liver. 
Pflugers Arch 2013; 465: 775-778 [PMID: 23292551 DOI: 10.1007/
s00424-012-1209-5]

72	 Reynaert H, Urbain D, Geerts A. Regulation of sinusoidal 
perfusion in portal hypertension. Anat Rec (Hoboken) 2008; 291: 
693-698 [PMID: 18484616 DOI: 10.1002/ar.20669]

73	 Kasuya J, Sudo R, Mitaka T, Ikeda M, Tanishita K. Spatio-temporal 
control of hepatic stellate cell-endothelial cell interactions for 
reconstruction of liver sinusoids in vitro. Tissue Eng Part A 2012; 18: 
1045-1056 [PMID: 22220631 DOI: 10.1089/ten.TEA.2011.0351]

74	 Jauniaux E, Gulbis B. Fluid compartments of the embryonic 
environment. Hum Reprod Update 2000; 6: 268-278 [PMID: 
10874572]

75	 Burton GJ, Hempstock J, Jauniaux E. Nutrition of the human fetus 
during the first trimester--a review. Placenta 2001; 22 Suppl A: 
S70-S77 [PMID: 11312634 DOI: 10.1053/plac.2001.0639]

76	 Jauniaux E, Gulbis B, Jurkovic D, Campbell S, Collins WP, Ooms 
HA. Relationship between protein concentrations in embryological 
fluids and maternal serum and yolk sac size during human early 
pregnancy. Hum Reprod 1994; 9: 161-166 [PMID: 8195341]

77	 Chang YJ, Hwang SM, Tseng CP, Cheng FC, Huang SH, Hsu 
LF, Hsu LW, Tsai MS. Isolation of mesenchymal stem cells with 
neurogenic potential from the mesoderm of the amniotic membrane. 
Cells Tissues Organs 2010; 192: 93-105 [PMID: 20215735 DOI: 
10.1159/000295774]

78	 Uberti MG, Pierpont YN, Ko F, Wright TE, Smith CA, Cruse CW, 
Robson MC, Payne WG. Amnion-derived cellular cytokine solution 
(ACCS) promotes migration of keratinocytes and fibroblasts. Ann 
Plast Surg 2010; 64: 632-635 [PMID: 20395817 DOI: 10.1097/
SAP.0b013e3181c39351]

79	 Bellini C, Boccardo F, Bonioli E, Campisi C. Lymphodynamics 
in the fetus and newborn. Lymphology 2006; 39: 110-117 [PMID: 
17036631]

80	 Shaw SW, David AL, De Coppi P. Clinical applications of prenatal 
and postnatal therapy using stem cells retrieved from amniotic fluid. 
Curr Opin Obstet Gynecol 2011; 23: 109-116 [PMID: 21386681 
DOI: 10.1097/GCO.0b013e32834457b1]

81	 Fraser ST, Baron MH. Embryonic fates for extraembryonic 
lineages: New perspectives. J Cell Biochem 2009; 107: 586-591 
[PMID: 19415688 DOI: 10.1002/jcb.22165]

82	 Gulbis B, Jauniaux E, Cotton F, Stordeur P. Protein and enzyme 
patterns in the fluid cavities of the first trimester gestational sac: 
relevance to the absorptive role of secondary yolk sac. Mol Hum 
Reprod 1998; 4: 857-862 [PMID: 9783845]

83	 Siegel N, Rosner M, Hanneder M, Freilinger A, Hengstschläger 
M. Human amniotic fluid stem cells: a new perspective. Amino 
Acids 2008; 35: 291-293 [PMID: 17710362 DOI: 10.1007/
s00726-007-0593-1]

84	 Ueno H, Weissman IL. The origin and fate of yolk sac hematopoiesis: 
application of chimera analyses to developmental studies. Int J 
Dev Biol 2010; 54: 1019-1031 [PMID: 20711980 DOI: 10.1387/
ijdb.093039hu]

85	 Yoshida S, Wada Y. Transfer of maternal cholesterol to embryo and 
fetus in pregnant mice. J Lipid Res 2005; 46: 2168-2174 [PMID: 
16061954 DOI: 10.1194/jlr.M500096-JLR200]

86	 Nakazawa F, Alev C, Jakt LM, Sheng G. Yolk sac endoderm is 
the major source of serum proteins and lipids and is involved in 
the regulation of vascular integrity in early chick development. 
Dev Dyn 2011; 240: 2002-2010 [PMID: 21761483 DOI: 10.1002/
dvdy.22690]

87	 Bevilacqua E, Hoshida MS, Amarante-Paffaro A, Albieri-Borges A, 
Zago Gomes S. Trophoblast phagocytic program: roles in different 
placental systems. Int J Dev Biol 2010; 54: 495-505 [PMID: 
19757392 DOI: 10.1387/ijdb.082761eb]

88	 Aller MA, Blanco-Rivero J, Arias JI, Balfagon G, Arias J. The 
wound-healing response and upregulated embryonic mechanisms: 
brothers-in-arms forever. Exp Dermatol 2012; 21: 497-503 [PMID: 
22716244 DOI: 10.1111/j.1600-0625.2012.01525.x]

49 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

Aller MA et al . The embryonic basis of fatty liver



89	 Aller MA, Arias JI, Arias J. Pathological axes of wound repair: 
gastrulation revisited. Theor Biol Med Model 2010; 7: 37 [PMID: 
20840764 DOI: 10.1186/1742-4682-7-37]

90	 Hyogo H, Chayama K, Yamagishi S. Nonalcoholic fatty liver 
disease and cardiovascular disease. Curr Pharm Des 2014; 20: 
2403-2411 [PMID: 23844815]

91	 Tarantino G, Finelli C. What about non-alcoholic fatty liver 

disease as a new criterion to define metabolic syndrome? World 
J Gastroenterol 2013; 19: 3375-3384 [PMID: 23801829 DOI: 
10.3748/wjg.v19.i22.3375]

92	 Wang Y, Li YY, Nie YQ, Zhou YJ, Cao CY, Xu L. Association 
between metabolic syndrome and the development of non-alcoholic 
fatty liver disease. Exp Ther Med 2013; 6: 77-84 [PMID: 23935723 
DOI: 10.3892/etm.2013.1090]

P- Reviewer: Dourakis SP, Manenti A, Popovic DD, Zapater P    
S- Editor: Ji FF    L- Editor: A    E- Editor: Wu HL

50 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

Aller MA et al . The embryonic basis of fatty liver



                                      © 2017 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.wjgnet.com


	WJGPv9i2-Cover
	WJGPv9i2-Contents
	39
	封底

