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Abstract

The majority of retinoid (vitamin A and its metabolites) present in the body of a healthy vertebrate
is contained within lipid droplets present in the cytoplasm of hepatic stellate cells (HSCs). Two types
of lipid droplets have been identified through histological analysis of HSCs within the liver: smaller
droplets bounded by a unit membrane and larger membrane-free droplets. Dietary retinoid intake but
not triglyceride intake markedly influences the number and size of HSC lipid droplets. The lipids
present in rat HSC lipid droplets include retinyl ester, triglyceride, cholesteryl ester, cholesterol,
phospholipids and free fatty acids. Retinyl ester and triglyceride are present at similar concentrations,
and together these two classes of lipid account for approximately three-quarters of the total lipid in
HSC lipid droplets. Both adipocyte-differentiation related protein and TIP47 have been identified
by immunohistochemical analysis to be present in HSC lipid droplets. Lecithin:retinol
acyltransferase (LRAT), an enzyme responsible for all retinyl ester synthesis within the liver, is
required for HSC lipid droplet formation, since Lrat-deficient mice completely lack HSC lipid
droplets. When HSCs become activated in response to hepatic injury, the lipid droplets and their
retinoid contents are rapidly lost. Although loss of HSC lipid droplets is a hallmark of developing
liver disease, it is not known whether this contributes to disease development or occurs simply as a
consequence of disease progression. Collectively, the available information suggests that HSC lipid
droplets are specialized organelles for hepatic retinoid storage and that loss of HSC lipid droplets
may contribute to the development of hepatic disease.
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1. Introduction

Retinoids (vitamin A and its metabolites) are required for life and act essentially in maintaining
normal cell proliferation and differentiation, a healthy immune system, normal male and female
reproduction, and vision [1-3]. The physiological functions of retinoids in the body, aside from
in vision, are mediated by the all-trans- and 9-cis-isomers of retinoic acid, which modulate
expression levels of retinoid-responsive genes [4,5]. In excess of 500 genes are proposed to be
retinoid-responsive [6]. In vision, 11-cis-retinal serves as the chromophore for the visual
pigment rhodopsin [7]. The major retinoid species that are present in the body include retinyl
ester, retinol, retinal and retinoic acid (see Fig. 1). Retinyl ester is considered to be an inert
storage form, but it is also present in the postprandial circulation as a component of
chylomicrons and their remnants [8,9]. Retinol is transported to cells in the fasting circulation
bound to its specific transport protein, retinol-binding protein (RBP) [8,9]. The retinol
transporter STRAG is proposed to facilitate cellular uptake of retinol from the retinol-RBP
complex [10-12]. Within cells, retinol is enzymatically oxidized to retinal, which in turn is
oxidized to retinoic acid. Alternatively, within some cells, retinol can be enzymatically
esterified to retinyl ester. Retinyl ester and retinol are normally the most abundant retinoid
species within cells and tissues. Tissue concentrations of retinol and retinyl ester are 100- to
1000-fold greater than those of retinoic acid [8,9]. All retinoid must be acquired from the diet
either as preformed retinoid or from proretinoid carotenoids [8,9]. The metabolism of retinoids
is complex and involves many unique proteins and enzymes that are specific to this metabolism
[13].

Hepatic stellate cells (HSCs) were first described in 1876 by Kupffer who termed the cells
“Sternzellen” (as reviewed in [14]). Since Kupffer’s time, these cells have been referred to in
the literature by many names, including Ito cells, lipocytes, fat-storing cells, and perisinusoidal
cells. The now widely adopted and preferred nomenclature for these cells is hepatic stellate
cell [15]. Like Kupffer cells and hepatic endothelial cells, HSCs are non-parenchymal cells
that are located perisinusoidally in the space of Disse, in recesses between hepatocytes
(parenchymal cells) [14-17]. Compared to hepatocytes, HSCs are relatively small in size and
much less abundant. They comprise about 5-8% of total rat liver cells and 1% of the total liver
mass [16,17]. The most chararacteristic morphologic feature of these cells in a normal liver is
the presence of multiple cytoplasmic lipid droplets. These cytoplasmic lipid droplets are readily
evidenced in biopsies obtained from liver (Fig. 2).

The HSCs have several important functional roles in the liver. They are the central site for
retinoid storage in the liver and consequently, the body [8,9]. In the retinoid-sufficient adult
rodent, as much as 90-95% of hepatic retinoid is stored as retinyl ester in lipid droplets of
HSCs [8,9]. For a healthy adult, the liver contains approximately 70% of the total retinoid
present in the body. Thus, HSC lipid droplets are the location where the majority of the body’s
retinoid stores are found. HSCs are also a key cellular source of extracellular matrix synthesis
(ECM) in the liver and for the synthesis of enzymes involved in ECM remodeling [15-17].
This role in ECM synthesis and remodeling renders the HSC a key cellular player in the
development of hepatic fibrosis and cirrhosis. Recently published studies indicate that HSCs
can act as antigen presenting cells [18,19]. Consequently, HSCs may have an important, but
previously unrecognized, role as immunoregulatory cells. The biology of the HSC has been
extensively reviewed recently by Friedman [15]. Readers interested in obtaining more detailed
information regarding the biology of HSCs are referred to this excellent review.

2. Structural features of hepatic stellate cell lipid droplets

The most characteristic feature of an HSC in the intact liver is the presence of retinoid-
containing lipid droplets in the cytoplasm. In unfixed tissue or cultured cells, the retinoid-
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containing lipid droplets exhibit a striking, rapidly fading blue-green autofluorescence when
excited with light of approximately 330 nm (Fig. 3) [20,21]. Two types of lipid droplets have
been identified and described by a number of research groups [14,22-24]. Type | lipid droplets
are bound by a unit membrane and are variable in size, but usually are smaller than 2 um in
diameter. The unit membrane does not directly make contact with the lipid droplet but rather
contacts a 4-8 nm thick intercalated layer that separates the unit membrane from the lipid
droplet [14]. It has been proposed that type | lipid droplets are derived from “multivesicular
bodies” that are suggested to be a type of lysosome [23,24]. Type Il lipid droplets are not
enclosed by a membrane and are much larger than type | droplets (up to 8 um in diameter)
[14,22-24]. The relationship between the two types of lipid droplets is not understood. Some
investigators have proposed that type Il lipid droplets are formed through fusion of several
type | droplets [22]. However, other investigators have suggested that type 11 droplets are the
precursors for type I droplets [23].

It is well established that the number and size of lipid droplets present in HSCs is dependent
on dietary retinoid intake [14,15]. In times of high or excessive dietary retinoid intake, the
number and size of the lipid droplets increases to accommodate the retinoid. In times of
insufficient dietary retinoid intake, the lipid droplet retinoid stores are mobilized to meet tissue
retinoid needs and the number and size of lipid droplets correspondingly decrease. There are
also marked species differences in the number of HSCs present in the liver and the number and
size of lipid droplets present in HSCs [15,25,26]. This is most clearly seen for species, like
polar bears and Arctic foxes, that live in Arctic regions and which consume diets that are very
rich in retinoid [25,26]. These Arctic species have exceedingly high capacity for retinoid
storage in their relatively abundant and large HSC lipid droplets [25,26]. Based on these
observations, it has been proposed that HSC lipid droplets are specialized organelles for the
storage of retinoid [14,26]. This notion is supported strongly by biochemical data discussed
below.

During liver injury, the structure of the HSCs change markedly, as these cells become
“activated” [15-17]. A characteristic feature of HSC activation is the loss of the lipid droplets
and the retinoid stores they contain. It is not established at the molecular level why or how the
lipid droplets and their contents are lost. Importantly, it also is not known whether lipid droplet
loss occurs as a result of the activation process and/or whether loss contributes causally to HSC
activation and disease development [15].

3. Lipid and protein composition of hepatic stellate cell lipid droplets

The lipid composition of lipid droplets isolated from rat HSCs has been reported by a number
of laboratories [27-30]. Generally, these reports are in good agreement that retinyl ester and
triglyceride are present at similar concentrations in lipid droplets obtained from primary rat
HSCs isolated from well nourished rats. Lipid droplets isolated from primary HSCs consist of,
on a dry weight basis, 83% lipid and 17% protein [27,30]. Collectively, retinyl ester and
triglyceride account for the great majority (as much as 75%) of the lipid present in the droplets
[27,30]. Cholesterol, cholesteryl ester, phospholipids and free fatty acids are also reported to
be present in rat HSC lipid droplets [27-30]. The relative abundance of retinyl ester in HSC
lipid droplets is unusual. Although rat and mouse adipocytes contain retinyl ester, the
concentration of retinyl ester in adipocytes isolated from healthy chow-fed rodents is less than
0.1% of the adipocyte triglyceride concentration [31,32]. Considering the relatively low
concentrations of retinyl ester elsewhere the body, it seems unlikely that lipid droplets present
in cell types other than stellate cells, possibly aside from the retinal pigment epithelial (RPE)
cells of the eye, will be found to have similar retinyl ester to triglyceride ratios as those found
instellate cell lipid droplets. Like HSCs, the RPE cells contain lipid droplets that are specialized
for retinoid storage. These lipid droplets in the eye have been termed retinosomes and are
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reported to contain adipocyte differentiation-related protein (ADRP) [33,34]. It should be noted
that stellate cells are present in a number of tissues other than the liver, including pancreas and
lung [14,15,26,35]. These extrahepatic stellate cells possess retinoid-containing lipid droplets,
however, these cells have not been as extensively studied as the HSCs.

The identification of proteins associated with HSC lipid droplets is only now starting to
commence. In early 2008, Straub et al. reported immunolocalization studies showing that
ADRP and TIP47 are present in HSC lipid droplets for normal mouse, bovine and human liver
[36]. These investigators convincingly demonstrated that ADRP and TIP47 co-localized with
the retinoid autofluorescence of HSC lipid droplets as well as with vimentin and desmin, which
are established markers used to identify HSCs. Moreover, Straub et al. reported that perilipin
co-localizes in HSC lipid droplets for bovine, but not mouse or human liver [36]. Thus, these
members of the so-called PAT protein family, which are known to play crucial roles in the
stabilization of lipid droplets in other cell types, likely act in a similar manner in HSCs. This
idea is supported by earlier in vitro studies which demonstrated that adenovirus-mediated
expression of ADRP in cultured HSCs resulted in an increased presence of lipid droplets in
the cytoplasm of the adenovirus-treated cells [37].

In light of the relatively large retinoid concentration present in HSC lipid droplets, it would
not be surprising if proteins known to be involved in retinoid metabolism or transport were
also found to be associated with HSC lipid droplets. Matsuura and colleagues recently reported
immunoelectron microscopic studies showing that the enzyme lecithin:retinol acyltransferase
(LRAT), which is the sole enzyme in the liver responsible for retinyl ester synthesis (see below),
is localized to both the rough endoplasmic reticulum and the “multivesicular bodies” present
within HSCs [38]. This subcellular localization is believable and may be very important to
allow for lipid droplet formation, considering that the “multivesicular bodies” have been
proposed to be a precursor structure needed for the formation of type I lipid droplets [23,24].

The triglyceride synthesizing enzyme, diacylglycerol acyltransferase 1 (DGAT1) is reported
to be highly expressed in HSCs [39]. It is possible that this enzyme plays a role in synthesizing
triglyceride that is needed for incorporation into HSC lipid droplets. Interestingly, in vitro
studies have shown that DGAT1 can catalyze the formation of retinyl ester from retinol and
fatty acyl-CoA [32,40,41]. However, in vivo, DGAT1 does not catalyze retinyl ester synthesis
in the liver, since Lrat-deficient (Lrat /") mice lack significant hepatic retinyl ester [32,42,
43]. Moreover, retinyl ester concentrations of livers from Dgat1-deficient (Dgat1 ") mice are
reported to be similar to those observed for matched wild type mice [40,44].

4. Lipid droplet storage of retinoid

The retinyl esters that are present in HSC lipid droplets possess only long chain fatty acyl
moieties [27,28]. The most abundant retinyl ester, accounting for as much as 70-75% of the
retinyl ester, is retinyl palmitate. Retinyl palmitate is followed in order of abundance by retinyl
stearate, retinyl oleate and retinyl linoleate [27,30]. Collectively, these four retinyl esters
account for more than 95% of the retinyl ester present in the lipid droplets. It has long been
established that the predominant retinyl esters present in the intact liver are those of the
saturated fatty acids, palmitic and stearic acid [45], and the HSC lipid droplet retinyl ester
distribution faithfully reflects this known hepatic composition. It is believed that this ester
composition arises owing to the substrate specificity of LRAT, transferring a fatty acyl group
from the Al position of phosphatidyl choline to retinol. It is well established for the liver that
saturated fatty acids represent the predominant acyl moiety present at this position [8,45]. Very
little of the free alcohol retinol is present in HSC lipid droplets (< 1% of the retinyl ester
concentration). It is possible that this small amount of retinol may have been formed
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artifactually upon hydrolysis of retinyl ester during the processes of HSC and lipid droplet
isolation.

The HSC has great capacity for the storage and metabolism of retinoid. These cells possess
high levels of LRAT activity and are very enriched in cellular retinol pinding protein, type |
(CRBPI) [46,47], an intracellular protein that is needed to transport retinoid within the aqueous
environment of the cytosol [48]. It has been proposed that CRBPI delivers retinol to LRAT for
esterification; thus preventing acyl-CoA-dependent enzymes from catalyzing retinyl ester
formation within the liver, as well as in other tissues [8,13]. Since retinol must be mobilized
from HSC lipid droplet retinyl ester stores into the blood in times of dietary retinoid-
insufficiency, the lipid droplets must also possess or acquire lipases able to hydrolyze the stored
retinyl ester. It is presently not clear which lipases are physiologically important for catalyzing
retinyl ester hydrolysis in HSCs, but a number of lipases known to possess retinyl ester
hydrolase activity in vitro, including the carboxyesterases ES-4 and ES-10, have been localized
to the HSC [49,50]. At present, it is not established how enzymes and proteins involved in
retinoid metabolism interact with or contribute to the formation of lipid droplets. Yet, it is
fundamentally important to understand how enzymes like LRAT and retinyl ester-hydrolyzing
lipases, as well as other protein components of the retinoid-metabolizing machinery, interact
with the lipid droplets and/or their precursors during lipid droplet synthesis and degradation
within the HSC.

5. Effects of dietary retinoid and triglyceride on lipid droplet lipid composition

As mentioned above, the size and number of HSC lipid droplets are markedly influenced by
dietary retinoid intake, and also by intraportal injection of retinol [14,15]. These morphological
observations are taken to suggest that HSC lipid droplets are specialized organelles for retinoid
storage [14,26]. Moriwaki et al. provided biochemical evidence that is consistent with this
conclusion from studies of the effects of dietary retinoid and dietary triglyceride on the lipid
composition of lipid droplets isolated from primary rat HSCs [30]. Groups of weanling rats
were placed on one of five purified diets that differed in their contents of either retinoid (control,
low or high retinol with 20.5% of calories provided by triglyceride in each diet) or triglyceride
(control retinol levels in each diet with 5%, 20.5% or 45% of calories provided by triglyceride)
for 8 weeks. Primary HSCs were then prepared and lipid droplets isolated from these cells.
The HSC lipid droplet composition for the control group showed a mean percent lipid
composition of 39.5% retinyl ester; 31.7% triglyceride; 15.4% cholesteryl ester; 4.7%
cholesterol; 6.3% phosholipid; and 2.4% free fatty acids. As seen in Tables 1 and 2, both the
concentration of HSC total lipid (Table 1) and lipid droplet total lipid (Table 2) were markedly
altered by changes in dietary retinoid intake; whereas, the low and high triglyceride groups
were similar to controls with regards to both HSC total lipid and lipid droplet total lipid
concentrations. These data were taken by Moriwaki et al. to indicate that the lipid composition
of HSC lipid droplets is strongly regulated by dietary retinoid status but not by dietary
triglyceride intake [30].

6. Role of lecithin:retinol acyltransferase (LRAT) in the formation of lipid

droplets

LRAT acts in an indispensable manner to allow for the formation of HSC lipid droplets. This
is evidenced by Fig. 4, which shows electronmicrographs for HSCs present in situ in the livers
of Lrat-deficient (Lrat ") and age-, gender-, diet- and genetic background-matched wild type
mice. The HSCs present in the livers of Lrat™/~ mice identified through staining with desmin,
a commonly used marker for identifying HSCs, completely lack lipid droplets. This is
accompanied by an absence of retinyl ester in livers of Lrat™~ mice (retinyl ester levels less
than 0.01% of those of matched wild type mice) [32]. Prior to the generation of Lrat”~ mice,
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it had been proposed based on in vitro evidence that hepatic retinyl synthesis probably involved
the actions of both LRAT and an unidentified acyl-CoA-dependent enzyme termed acyl-
CoA:retinol acyltransferase (ARAT) [51]. These in vitro studies also provided data
demonstrating that retinol bound to CRBPI served as a substrate for LRAT but not ARAT
activity [52-54]. However, the published studies of Lrat ™~ mice definitively establish that
LRAT is the sole hepatic enzyme able to synthesize retinyl ester [32,42,43]. Unexpectedly,
these studies also establish that either LRAT or its product retinyl ester is essentially needed
for HSC lipid droplet formation. The complete absence of HSC lipid droplets in these mice
raises a number of quandaries. First, why would the simple absence of a lipid component that
normally may constitute only as much as 40% of the lipid present in HSC lipid droplets bring
about the complete absence of the lipid droplets? It might be expected that the droplets would
be smaller or fewer in number, but why would they be completely absent? Retinyl ester is an
inert retinoid storage form that is not known to have any regulatory or signaling roles within
the cell. Second, what role does LRAT have in the genesis of HSC lipid droplets? The literature
is clear that LRAT can catalyze retinyl ester and retinyl amide formation [52-55], but there is
no evidence that this enzyme is involved in the synthesis of other neutral lipids or phospholipids
that may be present in HSC lipid droplets. It is possible that LRAT may have another function
within the cell. There is a report in the literature that LRAT can catalyze protein fatty acylation/
deacylation [56], but this finding is contradicted by another recent publication [57]. Hence, at
present, it remains to be established how or in what manner LRAT and/or retinyl ester act to
facilitate the formation of HSC lipid droplets.

7. Stellate cell lipid droplets and the development of liver disease

Following liver injury, whether due to chronic alcohol consumption, viral infection, xenobiotic
exposure, iron overload or another less common insult, HSCs undergo a process known as
activation, which is a transition of quiescent cells into proliferative, fibrogenic and contractile
myofibroblasts. This is accompanied by a series of changes in gene expression patterns that
collectively give rise to responses that include cell proliferation and contractility, fibrogenesis,
chemotaxis, new and altered ECM deposition, cytokine release and retinoid loss [15-17]. More
detailed information, obtained from microarray studies, regarding changes in gene expression
patterns in HSCs undergoing activation has been recently published [58].

Seminal work by Leo and Lieber established that the hepatic (HSC) retinoid stores of alcoholic
patients are progressively lost with the development of alcoholic liver disease [59]. Hepatic
retinoid levels in patients diagnosed with alcohol-induced fatty livers were approximately 20%
of those control patients. Patients with alcoholic hepatitis and cirrhosis had lower levels still,
approximately 10% and 5% respectively, of controls [59]. Trying to provide a basis for their
observations, Leo and Lieber concluded that the reduced hepatic retinoid levels they observed
in alcoholic patients were not likely due to malnutrition and suggested that they might have
arisen either through enhanced degradation of the retinoid in the liver or through enhanced
mobilization of the retinoid from the liver to peripheral tissues [59]. Similar observations in
humans have been reported by others in the 25 years since the publication of the report by Leo
and Lieber [60]. Although loss of lipid droplets and intracellular retinoid is a notable feature
of HSC activation, it remains unknown whether this loss is required for HSCs to activate fully
or is simply a secondary consequence of activation [15-17].

Some investigators have proposed that HSC activation results in the rapid release or burst of
“toxic” transcriptionally active retinoids from the lipid droplet stores and that this contributes
to the altered pattern of gene expression that is observed upon HSC activation [61-63]. This
hypothesis is reasonable considering the potent transcriptional activity of retinoids [4-6]. The
transcriptional regulatory actions of retinoids are mediated primarily by all-trans- and 9-cis-
retinoic acid which are proposed to modulate transcription respectively through retinoic acid
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receptor-a, -B, or -y (RARGa, -B, and —y) and retinoid X receptor-a, -B, and -y (RXRa, -, and
—v) [4,5]. RARq, -p and -y and RXRa, -B, and -y are all expressed in stellate cells [64-67].
Moreover, RARy, RXRa and RXRp expression levels are reported to become elevated in
experimentally-induced (upon CCl, treatment) liver disease [65]. Over 500 genes are proposed
to be directly responsive to retinoic acid [6], including a number of ECM genes that are
expressed by HSCs (procollagens type I, 111 and 1V, fibronectin and laminin) [65].

Still other investigators have suggested that the loss of retinoid stores in HSC lipid droplets
results in a situation where these stores are no longer available to buffer against hepatic insult.
Consequently, the absence of stores allows hepatic fibrosis to develop and progress [39].
Yamaguchi et al. reported that the anti-sense oligonucleotide knockdown of Dgatl expression
in rat and mouse HSCs undergoing diet-induced nonalcoholic steatohepatitis resulted in an
increase in HSC Lrat expression [39]. These authors suggested that the increase in Lrat
expression levels favorably altered HSC retinoid homeostasis and inhibited hepatic fibrosis.
On the other hand, the absence of lipid droplets in Lrat ™~ mice does not predispose 3 month-
old mice to spontaneous fibrogenesis [32] suggesting that either Lrat or lipid droplets does not
play arole in fibrogenesis, or that the absence of lipid droplets is not sufficient to trigger fibrosis
but requires an additional “second hit”.

Although the great majority of published data suggests that the loss of HSC lipid droplet
retinoid stores contributes towards the development of hepatic disease, no definitive studies
are presently available that establish a causal linkage between the loss of the lipid droplets and
their retinoid stores and the development of hepatic disease.

8. Summary

The lipid droplets present within HSCs are the most important site for retinoid storage within
the liver and the entire body. Yet relatively little is know about the biology of these organelles.
It is well established that the number and size of these lipid droplets is directly responsive to
dietary retinoid intake but not to dietary triglyceride intake. Moreover, although these lipid
droplets contain considerable triglyceride, total cholesterol, phospholipids, and free fatty acid,
the simple absence of LRAT, an enzyme whose sole established function is the synthesis of
retinyl ester, completely abolishes HSC lipid droplet formation. These observations are
consistent with the idea that HSC lipid droplets are a highly specialized organelle for retinoid
storage. However, the biochemical details regarding how retinoid, as retinyl ester, is
incorporated into the lipid droplets are not understood. There also is little understanding of
how proteins that are known or proposed to be involved in mediating retinoid metabolism and
trafficking influence either HSC lipid droplet formation or degradation. Moreover, there is
little understanding regarding the roles that proteins which are known to be importantly
involved in lipid droplet physiology in other cell types have in HSC lipid droplets or of how
these proteins may interact with retinoid-related proteins present in HSCs. These issues must
be the foci for future research aimed at establishing the molecular events that are central to
HSC lipid droplet formation and dissolution.

Possibly the most important information that is lacking regarding the HSC lipid droplet
concerns the role that these organelles have in the development and progression of hepatic
disease. Itis well established that repeated hepatic insult gives rise to progressively worsening
hepatic fibrosis and cirrhosis and perhaps ultimately hepatocellular carcinoma and that this is
accompanied by the progressive loss of HSC lipid droplets and their retinoid stores. But it is
not understood whether this loss contributes to or facilitates disease progression or whether
the loss is causally unrelated to disease progression. This unresolved question must be the
major focus for research aimed at understanding the physiological significance of HSC lipid
droplets and the significance of their loss or absence to disease development.
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Fig. 1.

Chemical structures for the most abundant and important retinoids present in the body. All-
trans-retinol, which by definition is vitamin A, is routinely referred to simply as retinol. Retinyl
esters are retinoid storage forms. Outside of the eye, the preponderance of retinyl ester exists
as the all-trans-isomer. It is this retinoid species that is stored in the lipid droplets of hepatic
stellate cells. 11-Cis-retinal serves as the chromophore for the visual pigment rhodopsin. All-
trans- and 9-cis-retinoic acids are transcriptionally active retinoids. 13-Cis-retinoic acid is a
naturally occurring retinoid that lacks the potent transcriptional activity of the all-trans- and
9-cis-isomer. However, this retinoid species has proven to be clinically effective for treating
skin disease (clinically it is referred to as isotretinoin or Accutane).

Biochim Biophys Acta. Author manuscript; available in PMC 2010 June 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Blaner et al. Page 14

Fig. 2.

Hepatic stellate cell lipid droplets present in a biospy obtained from a human liver. The image
shows the characteristic lipid droplets (LD) found in hepatic stellate cells (SC). For this electron
micrograph of a human hepatic stellate cell, the nucleus (N) is compressed by the surrounding
lipid droplets and very little cell cytoplasm within the hepatic stellate cell can be seen.
Adjoining the hepatic stellate cell are two hepatocytes (H).
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Retinoid Autofluorescence

Fig. 3.

Fluorescence micrograph of an unfixed section showing the characteristic retinoid
autofluorescence (the lightened regions) present in the lipid droplets of hepatic stellate cells of
male wild type mice that had been maintained throughout life on a retinoid-containing control
diet.
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Fig. 4.

The hepatic stellate cells of Lrat/~ mice lack lipid droplets that are a morphologic hallmark
of these cells. Liver sections were prepared from 3-month-old male wild type (WT) and
Lrat™"~ mice. The electron micrographs show the presence of characteristic retinyl ester-
containing lipid droplets in hepatic stellate cells in wild type mice (left panel) and their absence
in livers from Lrat~~ mice (right panel). The arrows indicate the presence (WT) and absence
(Lrat—/-) of lipid droplets in hepatic stellate cells. The large adjoining cells are hepatocytes.
Taken from [32].
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Effects of dietary retinoid and triglyceride on the concentrations of retinoid and nonretinoid lipids present in freshly
isolated primary rat hepatic stellate cells.2

Lipid Mass
Diet Group (n) Retinoidb Nonretinoid®
ng/10° cells
Control 6 33.1+6.3 81.0%55
Low retinold 14 6.6+3.7 765+5.4
High retinol® 6 358.6 + 26.7 209.7 +37.8
Low triglyceride 6 31.0+3.0 819+5.1
High triglyceride 5 30.1+9.0 82.7+6.1

& Adapted from [27].

bRetinol + retinyl ester.

cTriglyceride + cholesteryl ester + cholesterol + phospholipids + free fatty acids.
dProviding 25% of the retinol present in the control diet.

e . . . . .
Providing 10-times the retinol present in the control diet.
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Effects of dietary retinoid and triglyceride on the concentrations of retinoid and nonretinoid lipids present in isolated
hepatic stellate cell lipid droplets.2

Lipid Mass
Diet Group (n) Retinoidb Nonretinoid®
ng/mg dry weight
Control 6 318 £40 486 + 40
Low retinold 14 101+35 679 £ 60
High retinol® 6 527 + 60 345 +32
Low triglyceride 6 284 + 59 498 + 38
High triglyceride 5 274 £ 50 515+ 48

& Adapted from [27].

bRetinol + retinyl ester.

cTriglyceride + cholesteryl ester + cholesterol + phospholipids + free fatty acids.

dProviding 25% of the retinol present in the control diet.

e . . . . .
Providing 10-times the retinol present in the control diet.
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