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New Development in the Research of Hepatic Stellate Cells

Haruki Senoo, Katsuyuki Imai, Yoshikazu Matano, and Mitsuru Sato

Second Department of Anatomy, Akita University School of Medicine, Akita 010-8543, Japan

Abstract : Hepatic stellate cells (interstitial cells, vitamin A-storing cells, lipocytes,
fat-storing cells) exist in the perisinusoidal space (space of Disse) of the hepatic lobule,
and store 80 9% of vitamin A in the whole body as retinyl palmitate in lipid droplets in
the cytoplasm. In physiological conditions, these cells play pivotal roles in the regula-
tion of vitamin A homeostasis; they express specific receptors for retinol-binding
protein (RBP), a carrier protein specific for retinol, on their cell surface, and take up the
complex of retinol and RBP by receptor-mediated endocytosis. Whereas, in pathologi-
cal conditions such as liver fibrosis, these cells lose retinoids, and synthesize a large
amount of extracellular matrix (ECM) components including collagen, proteoglycan and
adhesive glycoproteins. Morphology of these cells also changes from the star-shaped
stellate cells to that of fibroblasts or myofibroblasts. Three-dimensional structure of
ECM components reversibly regulates the morphology, proliferation, and functions of the
hepatic stellate cells. These regulations are mediated by direct cellular adhesion to
ECM, matrix adhesion signals, and modulation of cytoskeletons. “Extrahepatic stellate
cells” that distribute in various organs except the liver also play pivotal roles in vitamin
A homeostasis. L-Ascorbic acid 2-phosphate (a long-acting vitamin C derivative) can
stimulate proliferation of the stellate cells and promote three-dimensional liver-like
structure in the co-culture system of hepatic parenchymal cells and mesenchymal cells.

Key words : hepatic stellate cells, vitamin A, retinol-binding protein, extracellular
matrix, L-ascorbic acid 2-phosphate.
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Fig. 1. Structure of Glisson’s sheath and hepatic lobule. Hepatic lobule (HL) is a hexagonal column,
and Glisson’s sheaths (GS) exist at the 6 corners of the column. The interlobular vein (PV,
a branch of the portal vein), interlobular artery (HA, a branch of the hepatic artery), and
interlobular bile duct (BD, a branch of the bile duct) are located in the Glisson’s sheath.
Between these structures, connective tissue containing fibroblasts (F) and extracellular matrix
components (ECM) distributed. The blood derived from the portal vein and the hepatic artery
mixes within the sinusoid (S), a special capillary of the hepatic lobule, and flows into the
central vein (CV). Main structure of the hepatic lobule is made by parenchymal cells (PC),
hepatic stellate cells (%), and endothelial cells (EC). KC: Kupffer cells; PS: perisinusoidal
space.
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Fig. 2. Structure of hepatic lobule. Hepatic cords

of the lobule consist of parenchymal cells Fig.3. Pericyte system. Pericytes (PC) cover the

(PC). Endothelial cells (EC) form the
thin lining of the sinusoids (S). Kupffer
cells (KC) are tissue macrophages and
belong to the monocyte-macrophage cell
lineage. Pit cells (p) have natural Kkiller
activity. Stellate cells (SC) lie in the per-
isinusoidal space (PS) of Disse and store
809% of retinoids of the whole body as
retinyl palmitate in the lipid droplets (L) in
the cytoplasm. BM, basement membrane
components ; ECM, extracellular matrix.
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outer surface of endothelial cells (EC) of
the capillary, precapillary, and postcapil-
lary venules (a). Pericytes have various
names according to the organs where they
exist. They are called hepatic stellate
cells (SC) in the liver (b) and are called
mesangial cells (M) in the glomerulus of
the kidney (c). These cells have common
functions as pericytes and different func-
tions according to their locations. L:
lipid droplets containing retinyl palmitate.
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%1 Distribution of [*H] Retinol in Various Rat
Organs, Serum, and Feces after Intraportal

Injection
Radioactivity

Organ (dpm x 10-%/g wet weight)

90 min 6 days
Liver 206.6+3.7 190.8+0.7
Spleen 13.8+0.4 28.9+0.1
Lung 28.4+0.6 45+0.1
Intestine ND 1.9+0.1
Skin 0.6+0.1 1.4+0.1
Brain ND 1.3+0.1
Kidney 6.0+0.1 1.0+0.1
Heart ND 0.9+0.1
Serum’ 58+0.1 1.44+0.1
Feces ND 0.4+0.1

Animals were sacrificed 90 min or 6days after
injection of 200 xCi of [*H] retinol through the
portal vein.

Radioactivity was counted as described.'® The
values are the means of two assays=+deviation.
ND: not determined. ‘expressed as dpm/ml.
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Fig. 4. Structural formulas of some naturally oc-
curring vitamin A and B-carotene. Vita-
min A circulates in the plasma as retinol
(1) that binds to a specific carrier protein,
retinol-binding protein. Vitamin A is stor-
ed as retinyl palmitate (2) in the hepatic
stellate cells. 11-Cis-Retinal (3) exists in
the retina with rhodopsin. All-trans-
retinoic acid (4) binds to nuclear retinoic
acid receptors (RAR«, RARB, RARY), and
9-cis-retinoic acid (5) binds to nuclear
retinoid X receptors (RXRa, RXRg,
RXRy). These nuclear receptors regulate
transcription of various genes. 13-Cis-
retinoic acid (6) can bind to RARs. g-
Carotene (7) formes two retinals and
fianlly two retinols.
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LIVER BLOOD ROH = retinol
—
PARENCHYMAL CELL CAPILLARY RE = retinyl ester
CM = chylomicron
CMR = chylomicron remnant
s / RBP = retinol-binding protein
TTR = transthyretin
CMR-RE RA = retinoic acid
CM-RE RAR = retinoic acid receptor
l RXR = retinoid X receptor
RBP-ROH I
TIR TIR
i V CMR-RE
RBP-ROH-TTR
TR ks TR
RBP-ROH
e Lipoproteln
receptor { ReP ¥ rez:pplor

ROH

<«—— RE
& @&\ RXRs
F;A
9-cis RA nucleus

Extrahepatic target cell

Fig.5. Major pathway for vitamin A transport in the body.
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Dietary retinyl esters (RE) are hydro-

lyzed to retinol (ROH) in the intestinal lumen before absorption by enterocytes, and carot-
enoids are absorbed and then partially converted to retinol in the enterocytes. In the entero-
cytes, retinol reacts with fatty acid to form esters before incorporation into chylomicrons
(CM). Chylomicrons then reach the general circulation by way of the intestinal lymph, and
chylomicron remnants (CMR) are formed in blood capillaries. Chylomicron remnants, which
contain almost all the absorbed retinol, are mainly cleared by the liver parenchymal cells and
to some extent also by cells in other organs. In liver parenchymal cells, retinyl esters are
rapidly hydrolyzed to retinol, which then binds to retinol-binding protein (RBP). A complex
of retinol-RBP is secreted and transported to hepatic stellate cells. Stellate cells store vitamin
A mainly as retinyl palmitate and secrete retinol-RBP directly into the blood. Most retinol-
RBP in the bloodstream is reversibly complexed with transthyretin (TTR). The uncomplexed
retinol-RBP is presumably taken up in a variety of cells by cell surface receptors specific for

RBP.
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Fig. 6. Immunoelectron micrographs of stellate cells co-cultured with HepG2 cells. Stellate cells
were co-cultured with human hepatoma HepG?2 cells, which synthesize and secrete RBP, for 18
h. Indirect immunolabeling was performed as described®*~*. Arrows and arrowheads indi-
cate, respectively, gold particles which show localization of human RBP, distributed on the cell
surface and in the cytoplasm in rat stellate cells. Various stages (A-F) of internalization of

RBP were demonstrated. (Bars=100nm).

AL DR 2720, UTOEBRZTR-7/2220  EROFREBIHEIC L > TREFICER L, BEEB
(Fig. 7). B35 v FEfileE2 LV 7/ ——t b RBP LUV 1 A1 i3&kh i3 ifuEm (Fig. 7-A, B) &, 2
EEM (50 ug/ml) & £CT2HA v Fan—HL, SRR ISR O TUE < 12 H B/ME (Fig. 7-C)
e 2 ) ~EEREITAW  (phosphate-buffered  saline, Zh A NI, 643 (Fig. 7-D) 8 X 1710 5% (Fig.
PBS) T¥- T, 37°Cic 1, 2, 6, 10, 120 4>fd#iE L, 7T-E) i S < 12 b 2 EEE 200-400 nm D/MEIZ
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Fig. 7. Immunoelectron micrographs of cultured stellate cells showing subsequent stages in the
endocytosis of human RBP. Stellate cells were incubated with human RBP (50 xg/ml) for 2
h at 4°C, washed (A) and then incubated at 37°C for 1 min (B), 2 min (C), 6 min (D), 10 min
(E), and 120 min (F). Arrows and arrowheads indicate, respectively, gold particles distributed
on the cell surface and in the cytoplasmic vesicles. (Bars=100nm).
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Fig.8. Phenotypic changes of the hepatic stellate
cells. In physiological conditions, the he-
patic stellate cells (SC) store 809% of vita-
min A in the whole body as retinyl pal-
mitate in the lipid droplets (L) in the cyto-
plasm. Whereas, in pathological condi-
tions, such as liver cirrhosis, these cells lose
vitamin A, and synthesize a large amount
of extracellular matrix components. Mor-
phology of the cells also changes from the
star-shaped stellate cells to that of the
fibroblasts or myofibroblasts (MYO) (pas-
sage of a). Inductive conditions to pas-
sage b imply the reversibility of hepatic
fibrosis.
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%2 Biosynthesis of Collagen by Rat Liver Non-parenchymal Cells in Culture

Cel'l Days Collagen Non-collagenous Rate of collagen
fraction in proteins synthesis* (%)
(dpm x 10~¢/dish) (dpm x 10~*/dish)
Primary
culture
S2 2 —** 272+0.7 0
S3 2 —x* 25.3+0.1 0
S2 8 3.97+0.1 13.84+0.3 5.1+0.2
S3 8 —** 12+0.1 0
Secondary
culture
S2 10 7.75+0.4 145+0.4 9.0+0.7
S2 12 8.03+0.1 12.44+0.2 10.7+0.3

The cells were cultured in medium containing [*H] proline for 18 h and synthesis of proteins was

determined with protease-free bacterial collagenase.

The values are the means of duplicate determinations=+deviations.
* Calculated assuming that collagen contains imino acid 5.4 times higher than in other proteins.

** Not detected
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Fig.9. Fluorescence autoradiograms of [*H]
proline-labeled proteins. Stellate cells in
the fraction S2 at confluency in the sec-
ondary passage were cultured in a medium
containing [*H]proline for 18h. Col-
lagenous proteins were partially purified
from the cell layer and medium with pepsin
digestion after precipitation with ammo-
nium sulfate. SDS-Polyacrylamide slab
gel electrophoresis was performed before
(a, b) or after (c, d) the treatment with
purified bacterial collagenase, and proc-
essed for fluorescence autoradiography. b
and d: electrophoresed after reduction
with dithiothreitol. Arrows indicate the
migration positions of carrier rat collagen
chains.
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Fig. 10. Phase-contrast micrographs of cultured stellate cells in experimental series I. Photographs

of the stellate cells were taken as described®™.

each substratum as described®?.

The stellate cells were inoculated onto or into

After 3 days, the cells spread and extended cellular proc-
esses in polystyrene culture dishes (A) and type I collagen-coated dishes (B).
collagen gels, these cells gathered and formed a mesh-like structure (C).

On type [
On the other hand,

in type I collagen gels, these cells extended their fine cellular processes and resembled well the

morphology of the star-shaped stellate cells in vivo (D).
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Fig. 11.

each substratum as described®?.

sy Y N AT
Phase-contrast micrographs of cultured stellate cells in experimental series II. Photographs
of the stellate cells were taken as described °%.
After 3 days, the morphology of the stellate cells in poly-

The stellate cells were inoculated onto or into

styrene culture dishes (A), in type I collagen-coated dishes (B), or on (C) or in (D) type I

collagen gels was essentially the same as that in Fig. 10.
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Fig.13. Collagen synthesis per ug DNA of the

Fig. 12. Reversible regulation of the growth of the
stellate cells by ECM. [*H]Thymidine
uptake of the stellate cells inoculated onto
or into each substratum in experimental
series I and II were determined as de-
scribed®®. The stellate cells were plated

into polystyrene culture dlshes (|:|)

) or into (NN type I col-
lagen gels after detachment from each
previous substratum.
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L, FriEs & oitiathiE s /NEEEERB 5
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stellate cells in experimental series I and
II. Synthesis of collagen and non-col-
lagenous proteins of the stellate cells
inoculated onto or into each substratum
was determined as described®®. The stel-
late cells were plated into polystyrene
culture dishes (), type I collagen-
coated dishes
or into (RY) type I collagen gels after
detachment from each previous substra-
tum.
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Fig. 14.
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Fluorescence autoradiograms of [*H] proline-labeled proteins. The stellate cells in experi-
mental series I and II were cultured in a medium containing [*H]proline for 18 h. Col-
lagenous proteins were partially purified from the combined cell layer and medium by pepsin
digestion after precipitation with ammonium sulfate. SDS-Polyacrylamide slab gel electro-
phoresis was performed with (B, D) or without (A, C) reduction by dithiothreitol (DTT), and
processed for fluorescence autoradiography. Arrows indicate the migration positions of
carrier rat collagen chains. In experimental series I (1), the cells cultured in polystyrene
culture dishes were seeded into polystyrene culture dishes (a), into type I collagen-coated
dishes (b), or onto (c) or into (d) type I collagen gels. In experimental series II (2-4), the
cells were cultured for 3 days in type I collagen-coated dishes (2), or on (3) or in (4) type I
collagen gels, and then re-seeded into polystyrene culture dishes (a), into type I collagen-
coated dishes (b), or onto (c) or into (d) type I collagen gels.
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Fig. 15. Extension of cellular processes in cultured rat
stellate cells on type I collagen gel. The cells
were cultured on type I collagen gel, and
monitored by phase-contrast time-lapse video
microscopy for up to 4 h*®.  Photographs were
taken 71 min (A), 2h (B), 3h (C), and 4h (D)
after inoculation. Arrowheads indicate the
front of elongating cellular processes. (Bar=
200 gm).
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Fig. 16.
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Immunohistochemical analysis of liver-type and non-hepatic-type S-adenosylmethionine synthetase
(AdoMet synthetase) isozymes in rat liver. Immunohistochemistry of liver-type (A, B) and non-
hepatic-type (C, D) AdoMet synthetase in control (A, C) and CCl,-treated (B, D) rat liver was
performed as described®”. Liver-type AdoMet synthetase was demonstrated in hepatic parenchymal
cells, and non-parenchymal cells consistent with phagocytic Kupffer cells (asterisks), and endothelial
cells (arrowheads) in both control (A) and CCl,-treated (B) rat livers. The liver-type isozyme was
not present in the non-parenchymal cells containing lipid droplets within the cytoplasm (characteristics
of the hepatic stellate cells ; arrows). Non-hepatic-type AdoMet synthetase (C, D) was demonstrated
in non-parenchymal cells, consistent with hepatic stellate cells (arrows), Kupffer cells (asterisks), and
endothelial cells (arrowheads) in both control (C) and CCl,-treated (D) rat livers. Non-hepatic-type
isozyme was demonstrated in the fatty degenerated parenchymal cells in CCl,-treated rat livers (D).
(Bars=20 xm).
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Fig. 17. Molecular structure of L-ascorbic acid 2-
phosphate, magnesium salt.
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Fig. 18. Electron micrographs of co-culture of
hepatic parenchymal cells and fibroblasts.
The cells were cultured for 30 days in
supplemented William’s medium E and
observed by electron microscopy at low
(A) and high magnifications (B and C).
Areas of contact between the two cell
types (A and C) and aggregated paren-
cymal cells (B) are shown. b, bile
canaliculus-like structure ; G, Golgi appa-
ratus; ¢, collagen fibers: m, microvilli.
Asterisks indicate parenchymal cells, and
arrowheads and an arrow indicate the
respective top and basal layer of the
fibroblasts. (Bars=1um).
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