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We have examined the expression of p75, a member
of the TNF receptor superfamily in hepatic stellate
cells (HSC) and pancreatic stellate cells (PSC). Acti-
vated HSC and PSC were demonstrated by Western
blot analysis to express p75. p75 was immunolocal-
ized to cells with a myofibroblast-like morphology in
the fibrotic bands of six fibrotic and cirrhotic liver
biopsies and three biopsies of fibrotic human pan-
creas. Immunostaining of parallel sections indicated
that these cells were a-smooth muscle actin-positive,
identifying them as activated HSC and PSC, respec-
tively. HSC apoptosis in tissue culture in the presence
of serum was quantified after addition of 0.1 to 100
ng/ml of nerve growth factor (NGF) a ligand for p75,
by in situ counting of apoptotic bodies after addition
of acridine orange. HSC demonstrated a significant
increase in apoptosis in response to 100 ng/ml NGF
(0.05 > P by Wilcoxon’s rank; n = 7) after 24 hours.
NGF 100 ng/ml had no effect on HSC proliferation,
but reduced total HSC DNA by 19% relative to control
after 24 hours (z = 3). These data demonstrate that
activated HSC express p75 and respond to NGF stim-
ulation by undergoing apoptosis. We therefore report
P75 as a novel marker of activated HSC and suggest
that signaling via ligand binding to p75 may provide a
mechanism for selective apoptosis of HSC. (Am J
Patbol 2000, 156:1235-1243)

In response to fibrotic injury, the hepatic stellate cell
(HSC, previously termed lIto cell, lipocyte, or fat storing
cell) undergoes transformation from a retinoid-rich peri-
cyte-like cell to a myofibroblast-like cell, a process
termed activation."? Studies of the morphology and gene

expression of these cells have been facilitated by the
observation that freshly isolated HSC plated onto un-
coated tissue culture plastic undergo activation in a man-
ner that parallels the changes in vivo during injury.” Data
from this model, together with observations of fibrotic
human liver samples and tissue derived from experimen-
tally injured rat liver, have demonstrated that activated
HSC are the major source of fibrillar collagens and other
matrix proteins that characterize liver fibrosis. In addition
to secretion of matrix, HSC regulate matrix degradation
by the expression of matrix-degrading metalloproteinase
enzymes and specific matrix-degrading metalloprotein-
ase inhibitors, the tissue inhibitors of metalloproteinases
1 and 2.27° Dysregulation of matrix degradation resulting
from tissue inhibitor-mediated matrix-degrading metallo-
proteinase inhibition is postulated to contribute to the
progression of fibrosis.’™®='2 Activation of HSC is also
associated with the cells entering the cell cycle, resulting
in a significant increase in the overall numbers of HSC in
fibrotic liver."'®'* Thus, the quantitative changes in ma-
trix observed in fibrotic liver are the result of an increase
in the activated HSC pool, in addition to specific changes
in HSC gene expression.

We and others have recently demonstrated that during
progressive fibrosis, apoptosis of HSCs occurs.'® '€ This
suggests that at any time, the total number of activated
HSC within an injured liver represents the net result of
proliferation and apoptosis. Moreover, recent data from
our laboratory have demonstrated that spontaneous re-
covery from comparatively advanced fibrosis can occur
and that sustained apoptosis of HSC contributes critically
to that recovery.'®

For this reason, the mechanisms regulating HSC apo-
ptosis have become an active area of investigation. Ra-
madori and coworkers have identified that HSC express
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Fas, a member of the tumor necrosis factor (TNF) recep-
tor superfamily that responds to stimulation with the ap-
propriate ligand (Fas-L) by triggering apoptosis via an
intracytoplasmic death domain."®'7-2° Fas expression is
widespread; hepatocytes in vivo that express Fas and
other myofibroblast-like cells such as mesangial cells
have been demonstrated to respond to Fas-L stimulation
in tissue culture.’® 81921 Fag is, however, only one of a
series of related TNF receptors which function to mediate
cell survival, apoptosis or intercellular signaling.?%:22:23

Low affinity nerve growth factor receptor (LANGFR or
p75) is a death domain-bearing member of the TNF re-
ceptor family. p75 is a receptor for the neurotrophin pep-
tide family, of which nerve growth factor (NGF) is the
paradigm member.?* Recent work has established a
model in which p75 can mediate cell survival or death
depending on whether tyrosine kinase-A (Trk-A) is coex-
pressed. It has been proposed that costimulation of Trk-A
and p75 results in cell survival, whereas when p75 is
expressed in isolation, ligand binding triggers cellular
apoptosis.?*~2° The role of p75 in nonneuronal tissues is
not known.

Following the observations by Cattoretti et al and
Wilkins and Jones that antibodies reactive with p75 iden-
tified dendritic fibroblast-like cells in bone marrow stro-
ma,3°3" we determined to examine p75 expression in
HSC with the aim of examining the hypothesis that HSC
express p75 and that stimulation of p75 by NGF is asso-
ciated with HSC apoptosis. We have also examined the
recently described pancreatic stellate cells (PSC)3'22 for
expression of p75, to determine whether expression of
this cell receptor is potentially a more general feature of
fibrogenic cells.

Materials and Methods

Cell Extraction

Hepatic stellate cells were isolated as previously de-
scribed® and activated in primary culture on plastic in the
presence of 16% fetal calf serum (FCS). Highly activated
cells were obtained by passage of primary cultures of
HSC and used for experiments between the first and
fourth passage. Human HSC were isolated from the mar-
gin of an hepatic resection and cultured as described
previously.” Human HSC were used after the fourth pas-
sage. Pancreatic stellate cells were extracted and cul-
tured as described.®?*® Cells were cultured in Dulbec-
co’s modified Eagle’s medium in the presence of 16%
FCS and subjected to serial passage. PSC were used for
experiments after the fourth passage.

Samples of Diseased Human Liver and
Experimentally Induced Rat Liver Fibrosis

Six formalin-fixed, wax-embedded biopsies of fibrotic
and cirrhotic human liver tissue were immunostained for
p75. These consisted of three examples of early and
three of advanced micronodular cirrhosis. In all six the
pathology was alcoholic liver disease. Normal liver bi-

opsy samples were obtained from the margins of two
resection specimens (one for colonic cancer metastasis
and the second for a simple vascular cyst.) and from four
samples of unused normal donor liver that had been
perfused with University of Wisconsin solution. In addi-
tion, three examples of fibrotic human pancreas were
obtained at resection for chronic pancreatitis. These were
formalin-fixed and wax-embedded for p75 immunostain-
ing. Finally, fibrotic rat liver obtained after 4 weeks of CCl,
intoxication (as previously described'®) was also used for
immunohistochemistry studies.

Antibodies

Immunostaining of rat HSC and liver tissue and Western
blot analysis of rat HSC were undertaken using a mono-
clonal antibody reactive with rat p75 (Boehringer Mann-
heim, Lewes, UK). Human liver and pancreatic biopsies
were immunostained using a monoclonal antibody reac-
tive with human p75 (Dako, Kidlington, UK). The same
antibody was used for Western blot analysis of human
HSC. Monoclonal anti a-smooth muscle action (a-SMA,
Sigma, Poole, UK) was used to identify activated HSC in
cultured HSC and tissue sections. Polyclonal rabbit anti-
Fas was obtained from Santa Cruz Biotechnology (Santa
Cruz, CA).

Immunodetection of p75

Immunostaining of histological sections of liver and pan-
creas was undertaken using a streptavidin-biotin com-
plex immunoperoxidase technique. Briefly, sections were
deparaffinized, treated to inhibit endogenous peroxi-
dase, and subjected to wet-heating antigen retrieval as
previously described.'® Sections were then washed in
Tris-buffered saline (TBS), pH 7.6, before addition of the
primary antibodies at optimal dilutions as determined by
prior titration for 18 to 24 hours at 4°C. For each liver or
pancreas sample negative controls were performed on
adjacent sections, replacing the primary antibody with
nonimmune IgG, omitting the primary antibody and re-
placing the primary antibody with TBS. For each biopsy,
sequential adjacent sections were stained for p75 and
a-SMA.

After incubation with the primary antibody, sections
were allowed to warm to room temperature before wash-
ing in TBS (3 X 5 minutes) and incubation with the bio-
tinylated anti-mouse antiserum (Boehringer Mannheim),
diluted in TBS for 30 minutes at room temperature. Sec-
tions were then washed in TBS (3 X 5 minutes) before
addition of streptavidin complexed with biotinylated
horseradish peroxidase (Dako) for 30 minutes. After 30
minutes slides were washed in TBS (3 X 5 minutes)
before adding 3'- 3'-diaminobenzidine (DAB, Sigma) for 8
minutes, then rinsed in TBS followed by running water.
Finally, the sections were counterstained in Harris’ hema-
toxylin, dehydrated through graded alcohols, and mounted.

In a further experiment, colocalization of a-SMA and
p75 was undertaken by incubating a representative cir-
rhotic biopsy sequentially with the antibodies reactive
with a-SMA and p75, detected using immunoperoxidase,



DAB, immunoalkaline phosphatase, and fast blue B, re-
spectively. Appropriate parallel single immunostains and
negative controls were undertaken concurrently.

Representative sections of the cirrhotic liver biopsies
were also immunostained to detect Fas expression as
previously described.®*

Sodium Dodecyl! Sulfate-Polyacrylamide Gel
Electrophoresis and Western Blot Analysis of
p75 Expression

Human and rat HSC and rat PSC were harvested and the
extracted protein subjected to electrophoresis on a 9%
sodium dodecy! sulfate-polyacrylamide gel electrophore-
sis gel as described®® after normalization for protein con-
tent. After resolution, the protein samples were electro-
transferred onto Polyvinylidene Fluoride using the semidry
method as described.®®

The membrane was blocked for 1 hour in 5% nonfat
dry milk in TBS. Membranes were incubated overnight at
room temperature with the primary antibody or with non-
immune IgG (as negative control) in TBS. Membranes
were washed twice for 5 minutes in TBS before the ad-
dition of the secondary antibody (rabbit anti-mouse IgG
HRP in a final dilution of 1:1000) in TBS containing 5%
nonfat dry milk for 1 hour. The membranes were then
washed in TBS for 5 minutes followed by water for 5
minutes. Reactive bands were identified using enhanced
chemiluminescence (ECL, Amersham, Poole, UK) and
autoradiography according to the manufacturer’s instruc-
tions. Parallel Western blot analysis for a-SMA was un-
dertaken in an identical manner.

Characterizing the HSC Response to NGF

Following the observation that p75 is expressed by the
HSC in vivo, we determined to characterize further the
HSC response to a ligand known to stimulate the recep-
tor. The pro-apoptotic effect of p75 stimulation by NGF in
a number of neural cell types has now been clearly
defined. We therefore investigated the potential effect of
NGF stimulation on HSC.

HSC apoptosis in response to recombinant NGF was
quantified by in vitro counting of HSC under fluorescent
illumination in tissue culture wells after addition of acri-
dine orange. Using this method, apoptotic cells can be
identified by virtue of their enhanced fluorescence and
characteristic nuclear morphology (bright green fluores-
cence, condensed chromatin, cytoplasmic shrinkage,
nuclear and cytoplasmic blebbing, and detachment from
the monolayer) and counted in situ together with cells of
the attached monolayer.

Quantification of HSC apoptosis in response to NGF
was carried out using 80% confluent passaged cells
(passage 2-4) on 24-well plates. Cells were washed
twice and incubated for 1 hour in serum-free media.
Thereafter cells were returned to serum-containing media
together with varying concentrations of recombinant hu-
man NGF (Cambridge Bioscience, Cambridge, UK). Par-
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allel control wells containing serum were also prepared.
NGF was added to final concentrations of 0.1, 1, 10, and
100 ng/ml. Each concentration was added to 2 parallel
wells and incubated for 6 or 24 hours. After this time, 0.5
wl of acridine orange (final concentration 1 ug/ml) was
added per well and left for 15 minutes before viewing the
wells with an inverted fluorescent microscope. Normal
and apoptotic cells were counted by an observer blind to
the treatment conditions in 3 high power fields per well
and 2 wells per condition. Cells that had detached from
the monolayer and were floating in the media supernatant
were also counted by racking the objective lens up after
assessing the monolayer.

To confirm that condensed cells on the surface of the
monolayer were apoptotic, loosely adherent and de-
tached cells were harvested from representative HSC
cultures by gentle washing followed by centrifugation.
Total DNA was extracted from these cells, subjected to
electrophoresis on an agarose gel containing ethidium
bromide, and visualized under UV light to detect 200 bp
laddering as previously described.3®

To determine whether NGF affects the proliferation rate
of HSC and to estimate the comparative cell number after
incubation with NGF, a series of experiments to analyze cell
proliferation (by [®H]-thymidine incorporation) and DNA
content (by PicoGreen binding, Molecular Probes, Eugene,
OR) was undertaken on three cell preparations in parallel.

For each series of three experiments, three preparations
of passaged cells were washed three times in serum-free
media then incubated in serum-free media or serum-con-
taining media with or without 100 ng/ml NGF. For the last 6
hours of incubation with NGF, 0.5 uCi of [®H]-thymidine
were added to triplicate wells at a concentration of 1:1000
(0.5 wl/500 pl/well). Thymidine incorporation was then de-
termined as previously described.” For DNA analysis, the
supernatant was discarded and 150ul of 1X TE (10 mmol/L
Tris-HCI, 1 mmol/EDTA, pH 8.0) was added to duplicate
wells. Adherent cells were removed with a cell scraper,
transferred to a microcentrifuge tube, and sonicated for 15
minutes. Each sample (50 wl) was diluted with 50 ul TE and
added to individual wells of a 96-well plate. Standard con-
centrations (0 to 2 ng/ml) of DNA were diluted from herring
sperm DNA stock. PicoGreen (1:200 dilution with 1X TE to
a final volume of 100 wl) was added to all samples and left
to incubate in light-free conditions at room temperature for 5
minutes. Fluorescence was measured using a Cytofluor Il
Microwell Fluorescence reader (Perseptive Biosystems,
Framingham, MA) at standard fluorescein wavelengths (ex-
citation 485 nm, emission 530 nm). A standard curve was
generated using known concentrations of herring sperm
DNA. Concentrations of double-stranded DNA in the sam-
ples were subsequently calculated.

Results

Cultured Hepatic and Pancreatic Stellate Cells
Express p75

Western blot analysis of total HSC protein derived from
rat HSC during activation in culture on plastic using an
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Figure 1. A: Protein extracts from freshly isolated rat HSC (0d, quiescent),
7-day cultures (7d, activated), and 14-day cultures (14d, highly activated)
were subjected to Western analysis for p75 and «a-SMA as described in
Materials and Methods. p75 protein became progressively more abundant
with increasing activation of HSC as defined by a-SMA expression. B: Protein
extracts from 14-day (highly activated) cultures of rat and passaged human
HSC were subjected to Western blot analysis for p75. Immunoreactivity (75
kd) was present in both extracts.

antibody to rat p75 demonstrated that at 14 days (highly
activated, a-SMA-expressing HSC) a single band of ap-
propriate molecular weight was detected, indicating that
activated HSC express p75 (Figure 1A). In contrast, qui-
escent (freshly isolated) HSC did not express p75; in-
deed, expression of this protein first became detectable
in activated HSC after 7 days of culture (Figure 1A). In a
further experiment, 14 day activated human HSC protein
extracts were subjected to Western blot analysis using
the anti-human p75 antibody. Comparable immunoreac-
tivity was demonstrated in human HSC (Figure 1B). Pro-
tein extracts from PSC were also demonstrated to contain
p75 by Western blot analysis (Figure 2).
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Figure 2. Protein extract from passaged (fourth passage) pancreatic stellate
cells was subjected to Western blot analysis for p75 as described in Materials
and Methods (left panel). Parallel negative control incubated with nonim-
mune IgG is presented in the right panel. The results indicate that PSC
express p75.

Hepatic Stellate Cells in Normal and Fibrotic
Liver Express p75

p75 was detected in perisinusoidal cells in sections of
normal donor livers (one child and three adults) and
normal liver tissue from the margins of hepatic resections
(n = 2). Representative examples are shown in Figures
3A (low power) and 3C (high power). Staining was also
visible in the cells with a fibroblastic phenotype within
portal tracts. Staining of these normal liver samples dem-
onstrated perisinusoidal a-SMA positivity in an identical
distribution (Figure 3B).

In samples of fibrotic and cirrhotic liver (n = 6) intense
staining for p75 was observed in cells with a myofibro-
blastic appearance within and surrounding areas of fibro-
sis and fibrotic bands. In addition, p75-positive cells
could be observed in a perisinusoidal position extending
from fibrotic bands into regenerative nodular paren-
chyma. No p75 expression was observed in hepatocytes
(Figure 4A). Positive immunostaining of parallel sections
of the same fibrotic liver samples for a-SMA demon-
strated that the myofibroblast-like cells in this distribution
were activated HSC (Figure 4B).

Dual staining of a-SMA together with p75 demon-
strated a superimposition of blue and brown chromogens
in the majority of myofibroblast-like cells, indicating co-
expression of the two proteins in activated HSC. Of note,
the blood vessel walls and a minority of perisinusoidal
cells extending from the fibrotic bands into the regener-

Figure 3. Normal donor liver was stained for p75 as described in Materials and Methods. Perisinusoidal cells with morphology consistent with HSC were found
to be positive (A). Analysis of a parallel section for a-SMA indicated that these cells were also positive for this marker (B; original magnification, X10). C: A high

power view of a p75-positive perisinusoidal cell (original magnification, X40).



ative parenchyma expressed only a-SMA-positive stain-
ing (Figure 4C).

When biopsies of cirrhotic liver were immunostained
for Fas, a dramatically different pattern of expression was
observed. Strong Fas positivity was present in the hepa-
tocytes present as isolated clusters or in regenerative
nodules (Figure 4, D and E). In contrast, there was only
weak or no staining of activated HSC in the fibrotic bands
defined by a-SMA positivity (Figure 4, D—F).

Immunostaining of fibrotic rat liver for p75 demon-
strated strong positivity in myofibroblast-like cells within
the fibrotic bands (Figure 4G).

Stellate Cells in Fibrotic Pancreas Express p75

Immunostaining for p75 in samples of fibrotic human
pancreas (n = 3) demonstrated expression as expected
in neural tissue. In addition, staining was observed in
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Figure 4. Cirrhotic liver biopsies were immuno-
stained for p75 as described in Materials and Meth-
ods. Clear staining was observed in the areas of
fibrosis in a distribution consistent with activated
HSC. A representative example of this is demon-
strated in A. Analysis of a sequential section for
a-SMA confirms that the cells in the fibrotic areas
are positive and therefore activated HSC (B; orig-
inal magnification, X10). Colocalization for p75
and a-SMA was determined as described in Mate-
rials and Methods (C), the majority of the activated
HSC in the fibrotic septae are stained by both
antibodies resulting in a deep purple color (origi-
nal magnification, X40). Staining of cirrhotic biop-
sies for Fas demonstrates a dramatically different
pattern with intense staining of hepatocytes (D;
original magnification, X20) and little or no stain-
ing of activated HSC within the fibrotic bands (E),
which were demonstrated to be a-SMA-positive
(F; original magnification, X10). Fibrotic rat liver
was also stained for p75. Positivity was observed
in the myofibroblast-like cells within and adjacent
to the fibrotic bands in a distribution consistent
with activated HSC (G; original magnification, X10).

cells with a myofibroblast-like phenotype within and
around fibrotic septa (Figure 5A). Staining of parallel
sections demonstrated that the cells in these regions
were a-SMA-positive.

In each immunostaining experiment for liver and pan-
creatic sections staining in the negative control samples
analyzed in parallel was uniformly negative, a represen-
tative example is given in Figure 5B.

Culture Activated HSC Undergo Apoptosis in
Response to Recombinant NGF

Hepatic stellate cells, activated by culture on uncoated
tissue culture plastic in the presence of serum and pas-
saged (passages 1-3) were exposed to a series of con-
centrations of NGF for periods of up to 24 hours in the
presence of serum. Parallel control wells were incubated
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Figure 5. Sections of fibrotic pancreas were immunostained for p75 (A), as
described in Materials and Methods. Staining was evident in nerve bundles.
In addition, there was clear staining of the fibrotic bands within the pancreas
in a distribution entirely consistent with activated PSC and in cells with a
myofibroblast-like morphology (original magnification, X20). A representa-
tive negative control for the immunostaining is given in B.

in serum-containing media only. In each condition, apo-
ptosis was quantified in situ by the counting the apoptotic
bodies after acridine orange staining as previously de-
scribed.’® In comparison with serum-containing media
(Figure BA), cells cultured in serum-containing media
plus 100 ng/ml NGF for up to 24 hours showed an in-
crease in number of rounded, condensed cells on the
monolayer surface. After acridine orange staining these
cells were seen to have condensed, crescentic, and
blebbed chromatin, indicating that they were undergoing
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Figure 7.Passaged rat HSCs were washed in serum-free medium, then
incubated in serum-containing medium in the presence of increasing quan-
tities of NGF. After 24 hours, the number of cells demonstrating an apoptotic
morphology (as demonstrated in Figure 6B) were determined by acridine
orange staining and counted in triplicate high power fields of two parallel
tissue culture wells. The figure is representative of the mean (£ SE) of 7
separate HSC preparations. Incubation of HSC with 100 ng/ml of NGF in the
presence of serum (+S NGF) was associated with a significant increase in the
rate of HSC apoptosis when compared with cells exposed to serum alone
(+S). *,0.05 > P > 0.01 by Wilcoxon’s rank sum test.

apoptosis (Figure 6B). DNA analysis of representative
samples of these condensed, morphologically apoptotic
cells demonstrated that oligonucleosomal fragmentation
had occurred, leading to the characteristic DNA ladder-
ing pattern of apoptosis (Figure 6C).

Incubation of HSC in serum plus NGF was associated
with a concentration-dependent increase in the rate of
apoptosis, which had maximal effect at 10 to 100 ng/ml.
When expressed as a percentage change from control
(incubated in serum-only cultures given the arbitrary
value of 100%), incubation of cells with 100 ng/ml of NGF
in the presence of serum was associated with an in-
crease in the percentage of cells undergoing apoptosis
at 6 and 24 hours. This effect was most profound at 24
hours, when incubation of HSC with 100 ng/ml NGF was
associated with a significant 1.5-fold increase (0.05 >
P > 0.01 by Wilcoxon’s matched pairs test, n = 7) in
apoptosis relative to control cultures (Figure 7).

C Figure 6. Passaged cultures of activated rat HSC
were washed in serum-free media, then incubated
in media containing 16% serum alone (A) or in the
presence of 100 ng/ml NGF (B). After 24 hours,

Y apoptotic cells were identified by acridine orange

! staining and photographed under blue fluores-

; cence. The condensed and blebbed nuclear mor-

phology in combination with the increased inten-
sity of fluorescence of the chromatin is consistent
with HSC that have undergone apoptosis. Direct
counting of these cells was used to quantify the
rate of apoptosis after culture manipulation. To
confirm that the condensed cells that were being
counted were apoptotic, they were harvested from
a representative culture and subjected to DNA ex-
traction and analysis as described in Materials and
Methods. € shows the DNA extracted from the
loosely adherent, condensed cells identified and
quantified by acridine orange staining. The DNA
demonstrates the laddering characteristic of oligo-
nucleosomal fragmentation that occurs in apopto-
tic cells.
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Figure 8. To determine whether incubation of cells in the presence of 100
ng/ml NGF in the presence of serum altered proliferation and to determine
changes in overall cell numbers, *H thymidine incorporation and DNA
concentration, respectively, were measured as described in Materials and
Methods. Passaged HSC were washed in serum-free medium before being
returned to serum-containing medium (+8) in the presence or absence of
100 ng/ml of NGF. In addition, other cells were returned to serum-free
medium (SF). After 24 hours, the rate of proliferation and overall DNA
concentration was measured in parallel (A and B, respectively). The results
indicate that, as described above, NGF increases apoptosis above the level
observed in serum-exposed cultures but does not alter proliferation. Accord-
ingly, there is a concomitant decrease in cell number as determined by DNA
concentration after exposure to NGF. Absolute serum deprivation for 24
hours is associated with a decrease in both cellular proliferation and cellular
number as determined by DNA concentration. The data presented in these
figures represent the mean (* SE) of three independent observations.

The rate of HSC proliferation in response to NGF in the
presence of serum was not different from that with serum-
containing medium alone (Figure 8). In contrast, *H-thy-
midine incorporation in parallel wells of HSC incubated in
serum-free conditions was greatly reduced. To determine
the relative changes in cell numbers in each condition,
total DNA concentration was determined in three parallel
HSC cultures, each incubated with serum-containing me-
dium with or without NGF and serum-free medium. Addi-
tion of NGF to serum-containing medium resulted in a
reduction in DNA concentration, reflecting a decrease in
overall cell numbers when compared to control cultures.
Intriguingly, the DNA concentration was very close to that
observed in parallel cultures incubated in serum-free
conditions (Figure 8).
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Discussion

We have presented consistent data demonstrating that
rat and human hepatic stellate cells and rat pancreatic
stellate cells in tissue culture express the low affinity
nerve growth factor receptor, p75. We have immunolo-
calized p75 to activated HSC (defined by a-SMA expres-
sion) in biopsy material representing early and advanced
fibrotic liver disease, and to pancreatic stellate cells in
examples of chronic pancreatitis. Our results provide
strong evidence that this receptor is expressed by the
major fibrogenic cell type in fibrotic disease of the liver
and pancreas. Taken together with previous reports of
p75 expression in bone marrow fibroblasts,*° these data
suggest that p75 may represent a novel marker of stromal
fibrogenic cells in a variety of tissues. The pattern of
expression of p75 contrasts markedly with that of another
member of the TNF receptor superfamily, Fas. This highly
discriminant differential expression of Fas and p75 may
provide a mechanism for selective targeting of hepato-
cytes or HSC or ultimately provide a mechanism for se-
lective induction of apoptosis in HSC to manipulate the
fibrotic process.

Western blot analysis of protein extracts from rat and
human HSC were found to give single bands of the
appropriate molecular weight after probing with antibod-
ies to p75. Expression of protein was not observed in
freshly isolated (quiescent) HSC but became detectable
in 7-day (activated) and 14-day (highly activated) cul-
tures of HSC. Parallel analysis for a-SMA confirmed that
p75 expression increased with HSC activation, as de-
fined by this marker. Further evidence for the consistency
of our observations is provided by the data obtained
using human hepatic stellate cells and fibrotic human
tissue. By Western blot analysis of protein extract from
passaged human HSC, using a monoclonal antibody
directed exclusively against human p75, a single band of
appropriate molecular weight was observed. We pro-
ceeded to use this antibody to immunostain a series of
fibrotic human liver biopsies and biopsies of normal liver
tissue. In each example of diseased liver there was stain-
ing of cells within and surrounding fibrotic bands and in a
perisinusoidal distribution extending into the residual and
regenerative parenchyma. This distribution is entirely
consistent with that of activated HSC in fibrotic liver. To
demonstrate further that these cells expressed markers
for activated HSC, parallel sections were stained for
a-SMA,®® and p75 was colocalized to a-SMA-positive
cells in a distribution consistent with activated HSC in a
representative cirrhotic biopsy. The resulting data con-
firmed that p75-positive cells were a-SMA-positive and
therefore consistent with activated HSC.

In normal liver, p75-positive myofibroblast-like cells
were observed in the stromal capsule at the margin of the
hepatic cysts and metastases. In addition, in the paren-
chyma at the resection margin and in the parenchyma of
the normal donor liver, perisinusoidal cells with morphol-
ogy consistent with HSC were observed and found to be
p75-positive. In this context it is important to review the
limitations of assuming that resected liver tissue (that had
been clamped and ischemic) and donor liver (that had
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been cooled and University of Wisconsin solution-per-
fused) are entirely normal. Indeed, parallel a-SMA stain-
ing of these liver samples indicated positivity in an iden-
tical distribution. Nevertheless, these data suggest that
HSC in normal human liver may express p75.

The hepatic stellate cell is normally considered to be
mesenchymally derived.®"3° Recent work by Niki et al,
who have demonstrated that HSC also express the glial
fibrillary acidic protein and the neural protein nestin, 4!
has rekindled debate over whether HSC cells may be
derived from the neural crest. Our demonstration of p75,
a receptor previously associated with neural tis-
sue,27 4143 will strengthen the case for a more de-
tailed study of the embryological origin of the stellate cell.
Of interest in this context are our data relating to the
recently described pancreatic stellate cell.®'2° These
cells share common morphological features with HSC
and, during culture in the presence of serum, become
activated to a myofibroblast-like phenotype. We have
established in vitro techniques for PSC activation and
have established cultures of activated PSC after pas-
sage. In this study, we have demonstrated that PSC
express p75 in a manner identical to the HSC in culture.
In addition, we have clearly demonstrated evidence of
PSC expression of p75 in fibrotic human pancreas. Our
results illustrate a further similarity between the two cell
types and reinforce the hypothesis that p75 expression
may be a general feature of the wound healing myofibro-
blast.

The paradigm ligand for p75 is NGF, although other
neurotrophins may stimulate the receptor.?* For this rea-
son, and to determine whether ligand stimulation of p75
can induce HSC apoptosis, we incubated activated HSC
in the presence of increasing concentrations of recombi-
nant NGF. Apoptosis was quantified at defined time
points by counting the total number of cells with an apo-
ptotic morphology and expressing this as a percentage
of the total number of cells in the field. This method has
the advantage that apoptosis can rapidly be quantified in
situ in tissue culture wells.®® Moreover, apoptosis can be
observed readily by distinct changes in nuclear morphol-
ogy associated with increased fluorescence and quanti-
fied simultaneously. We and others have demonstrated
that this method can be applied to the study of fibroblasts
and myofibroblasts in culture.’®3¢ Cells counted on the
adherent monolayer surface and within the supernatant
demonstrate morphological features of apoptosis by
other methods and are positive by terminal deoxynucleo-
tidyl transferase-mediated dUTP nick end label-
ing."®3%44 |n this study, we have also demonstrated that
the condensed, detached cells demonstrate the charac-
teristic pattern of DNA laddering that results from oligo-
nucleosomal DNA fragmentation during apoptosis. In re-
sponse to 100 ng/ml NGF there was a significant increase
in the rate of apoptosis even at 24 hours in the presence
of serum. The observed increase in apoptosis was similar
in magnitude to that observed in parallel cultures incu-
bated in conditions of absolute serum deprivation.

These data strongly support the hypothesis that, when
p75 is stimulated in HSC, apoptosis results and that the
apoptotic response is not attenuated by growth factors

present in serum, although the response is not as com-
plete as that seen with certain Fas-expressing cells when
stimulated with Fas-L. We have shown that addition of
NGF has no effect on HSC proliferation in the presence of
serum. By contrast, there is a 19% decrease in overall
cell number, determined by total DNA concentration, in
the presence of NGF compared with cells cultured in
serum alone. These data reinforce the evidence for a
significant apoptotic effect being mediated by NGF,
which shifts the balance of cell proliferation and cell
death to favor a net decrease in HSC number.

Our observations relating to the expression and func-
tion of p75 make an interesting contrast with that of
another paradigm pro-apoptotic member of the TNF re-
ceptor superfamily, Fas. The expression of Fas has been
demonstrated in HSC in culture and in fibrotic rat liver
septae and is associated with HSC apoptosis after stim-
ulation by Fas ligand.'®“® Fas is highly expressed by
hepatocytes™4¢ and, although local and cell surface
expression of Fas-L may limit apoptotic effects,*” the
profound hepatocellular damage that is a consequence
of Fas-L hepatocyte stimulation may limit the application
of Fas manipulation for potential therapeutic benefit in the
context of fibrosis. We have recently demonstrated that
HSC apoptosis is a vital stage in recovery from hepatic
fibrosis.'® The identification of a cell surface apoptotic
trigger, not expressed by other parenchymal and non-
parenchymal liver cells, may provide an avenue for se-
lective therapeutic targeting of HSC for apoptosis in vivo
during injury.

The role of p75 in vivo during fibrogenic injury has not
been determined. Cellular sources of NGF within the liver
have been identified and include mast cells.*® These are
recruited to the liver during fibrotic injury, and hepatic
fibrosis has recently been demonstrated to be exacer-
bated in livers depleted of mast cells.*® The presence of
NGF in the degranulation products of mast cells provides
a direct mechanism whereby these cells can influence
HSC numbers and, through this mechanism, the progres-
sion of fibrosis. A further consideration is that there may
be other ligands expressed by parenchymal and non-
parenchymal liver cells that interact with p75.

In summary, we have made the novel observation that
HSC express p75, the low affinity NGF receptor, and
respond to NGF stimulation by undergoing apoptosis. We
suggest that p75 activation represents a potential mech-
anism to target HSC and PSC for apoptosis and may
provide a potential mechanism for the selective depletion
of HSC.
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