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During liver fibrogenesis, quiescent hepatic stellate
cells switch their phenotype toward a myofibroblas-
tic-like pattern with a gain in motility. Here, we show
that SCG10 (superior cervical ganglia 10) mRNA ex-
pression, a microtubule-destabilizing protein that fa-
vors cell growth and motility in neurons, both in-
creases and correlates with the stage of fibrosis in
patients with chronic hepatitis C. We also show the de
novo expression of SCG10 mRNA in two rat models of
liver fibrosis. We demonstrate that activated hepatic
stellate cells appear to be the major cellular sources of
SCG10 in the liver. Tracking of the SCG10 pathway in
hepatic stellate cells shows that SCG10 initially accu-
mulates in the perinuclear Golgi area then migrates in
small vesicle-like structures along individual microtu-
bules. Moreover, SCG10 vesicles cluster at the distal
ends of microtubules in areas where tubules are
spread and decompacted, suggesting their preferen-
tial association with destabilized and dynamic micro-
tubules. Inhibition of SCG10 expression by gene-spe-
cific short interfering RNA in primary rat hepatic
stellate cells is associated with a significant reduction
in microtubule-dependent cellular functions, such as
proliferation and migration. In conclusion, the de
novo expression of SCG10 by hepatic stellate cells
may play a major role in cellular mechanisms associ-
ated with HSC activation, namely cell motility and divi-
sion, through interference with microtubules. SCG10
may represent a potential molecular target for anti-
fibrosis therapies. (4mJ Pathol 2010, 177:1791-1797; DOI:
10.2353/ajpath.2010.100166)

Hepatic stellate cells (HSCs) are nonparenchymal cells
mainly involved in the storage and metabolism of vitamin
A in the normal liver." Once liver damage and inflamma-
tion occur, HSCs undergo a process of activation char-
acterized by a phenotypic switch from quiescent retinoid-
storing cells to proliferative fibrogenic myofibroblast-like
cells.®> * The fibrogenic phenotype of HSCs represents a
key cellular event in development of liver fibrosis and
cirrhosis. Activation of HSCs is characterized by gain of
new functions such as motility and cell division (for review
see 5). Although many studies have highlighted impor-
tant molecular events associated with this phenotypic
switch, less is known about cellular mechanisms that
support these newly gained capacities.

One of the earliest events in HSC activation is exten-
sion of cytoplasmic processes which form the substrate
of their increased mobility. Cytoskeleton remodeling may
play an important role in this process. In eukaryotic cells,
the major constituents of the cytoskeleton are actin fila-
ments and microtubules. Microtubules are polymers of
tubulin and, in moving cells, these structures are in per-
petual change via successive polymerization and depo-
lymerization by adding and removing tubulin subunits at
polymer ends.®” Microtubules also enable delivery of
cargo to and from the cell periphery. Understanding the
mechanisms underlying continual rearrangement of the
microtubules might contribute to highlighting cellular
events driving cytoplasmic reorganization, cell division,
and cell motility during HSC activation.

Selective stabilization or destabilization of the microtu-
bule cytoskeleton involves complementary actions of pro-
teins that disassemble and rescue microtubules, respec-
tively. Microtubule stability is augmented by binding of
microtubule-associated proteins and is decreased by de-
stabilizing proteins such as SCG10 (superior cervical gan-
glia 10, STMN2).2 SCG10, a neuronal growth-associated
protein, sequesters free tubulin, enabling microtubule dy-
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namics by promoting their destabilization and thus contrib-
uting to changes in cell shape and motility 2"

In previous studies, we had noted that SCG10 was one
of the genes whose expression is significantly increased
in various pathological conditions associated with liver
fibrogenesis.'>'2 In the present study, we show that he-
patic stellate cells are the cellular source of SCG10, the
expression of which is induced de novo during HSC ac-
tivation. Our results suggest that SCG10 might play a
major role in cellular mechanisms associated with HSC
activation, namely cell motility and division, likely through
its role in controlling microtubule dynamics.

Materials and Methods
Liver Biopsy

Liver biopsies of patients with chronic HCV infection were
prospectively collected. After informed consent, the larg-
est fragment was formalin-fixed and paraffin-embedded
for routine staining. Liver fibrosis was assessed accord-
ing to the METAVIR staging system from FO (no fibrosis)
to F4 (cirrhosis) and grading of necroinflammation from
A0 (no activity) to A3 (severe activity).'* In addition, a
small fragment was snap-frozen in liquid nitrogen and
stored at —80°C until use for total RNA extraction and
SCG10 mRNA expression quantification.

Rat Model of Liver Fibrosis

SCG10 expression was studied in two models of liver
fibrosis, bile duct ligation and chronic CCl, injection.

Male Sprague-Dawley rats were either bile-duct-li-
gated (BDL) (n = 5) or sham-operated (n = 5). In brief,
under light ether anesthesia, the common bile duct was
double-ligated and sectioned between the ligatures.
Sham-operated rats were treated in the same manner
except that the bile duct was gently manipulated but not
ligated or sectioned. All animals were sacrificed 3 weeks
after the surgical procedure.

A repeated (twice a week) intraperitoneal injection of
CCl4 in olive oil (vol/vol) at a dose of 1 ml/kg body weight
(n = 5), or vehicle only (n = 5), was given for 3 weeks.
Rats were killed 21 days after the first injection.

Liver fragments were fixed in formalin and embedded
in paraffin for routine hematoxylin-eosin staining, while
other pieces were snap-frozen for RNA extraction.

This study was performed in accordance with the local
regulations and with a protocol approved by the local
Committees for Ethical Review of Research.

HSC Isolation and Culture

HSCs were isolated from normal male Sprague-Dawley
rats according to previously published protocols.’
Briefly, the liver was dispersed by perfusion with pronase
and collagenase. The resulting nonparenchymal cell sus-
pension was filtered through a nylon membrane and
washed three times in Gey’s balanced salt solution
(GBSS) buffer containing Ca?* (1.6 mmol/L), Mg2* (1.2

mmol/L), and DNase and then centrifuged through two
successive Nycodenz gradients (Sigma, St. Louis, MO),
15 and 10%, respectively. After each gradient, HSCs
were recovered from the interface between Nycodenz
and medium containing 0.3% BSA, washed in DMEM,
and plated on uncoated tissue plastic at a density of
130.10% cells/cm? in DMEM supplemented with 10%
each of calf and horse serum, 2 mmol/L L-glutamine, 10
mmol/L HEPES buffer, 10,000 IU/ml penicillin, and 10
ng/ml streptomycin. Cultures were incubated at 37°C in a
humidified atmosphere containing 95% O,, 5% CO, and
the medium was changed every day. Viability was as-
sessed by the trypan blue exclusion test. Purity was more
than 95% as assessed by autofluorescence.

Real-Time RT-PCR

Real-time quantitative RT-PCR was performed using the
ABI Prism 7700 Sequence Detection System (Perkin-
Elmer Applied Biosystems, Foster City, CA). For each
sample, data were normalized according to the level of
expression of a housekeeping endogenous RNA control
gene, namely TBP. Results, expressed as the N-fold dif-
ferences in target gene expression relative to the TBP
gene, and termed Ntarget, were determined as Ntarget =
oActsample \where the ACt value of the sample was deter-
mined by subtracting the average Ct value of the target
gene from the average Ct value of the TBP gene. The
Ntarget values of the samples were subsequently normal-
ized such that the median of the Ntarget values of the
human normal liver or quiescent HSC Ntarget values was 1.

Western Blot

One-dimensional electrophoresis was performed on 13%
sodium dodecy! sulfate-polyacrylamide gels (1D-PAGE).
Proteins were immunoblotted as follows. Proteins were
transferred onto 0.2 wm nitrocellulose filters (Schleicher &
Schuell, Germany) in a semidry electroblotting appara-
tus. The membranes were fixed for 10 minutes with 0.25%
glutaraldehyde in PBS, stained with Ponceau red, and
thereafter saturated with 5% nonfat dry milk in immuno-
blot solution (12 mmol/L Tris-HCI pH 7.4, 160 mmol/L
NaCl, 0.1% Triton X-100). Membranes were probed with
polyclonal rabbit SCG10 antisera at 1:1000 dilution.
Bound antibodies were detected by chemiluminescence
(ECL, Amersham, UK) with the appropriate secondary
antibodies, with the membranes exposed to XARS5 film
(Kodak, NY).

SCG10 Immunolabeling

Rabbit polyclonal antibody directed against the C-termi-
nal peptide of SCG10 was a gift from A. Sobel.'® Com-
mercial antibodies were monoclonal antibody directed to
a-tubulin (Amersham Life Science), polyclonal anti-myc
(Chemicon International, Billerica, MA), Alexa 488-con-
gugated anti-rabbit IgG antibody, and Alexa 546-conju-
gated anti-mouse IgG secondary antibodies (Molecular
Probes, Carlsbad, CA).



HSCs were fixed with 4% paraformaldehyde, 30
mmol/L sucrose in PBS for 10 minutes at room tempera-
ture. After fixation, coverslips were washed three times in
PBS, thereafter permeabilized with 0.1% Triton X-100 in
PBS for 5 minutes, quickly washed in PBS, and then
blocked for 30 minutes with 3% BSA in PBS. The cover-
slips were then incubated for 1 hour with relevant anti-
body at adequate dilution. After five washes with 0.1%
Tween-20 in PBS, coverslips were incubated for 1 hour
with secondary antibody in blocking buffer. DAPI coun-
terstaining was performed for nuclei visualization. The
coverslips were finally washed five times with 0.1%
Tween-20 in PBS and mounted.

For double immunofluorescence, cells were incubated
for 1 hour with polyclonal anti-SCG10 antibody (1:500) and
monoclonal anti-a-tubulin antibody (1:1000) in blocking
buffer. After five washes with PBS, cells were incubated with
Alexa 488-conjugated anti-rabbit IgG antibody and Alexa
546-conjugated anti-mouse IgG, diluted. Observation of
coverslips was performed either with a fluorescence pho-
tomicroscope (Olympus, Tokyo, Japan) equipped with a
digital camera (Princeton Scientific Instruments, Monmouth
Junction, NJ), or with a SP2 confocal microscope (Leica
Microsystems, Wetzlar, Germany).

SIRNA and SCG10-myc Transfection of HSCs

Four days after plating, HSCs were transfected with 10
nmol/L of target-specific 20 to 25 nt small interfering
RNAs (siRNAs) designed to knock down SCG10
(siSCG10#1, siSCG10#2) gene expression or nonsilenc-
ing controls (scSCG10#1, scSCG10#2) in siRNA trans-
fection reagent according to the manufacturer’s instruc-
tions (Applied Biosystem, Courtaboeuf, France). Cells
were tested for proliferation and migration 2 days after
transfection.

The SCG10-myc fusion protein containing full-length
SCG10 was a gift of A Sobel. Transfection was performed
in primary HSCs, 2 days after plating and fixed 2 days
after transfection.

Bromodeoxyuridine Proliferation Assay

HSCs transfected with siRNA or scRNA at day 4 were
tested for proliferation 2 days after transfection.

A B

%

| ro 40 -
35 1
30 1
25 1 e
20 1
15 -
10

5
$CG10 SCLP RE3 0

Sham  CCly

SCG10 and Hepatic Stellate Cells 1793
AJP October 2010, Vol. 177, No. 4

HSC were incubated in culture medium supplemented
with bromodeoxyuridine-labeling medium for 1 hour at
37°C. After three washes, cells were fixed in 70% ethanol
for 30 minutes at 20°C. Cells were then incubated with
anti-bromodeoxyuridine working solution for 30 minutes
at 37°C, followed by incubation with anti-mouse Ig alka-
line phosphatase solution for 30 minutes at 37°C. Cells
were washed and covered with the color substrate solu-
tion for 30 minutes at room temperature. The numbers of
bromodeoxyuridine-positive cells were counted in 10 ran-
domly chosen fields at a magnification of X400. Counting
was performed in three independent experiments.

Cell Migration Assay

Migration assays were performed in modified Boyden
chambers. A cell culture insert was placed in the well of
a 12-well tissue culture plate (Becton Dickinson, Le Pont
de Claix, France). The insert had a 10-mm? uncoated
translucent membrane with 8-um pores at the bottom.
HSCs (400,000 cells) obtained two days after transfection
with either Si or SCRNA were added to the insert to
adhere to the upper surface of the membrane. Cells were
serum-starved for 1 hour and then stimulated with 10
ng/ml PDGF-BB. After incubation for 16 hours, culture
medium was removed and HSCs adhering to the mem-
brane were fixed with 100% methanol and stained with
May-Grunwald Giemsa. The numbers of HSCs on the
upper surface and those on the lower surface were
counted in five randomly chosen microscopic fields at a
magnification of X400 by changing the focus. The pro-
portion of migrating cells (migration index [MI]) was cal-
culated as follows: MI = [number of cells on the lower
surface/number of cells on the upper and lower surfaces] X
100. Experiments were repeated three times.

Results

Overexpression of SCG10 in Human Liver
Biopsies and Animal Models of Liver Fibrosis
A total of 79 human liver biopsies displaying different stages

of fibrosis were collected (FO,n = 16;F1,n = 21,F2,n = 19;
F3, n = 18; and F4, n = 5). SCG10 mRNA expression

**

Figure 1. Quantitative SCG10 expression level
assessed by real-time PCR. A: In liver biopsies of
patients with hepatitis C and different stages of
fibrosis according to METAVIR scoring system,
SCG10 increases according to the score of fibro-
sis while SCLIP and RB3, other members of the
family, do not change. B: In experimental mod-
els of rat liver fibrosis, chronic CCl4 intoxication,
and bile duct ligation (BDL), SCG10 expression
significantly increases in both models compared
with sham-operated animals. Data are normal-
ized to normal liver (A) or sham-operated rats
(B). Mann—Whitney U-test, **P < 0.01.

Sham BDL
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Figure 2. Western blot analysis of SCG10 expression in HSCs on days 1, 4,
and 7 after isolation and plating. PC12 were used as control cells.

progressively increased according to the stage of liver fi-
brosis in the biopsies of HCV-infected patients [median
value (ranges) versus FO: F1-F2, 3 fold (1.5-6.5); F3-F4, 5.6
fold (2-12)]. In contrast, mRNA of SCLIP/STMN3 and RB3/
STMN4, other members of the stathmin family did not vary
significantly according to stage of fibrosis (Figure 1A).

In rats with BDL and chronic CCl4 models of liver
fibrosis, SCG10 mRNA was also increased, respec-
tively, 32 fold (20—-43) and 10 fold (6—12) versus sham-
operated animals (Figure 1B).

Overexpression of SCG10 in HSCs during
Activation

Culturing HSC for several days on plastic is a well-estab-
lished model for in vitro HSC activation. The SCG10
mRNA level was quantified by real-time RT-PCR in lysate
of primary HSCs 1 day after isolation (quiescent) and 7
days (activated) after plating.

One day after isolation, HSC showed a lipid-storing
phenotype with a round shape, short cytoplasmic ex-
pansion with many lipid vacuoles in their cytoplasm.
After 7 days in culture, cells switch to a myofibroblastic
phenotype with loss of lipid vacuoles and numerous
elongated cytoplasmic extensions.

Between day 1 and day 7, a mean 80-fold increase
was observed in SCG10 mRNA levels. In parallel, a
significant but lower increase was observed for type |
alphai collagen mRNA expression (mean 12 fold be-
tween day 1 and day 7) and connective tissue growth
factor (mean 22 fold). Experiments were performed in
triplicate and repeated at least 5 times.

A similar increase was observed at the protein level
by Western blot. A specific band was strongly ex-
pressed in control pheochromocytoma PC12 cell lines
but was not observed in quiescent HSCs; it progres-
sively increased at the intermediate stage (day 4 after

tubulin

merge

plating) and in fully activated cells (day 7) (Figure 2).
Thus, SCG10 is expressed both at mMRNA and protein
level in HSCs on activation.

Immunohistochemistry of SCG10 in HSCs

Tracking Traffic of Exogenous SCG10 in Activated
HSCs

To track trafficking of SCG10 within HSC, we trans-
fected a SCG10-myc fusion protein within HSC shortly
after isolation and followed SCG10 during HSC activation
with an anti-myc fluorescent antibody. Strong immunore-
activity was concentrated mainly at the Golgi compart-
ment during HSC transdifferentiation (day 4 after plating).
In addition, small vesicles were already detected within
the cytoplasm (Figure 3). These results show that, in
HSCs, SCG10 follow a similar cellular pathway that ob-
served in neuronal cells where SCG10 was previously
reported.

Subcellular Distribution of Endogenous SCG10 in
HSCs during Activation

In quiescent HSCs, no cytoplasmic staining was ob-
served except for strong nucleolar staining the signifi-
cance of which is unknown. After 4 days of culture, im-
munolabeling demonstrated that SCG10 expression was
found in microvesicular structures in the perinuclear re-
gion of the Golgi complex (Figure 4A). After full activation,
SCG10 accumulated in vesicular structures within the
cytoplasm distant from the perinuclear region. Double
immunofluorescence with tubulin showed that small
SCG10 vesicle-like structures were organized in close
contact with individual microtubules. Although the distri-
bution was heterogeneous within the cell, regular orga-
nization along the fibers was observed (Figure 4B). More-
over, SCG10 vesicles gathered also toward the distal end
of microtubules or in areas where tubules appeared to be
spread and decompacted (Figure 5, A and B). This orga-
nization suggested a preferential association of SCG10 with
dynamic reorganizing microtubules.

Figure 3. SCG10 trafficking pathway in HSCs.
HSCs were transfected with a SCG10-myc fu-
sion protein after 2 days of plating and fixed
with paraformaldehyde 48 hours later. Expres-
sion of exogenous SCG10 was detected using
an anti-myc anti-serum. Microtubules were
costained with anti—a-tubulin antibody. Trans-
fected SCG10 concentrate mainly at the Golgi
area, with small vesicles along the cytoplasmic



Figure 4. Localization of endogenous SCG10 in HSC. Immunofluorescence
microscopy after double labeling for SCG10 (green) and tubulin (red). A:
After 4 days in culture, SCG10 is mainly located in the perinuclear network,
suggestive of the Golgi area. B: In fully activated cells (7 days in culture),
SCG10 labeling appears as small intracytoplasmic vesicle-like structures.
Coimmunostaining of microtubules shows that SCG10 was organized in close
contact and along individual microtubules.

Increased SCG10 Expression Supports Proliferation
and Migration of Activated HSCs

SCG10 accumulation along reorganizing microtubules
suggests a possible regulatory role in cell motility and
division. To determine whether de novo SCG10 expres-
sion was of functional relevance during HSC activation,
SCG10 was knocked down in HSCs using two inde-
pendent siRNAs. Transfection of HSCs by SCG10 RNAi
induced a significant reduction in SCG10 transcript
level, whereas no change was observed for several
major genes well known to be overexpressed on HSC
activation (CTGF, TGF-Betal, MMP2, and type 1 colla-
gen) (Figure BA).

Transfection of HSCs with siSCG10 induced major de-
crease in protein expression. Whereas a specific SCG10
band was immunolabeled on Western blots of control
PC12 cells or scRNA transfected HSCs, no signal was
detected in SCG10-siRNA transfected cells (Figure 6B).

The knockdown of SCG10 significantly affected both
the proliferative and migratory capacities of HSCs. When

Figure 5. Colocalization of SCG10 and tubulin at the distal end of microtu-
bules in HSC after 7 days in culture. Double immunofluorescence of SCG10
(green) and tubulin (red) in activated HSCs. A: SCG10 vesicles are present
along microtubules and accumulate at the end and in areas where microtu-
bules are decompacted. B: Higher magnification showing SCG10 vesicles
where microtubules are spread out.
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Figure 6. Inhibition of SCG10 expression by gene-specific siRNAs in HSCs.
Cells were transfected on day 4 after plating and tested after 2 days. A:
Real-time PCR revealed a significant reduction in the SCG10 transcript level
by siRNA (si#12, si#22) compared with untreated cells and nonsilencing
control (sc#1). No effect was observed on gene expression of TGF-f1,
collagen type I a 1, CTGF, or MMP2, *P < 0.001. B: Western blot with
anti-SCG10 antibody. Control PC12 cells and hepatic stellate cells transfected
with scRNA showed SCG10 expression whether complete disappearance of
SCG10 was observed after siRNA transfection or not.

SCG10 was inhibited, a decrease of up to 54% in the
proliferation rate was observed compared with untreated
cells or cells transfected with sc-SCG10 (Figure 7A). No
significant effect on cell viability was observed.

To assess the migratory effect of SCG10, primary
HSCs were seeded in the upper compartment of the
modified Boyden chamber and allowed to migrate
through the filter. To favor HSC migration, PDGF-BB (10
ng/ml) was added to the lower chamber. Migration as-
says showed a mean 50% decrease in cell migration
when HSCs were transfected with SCG10 siRNA,
whereas no changes were observed when using cells
transfected with scRNA in comparison to unmodified
HSCs (Figure 7B).

These experiments, in correlation with the results of
immunolabeling studies, demonstrate the functional sig-
nificance of SCG10 expression in HSCs. These results
are highly relevant to the destabilizing effect of SCG10 on
microtubules.

Functional assays

B Untreated
SCG10 sc#l
W SCG10 scH2

% [ untreated

B 5CG10sif12
B 5CG10si#22

Proliferation

Migration

Figure 7. Functional effect of reduced SCG10 expression levels in HSCs.
SiRNA-mediated inhibition (si#12, si#22) affects cell migration and cell pro-
liferation compared with untreated cells used as controls or cells transfected
with scRNA (sc#1, sc#2), *P < 0.01.
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Discussion

Pioneering observations of cell division showed that pro-
tein polymers in the cell undergo rapid exchange with
soluble subunits that can generate forces by subunit
addition (polymerization) and loss (depolymerization).'”
Subsequent works revealed that microtubules are among
these polymers and play central roles in major physiolog-
ical processes, including cell shape control, cell maotility,
and chromosome segregation.’®~2° Understanding the
mechanisms by which these cytoskeletal polymers poly-
merize and depolymerize is critical for understanding
how these cells spatially reorganize in their microenviron-
ment. This topic is particularly relevant in liver physiopa-
thology, because HSC activation is associated with a shift
from a quiescent fat-storing cell to a mobile myofibro-
blast-like cell (activated HSCs) with extensive changes in
their cytoskeleton and cell contour that support motility
and division.?" We show in the present study that SCG10,
a member of the STMN (stathmin-like) family, whose ex-
pression was initially thought to be restricted to neuro-
nal cells, is also expressed in fibrotic liver. Here, we
demonstrated that activated HSCs are cellular source
for its production. Our results also suggest that, simi-
larly to neural cells, SCG10 increase cell mobility of
HSCs likely through its role in controlling microtubule
polymerization/depolymerization.

Overexpression of SCG10 in Liver Fibrosis and
Activated HSCs

We had previously observed that SCG10 gene expres-
sion was undetectable in normal liver but significantly
increased during liver fibrosis in different chronic liver
diseases.'?'® To validate that observation, we quantified,
by real-time PCR, SCG10 gene expression in liver tissue
of patients with hepatitis C at various stages of fibrosis.
Although SCG10 was at the limit of detection in normal
liver, it was strongly expressed in liver biopsies of pa-
tients with hepatitis C. Interestingly, the expression level
increased progressively according to the stage of liver
fibrosis, with the highest level in cirrhosis. An increase of
SCG10 expression level was also found in two models of
liver fibrosis, bile duct ligation and chronic CCl4 intoxi-
cation by comparison to sham animals. Finally, our in vitro
experiments definitively showed that activated HSCs are
involved in SCG10 expression both at the mRNA and
protein level.

Although stathmin 1 (STMN1/Op18) is ubiquitously ex-
pressed, SCG10 (STMN2), SCLIP (STMN3), and RB3
(STMN4), the other members of the STMN family, have
been considered mostly (although not exclusively for
SCLIP) as neuron-specific proteins.?22% In these cells as
in PC12, a pheochromocytoma cell line, SCG10 has been
identified as a growth-associated protein located prefer-
entially in the growth cones of developing neurons.?? Our
study is the first to show that SCG10 is also present in
another cell type of nonneuronal origin. This result might
be related to previous studies showing that activated
HSCs share several phenotypic markers with neural cells,

such as GFAP, PrP, NCAM, etc.?*~2° Furthermore, It was
previously found in PC12 cells that SCG10 mRNA is
nerve growth factor (NGF)-inducible.?” NGF acts through
the p75 neurotrophin receptor (p75NTR) and tyrosine
kinase receptor (TrkA). Interestingly, HSCs express both
NGF and NGF low-affinity receptor p75 on activation.?®2°
Whether this mechanism is involved in de novo expres-
sion of SCG10 during activation of HSC remains to be
demonstrated.

In Situ Localization of SCG10 and the
Trafficking Pathway in HSCs

Previous studies have shown that cytosolic SCG10 traffic
through the Golgi complex into vesicular structures de-
tected within the cell body of neurons.??3°3' In the
present study, we assessed both the trafficking and cel-
lular distribution of SCG10 in HSCs. To detect endoge-
nous SCG10, we used an existing antibody for SCG10
which was highly specific in Western blot and immuno-
fluorescence.'® Then we tracked the trafficking pathway
using transfected SCG10-myc in HSCs. Our study re-
veals several new findings.

First, we showed that SCG10 in HSCs follows the same
pathway as in neuron cells, with initial accumulation
within the perinuclear area Golgi complex and then ex-
port via vesicular secretion along the cytoskeleton.
Therefore, SCG10 subcellular targeting appears to in-
volve a ubiquitous mechanism which does not depend on
the cell types but on its own structural characteristics.
Indeed, SCG10 contains three functional regions: mem-
brane anchoring, regulatory, and coiled-coil regions. In
the membrane-anchoring region at the N terminus,
SCG10 is anchored by palmitoylation to membranes
such as those in the Golgi apparatus and vesicles for
membrane targeting.®? In its central region, SCG10 pos-
sesses sites of phosphorylation by PKA and MAP kinase.
Multiple phosphorylation regulates destabilizing activity
and therefore this region is referred to as the regulatory
region.®® At the C terminus, SCG10 has a helical struc-
ture and can interact with tubulin.®* These characteristics
are highly relevant to cellular localization of SCG10 in
activated HSCs. Using double immunostaining, SCG10
labeling appeared as small vesicles organized along the
microtubules in fully activated HSCs, a distribution pat-
tern highly reminiscent of the cargo function of SCG10
vesicles previously reported in neurons. We also showed
accumulation of SCG10 vesicles at the terminal end of
microtubules, in areas where microtubules are decom-
pacted. This pattern strongly supports their role in micro-
tubule dynamics, which is a necessary event for cell
motility. Indeed, biochemical and structural studies have
shown that stathmin proteins each bind two tubulin
heterodimers and can induce microtubule disassembly
in vitro.®° Therefore, it is not surprising to note that
SCG10 vesicles accumulate in areas of microtubule
decompaction.

Finally, the knockdown of SCG10 in HSCs using siRNA
showed that expression of SCG10 in activated HSCs is
physiologically relevant. Among the properties gained



through transdifferentiation of HSC are motility and pro-
liferation. Inhibition of SCG10 expression in HSC with
siRNA strongly decreased cell mobility in a cell migration
assay as well as cell proliferation. This effect was not
observed with scRNA. These results reinforce the role of
SCG10 as a destabilizing microtubule protein that is es-
sential for cell motility and division in eukaryotic cells and
specially in HSC. However, although this study shows
SCG10 overexpression in human liver biopsies and in
animal models of liver fibrosis, the functional relevance
has been demonstrated in vitro only and would deserve
complementary approaches for assessing its role in vivo.

In conclusion, de novo expression of SCG10 by acti-
vated HSCs may play a major role in cellular mechanisms
associated with HSC activation, namely cell motility and
division, likely through its interference with microtubules
dynamics. SCG10 may represent potential molecular tar-
gets for anti-fibrosis drug development.
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