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Fig. 4. Functional properties of aPFs and aHSCs. (A) Response to cytokines
was compared in BDL-aPFs and CCl4-aHSCs. Both aHSCs and aPFs responded
to TGF-p1 (10 ng/mL). aHSCs, but not aPFs, responded to PDGF (100 pg/mL)
and NGF (100 ng/mL). The data are fold induction compared with untreated
aPFs (or aHSCs), P < 0.01. (B) BDL-aPFs (but not BDL-aHSCs or CCls-aHSCs)
responded to bile acid taurocholic acid (TCA; 1,200 nmol/mL) by up-reg-
ulation of Col7a1, and to IL-25 (100 ng/mL) by IL-13 secretion, P < 0.05.
Stimulation of aPFs with Tauro-ursodeoxycholate (TUDCA; 25 nmol/mL),
deoxycholic acid (DCA; 0.1 nmol/mL), taurochenodeoxycholate (TCDCA; 60
nmol/mL), Tauro b-muricholate (TbMCA; 2,000 nmol/mL), and cholic acid
(CA; 20 nmol/mL) did not result in Col1a1 induction. The data are fold in-
duction compared with untreated aPFs (or aHSCs), *P < 0.05. (C) The effect
of IL-13 on HSC activation was evaluated. gHSCs were incubated with IL-13
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aHSCs and aPFs Are the Major Source of Myofibroblasts in Fibrotic
Liver. Although vitamin A-rich lipid droplets are a distinctive
characteristic of HSCs, activation results in a decrease in these
droplets (1). However, in vivo aHSCs do not lose their vitamin A
droplets completely, and vitamin A-induced buoyancy has be-
come a standard way to purify quiescent and aHSCs in vivo, as
confirmed by gene expression profiling (25, 41). Our current
study provides additional proof that vitamin A is a reliable
marker for identification, quantification, and purification of
aHSCs, making flow cytometry using vitamin A autofluorescence
as the method of choice to purify aHSCs from myofibroblasts of
other origins. Flow cytometry enables identification of hepatic
myofibroblasts and isolation of distinct subsets of myofibroblasts
(HSCs and PFs) with high purity from the same mouse liver.

Using collagen-GFP reporter mice, we demonstrate that the
total population of GFP* myofibroblasts isolated in the non-
parenchymal fraction consists of two major populations: Vit.A*
aHSCs and Vit.A™ aPFs. These results were confirmed by
immunostaining for cell-specific markers, RT-PCR, and gene
expression microarrays. Specifically, aHSCs were identified as
Vit.A*, GFAP", Desmin™, and CD146" cells that exhibit specific
morphology. In turn, Vit A~ aPFs lacked GFAP or Desmin ex-
pression, but were characterized by expression of Thyl and
Elastin, and a more round-shaped morphology. Collectively,
HSCs and PFs contribute to more than 94% of GFP* myofi-
broblasts. This type of analysis should now be extended to other
experimental models of liver fibrosis, such as alcohol-induced
liver disease and nonalcoholic steatohepatitis.

aHSCs and aPFs Contribute Differently to Liver Fibrosis of Different
Etiologies. Although the role of aPFs in the development of
portal fibrosis has been discussed (42, 61), our study is the first to
our knowledge to quantify the myofibroblast populations over
a time course. Consistent with previous studies (62, 63), we
demonstrate that aPFs play an important role at early stages of
BDL-induced liver fibrosis (13) by contributing >70% of myo-
fibroblasts. Moreover, even at later stages (BDL, 17-20 d), aPFs
contribute ~50% of myofibroblasts and exhibit a more activated
phenotype than aHSCs. Thus, the composition of myofibroblasts
varies depending on the etiology and time course of liver injury
and fibrosis.

Cholestatic Injury Induces Predominant Activation of aPFs. The
mechanism of fibrogenesis differs in CCl4 and BDL models of
liver injury. Treatment with CCly is hepatotoxic, causing necrosis
of hepatocytes and inflammation in the pericentrolobular area.
However, BDL induces obstruction of bile flow with increased
biliary pressure, moderate inflammation, and cytokine secretion
by biliary epithelial cells (64). Diffusion (accumulation) of free
bile acids may trigger ductular reaction (hyperplastic response of
bile duct epithelial cells), resulting in activation of cholangiocytes
and portal fibroblasts. The mechanism of PF activation is poorly
understood. Here, we propose that TCA bile acid can directly
activate PFs (but not HSCs) into myofibroblasts, and this effect
may rely on TCA-induced induced cytotoxicity, because PFs have
been reported to lack the bile acid receptors FXR (farnesoid
X receptor) and TGRS (the membrane G protein-coupled

(100 ng/mL) for 4 h and 24 h. Gene expression was evaluated by RT-PCR, *P <
0.01; **P < 0.02; ns, nonsignificant. The data (A-C) represent three in-
dependent experiments. For each experiment, the cells were isolated from
three mice. (D) IL-13 signaling in mouse HSCs: IL-13-stimulated HSCs (100 ng/mL,
6 h) up-regulate IL-13Ra2, tenascin C, and eotaxin, but do not express IL-13
or IL-6, as shown by RT-PCR. (E) IL-13 signaling in HSCs (2 h) causes phos-
phorylation of ERK1/2 (which is blocked by ERK inhibitor U0126, 10 uM), p38,
and Smad1/5, as shown by Western blot. TGF-p1-stimulated HSCs served as
a control.
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Fig. 5. Expression of mesothelin in aPFs is associated with cholestatic liver
fibrosis in mice. (A) Expression of selected signature genes was compared by
RT-PCR in aPFs and other cells in the liver. Mesothelin, asporin, basonuclin 1,
calcitonin-a, and uroplakin 18 mRNA were up-regulated in BDL- (17 d) aPFs,
but not in KC, endothelial cells (EC), BDL- and CCl4-aHSCs and qHSCs, or BDL-
induced cholangiocytes (Ch). The purity of each fraction was estimated by
expression of F4/80 in KC, CD31 in EC, Lrat, GFAP, and Desmin in HSCs, Thy1
in aPFs, and K19 in cholangiocytes. The data (from three independent
experiments) are shown as relative mRNA expression, P < 0.01. (B) aPFs and
aHSCs were isolated from BDL (17 d)-injured Col-GFP mice and stained with
anti-mesothelin Ab. Expression of Mesothelin was detected only in aPFs (but
not in GFAP* aHSCs) and colocalized with Elastin (TE-7) and Thy1 staining.
The percent of immunostained cells is calculated, P < 0.05 (four independent
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receptor) (65, 66). TCA-induced activation of PFs appears to be
specific, and stimulation with other bile acids (TUDCA, DCA,
TCDCA, TbMCA, CA) did not induce fibrogenic gene expression
in PFs. However, unresponsiveness of PFs to tested bile acids may
result from already high activation of isolated PFs (5 d after BDL),
the lack of corresponding receptors (65), or poor experimental
conditions (67). In addition, individual bile acids may produce
other effects on PFs, such as cellular proliferation and cytokine
secretion (17), which were not evaluated in this study. Further-
more, our in vitro conditions may not mimic the complex liver
microenvironment required for bile acid stimulation of PFs (17).
Alternatively, bile acids may indirectly induce PF activation by
affecting cholangiocytes (68) or hepatocytes (65) that, in turn, may
facilitate selective aPF activation via cell-cell signaling or cytokine
secretion (64). In addition, specific factors produced by activated
cholangiocytes may presensitize PFs for bile acid stimulation (69).

aPFS May Facilitate Activation of HSCs in BDL Model of Liver Injury.
Another characteristic feature of aPFs is expression of IL-25R.
Up-regulation of proinflammatory IL-17A, IL-25, IL-22, and
IL-6 in the serum and in the liver accompany development of
BDL-induced liver fibrosis (28). Therefore, it is not surprising
that IL-25 may stimulate aPFs. Similar to other cell types, IL-25
induced secretion of IL-13 by aPFs, but did not further their
activation. IL-13 has been implicated in pathogenesis of Schis-
tosoma mansoni infection-induced liver fibrosis (70), and re-
cently IL-13 was shown to directly stimulate HSCs to produce
CTGF and subsequently upegulate fibrogenic genes in response
to nonparasite liver injury (71). Therefore, we hypothesized that
following BDL, IL-25-stimulated aPFs secrete IL-13, which
facilitates HSC activation (via induction of IL-13Ra2, Collal,
Eotaxin, Tenascin-C, fibronection, and phosphorylation of ERK1/
2). Sup})orting this notion, bone marrow transplantation in
Abcb4™™ mice lessened hepatic fibrosis via Thl responses, but
did not alter the level of IL-13 production (72), suggesting there
must be an endogenous source of IL-13 in these mice. Further
studies are required to determine the mechanism of HSC acti-
vation in response to cholestatic liver injury.

Proposed Novel Markers of Portal Fibroblasts. Robust markers of
aHSCs and aPFs are needed. Our data confirmed that expression
of Thyl and Elastin distinguishes Vit. ATGFAP Desmin~CD146~
aPFs from Vit A*GFAP Desmin*CD146"Thyl Elastin~ aHSCs.
Using gene expression profiling of in vivo aHSCs and aPFs, we have
identified that mesothelin, calcitonin o, uroplakin 1p, basonclin 1,
asporin, IL-18R1, and IL-25R may serve as additional useful
markers to distinguish aPFs from aHSCs and myofibroblasts of
other origins. We determined that these genes are highly expressed
in portal fibroblasts but not in other cell types in fibrotic liver.

experiments; Fig. S7B). (C) Paraffin sections of liver tissue from BDL- (17 d) or
CCly- (1.5 mo)treated mice (n = 4 per group) were immunostained with anti-
mesothelin antibody or isotype-matched control. Expression of mesothelin
was detected in BDL mice but not in sham-operated mice. Only a few meso-
thelin positive cells were detected in CCls-treated mice. Representative
images are shown using 20x and 40x objective, (Fig. S7C). (D) Up-regula-
tion of mesothelin is detected by laser capture microdissection in BDL-
induced (but not CCls-induced) liver fibrosis. Laser capture microdissection
was used to isolate periportal myofibroblasts from BDL (20 d) mice and CCl,
(1.5 mo)-treated mice (n = 3 per group), cells were analyzed by RT-PCR for
expression of aPF- and aHSC-specific markers. Mesothelin, elastin, and Thy1
were highly expressed in myofibroblasts obtained from periportal area of
BDL liver. Desmin was expressed at high levels in CCls-treated liver. Unlike
desmin, mesothelin was not expressed in CCls-treated periportal area. The
data (from three independent experiments) are mRNA fold induction com-
pared with periportal area of sham mice, *P < 0.01; **P < 0.05; ns, non-
significant.
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Interestingly, aPFs express mesothelin, calcitonin a, uroplakin
1B, basonclin 1, asporin, and IL-18R1 genes. The hepatic me-
sothelium is the source of HSCs and PFs during development
(51, 60). Previous studies have demonstrated that the genes
mentioned above and other genes [e.g., glycoprotein m6a, meso-
thelin, Uroplakin 1p and 3 p, Cyp2sl, mucin 16, crystalline,
Prss12, Slipi, Caveolin, Dermokin, Calcitonin-related peptide,
vanin, cytokeratin 7, Slc9a3rl, and Slc39a8 (metal ion trans-
porter)], Igfbp6, see Fig. S6) are expressed in hepatic mesothe-
lium (48). Furthermore, the gene expression profiles of epicardium
isolated from adult mouse infarction-injured hearts identified the
same genes among epicardium-specific signature genes, and for the
first time, to our knowledge, implicated these genes (alone or in
combination) in wound healing (49). Morphological studies have
suggested that septum transversum mesenchyme (STM) is the
source of hepatic mesenchymal cells (HSCs and perivascular
mesenchymal cells) (73) and cardiac mesoderm [that gives rise
to epicardium (74)]. Therefore, a common origin of hepatic meso-
thelium and epicardium may explain the similarity of gene ex-
pression profile of these tissues. During development, hepatic
mesothelium undergoes an epithelial-to-mesenchymal (EMT)
transition to produce PFs and HSCs. Furthermore, the expres-
sion of WT1, a mesothelial-specific factor (60), is expressed in
aPFs (vs. aHSCs; Fig. S6). Because both hepatic mesothelium
and epicardium can contribute to myofibroblasts in their re-
spective organs, the contribution of the aforementioned genes to
repair and fibrosis should be addressed.

Mesothelin is a glycosyl phosphatidylinositol (GPI)-anchored
membrane glycoprotein that is expressed in normal mesothelial
cells. It is also highly expressed in several species of malignant
tumors, such as mesothelioma as well as ovarian and pancre-
atic cancers (75-77). We determined that mesothelin (Msin)-
deficient mice are less susceptible to liver fibrosis compared with
the wild-type mice. Previous studies have implicated mesothelin
in mediation of cellular interaction and metastatic dissemination.
Because of a strong induction in different types of cancer,
mesothelin is considered as a tumor-associated antigen, which
serves as a prognostic marker of disease progression, and became
a therapeutic target for anti-cancer therapy. Here we demon-
strate that mesothelin is highly expressed in aPFs in response to
BDL, so that mesothelin may serve as a novel marker of aPFs
and a potential target for antifibrotic therapy.

Materials and Methods

Mice and Liver Injury. Collagen a1(l)-GFP mice (22) and wild-type littermates
were used at 8 wk of age, in C57BL/6 background. Liver injury was induced in
mice by CCls (1:4 dilution in corn oil, 60 pL x 14 injections; ref. 41) or ligation of
the common bile duct (20 d) (41). Mice were maintained under specific patho-
gen free conditions at the animal facilities of University of California, San Diego
(protocol 507088 approved by Institutional Animal Care and Use Committee).

Isolation of Nonparenchymal Fraction. Livers were perfused and digested by
using the pronase/collagenase method (41), and cells were centrifuged to
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pellet the hepatocytes. The remaining nonparenchymal cell fraction [con-
taining hepatic myofibroblasts (HSCs, portal fibroblasts, and others), Kupffer
cells, BM cells, and endothelial cells] (41). aPFs and aHSCs were isolated by
using cell sorting for Col-GFP*Vit.A™ and Col-GFP*Viat.A* cells. Kupffer cells
(KC) and endothelial cells were isolated by gradient centrifugation (15%
Nycodenz) following by magnetic sorting with anti-CD11b and anti-CD31
antibodies, respectively (Miltenyi Biotec). Cholangiocytes were a gift of
Gianfranco Alpini (Texas A&M Health Science Center, Central Texas Veterans
Health Care System, Temple, TX) and were isolated from BDL mice (78).
Flow cytometry. Flow cytometry was based on simultaneous detection of
collagen-a1(l)-GFP (488 nm) and vitamin A (autofluorescent signal detected
by violet laser at 405 nm; Fig. 2B) in Col-GFP mice (40). Phenotyping of the
nonparenchymal fraction isolated from Col-GFP mouse livers (n = 6 time
point) was performed on Canto (BD). Cell sorting was performed on a MoFlo
(Beckman Coulter).

Immunofluorescence and immunohistochemistry. Formalin-fixed frozen livers
were stained with Sirius Red and anti-a-SMA Ab (Abcam). Immunohisto-
chemistry was performed by using DAB staining (Vector) and counter-
staining with Hematoxilin. Immunocytochemistry is described in S/ Materials
and Methods.

Whole Mouse Genome Gene Expression Microarray. The gene expression
profile of qHSCs, CCl,- (1.5 mo) aHSCs, BDL- (20 d) aHSCs, and PFs was studied
by using Whole Mouse Genome Microarray (Agilent) (40). See S/ Materials
and Methods for details.

Characterization of IL-13 Signaling in Human HSCs. Human stellate cells
(ScienCell) were plated overnight, then serum-starved for 6 h and stimulated
with IL-13, TGFp1 (R&D Systems), or a combination of both. CCL11/eotaxin
was measured in cell-free supernatants 48 h after stimulation with IL-13 by
sandwich ELISA (RnD Systems). Gene expression was assessed at 24 h by
quantitative RT-PCR.

Quantitative RT-PCR. Total RNA was isolated from the nonparenchymal
fraction, hepatocyte fraction, or purified Col*Vit.A* and Col*Vit.A* cells or
hepatic stellate cells by using RNeasy columns (Qiagen). Gene expression
levels were calculated after normalization to the standard housekeeping
gene 185 by using the AA CT method as described by the manufacturer
(Invitrogen) and expressed as relative mRNA levels compared with control.
The results are represented as mean + SEM, P < 0.0001.

Laser Capture Microdissection and RNA Extraction. Livers from sham-, CCls-
and BDL-injured mice were snap-frozen in FSC 22 Frozen Section Media
(Leica Microsystems) and stored at —80 °C. Transverse sections (10 pm) were
cut with a cryostat at —20 °C. Cryosections were mounted on membrane-
coated slides. A Leica LMD7000 system (Leica Microsystems) was used to cut
periportal or centrilobular area on sections. Microdissected sections were
collected in the lid of a 0.5-mL microtube containing RLT buffer from the
RNeasy (Qiagen). Total RNA was extracted by using the same kit and fol-
lowing the manufacturer’s instructions.
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S| Materials and Methods

Immunocytochemistry. Isolated cells were fixed in 4% (wt/vol)
paraformaldehyde in PBS and stained anti-desmin Ab (Thermo
Scientific), anti-glial fibrillar acidic protein (GFAP) (Dako),
and anti-synemin (gift of A. Geerts, Laboratory for Cell Biology,
Vrije Universiteit Brussel, Brussel-Jette, Belgium). Anti-mouse
Endoglin (CD105) Ab, anti-CD45, anti-MHC II Ab, anti-F4/80
Ab, anti-CD11b Ab, anti-CD146, anti-Thyl Ab (eBioscience),
TE-7 Ab (anti-elastin Ab; Millipore), or isotype control was
followed by secondary Alexa Fluor 594 antibodies and nuclei
costaining with DAPI. Collagen GFP expression was visualized
by fluorescent microscopy. Immunocytostaining with TE-7 Ab
was performed by using MOM kit (Vector).

Whole Mouse Genome Gene Expression Microarray. The gene ex-
pression profile of bile duct ligation (BDL)- (20 d) activated
hepatic stellate cells (aHSCs) and activated portal fibroblasts
(aPFs) was compared with carbon tetrachloride- (CCly) aHSCs
was studied by using Whole Mouse Genome Microarray (Agilent).
mRNA was purified by using RNAeasy columns (Qiagen), 160 ng

1. de Hoon MJ, Imoto S, Nolan J, Miyano S (2004) Open source clustering software.
Bioinformatics 20(9):1453-1454.

2. Saldanha AJ (2004) Java Treeview—extensible visualization of microarray data.
Bioinformatics 20(17):3246-3248.

Iwaisako et al. www.pnas.org/cgi/content/short/1400062111

of purified RNA per sample was labeled by using the LRILAK
PLUS, two color low RNA input Linear Amplification kit, and
hybridized to a Whole Mouse Genome Microarray 4 x 44K 60-mer
slide according to the manufacturer’s instructions (Agilent). Slides
were scanned by using the Agilent GZ505B Scanner and analyzed
by using the Gene Spring Software (Agilent). Hierarchical clus-
tering of gene expression values was performed by using Cluster
3.0 (httpy//bonsai.hge.jp/~mdehoon/software/cluster/software.htm;
ref. 1) using the correlation coefficient as the similarity metric, and
average linkage when merging nodes during tree building. Clus-
tering was performed on genes expressed in at least one condition
(>9 log, intensity value) to remove absent genes and genes ex-
hibiting a SD greater than 0.75 among log, intensity values to re-
move genes with constant expression. Hierarchical clustering
results were visualized by using Java Tree View (2). Differentially
regulated genes were defined as those with significant absolute
expression (>9 log, intensity value) and exhibiting twofold com-
pared with the maximal value in all other samples. Gene ontology
and KEGG pathway functional enrichment analysis was performed
by using DAVID (http://david.abce.nciferf.gov; ref. 3).

3. Dennis G, Jr, et al. (2003) DAVID: Database for Annotation, Visualization, and
Integrated Discovery. Genome Biol 4(5):3.
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Fig. S1. Hepatic myofibroblasts are isolated in nonparenchymal fraction from BDL Col-GFP mice. (A) Analysis of nonparenchymal fraction from BDL-injured
Col-GFP mice by RT-PCR. The total myofibroblast population from BDL- and CCls-injured Col-GFP mice was isolated in the fraction of nonparenchymal liver cells.
Nonparenchymal fraction (but not hepatocyte fraction) contained Colala* and a-SMA™ cells. Nonparenchymal fraction contained myeloid cells (F4/80), en-
dothelial cells (CD31), and myofibroblasts (Col and a-SMA). The data shows relative mRNA level, normalized for 18S, P < 0.01. (B) GFAPC®CFP mice were
generated by crossing GFAPS™ mice with Rosa26/0xmTRed-stop-floxmGFP e | jvers from GFAP"S mice (no injury, n = 5; CCl,-treated, n = 5) were analyzed by
fluorescent microscopy, and genetically labeled HSCs were visualized as membrane tagged GFP* (mTRed") cells. Cells that did not express GFAP-driven Cre
were visualized by TmRed color. (C) Nonparenchymal fraction from uninjured and CClg-injured GFAPS'® x Rosa26f!oxmTRed-Stop-floxmGFP jce were analyzed by
flow cytometry for the presence of vitamin A in quiescent and activated HSCs. GFAP-expressing HSCs were visualized by GFP expression (488 nm), and Vit.A*
cells were visualized by autofluorescent signal (405 nm) detected by violet laser. Although expression of Vinamin A was down-regulated in aHSCs (compared
with gHSCs), vitamin A was still detected in aHSCs. Representative dot plots and histograms are shown (n = 5 mice per group). (D) Cell fate mapping of GFAPS™+
gHSCs and aHSCs. In agreement with most previous reports (1-3), but in contrast to others (4, 5), we did not observe any leakiness of GFAP-driven Cre ex-
pression into epithelial cells. No GFAP* cells expressed Pan-cytokeratin (Pan-CK) marker of cholangiocytes, but GFAP* cells coexpressed desmin. As expected,
these GFAP* HSCs up-regulated expression of a-SMA in response to CCly. Expression of GFP overlapped (>90%) with a-SMA and desmin staining. In concor-
dance with other reports (2, 6), GFAP-Cre is suitable for genetic labeling of HSCs.
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Fig. S2. Analysis of GFP* myofibroblasts at early time points of CCl; and BDL injury. (A) aHSCs are the major source of myofibroblasts in response to CCly-
induced liver injury. Nonparenchymal fraction was isolated from Col-GFP mice after 5 d and 2 wk of CCl, and analyzed by flow cytometry for the presence of
GFP*Vit.A* and GFP*Vit.A* myofibroblasts. (B) Nonparenchymal fraction from Col-GFP mice were analyzed after 5d and 17 d of BDL. Representative dot plots
are shown. GFP* myofibroblasts were further analyzed for the presence of Vit.A* (gate R1) and Vit.A~ (gate R2) cells by histograms, P < 0.01.
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Fig. S3. Immunophenotyping of GFP* myofibroblasts isolated from CCls-treated mice. (A) GFP*Vit. A* cells were sort purified from nonparenchymal fractions
of CCls- (1.5 mo) treated Col-GFP mice and immunophenotyped. Expression of myoﬁbroblast marker («-SMA), HSC markers (desmin, GFAP, CD146, synemin), PF
markers (elastin, Thy1), hematopoietic markers (CD45, F4/80, CD68, CD11b), and endoglin was analyzed by immunofluorescence using specific antibodies or
isotype matched control (data not shown). GFP labels collagen-expressing cells and DAPI stains nuclei (40x objective). GFP*Vit.A* were identified as aHSCs, and
the percent of positively stained cells is calculated (compared with total cells, 100%, P < 0.05). (B) Similar immunophenotyping was performed for GFP*Vit. A~
cells isolated by cell sorting from nonparenchymal fractions of CCls- (1.5 mo) treated Col-GFP mice. GFP*Vit.A™ cells were identified as aPFs, and the percent of
positively stained cells is calculated (compared with total cells, 100%, P < 0.01). Of technical interest, both GFP*Vit.A* and GFP*Vit. A~ myofibroblasts were
stained positive for synemin and endoglin (CD105), suggesting that these markers do not discriminate between aHSCs and aPFs.
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Wnt signaling pathway is induced in BDL-aPFs. The following signaling pathways were up-regulated in aPFs using GO TERM analysis of aPFs (BDL, 20 d)

subjected to the whole mouse genome microarray: ECM-interaction (16 genes, P < 7.1e7°), focal adhesion (16 genes, P < 5.2e3), cell adhesion molecules (18
genes, P < 7.2e73), pathways in cancer (30 genes, P < 1.2e72), regulation of actin cytoskeleton (22 genes, P < 1.4e7%), Wnt signaling (15 genes, P < 5.1e7%), and
renin-angiotensin system (7 genes, P < 8.0e ™) signaling pathways. Activation of Wnt signaling pathway is shown, and Wnt signaling genes that are induced in
aPFs are marked with red stars.

SIGNATURE GENES :

Maximum T HSCs (BDL) Fold Maximum T HSCs (CCla) Fold
Succinate receptor 1 (Sucnr1) 3.6 28S ribosomal RNA LOC236598 15,
Chloride channel Clca1 and 2 3 & 2.8 | Hexokinase 2 (Hk2) 10
Nexin 1 (Nrxn1) 2.9 Trombospodin 1 (Thbs1) 16
Integrin 2B (Itga2b) 3.0 a-smooth muscle actin Acta2 and Acta1 3&6
Hedgehod-interacting protein (Hhip) 3.0 Nestin 7.4
Netrin 1 (Ntn1) 0.35 Cytochrome P450 (Cyp17a1 4.7
Complement factor D (adipsin, Cfd) 4.3 Transgelin (Tagln) 2.0
Angiotensin |l receptor (Agtria) 2.3 Nuclear factor IL-3 regulated (Nfil3) 4.3
Snail homolog 2 (Snai2) 2.4 Lactalbumin (Lalba) 6.2
Neurotrophin 3 (Ntf3) 2.0 Lectin (Lgals) 2.4
Synaptptotagmin X (Syt9) 1.4 Tubulin B6 (Tubb6) 2.8
T-box 20 (Thx20) 1.3 y2-smooth muscle actin (Actg2) 2.6
FGF-R2 1.4 Metalloprotein 1 (Mt1) 1.6
Dispatched Homolog 2 (Disp2) 1.5 Tubulin B5 (Tubb5) 2.3
Desert Hedgehog (Dhh) 1.6 Syndecan 4 (Sdc4) 2.9
TGF-a 15 MMP-10 5.8
NGF-R and NGF 1&1.8 | Cyclin L1 (Ccnl1) 4.5
Tribbles Homolog 2 (Trib2) 1.3 Col1a2 1.2
Talin 2 (TIn2) 0.7 Leucyl-tRNA synthetase (Lars2) 1.4
CD38 1.8 Cdkn1a 27
Sprouty Homolog 1 (Spry1) 2.7 Filamin o (FIna) 1.6
Roundabout homolog 2 0.34 Cox7b 21
Glipican 4 1.2 Kruppel-like factor2 (KIif2) 2.0
Iron transporter Slc40a1 2.0 Fibrillarin (FbI) 2.0
CD40 1:1 Myocyte enhancer factor Mef2c 3.0
Notch 4 1.7 Col1al 13
CD36 1.8 Tubulin a1A (Tuba1a) 1.4
PDGF-RB 12 Calreticulin (Calr) 1.4
Smad5 1.9 Laminin (Lmna) 1.8

Fig. S5.

Differential expression of genes up-regulated in BDL-aHSCs and CCls-aHSCs. Using the whole mouse genome microarray, expression of genes dif-

ferentially expressed in BDL (20 d)- aHSCs and CCls-aHSCs was determined. Fold induction is calculated compared with the highest value observed in BDL-aPFs
and BDL-aHSCs (or CCls-activated HSCs). In addition, we determined that CCl4-aHSCs exhibited a more activated phenotype, as determined by stronger up-
regulation of fibrogenic genes Acta 1 (fold induction >4), Acta 2 (>6), Colal (>2.1), and Cola2 (>2.7) and in replication associated genes ribosomal RNA
LOC236598 (>15 28S), cyclin L1 (>2.7), and Cdkn1a (>2.6) (over the mRNA levels detected in BDL-induced aHSCs or aPFs). In turn, BDL-aHSCs highly expressed
neural markers (>7.6 nexin, >5.4 netrin, >4.7 neurotrophin 3, >7.2 synaptotagmin 1X), Hedgehog family of genes (>5.8 Hhip, >4.8 Snai2, >3.8 Disp2, >3.2 Dhh,
>3.2 Trib2, >2.5 Spry1), CD40, and FGF-R2, which distinguished them from CCls-aHSCs and BDL-aPFs. Thus, CCls induces stronger activation of HSCs in vivo
than BDL.
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