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Animal Models. C57Bl/6 mice, 6 weeks, or 19 months of age, were
purchased from Harlan (UK), all mice are 6 weeks of age unless
otherwise stated. Fibroblast growth factor-inducible immediate-
early response protein 14 (Fn14)−/− (1) and TNF-like weak inducer
of apoptosis (TWEAK)−/− mice (2) were generously provided by
Biogen Idec. TgTP6.3 tauGFP (3) and CD11b-Diphtheria Toxin
(DT) Receptor (DTR) - (4) and their respective WT littermates
were from in house colonies. BrdU (50mg/g, Amersham, UK) was
administered by i.p. injection. Murine recombinant-(r)TWEAK
(R and D Systems) was reconstituted in sterile PBS and 0.4μg
(1, 5) was administered by tail vein injection daily for 7 days.
Donor bone marrow (BM) cells (BMCs) were extracted from

the femurs and tibias ofmice with PBS and a single cell suspension
prepared by passing the cells through a 21 gauge needle prior to
a 40mm filter (BD Falcon), after which the cells were centrifuged
at 400g for 5 minutes, washed with PBS, and re-suspended in PBS
for injection at 5x107 cells/ml. For irradiated cell controls, cells
were exposed to 30 gray from a GammaCell 40E (MDS Nordian,
Fleuvus, Belgium) with a Caesium 137 source.
DT was prepared to working concentration by dissolving in

DMSO and administered at 10ng/g via i.p. injection on days 0, 3,
and 6 as previously described (4) toWTmice following transfer of
107 BMC from CD11b-DTR donors. Controls received volume
matched DT-free DMSO diluted in PBS.
Bloodwas collected by cardiac puncture and serumprepared for

analysis using commercial kits for: Alanine transaminase (ALT;
Alpha Laboratories Ltd, UK), Albumin (Olympus Diagnostics Lt,
UK), Aspartate Aminotransferase (AST) and Alkaline Phos-
phatase (both Randox Laboratories, UK) according to manu-
facturer’s instructions.

Macrophage Differentiation and Purification in Vitro. Isolated
BMCs (2x107) were cultured for 7 days in Teflon pots (Roland
Vetter Labs) in DMEM containing penicillin and streptomycin,
10% FCS and 20% L929 conditioned media, as previously de-
scribed (6). Purity was assessed by morphology, CD45 and F4/80
expression and was consistently >99% (Figure S3A-S3C). In
preparation for injection, macrophages were washed twice and
re-suspended in PBS at 5x107 cells/ml. Irradiation was performed
as described above.

Harvest of Transferred Cells. Animals were sacrificed by CO2 in-
halation and their livers digested in situ using a modified retro-
grade perfusion technique (7) consisting of: 1) Liver Perfusion
Medium (Gibco) for 5 minutes; 2) Liver Digest Medium (Gibco)
for 10 minutes. The liver was then excised and the capsule dis-
rupted to yield a cell suspension which was collected in Liver
Perfusion Medium (Gibco) and passed through a 50mm filter
(BD Bioscences). Liver disruption for FACS based HPC isolation
used a gentleMAXDissociator with C tubes (Miltenyi). Following
red cell lysis (5 minutes in 160mM NH4Cl 10mM KHCO3 con-
taining 0.01% EDTA), cells were re-suspended in DMEM
(Gibco) containing 50%HamsF-10 nutrient mix (Gibco), 50ml of
10mg/ml insulin (Sigma, UK) and 50ml of 50mg/ml hydrocorti-
sone (Sigma, UK), 500ml gentamicin (Gibco), 5ml 50mg/ml So-
dium Pyruvate and underlayered with an equal volume of 20%
and 50% (v/v) Percoll (Sigma, UK) in PBS, respectively. Fol-
lowing centrifugation at 1400g for 20 minutes at 4°C, the fraction
lying between the 20% and 50% Percoll layers (enriched for non-
parenchymal cells) was collected, washed twice and re-suspended
in PBS.

In Vitro Colony Formation Assay. For clonal analysis, FACS sorted
cells were plated on Rat Tail Collagen Coated plates (1mg/ml,
Sigma) at clonal density of 500 cells/cm2 (8). Cells were cultured
in Williams media containing 17.6mM NaHCO3, 20mM HEPES
pH 7.5, 10mM Nicotinamide, 1x ITS, 100nM Dexamethasone,
0.2mM Ascorbic Acid, 1mM Na Pruvate, 14mM Glucose, 10ng/ml
Il-6, 10ng/ml Hepatocyte Growth Factor (HGF), 10ng/ml Epi-
dermal Growth Factor (EGF), with either 10% FCS (first 24hrs)
or 5% FCS (subsequently). Assessment of colonies was made
daily upto 56 days.

Flow Cytometry.Analysis and sorting was performed using a FACS
Vantage, equipped with a Coherent INNOVA Enterprise II laser
(Becton and Dickinson, UK). Propidium Iodide (PI) or 4’,6-dia-
midino-2-phenylindole (DAPI) (Sigma, UK) was added to the
cells prior to sorting at a final concentration of 2mg/ml to dis-
tinguish and exclude dead cells in the BM population. Cells were
also immunophenotyped using phycoerythrin (PE) conjugated
lineage antibodies, anti-CD45, anti CD31, and anti-Ter119
(Clones 30-F11, 390 and Ter119 respectively, eBiosciences), or
the HPC markers PE-cyanine 7 conjugated anti-CD24 (9) (Clone
M1/69, Biolegend) or Allophycocyanin conjugated anti- Epithe-
lial Cell Adhesion Molecule (EpCAM) (10) (Clone G8.8 eBio-
sciences). Living cells were gated using 7 Aminoactinomycin-D
(biolegend) and compensation was performed using BD Comp-
Beads (BD Biosciences, UK). GFP+ and CD24+/EpCAM+ cells
were gated as shown (Figures S2C and 4G respectively).

Immunohistochemistry. Three mm thick paraffin sections were
stained for the accepted murine HPC markers: pan-cytokeratin
(panCK) (11) (Z0622, Dako), Delta Like Homolog 1 (Dlk1) (12),
EpCAM(10) (AB21682 andAB2392 respectively,Abcam,UK), sex
determining region Y (SRY) box (Sox)9 (13) (AB5535, Millipore
UK,) and MIC1-1C3 (14, 15) (Novus Biologicals) or for the al-
ternate antigens: CD45 (Mab114 R&D systems, UK), Hepatocyte
Nuclear Factor (HNF)4α (6556 Santa Cruz), Ki67 (M7249, Dako),
BrdU, F4/80, Fn14 and GFP (AB6326, Ab6640, Ab85089 and
AB13970 respectively, AbCam,UK). Cytological smears were fixed
in methanol at 4°C for 5 minutes prior to staining. Species isotype
(Santa Cruz) staining controls were routinely performed.Detection
was performed with DAB (DAKO) followed by counterstaining
with Harry’s Haematoxylin or alternately with Alexa 488 and 555
(A21206 and A21434 or S32355 respectively; Invitrogen, UK) with
a DAPI containing Vectashield mounting media (Vector, UK).
All scale bars denote 50mm.

Fluorescence In Situ Hybridization (FISH).Male cells were detected by
FISH for the Y chromosome (STARFISH 1189-YMF; Cambio,
UK) exactly as previously described (4). Co-staining of FISH
stained sections with F4/80 or panCKwas performed by three-step
immunohistochemistry with 1:200 Streptavidin-Alkaline Phos-
phatase as the tertiary reagent and VectorRed (Vector, UK) for
visualization. Slides were mounted in Vectorshield Hard Set with
DAPI (Vector, UK).

Real-Time PCR and Gene Expression Analysis.Genomic (g)DNA was
extracted from perfused whole liver using DNA Blood Mini Kit
(Qiagen, UK). Total RNA was extracted from whole liver and
purified cell populations using a combination of TRIzolÔ reagent
(Invitrogen) and Qiagen RNeasy Mini system according to
manufacturer’s instructions (Qiagen, UK). FACS sorted hepatic
progenitor cells (HPCs) and colony mRNA was amplified using
QuantiTect Whole Transcriptome Kit (Qiagen, UK). Reverse
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Transcription (including gDNA decontamination) and real time
PCR was performed using reagents and primers (Quantifast and
Quantitect respectively, Qiagen, UK) on a ABI Prism 7500 cycler.
Y chromosome analysis used SRY primers and β-actin control
primers (ABI). Data were normalized to β-actin and quantified
against a standardized serial dilution series of murine male gDNA
into female gDNA. Data were analysed using the LightCycler
system following normalization to the housekeeping gene pepti-
dylprolyl isomerase A (PPIA) or β–Actin (SRY gPCR only). All
samples were run in triplicate alongside positive controls of either
spleen, thymus or embryonic day 15 liver.

Statistical Analysis. Prism software (GraphPad Software, Inc) was
used for all statistical analysis. Mean HPCs/ductular reactions
(DRs) per x200 magnification field from 30 fields for each mouse
were compared. For comparison of parametric data sets the one

tailed Student’s t test was used when results were concordant
between experiments.

Microscopy and Cell Counting. Images were obtained on a Zeiss
Axiovert 200microscope using aZeissAxiocamMRc camera. Cell
counts were performed manually on blinded slides. For each
antigen, 30 consecutive non overlapping fields were counted at
x200 magnification. HPCs were defined as previously described
and interlobular bile ducts were excluded fromquantification (16).
Following F4/80 immunohistochemistry, macrophage quantifica-
tion was performed from 30 captured images and individual cells
counted using ImageJ software (NIH). Confocal image analysis
was performed using a Leica SP5 system with the pinhole set to
1 airy unit. DAPI, Alexafluor 488 and VectorRed were detected
using band paths of 433-469, 495-540 and 561-682nm for 405, 488
543nm lasers respectively.
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Fig. S1. (A) Expansion of EpCAM+/Dlk1+ ductular reactions (DRs) in female mouse liver 42 d following tail vein injection of 107 bone marrow cells (BMCs). (B)
No evidence of generalized inflammatory infiltrate (CD45+) is seen following BMC transfer either with syngenic BMCs (days 3–42) or sex-mismatched BMCs. (C)
Transient increase in whole liver albumin mRNA after syngenic BMC transfer, values normalized to PBS control, n = 5 each group. (D) Four hundred days
following 107 BMC transfer, normal hepatic architecture and absence of DR activation. (E) A total of 107 BMCs from aged male mice (19 mo) were transferred
into healthy young female recipient mice and panCK+ DR expansion assessed 42 d following BM transfer (F). Data are presented as mean number of cells per
field ± SEM; n = 5 each group. All P values denote one-tailed Student t test.
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Fig. S2. Male (A) and female (B) controls for panCK (red) and Y chromosome (green) tracking with FISH by confocal microscopy (Inset: antibody isotype
control). Representative FACS plots of the nonparenchymal liver fraction identifies CD45+ donor-derived (GFP+) cells early after transfer in GFP-mismatched
BMC transfer (C).
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Fig. S3. In vitro growth and differentiation generates pure culture of morphologically (A), CD45+ (B), and F4/80+ (C) macrophages for cell transfer, as assessed
by H&E and immunocytochemistry. (D) Sox9 DR expansion 21 d following infusion of 107 sygenic macrophages or BMC or PBS control. In keeping with absence
of injury, no changes are seen in serum ALT (E) or AST (F) 21 d following macrophage transfer. (G) Serum alkaline phosphatase, however, increases consistent
with DR activation. Each group n = 5, values are expressed as mean ± SEM, P values are for two-tailed Student t test. Expression of HPC markers CK19 (H) Dlk1
(I), α -Fetoprotein (FP) (J) CK7 (K), and EpCAM (L) were assessed by RT-PCR following either BMC or macrophage transfer; each group n = 4. (M) Following BMC
transfer, significant increases in F4/80+ macrophage number are seen between 3 and 21 d in female mice infused with either 107 TWEAK KO or WT littermate
BMCs. P values denote one-way ANOVA (D–F and H–L) and two-tailed Student t test (M).
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Fig. S4. Individual channels for BrdU/panCK/DAPI (A; Fig. 4 B–D) and BrdU/ cytochrome P450 (CYP) 2D6 /DAPI (B; Fig. 4E) identification are provided. Arrows
denote cells highlighted in Fig. 4. (C) Control mice injected with PBS and given BrdU 21 d later with analysis either 2 h or 4 d later. (D) Representative gating for
purification of Lineage (Ter119/CD33)−/CD45−/CD24+/EpCAM+ HPCs purified 3 wk following i.v. injection with either PBS or 107 syngenic macrophages.
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Fig. S5. Whole liver HGF (A), IFNγ (B), IL6 (C), TNF (D) mRNA expression over time following syngenic BMC transfer relative to PBS control, all time points
denote mean ± SEM (n = 5), normalized against PBS control and are nonsignificant (P > 0.05) by Student t test. Neither lymphotoxin α/β, nor oncostatin M was
detected following BMC transfer. Analysis of livers from female C57/Bl6 mice (n = 5 each group) harvested 24 h following seven consecutive daily tail vein
injections of 0.4 μg rTWEAK shows no change in liver weight (E) but expansion of DRs expressing both PanCK and Sox9 by immunohistochemistry (F). (G)
Increased TWEAK mRNA expression by macrophages upon culture from unfractionated BMC. (H) Engraftment of WT male cells at 3 d within female Fn14−/−

recipients was assessed by harvesting flushed whole liver with analysis for Y chromosome marker by qPCR. When 107 BMC or macrophages were administered,
no loss of engraftment was observed from either cell population in Fn14−/− recipient animals compared with WT counterparts. PBS administration was used as
negative control; n = 4 each group. (I) Reduced BMC-mediated DR expansion 21 d following 107 WT BMC transfer to Fn14−/− mice as assessed by H&E, Dlk1 and
EpCAM. (J) Fn14 expression by panCK+ DRs, individual channels for Fig. 5C Inset shown. (K) Absence of Fn14 expression by periportal myofibroblasts. All data
are presented as mean ± SEM, with P values denoting two-tailed Student t test; ND, not detected.
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