Conserved long noncoding RNA TILAM promotes liver fibrosis through

interaction with PML in HSCs
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Supplemental Materials and Methods

Animal studies

All mouse experiments were approved by the IACUC of the Massachusetts General Hospital
(2017000074) or Columbia University (AC-AAAF7452). For the carbon tetrachloride (CCls) model
of fibrosis, mice received either 40% CCls diluted in olive oil or olive oil control by oral gavage
(100 pl total volume) three times a week for four weeks(1). For the choline-deficient, L-amino acid-
defined, high-fat diet (CDA-HFD) model, mice were fed CDA-HFD chow consisting of 60% kcal
fat and 0.1% methionine or control chow for twelve weeks(2,3). HSCs were sorted from Lrat-Cre
mice crossed with ZsGreen Cre reporter mice (R26R*°*®®" Jackson Laboratory) as
described(4,5) either before or after receiving CCls by intraperitoneal injections (0.5 ml/g,
dissolved in corn oil at a ratio of 1:3) three times a week for four weeks. All animals received
humane care according to the criteria outlined in the “Guide for the Care and Use of Laboratory
Animals” prepared by the National Academy of Sciences and published by the National Institutes

of Health (NIH publication 86-23 revised 1985).

Generation of Tilam mouse

Tilam9™%" mice were generated by injecting a cocktail of crRNA+tracrRNA, Cas9 protein and
donor DNA into pronuclei of E0.5 C57BL/6 embryos. Two crRNAs targeting Tilam were mixed 1:1
for injection (Supplemental Dataset 1). Donor DNA consisted of a plasmid containing GFP and
polyA cDNA sequence inserted into exon 1 of Tilam (between nt 55 and 56), with 4 kb of genomic
homology sequence flanking each side of the insertion site. Post-injection embryos were re-
implanted into recipient CD1 pseudo-pregnant females and allowed to develop to term. Pups were

screened by genomic PCR to identify founders, initially using a 5’ primer recognizing a sequence
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outside the 4 kb homology arm and 3’ primer recognizing a sequence in the GFP cDNA
(Supplemental Dataset 1). Founders were back-crossed to C57BL/6 mice (Charles River) to
confirm germline transmission and backcrossed for six generations to wild-type C57BL/6 mice
before in vivo fibrosis experiments were performed. Genomic DNA was then isolated from mice
after the backcrosses, and the locus was amplified and sequenced to confirm that the GFP-polyA
cassette was inserted between nucleotides 55 and 56 of exon 1 (Supplemental Figure 4C).
Subsequent genotyping was performed with primers described in Supplemental Dataset 1 and
through probe sets designed by Transnetyx. Studies were initiated on age and sex-matched wild-

type and Tilam¥"%" mice on the same C57BL/6 background at 8-10 weeks of age.

Experimental mouse cohort

Both male and female mice were evaluated separately to analyze the phenotype in wild-type and
Tilam®™%" mice. Figure legends indicate the sample size for each result, represented by individual
data points. Animal numbers for sample harvest are: wild-type = 135, Tilam9"9" = 127. Age and
sex-matched control wild-type mice of the same C57BL/6 background (Charles River) were
purchased and were co-housed for two weeks prior to experiments. The mice were fed with the
LabDiet Prolab IsoPro RMH 3000, 5P76 and housed in Allentown PIV cage on sani chip hardwood

bedding and given carefresh as a nesting material.

Cell culture

Primary human HSCs were purchased from Lonza, and LX-2 cells were a gift from Scott
Friedman. Cells were cultured as described previously for HSCs(6). Details for each individual

donor are listed below. Primary mouse HSCs were isolated and cultured as previously
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described(7). HEK-293 cells were obtained from ATCC (CRL-1573) and cultured in DMEM
supplemented with 10% fetal calf serum and 1% Penicillin/Streptomycin. For HSC gene
expression analysis by qRT-PCR in the presence of TGF-$1 or TGF-B2 (R&D Systems), HSCs
were cultured in DMEM with 0.2% BSA for 2 days and then treated for 16 hr. For IF experiments,

HSCs were cultured in DMEM with 0.2% BSA for 1 day before treatment for 6 hr.

Donor Vendor ID Age Gender Race BMI
1 Lonza, HUCNP, ID: 4105 45 M Caucasian 24.2
2 Lonza, HUCNP, ID: 4270 3% M Caucasian 421
3 Lonza, HUCNP, ID: 4119 30 F African American 33.2
4 Lonza, HUCLS, ID: 201951 28 M Caucasian 244
5 Lonza, HUCLS, ID: 182821 24 F African American 48.8

Expression analysis of TILAM in patients with metabolic dysfunction-associated steatotic liver

disease.


https://app.readcube.com/library/f8e5ef97-7d67-4064-9af4-7768dfe64c66/all?uuid=05742403987006317&item_ids=f8e5ef97-7d67-4064-9af4-7768dfe64c66:cc7e8081-8c6e-462f-a4f4-a1149e171525

RNA-seq data were analyzed from 206 patients diagnosed with metabolic dysfunction-associated
steatotic liver disease (MASLD/NAFLD) from GSE135251(9). For gene quantification, we
employed the GENCODE (v42) GTF file and FeatureCounts(10) to calculate locus-specific read
counts. These counts were normalized to Fragments Per Kilobase of transcript per Million
(FPKM), accounting for both gene exon lengths and sample-specific unique-mapped read counts.
We quantified TILAM (including all isoforms from our prior study(8) and those annotated in
GENCODE v42) and COL1A1 FPKM values between patients as stratified in the dataset: 51
patients with metabolic dysfunction-associated steatosis without steatohepatitis (MAFLD), 24
patients with metabolic dysfunction-associated steatohepatitis (MASH) and FO-F1 fibrosis, 53
patients with MASH and F2 fibrosis, 53 patients with MASH and F2 fibrosis, and 14 patients with
MASH and F4 fibrosis. Statistical significance was assessed using the Wilcoxon-Mann-Whitney

test.

Human embryonic stem cell (hESC) culture and liver organoid differentiation.

H1 hESCs (WAO01, NIH registration number 0043) were obtained from WiCell, and ESCRO
approval for their use was received from UMass Chan Medical School and Massachusetts
General Hospital. hAESCs were cultured, and genome editing with homology directed repair (HDR)
was performed as previously described(11). In brief, hESCs were co-transfected with Cas9
protein-crRNA-tracrRNA complex (Supplemental Table 7) and homology vector followed by
puromycin selection. Individual puromycin-resistant colonies were selected and expanded.

Genomic sequencing was then performed to confirm homozygous insertion.

hESCs were differentiated into liver organoids as previously described(12,13). In brief, cells were
differentiated to definitive endoderm then to foregut spheroids. On day 7 of differentiation, cells

were embedded in Matrigel (Corning, 354230) and treated for 4 days with retinoic acid (Tocris,
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0695) before switching to Hepatocyte Culture Medium (Lonza, CC-3198). On day 21, liver
organoids were extracted from Matrigel and cultured on an orbital shaker(13). Where indicated,
isolated liver organoids were treated with TGF-B1 (10 ng/mL) and FGF-1 (at indicated dose) for
4 days to induce fibrosis. LNAs were added to culture media (500 nM) for 48 hr to deplete TILAM

expression.

For immunofluorescent analysis, HLOs were collected, fixed with 4% paraformaldehyde (PFA)
and then permeabilized using 0.1% Triton. See Supplemental Dataset 2 for antibodies. DAPI
(1:10000) was used to stain nuclei (62248, Thermofisher). The stained HLOs were visualized and

imaged with the Leica DMi8 automated Microscope (Leica Systems) using the 10x objective.

Delivery of short interfering (si) RNAs and locked nucleic acids (LNAS)

Human HSCs were reverse transfected with siRNAs(6), and human HSCs were transduced with
LNAs with reverse transfection or nucleofection, as indicated. Reverse transfection was
performed using Dharmafect-1 transfection reagent (Horizon Discovery, cat# T-2001) according
to the manufacturer's instructions. For 12-well plates, 60uL of 3uM siRNAs or LNAs were added
to 180 uL Opti-MEM (Gibco, cat# 31985070) for the final concentration of 150nM and then mixed
with diluted Dharmafect-1 in Opti-MEM (2.4 yL Dharmafect-1 in 237.6 yL Opti-MEM). After 30
min, HSCs resuspended in transfection medium (DMEM supplemented with 16% FBS) were
seeded in wells containing the siRNA or LNA/Dharmafect-1 mixture at ~70,000 cells/mL in 720
uL/well. Transfection in other plate formats were scaled up or down based on surface area. Cells
were incubated with siRNAs or LNAs and transfection reagents for 72 hr before analysis. The
siRNAs were purchased from Horizon Discovery. and the LNAs were purchased from Qiagen

(Supplemental Dataset 1).

Nucleofection was performed for human HSCs (Figure 1D) and murine HSCs (Figure 4B). HSCs
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(0.5x10°) were resuspended in 1M nucleofection buffer (5 mM KCI, 15 mM MgCl2, 120 mM
Na2HPO4/NaH2PO4 pH 7.2, 50 mM Mannitol) and transfected with 200 nM LNA/ASO in a
Nucleofector 4D (Lonza). HSCs were harvested after 48 hr of treatment. The ASOs against

murine Tilam were purchased from Integrated DNA Technologies (Supplemental Dataset 1)

gRT-PCR analysis

RNA samples were extracted using Qiagen RNeasy Mini Kit (74104). Using 500 ng total RNA as
input, reverse transcription was performed with the iScript gDNA Clear cDNA Synthesis Kit (BIO-
RAD, 1725035) according to manufacturer’s instructions. TILAM/ Tilam expression was quantified
in human and murine HSCs using SYBR Green Universal Master Mix (Applied Biosystems, cat#
4309155) with primers listed in Supplemental Dataset 1 with the exception of Supplemental Figure
2D and 2E, which used TagMan Universal PCR Master Mix (Applied Biosystems, cat# 4305719)
and TagMan Real-time PCR Assays (ThermoFisher Scientific). SYBR Universal Master Mix with
primers listed in Supplemental Dataset 1 were also used for Figure 2B and Supplemental Figure
7A. All other gRT-PCR experiments were performed with TagMan Universal PCR Master Mix and
TagMan Real-time PCR Assays, and gene-specific Real-time PCR Assays used in this study are
listed in Supplemental Dataset 1. GAPDH was used as an endogenous control for all experiments

unless otherwise stated.

Immunofluorescent staining and single molecule RNA fluorescent in situ hybridization (smFISH)

For immunofluorescence in Figure 7, HSCs were cultured on coverslips and washed with PBS at
least three times and fixed in 4% paraformaldehyde (PFA) in PBS for 15 min at room temperature.

Cells were then permeabilized with 0.05% Triton X-100 in PBS and blocked in blocking solution



(0.1% BSA in PBS) for 1 hr. Then, coverslips were subjected to incubation with primary antibodies
in the blocking solution overnight at 4 °C. Coverslips were then washed three times with PBS and
then treated with secondary antibodies in the blocking solution for 1 hr at room temperature. Cells
were then washed three time with PBS. Cells were stained with DAPI for 15 min before washinsg
with PBS. The coverslips were mounted and visualized for fluorescence on a Leica Thunder

imager (LEICA DMi8). See Supplemental Dataset 2 for antibodies.

For Supplemental Figure 7F, Immunofluorescent staining was performed as previously
described(11) following the sequential immunostaining and single-molecule RNA-FISH protocol
for HSCs cultured on glass coverslips. Cells were fixed in 3.7% formaldehyde in DPBS and
permeabilized in 1% Triton X-100. Cells were stained with Hoechst and mounted onto slides.
Slides were imaged on a StellarVision inverted microscope (Optical Biosystems, model SV20HT)

using a Nikon CFIl S Plan Fluor ELWD 0.45NA 20XC air objective.

Single molecule RNA FISH was performed as previously described(14). Custom Stellaris® FISH
probes (Biosearch Technologies) were designed against TILAM and PDGRFB using the

Stellaris® FISH Probe Designer (www.biosearchtech.com/stellarisdesigner, Supplemental

Dataset 3). HSCs were cultured on glass coverslips before fixation and overnight hybridization
with Stellaris FISH probe sets labeled with Quasar570 or Quasar670, following the manufacturer’s

instructions. (www.biosearchtech.com/stellarisprotocols). Nuclei were defined by Hoechst

staining. Imaging was performed with a Nikon 80i upright fluorescence microscope with

Hamamatsu Orca CCD camera.

Formaldehyde-assisted isolation of regulatory elements (FAIRE)

FAIRE was performed as previously described(14), and primers are described in Supplemental

Dataset 1.
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Rapid amplification of cDONA ends (RACE)

Total RNA was isolated from human and murine HSCs. RNA was isolated by the microFast Track
2.0 kit (Life Technologies). The GeneRacer 2.0 kit (Life Technologies) was used to determine the
5" and 3’ ends of the IncRNA transcripts. Nested 5 and 3' RT-PCR was performed in human
HSCs and a single round of 5’ and 3’ RT-PCR was performed in murine HCS. Primers are listed

in Supplemental Dataset 1.

Nuclear and cytoplasmic fractionation
Nuclear and cytoplasmic fractionation was performed as previously described(14). Primers used

for gQRT-PCR are listed in Supplemental Dataset 1.

RNA-Seq

Human HSCs from donor 4 (Lonza, HUCLS, ID: 201951) were transfected with NTC si5 (control),
PML si17, LNA Ctrl (control), and TILAM LNA1 in triplicate. Cells were harvested, and RNA was
extracted using Qiagen RNeasy Mini Kit (74104). Analyzed samples showed an RNA quality
number (RQN) greater than 9 (Agilent 4200 TapeStation System). PolyA-selection and stranded
library preparation (NEB Directional Ultra [l RNA library preparation kit) was performed prior to
150 nt paired-end sequencing on a HiSeq4000. Murine HSC libraries were created from sorted
HSCs and prepared with the lllumina Truseq mMRNA Stranded Prep Kit prior to 100 nt paired-end

sequencing on a HiSeq2500.
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RNA-seq analysis and differential gene expression

For analysis of human HSC data, reads were quality assessed using the FASTQC (v 0.11.9) and
aligned to the human reference genome (GRCh38_release_37) from GENCODE with Star aligner
(v2.7.10a) using RSEM (v1.3.3) with default parameters. First, the human reference genome was
indexed using the GENCODE annotations (gencode.vGRCh38_release_43) with rsem-prepare-
reference from RSEM software. Next, rsem-calculate-expression was used to align the reads and
quantify gene abundance. The output of rsem-calculate-expression gives separately the read
count and transcripts per million (TPM) value for each gene. Differential expression analysis was
performed using gene read counts with DESeq2 package (v 1.38.3) to produce LFC values and
corresponding p-values (FDR) applying a Benjamini—-Hochberg correction for multiple testing, with
a minimum of 5 reads required for a differentially-expressed gene. The heatmap was created
using normalized gene count values from Deseq2, using R gplots package heatmap.2 function
with row scaling. GO analysis was performed and visualized with WebGestalt(15). Gene
expression across cell types and tissues for human and mouse samples were performed as
previously described(8,14), except that for Supplemental Figure 1C, the original FPKM values
were converted into transformed Z-scores so that the values for Col1a? and Tllam could be

compared on the same plot.

Identification of orthologous long noncoding RNAs between humans and mice

RNA-seq data from murine HSCs were mapped to the mouse reference genome (mm10), and ab

initio assembly was performed as previously described(8). To identify orthologous IncRNAs

between humans and mice, we integrated three distinct methods: synteny analysis, whole

genome alignment (WGA), and sequence similarity (SS).
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(1) Synteny: An IncRNA was considered as synteny-orthologous between human and mouse
HSCs if it met the following criteria: a) it was expressed in both human and mouse HSCs, b) it
was located within 10 kb of the same coding gene (as defined by genes in the human and mouse
genomes with the same name, and c) it exhibited consistent relative strand information
corresponding to the coding gene.

(2) Whole Genome Alignment (WGA): Orthologous IncRNAs identified via WGA were located in
the same region of the aligned genomes of humans and mice. We obtained whole-genome
alignment chains between the human genome (hg19) and mouse genome (mm10) from the
UCSC Genome Browser. We then assigned a location for each IncRNA into 2,000 bins within
these aligned chains in both species.

(3) Sequence Similarity (SS): An IncRNA was deemed orthologous via sequence similarity if its
human and mouse transcripts showed significant similarity, defined by an e-value of less than 1e-
5 in a bi-directional search. The sequence alignment search was performed using the BLAST
algorithm with the following parameters: blastall -p blastn -i query_seq.fa -d target_seq.fa -e

0.00001 -m 0 -W 8.

Single-cell RNA sequencing analysis

Single-cell RNA-seq data from olive oil control and CCls-treated mice were obtained from
GSE171904(16). Using the experimentally confirmed murine Tilam transcript sequence
(Supplemental Figure 3D), we identified its genomic coordinates as two exons on chromosome
11 (chr11:94933400-94933501 and chr11:94928436-94929302, mm10 reference genome, minus
strand) via BLAT sequence alignment (17). These coordinates were incorporated into the mm10
genome annotation file, and a custom Cell Ranger reference was created using the 'mkref'
command. CellRanger (version 7.0.1; 10x Genomics) was used to generate expression matrices

with default parameters, which were subsequently merged and analyzed in R using the Seurat

11
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package (18). Only cells expressing more than 200 genes, and only genes present in at least
three cells were retained. Data were log-normalized, and cell type relationships and UMAP
coordinates were derived from the RDS files accompanying the GSE171904 dataset. UMAP plots

were created using the "seaborn" Python package.

Hepatic hydroxyproline

To quantify collagen level, liver samples were isolated from the same region of the left liver lobe
and analyzed as described(19). Isolated samples were homogenized and processed to evaluate
hydroxyproline concentration using hydroxyproline assay kits following manufacturer’s

instructions (Sigma-Aldrich, MAKO0O08).

Collagen proportionate area (CPA)

CPA was measured as described previously(20). Liver samples were fixed in 4% PFA. Pico-Sirius
red staining was performed using the left liver lobe from PFA-fixed paraffin embedded sections.
Whole sections were scanned and loaded into Imaged to calculate the ratio of collagen positive

area against the total parenchyma area and expressed as a percentage.

Immunohistochemistry

Immunohistochemistry (IHC) was conducted on paraffin sectioned samples. For paraffin-
embedded sectioning, livers were fixed in 4% PFA at 4°C. After dehydration through graded

ethanol and paraffin embedment, samples were sectioned at 5-ym. Standard

12
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immunofluorescence procedure with antigen recovery was carried out. Antibodies are listed in

Supplemental Dataset 2.

Linear model analysis of results from male and female mice

Separate linear regression models were constructed to investigate the gender-specific effects of
Tilam®®'9® mice based on hydroxyproline levels in the CCl; and CDA-HFD experiments. The linear
regression models were fitted using the Im function in R. To perform this analysis, sample
numbers were equalized by using the k-nearest neighbors (KNN) imputation with the impute.knn
function in the impute package to fill in values so each condition had equal number of samples

for the linear regression model. Separate imputations were performed for the CCls and HFD.

Western blot analysis, nuclear lysate production, and co-immunoprecipitation

For analysis of whole cell lysates (Figure 7A, Supplemental Figure 7D), pelleted cells were lysed
with RIPA buffer (Thermo Scientific, 89900) supplemented with protease inhibitors (Thermo
Scientific, 87786). Cell lysates were centrifuged to remove debris. Protein concentrations were
measured using Pierce BCA Protein Assay Kit (Thermo Scientific, 23227). LDS Sample Buffer
(Invitrogen, B0007) and Sample Reducing Agent (Invitrogen, BO009) were added to cell lysate,
and the sample mixture was boiled for 10 min before loading. 4% to 12% Bis-Tris gels (Invitrogen,
NWO04120BOX) were used for electrophoresis followed by transfer using iBlot 2 Dry Blotting
System (Invitrogen, 1B21002S). Membranes were blocked with 1% BSA (Thermo Scientific,
37520) at room temperature for 1 hr and incubated overnight with primary antibody at 4°C.
Membranes were washed three times with Tris Buffered Saline-Tween (TBST) buffer (Boston

BioProducts, IBB-181-6), incubated with secondary antibody for another 1 hr, washed three times
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with TBST buffer, and then incubated with SuperSignal West Pico PLUS chemiluminescent
substrates (Thermo Scientific, 34580) for 5 min before scanning with a LI-COR Odyssey M

imaging system. Antibodies are listed in Supplemental Dataset 2.

For isolation of nuclear lysates (Figure 7G, Supplemental Figure 7C and D), nuclear isolation was
performed as described previously (11). HSCs were washed with PBS, scraped on ice, and
transferred to 15 ml conical tubes. The cells were pelted by cold centrifugation at 400g. After
washing 2 times with cold PBS, cell pellets were suspended in hypotonic buffer (20 mM Tris-HCL
pH 7.4, 10 mM NaCl, 3mM MgCl.) and incubated on ice for 15 min. Ten percent NP40 was then
added to the pellets and vortexed at the highest setting. Nuclear pellets were collected after
centrifugation at 845g at 4 °C. Lysates were then prepared for gel electrophoresis and protein
quantification as described in the first paragraph of this section. Antibodies are listed in

Supplemental Dataset 2.

To perform Co-IP (Figure 7G), the pellets containing nuclei were lysed in a lysis/wash buffer
(50 mM Tris-HCL pH 7.5, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100 and 1x Halt protease
inhibitor). Following centrifugation at 16,000g for 20 min, supernatants were incubated with PML
antibody or normal rabbit IgG overnight at 4 °C with gentle rotation. Then, Dynabeads Protein G
(Thermo Fisher Scientific, 10003D) were washed once in lysis/wash buffer and incubated with
lysate-antibody conjugate mixture at 4 °C with rotation for 1 hr. After collecting the beads by
placing the tubes on a magnetic rack and washing 3 times with lysis/wash buffer, samples were
eluted and treated as described in the first paragraph of this section for gel electrophoresis and

analysis. Antibodies are listed in Supplemental Dataset 2.

Lentiviral Transduction of HSCs
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Lentivirus was produced in HEK-293T cells with pMD2.G (Addgene plasmid # 12259) and
psPAX2 (Addgene plasmid # 12260) using X-tremeGENE 9 transfection reagent as previously

described(6) to package lentivirus expression TILAM-apt or SCRM-apt.

Mass spectrometry and analysis

LX-2 cells were infected with lentivirus expressing TILAM-apt or SCRM-apt and selected with
puromycin. Confluent cells were rinsed with DPBS and exposed to 400 mJ/cm? of energy on ice
using a UV cross-linker (Stratalinker). UV cross-linked cells were lysed (150 mM KCI, 25 mM Tris-
HCI pH 7.4, 5 mM EDTA, 5 mM MgCI2, 1% NP-40, 0.5 mM DTT, Roche mini-tablet protease
inhibitor, 100 U/mL RNAseOUT), and debris was removed by centrifugation at 16000g. The
resulting lysate was further treated with 50 pL of Avidin Agarose beads (Thermo Fisher, 20219)
to clear biotin from the lysates. The cleared lysate was then incubated with 150 uL of Streptavidin
C Dynabeads (Thermo Fisher) on a rocker at 4°C for 4 hr. The beads were collected using a
magnet and washed three times with a wash buffer similar to the lysis buffer, except for an
increased KCI concentration of 350 mM. To release the proteins, the beads were incubated with
RNase A and resuspended in 2X LDS sample buffer. Lysates were resolved on a polyacrylamide
gel, and segments ranging from 30 to 350 kDa were excised for subsequent mass spectrometry
analysis. The resulting proteomic data were analyzed using Crapome proteomic analysis

(https://reprint-apms.org/) with a threshold of >90% confidence and a greater than four-fold

enrichment over controls.
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Supplemental Figure 1. Accessibility between COL71A71 and TILAM, TILAM sequence cloned
from human HSCs, and expression across tissues and cell types. (A) Formaldehyde assisted
isolation of regulatory elements (FAIRE)(21) was performed followed by genomic qPCR to
quantify relative accessibility (y-axis) of the COL1A1 promoter, the TILAM promoter, and the
region between both promoters (central region). Error bars represent mean + SEM. (B) Sequence
of the isoform of TILAM amplified from primary human HSCs. (D) TILAM gene expression (FPKM)
was quantified across tissues and cell lines using previously published datasets(8). (D) TILAM
and COL1A1 expression (z-score) was analyzed across tissues and cell types (GTEx(22),

GSE26284, and GSE41009)(8).
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Supplemental Figure 2. Subcellular localization of TILAM, and depletion of TILAM in multiple
primary human HSC lines. (A) Nuclear and cytoplasmic fractions from primary human HSCs were
separated, and MALAT1 transcripts were quantified by gRT-PCR (left) to assess efficiency of
fractionation, as MALAT1 is retained in the nucleus. The distribution of ACTA2 and TILAM RNA
transcripts were quantified in the nuclear and cytoplasmic fractions by qRT-PCR (right). Error bars
represent mean + SEM. (B) Single molecule RNA FISH (smFISH) was performed using probes
that recognize TILAM (red) and PDGFRB (green). Nuclei are stained with Hoechst (blue). (C)
Primary human HSCs from donor 3 were transfected with LNAs targeting TILAM (LNA 1 and LNA
2) and a control LNA before TILAM and COL1A1 were quantified by gRT-PCR. * indicates p<0.05
and *** indicates p<0.001 (one-way ANOVA with Dunnett's multiple comparisons test). GAPDH
was used as an endogenous control. (D-E) Primary human HSCs from two additional donors were
transfected with TILAM LNA 1 and control LNA before TILAM, ACTA2, and COL1A1 were
quantified by qRT-PCR. * indicates p<0.05, ** indicates p<0.01, *** indicates p<0.001 (2-tailed

unpaired t test). GAPDH was used as an endogenous control.
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Supplemental Figure 3. Disruption of human TILAM for human liver organoid differentiation and
sequence of murine Tilam and alignment with human TILAM. (A) Homology directed repair (HDR)
was performed to insert a cDNA encoding GFP and polyadenylation (polyA) signal into TILAM to
disrupt expression of the INcRNA (orange line indicating termination of transcription). HDR was
performed using a plasmid containing a puromycin expression cassette. Puro-resistant hESCs
were screened to identify clones where both TILAM genes were disrupted. (B) Venn diagram
showing murine IncRNAs with human orthologs as determined by synteny, whole genome
alignment, and sequence similarity. (B) Schematic of Tilam in relation to Col1a? in the mouse
genome. (C) Sequence of Tilam cloned from murine HSCs. (D) Repetitive sequence in 63 nt gap
between two transcripts in the Tilam locus assembled with RNA-seq data from murine HSCs
(Figure 3F). (E) Sequence conservation between human (top) and murine (bottom) TILAM at
indicated nucleotide positions. Nucleotide positions are based on cloned sequences

(Supplemental Figure 1B and Supplemental Figure 3D).
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Supplemental Figure 4. Tilam expression and insertion of GFP and a polyadenylation (polyA)
signal to disrupt the Tilam gene. (A-B) Murine Tilam and Col1a1 expression patterns across adult
and developmental tissues (GSE36025 and GSE36114) compared to murine HSCs isolated from
mice with or without CCl, treatment in this study. (C) Genomic PCR performed on pups born after
zygote injections for genome editing to identify founders. The upstream primer (Primer 1)
annealed to a region located outside the 4 kb homology arm used for homologous recombination
while the downstream primer (Primer 2) annealed to a region within the GFP sequence. Products
were visualized on an agarose gel. Mice 16, 19, and 22 (red) showed evidence of the correct
insertion. These mice were crossed to wild-type C57BL/6 mice to confirm germline transmission
and back crossed for six generations to wild-type C57BL/6 mice before intercrossing mice from
the same founders. DNA ladder (L) is on the left and right, with 3kb and 5kb markers indicated on
the left. (D) Sequencing of genomic DNA was performed in Tilam¥?%® mice, showing insertion of
GFP-polyA sequence at nt 55 of exon 1. The complete sequence was truncated to show sites of

insertion.
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Supplemental Figure 5. IHC for GFP and Sirius red in control conditions and additional analysis
of CDA-HFD and CCls experiments. (A) IHC of Pdgfrb and GFP in Tilam®"" and Tilam™* and
livers with normal diet. Pdgfrb is limited to the periportal area and vessels in normal diet and a
small number of GFP positive cells are detected in similar regions of Tilam9?%" mice with control
diet. Scale bar: 50 ym. (B) Representative images of Sirius red staining in Tilam®"9" and Tilam**
female mice receiving control diet for CDA-HFD in experiment Figure 5C. Scale bar = 50 uym. (C)
Tgfb1 expression was quantified by qRT-PCR in female mice receiving CDA-HFD or control diet
(n=13, 12, 26, 18). Error bars represent mean + SEM. ns indicates p>0.05 (2-tailed unpaired t
test). Gapdh was used as an endogenous control. (D) Mmp2 expression was quantified by qRT-
PCR in female mice receiving CDA-HFD or control diet (n=13, 12, 26, 18). ns indicates p>0.05
(2-tailed unpaired t test). Gapdh was used as an endogenous control. (E) Representative images
of Sirius red staining in Tilam9"%" and Tilam™* male mice receiving control diet for CDA-HFD in
experiment Figure 5H. Scale bar = 50 um. (F) Collagen proportionate area (CPA) was calculated
for the indicated conditions in male mice receiving CDA-HFD (Figure 5G-H). Samples closest to
the mean for each condition in Figure 5G were selected for analysis (n=3, 3, 6, 6). * indicates
p<0.05 (2-tailed unpaired t test). (G) Col1a1 expression was quantified by qRT-PCR in male mice
after 4 weeks of CCl4 treatment (n=6, 6, 14, 14). ** indicates p<0.01 (2-tailed unpaired t test).

Error bars represent mean + SEM. Gapdh was used as an endogenous control.
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TGAGTGATCTCAGGACATAAGTTGCCAGAAAGCCTTTGCCTGCGAACTACGGGCTTACAAAACATTA
GCCAAAAGCTTCAACAAATGATATCTGCCCACCCGAGTGAAGACGGGCCGATTGCGAGCGGATCTT
GTTCGATAGTAATATCTGTTTGTTAAGGTACACGGCAAATCATGGCCAGCGCGCCAGATCCACACTC
CACCCTAGAACACACCGACGGAGGTGTCGTGCCGCGTAGGGGTTCTGTGTGGAATCTTGCTTTAAC
CGCGCTATATTAATGTGATATTCAATTTCAGACGCCTCGTTGCTCATAACGTTCACAATACATTTCCCC
ATTCGAATTTACATTCTACACAGGGAAAAAATCACGGTCCCTACACCTAGCGACTTGTGTCTGTGCGT
CCGGGTGGACAATATTCGTCTTACCCATCGGGCTCACCGTCCTCCCCGTCGCAGTATACCCTCTTCA
GGACTCGTAGGGGGGGCTATGTGGCCCAGCGGCCATGAATGCACTAATATCAGCGGACTCTGCGAT
AGTGGGCTGACCGGCGAGTGGGACTAGGCTTGTCCGCCGCGGAACGCGTTTCAGGCAGACCGTGT
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CATATGCTGTACGCTTGGTCCGCCTTGAGGAGTGCCGTGCAGTCTCGTGATTAGAGTACACGTAGTG
GTTCCGCGCGAACGAAAGGTGAGACCCACCCCCCGCGCTGGGTGGGCTAGGTAACGCCTATTGTTA
ACATCTGAATTCGGGACCACATATAGTAAATGAAGTTTAGGTTCTCATCTCCTAACTTGAGCCATCGA
TGGGAACGTTCGAATTTCCTCTAACGGTAGTCAGGCAGTGAACTCTGATTCCTAGGCTTGGCCAGCC
CCGCAGAACATGTCTCGTTGGTCGGTCGCATCTGAAGGACGTGCGGGCGTCATGTCTTTGCTCTATT
GTTCACAAGGGAGGAACTCTAGCTCATAGCTGCACTATGCCCACAGCTTTGTCTCCTATGATTACGG
CTTGGGTCGGACACAAGCACTTCGAACATTAACCTCGGGAGCATTACTCTAATGCGGCATTTAAAAC
AAACGCTGGACGGCACACAGTTGGAATACTAGTCAGAACTATCTTGTATTGGGCAGTGAACACCCGC
TGCTCGTAACTTCACGAATCTTTCTAGTGTCCGTGCAGTAAAAAGACATCGCTTGGCACCCTCTTCCA
ATCATGGATCTATAGTAAATCCTTGCGGCTGGTCTATATGAAATATGGCCGAGCTGGTCACCACGTC
CGTTAAGTCCGAATTGCCCGTGCTCTTGCTAACCCAGAGTACCGTCCTGCACCCGCTACTCTAAATC
TTGTCGTACTGGATTGTATACTACATCATCGATTTCGGCTCGCGGACTGGTATTCATACACGCTCGC
GCCCTTTCAAACGAAGTCCTATACTTTATACAATCGGGACATCCCCTACCGAATACGTCTACCGCAAT
TAAGCCCCATGACTTCGTCTCCTAGGGAACGTTATTAAGCGACTGTGGCGCTGATTACCGCCATAGT
TTTTTCGATCTCTCCACGCACATGATCTCATAACTGCACACCGTGTCCCTCCGTCATGTCATCTAGAC
CGATGGTGAACCACTAAATGCCGTTGTAGTTTGGGGGTATAGTCAATCAGGAAAGGATAGGTGCAGA
TCATCTCTTTATGTTGTGCGTGTGATGCACGGCGTCAACTGCTACCCCCGTAGCGTTCTGACTCTCG
CTTGGTGATTGCTACGCTGACATGGTTGCATTGGGCTGGGACACTTGACAAATCCCAGTGCCGGAG
CCGACTGTCTTATGTACGTTTGCCAATTAACAGCGTGAATCTTATCCACTCGAACCAAAATTACATTT
GTCACCGAGTTGCCGCAGCATGACCAGAGGACCTGGGTCCGGTAGCAGATGACGACAGTCCGTCA
GATTAGTAACGTATTCACCC
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Supplemental Figure 6. Sequence of scrambled TILAM with aptamer (scTILAM-apt). The
nucleotide sequence of TILAM was scrambled and fused to the 4 x S1m aptamer
sequence(11,23). The aptamer sequence is shown in blue, and the scrambled (sc) TILAM
sequence is shown in black. TILAM-apt contains the same sequence as in Supplemental Figure

1B and is fused to the same aptamer sequence on the 5 end (blue) of scTILAM.
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Supplemental Figure 7. Depletion of products identified by MS, PML depletion leads to reduced
COL1A1 expression in primary HSC lines from an additional donor, and depletion of PML leads
to broader effects on ECM production as quantified by RNA-seq. (A) mRNAs encoding the
proteins most enriched with TILAM-apt precipitation (Figure 6B and 6C) were depleted in primary
human HSCs using pooled siRNAs. Depletion of each target was quantified by qRT-PCR
compared to control siRNA (NTC 5). * indicates p<0.05, ** indicates p<.0.1, *** indicates p<0.001,
**** indicates p<0.001 (2-tailed unpaired t test). Error bars represent mean + SEM. GAPDH was
used as an endogenous control. (B-C) PML was depleted in primary human HSCs from donor 5
using pooled siRNAs against PML mRNA and a control siRNA (NTC 5). PML and COL1A1 levels
were quantified by gqRT-PCR. * indicates p<0.05, ** indicates p<0.01 (2-tailed unpaired t test).
Error bars represent mean + SEM. GAPDH was used as an endogenous control. (D) PML protein
was quantified by Western blot following depletion with PML siP compared to non-targeting
control (NTC si5). The molecular weight ladder is included (left). GAPDH was evaluated as a
loading control. (E) Heatmaps show the relative expression of the top 20 genes repressed (left)
and induced (right) with depletion of PML. GO analysis was performed on genes repressed (blue)
and induced (red) with depletion of PML. False discovery rate (FDR) is indicated on the x-axis.
(F) IF was performed in primary human HSCs using an antibody against PML (red). Nuclei are

stained with Hoechst (blue). Three nuclei probed for PML are shown.
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Supplemental Figure 8. Size of nuclear bodies and nuclear localization in response to TGF-f
signaling and schematic showing how TILAM promotes liver fibrosis. (A) Sizes of PML nuclear
bodies were quantified following treatment with TGF-31 (10 ng/ml), TGF-B2 (10 ng/ml), or control
conditions for 6 hr at indicated thresholds. Each dot represents a single nucleus. ** indicates
p<0.01 and **** indicates p<0.0001 (one-way ANOVA with Dunnett's multiple comparison). Error
bars represent mean + SEM. Results are representative of two independent experiments. (B)
Expression of PML and PIN1 was quantified by Western blot in HSC nuclear lysates after
treatment with TGF-B1 (10 ng/ml), TGF-B2 (10 ng/ml), or control conditions for 6 hr. LAMININ was
quantified as a loading control. Molecular weight markers for the ladder (L) are indicated on the
left (in kilodaltons). Data are representative of two independent experiments. (C) Expression of
PML and PIN1 from (B) were normalized to LAMININ expression for quantification. **** indicates
p<0.0001 (one-way ANOVA with Dunnett's multiple comparison). Error bars represent mean *
SEM. Results are representative of two independent experiments. Data are representative of
three independent experiments. (D) PML (top) and PIN1 protein levels (bottom) were quantified
in nuclear lysates (N lysates) by Western blot prior to co-immunoprecipitation experiments (Figure
7G). Molecular weight markers for the ladder (L) are indicated on the left (in kilodaltons). HSCs
were treated with TGF-B1 (10 ng/ml) or TGF-B2 (10 ng/ml) for 6 hr prior to harvest as indicated.
(E) MODEL: TILAM is not expressed in quiescent HSCs, and expression of collagen and other
extracellular matrix (ECM) genes is low (left). With transdifferentiation to HSC myofibroblasts,
TILAM expression is induced, and TILAM interacts with PML protein to promote expression of
genes involved in ECM production and cellular adhesion (center). This includes regulation of TGF-
B2, which promotes expression of TILAM and nuclear localization of PML and PIN1 to further
promote gene expression. When TILAM is depleted in HSC myofibroblasts PML protein levels
fall, and ECM and adhesion gene expression is repressed (right). All data shown were performed

in HSC donor 2.

31



Supplemental Datasets

Supplemental Dataset 1. Nucleotide sequences

Supplemental Dataset 2. List of antibodies

Supplemental Dataset 3. Probes for single molecule fluorescent in situ hybridization.

Supplemental Dataset 4. RNA-seq analysis of TILAM and PML depletion

Supplemental Dataset 5. Genomic location of murine IncRNAs

Supplemental Dataset 6. Classification of murine IncRNAs

Supplemental Dataset 7. Expression of murine IncRNAs in HSCs in vivo

Supplemental Dataset 8. Conserved INcRNAs that are regulated by CCls4 treatment

Supplemental Dataset 9. Mass spectrometry data

Note: all supplemental datasets are provided as Excel files
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