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SUPPLEMENTARY MATERIAL AND METHODS

Public transcriptomic datasets of liver fibrosis

Publicly available gene expression profiles of human liver fibrosis were retrieved from

Gene Expression Omnibus (GEO) using the search terms “fibrosis”, “cirrhosis”, “fibrotic”
or “cirrhotic”. After manual retrieval, a total of 9 transcriptomic profiles comprising 892

subjects were used. These transcriptomic datasets were generated from frozen liver

specimens or formalin-fixed and paraffin-embedded (FFPE) liver samples, with

different etiologies (HBV, HCV, ALD, NASH). Detailed information of the datasets can
be found in Table S1.

BJFSH cohort

The BJFSH cohort contains 54 FFPE liver biopsies from 28 patients retrospectively
obtained from our prospective HBV-related fibrosis/cirrhosis cohort studies
(NCT01938781, NCT01938820). The patients were not coinfected with HCV or human
immunodeficiency virus, or diagnosed with any other chronic liver disease or severe
systematic disorder. All patients were treatment-naive (OW) when enrolled and then
received continual antiviral therapy for 78 and/or 260 weeks (78W and/or 260W).
Detailed information of antiviral therapy and timepoint of liver biopsy for each patient
is included in Table S2. A total of 10 patients in the BJFSH cohort were biopsied at
baseline and at 78 and 260 weeks of antiviral treatment. Demographic characteristics
and clinical parameters of patients at baseline and at 78 and 260 weeks of antiviral

treatment are in Table S3.

Liver fibrosis and resolution mouse models

C57BL/6J mice (male, 8 weeks) were intraperitoneally injected with 12.5% of carbon
tetrachloride (CCls) (Innochem, Beijing, China) in mineral oil (1/7, v/v), at a dose of
0.01ml/g twice a week for 6 weeks (defined as ‘P6’); control mice received equal
volume of mineral oil for 6 weeks (defined as ‘PQ’). P6 mice subsequently underwent
spontaneous recovery for 1, 3 or 6 weeks (defined as ‘R1’, ‘R3’, ‘R6’) after cessation

of CCls intoxication. All mice (n=5/group) were housed and bred in a pathogen-free



laboratory animal facility with appropriate temperature (23+2°C), 12-hour light-dark

cycle, and standard chow and water ad libitum.

Histological evaluation

FFPE liver biopsies were sectioned into 5 ym slices and stained with reticulin for
standard histological assessment by two pathologists, who were blinded to the
experimental conditions, time-point of the biopsy, or other clinical details. Discordant
cases were reviewed again to achieve consensus. Liver fibrosis was assessed as
regression when meeting one of the following criteria: 1) Ishak score decreased =1
after treatment; 2) Ishak score decreasing=0 but post-treatment liver biopsy exhibited
predominantly regressive changes according to the progressive, indeterminate and
predominately regressive (PIR) scoring system (1). Mouse liver sections (4 um) were
stained with picrosirius red and 10 images with a 10x objective were randomly acquired
from four liver lobes except the caudate lobe. Collagen proportionate area (CPA) was
measured and averaged using Image-Pro Plus software (Version 6.0, Media

Cybernetics, Rockville, MD).

Immunohistochemistry

FFPE slides from human liver biopsies were dewaxed, rehydrated, antigen retrieved,
blocked with goat serum, and incubated overnight at 4°C with a primary antibody
against ACTA2 (dilution 1:250, ab5694, Abcam, Cambridge, UK), followed by
incubation for 1 hour at room temperature with secondary antibody (PV-6001, ZSGB-
BIO, Beijing, China). Pictures of immunostained ACTA2 were captured with a

3Dhistech Panoramic Scanner (3Dhistech, Budapest, Hungary).

Measurement of liver stiffness and serum biochemical parameters

Liver stiffness was measured by transient elastography (Fibroscan, Echosens, France),

which was considered reliable when the interquartile range-to-liver stiffness ratio was

<30% in at least 10 valid measurements, and a success rate =60% was observed.

Serum biochemical parameters including white blood cell (WBC), platelet (PLT),



alanine transaminase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), glutamyl transpeptidase (GGT), albumin (ALB), total bilirubin (TBIL), and alpha
fetoprotein (AFP) were measured according to standard protocols. Roche COBAS
RTagMan HBYV test (Roche, Indianapolis, IN) based on real-time Tagman polymerase
chain reaction assay (lower limit of quantification = 20 IU/mL), was used to measure

serum HBV DNA levels.

Bulk RNA-seq of human FFPE liver tissues and data analysis

Bulk RNA-seq of human FFPE liver tissues was carried out by Shanghai NextCODE
Co., Ltd (Shanghai, China) as previously reported (2). Briefly, total RNA from paraffin
blocks was extracted using Allprep RNA FFPE Kit (QIAGEN, Valencia, CA). The
amount and quality of extracted RNA were determined by NanoDrop 2000
Spectrophotometer (Thermo Fisher, Wilmington, DE) and Agilent Bioanalyzer 2100
system (Agilent, Santa Clara, CA), respectively. Al RNA samples have a DV200
(percentage of RNA fragments >200 nucleotides fragment distribution value) =30%.
The TruSeq RNA Access Library Prep Kit (lllumina, San Diego, CA), optimized to
provide reproducible results of RNA from FFPE samples, was used to prepare the
cDNA library. Paired-end 150-bp sequencing of the libraries was perfomed on the
lllumina NovaSeq platform (lllumina). Sequencing reads were trimmed by
Trimmomaticm (3) and aligned to the human reference genome hg19 by STAR RNA-

seq aligner (4). Abundance of annotated genes was estimated by RSEM software (5).

Bulk RNA-seq of mouse frozen liver tissues and data analysis

Total RNA of mouse frozen liver tissue was isolated using an RNA simple Total RNA
kit (Tiangen, Beijing, China) per the manufacturer’s protocol. RNA concentration and
quality were measured using the same methods than in the RNA samples from human
FFPE liver tissues. Next, Poly(A) mRNAs were enriched using magnetic oligo (dT)
beads (Invitrogen, Carlsbad, CA), followed by RNA-seq library preparation using the
NEBNext Ultra RNA Library Prep Kit (New England Biolabs, Hitchin, UK) according to

the manufacturer’s instructions. A 125 bp paired-end run was performed on the lllumina



HiSeq2500 platform at Biomarker Technologies Co., Ltd (Beijing, China). Clean reads
were obtained by Perl script, and then mapped to the mouse reference genome
GRCm38 using Bowtie2 (6) and HISAT (7) algorithms. Gene expression levels were

measured using FPKM values by Cufflinks software (8).

Determination and definition of liver fibrosis-specific matrisome genes (LFMGs)
The matrisome gene set previously analyzed (9) was also included in this study.
GSE84044 (10), GSE14323 (11), GSE49541 (12), GSE103580 (13) and GSE130970
(14) were selected as derivation datasets for the identification of differentially
expressed matrisome genes (DEMGs) between non-fibrotic (mild) and fibrotic
(advanced) liver samples, since pathological diagnoses were determined based on
liver biopsies and both non-fibrotic (mild) and fibrotic (advanced) samples were
included. Gene expression levels detected by microarray were normalized using the
robust multichip average algorithm (15), and DEMGs were analyzed using Limma (16)
R package. Read counts from RNA sequencing (RNA-seq) data were scaled into
fragments per kilobase per million (FPKM) or transcripts per million (TPM). DEMGs
were analyzed using edgeR (17) R package. Adjusted p<0.05 and FC>1.5 were set as
statistically significant criterion. Due to batch effect, platform diversity, or dissimilarity
of tissue dissection, DEMGs overlapped among at least 4 out of the 5 datasets were

analyzed using UpSetR (18) R package and defined as a LFMG signature.

Validation of the LFMG signature

First, an independent dataset (GSE149601), containing 140 non-cirrhotic and 55
cirrhotic patients diagnosed by liver biopsy or Fibroscan >12.5 kPa, was chosen as
validation dataset, to validate the expression of LFMGs using unpaired Student’s t test.
A p<0.05 and FC>1.5 were set as statistically significant criterion. The diagnostic ability
of the LFMG signature as a combined signature in liver fibrosis was evaluated using
unsupervised clustering methods including uniform manifold approximation and
projection (UMAP) and hierarchical clustering (HCL) performed by umap and

pheatmap R packages, respectively.



Second, we used the GSE152329 (19) dataset with liver transcriptomic profiles from
CCls- or mineral oil-injected hybrid mouse diversity panel (HMDP) strains consisting of
approximately 200 well-characterized inbred strains of mice (one mouse per strain)
and the liver transcriptomic gene expression profile generated from our newly-built liver
fibrosis and resolution mouse models (C57BL/6J genetic background) to evaluate the
expression pattern of the LFMG signature. The significance of differential expression
of LFMGs between CCls- and mineral oil-injected mice was determined using unpaired

Student’s t test. A p<0.05 and FC >1.5 were considered statistically significant.

Third, we performed a cross-sectional comparison among different etiologies to
illustrate whether the LFMG signature is independent of any etiology. The derivation
datasets were separated into two groups: the first contained GSE84044 (HBV),
GSE49541 (NASH) and GSE 14323 (HCV); the second contained GSE130970 (NASH)
and GSE149601 (HCV). Datasets from the two groups were generated by microarray
and bulk RNA-seq, respectively. Gene expression profiles in each group were merged
after normalization to the average level of each LFMG within one profile. Then,
unsupervised clustering methods (UMAP and HCL) were performed, based on the
LFMG signature expression level, to verify whether the LFMG signature could
discriminate fibrotic and non-fibrotic samples with varying etiologies in the merged

dataset.

Last, patients without fibrosis from GSE84044 (HBV), GSE130970 (NASH),
GSE48452 (NASH) and GSE103580 (ALD) were used to analyze whether the LFMG
signature expression was sensitive to the response to acute or chronic insult prior to

fibrosis.

Functional specification of LFMGs
The Search Tool for Retrieval of Interacting Genes (STRING, version 11.0) (20) was

used to predict internal interactions of LFMGs with a default confidence score >0.4,



followed by visualization of the LFMG regulatory network using Cytoscape (21).
Functional interpretation of the LFMGs was performed and visualized using the
ClusterProfiler (22) R package, based on the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway database. An adjusted p<0.05 was set as the cutoff
criterion for statistical significance, which was determined by Fisher’s exact test

followed by the Benjamini-Hochberg correction.

Soft clustering analysis of LFMGs

Given that the GSE84044 and GSE130970 datasets included liver fibrosis patients
with different pathological stages, as METAVIR scores ranged from FO to F4, both
datasets were used for soft clustering analysis, to assess the sustained increased or
decreased expression patterns of LFMGs along with liver fibrogenesis. After the
normalized LFMG expression level was averaged and logz-transformed among
samples, soft clustering was implemented with the fuzzy c-means (FCM) clustering
algorithm embedded in Mfuzz (23) R package with parameters ¢c=8 and m=1.25. The
cluster number was determined once its increase would not add a new cluster but

instead split a previous cluster into two.

Molecular subclassification of liver fibrosis patients

Subclassification of liver fibrosis patients was carried out by the pheatmap R package.
HCL analysis with the average linkage method and “euclidean” or “canberra” as a
distance metric was employed to subclassify, without supervision, liver fibrosis patients
naive to treatment, on anti-HBV therapy for 78 or 260 weeks, and HBV, HCV or NASH-
related liver fibrosis patients from GSE84044, GSE130970, GSE193080, GSE193066
and GSE48452, and all patients with identical fibrosis stage from each of the
aforementioned profiles, based on expression of the LFMG signature. Patients were
subclassified as “LFMGM9" when LFMGs relatively exhibited a fibrosis-biased
expression pattern (higher expression), and as “LFMG""", when LFMGs relatively

exhibited a non-fibrosis-biased expression pattern (lower expression).



Gene set enrichment analysis (GSEA)

GSEA was carried out with the c2 KEGG gene sets from the MSigDB as previously
described (9) to interpret the biological functions of the identified LFMGs between
LFMG™" and LFMGH9" patients, which was performed using the gseKEGG function
from the clusterProfiler (22) R package. The number of permutations was set to 1,000
and a p<0.05 was considered as statistically significant. The normalized enrichment
score (NES) is the enrichment score for the gene set after normalization of the
analyzed gene sets; a positive NES indicates correlation with the first group and a

negative NES indicates correlation with the second group.

Estimation of tissue infiltrating immune cells and stromal cells

The MCPcounter (24) R package is designed to recapitulate inter-sample stromal and
immune cell populations based on highly specific transcriptomic markers. We used this
method to quantify and compare immune cell infiltration or stromal cells, including
fibroblasts, endothelial cells, monocytic lineage, neutrophils, lymphocytes (CD8*, T, B,
NK or cytotoxic lymphocytes) and myeloid dendritic cells between LFMG™"* and
LFMGH9" patients. We systematically compared liver infiltrating immune cell and
stromal cell populations between LFMG°* and LFMG"9" patients with or without equal
fibrosis stage. The summary effect size for each cell population was estimated using
an inverse variance model as previously reported (25), which was done and visualized
using Review Manager 5.4 software. The difference between LFMG'* and LFMGHio"
patients was recognized as statistically significant when the p value in the meta-

analysis was <0.05.

In vivo isolation of mouse liver nonparenchymal cells (NPCs)

Mouse liver NPCs were isolated from mineral oil-injected control, CCls-injected (peak
fibrosis) and fibrosis resolution (1 week recovery from CCls) as previously described
with minor modifications (26). Liver cell suspensions were obtained by ETGA buffer
perfusion and subsequent collagenase D (0.08 U/ml, Roche, Indianapolis, IN)

perfusion for 15 min (3 ml/min) via the inferior vena cava (IVC). To obtain a single-cell
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NPC suspension, livers were explanted into a sterile Petri dish and further digested
with Pronase E (0.5 mg/ml, Millipore Sigma, Burlington, MA) and DNase-I (2%, Roche,
Indianapolis, IN) for 25 min at 37°C and spun down at 50g for 3 min to remove
hepatocytes. Isolated NPCs were purified by density gradient with Percoll (GE
Healthcare, Chicago, IL) at 35% and 70%. Supernatants were pelleted at 400g for 3
min and resuspended in cold fluorescence-activated cell sorting (FACS) buffer.
Propidium lodide (Biolegend, San Diego, CA) was added and sorting was performed

to isolate single NPCs from debris, doublets and dead cells.

Sample preparation and cDNA library construction for single cell RNA
sequencing (scRNA-seq)

Cell samples were handled strictly per the protocol of 10x Genomics Single Cell 3,
Reagent Kits v3 (10x Genomics, Pleasanton, CA) as previously reported (27). In brief,
sorted live NPCs from the mineral oil, peak and resolution groups were pelleted and
resuspend to a concentration of 1000 cells/ul. The percentage of viable cells in each
sample was greater than 80 by Trypan blue (Gibco, Waltham, MA) staining and
automated cell counts. Single-cell barcoded cDNA was synthesized by reverse
transcription using RT Master Mix (10x Genomics) and 10x Genomics Single Cell B
Chip, followed by PCR amplification, to yield sufficient mass for library construction.
Enzymatic fragmentation and size selection including end-repair, A-tailing, adaptor-
ligation, and sample indexing PCR were used to optimize the cDNA amplicon size and

produce lllumina-ready sequencing libraries.

ScRNA-seq and data analysis

Sequencing was run on the HiSeq 4000 system (lllumina) at University of lllinois at
Urbana-Champaign DNA Sequencing Laboratory. Cell Ranger (10x Genomics, version
3.1.0) was used for sample demultiplexing, alignment (reference genome, mm10),
filtering, and gene-level unique molecular identifier (UMI) counting. Seurat v.3 (28) was
used to perform downstream analysis filtering the expression matrices to ensure high-

quality scRNA-seq data: cells with fewer than 300 genes and greater than 5% of total
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UMIs mapping to the mitochondrial genome were filtered; genes found in less than 10%
of cells, housekeeping genes and mitochondrial genes were excluded; clusters with
fewer cells were also excluded for downstream analysis. “LogNormalData” in Seurat
v.3 was used to normalize the filtered gene-barcode matrix. Preliminary cell clustering
was conducted based on principal component analysis (PCA)-reduced data for
clustering analysis using FindClusters function in Seurat v.3 (parameter resolution was
set to 0.8). Cell types of total cells were annotated to known biological types according
to the known marker genes listed in Table $10. Annotated hepatic stellate cells (HSCs),
infiltrating and resident macrophages, and endothelial cells (ECs) were further re-
integrated and re-clustered by Seurat v.3 based on specific marker genes listed in
Table $10. Cell clusters were visualized by UMAP plot. Expression of the LFMG
signature in all NPCs from mineral oil, peak and resolution were visualized by the
ComplexHeatmap (29) R package. The FindMarkers function in Seurat v.3 was used
to determine differentially expressed genes (DEGs) with thresholds of p<0.05 and
FC>2. KEGG pathway enrichment analysis of top 1,000 genes with the highest
abundance was conducted using the ClusterProfiler (22) R package. Moreover, a
publicly available human scRNA-seq data (GSE136103) generated from 6 healthy
livers and 4 cirrhotic livers (CD45" cells) (30, 31) was used and explored strictly per the
analysis pipeline of mouse scRNA-data, in order to verify whether the scRNA-seq
results from CCls-induced fibrosis in mice was comparable with patients with liver

fibrosis.

Cell type deconvolution using BayesPrism

We used BayesPrism, a newly developed Bayesian model by Chu et al (32), to jointly
infer the posterior distribution of cell type fractions from human bulk RNA-seq data
using scRNA-seq (GSE136103) reference as prior information. Cell types of interest
were deconvolved and compared between LFMG™" and LFMGH9" patients, with or
without equal fibrosis stages. Specific R codes for cell type deconvolution using
BayesPrism were included in the figshare platform (DOI:

10.6084/m9.figshare.22002707). Meta-analysis of cell type proportions between


https://doi.org/10.6084/m9.figshare.22002707
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LFMG" and LFMGMi9" patients with or without equal fibrosis stage was performed as

mentioned above. A p<0.05 was considered as statistically significant.
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Figure S2. LFMGs expression in CCls-induced liver fibrosis and regression mice.

(A) Sirius red staining and quantitation of positive area of collagenous fibers in liver

sections from CCls-induced liver fibrosis and regression in mice (our newly established

mouse models). Zoomed images of positive areas of collagenous fibers are shown on

the top right corner of each image. Comparison among the three groups were

performed using one-way ANOVA followed by Tukey's multiple comparisons test or

Kruskal-Wallis test. ****p<0.0001 vs PO; 4484p<0.0001 vs P6; #*p<0.05 and ###p<0.01

vs R1; n=5/group. (B) Heatmap of the LFMGs expression in each group of mice.

Expression levels are scaled as a distribution with mean=0 and SD=1. The darker the

blue, the lower the expression; the darker the red, the higher the expression. LFMGs



19

not significantly dysregulated in P6 compared to PO group are highlighted in grey. (C)
Heatmap of LFMGs expression in livers from the CCls- or mineral oil-injected hybrid
mouse diversity panel consisting of ~100 inbred strains of mice (n=99 for each group)
from the publicly available dataset GSE152329. Except for Pcolce2 (p>0.05,
highlighted by red rectangle), the other LFMGs were significantly upregulated in CCls-
treated mice (p<0.05 and FC>1.5). Expression levels of LFMGs in the heatmap are
scaled as a distribution with mean=0 and SD=1. The darker the blue, the lower the
expression; the darker the red, the higher the expression. Since there are no
orthologous mouse genes corresponding to human CLEC4M and CXCL6, the other 33

LFMGs were analyzed in all mice studies in our present study.
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Figure S3. Cross-sectional comparison of the LFMGs expression pattern among
liver fibrosis patients with different etiologies. UMAP plot and unsupervised HCL
clustering of merged healthy (mild fibrosis) and fibrotic (advanced) liver samples from
(A and B) GSE84044 (HBV), GSE49541 (NAFLD) and GSE14323 (HCV) datasets or
(C and D) GSE130970 (NAFLD) and GSE149601 (HCV) datasets. Grouped liver
samples in the UMAP plot are color- and shape-coded. Liver samples in HCL
heatmaps are also color-coded. Expression level of LFMGs in heatmap are scaled as
a distribution with mean=0 and SD=1. The darker the blue, the lower the expression;

the darker the red, the higher the expression.
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Figure S4. LFMG signature expression along with liver disease progression prior to

fibrosis. Non-fibrotic (FO) patients from GSE84044 (HBV), GSE130970 (NAFLD),

GSE48452 (NAFLD) and GSE103580 datasets were used to analyze the response of the

LFMG signature to disease progression preceding fibrosis. The LFMG signature

expression between Group 1 and 2 patients along with inflammation or NAFLD activity
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progression was compared. Unpaired student’'s t test or Mann—Whitney U test were

performed. A LFMG expression significantly different between groups was highlighted in

red (p<0.05 and FC>1.5). Expression of LFMGs in heatmap are scaled as a distribution

with mean=0 and SD=1. The darker the blue, the lower the expression; the darker the

red, the higher the expression.
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Figure S5. Subclassification of liver fibrosis patients from the GSE84044,

GSE130970 and GSE193080 datasets. The LFMG signature subclassified liver
fibrosis patients from (A) GSE84044 (HBV), (B) GSE130970 (NAFLD) and (C)
GSE193080 (NAFLD) into LFMGYd" and LFMGY" subgroups. Gender, age,
inflammation score, fibrosis stage, steatosis grade, ballooning grade and NAFLD
activity score were color-coded and compared between LFMGM9" and LFMG-v
patients. A p<0.05 was considered as statistically significant. Relationship between
fibrosis stage and the LFMG signature expression pattern in liver fibrosis patients from
(D) GSE84044, (E) GSE130970 and (F) GSE193080 were visualized using heatmaps.
Fibrosis stage was color-coded. LFMG signature expression is scaled as a distribution
with mean=0 and SD=1. The darker the blue, the lower the expression; the darker the

red, the higher the expression.
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Figure S6. Subclassification of liver fibrosis patients from the GSE193066

dataset. The LFMG signature subclassified liver fibrosis patients undergoing (A) first

or (B) second biopsy from GSE193066 (NAFLD) into LFMGM." and LFMGHd"

subgroups. Gender, age, fibrosis stage and NAFLD activity score were color-coded

and compared between LFMGH9" and LFMG'°* patients. A p<0.05 was considered as

statistically significant. Relationship between fibrosis stage and the LFMG signature

expression pattern in liver fibrosis patients undergoing (C) first or (D) second biopsy

from GSE193066 (NAFLD) were visualized using heatmaps. Fibrosis stage was color-

coded. LFMG signature expression is scaled as a distribution with mean=0 and SD=1.

The darker the blue, the lower the expression; the darker the red, the higher the

expression.
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from the BJFSH cohort. (A) The LFMG signature subclassified liver fibrosis patients
with equal fibrosis stage from Ishak 2 to 5 into LFMG" and LFMG"s" subgroups. The
LFMG signature expression is scaled as a distribution with mean=0 and SD=1. The
darker the blue, the lower the expression; the darker the red, the higher the expression.
(B) Gender, age and Knodell score were compared between LFMGH9" and LFMG-"

patients. *p<0.05; ns, not significant.
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Figure S8. Subclassification of liver fibrosis patients with identical fibrosis stage
from GSEB84044. (A) LFMG signature subclassified liver fibrosis patients with equal
fibrosis stage from METAVIR F1 to 3 into LFMG"" and LFMG"'9" subgroups. The
LFMG signature expression is scaled as a distribution with mean=0 and SD=1. The
darker the blue, the lower the expression; the darker the red, the higher the expression.
(B) Gender, age and inflammation score were compared between LFMGHd" and

LFMG'" patients. *p<0.05; ns, not significant.
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Figure S9. Subclassification of liver fibrosis patients with identical fibrosis stage

from GSE130970. (A) The LFMG signature subclassified liver fibrosis patients with

equal fibrosis stage from METAVIR F1 to 3 into LFMG"" and LFMG"9" subgroups.

The LFMG signature expression is scaled as a distribution with mean=0 and SD=1.
The darker the blue, the lower the expression; the darker the red, the higher the
expression. (B) Gender, age, inflammation grade, ballooning grade, steatosis grade

and NAFLD activity score were compared between LFMGM9" and LFMG°" patients.

ns, not significant.
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Figure S10. Subclassification of liver fibrosis patients with identical fibrosis
stage from GSE193080. (A) The LFMG signature subclassified liver fibrosis patients
with equal fibrosis stage from METAVIR F1 to 3 into LFMG"" and LFMG"¢" subgroups.
The LFMG signature expression is scaled as a distribution with mean=0 and SD=1.
The darker the blue, the lower the expression. (B) Gender, age and NAFLD activity

score were compared between LFMG"i9" and LFMG°" patients. ns, not significant.



29

GSE193066 F3 Expression

Im

A GSE193066 F1 GSE193066 F2

CLECAM

e

(a=13)

LEMGLe=
(n=32)
1

LFMGLe~ oFT LFMGHsn |
(n=57) 474 (=15}
LAM

LFMGt

|
i
H
H
H
1
H
i
H
i
H Eoiin
1
H
H
H
H
H
i
! n=26) oLia

'
| I THES1
GSE193066 F2 GSE193066 F3

= Female mm Male ns ns
ns
? ;’
-
.

o o 0. 0
LFMGL™ LEMGH# LFMGE™ LFMGMSn LEMGL™ LEMGH LFMGL LEMGH LEMGLos  LFMGH LFMGU*  LEMGHSR LFMGL* LEMGHS LFMGLLFMGH* LEMGLI™ LFMGHS

B GSE193086 F1

1
:
i1
i

%

d
Age, year
NAFLD activity score
=
NAFLD activity score

Gor
o
.

NAFLD activity sc
6—*—‘-{0 H
Gendar,
Age, ye:

Figure S11. Subclassification of liver fibrosis patients with identical fibrosis
stage from GSE193066. (A) The LFMG signature subclassified liver fibrosis patients
with equal fibrosis stage from METAVIR F1 to 3 into LFMG"*" and LFMG"¢" subgroups.
The LFMG signature expression is scaled as a distribution with mean=0 and SD=1.
The darker the blue, the lower the expression; the darker the red, the higher the
expression. (B) Gender, age and NAFLD activity score were compared between

LFMGH"and LFMG " patients. ns, not significant.
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Figure S12. Subclassification of liver fibrosis patients with identical fibrosis
stage from GSE48452. (A) The LFMG signature subclassified liver fibrosis patients
with equal fibrosis stage (METAVIR F1) into LFMG"* and LFMGH9" subgroups. The
LFMG signature expression is scaled as a distribution with mean=0 and SD=1. The
darker the blue, the lower the expression; the darker the red, the higher the expression.
(B) Inflammation score, steatosis grade and NAFLD activity score were compared

between LFMGH9" and LFMG" patients. ns, not significant.
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Figure S13. Comparison of liver infiltrating immune cells and fibroblasts

between subgroups of patients from the BJFSH cohort (0W, 78W and 260W),

GSE130970, GSE193066 (first and second

liver biopsy),

GSE193080 or

GSE84044 datasets. Forest plots show comparisons of cell abundance (fibroblasts,

neutrophils, B lineage, NK cells, monocytic lineage, CD8 T cells, T cells, cytotoxic
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lymphocytes, myeloid dendritic cells and endothelial cells) between LFMG-" and
LFMGHe" patients with varying fibrosis stages. Whiskers in the forest plots indicate the
confidence interval of cell abundance. The overall effect among different datasets was
assessed using Hedges’ adjusted g based on a random effect model. A p<0.05 was

considered as statistically significant.
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Figure S14. Comparisons of liver infiltrating immune cells and fibroblasts
between subgroups of patients with equal fibrosis stage from the BJFSH cohort
and public datasets. Forest plots showed the comparisons of cell abundance
(fibroblasts, neutrophils, B lineage, NK cells, monocytic lineage, CD8 T cells, T cells,
cytotoxic lymphocytes, myeloid dendritic cells and endothelial cells) between LFMG-"
and LFMGH9" patients with equal fibrosis stage. Whiskers in the forest plots indicate
the confidence interval of cell abundance. The overall effect among different datasets
was assessed using Hedges’ adjusted g based on a random effect model. A p<0.05

was considered as statistically significant.
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Figure S15. Comparison of ACTA2 gene expression between LFMG-“ and
LFMGHi9" patients with or without identical fibrosis stage from the BJFSH cohort
and public datasets. Forest plots showed the comparison of ACTA2 expression
between LFMG" and LFMGH9" patients with (A) varying or (B) equal fibrosis stages.
Whiskers in the forest plots indicate the confidence interval of ACTAZ2 expression. The
overall effect among different datasets was assessed using Hedges’ adjusted g based

on a random effect model. A p<0.05 was considered as statistically significant.
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Figure S16. Characterization of scRNA-seq from liver NPCs isolated from mice
at peak fibrosis and resolution. (A) Violin plot illustrating the number of genes
(nFeature_RNA), UMIs (nCount_RNA) and the percentage of mitochondrial genes
(percent_mito) in each cell from mineral oil (control), peak liver fibrosis and resolution
in mice, marked by red, green and light blue, respectively. (B) UMAP plot showing cell
clusters color-coded according to gene expression characteristics. A total of 20 cell
clusters were identified. (C) UMAP plot showing spatial distribution of color-coded cells

from mineral oil, peak and resolution mice models marked by red, green and light blue,
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respectively. (D) UMAP plot showing annotated cell types based on canonical markers.
A total of 12 cell types were identified. (E) Dot plot showing the top 3 marker genes of
each cell type in (D). (F) Dot plot showing the top marker genes for re-clustered cell
types of HSCs, macrophages and endothelial cells. Percentage of cells with
normalized expression level for marker genes is reflected by circle size; color intensity

reflects average expression level across all cells within each cluster.
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Figure S17. Top marker genes for re-clustered cell types of HSCs (publicly

available GSE136103). Dot plot showing top marker genes for re-clustered cell types

of HSCs. Percentage of cells with normalized expression level for marker genes is

reflected by circle size; color intensity reflects average expression level across all cells

within each cluster.
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Figure S18. The LFMG signature expression in re-clustered HSC subtypes
identified from the GSE136103 dataset and functional analysis of MFAP4* aHSCs.
(A) The heatmap shows the LFMG signature expression in 4 re-clustered HSC
subtypes. Group (sample) and HSC cell types were color-coded. The LFMG signature
expression is scaled as a distribution with mean=0 and SD=1. The darker the green,
the lower the expression; the darker the red, the higher the expression. (B) Significantly
enriched KEGG pathways related to MFAP4* and ACTA2" aHSCs based on the
functional enrichment analysis of top 1,000 genes with the highest abundance in each

cell type.
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Figure S19. Comparison of MFAP4* aHSC proportion between LFMG'°* and
LFMGHi9" patients with or without identical fibrosis stages. Forest plots showed
the comparison of the MFAP4* aHSC percentage between LFMG-" and LFMGH"
patients with (A) varying or (B) equal fibrosis stages. MFAP4* aHSC proportion was
deconvolved from bulk RNA-seq data using GSE136103 scRNAseq data as reference
information. Whiskers in the forest plots indicate the confidence interval of the MFAP4*
aHSC percentage. The overall effect among different datasets was assessed using
Hedges’ adjusted g based on a random effects model. A p<0.05 was considered as

statistically significant.
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SUPPLEMENTARY TABLES
Table S1. Publicly available gene expression profiles of liver fibrosis from GEO

used in this study.

GEOID Etiology | Sample size Sample resource Platform Year

GSE84044 HBV F0=43 Frozen liver biopsy GPL570 2016
F1=20
F2=33
F3=18
F4=10
GSE14323 HCV Normal=19 Liver transplantation | GPL571 2009
LC=41
GSE49541 NAFLD FO0-1=40 Frozen liver biopsy GPL570 2013
F3-4=32
GSE103580 | ALD Non-LC=19 FFPE liver biopsy 2018
LC=67 GPL13667
GSE130970 | NAFLD F0=25 Frozen liver biopsy GPL16791 | 2019
F1=29
F2=8
F3=14
F4=2
GSE149601 | HCV Non-LC=140 Liver biopsy GPL20301 | 2020
LC=55
GSE193066 | NAFLD F1=45 Liver biopsy GPL18573 | 2022
F2=71
F3=41
F4=1
GSE193080 | NAFLD F1=20 FFPE tumor-adjacent | GPL18573 | 2022
F2=10 liver tissue
F3=14
F4=10
GSE48452 NAFLD F0=46 Liver biopsy GPL11532 | 2013
F1=19
Abbreviations: ALD, alcohol-associated liver disease; FFPE, formalin-fixed and
paraffin-embedded; GEO, Gene Expression Omnibus; HBV, hepatitis B virus; HCV,
hepatitis C virus; LC, liver cirrhosis; FFPE, formalin-fixed and paraffin-embedded;
NAFLD, non-alcoholic fatty liver disease.
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Table S2. Detailed information of antiviral therapy and timepoint of liver biopsy

patients from the BJFSH cohort.

Patient ID Age | Gender | Treatment Timepoint of liver biopsy
Baseline | 78 weeks 260 weeks

1 38 M ETT Yes Yes Yes
2 35 M ETT Yes Yes Yes
3 42 M ETT Yes Yes Yes
4 36 F ETT Yes Yes Yes
5 46 M ETT Yes Yes Yes
6 40 F ETT Yes Yes Yes
7 60 F ETT Yes Yes Yes
8 44 M ETN Yes Yes Yes
9 60 M ETN Yes Yes Yes
10 36 M ETN Yes Yes Yes
1" 55 M ETV Yes Yes -

12 35 M ETV Yes Yes -

13 57 M ETT Yes Yes -

14 48 F ETT Yes - Yes
15 47 M ETT Yes - Yes
16 36 M ETT - Yes Yes
17 23 F ETT Yes - -

18 51 F ETV - - Yes
19 53 F ETT - - Yes
20 41 M ETN - - Yes
21 52 M ETN - - Yes
22 42 M ETV - - Yes
23 35 M ETV - - Yes
24 44 F ETN - - Yes
25 65 M ETN - - Yes
26 54 M ETN - - Yes
27 33 M ETT - Yes -

28 27 M ETT - Yes -

Abbreviations: ETN, combination of entecavir and alpha interferon

therapy; ETT,
combination of entecavir and alpha thymosin; ETV, entecavir; F, female; M, male. “Yes”
represents patient that underwent liver biopsy at the indicated timepoint and
represents patient that did not undergo liver biopsy at the indicated timepoint.
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Table S3. Clinical characteristics of HBV-related liver fibrosis patients pre- or

post-treatment.

Baseline (n=16) 78 weeks (n=16) 260 weeks (n=22)
Age, year 43.9+10.4 42.5+10.3 45.7+8.8
Gender M=11 M=13 M=15
WBC, 10°/L 4.7+0.9 4.0+1.1 5.7+1.2*#
PLT, 10°L 160.0 (147.5, 182.0) | 128.0 (105.5, 151.5) 182.5 (161.5, 205.8)#
ALT, U/L 63.5 (48.7, 106.5) 28.5 (20.8, 33.0)** 21.0 (16.3, 26.0)**
AST, U/L 46.5 (35.3, 65.8) 26.0 (28.4, 20.4)** 20.5 (16.6, 24.5)**
ALP, U/L 71.5 (67.0, 98.0) 70.5 (63.8, 80.0) 78.0 (70.3, 86.8)
GGT, U/L 35.9 (26.8, 63.5) 28.0 (24.0, 29.5) 20.5 (15.5, 42.5)
ALB, g/L 41.5+4.5 42.7+4.3 45.6+4.0*
TBIL, ymol/L 17.416.8 13.7+4.4 17.247.6
AFP, ng/ml 9.5(3.6,17.8) 3.8(2.7,6.5) 2.5(1.9,3.8)**
LSM, kPa 11.8 (7.1, 14.7) 7.8 (6.5, 11.1) 6.1 (5.1, 11.4)
Log (HBV DNA) 7.3 (6.8, 8.0) 0.0 (0.0, 1.3)** 0.0 (0.0, 0.0)**
Ishak score, n (%)
1 0(0.0) 1(6.3) 0(0.0)
2 3(18.8) 0(0.0) 4 (18.2)
3 7 (43.8) 7 (43.8) 1(4.5)
4 4 (25.0) 3(18.8) 8(36.4)
5 1(6.3) 5(31.3) 8(36.4)
6 1(6.3) 0(0.0) 1(4.5)
PIR, n (%) **
0 3(18.8) 1(6.3) 4 (18.2)
1 1(6.3) 8 (50.0) 9 (40.9)
2 1(6.3) 1(6.3) 8 (36.4)
3 11 (68.8) 6 (37.5) 1(4.5)

Note: continuous variables were expressed as median (interquartile range, IQR) or
mean * standard deviation (SD). One-way ANOVA followed by Tukey's multiple
comparisons test or Kruskal-Wallis test was used to assess changes among three
groups. Categorical variables were presented as count (percentage) and compared by
Chi-square trend test between any two groups. *p<0.05 and **p<0.01 (vs baseline)
and #p<0.01 (vs 78 weeks) were considered as statistically significant. Abbreviations:
ALB, albumin; AFP, alpha fetoprotein; ALP, alkaline phosphatase; ALT, alanine
transaminase; AST, aspartate aminotransferase; GGT, glutamyl transpeptidase; HBV,
hepatitis B virus; LSM, liver stiffness measurement; M, male; PLT, platelet; PIR,
progressive, indeterminate, and predominately regressive; TBIL, total bilirubin; WBC,
white blood cell.
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Table S4. Clinical characteristics of regressive HBV-related liver fibrosis patients

with three consecutive liver biopsies.

Baseline (n=4) 78 weeks (n=4) 260 weeks (n=4)
Age, year 39.514.7 - -
Gender M=2 - -
WBC, 10°/L 4.9+0.5 3.7+1.3 5.3+0.2
PLT, 10°L 150.5+33.2 146.0+46.8 205.0£17.3
ALT, U/L 112.0 (86.2, 335.0) | 21.0 (19.0, 22.8) 15.0 (10.8, 19.3)*
AST, U/L 68.5 (55.0, 154.3) 23.3(18.9, 25.8) 16.0 (15.7, 16.5)*
ALP, U/L 81.5 (65.2, 98.0) 65.0 (64.5, 67.3) 73.5 (66.5, 79.8)
GGT, U/L 43.4 (36.5, 84.8) 25.5(22.5, 27.3) 18.0 (14.0, 23.5)*
ALB, g/L 42.1+5.0 39.3+4.7 46.2+2.9
TBIL, pmol/L 20.4 (14.9, 25.3) 11.4 (6.5, 17.4)* 15.2 (12.1, 19.4)
AFP, ng/ml 7.5(5.7,21.9) 2.3(1.6, 3.8) 1.9(1.3,2.7)
LSM, kPa 15.314.5 8.7+3.7 4.5+0.6*
Log (HBV DNA) 5.8+2.2 0.0+0.0* 0.0+0.0*
Ishak score, n (%)
1 0(0.0) 0(0.0) 0(0.0)
2 0(0.0) 0(0.0) 2 (50.0)
3 2 (50.0) 3(75.0) 0(0.0)
4 1(25.0) 0(0.0) 1(25.0)
5 0(0.0) 1(25.0) 1(25.0)
6 1(25.0) 0(0.0) 0(0.0)
PIR, n (%) * **
0 0(0.0) 0(0.0) 2 (50.0)
1 0(0.0) 3(75.0) 2 (50.0)
2 1(25.0) 1(25.0) 0(0.0)
3 3 (75.0) 0(0.0) 0(0.0)

Note: continuous variables were expressed as median (interquartile range, IQR) or
mean + standard deviation (SD). Matched one-way ANOVA test followed by Tukey’s
multiple comparisons test or Friedman test was used to assess the changes among
the matched three groups. Categorical variables were presented as counts
(percentages) and compared by Chi-square trend test between any two groups.
*p<0.05 and **p<0.01 (vs 0 weeks) were considered as statistically significant.
Abbreviations: ALB, albumin; AFP, alpha fetoprotein; ALP, alkaline phosphatase; ALT,
alanine transaminase; AST, aspartate aminotransferase; GGT, glutamyl
transpeptidase; HBV, hepatitis B virus; LSM, liver stiffness measurement; M, male; PLT,
platelet; PIR, progressive, indeterminate, and predominately regressive; TBIL, total
bilirubin; WBC, white blood cell.
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Table S5. Clinical characteristics of non-regressive HBV-related liver fibrosis

patients with three consecutive liver biopsies.

Baseline (n=6) 78 weeks (n=6) 260 weeks (n=6)
Age, year 46.5+10.9 - -
Gender M=5 - -
WBC, 10°/L 5.3+1.1 4.0+0.8 5.7t1.4
PLT, 10°L 154.2+22.1 119.8+33.1 169.5+22.6
ALT, U/L 55.5 (42.8, 57.0) 33.0 (30.0, 59.3) 23.5(17.3, 31.3)
AST, U/L 37.5(36.3, 41.8) 31.3 (28.4, 46.5) 23.9 (23.2, 27.0)
ALP, U/L 103.5 (75.0, 114.8) | 78.5 (67.5, 89.5) 83.5(78.8, 101.0)
GGT, U/L 28.0 (18.8, 29.8) 28.5(27.3, 45.5) 19.5 (14.3, 21.8)
ALB, g/L 40.7+4.5 42.0+3.5 48.612.8**
TBIL, pmol/L 14.4 (11.4, 22.3) 13.9 (12.3, 16.1) 18.1 (16.9, 25.8)*
AFP, ng/ml 13.2 (5.6, 15.9) 5.3(3.2,9.9) 3.7(24,7.2)
LSM, kPa 13.314.9 9.844.9 5.2+1.9*
Log (HBV DNA) 6.9 (6.3,7.4) 0.0 (0.0, 1.2) 0.0 (0.0, 0.0)*
Ishak score, n (%)
1 0(0.0) 1(16.7) 0(0.0)
2 1(16.7) 0(0.0) 1(16.7)
3 2 (33.3) 2(33.3) 0(0.0)
4 2(33.3) 1(16.7) 1(16.7)
5 1(16.7) 2(33.3) 4 (66.6)
6 0(0.0) 0(0.0) 0(0.0)
PIR, n (%)
0 1(16.7) 1(16.7) 1(16.7)
1 1(16.7) 1(16.7) 2(33.3)
2 0(25.0) 0(25.0) 3 (50.0)
3 4 (66.6) 4 (66.6) 0(0.0)

Note: continuous variables were expressed as median (interquartile range, IQR) or
mean + standard deviation (SD). Matched one-way ANOVA test followed by Tukey’s
multiple comparisons test or Friedman test was used to assess the changes among
the matched three groups. Categorical variables were presented as counts
(percentages) and compared by Chi-square trend test between any two groups.
*p<0.05 and **p<0.01 (vs 0 weeks) and #p<0.05 (vs 78 weeks) were considered as
statistically significant. Abbreviations: ALB, albumin; AFP, alpha fetoprotein; ALP,
alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase;
GGT, glutamyl transpeptidase; HBV, hepatitis B virus; LSM, liver stiffness
measurement; M, male; PLT, platelet; PIR, progressive, indeterminate, and
predominately regressive; TBIL, total bilirubin; WBC, white blood cell.
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Table S6. Liver fibrosis-related matrisome genes (LFMGs).

Gene Entrez Description Matrisome category
symbol ID
COLS5AT! 1289 Collagen, type V, alpha 1 Collagens
COL4A2" 1284 Collagen, type IV, alpha 2 Collagens
COL3AT 1281 Collagen, type lll, alpha 1 Collagens
COL1AT 1277 Collagen, type |, alpha 1 Collagens
COL1A27 1278 Collagen, type |, alpha 2 Collagens
COL4AT 1282 Collagen, type IV, alpha 1 Collagens
LTBP21 4053 Latent transforming growth factor beta | ECM Glycoproteins
binding protein 2
LAMC31 10319 Laminin, gamma 3 ECM Glycoproteins
CTGF? 1490 Connective tissue growth factor ECM Glycoproteins
MFAP41 4239 Microfibrillar-associated protein 4 ECM Glycoproteins
SPP11 6696 Secreted phosphoprotein 1 ECM Glycoproteins
IGFBPT? 3490 Insulin-like growth factor binding | ECM Glycoproteins
protein 7
THBS11 7057 Thrombospondin 1 ECM Glycoproteins
FBLN51 10516 Fibulin 5 ECM Glycoproteins
DPT? 1805 Dermatopontin ECM Glycoproteins
AEBP11 165 AE binding protein 1 ECM Glycoproteins
MGP1 4256 Matrix Gla protein ECM Glycoproteins
THBS21 7058 Thrombospondin 2 ECM Glycoproteins
EFEMP11 2202 EGF-containing fibulin-like | ECM Glycoproteins
extracellular matrix protein 1
PCOLCE2! 26577 Procollagen C-endopeptidase | ECM Glycoproteins
enhancer 2
LOXL41 84171 Lysyl oxidase-like 4 ECM Regulators
MMP21 4313 Matrix metallopeptidase 2 ECM Regulators
MMPT1 4316 Matrix metallopeptidase 7 ECM Regulators
TIMP11 7076 TIMP metallopeptidase inhibitor 1 ECM Regulators
ANXA21 302 Annexin A2 ECM-affiliated
Proteins
LGALS31 3958 Lectin, galactoside-binding, soluble, 3 | ECM-affiliated
Proteins
CLEC4M! 10332 C-type lectin domain family 4, member | ECM-affiliated
M Proteins
VCAN1 1462 Versican Proteoglycans
Lum 4060 Lumican Proteoglycans
S100A67 6277 S100 calcium binding protein A6 Secreted Factors
PDGFD1 80310 Platelet derived growth factor D Secreted Factors
CCL191 6363 Chemokine (C-C motif) ligand 19 Secreted Factors
CXCL101 3627 Chemokine (C-X-C motif) ligand 10 Secreted Factors
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CCL201 6364 Chemokine (C-C motif) ligand 20 Secreted Factors
CXCLe6? 6372 Chemokine (C-X-C motif) ligand 6 Secreted Factors

Note: upward arrow indicates upregulation; downward arrow indicates downregulation.
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Table S7. Clinical characteristics of LFMG"°" and LFMG"9" patients at baseline.

LFMG" (n=11) | LFMGHigh (n=5) P value
Age, year 43.8+11.1 44+9.9 0.975
Gender M=8 M=3 0.999
WBC, 10°/L 176.1£57.7 148.8124 .4 0.368
PLT, 10°L 154.2+22.1 119.8+33.1 0.336
ALT, U/L 57.0 (316.0, 29.0) | 84.0 (971.0, 39.0) 0.807
AST, U/L 50.0 (228.0, 27.0) | 37.0 (395.0, 30.8) 0.913
ALP, U/L 75.7+16.8 99.6+24.6 0.038*
GGT, U/L 27.0(78.0, 15.0) | 45.0 (204.0, 30.0) 0.084
ALB, g/L 42.2+3.9 39.845.7 0.331
TBIL, pmol/L 17.216.8 17.617.5 0.923
AFP, ng/ml 5.4 (49.1, 2.8) 11.4 (569.8, 5.8) 0.320
Log (HBV DNA) 7.4 (8.2,5.7) 7.2 (8.2,3.9) 0.339

Note: continuous variables were expressed as median (interquartile range, IQR) or
mean * standard deviation (SD). Categorical variables were presented as counts
(percentages) and compared by Chi-square test. *p<0.05 was considered as
statistically significant. Abbreviations: ALB, albumin; AFP, alpha fetoprotein; ALP,
alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase;
GGT, glutamyl transpeptidase; HBV, hepatitis B virus; M, male; PLT, platelet; TBIL, total
bilirubin; WBC, white blood cell.
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Table S8. Clinical characteristics of LFMG"*" and LFMG"9" patients after 78

weeks of treatment.

LFMG°" (n=11) | LFMGHigh (n=5) P value
Age, year 41.1£10.0 45.6+11.3 0.436
Gender M=10 M=3 0.214
WBC, 10°%/L 4.0£1.0 4.2+1.4 0.739
PLT, 10°L 124.0+41.8 166.6165.9 0.135
ALT, U/L 28.0 (36.0, 18.0) 30.0 (73.0, 13.0) 0.251
AST, U/L 25.7 (33.0,17.0) | 27.0 (89.0, 13.0) 0.334
ALP, U/L 74.41+11.2 73.8122.9 0.947
GGT, U/L 28.0 (31.0, 16.0) 36.0 (215.0, 15.0) 0.562
ALB, g/L 43.5+3.6 41.0+5.6 0.303
TBIL, pmol/L 14.2+4.2 12.6+4.9 0.531
AFP, ng/ml 4.6+2.9 5.0+4.0 0.812
Log (HBVDNA) | 0.0 (1.6, 0.0) 0.0 (2.4,0.0) 0.358

Note: continuous variables were expressed as median (interquartile range, IQR) or
mean * standard deviation (SD). Categorical variables were presented as counts
(percentages) and compared by Chi-square test. Abbreviations: ALB, albumin; AFP,
alpha fetoprotein; ALP, alkaline phosphatase; ALT, alanine transaminase; AST,
aspartate aminotransferase; GGT, glutamyl transpeptidase; HBV, hepatitis B virus; M,
male; PLT, platelet; TBIL, total bilirubin; WBC, white blood cell.
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Table S9. Clinical characteristics of LFMG'°" and LFMG"9" patients after 260

weeks of treatment.

LFMG°" (n=18) | LFMGHigh (n=4) P value
Age, year 45.7+9.5 45,5457 0.965
Gender M=11 M=4 0.263
WBC, 10°/L 5.3£1.7 5.7£1.3 0.992
PLT, 10°L 179.01£56.4 160.0+£35.9 0.222
ALT, U/L 19.844.9 29.8+10.7 0.047*
AST, U/L 22.7+4.5 26.0+8.3 0.069
ALP, U/L 74.8+30.2 97.0+26.1 0.080
GGT, U/L 20.0 (89.0, 10.0) 107.5 (183.0, 18.0) 0.041*
ALB, g/L 42.5+3.1 46.0+4.3 0.838
TBIL, ymol/L 12.242.9 17.6£1.7 0.902
AFP, ng/ml 2.7+0.9 5.4+3.4 0.058
Log (HBV DNA) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.999

Note: continuous variables were expressed as median (interquartile range, IQR) or
mean * standard deviation (SD). Categorical variables were presented as counts
(percentages) and compared by Chi-square test. *p<0.05 was considered as
statistically significant. Abbreviations: ALB, albumin; AFP, alpha fetoprotein; ALP,
alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase;
GGT, glutamyl transpeptidase; HBV, hepatitis B virus; M, male; PLT, platelet; TBIL, total
bilirubin; WBC, white blood cell.
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Table $S10. Marker genes for preliminary cell clustering and re-clustering in the scRNA-seq analysis.

Cell clusters Marker genes

T cells Cdad

B cells Cd79a Ms4al

Kupffer cells Cd163 Cd68 Marco Clga Adgrel Mrcl
Monocytes Mmp9 Lcn2 Ngp

HSCs Pdgfrb Pdgfra Dcn Acta2 Col3al
ECs Vwf Pecaml | Cdh5 lcam2

DCs Flt3 Cd209a | Cst3

Chil3* Macs Lyz2 Chil3 Ms4a6c

Fn1* Macrophages Fnl Argl Ccl6

Cholangiocytes Ankrdl Anxa5 Atplbl Tm4sf4 | Anxad
Hepatocytes Apoal Fabpl Rbp4 Mup20 Hamp

Cd163* Kupffer cells | Cd163 Marco Clga Clqc Clec4f Timd4

MHC Kupffer cells H2-Aa H2-Abl | Rgsl

Fn1* Macrophages Fnl Argl Ccl6
Chil3* Macrophages | Lyz2 Chil3 Msda6c | Ly6c2 F13al Ifitm6 S100a4 Hp
Eno3" Macrophages | Eno3 Dusp16 | Ear2 Spn Gngt2 Ace Hesl

Cd63" Macrophages | Cd63 Fabp5 Msda7

Vein ECs Pecaml | Vwf Bgn Cytll Cpe Wnt9b Thbd Ramp3 | Jptl Entpdl
Artery ECs DIl4 Efnb2 Plac8 Bmx Sdcl Adgrg6 | Cavin3 Nrgl Lmo7

Lymphatic ECs Meox1 Thx1 Dtx1 Prox1 Pdpn Mmrnl | Fxyd6 Fabp4 | Ccl2la Gngl1l
LSEC1 Msrl Ntn4 Acer2 Adam23 | Ltbp4 Itga9 Cd36 Glul

LSEC2 Lyvel Cyp4bl | Ctsl Aass Bok Flt4 Ccndl Cleclb

LSEC3 Wnt2 Kit Lgalsl Plpp1 Gatm PIxncl Rab3b Gas6
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Lrrn3* gHSCs Gem Dcn Rspo3 Tgfbi Reln Lrrn3 Rgs5 Ecml Abcc9 Tmemb56 | Fcha
Ccl2* qHSCs Lsamp Rgs4 Gegr Ccl2 Clstn2 Nmnat2 | Vtn Disp2

Acta2* aHSCs Acta2 Col3al Tnc Timpl Coll5al | S100a6 | Tagin Lgalsl | Cxcl14

Col27al* aHSC Col27al | Plekha6 | Snedl Plcel Tnxb Slc6a7 Fam184a | Coro6 Cyp46al | Hoxd4 Tnnt3
Mfap4*aHSCs Igfbp4 Mfap4 Serpinfl | Lgi2 Dpepl Fgl2 Fxyd6 Fndc5 | Gpx3 Gxylt2




