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Transcriptomics Identify 
Thrombospondin- 2 as a Biomarker for 
NASH and Advanced Liver Fibrosis
Kazuhiro Kozumi,1* Takahiro Kodama ,1* Hiroki Murai,1 Sadatsugu Sakane,1 Olivier Govaere,2 Simon Cockell,2 
Daisuke Motooka,3 Naruyasu Kakita,4 Yukinori Yamada,4 Yasuteru Kondo ,5 Yuki Tahata,1 Ryoko Yamada,1 Hayato Hikita,1 
Ryotaro Sakamori ,1 Yoshihiro Kamada,6 Ann K. Daly,2 Quentin M. Anstee ,2,7 Tomohide Tatsumi,1 Eiichi Morii,8 and 
Tetsuo Takehara1

BaCKgRoUND aND aIMS: NAFLD is the most com-
mon liver disease worldwide. NASH, the progressive form of 
NAFLD, and advanced fibrosis are associated with poor out-
comes. We searched for their noninvasive biomarkers.

appRoaCH aND ReSUltS: Global RNA sequencing 
of liver tissue from 98 patients with biopsy- proven NAFLD 
was performed. Unsupervised hierarchical clustering well dis-
tinguished NASH from nonalcoholic fatty liver (NAFL), 
and patients with NASH exhibited molecular abnormalities 
reflecting their pathological features. Transcriptomic analysis 
identified proteins up- regulated in NASH and/or advanced 
fibrosis (stage F3- F4), including matricellular glycoprotein 
thrombospondin- 2 (TSP- 2), encoded by the thrombospon-
din 2 (THBS2) gene. The intrahepatic THBS2 expression 
level showed the highest areas under the receiver operating 
characteristic curves (AUROCs) of 0.915 and 0.957 for di-
agnosing NASH and advanced fibrosis, respectively. THBS2 
positively correlated with inflammation and ballooning accord-
ing to NAFLD activity score, serum aspartate aminotrans-
ferase and hyaluronic acid (HA) levels, and NAFLD Fibrosis 
Score (NFS). THBS2 was associated with extracellular matrix 
and collagen biosynthesis, platelet activation, caspase- mediated 
cleavage of cytoskeletal proteins, and immune cell infiltration. 

Serum TSP- 2 expression was measured in 213 patients with 
biopsy- proven NAFLD, was significantly higher in NASH 
than in NAFL, and increased parallel to fibrosis stage. The 
AUROCs for predicting NASH and advanced fibrosis were 
0.776 and 0.856, respectively, which were comparable to 
Fibrosis- 4 index, serum HA level, and NFS in advanced fi-
brosis diagnosis. Serum TSP- 2 level and platelet count were 
independent predictors of NASH and advanced fibrosis. 
Serum TSP- 2 levels could stratify patients with NAFLD ac-
cording to the risk of hepatic complications, including liver 
cancer and decompensated cirrhotic events.

CoNClUSIoNS: TSP- 2 may be a useful biomarker for 
NASH and advanced fibrosis diagnosis in patients with 
NAFLD. (Hepatology 2021;74:2452-2466).

The incidence and prevalence of NAFLD 
has increased over time, and it is now the 
most common cause of chronic liver dis-

ease worldwide, affecting approximately one- fourth 
of the global population.(1) NAFLD is thus becom-
ing a major cause of end- stage liver disease, HCC, 
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and liver transplantation globally.(1,2) The spectrum 
of NAFLD ranges from simple benign steatosis to 
NASH, which is characterized by hepatic necro-
inflammation and hepatocyte ballooning, leading 
to fibrosis progression. Several recent reports have 
shown that fibrosis severity is strongly associated with 
adverse hepatic outcomes.(3- 5) Therefore, it is critically 
important to identify patients at high risk of NASH 
and advanced fibrosis. The gold standard for the diag-
nosis of NASH and advanced liver fibrosis is liver 
biopsy. However, there are a number of drawbacks to 
liver biopsy, including sampling error due to the small 
size of biopsy specimens, procedure- related compli-
cations, interobserver variability, and high medical 
expenses.(1,6) Hence, there is an urgent medical need 
to develop alternative noninvasive biomarkers to dif-
ferentiate NASH from simple steatosis and identify 
advanced hepatic fibrosis in patients with NAFLD.

Transcriptome analysis of liver tissues from 
patients with NAFLD has been performed to com-
prehensively understand molecular abnormalities 
involved in its disease progression.(7- 12) This analysis 

is also potentially useful to identify serum biomarkers 
secreted from the liver in patients with NASH and/
or advanced fibrosis. However, omics- based biomarker 
discovery has not been fully exploited. Therefore, in 
this study, we conducted whole- transcriptome analy-
sis of liver tissues from 98 patients with NAFLD and 
identified a variety of proteins predicted to be secreted 
from the livers of patients with NASH and/or fibro-
sis. We focused on the thrombospondin 2 (THBS2) 
gene and its protein thrombospondin- 2 (TSP- 2) as a 
candidate biomarker for NASH and advanced fibro-
sis; we subsequently evaluated the diagnostic ability of 
TSP- 2 using the serum of 213 patients with biopsy- 
proven NAFLD.

Materials and Methods
StUDy patIeNtS

This study was a retrospective multicenter cohort 
study; a total of 311 patients with biopsy- proven 
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NAFLD diagnosed in three Japanese hospitals between 
2014 and 2020 were enrolled in this study. These 
patients satisfied the following criteria: (1) presence 
of fatty liver by liver imaging test (e.g., hepatorenal 
contrast by ultrasonography), (2) persistent increases 
in liver enzyme levels, (3) the absence of chronic liver 
disease other than NAFLD (e.g., viral hepatitis or 
autoimmune hepatitis), and (4) alcohol consumption 
less than 20  g/day. Liver tissue samples for global 
RNA sequencing were obtained from 98 patients 
with NAFLD who underwent liver biopsy at Sendai 
Kousei Hospital from 2016 to 2018 (Transcriptome 
cohort). These samples were snap- frozen at the time 
of liver biopsy. A total of 213 serum samples were 
obtained from 164 and 49 patients with NAFLD who 
underwent liver biopsy at either Osaka University 
Hospital or Kaizuka City Hospital, respectively, from 
2014 to 2020 (Serum cohort). In this serum cohort, 
snap- frozen liver tissue samples at the time of liver 
biopsy were obtained from 27 patients with NAFLD 
who underwent liver biopsy at Osaka University 
Hospital. All patients provided informed consent, and 
the study design was consistent with the principles 
of the Declaration of Helsinki. The protocol of the 
study using patient serum and tissues was approved by 
the Institutional Review Board Committees at Osaka 
University Hospital (Institutional Review Board No. 
17097 and 19551).

lIVeR HIStology
For all subjects, diagnoses were established histo-

logically through liver biopsy specimens. The liver 
samples were embedded in paraffin blocks following 
standard procedures and stained with hematoxylin 
and eosin and Masson’s trichrome stains. All liver 
biopsies were centrally evaluated by an experienced 
hepatopathologist at one time for this study using 
the NASH Clinical Research Network histological 
scoring system.(13) Hepatic fibrosis was scored on a 
5- point scale (0- 4) according to the Kleiner classifica-
tion.(13) Advanced fibrosis was classified as a score of 
3- 4. Hepatic steatosis and lobular inflammation were 
scored on a 4- point scale (0- 3), and hepatic ballooning 
was scored on a 3- point scale (0- 2).(13) The NAFLD 
activity score (NAS) was calculated as the sum of the 
steatosis, lobular inflammation, and ballooning scores, 
ranging from 0 to 8.(13) We categorized patients with 
NAFLD into four groups according to Matteoni 

classification as follows: patients with steatosis alone 
(type 1), patients with steatosis and inflammation 
(type 2), patients with steatosis and ballooning hepato-
cytes (type 3), and patients with steatosis, ballooning 
hepatocytes, and fibrosis (type 4).(14) We defined type 
3 and 4 patients as NASH in this study.

FolloW- Up eValUatIoN
The incidence of liver cancer or decompensated cir-

rhotic events (the new emergence of esophageal varix, 
ascites, and hepatic encephalopathy [HE]) was retro-
spectively analyzed for all 164 patients with NAFLD 
enrolled in this study at Kaizuka City Hospital. All 
patients underwent physical examination and laboratory 
testing every 3- 6 months and imaging, including ultraso-
nography, computed tomography, or magnetic resonance 
imaging, approximately every 6  months. Liver cancer 
was diagnosed based on histopathological findings by 
liver biopsy or radiological findings by the evaluation of 
dynamic contrast- enhanced computed tomography and 
magnetic resonance imaging. The start of the observa-
tion period was defined as the date of liver biopsy, and 
the end of the observation period was defined as the 
date of event diagnosis or last hospital visit. The median 
observation period was 52 months (interquartile range: 
22- 70). These patients were split into two groups by the 
mean serum TSP- 2 levels (with 60 patients in the TSP- 
2– High group and 104 patients in the TSP- 2– Low 
group), and the incidences of liver cancer or decompen-
sated cirrhotic events were compared. One patient in 
the TSP- 2– High group was excluded from analysis of 
decompensated cirrhotic events because of the presence 
of ascites before the liver biopsy.

RNa- SeQUeNCINg aNalySIS
Total RNA was isolated from liver tissues as previ-

ously described.(15) Library preparation was performed 
using the TruSeq Stranded mRNA Sample Prep Kit 
(Illumina, San Diego, CA) on an Apollo Library Prep 
System (Takara, Shiga, Japan). Sequencing was per-
formed on an Illumina HiSeq 3000 platform in 75- 
base single- end mode. Sequenced reads were mapped 
to the human reference genome sequences (hg19) 
using TopHat v2.1.1. The fragments per kilobase of 
exon per million mapped reads values were calculated 
using Cuffnorm version 2.2.1. RNA- sequencing data 
are available on the National Center for Biotechnology 
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Information Gene Expression Omnibus repository 
(GSE16 7523). RNA- sequencing data from GSE13 
5251 containing hepatic transcriptome data of 206 
patients with histologically characterized NAFLD 
derived from the European NAFLD Registry(12,16) 
were also analyzed for the validation study.

StatIStICal aNalySIS
Data are expressed as the mean + SD. Statistical 

analysis was performed with Mann- Whitney U tests 
to assess differences between unpaired groups. One- 
way ANOVA followed by the Kruskal- Wallis test or 
Tukey’s test was performed for multiple comparisons. 
Fisher’s exact test was used to analyze categorical 
data. Correlations were assessed using the Pearson 
product- moment correlation coefficient. The Kaplan- 
Meier method and log- rank test were used to ana-
lyze differences in event- free survival. Univariate and 
multivariate logistic regression analyses were used to 
analyze factors associated with NASH and advanced 
liver fibrosis. Odds ratios and 95% CIs were calcu-
lated. To assess the diagnostic performance of tissue 
and serum biomarkers, receiver operating characteris-
tic curve analysis was performed, and the area under 
the receiver operating characteristic curve (AUROC) 
was used to evaluate the predictive power. The 
AUROCs were compared using the DeLong test. A 
P value  <  0.05 was considered to indicate statistical 
significance, unless otherwise indicated. Prism v.8.4.2 
for Mac (GraphPad Prism, research resource identifier 
[RRID]: SCR_002798; San Diego, CA) and JMP 13 
(RRID: SCR_014242; SAS Institute Inc., Cary, NC) 
were used for the analyses.

All other information regarding materials and 
methods is provided in the Supporting Data.

Results
HepatIC tRaNSCRIptoMe 
pRoFIlINg oF NaFlD patIeNt 
SaMpleS ReVealeD tHat 
THBS2 WaS SIgNIFICaNtly 
Up-  RegUlateD IN NaSH

We performed hepatic RNA- sequencing analy-
sis of 98 patients with biopsy- proven NAFLD (51 
patients with nonalcoholic fatty liver [NAFL] and 

47 patients with NASH). Compared to patients with 
NAFL, patients with NASH were older and showed 
significantly higher serum aspartate aminotrans-
ferase (AST) levels and Fibrosis- 4 (FIB- 4) index 
values but lower platelet counts (Supporting Table 
S1). Unsupervised hierarchical clustering of whole- 
transcriptome data separated patients with NAFL 
and NASH, suggesting that their pathological and 
clinical differences were reflected at the molecular 
level (Fig. 1A). Pathway analysis indicated strong acti-
vation of biological processes related to fibrosis, such 
as “extracellular structure and matrix organization” and 
“wound healing,” in addition to processes related to 
inflammation, such as “leukocyte chemotaxis, migra-
tion, differentiation, cell– cell adhesion, and activa-
tion,” in NASH patients (Supporting Fig. S1). We 
also performed CIBERSORT analysis to estimate the 
immune cell population in the livers of patients with 
NAFLD from the transcriptome data. Patients with 
NASH had greater intrahepatic infiltration of immune 
cells, especially innate immune cells, including M1 
macrophages, natural killer cells, mast cells, and den-
dritic cells, than patients with NAFL (Supporting 
Fig. S2A,B). In agreement with this active immune 
environment, the expression of a variety of cytokines 
and chemokines was also up- regulated in the livers 
of patients with NASH (Supporting Fig. S3). These 
molecular abnormalities highlight the important 
pathological features, liver inflammation and fibrosis, 
in the NASH liver.

Next, we searched for the differentially expressed 
genes between NAFL and NASH and identified 
137 significantly up- regulated genes in patients with 
NASH (Supporting Table S2). To identify genes whose 
hepatic expression changes were reflected peripherally, 
we focused on the predicted secreted proteins accord-
ing to the Protein Atlas database.(17) Among the 137 
genes, 29 genes were classified as secreted proteins 
and thus were considered potential candidate blood 
biomarkers for discriminating NASH from NAFL in 
patients with NAFLD (Fig. 1B). Among these genes, 
THBS2 was most significantly up- regulated (Fig. 1C), 
and intrahepatic THBS2 mRNA levels were able to 
differentiate NASH from NAFL at an AUROC of 
0.915 (Fig. 1D). This finding was validated by indi-
vidual quantitative PCR (qPCR) analysis (Supporting 
Fig. S4A,B) or when using NAS score equal or above 
5 for the diagnosis of NASH (Supporting Fig. S5A,B). 
This was further validated by the transcriptome data 

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE167523
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE135251
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE135251
info:x-wiley/rrid/RRID
info:x-wiley/rrid/: S
info:x-wiley/rrid/CR_014242
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FIg. 1. Hepatic transcriptome profiling of NAFLD patient samples revealed that THBS2 was significantly up- regulated in NASH. 
(A) Unsupervised clustering based on the RNA- sequencing data of liver tissues from 98 patients with biopsy- proven NAFLD and the 
distribution of clinicopathological features. (B) Relative intrahepatic mRNA levels of 29 significantly up- regulated genes in patients 
with NASH (n = 47) compared to patients with NAFL patients (n = 51). (C) mRNA fold change (NASH vs. NAFL) and P value of 29 
significantly up- regulated genes in patients with NASH compared to patients with NAFL. (D) Receiver operating characteristic curve 
indicating the performance of intrahepatic THBS2 mRNA levels in the diagnosis of NASH among patients with NAFLD. The AUROC 
is shown.

A

D

B

C
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set of another recently published histologically char-
acterized European NAFLD cohort (Supporting Fig. 
S6A,B).(12)

HepatIC tRaNSCRIptoMIC 
pRoFIlINg oF NaFlD patIeNt 
SaMpleS IDeNtIFIeD THBS2 aS 
StRoNgly aSSoCIateD WItH 
lIVeR FIBRoSIS

Because hepatic fibrosis is the most important pre-
dictor of lethal outcomes in patients with NAFLD, 
we also comprehensively searched for secreted pro-
teins up- regulated in the fibrotic livers of patients 
with NAFLD. To this end, we classified patients with 
NAFLD into three groups according to the patholog-
ical fibrosis stage (F0, F1- F2, and F3- F4) (Supporting 
Table S3) and compared their transcriptome profiles. 
The levels of several clinically available markers of 
liver fibrosis, including serum hyaluronic acid (HA) 

level, platelet count, NAFLD Fibrosis Score (NFS), 
and FIB- 4 index, were associated with fibrosis stage, 
suggesting the validity of the histological diagnosis 
(Supporting Table S3). Principal component analy-
sis of whole- transcriptome data separated these three 
groups (Supporting Fig. S7). Then, we searched for 
genes that showed stepwise up- regulation parallel 
to fibrosis stage. We identified 87 significantly up- 
regulated genes in the F1- F2 group compared with 
the F0 group and 265 genes in the F3- F4 group com-
pared with the F1- F2 group (Supporting Fig. S8). 
Of the 17 genes commonly identified in both com-
parisons, 8 genes (including THBS2) were classified 
as predicted secreted proteins by the Protein Atlas 
database(17) (Fig. 2A- H). We evaluated the ability to 
diagnose advanced liver fibrosis (F3- F4) according 
to the hepatic expression levels of eight genes and 
clinical parameters. All eight genes were individu-
ally capable of discriminating between the early and 
advanced stages of fibrosis (F0- F2 vs. F3- F4) at high 

FIg. 2. Hepatic transcriptomic profiling of NAFLD patient samples identified THBS2 as strongly associated with liver fibrosis. (A- H) 
Relative intrahepatic mRNA levels of eight genes based on fibrosis stage among 98 patients with biopsy- proven NAFLD (*P < 0.05): 
THBS2 (A), LUM (B), LAMC3 (C), LAMA2 (D), AKR1B10 (E), COL4A4 (F), A2M (G), and C7 (H).

A B C D

E F G H
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AUROCs (Table 1). The AUROC of intrahepatic 
THBS2 mRNA levels (0.957) was significantly higher 
than the AUROCs of other well- known clinical fac-
tors associated with fibrosis, including FIB- 4 index 
(0.836, P < 0.05) and HA (0.824, P < 0.05), and was 
comparable to the NFS (0.881, P  =  0.08) (Table 1). 
The finding was validated by individual qPCR anal-
ysis of this cohort (Supporting Fig. S9A,B). In the 
transcriptome data set of the European NAFLD 
cohort, THBS2 expression levels also showed stepwise 
up- regulation parallel to fibrosis stage (Supporting 
Fig. S10A), and the AUROC of intrahepatic THBS2 
mRNA levels for advanced fibrosis (0.853) was sig-
nificantly higher than that of the FIB- 4 index (0.768, 
P < 0.05) (Supporting Fig. S10B).(12)

HepatIC THBS2 leVelS WeRe 
aSSoCIateD WItH NaFlD 
aCtIVIty aND FIBRoSIS

Because hepatic THBS2 levels can identify both 
patients with NASH and patients with advanced 
fibrosis, we sought the clinicopathological factors 
associated with hepatic THBS2 levels. Consistent 
with the stepwise up- regulation of hepatic THBS2 
levels along with fibrosis stage (Fig. 2A), THBS2 
expression was positively correlated with serum HA 
levels and NFS (Fig. 3A,B and Supporting Table S4), 
suggesting that the hepatic THBS2 level reflects liver 
fibrosis. It was also positively correlated with serum 
AST levels (Fig. 3C and Supporting Table S4). The 
hepatic THBS2 level increased along with NAS (Fig. 
3D) and was positively associated with inflammation 

and ballooning but not with steatosis (Fig. 3E). These 
findings suggest that hepatic THBS2 levels may also 
reflect liver injury, histologically exhibited as inflam-
mation and hepatocyte ballooning.

We then investigated the pathways and molecules 
associated with intrahepatic THBS2 levels. To this 
end, we performed single- sample gene- set enrich-
ment analysis of our transcriptomic data and identi-
fied 55 REACTOME pathways strongly correlated 
with intrahepatic THBS2 levels (r > 0.75) (Supporting 
Table S5). These pathways included multiple path-
ways involved in the development and progression of 
NASH, such as extracellular matrix (ECM)/collagen 
biosynthesis,(18) platelet activation,(19) glycosamino-
glycan biosynthesis,(20) and caspase- mediated cleavage 
of cytoskeletal proteins(21) (Fig. 3F). CIBERSORT(22) 
analysis identified a positive correlation between intra-
hepatic THBS2 levels and immune cell infiltration 
(r  =  0.42) (Fig. 3F). Weighted correlation network 
analysis(23) identified a gene network in which THBS2 
was connected to 98 genes, including 11 collagen genes 
(Supporting Fig. S11 and Supporting Table S6). The 
expression levels of type I collagens, major ECM com-
ponents of the fibrotic liver, were strongly correlated 
with THBS2 mRNA levels in the livers of patients 
with NAFLD (Fig. 3G and Supporting Table S7). 
Correlation between expression levels of type I col-
lagens and THBS2 was validated by individual qPCR 
analysis in this cohort (Supporting Fig. S12A,B) and 
the transcriptome data set of the European NAFLD 
cohort (Supporting Fig. S13A,B).(12) Taken together, 
these associations at the molecular and pathway levels 
may further support our claim that hepatic THBS2 is 
an excellent marker to identify NASH and advanced 
fibrosis in patients with NAFLD.

SeRUM tSp- 2 leVel 
DISCRIMINateD NaSH FRoM 
NaFl aMoNg patIeNtS WItH 
NaFlD

Next, we investigated the potential of TSP- 2, a 
secreted protein encoded by THBS2, as a noninvasive 
serum biomarker to distinguish patients with NASH 
from patients with NAFLD using another cohort 
of 213 patients with biopsy- proven NAFLD (121 
patients with NAFL and 92 patients with NASH). 
Patients with NASH were significantly older and 
showed significantly higher serum AST levels, alanine 

taBle 1. aURoC for the Diagnosis of advanced Fibrosis 
(F3- F4) in 98 patients With Biopsy- proven NaFlD

Gene Name AUROC 95% CI

THBS2 0.957 0.916- 0.998

LUM 0.943 0.896- 0.990

LAMC3 0.910 0.843- 0.976

LAMA2 0.896 0.815- 0.977

AKR1B10 0.878 0.799- 0.957

COL4A4 0.861 0.770- 0.951

A2M 0.856 0.767- 0.946

C7 0.844 0.753- 0.935

Clinical Variable AUROC 95% CI

NFS 0.881 0.810- 0.951

FIB- 4 index 0.836 0.728- 0.944

HA 0.824 0.720- 0.929
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FIg. 3. Hepatic THBS2 levels were associated with NAFLD activity and fibrosis. (A- C) Correlations between the intrahepatic THBS2 
mRNA levels and serum HA levels (A), NFS (B), and serum AST levels (C) of 98 patients with biopsy- proven NAFLD. (D) Relative 
intrahepatic THBS2 mRNA levels based on the NAS. (*P < 0.01). (E) Relative intrahepatic THBS2 mRNA levels based on the steatosis 
(left), inflammation (middle,) and ballooning (right) scores of the NAS (*P < 0.01). (F) Correlation of intrahepatic THBS2 mRNA levels 
with clinicopathological features, intrahepatic immune cell infiltration, and molecular pathways. (G) Correlation between intrahepatic 
THBS2 and COL1A1 (left) or COL1A2 (right) mRNA levels. Abbreviation: HS- GAG, heparan sulfate glycosaminoglycan.

A

D

F

G

E

B C
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aminotransferase levels, and FIB- 4 index values and 
lower platelet counts (Supporting Table S8). First, we 
preliminarily examined the correlation between intra-
hepatic THBS2 mRNA levels by qPCR and serum 
TSP- 2 levels by ELISA in 27 patients with NAFLD. 
A significant association was observed between the 
mRNA levels and the serum levels (r  =  0.75), sug-
gesting that hepatic expression changes of THBS2 
were reflected peripherally (Supporting Fig. S14). 
We then measured the serum levels of TSP- 2 for all 
213 patients. Serum TSP- 2 levels were significantly 
higher in patients with NASH than in patients with 
NAFL (Fig. 4A). Serum TSP- 2 levels differentiated 
NASH from NAFL with an AUROC of 0.776 (Fig. 
4B). These findings were validated when using NAS 
score equal or above 5 for the diagnosis of NASH 
(Supporting Fig. S15A,B). Multivariate logistic 
regression analysis revealed that serum TSP- 2 level, 
platelet count, and age were independent predictors 
of NASH in patients with NAFLD (Table 2). Similar 
to the intrahepatic THBS2 mRNA level, the serum 

TSP- 2 level also increased along with the NAS and 
was significantly higher in patients with positive 
inflammation or ballooning scores than in those with 
negative scores (Fig. 4C,D).

SeRUM tSp- 2 leVelS IDeNtIFIeD 
patIeNtS WItH aDVaNCeD 
FIBRoSIS aMoNg patIeNtS 
WItH NaFlD

We also investigated the association between serum 
TSP- 2 levels and fibrosis in patients with NAFLD. 
The clinical and serological characteristics of patients 
with NAFLD stratified by fibrosis stage are provided 
in Supporting Table S9. A stepwise increase in serum 
HA levels, FIB- 4 index, and NFS according to fibro-
sis stage were observed, suggesting their usefulness 
as fibrosis markers (Supporting Table S9). Serum 
TSP- 2 levels also showed a stepwise elevation along 
with the fibrosis stage (Fig. 5A), and the AUROC of 
TSP- 2 levels for diagnosis of F3- F4 stage advanced 

FIg. 4. Serum TSP- 2 levels discriminated NASH from NAFL among patients with NAFLD patients. (A) Relative serum TSP- 2 levels 
in 121 patients with NAFL and 92 patients with NASH (*P < 0.01). (B) Receiver operating characteristic curve of the performance of 
serum TSP- 2 levels in the diagnosis of NASH among 213 patients with biopsy- proven NAFLD. The AUROC is shown. (C) Relative 
serum TSP- 2 levels based on the NAS (*P < 0.01). (D) Relative serum TSP- 2 levels based on the steatosis (left), inflammation (middle), 
and ballooning (right) scores of the NAS (*P < 0.01).
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liver fibrosis was 0.856, which was comparable to 
that of other fibrosis markers, including FIB- 4 index 
(AUROC: 0.784, P  =  0.05), HA (AUROC: 0.783, 
P = 0.06), and NFS (AUROC: 0.808, P = 0.21) (Fig. 
5B). Similar to the hepatic THBS2 mRNA level, 
the serum TSP- 2 level positively correlated with the 
serum AST level, HA level, and NFS (Fig. 5C- E and 
Supporting Table S10). Multivariate logistic regression 
analysis revealed that serum TSP- 2 level and platelet 
count were independent predictors of advanced liver 
fibrosis in patients with NAFLD (Table 3). Taken 
together, these findings suggest that the serum TSP- 2 
level may be a good noninvasive biomarker to iden-
tify NASH and advanced fibrosis in patients with 
NAFLD.

Liver cancer and decompensated cirrhotic events 
such as esophageal varix, ascites, and HE are import-
ant lethal outcomes in patients with NAFLD. We 
therefore retrospectively analyzed the incidence of 
liver cancer and decompensated cirrhotic events (the 
new emergence of esophageal varix, ascites, and HE) 
for 164 patients with NAFLD who were followed up 
under a standardized schedule (the median observa-
tion period was 52 months). The patients were sorted 
into two groups according to the mean serum TSP- 2 
level. Liver cancer was observed in 6 patients among 
60 patients with high serum TSP- 2 levels but none 

of the 104 patients with low TSP- 2 levels during the 
observation period. The cumulative incidence rates of 
liver cancer at 2 years and 4 years were 5.78% and 
8.40%, respectively, among patients with high serum 
TSP- 2 levels (Fig. 5F). Decompensated events were 
observed in 6 patients of those with high serum 
TSP- 2 levels (esophageal varix, 4 patients; ascites, 
2 patients) but none of those with low levels. The 
cumulative incidence rates of decompensated events 
at 2 years and 4 years were 5.64% and 10.54%, respec-
tively, among patients with high serum TSP- 2 levels 
(Fig. 5G). These cumulative incidence rates were sig-
nificantly higher in patients with NAFLD with high 
serum TSP- 2 levels than in those with low levels (Fig. 
5F,G), suggesting the usefulness of TSP- 2 in identi-
fying patients with NAFLD with a high risk of these 
complications.

Discussion
In this study, we performed global RNA sequencing 

of liver tissues from nearly 100 patients with NAFLD 
and achieved comprehensive profiling of molecu-
lar abnormalities involved in NASH development. 
Interestingly, unsupervised clustering of transcriptome 
data successfully discriminated NASH from NAFL, 

taBle 2. logistic Regression analysis for the prediction of NaSH in 213 patients With Biopsy- proven NaFlD

Factor

Univariate Analysis Multivariate Analysis

OR 95% CI P Value OR 95% CI P Value

Age (years) Per year 1.057 1.031- 1.083 <0.05 1.042 1.008- 1.078 <0.05

Sex (M/F) 0.8 0.454- 1.409 N.S.

Body mass index (kg/m2) per 1 kg/m2 1.018 0.961- 1.077 N.S.

AST (U/L) per 10 U/L 1.3 1.162- 1.454 <0.05 N.S.

ALT (U/L) per 10 U/L 1.071 1.009- 1.136 <0.05 N.S.

GGT (U/L) per 10 U/L 1.021 0.983- 1.060 N.S.

ALP (U/L) per 40 U/L 1.027 0.925- 1.141 N.S.

Triglyceride (mg/dL) per 10 mg/dL 1.019 0.985- 1.054 N.S.

LDL- C (mg/dL) per 10 mg/dL 0.951 0.873- 1.036 N.S.

Fasting blood sugar (mg/dL) per 10 mg/dL 1.057 0.989- 1.129 N.S.

HbA1c (%) per 1 % 1.219 0.970- 1.531 N.S.

AFP (ng/mL) per 1 ng/mL 1.318 1.147- 1.514 <0.05 N.S.

Albumin (g/dL) per 1 g/dL 0.259 0.103- 0.653 <0.05 N.S.

Platelet count (×104/μL) per 1X 104/μL 0.88 0.837- 0.926 <0.05 0.928 0.875- 0.984 <0.05

TSP- 2 (ng/mL) per 1 ng/mL 1.039 1.026- 1.052 <0.05 1.03 1.016- 1.045 <0.05

Abbreviations: AFP, alpha- fetoprotein; F, female; GGT, γ- glutamyl transpeptidase; LDL- C, low density lipoprotein cholesterol; M, male; 
N.S., not significant.
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FIg. 5. Serum TSP- 2 levels identified advanced fibrosis patients among patients with NAFLD. (A) Relative serum TSP- 2 levels based 
on fibrosis staging in 213 patients with biopsy- proven NAFLD (*P < 0.01). (B) Receiver operating characteristic curve of the performance 
of serum TSP- 2 levels, FIB- 4 index, HA, and NFS in the diagnosis of advanced liver fibrosis (F3- F4) among patients with NAFLD. 
The AUROC is shown. (C- E) Correlation of serum TSP- 2 levels with serum AST levels (C), serum HA levels (D), and NFS (E). (F,G) 
Kaplan- Meier curves of the cumulative incidence rate of liver cancer (F) in 164 patients with NAFLD and decompensated cirrhotic 
events, including esophageal varices, ascites, and hepatic encephalopathy (G) in 163 patients with NAFLD stratified by serum TSP- 2 
levels. Number of patients at risk is shown at each observation period.
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strongly suggesting the molecular differences between 
these two disease entities. Pathway analysis also iden-
tified two major pathological characteristics, hepatic 
inflammation and fibrosis, in the livers of patients 
with NASH, suggesting the potential usefulness of 
omics approaches to identify patients with NASH 
patients. We provided 137 significantly up- regulated 
genes possibly involved in molecular pathogenesis of 
NASH. We also evaluated those genes in the recently 
published transcriptome data set of the NAFLD 
cohort derived from the European NAFLD Registry 
and found that 95 genes were also significantly up- 
regulated in their patients with NASH (Supporting 
Table S2). This considerable overlap strengthens the 
validity of our transcriptome analysis.

Through transcriptome analysis, we identified that 
THBS2 was most significantly up- regulated in the 
livers of patients with NASH and advanced fibro-
sis. Although a positive association of THBS2 with 
NASH and advanced fibrosis was also observed 
in several other omics studies of liver tissues from 
patients with NAFLD,(7,9,12) the diagnostic potential 
of THBS2 for NASH and advanced fibrosis has not 
been fully evaluated. In the current study, we validated 
the strong positive association of hepatic THBS2 lev-
els with NAFLD disease progression. Moreover, we 

present data from patients derived from Japan and 
several European countries, making THBS2 a much 
more plausible hepatic biomarker with greater gener-
alizability. Subsequently, we also showed the usefulness 
of serum TSP- 2 as a noninvasive biomarker for identi-
fying NASH and advanced fibrosis. Recently, Kimura 
et al.(24) have also shown the utility of serum TSP- 2 
levels as predictor for disease severity in patients with 
NAFLD. The authors showed a correlation of serum 
TSP- 2 levels with hepatocyte ballooning and fibrosis 
stage among patients with NAFLD, which is consis-
tent with our findings.

Regarding NAFLD disease pathogenesis, it is 
clear that the processes of liver cell damage, inflam-
mation, and fibrogenesis are tightly linked. Therefore, 
“biomarkers for fibrosis” often reflect a pathway that 
is involved in this complex setting and thus cross- 
sectionally associated with NASH. Indeed, THBS2 is 
strongly associated with fibrogenesis (type I collagen 
synthesis) but also showed an association with hepato-
cyte ballooning and liver inflammation. Consequently, 
serum TSP- 2 levels serve as a biomarker for both 
NASH and advanced fibrosis.

Regarding the context for the use of this biomarker, 
based on the AUROC values of serum TSP- 2 levels 
for diagnosing advanced fibrosis (AUROC  =  0.856; 

taBle 3. logistic Regression analysis for the prediction of advanced Fibrosis (F3- F4) in 213 patients With Biopsy- proven 
NaFlD

Factor

Univariate Analysis Multivariate Analysis

OR 95% CI P Value OR 95% CI P Value

Age (years) Per year 1.037 1.010- 1.065 <0.05 N.S.

Sex (M/F) 1.157 0.605- 2.210 N.S.

Body mass index (kg/m2) per 1 kg/m2 1.077 1.011- 1.147 <0.05 N.S.

AST (U/L) per 10 U/L 1.079 0.976- 1.194 N.S.

ALT (U/L) per 10 U/L 0.947 0.878- 1.021 N.S.

GGT(U/L) per 10 U/L 1.009 0.967- 1.052 N.S.

ALP (U/L) per 40 U/L 1.01 0.894- 1.140 N.S.

Triglyceride (mg/dL) per 10 mg/dL 0.998 0.994- 1.002 N.S.

LDL- C (mg/dL) per 10 mg/dL 0.866 0.779- 0.962 <0.05 N.S.

Fasting blood sugar (mg/dL) 
per 10 mg/dL

1.06 0.991- 1.134 N.S.

HbA1c (%) per 1 % 1.282 1.015- 1.619 <0.05 N.S.

AFP (ng/mL) per 1 ng/mL 1.257 1.105- 1.430 <0.05 N.S.

Albumin (g/dL) per 1 g/dL 0.198 0.072- 0.545 <0.05 N.S.

HA (ng/mL) per 10 ng/mL 1.094 1.053- 1.136 <0.05 N.S.

Platelet count (×104/μL) per 1X 104/μL 0.816 0.757- 0.879 <0.05 0.865 0.795- 0.940 <0.05

TSP- 2 (ng/mL) per 1 ng/mL 1.043 1.030- 1.057 <0.05 1.037 1.020- 1.055 <0.05

Abbreviations: F, female; GGT, γ- glutamyl transpeptidase; LDL- C, low density lipoprotein cholesterol; M, male; N.S., not significant.
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Fig. 5B) and NASH (AUROC  =  0.776; Fig. 4B) in 
patients with NAFLD, it may be more useful as a diag-
nostic tool for fibrosis. When we focused on patients 
with advanced fibrosis (F3- F4), serum TSP- 2 levels 
were still positively associated with AST levels and 
the presence of hepatocyte ballooning (Supporting 
Fig. S16A,B), suggesting that serum TSP- 2 levels 
might be used to detect patients with advanced fibro-
sis who have a greater risk for further disease progres-
sion. Meanwhile, new simple scoring system using 
independent predictors (serum TSP- 2 level, platelets, 
and age) might provide even better diagnostic ability 
for NASH and advanced fibrosis, and would be worth 
further evaluation in a future external cohort.

TSP- 2, a member of the thrombospondin family, is 
a matricellular glycoprotein that mediates cell- to- cell 
and cell- to- matrix interactions.(25) Thrombospondins 
have a variety of tissue- specific roles in wound healing, 
angiogenesis, and connective tissue organization.(25) 
The roles of TSP- 2 have been studied primarily using 
Thbs2 knockout mice, which displayed normal phys-
ical appearance but showed increased fragility and 
laxity of skin and connective tissues with microscopi-
cally abnormal collagen fibrils.(17,25) Moreover, a lack 
of well- defined collagen fibrils was also observed in 
ECM derived in vitro from dermal fibroblasts isolated 
from Thbs2 knockout mice.(26) These data strongly 
suggest the important role of TSP- 2 in proper col-
lagen fibrillogenesis.(26) In patients with NASH, 
lipotoxicity- based chronic liver stimuli induce liver 
inflammation and turn resident HSCs into activated 
hepatic myofibroblasts. These myofibroblasts secrete 
ECM proteins such as type I collagen, leading to 
fibrosis progression.(27) In this study, we identified a 
strong correlation between hepatic THBS2 mRNA 
levels and type I collagen expression, suggesting the 
possible role of TSP- 2 in collagen synthesis in the 
fibrotic liver. Recently, Chen et al.(28) showed that 
TSP- 2 protein was produced primarily in HSCs in 
the murine fibrotic liver and may activate HSCs in 
association with activation of the Notch signaling 
pathway. Taken together, these data illuminate the 
important role of TSP- 2 in liver fibrogenesis.

Among eight candidate blood biomarkers for 
advanced liver fibrosis identified in this study, half of 
them (collagen type IV alpha 4 chain [COL4A4], lumi-
can [LUM], laminin subunit gamma 3 [LAMC3], and 
laminin subunit alpha 2 [LAMA2]) were ECM pro-
teins (Fig. 2). COL4A4 encodes one of the six subunits 

of type IV collagen, a fragment of which is already 
used in the clinic as a reliable serum marker for liver 
fibrosis.(29) Lumican, encoded by LUM, is an ECM 
protein, and its plasma levels have been reported to 
correlate with hepatic collagen production.(30) LAMC3 
and LAMA2 encode the gamma 3 chain and the alpha 
2 chain of laminins, respectively.(31) The utility of serum 
laminin as a marker of liver fibrosis in NAFLD has 
been studied.(32) In addition to those ECM proteins, 
we found AKR1B10, an aldo/keto reductase, which is 
involved in lipid and xenobiotic metabolism. A strong 
association of its hepatic and serum levels with disease 
activity and fibrosis stage in patients with NAFLD 
has been shown by several groups.(12,33) Meanwhile, 
the AUROC values of these candidate biomarkers 
appear to be markedly high. This is possibly due to 
the high- throughput screening methodology and/or 
our transcriptomic cohort bias, which should be noted 
here as a potential limitation of the study.

The prevalence of NASH and advanced fibrosis 
in our cohort is approximately 48% and 13% for the 
transcriptome cohort and 43% and 24% for the serum 
cohort, respectively. These values may be higher com-
pared with the population- based or outpatient- based 
prevalence because of the bias to only include patients 
who underwent liver biopsy in this study. Because our 
discovery cohort is a highly selected cohort, with an 
overrepresentation of more- advanced/severe disease 
cases, it is important to evaluate the utility of our bio-
marker for validation cohorts with lower prevalence, 
such as a screening setting at an outpatient clinic or a 
health check- up.

In conclusion, through global transcriptome anal-
ysis of liver tissues from patients with biopsy- proven 
NAFLD, we identified molecular abnormalities 
important for disease progression. We also discov-
ered and validated THBS2 and its encoding secreted 
protein TSP- 2 as a diagnostic marker for NASH and 
advanced fibrosis in a large cohort of patients with 
histologically characterized NAFLD.
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