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with NAFLD-related hepatocellular carcinoma
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Abstract

Background The incidence and prevalence of nonalcoholic fatty liver disease related hepatocellular carcinoma
(NAFLD-HCC) are rapidly increasing worldwide. This study aimed to identify biomarker genes for prognostic
prediction model of NAFLD-HCC hepatectomy by integrating text-mining, clinical follow-up information,
transcriptomic data and experimental validation.

Methods The tumor and adjacent normal liver samples collected from 13 NAFLD-HCC and 12 HBV-HCC patients
were sequenced using RNA-Seq. A novel text-mining strategy, explainable gene ontology fingerprint approach, was
utilized to screen NAFLD-HCC featured gene sets and cell types, and the results were validated through a series of
lab experiments. A risk score calculated by the multivariate Cox regression model using discovered key genes was
established and evaluated based on 47 patients'follow-up information.

Results Differentially expressed genes associated with NAFLD-HCC specific tumor microenvironment were screened,
of which FABP4 and VWF were featured by previous reports. A risk prediction model consisting of FABP4, VWF, gender
and TNM stage were then established based on 47 samples. The model showed that overall survival in the high-risk
score group was lower compared with that in the low-risk score group (p=0.0095).

Conclusions This study provided the landscape of NAFLD-HCC transcriptome, and elucidated that our model could
predict hepatectomy prognosis with high accuracy.
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Introduction

Liver cancer is predicted to be the sixth most commonly
diagnosed cancer and the third leading cause of can-
cer death worldwide. Liver cancers consist of 85-90%
hepatocellular carcinoma (HCC) and 10-15% cholan-
giocarcinoma [1]. HCC has several known risk factors,
including chronic liver disease and liver cirrhosis caused
by hepatitis B or C virus (HBV or HCV) infection, alco-
hol abuse and metabolic syndrome [2, 3]. Universal HBV
vaccination and wide implementation of direct-acting
antiviral agents against HCV are likely to change the
etiologic landscape of hepatocellular carcinoma. NAFLD
is defined as liver fat accumulation in more than 5% of
hepatocytes without HBV/HCV infection or excessive
alcohol consumption. Recently, nonalcoholic fatty liver
disease (NAFLD) has been recognized as the most com-
mon chronic liver disease worldwide [4]. Owing to the
increasing prevalence, NAFLD is predicted to become
a leading cause of HCC soon [5]. Currently, the main
treatments for HCC patients in early stages are curative
resection, liver transplantation, radiofrequency ablation,
trans-arterial chemoembolization, radioembolization
and systemic targeted agent like sorafenib [6, 7]. Because
the number of NAFLD-HCC patients is smaller com-
pared with that of HBV-HCC currently, and the NAFLD-
HCC patients are usually also infected with HBV, the
recruitment of NAFLD-HCC patients is difficult. In addi-
tion to the lack of follow-up information, the biomarker
for prognostic prediction model for those NAFLD-HCC
treatments was rarely reported.

The progression from nonalcoholic steatohepatitis
(NASH) to HCC is strongly influenced by the composi-
tion and abundance of different cell types in the tumor
microenvironment [8]. For example, hepatic stellate cells
are critical for driving liver fibrosis [9], and the inhibi-
tion of lipid and cholesterol synthesis in hepatic stel-
late cells may be an effective approach for mediating the
anti-fibrotic effects [10]. Diet-induced NASH was char-
acterized by the induction of tumor-associated macro-
phage-like macrophages and exhaustion of cytotoxic
CD8+T cells in the liver [11]. In addition, the clinical
significance of the stromal and immune cells in the liver
cancer microenvironment is supported by increasing evi-
dence [12-14]. For example, angiogenesis, immune sup-
pression, chemotherapeutic resistance, and tumor cell
migration are related to stromal cells and immune cells
that infiltrate tumors [12, 15]. Nevertheless, the micro-
environmental biomarker in combination with NAFLD-
HCC prognosis has been rarely reported yet.

Recent progress in omics technologies such as tran-
scriptomics offers an unprecedented opportunity to
understand the disease mechanisms, including the
effect of tumor microenvironment. Computational algo-
rithms could be used to infer microenvironment cell
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composition from bulk tumor transcriptome profiles
[16]. These estimated tumor microenvironments inferred
from transcriptome in the tumors provided insight into
tumor—microenvironment interactions, and those genes
associated with tumor microenvironment may serve as
novel biomarkers for cancer development [16].

In this study, we compared the transcriptomes from
tumor and adjacent normal samples of HCC patients
with only either NAFLD or HBV who underwent tumor
resection and exhibited distinct overall survival in our
follow-up. Meanwhile, tremendous data available in the
biomedical literature and a new method explainable gene
ontology fingerprint (XGOF) developed in our previ-
ous study for text-mining [17] help to screen potential
key genes from the different expressed genes (DEGs) in
the transcriptome. By integrating transcriptome and
text-mining results, we sought to comprehensively deci-
pher molecular and microenvironmental differences
between the two HCC types. At last, we constructed a
multi-feature joint model to predict the prognosis of
NAFLD-HCC.

Method

Patients and Samples

NAFLD-HCC patients who underwent no treatment
before recruited and a subsequent liver resection at
Shanghai Eastern Hepatobiliary Surgery Hospital were
included in this study. We strictly screened clinical hepa-
tocellular carcinoma samples to exclude viral hepatitis
and schistosomiasis. Since HCC was mainly caused by
HBYV infection in China, HBV-HCC was set as a control
group in this study. Totally, 25 pairs of matched pairs of
primary HCC samples and adjacent normal liver tissue
were collected including 13 NAFLD-related HCC and 12
HBV-related HCC (Table S1). The patients were followed
up for up to 9 years. Overall survival (OS) was defined
as the interval between the date of surgery and the date
of patient death or last follow-up. Informed consent was
obtained from all patients included in the study prior to
surgery. The present study was approved by the Institu-
tional Ethics Review Board of Shanghai Eastern Hepato-
biliary Surgery Hospital. All procedures followed were in
accordance with the ethical standards of the responsible
committee on human experimentation and with the Hel-
sinki Declaration of 1975, as revised in 2000.

Transcriptomic sequencing and data analysis

A total of 25 tumor and adjacent normal liver samples col-
lected from 13 NAFLD-HCC and 12 HBV-HCC patients
were sequenced using RNA-Seq. DESeq2 was used to
analyze DEGs based on the threshold criteria of log, fold
change>1 or < -1 and Qvalue<0.05. TIMER2.0 software
was conducted to analyze the stromal and immune cell
abundance of the microenvironment indicated by two
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infiltration scores, stroma score and immune score, in
NAFLD-HCC tumor tissue (NAFLD-T), NAFLD-HCC
tumor adjacent tissue (NAFLD-L), HBV-HCC tumor tis-
sue (HBV-T), HBV-HCC tumor adjacent tissue (HBV-L)
respectively.

Text-mining

The E-Utilities tool was performed to automatically
download NAFLD-HCC or HBV-HCC relevant litera-
tures in batches from PubMed based on these two sets
of keywords: (1) (HBV[tiab] OR hepatitis B virus[tiab])
AND (HCC[tiab] OR liver cancer[tiab] OR hepatocellu-
lar carcinoma[tiab] OR malignant neoplasm of liver[tiab]
OR liver neoplasm[tiab] OR liver carcinoma(tiab]); (2)
(HBV[tiab] OR hepatitis B virus[tiab]) AND (HCC|tiab]
OR liver cancer[tiab] OR hepatocellular carcinoma(tiab]
OR malignant neoplasm of liver[tiab] OR liver
neoplasm[tiab] OR liver carcinoma[tiab]). Subsequently,
the disease entities of those papers were identified by
the PubTator tool and examined by manual curation [17,
18]. We used an explainable gene ontology fingerprint
(XGOF) method published in our previous study [17,
19] to automatically produce the knowledge network
based on the number of sentences containing specific
gene and/or Gene Ontology term in the biomedical lit-
erature in a given field, which quantitatively character-
izes the association between genes and ontologies. We
established the XGOF of NAFLD-HCC and HBC-HCC
respectively. We then utilized the CellMarker database
[20] to infer the enriched cell types in the NAFLD-HCC
or HBV-HCC microenvironment based on XGOF iden-
tified genes using multiple hypothesis tests. At last, the
enrichment fold was calculated by R clusterProfiler [21],
and the enrichment score was defined as -log, (Bonfer-
roni p-value).

Laboratory experiment validation
We validated the expression of those reported 25 genes
that were over-expressed in NAFLD-HCC by the qPCR
experiment using independent samples, including 11
NAFLD-HCC and 12 HBV-HCC samples. Furthermore,
we validated the two key featured genes, fatty acid-bind-
ing protein 4 (FABP4) and Von Willebrand factor (VWF)
by another qPCR using additional samples (HBV-L=11,
HBV-T=11, NAFLD-L=13, NAFLD-T=15).
Immunohistochemistry (IHC) staining of two featured
genes, FABP4 and VWE, and endothelial cell marker
CD31 was conducted in pairs of HCC tumor and adja-
cent normal liver tissues. IHC staining was assessed
using Image-scope software (Aperio Technologies, Inc.),
according to the percentage of positively stained cells and
staining intensity.
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Prognostic model construction

Cox proportional hazards regression model was used
to assess the relationship between multiple factors and
patient’s OS time. First, we calculated the coefficients of
the full model as follows:

OS ~ VWF(T/L) + FABP4(T/L) + Age + TNM + Tumorsize + Gender

The coefficients of age and tumorsize were not signifi-
cantly different from zero, and the AUC of the full model
was not different with that without those two variants
significantly. Next, according to an additional LASSO
regression, we excluded those two variants in our pre-
diction model. In our model, male was assigned as 1 and
female as O for gender.

The risk score was calculated using the following
formula:

Risk score — Z G * coef N

where coef N is the coefficient value, and G is the ratio
of NAFLD-T to paired NAFLD-L based on IHC results,
TNM and/or gender. Patients were divided into two
groups according to the risk score (HRisk, top 50%;
LRisk, bottom 50%). Survival analysis was conducted
using Kaplan-Meier method. Receiver operating charac-
teristic (ROC) analysis was used to assess the accuracy of
model prediction. Nomogram is a robust tool to quan-
tify individual risk in clinical background by integrating
multiple risk factors. It was constructed to predict the
OS. The point scale in the nomogram was used to assign
points to each variable. The calibration curve was drawn
to estimate the consistency between actual and predicted
survival, and the performance of the model was evalu-
ated by the consistency index (C-index).

Statistical analysis

Statistical analyses such as the Student’s t-test and Mann
Whitney Wilcoxon Test were performed with Prism 8.0
(GraphPad) or R 3.6.3. The correlation between the VWF/
FABP4 and CD31 level was calculated by the spearman
method. The log-rank test and Cox proportional hazard
regression were used to evaluate related predictors of OS
in patients with NAFLD-HCC. All p-values less than 0.05
were considered statistically significant.

Results

Collection of NAFLD-HCC and HBV-HCC published
literature reports

As of August 2022, a total of 2282 papers were initially
screened out. Subsequently, the disease entities of those
papers were identified by the PubTator tool, and a total
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of 2,712 NAFLD-HCC reports and 13,514 HBV-HCC
reports were obtained after manual curation.

Cellular composition of the NAFLD-HCC and HBV-HCC
Tumor inferred by text-mining and transcriptome data-
mining
Both text-mining (Fig. 1A) and transcriptome data-min-
ing (Fig. 1B) results showed that the enrichment levels
of the two HCC microenvironment were different, espe-
cially in stromal cells. Through text-mining, we identified
983 NAFLD-HCC related genes, and 1,875 HBV-HCC
related genes mentioned in previous publications. Fig-
ure 1A showed the enrichment scores of reported genes
in 55 inferred cellular types in the NAFLD-HCC and
HBV-HCC respectively according to published lit-
eratures. The enrichment scores of most cell types in
NAFLD-HCC were higher than those in HBV-HCC,
such as stromal cells. This result demonstrated that the
microenvironmental infiltration of NAFLD-HCC was
different from that of HBV-HCC via literature knowledge
discovery.

According to transcriptomic RNA sequencing results,
the immune cell infiltration analysis revealed that the
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microenvironment score, immune score and stroma
score of NAFLD-T group were generally higher com-
pared with NAFLD-L, HBV-T and HBV-L groups
(Fig. 1B). Especially, the stroma score was significantly
different between NAFLD-T and the other three groups
(all p-values<0.05).

Identification of featured genes related to NAFLD-HCC
microenvironment

To find the featured genes of the NAFLD-HCC micro-
environment, we first screened out the cell types with
different abundance according to cell infiltration scores
among NAFLD-T samples and the other three types of
samples according to TIMER2.0. Figure 2A demonstrated
that in the NAFLD-T group, the infiltration scores of the
plasmacytoid dendritic cell (pDC), the regulatory T cell
(Treg), and the endothelial cell were significantly higher
compared with those in NAFLD-L, HBV-T and HBV-L
groups, and the score of T cell CD4" central memory
cells was much lower. Figure 2B showed different and
overlapped genes screened by various strategies includ-
ing text-mining and transcriptome sequencing methods.
The G1 in Fig. 2B represented 1968 DEGs comparing
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Fig. 1 The cellular composition of the NAFLD-HCC and HBV-HCC microenvironment according to text-mining (Fig. 1A) and transcriptome data-mining
(Fig. 1B) results. (A) The enrichment scores of reported genes in 55 inferred cellular types in the NAFLD-HCC and HBV-HCC respectively according to pub-
lished literatures using explainable gene ontology fingerprint approach. (B) The microenvironment score, immune score and stroma score of NAFLD-T,

NAFLD-L, HBV-T and HBV-L groups calculated by TIMER2.0.
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Fig. 2 Identification of featured cell types and genes related to NAFLD-HCC microenvironment by transcriptome data
A) Four cell types with significantly different infiltration scores including pDC, Treg, CD4* Tcm, and the endothelial cell among NAFLD-T, NAFLD-L, HBV-T

and HBV-L groups calculated by TIMER2.0.

B) Venn diagram for genes screened by four strategies. G1: 1968 DEGs comparing NAFLD-T and NAFLD-L. G2: 214 genes from G1, whose expression were
associated with the cell infiltration scores of four NAFLD-HCC microenvironmental cell types mentioned in Fig. 2A (Jr|>0.5, p < 0.05, spearman correlation).
(G3:1564 DEGs comparing the NAFLD-T and HBV-T. G4: 983 NAFLD-HCC related genes based on previous literatures by text mining

C) Correlation among 32 candidate genes (G2 +G3) and the infiltration level of four microenvironmental cells in NAFLD-T.

D) Volcano plot for gene expression by RNA-Seq. 32 candidate genes (G2 + G3) associated with the infiltration level of four microenvironmental cells in

NAFLD-T were colored.

CD4* Tem: CD4* central memory T cell, Treg: regulatory T cell, pDC: plasmacytoid dendritic cell, DEGs: differential expressed genes

NAFLD-T and NAFLD-L. Among these DEGs in G1,
the expression of 214 genes was associated with the cell
infiltration scores of four NAFLD-HCC microenviron-
mental cell types mentioned in Fig. 2A (|r|>0.5, p<0.05,
spearman correlation) (G2). The G3 was 1564 DEGs
comparing the NAFLD-T and HBV-T (]log,FC|>1,
Qvalue<0.05). The G4 indicated 983 NAFLD-HCC
genes based on text mining. Finally, we found a total of
32 candidate genes (G2+G3) related to the infiltration
level of microenvironmental cells in NAFLD-T, of which
5 genes (G2+G3+G4) were reported in relevant litera-
tures (Fig. 2C). Among the 5 genes, FABP4 and VWF
were overexpressed in the NAFLD-T. The volcano plot
depicted that among the 32 genes in NAFLD-HCC, 25
genes were up-regulated and 7 genes were down-regu-
lated (Fig. 2D).

Experiment validation of the 32 genes differentially
expressed in NAFLD-T group

In this study, we validated the expression of those 25
genes that were over-expressed in NAFLD-HCC (Fig. 3A)
by the qPCR experiment, and we verified that the RNA-
level expression of all 25 up-regulated genes were gen-
erally consistent with the results of RNA-seq (Fig. 3B).
Notably, two text-mining supported genes, FABP4 and
VWE, still displayed significantly higher expression in the
NAFLD-T group than NAFLD-L in the further validation
using another independent sample cohort (HBV-L=11,
HBV-T=11, NAFLD-L=13, NAFLD-T=15, Fig. 3C).
The WB experiment also validated that FABP4 and VWF
were significantly up-regulated in NAFLD-T at the pro-
tein level (all p-values<0.05, Fig. 3D). The IHC experi-
ment further confirmed that high intensity staining of
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Fig. 3 The expression of differential expressed genes (DEGs) between the NAFLD-T and HBV-T which were associated with tumor microenvironment
A) Hierarchical clustering of 32 DEGs mentioned in Fig. 2 (G2 +G3).

B) Validation of the expression of 25 up-regulated genes by Realtime PCR using 46 samples

C) Validation of the expression of FABP4 and VWF by Realtime PCR using 50 samples

D) Relative expression of FABP4 and VWF measured by western blot densitometry
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FABP4 and VWF were both observed in NAFLD-T tissue
(Fig. 4A and B), and their levels were positively correlated
with CD31 (VWF: r=0.39, p=0.0072; FABP4: r=0.38,
p=0.0084; Fig. 4C). Therefore, these results suggested
that FABP4 and VWF were particularly high-expressed
within endothelial cells of NAFLD-HCC.

Prognostic prediction of NAFLD-HCC hepatectomy

The multivariate Cox regression analysis was conducted
to determine the effect of the combination of gene sets
and clinical indicators on OS. Considering prediction
accuracy, multicollinearity, and expression variation
among different patients, FABP4 and VWF were included
in the prediction model. The results corroborated that
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combinatorial FABP4, VWE, gender and TNM stage
was a significant prognostic factor of NAFLD-HCC (p
value=0.00024) according to the risk score calculation
formula:

—7.376 x VWF(T/L) + 5.537 x FABP4(T/L) + 21.39 x Gender + 23.73 x TNM
Under the time-dependent ROC for the incidence of
overall survival, the two-gene sets combined with TNM
and gender classifier showed higher accuracy (AUC>0.9,
Fig. 5A). The ROC analysis was used to further evaluate
the accuracy of this prognostic model. The value of AUC
achieved 0.967 which indicated a good classifier and
discriminating ability of the model (Fig. 5B). Moreover,

NAFLD-HCC
Adjacent Tissue Tumor

0.3-

e, o‘.... . - . b

0.1- R=0.38, p=0.0084

FABP4

0.0-

010 015 020
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015 020
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Fig. 4 Quantification of VWF, FABP4 and endothelial cell marker CD31 in HBV-HCC and NAFLD-HCC tumor and adjacent normal tissue
A) Representative photomicrographs of immunohistochemical staining for VWF, FABP4 and endothelial cell marker CD31 in tumor sections
B) Comparison of VWF and FABP4 in HBV-HCC and NAFLD-HCC tumor and adjacent normal tissue according to immunohistochemical staining

(***P <0.005, **** P <0.001)

Q) Statistical analysis for the correlation between two NAFLD-HCC featured genes, VWF and FABP4, and CD31 in the immunohistochemical staining
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Fig. 5 The construction and evaluation of prognostic prediction models for NAFLD-HCC hepatectomy

A) Comparisons of VWF and FABP4 with other clinical indicators under the time-dependent ROC for the incidence of overall survival

B) ROC of different prognostic prediction models for NAFLD-HCC hepatectomy

C) Nomogram for prognostic prediction of NAFLD-HCC hepatectomy. For gender, 1 means male. The distribution of patients was shown in green
D) The survival probability of high risk group (HRisk group) and low risk group (LRisk group)

E) High consistency indicated by calibration curves between actual and predicted outcomes

FABP4, VWE, gender and TNM were incorporated to
construct a nomogram to predict 1-, 5- and 10-year OS.
The consistency index of nomogram was 0.952, which
indicated that the nomogram could predict OS with high

accuracy (Fig. 5C). The 47 NAFLD-HCC samples were
divided into High Risk (HRisk) (top 23 samples) and
Low Risk (LRisk) (bottom 24 samples) subgroups sorted
by the risk score in descending order. The correlation
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between two genes was low and their variance inflation
factors were less than 10. The model including VWE,
FABP4, gender and TNM performed better than that
containing only TNM and those consisting of the other
combinations. Kaplan—Meier cumulative curve showed a
significant difference in OS between the HRisk and LRisk
groups. Patients with high-risk scores had worse OS than
those with low-risk scores (p-value=0.0095) (Fig. 5D). In
addition, calibration curves indicated high consistency
between actual and predicted outcomes (Fig. 5E).

Discussion

We compared the microenvironments of tumor and
adjacent normal samples from HCC patients with either
NAFLD or HBV who had tumor resection and different
overall survival based on the transcriptome data and fol-
low-up information. We also used text-mining software
and biomedical literature data to screen two potential key
genes FABP4 and VWF from DEGs. Finally, we built and
validated a multi-feature joint model to predict the prog-
nosis of NAFLD-HCC after hepatectomy.

FABP4 is a lipid chaperone protein that binds with
high affinity to hydrophobic ligands including saturated
and unsaturated long-chain fatty acids. It is responsible
for promoting lipid storage, distribution, transportation,
decomposition and metabolism [22]. FABP4 is mainly
secreted by adipocytes and macrophages. It was eluci-
dated that FABP4, which is not normally expressed in the
liver, could be synthesized and secreted by hepatocytes,
peritumoral endothelial cells, intra-tumoral hepatic stel-
late cells, and HCC cells [23]. The up-regulated level
of FABP4 in the systemic circulation of patients with
NAFLD is associated with liver inflammation and fibrosis
[24]. FABP4 could provide fatty acids to malignant cells
to maintain cell proliferation and affect cancer progres-
sion [25]. A recent study suggested that targeted inhibi-
tion of LPL/FABP4/CPT1 fatty acid metabolic axis can
effectively prevent the progression of nonalcoholic ste-
atohepatitis to liver cancer [26]. LPL was also screened
out in our results, but due to its correlation with FABP4,
we did not include it in our prediction model (Fig. 2C).
In addition, FABP4 overexpression in intra-tumoral
hepatic stellate cells may contribute to hepatocarcino-
genesis in patients with metabolic risk factors by modula-
tion of inflammatory pathways [27]. In our study, we also
observed an overexpression of FABP4 in NAFLD-HCC
tumor tissue. FABP4 may promote liver cancer through
endothelial cells in NAFLD-HCC [28]. In another pre-
vious study, it was demonstrated that FABP4 in peritu-
moral endothelial cells from human HCC samples with
metabolic syndrome was overexpressed compared with
those with other risk factors for chronic liver diseases
[28]. This study confirmed the oncogenic role of FABP4
in liver carcinogenesis, highlighting the key role of tumor
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microenvironment via cross-talks between endothelial
and tumors cells mainly through microvesicles release
from endothelial cells. This also agreed with our finding
that FABP4 is an unfavorable biomarker in the prognosis
prediction model, and it is associated with the endothe-
lial cell infiltration score (Fig. 2). However, the effect of
FABP4 as the biomarker for HCC is context-dependent.
In our study, the level of FABP4 was not different between
HBV-HCC tumor and adjacent tissues (P>0.05). In a pre-
vious study from our hospital where most HCC patients
carried HBV, FABP4 was low-expressed in tumor tissues
compared with the adjacent tissue, and its expression as a
favorable biomarker was significantly associated with the
tumor size, portal vein tumor thrombus, recurrence-free
survival and overall survival [29].

VWE, a multimeric glycoprotein synthesized primar-
ily by endothelial cells, is well known to be involved in
angiogenesis and hemostatic mechanisms [30, 31]. The
binding of the VWF to integrin avp3 could repress the
VEGER-2 activity and the downstream pro-angiogenic
signaling pathways. The development of HCC is depen-
dent on the formation of new blood vessels, and the sur-
rounding blood vessels play as one type of important
tumor microenvironment in tumor initiation and pro-
gression in HCC. Growing research evidence suggested
that VWF may function as the bivalent mediator of HCC
[30]. For example, higher preoperative VWF appeared
to be negatively associated with post-resection liver
dysfunction in patients with HCC undergoing partial
hepatectomy, whereas, high post-resection plasma VWF
concentrations indicated the early HCC recurrence [32].
Another study indicated that VWF levels were higher
in patients with severe liver fibrosis stage and/or HCC
development than in those without [31]. In our study, we
found VWF served as a favorable marker for prognosis of
NAFLD-HCC after hepatectomy.

Takaya et al. proposed that one possible explanation
for these different results was the various progression
and underlying causes of liver diseases [31]. For exam-
ple, cirrhotic patients frequently have hypercoagulabil-
ity which is associated with elevated VWF and results
in markedly increased risk for thromboembolism. Most
of the patients in our study had not developed cirrhosis
(Table S1), whereas in the study by Takaya et al., all the
patients in the case group had developed cirrhosis [31].
This implies the importance to consider the progression
and the underlying causes of liver diseases of the patients
when using VWF as a biomarker.

A multi-feature prognostic model for NAFLD-related
HCC OS was constructed based on transcriptome anal-
ysis, follow-up information and text-mining. The risk
score which calculated by combining TNM stage, gen-
der and the expression level of FABP4 and VWF, could
be used to predict the OS. Previously, one single VWE
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gene was proposed to predict the stage of HCC [31] or
prognosis of HCC after hepatectomy [32]. According to
our results, the combination of two key genes, gender
and TNM performed better than the other combinations,
indicating the advantage of integrating omics data analy-
sis and text-mining.

However, it should be admitted that our research inevi-
tably has some limitations. Firstly, functional experi-
ments are needed to further explore their potential roles
and underlying molecular mechanisms. Secondly, due to
strict sampling criteria, only 47 patients with NAFLD-
HCC undergoing hepatectomy were included. Multi-cen-
ter clinical studies with larger sample size are expected
to verify the results. Thirdly, our model was based on
reported NAFLD-HCC related genes, the other DEGs
may also play important roles in NAFLD-HCC develop-
ment and require further exploration.

Conclusion

The microenvironment feature of NAFLD-HCC was dif-
ferent from that of HBV-HCC based on the transcrip-
tome data. We also screened out two potential key genes
FABP4 and VWF related to tumor microenvironment
using transcriptome sequencing, follow-up information
and biomedical literature data, which were validated by
laboratory experiments. Finally, a multi-feature joint
model was built and validated to predict the prognosis of
NAFLD-HCC after hepatectomy.

Abbreviations

NAFLD nonalcoholic fatty liver disease
HCC hepatocellular carcinoma

HBV hepatitis B virus

HCV hepatitis C virus

NASH nonalcoholic steatohepatitis
XGOF explainable gene ontology fingerprint
DEG different expressed gene

oS Overall survival

NAFLD-T  NAFLD-HCC tumor tissue
NAFLD-L ~ NAFLD-HCC tumor adjacent tissue
HBV-T HBV-HCC tumor tissue

HBV-L HBV-HCC tumor adjacent tissue
IHC Immunohistochemistry

FABP4 fatty acid-binding protein 4
VWF Von Willebrand factor

ROC Receiver operating characteristic
C-index consistency index

HRisk High Risk

LRisk Low Risk

pDC plasmacytoid dendritic cell

Treg regulatory T cell

AUC area under the curve

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512935-023-03106-2.

[ Supplementary Material 1 ]

Page 10 of 11

Acknowledgements
We owe thanks to the patients in our study.

Author contributions

Y.S., YW. and X.G. wrote the first draft, and they contributed equally. Y.S.
conducted the lab experiments. Y.W. conducted the data analysis. W.W. and
H.W. designed the study. All authors reviewed and approved the manuscript.

Funding

Funding for this project was provided by the National Natural Science
Foundation of China (82072600 and 82203323), the Excellent Subject

Leader Program (2022XD036) and the Innovation Group Project of Shanghai
Municipal Health Commission (2019CXJQ03), and the Science and Technology
Commission of Shanghai Municipality (22Y11908700).

Data Availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The present study was approved by the Institutional Ethics Review Board of
Shanghai Eastern Hepatobiliary Surgery Hospital. All procedures followed
were in accordance with the ethical standards of the responsible committee
on human experimentation and with the Helsinki Declaration of 1975, as
revised in 2000. Fully informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 15 May 2023 / Accepted: 24 October 2023
Published online: 10 November 2023

References

1. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018,68(6):394-424.

2. Villanueva A, Hepatocellular Carcinoma. N Engl J Med. 2019;380(15):1450-62.

3. WangY,TongY, Zhang Z, Zheng R, Huang D, Yang J, et al. ViIMIC: a database
of human disease-related virus mutations, integration sites and cis-effects.
Nucleic Acids Res. 2022;50(D1):D0918-D27.

4. LiJ, ZouB,Yeo YH, Feng, Xie X, Lee DH, et al. Prevalence, incidence, and
outcome of non-alcoholic fatty Liver Disease in Asia, 1999-2019: a systematic
review and meta-analysis. Lancet Gastroenterol Hepatol. 2019;4(5):389-98.

5. ChalasaniN, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The
diagnosis and management of nonalcoholic fatty Liver Disease: practice
guidance from the American Association for the study of Liver Diseases.
Hepatology. 2018;67(1):328-57.

6. Raza A Sood GK. Hepatocellular carcinoma review: current treatment, and
evidence-based medicine. World J Gastroenterol. 2014;20(15):4115-27.

7. LiW,Ni C-F. Current status of the combination therapy of transarterial
chemoembolization and local ablation for hepatocellular carcinoma. Abdom
Radiol. 2019;44:2268-75.

8. Hinshaw DC, Shevde LA. The Tumor microenvironment innately modulates
cancer progression. Cancer Res. 2019;79(18):4557-66.

9. Loomba R, Friedman SL, Shulman GI. Mechanisms and Disease consequences
of nonalcoholic fatty Liver Disease. Cell. 2021;184(10):2537-64.

10.  Morrow MR, Batchuluun B, Wu J, Ahmadi E, Leroux JM, Mohammadi-Shem-
irani P, et al. Inhibition of ATP-citrate lyase improves NASH, liver fibrosis, and
dyslipidemia. Cell Metabol. 2022;34(6):919-36. e8.

11. Zhang P, Chen Z, Kuang H, Liu T, Zhu J, Zhou L, et al. Neuregulin 4 suppresses
NASH-HCC development by restraining tumor-prone liver microenviron-
ment. Cell Metabol. 2022;34(9):1359-76. e7.


https://doi.org/10.1186/s12935-023-03106-2
https://doi.org/10.1186/s12935-023-03106-2

Song et al. Cancer Cell International

20.

21.
22.

23.

24,

(2023) 23:269

Affo S, Yu L-X, Schwabe RF. The role of cancer-associated fibroblasts and
fibrosis in Liver cancer. Annu Rev Pathol. 2017;12:153-86.

Barry AE, Baldeosingh R, Lamm R, Patel K, Zhang K, Dominguez DA, et al.
Hepatic stellate cells and hepatocarcinogenesis. Front cell Dev Biology.
2020;8:709.

Jin M-Z, Jin W-L. The updated landscape of Tumor microenvironment and
drug repurposing. Signal Transduct Target Therapy. 2020;5(1):166.

Son J, Cho JW, Park HJ, Moon J, Park S, Lee H, et al. Tumor-infiltrating Regula-
tory T-cell Accumulation in the Tumor Microenvironment is mediated by
IL33/ST2 signaling. Cancer Immunol Res. 2020;8(11):1393-406.

LiT,FuJ, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for analysis of tumor-
infiltrating immune cells. Nucleic Acids Res. 2020;48(W1):W509-W14.
Wang Y, Zong H, Yang F, Tong Y, Xie Y, Zhang Z et al. A knowledge empow-
ered explainable gene ontology fingerprint approach to improve gene
functional explication and prediction. iScience. 2023;26(4).

Wei C-H, Kao H-Y, Lu Z. PubTator: a web-based text mining tool for assisting
biocuration. Nucleic Acids Res. 2013;41(W1):W518-W22.

Tsoi LC, Boehnke M, Klein RL, Zheng WJ. Evaluation of genome-wide associa-
tion study results through development of ontology fingerprints. Bioinfor-
matics. 2009;25(10):1314-20.

Zhang X, Lan'Y, Xu J, Quan F, Zhao E, Deng C, et al. CellMarker: a manually
curated resource of cell markers in human and mouse. Nucleic Acids Res.
201947(D1):D721-Ds.

Yu G, Wang L-G, Han Y, He Q-Y. clusterProfiler: an R package for comparing
biological themes among gene clusters. OMICS. 2012;16(5):284-7.

Li B, Hao J, Zeng J, Sauter ER. SnapShot: FABP functions. Cell. 2020;182(4):1066.

el.

Thompson KJ, Austin RG, Nazari SS, Gersin KS, lannitti DA, McKillop IH. Altered
fatty acid-binding protein 4 (FABP 4) expression and function in human and
animal models of hepatocellular carcinoma. Liver Int. 2018;38(6):1074-83.
Prentice KJ, Saksi J, Hotamisligil GS. Adipokine FABP4 integrates energy stores
and counterregulatory metabolic responses. J Lipid Res. 2019;60(4):734-40.

25.

26.

27.

28.

29.

30.

31

32

Page 11 of 11

Gharpure KM, Pradeep S, Sans M, Rupaimoole R, lvan C, Wu SY, et al. FABP4 as
a key determinant of metastatic potential of Ovarian cancer. Nat Commun.
2018;9(1):2923.

Yang H, Deng Q,NiT, Lu L, Dai H, Wang H, et al. Targeted inhibition of LPL/
FABP4/CPT1 fatty acid metabolic axis can effectively prevent the progression
of nonalcoholic steatohepatitis to Liver cancer. Int J Biol Sci. 2021;17(15):4207.
Chiyonobu N, Shimada S, Akiyama Y, Mogushi K, Itoh M, Akahoshi K, et al.
Fatty acid binding protein 4 (FABP4) overexpression in intratumoral hepatic
stellate cells within hepatocellular carcinoma with metabolic risk factors. Am
J Pathol. 2018;188(5):1213-24.

Laouirem S, Sannier A, Norkowski E, Cauchy F, Doblas S, Rautou PE, et al.
Endothelial fatty liver binding protein 4: a new targetable mediator in
hepatocellular carcinoma related to metabolic syndrome. Oncogene.
2019;38(16):3033-46.

Zhong CQ, Zhang XP, Ma N, Zhang EB, Li JJ, Jiang YB, et al. FABP4 suppresses
proliferation and invasion of hepatocellular carcinoma cells and predicts a
poor prognosis for hepatocellular carcinoma. Cancer Med. 2018;7(6):2629-40.
Xiang Q, Tao J-S, Li J-J, Tian R-B, Li X-H. What is the role of Von Willebrand fac-
tor in chronic Hepatitis B virus Infection to hepatocellular carcinoma: a review
article. Therapeutic Adv Chronic Disease. 2022;13:20406223221125683.
Takaya H, Kawaratani H, Tsuji Y, Nakanishi K, Saikawa S, Sato S, et al. Von
Willebrand factor is a useful biomarker for liver fibrosis and prediction of
hepatocellular carcinoma development in patients with Hepatitis B and C.
United Eur Gastroenterol J. 2018;6(9):1401-9.

Aryal B, Yamakuchi M, Shimizu T, Kadono J, Furoi A, Gejima K, et al. Bivalent
property of intra-platelet VWF in liver regeneration and HCC recurrence: a
prospective multicenter study. Cancer Biomarkers. 2019;26(1):51-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Novel biomarker genes for the prediction of post-hepatectomy survival of patients with NAFLD-related hepatocellular carcinoma
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Patients and Samples
	﻿Transcriptomic sequencing and data analysis
	﻿Text-mining
	﻿Laboratory experiment validation
	﻿Prognostic model construction
	﻿Statistical analysis

	﻿Results
	﻿Collection of NAFLD-HCC and HBV-HCC published literature reports
	﻿Cellular composition of the NAFLD-HCC and HBV-HCC Tumor inferred by text-mining and transcriptome data-mining
	﻿Identification of featured genes related to NAFLD-HCC microenvironment
	﻿Experiment validation of the 32 genes differentially expressed in NAFLD-T group
	﻿Prognostic prediction of NAFLD-HCC hepatectomy

	﻿Discussion
	﻿Conclusion
	﻿References


