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Background. Hepatocellular carcinoma (HCC) is highly aggressive with a poor prognosis and survival rate. Certain ANGPTL
members have been implicated in tumor progression. However, the relevance of the ANGPTL gene family to HCC remains
poorly understood. In this study, we explored the role of ANGPTLs in the prognosis of HCC. Methods. From the CCLE
database, we studied the expression of ANGPTLs in a range of cancer cell lines. The UCSC, HCCDB, and Human Protein
Atlas databases were used to analyze the differences in mRNA and protein expression of ANGPTLs in HCC tissues.
Additionally, the correlation between ANGPTL mRNA and methylation levels and clinicopathological features were assessed in
the TCGA database. The correlation between ANGPTL mRNA and overall survival was determined by the Kaplan-Meier
plotter. cBioPortal database was used to analyze ANGPTL genomic alterations. Genes associated with ANGPTLs were
determined by enrichment with KEGG. Moreover, the differentially expressed genes of ANGPTLs were analyzed by the
LinkedOmics database, and the KEGG pathway and miRNA targets of ANGPTLs were also enriched. Results. There was a
significant correlation between the ANGPTL members (excluding ANGPTL2) and the prognosis of HCC patients according to
the Kaplan-Meier plotter analysis (p < 0:05). ANGPTL1 was the gene with the highest mutation frequency. ANGPTLs are
involved in certain pathways that may influence the development of HCC. Conclusion. In summary, the expression of some
members of ANGPTLs was significantly correlated with HCC prognosis, suggesting that the ANGPTL gene family members
may be promising molecular markers for HCC treatment and prognosis.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies in the world, accounting for 80% of pri-
mary liver cancer [1]. The morbidity and mortality rates
have remained on the rise in recent years, with approxi-
mately 900,000 new cases of primary liver cancer and about
800,000 deaths from HCC worldwide, mostly in Southeast
Asia [2]. Chronic hepatitis B virus infection has been shown
to contribute to the development of HCC, whereas its acute
insult could lead to fulminant viral hepatitis [3, 4]. Surgical
treatments such as liver resection or liver transplantation
are effective in HCC patients at an early stage. However,
most patients are already in the advanced stages at the time
of diagnosis and effective treatments are lacking [5]. Chemo-
therapy is the primary treatment for patients with advanced

HCC; however, the highly aggressive and metastatic nature
of HCC and resistance to chemotherapeutic agents lead to
a poor prognosis [6, 7]. Therefore, there is a need to identify
novel molecular markers that can show the therapeutic effi-
cacy and predict the prognosis of HCC patients with high
sensitivity and specificity.

Angiogenesis plays a vital role in the development of
HCC [8]. Angiopoietin-like proteins (ANGPTLs) are similar
to angiopoietins and include a family of eight members [9].
ANGPTLs consist of a coiled-coil structural domain
(CCD) located at the amino (N) terminus of the protein
and a fibrinogen-like structural domain (FLD) situated in
the carboxyl (C) terminus of the protein [10], except
ANGPTL8, which does not possess a C-terminal structure
[11]. Multiple ANGPTLs are expressed in organs such as
the liver, small intestine, vascular system, and hematopoietic
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system and play an essential role in regulating angiogenesis,
inflammatory responses, and lipid metabolism [12, 13].
Recent studies have shown that ANGPTLs are involved in
tumor progression, and their protein expression levels corre-
late with tumor invasion, angiogenesis, and metastasis [14,
15]. ANGPTLs can be expressed explicitly in specific cell
types, suggesting that they may be critical in tumor develop-
ment. Currently, no relevant studies have elucidated the role
of the expression levels of the entire family of ANGPTLs in
the prognosis of HCC patients. In this study, we employed
online public database to explore the role and the prognostic
value of ANGPTLs in HCC patients.

2. Materials and Methods

2.1. CCLE Database Analysis. The Cancer Cell Line Encyclo-
pedia (CCLE) database, which has genomic and gene expres-
sion information of 1378 cell lines, enabled the analysis of
RNA-seq data of ANGPTLs in liver cancer cell lines. Using
R language (version 4.0.3), we compared the expression of
the ANGPTL genes in HCC cells and other cell lines.

2.2. TCGA Database Analysis. The Cancer Genome Atlas
(TCGA) collects clinical, genomic, transcriptomic, epige-
nomic, and proteomic data of 33 cancer types. UCSC Xena
(http://xena.ucsc.edu/) is the portal site for the TCGA data-
base. We downloaded RNA-seq data, clinical information
data, and DNA methylation data of liver cancer samples
(TCGA-LIHC) from the portal site UCSC Xena. We ana-
lyzed the adjacent normal tissues downstream as standard
samples and defined the 2KB region upstream and down-
stream of the transcription start site as the gene’s promoter.
The expression differences in ANGPTLs and in DNA meth-
ylation between tumor and normal tissues were compared
using the rank-sum test function in R language (version
4.0.3). A significant correlation was determined by the Pear-
son correlation between DNA methylation levels of
ANGPTLs and clinical characteristics (p < 0:05).

2.3. HCCDB Database Analysis. We analyzed the expression
of ANGPTLs in 15 public datasets of HCC from the HCCDB
database (http://lifeome.net/database/hccdb/home.html).
Differential expression of ANGPTLs in HCC was analyzed
using a t-test in R language defined as differentially
expressed genes with corrected p values less than 0.001 and
|log2FC| greater than 0.6 in at least 8 datasets.

2.4. Human Protein Atlas Analysis. The Human Protein
Atlas (http://www.proteinatlas.org/) database collects infor-
mation on proteins of interest to the ANGPTL1-5 gene.
The protein expression levels of ANGPTL1-5 in tumor and
normal tissues were compared.

2.5. Kaplan-Meier Plotter Analysis. The Kaplan-Meier plot-
ter (http://kmplot.com/analysis/) assessed the impact of
54,000 genes in 21 cancer types on patient survival. We
divided the patients into a high and a low expression group
based on gene expression levels and compared their survival
rates using the Kaplan-Meier survival plot. Risk ratios and
log p values were calculated with 95% confidence intervals.

The correlation between ANGPTL mRNA levels and overall
survival in 364 HCC patients was analyzed using the
Kaplan-Meier plotter, with p < 0:05 indicating statistical
significance.

2.6. cBioPortal Analysis. The cBio Cancer Genomics Portal
(https://www.cbioportal.org/) database was used to analyze
the genomic alterations of ANGPTL family genes in HCC
samples in TCGA (n = 372), including the expression of
mutations, CNVs, and mRNAs.

2.7. STRING Database Analysis. The STRING database
(https://string-db.org/) is a database for protein-interaction
relationship searches. This database stores experimentally
confirmed and predicted protein interaction information
and can be used to construct protein-protein interaction net-
works. In this study, we used the STRING database to down-
load the protein interaction information related to
ANGPTLs and mapped the interaction network of ANGPTL
interactions by Cytoscape 3.7 software, which can identify
the essential genes interacting with ANGPTLs.

2.8. LinkedOmics Analysis. The LinkedOmics (http://www
.linkedomics.org/login.php) website contains three analytic
functions, LinkFinder, LinkInterpreter, and LinkCompare.
In this study, we used the LinkFinder function to analyze
ANGPTLs for the associated genes. Using the LinkInterpr-
eter process, we considered FDR∗0.05 a significant associa-
tion when comparing the Kyoto Encyclopedia of Genes
and Genomes (KEGG) and miRNA-target enrichment
analyses.

3. Results

3.1. CCLE Database Analysis of ANGPTL Expression in
Different Cell Lines. We analyzed ANGPTL mRNA expres-
sion in several common cancer cell lines in the CCLE data-
base. All HCC cell lines expressed the ANGPTL family of
genes. There was a high protein expression of ANGPTL1,
ANGPTL2, ANGPTL3, ANGPTL4, ANGPTL6, and
ANGPTL8 in HCC cell lines (Figure 1 and Figure S1 A-G),
indicating that ANGPTLs may play a vital function in
HCC. We further found that ANGPTL1, ANGPTL3,
ANGPTL4, and ANGPTL8 were significantly highly
expressed in HCC cell lines than other types of cancer cell
lines (p < 0:05, Figure S2 A-H).

3.2. Differential Expression of ANGPTLs in HCC and
Adjacent Normal Tissues. We downloaded expression data
from the TCGA database for patients with HCC. The adja-
cent normal tissues were used as standard samples for down-
stream analysis. Using the rank-sum test, we examined
whether tumor and normal tissues express ANGPTLs differ-
ently. We found that ANGPTL1 (Figure 2(a)), ANGPTL3
(Figure 2(b)), ANGPTL4 (Figure S3B), ANGPTL6
(Figure S3D), and ANGPTL7 (Figure S3E) were
differentially expressed between tumor and normal tissues.
ANGPTL2 (Figure S3A), ANGPTL5 (Figure S3C), and
ANGPTL8 (Figure S3F) were similarly expressed between
HCC and normal tissues.
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3.3. HCCDB Database Analysis of ANGPTL Expression in
HCC Cell Lines. The expression of ANGPTLs was analyzed
in the 15 HCC public datasets in the HCCDB database.
The expression level of ANGPTL1 was low in HCC tissues
from the HCCDB1, HCCDB12, HCCDB13, HCCDB15,
HCCDB16, and HCCDB18 datasets (Figure 3(a)). The
expression level of ANGPTL2 in HCC tissues was low in
HCCDB13 and HCCDB15 (Figure S4A). The expression
level of ANGPTL3 was low in HCC tissues in other
datasets except for HCCDB4, HCCDB16, and HCCDB17
(Figure S4B). The HCCDB1, HCCDB3, HCCDB13,
HCCDB15, HCCDB17, and HCCDB18 datasets showed
that ANGPTL4 was downregulated in HCC tissues
(Figure S4C). ANGPTL6 was downregulated in the HCC
tissue in datasets other than HCCDB6 (Figure S4E).
However, only ANGPTL8 was significantly highly

expressed in HCC tissues from the HCCDB4 dataset
(Figure 3(b)). Table S1 provides additional information.

3.4. Analysis of ANGPTL Gene Family Protein Expression
Levels in HCC. We studied the immunohistochemical stain-
ing results of the ANGPTL gene family from the Human
Protein Atlas database (Table 1). Some representative
images from HCC tissues and normal tissues were shown
(Figures 4(a)–4(e)). Normal tissues expressed ANGPTL1
and ANGPTL3, whereas tumor tissues expressed median
and low levels. In contrast, ANGPTL2 and ANGPTL5
appeared highly expressed in tissues of HCCs. In compari-
son, ANGPTL4 was lower expressed in tumor tissues.

3.5. Association between ANGPTL Expression and Clinical
Characteristics of HCC Patients.We downloaded phenotypic
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Figure 1: The mRNA expression levels of ANGPTL1 in several common cancer cell lines from the CCLE database.
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Figure 2: Relative expression of ANGPTLs in HCC samples and normal tissue samples from the UCSC database. Violin plot shows the
expression of ANGPTL1 (a) and ANGPTL3 (b) mRNAs in HCC samples relative to normal samples, based on the TCGA database.
LIHC: abbreviation for HCC of the liver from the TCGA database.
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data of LIHC from the TCGA database. The correlation of
ANGPTL expression with age, gender, tumor stage, and
tumor grade was further analyzed. The expression level of
ANGPTL5 showed a significant negative correlation with
age, ANGPTL5 and ANGPTL7 showed a significant positive
correlation with tumor stage, and ANGPTL7 showed a sig-
nificant negative correlation with tumor grade (Table 2).
We examined differences in the expression levels of
ANGPTLs by gender. Males had both high levels of
ANGPTL7 and ANGPTL8 expression (Figures 5(a) and
5(b)). There was no significant difference in sex among the
remaining ANGPTLs (Figure S5 A-F).

In addition, we analyzed the methylation levels of
ANGPTLs in HCC tumor tissues versus normal tissues and
their correlation with age, gender, tumor stage, and tumor
grade. ANGPTL3 (Figure S6C), ANGPTL4 (Figure S6D),
ANGPTL5 (Figure S6E), ANGPTL7 (Figure S6G), and
ANGPTL8 (Figure S6H) were significantly
hypermethylated in tumor tissues. A Pearson correlation
analysis showed a significant positive correlation between
DNA methylation levels of ANGPTL1 and ANGPTL4. In
contrast, the DNA methylation levels of ANGPTL2,
ANGPTL7, and ANGPTL8 were significantly positively

correlated with tumor grade, and the DNA methylation
levels of ANGPTL3, ANGPTL5, and ANGPTL7 were
significantly negatively correlated with age (Table 3). The
promoter regions of ANGPTL4, ANGPTL5, and
ANGPTL6 genes showed hypermethylation in females,
while ANGPTL8 showed hypomethylation in females
(Figure S7 A-H).

3.6. Correlation between the Expression Levels of ANGPTLs
and Overall Survival in HCC Patients. According to the
Kaplan-Meier plotter, ANGPTL1 (Figure 6(a)), ANGPTL3
(Figure 6(c)), ANGPTL4 (Figure 6(d)), ANGPTL5
(Figure S8A), ANGPTL6 (Figure S8B), ANGPTL7
(Figure S8C), and ANGPTL8 (Figure S8D) were all
associated with a good prognosis. There was no correlation
between ANGPTL2 expression and survival of HCC
patients (Figure 6(b)).

3.7. Genomic Alterations of ANGPTLs in HCC.We examined
mutation frequencies and types of the ANGPTL gene family
in 372 TCGA-LIHC samples using the cBioPortal database
(Figure 7(a)). ANGPTL1 had the highest mutation fre-
quency, with 31 mutated samples and a mutation frequency
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Figure 3: Relative expression of ANGPTLs in HCC samples, normal tissue, and cirrhotic and healthy samples in the HCCDB database.
mRNA expression levels of ANGPTL1 (a) and ANGPTL8 (b) in different HCC datasets in the HCCDB database. Red: HCC samples;
blue: adjacent normal tissue samples; cyan: cirrhotic samples; orange: healthy samples.

Table 1: Immunohistochemical staining results of ANGPTL protein obtained by Human Protein Atlas in normal liver tissues and HCC
tissues.

Genes Normal
Cancer (cases)

Antibody
High Median Low Not detected

ANGPTL1 High NA NA 9 3 HPA009976

ANGPTL2 Not detected 2 2 NA 8 HPA040933

ANGPTL3 High NA 4 2 5 HPA038097

ANGPTL4 Not detected NA NA 3 9 CAB033770

ANGPTL5 Low 1 2 1 8 HPA038516
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Figure 4: Comparison of protein levels of ANGPTL1 (a), ANGPTL2 (b), ANGPTL3 (c), ANGPTL4 (d), and ANGPTL5 (e) in HCC tissues
with those of normal tissues by immunohistochemical staining.

Table 2: Correlation analysis between mRNA levels of ANGPTL family members and clinical characteristics.

Gene Stage_R Stage p value Grade_R Grade p value Age_R Age p value

ANGPTL1 -0.0475 0.3744 -0.0278 0.5937 0.0311 0.5415

ANGPTL2 0.0915 0.0865 -0.0332 0.5249 -0.0137 0.7874

ANGPTL3 -0.0626 0.2417 -0.0351 0.5014 0.0707 0.1643

ANGPTL4 -0.0411 0.4417 -0.0368 0.4801 -0.0598 0.2395

ANGPTL5 0.1374 0.0098 -0.0836 0.1083 -0.1226 0.0155

ANGPTL6 -0.0018 0.9725 -0.0979 0.0600 0.0776 0.1267

ANGPTL7 0.1195 0.0249 -0.1883 0.0003 0.0627 0.2170

ANGPTL8 0.0959 0.0725 0.0323 0.5351 -0.0610 0.2304
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of 9%. Other ANGPTL family members had lower mutation
frequencies between 0.6% and 2.3% (Table S2). Then, we
collected the genes with ANGPTL interactions from the
STRING database and mapped the interaction network.
GPIHBP1, LPL, TIE1, and RALGPS1 genes have regulatory
relationships with multiple ANGPTL family members
(Figure 7(b)).

Further, the mutation frequencies of ANGPTL family
genes and neighboring genes were analyzed using the cBio-
Portal database. CYRIB (11%), APH1A (10%), and
GPIHBP1 (10%) are all adjacent genes with high mutation
rates. We downloaded copy number variation data of
TCGA-LIHC from the UCSC Xena website and analyzed
the copy number alterations of ANGPTL family genes and
neighboring genes. UBIAD1, ANGPTL7, SRM, and FNDC5
had high copy number amplification, while APH1A, CYRIB,
GPIHBP1, MYOC, GMDS, and VEGFA had high copy
number deletion (Table S3).

3.8. KEGG Pathway Analysis of ANGPTL-Related Genes in
HCC. In this study, the previous analysis revealed that
ANGPTL1 was significantly highly expressed in HCC and
correlated with patient survival prognosis and had the high-
est mutation frequency in HCC. Consequently, we carried
out additional analysis of the ANGPTL1 gene using the

LinkFinder module in the LinkedOmics database, with 500
random perturbations. 8091 genes were significantly posi-
tively associated with ANGPTL1, and 2581 genes were sig-
nificantly negatively associated (Figure 8(a)). The top 50
genes positively or negatively associated with ANGPTL1
were shown in the heat map of Figure 8(b). Similar heat
maps of genes positively or negatively related to other
ANGPTL family members are shown in Figures S9-S14.
ANGPTL1 differentially expressed genes were enriched in
ribosomes, proteasomes, and spliceosome pathways
(Figure 8(c)). Genes related to other family members are
also enriched in pathways associated with proteasome,
ribosome, etc. (Figures S9-S14). To further explore the
potential molecular mechanisms of ANGPTL1 in HCC, the
enrichment of miRNAs targeting ANGPTL1, mainly miR-
487, miR-384, miR-299-3P, miR-186, miR-23B, and
miR527, was analyzed using the LinkInterpreter function
in LinkedOmics (Figure 8(d)). In addition, miRNA target
networks of other family members of ANGPTL were also
analyzed, shown in Figures S9-S14.

4. Discussion

HCC is a malignancy characterized by aggressiveness and
metastasis [16]. Early diagnosis is an urgent need for HCC
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Figure 5: Correlation of ANGPTL7 (a) and ANGPTL8 (b) with gender based on TCGA database analysis.

Table 3: Correlation analysis between DNA methylation of ANGPTL family members and clinical characteristics.

Gene Stage_R Stage p value Grade_R Grade p value Age_R Age p value

ANGPTL1 0.1077 0.0426 0.0487 0.3475 -0.0410 0.4177

ANGPTL2 0.0355 0.5047 0.1799 0.0005 -0.0097 0.8478

ANGPTL3 -0.0505 0.3424 0.0384 0.4588 -0.1525 0.0024

ANGPTL4 0.1529 0.0039 0.0477 0.3571 -0.0576 0.2543

ANGPTL5 0.0026 0.9606 0.0945 0.0678 -0.2306 3.83E-06

ANGPTL6 0.0521 0.3276 0.0269 0.6043 -0.0584 0.2480

ANGPTL7 -0.0028 0.9581 0.1613 0.0017 -0.1198 0.0175

ANGPTL8 0.0551 0.3009 0.1779 0.0005 -0.0471 0.3515
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patients, and the search for novel molecular markers that
can predict HCC progression appears to be crucial. Tetrahy-
drobiopterin seems to be involved in the inhibition of HCC
[17], and clinical scoring systems have been developed [18].

Studies have shown that ANGPTLs are significantly
associated with tumor growth, metastasis, and drug resis-
tance [19, 20]. To explore the role of ANGPTL expression
levels in the prognosis HCC patients, we analyzed HCC
patients using relevant online public database data. The
results from the CCLE database analysis showed that the
ANGPTL gene family was expressed in all HCC cell lines,
as confirmed by previous studies. However, ANGPTL1 was

found to be highly expressed in HCC cell lines. Previous
studies showed that ANGPTL1 has angiogenesis-inhibiting
and tumor-deactivating effects and belongs to tumor sup-
pressors [10, 21, 22]. Recently, it was found that in HCC,
ANGPTL1 promotes apoptosis by inhibiting the STAT3
pathway and reduces HCC cell activity by downregulating
SLUG and SNAIL [23]. The HCCDB database revealed low
ANGPTL1 expression in HCC tissues. According to the
Human Protein Atlas database analysis, it agrees with the
results of previous studies [24]. Analysis of the Human Pro-
tein Atlas database revealed that ANGPTL2 and ANGPTL5
were highly expressed in HCC tumor tissues, while
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Figure 6: Association of expression of ANGPTLs with patient prognosis. The Kaplan-Meier plotter database was used to assess the
correlation between the expression of ANGPTL1 (a), ANGPTL2 (b), ANGPTL3 (c), and ANGPTL4 (d) and the prognosis of HCC patients.
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ANGPTL4 was decreased. Studies have shown that
ANGPTL2 is highly expressed in tumor tissues and has a
procancer effect [25–28]. There are fewer reports about the
correlation of ANGPTL5 in tumors [10, 22, 29]. Studies tar-
geting the role of ANGPTL4 in tumors are more frequent

compared to other members. Recent studies have shown that
ANGPTL4 mRNA expression is significantly lower in HCC
tissues than in nontumor tissues, consistent with the present
study results [30]. However, other studies have also con-
firmed that ANGPTL4 seems to promote cancer
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Figure 7: Gene mutation and biological interaction network of ANGPTLs in HCC. (a) Frequency and type of gene mutation of ANGPTLs
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alterations. (b) Interacting gene networks of ANGPTL gene families in HCC were collected through the STRING database. The red color
represents seed genes and the blue color represents neighboring genes.
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development [31–33]. The function of ANGPTL4 in tumor
tissues is still under debate.

From the TCGA database, we downloaded phenotypic
data for LIHC. ANGPTLs are correlated with age, gender,
tumor stage, and tumor grade in HCC patients. It has been
reported that no significant correlation between ANGPTL
family members and gender, except ANGPTL7 and
ANGPTL8 [25, 26]. The relationship between ANGPTLs
and the prognosis of HCC patients was analyzed using the
Kaplan-Meier plotter. High expression of ANGPTL1 sug-
gested an excellent prognosis. Chen H. et al. demonstrated
a negative correlation between low expression of ANGPTL1
in tumor tissues and survival [34], which is consistent with
the results of this study. In our study, high expression of
ANGPTL8 predicts a good prognosis, whereas another study
found that ANGPTL8 was overexpressed in HCC [35].
However, the biological function of ANGPTL8 in tumors
has not been fully elucidated yet [10, 22, 36]. ANGPTL2
expression is associated with poor prognosis [37].
ANGPTL6 knockdown inhibits cancer cell metastasis [38].
Inconsistent with the results of the present study, further
experimental verification is needed.

Using cBioPortal, we analyzed mutation frequencies and
types of the ANGPTL gene family in 372 TCGA-LIHC sam-
ples. ANGPTL1 had a high mutation frequency of 9%. Fur-
ther analysis of the mutation frequencies of ANGPTL family
genes and neighboring genes revealed that CYRIB (11%),
APH1A (10%), and GPIHBP1 (10%) had higher mutation
frequencies. No study has investigated the role of the CYRIB
gene in tumor progression. APH1A is involved in tumori-
genesis and progression and plays a role in the invasion of
cervical and pancreatic cancer [39, 40]. GPIHBP1 has a cru-
cial role in lipid metabolism, and some studies have con-
firmed that GPIHBP1 is involved in the hepatic NF-κB

signaling pathway [41, 42]. These genes may be involved in
the progression of HCC, and the inconsistent findings might
be due to the difference in treatment [43].

5. Conclusion

In summary, we comprehensively analyzed HCC patient
data through several online databases. The results suggest
that ANGPTLs play a crucial role in HCC development, pro-
gression, metastasis, and prognosis.
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Figure 8: KEGG pathway enrichment analysis of ANGPTL1 coexpressed genes in HCC and miRNA targets of ANGPTL1. (a) Volcano plot
showing differential expression of genes associated with ANGPTL1 in HCC and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated significant genes. (b) Heat map showing the top 50 positively associated and top 50
negatively associated significant genes of ANGPTL1. (c) Analysis of KEGG pathway enrichment of ANGPTL1 coexpressed genes in
HCC based on gene set enrichment analysis (GSEA). (d) miRNA of ANGPTL1 in HCC targets.
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rate of ANGPTL mutation in cBioPortal database. Table S3:
the mutation incidence rate and copy changes of ANGPTL
family genes and nearby genes. Figure S1: the mRNA expres-
sion levels of ANGPTL2 (A), ANGPTL3 (B), ANGPTL4 (C),
ANGPTL5 (D), ANGPTL6 (E), ANGPTL7 (F), and
ANGPTL8 (G), respectively, in several common cancer cell
lines in the CCLE database. Figure S2: boxplot showing the
difference in expression of ANGPTL mRNA levels in hepa-
tocellular carcinoma cell lines versus other cancer cell lines.
Figure S3: violin plot showing the relative expression of
ANGPTLs in UCSC database in HCC samples and normal
tissue samples. Panels (A)–(F) represent the expression of
ANGPTL2, ANGPTL4, ANGPTL5, ANGPTL6, ANGPTL7,
and ANGPTL8 mRNAs in HCC samples relative to normal
samples based on the TCGA database. LIHC: abbreviation
for hepatocellular carcinoma of the liver in the TCGA data-
base. Figure S4: expression levels of ANGPTL2 (A),
ANGPTL3 (B), ANGPTL4 (C), ANGPTL5 (D), ANGPTL6
(E), and ANGPTL7 (F) mRNAs in different HCC datasets
in the HCCDB database were analyzed. Red: HCC samples;
blue: adjacent normal tissue samples; cyan: cirrhotic sam-
ples; orange: healthy samples. Figure S5: correlation between
ANGPTL gene family and sex-based on TCGA database.
Panels (A)–(F) represent ANGPTL1, ANGPTL2,
ANGPTL3, ANGPTL4, ANGPTL5, and ANGPTL6, respec-
tively. Figure S6: analysis of ANGPTL DNA methylation
levels in HCC tumor tissues versus normal tissues based
on TCGA database. Panels (A)–(H) represent ANGPTL1,
ANGPTL2, ANGPTL3, ANGPTL4, ANGPTL5, ANGPTL6,
ANGPTL7, and ANGPTL8 DNA methylation expressions,
respectively. Figure S7: analysis of the correlation between
ANGPTL DNA methylation and clinical proportional char-
acteristics by gender. Panels (A)–(H) represent the associa-
tion of ANGPTL1, ANGPTL2, ANGPTL3, ANGPTL4,
ANGPTL5, ANGPTL6, ANGPTL7, and ANGPTL8 DNA
methylation with gender, respectively. Figure S8: association
of expression of ANGPTLs with patient prognosis. The
Kaplan-Meier plotter database was used to assess the corre-
lation between the expression of ANGPTL5 (A), ANGPTL6
(B), ANGPTL7 (C), and ANGPTL8 (D) and the prognosis of
HCC patients. Figure S9: KEGG pathway enrichment analy-
sis of ANGPTL2 coexpressed genes in HCC and miRNA tar-
gets of ANGPTL2. (A) Volcano plot showing differential
expression of genes associated with ANGPTL2 in HCC
and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated signif-
icant genes. (B) Heat map showing the top 50 positively
associated and top 50 negatively associated significant genes
of ANGPTL2. (C) Analysis of KEGG pathway enrichment of
ANGPTL2 coexpressed genes in HCC based on gene set
enrichment analysis (GSEA). (D) miRNA of ANGPTL2 in
HCC targets. Figure S10: KEGG pathway enrichment analy-
sis of ANGPTL3 coexpressed genes in HCC and miRNA tar-
gets of ANGPTL3. (A) Volcano plot showing differential
expression of genes associated with ANGPTL3 in HCC
and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated signif-
icant genes. (B) Heat map showing the top 50 positively
associated and top 50 negatively associated significant genes

of ANGPTL3. (C) Analysis of KEGG pathway enrichment of
ANGPTL3 coexpressed genes in HCC based on gene set
enrichment analysis (GSEA). (D) miRNA of ANGPTL3 in
HCC targets. Figure S11: KEGG pathway enrichment analy-
sis of ANGPTL4 coexpressed genes in HCC and miRNA tar-
gets of ANGPTL4. (A) Volcano plot showing differential
expression of genes associated with ANGPTL4 in HCC
and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated signif-
icant genes. (B) Heat map showing the top 50 positively
associated and top 50 negatively associated significant genes
of ANGPTL4. (C) Analysis of KEGG pathway enrichment of
ANGPTL4 coexpressed genes in HCC based on gene set
enrichment analysis (GSEA). (D) miRNAs of ANGPTL4 in
HCC targets. Figure S12: KEGG pathway enrichment analy-
sis of ANGPTL5 coexpressed genes in HCC and miRNA tar-
gets of ANGPTL5. (A) Volcano plot showing differential
expression of genes associated with ANGPTL5 in HCC
and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated signif-
icant genes. (B) Heat map showing the top 50 positively
associated and top 50 negatively associated significant genes
of ANGPTL5. (C) Analysis of KEGG pathway enrichment of
ANGPTL5 coexpressed genes in HCC based on gene set
enrichment analysis (GSEA). (D) miRNA of ANGPTL5 in
HCC targets. Figure S13: KEGG pathway enrichment analy-
sis of ANGPTL6 coexpressed genes in HCC and miRNA tar-
gets of ANGPTL6. (A) Volcano plot showing differential
expression of genes associated with ANGPTL6 in HCC
and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated signif-
icant genes. (B) Heat map showing the top 50 positively
associated and top 50 negatively associated significant genes
of ANGPTL6. (C) Analysis of KEGG pathway enrichment of
ANGPTL6 coexpressed genes in HCC based on gene set
enrichment analysis (GSEA). (D) miRNAs of ANGPTL6 in
HCC targets. Figure S14: KEGG pathway enrichment analy-
sis of ANGPTL7 coexpressed genes in HCC and miRNA tar-
gets of ANGPTL7. (A) Volcano plot showing differential
expression of genes associated with ANGPTL7 in HCC
and correlation analysis using Pearson. Green: negatively
associated significant genes; red: positively associated signif-
icant genes. (B) Heat map showing the top 50 positively
associated and top 50 negatively associated significant genes
of ANGPTL7. (C) Analysis of KEGG pathway enrichment of
ANGPTL7 coexpressed genes in HCC based on gene set
enrichment analysis (GSEA). (D) miRNAs of ANGPTL7 in
HCC targets. (Supplementary Materials)
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