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CD5L-associated gene analyses highlight o

the dysregulations, prognostic effects, immune
associations, and drug-sensitivity predicative
potentials of LCAT and CDC20 in hepatocellular
carcinoma

Xiuzhi Zhang', Xiaoli Liu®", Keke Zhu', Xue Zhang?, Ningning Li', Tao Sun', Shasha Fan**", Liping Dai*” and
Jinzhong Zhang"”

Abstract

Background: The dysregulation of CD5L has been reported in hepatocellular carcinoma (HCC). However, its func-
tions in HCC were controversial. In this study, we aimed to identify CD5L-associated pathways and markers and
explore their values in HCC diagnosis, prognosis and treatment.

Methods: HCC datasets with gene expression profiles and clinical data in TCGA and ICGC were downloaded. The
immune/stroma cell infiltrations were estimated with xCell. CD5L-associated pathways and CD5L-associated genes
(CD5L-AGs) were identified with gene expression comparisons and gene set enrichment analysis (GSEA). Cox regres-
sion, Kaplan—-Meier survival analysis, and least absolute shrinkage and selection operator (LASSO) regression analysis
were performed. The correlations of the key genes with immune/stroma infiltrations, immunoregulators, and anti-
cancer drug sensitivities in HCC were investigated. At protein level, the key genes dysregulations, their correlations
and prognostic values were validated in clinical proteomic tumor analysis consortium (CPTAC) database. Serum CD5L
and LCAT activity in 50 HCC and 30 normal samples were evaluated and compared. The correlations of serum LCAT
activity with alpha-fetoprotein (AFP), albumin (ALB) and high-density lipoprotein (HDL) in HCC were also investigated.

Results: Through systemic analyses, 14 CD5L-associated biological pathways, 256 CD5L-AGs and 28 CD5L-associated
prognostic and diagnostic genes (CD5L-APDGs) were identified. A risk model consisting of LCAT and CDC20 was
constructed for HCC overall survival (OS), which could discriminate HCC OS status effectively in both the training

and the validation sets. CD5L, LCAT and CDC20 were shown to be significantly correlated with immune/stroma cell
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Prognosis

infiltrations, immunoregulators and 31 anti-cancer drug sensitivities in HCC. At protein level, the dysregulations of
CD5L, LCAT and CDC20 were confirmed. LCAT and CDC20 were shown to be significantly correlated with proliferation
marker MKI67. In serum, no significance of CD5L was shown. However, the lower activity of LCAT in HCC serum was
obvious, as well as its significant positive correlations ALB and HDL concentrations.

Conclusions: CD5L, LCAT and CDC20 were dysregulated in HCC both at mRNA and protein levels. The LCAT-CDC20
signature might be new predicator for HCC OS. The associations of the three genes with HCC microenvironment and
anti-cancer drug sensitivities would provide new clues for HCC immunotherapy and chemotherapy.

Keywords: CD5L, LCAT, CDC20, Hepatocellular carcinoma (HCC), Lipid metabolism, Immune response, Diagnosis,

Background

As one of the most prevalent malignancies worldwide,
primary liver cancer accounts for 4.7% of the cancer inci-
dence and 8.3% of the cancer mortality in the year 2020
[1]. For liver cancer, approximately 80% of the cases are
hepatocellular carcinoma (HCC) [2] and the 5-year over-
all survival (OS) rate is below 20% [3]. The dismal prog-
nosis of HCC is mainly due to its late diagnosis, tumor
recurrence and drug-resistance. To improve HCC prog-
nosis, it is very important to develop effective markers
for its early diagnosis and find sensitive therapeutic tar-
gets for its treatment.

As two hallmarks of cancer, metabolism dysregulation
and immune evasion are common in cancerous diseases
[4, 5]. In HCC, many metabolic genes were shown to be
involved in its development and progression [6-8]. In a
recent study, fructose-1,6-bisphosphatase inhibition was
found to be associated be HCC growth and metastasis
[9]. A signature of six metabolic genes including G6PD,
AKR1B15, HMMR, CSPG5, ELOVL3 and FABP6 was
shown to be predictive for HCC prognosis [10]. The asso-
ciations between metabolism dysregulation and immune
response were presented in many studies [11]. In HCC,
reprogramming of lipid metabolism was confirmed to be
involved in HCC development and immunoregulation
[12-14]. The in-depth study of the key genes implicated
in lipid metabolism and immune response would be help-
ful for understanding HCC occurrence and progression.

CD5-like molecule (CD5L), also known as apoptosis
inhibitor of macrophages (AIM), has been reported to
have multiple functions in lipid metabolism [15] and
inflammatory processes [15-17]. In recently years,
its involvement in cancerous disease was also demon-
strated in several malignancies. Its overexpression in
alveolar type II epithelial cells was found to be associ-
ated with the occurrence of lung adenocarcinoma [18].
In prostate cancer, the serum CD5L was shown to be
higher than that of benign prostatic hyperplasia [19]. In
contrast to its tumor-promoting potential, other stud-
ies also demonstrated its anti-tumor activities. It was

reported that HCC could be induced through high-fat
diet in CD5L-lacking mice while not in the wild-type
ones [20]. Its anti-HCC activity in mice was also shown
through its prevention of hepatocellular carcinoma
with administration of CD5L [21]. In a clinical study,
higher serum CD5L protein was also demonstrated to
be associated with the good response of HCC patients
to sorafenib treatment [22]. In our previous study, at
gene expression level, CD5L was shown to be decreased
in HCC samples and its favorable prognostic effects on
HCC survival were presented [23]. However, in another
study, CD5L was demonstrated to be higher expressed
in HCC (n=60) than the normal controls (n=34)
through immunochemistry analysis and its HCC-pro-
moting activity was shown in HCC cell lines [24]. These
seemingly opposite results indicated the complex-
ity and diversity of CD5L functions in HCC to some
extent.

Liver has crucial roles in lipid metabolism and immu-
noregulation [25] which are also tightly associated with
CD5L function [16]. Thus, it is necessary to do an in-
depth and systemic study of CD5L in HCC to uncover
its potential functions. In this study, we investigated
CD5L-associated genes and pathways with HCC data-
sets from The Cancer Genome Atlas (TCGA) and
International Cancer Genome Consortium (ICGC).
The dysregulations and prognostic effects of the CD5L-
correlated genes were evaluated. A risk model was con-
structed for HCC OS and two CD5L-associated genes
were identified as key genes for further analysis. Their
associations with HCC microenvironment, immu-
noregulatory gene expressions and anti-cancer drug
sensitivities were shown in HCC. At protein level, their
dysregulations were confirmed and their prognostic
effects were also shown. Furthermore, the lower activ-
ity of serum LCAT in HCC and its positive correlations
with ALB and HDL concentrations were uncovered.
These results might provide new clues for the functions
of CD5L in HCC, new markers for its early diagnosis
and prognostic predication of HCC, and new targets
for its treatment.
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Materials and methods

Data collection and processing

RNA-seq data of HCC tumors and their paired normal
liver tissue controls in LIHC (liver hepatocellular carci-
noma, called HCC in this study) datasets with the cor-
responding clinical information were downloaded from
Genomic Data Commons (GDC) data portal (https://
portal.gdc.cancer.gov/, TCGA-HCC dataset) and Inter-
national Cancer Genome Consortium (ICGC) (https://
dcc.icgc.org/, ICGC-HCC dataset). There were 371 and
223 primary HCC tumors in TCGA-HCC dataset and
ICGC-HCC dataset, respectively. Their paired normal
controls were 50 and 202, respectively. The clinical char-
acteristics of the patients were shown in Additional file 1:
Table S1. For further analyses, gene expression normali-
zation was performed and transcripts per million (TPM)
was used.

Gene Set Enrichment Analysis (GSEA) of CD5L

and CD5L-associated gene (CD5L-AG) identification in HCC
To explore the potential roles of CD5L in HCC develop-
ment and progression, the primary HCC samples in each
HCC dataset were divided into two groups (CD5LMe!
group and CD5LY group) with the median expression
of CD5L for comparisons. Gene expression differences
between the two groups were evaluated with “limma”
package [26] in R. With the gene expression changes
[log,(fold change), LogFC], GSEA was performed with
“GSEABase” package in R (https://rdrr.io/bioc/GSEAB
ase) and the hallmark gene sets (n=>50) in the Molecu-
lar Signatures Database (MSigDB) (https://www.gsea-
msigdb.org/gsea/msigdb/genesets.jsp?collection=H)
were included. The related gene sets with Benjamini and
Hochberg (BH) adjusted p value (p.adj)<0.05 consist-
ently in the two datasets were considered significant.
The genes in the significant gene sets and differentially
expressed between CD5LM8" and CD5L'°Y groups were
considered as CD5L-associated genes (CD5L-AGs).

Evaluation of the prognostic effects and dysregulations

of CD5L-AGs in HCC

The age-gender-stage-corrected prognostic effects of
CD5L-AGs were investigated in TCGA-HCC and ICGC-
HCC datasets with “ezcox” package in R [27]. For the
analysis, p<0.05 was considered significant and only the
CD5L-AGs with consistent prognostic effects on HCC
OS were considered as CD5L-associated prognostic
genes (CD5L-APGs). With “limma” package, gene expres-
sion comparisons between HCC tumors and normal liver
tissues were evaluated and the expressional differences of
the CD5L-APGs were extracted. The CD5L-APGs with
most significant expressional dysregulation ( |logFC|>1
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and p.adj<1e-10) in HCC tumors comparing with nor-
mal liver tissues in the two datasets were selected for
further analyses and they were called CD5L-associated
prognostic and diagnostic genes (CD5L-APDGs).

To find the most valuable CD5L-APDGs, least absolute
shrinkage and selection operator (LASSO) Cox regres-
sion analysis was performed, and a risk model was con-
structed for HCC OS. The risk model was expressed as
follows:

n
risk score = Z coef (i) * exp(i)
i=1

where n represents the number of included genes,
coefli) denotes the coefficient of the gene i, and exp(i)
is the expression level of gene i. The TCGA-HCC data-
set and ICGC-HCC dataset were used as the training
cohort and the validation cohort, respectively. To ensure
the homogeneity of the LASSO Cox regression analy-
sis in the two datasets, with “mosaic” package (https://
cran.r-project.org/web/packages/mosaic/index.html),
the gene expressions (TPMs) were further zscore nor-
malized in R. Receiver Operating Characteristic (ROC)
analysis was performed to present the prognostic power
of the risk model and diagnostic power of the most sig-
nificant CD5L-APDGs. For visualization of the correla-
tions of the most significant CD5L-APDGs with CD5L
and their prognostic effects, spearman correlation analy-
sis and Kaplan—Meier survival analysis were performed
with “ggplot2” package (https://cran.r-project.org/web/
packages/ggplot2/index.html) and “survminer” pack-
age (https://cran.r-project.org/web/packages/survminer/
index.html) in R. For the above analyses, p<0.05 was
considered statistically significant.

Further insight of the associations of CD5L and the most
significant CD5L-APDGs (LCAT and CDC20) with HCC
microenvironment and immunoregulators

The relative abundance of 64 immune and stromal cells,
the immune score, the stroma score, and the microen-
vironment score of tumor samples in TCGA-HCC and
ICGC-HCC datasets were evaluated with xCell [28]. The
differences of the cell infiltrations and the scores between
HCC samples and liver controls were investigated.
Their correlations with CD5L, LCAT, and CDC20 were
evaluated. The age-gender-stage-corrected prognostic
effects of the immune and stroma cells were investigated
through Cox regression analysis with “ezcox” package
[27] in R. Furthermore, a total of 91 immune regulators
including 24 immunoinhibitors, 46 immunostimulators,
and 21 major histocompatibility complex (MHC) related
genes were downloaded from the Cancer Immunome
Atlas (TCIA) (https://www.tcia.at) and the correlations
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of CD5L, LCAT and CDC20 with the immune regulators
were estimated. Considering the regulatory functions of
NF-«kB pathway and the crucial effects of chemokines,
and chemokine receptors in immune response[29-32],
CD5L, LCAT, and CDC20 were also investigated for their
correlations with five NF-KB-associated genes (NFKBI,
NFKB2, REL, RELA, and RELB), 41 chemokines, and 18
chemokine receptors in TCGA-HCC and ICGC-HCC
datasets. Wilcoxon test and spearman correlation analy-
sis were used for comparisons and correlation estimation,
respectively. For these analyses, p<0.05 was considered
statistically significant.

Exploration of the associations of CD5L, LCAT and CDC20
with the sensitivity of HCC cell lines to present anti-cancer
drugs

The relative expressions of CD5L, LCAT and CDC20 in
HCC cell lines were downloaded from Cancer Cell Line
Encyclopedia (CCLE) database. The pharmacologic pro-
files for 192 anti-cancer drugs across 809 cell lines were
downloaded from Genomics of Drug Sensitivity in Can-
cer (GDSC) and the anti-cancer drugs with HCC cell
lines were extracted. Spearman’s correlation analysis was
also applied to investigate the associations between the
three gene expressions and log-transformed half maximal
inhibitory concentrations (LN_IC50s) of the drugs in the
HCC cell lines. P<0.05 was considered significant.

Validation of CD5L, LCAT and CDC20 in HCC at protein level
The HCC dataset in Clinical Proteomic Tumor Analy-
sis Consortium (CPTAC) was used for validation of the
results above. The clinical characters of the samples were
shown in Additional file 1: Table S2.

As clinical stage is very important for the gene expres-
sion comparisons, we estimated the T stage of the tumors
based on the clinical data of the patients in CPTAC data-
set and compared the T stage proportions of CPTAC
dataset and the TCGA-HCC dataset. The protein expres-
sions were also compared between normal liver samples
and HCC samples of different T stages. The correlations
of CD5L expression with LCAT and CDC20 expressions
were evaluated with Spearman correlation analysis. The
expressional differences of CD5L, LCAT and CDC20
proteins between HCC tumors and normal liver tissues
were investigated with Wilcoxon tests. The prognostic
and diagnostic effects of CD5L, LCAT and CDC20 at
protein level were evaluated with Kaplan—Meier survival
analysis and ROC curve analysis, respectively.

To investigate the associations of CD5L, LCAT and
CDC20 with the tumor proliferation, their correlations
with proliferation marker MKI67 [33, 34] were evalu-
ated. Considering that AFP is the most widely used
tumor marker in HCC [35], the correlations of the three
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proteins with AFP expression in HCC tissues (tissue AFP)
and serum AFP levels were also investigated. ALB is pro-
duced by the liver and it is associated with liver function
[36]. The associations of CD5L, LCAT and CDC20 with
liver function in HCC tissues were evaluated through
their Spearman’s correlations with tissue ALB and serum
ALB levels.

The subcellular locations of CD5L, LCAT and CDC20
as well as their immunohistochemical staining in liver
and HCC tissues were investigated via Human Protein
Atlas (HPA, https://www.proteinatlas.org/). According
to the human secretome data in HPA, CD5L and LCAT
were secretory proteins while no transcript of CDC20
was predicted to be a secreted protein.

Detection of serum CD5L and LCAT in HCC and normal
controls

The serum levels of CD5L protein and LCAT activity in
50 HCC samples and 30 normal controls were evaluated
with CD5L enzyme linked immunosorbent assay (ELISA)
kit (RAB1347, Sigma-Adrich Ltd, USA) and LCAT activ-
ity assay kit (MAK107, Sigma-Adrich Ltd, USA). In
addition, the concentrations of AFP (REF04491742190,
Roche, Germany), ALB (F103T, MedicalSystem Ltd,
China), and HDL (F203T, MedicalSystem Ltd, China)
were also detected for further analyses. The work involv-
ing the serum specimens was reviewed and approved
by the Ethics Committee of Henan People’s Hospital
(approval number: 201948). All samples were collected
with informed consent in accordance with the Declara-
tion of Helsinki. The samples were obtained between
February 2020 and August 2020 from Henan People’s
Hospital (Zhengzhou, China) at the time of diagnosis
before any therapy. The clinical features of the samples
were shown in Table 1. The T stage proportions of these
patients were compared with HCC patients in CPTAC
dataset with Chi-square test. CD5L concentration and
the relative activity of LCAT (the relative intensity of
hydrolyzed substrate/the relative intensity of intact sub-
strate) were measured in duplicate according to the man-
ufacturer’s instructions. Wilcoxon test was used for the
comparisons between HCC patients and normal controls.
ROC analysis was performed to investigate the diagnostic
potential of serum LCAT. Spearman correlation analysis
was performed to investigate the associations of LCAT
activity with AFP, ALB and HDL concentrations. For all
the analysis, p <0.05 was considered as significant.

Investigation of the protein-chemical interactions of CD5L,
LCAT and CDC20

To present the chemicals which might interact with them
and have associations with HCC development, the pro-
tein-chemical interactions of CD5L, LCAT and CDC20
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Table 1 Clinical characteristics of HCC patients and normal controls for serum analyses

HCC (n=50) Normal (n=30) P
Age (y) 32-75; median:53 34-77; median:54 0.724
Gender (male/female) 44/6 24/6 0518
AFP (ng/ml) 7.3-121,000; median: 650.95 0.860-6.360; median: 3.295 9428E-14"
ALB (g/1) 18.6-49.7; median: 36.90 41.5-51.3; median: 45.80 36E-11"
HDL (mmol/l) 0.360-1.600; median:1.025 0.660-1.850; median:1.325 0.000138"™

Tumor stage (/11 /111 /1V) 5/14/22/9

" p<0.01. Chi-square test and Wilcoxon test were used for comparisons and p <0.05 was considered significant

were investigated through NetworkAnalyst (https://www.
networkanalyst.ca/) based on Comparative Toxicog-
enomics Database (CTD) (http://ctdbase.org/).

Results

GSEA of CD5L and CD5L-AGs in HCC

With “limma” package in R, the expressional differences
of the genes between CD5LM#" and CD5LY HCC sam-
ples in the two datasets were obtained and GSEA was
performed in each dataset individually. As shown in
Fig. 1, 20 biological processes were shown to be posi-
tively (n=14) or negatively (n=6) correlated with CD5L
expression in HCC in TCGA-HCC dataset (Fig. 1A-B).
In ICGC-HCC dataset, 22 biological processes were pre-
sented to be positively (n=11) or negatively (n=11) cor-
related with CD5L expression in HCC (Fig. 1C-D). The
results in the two datasets were mainly consistent. There
were 10 (interferon gamma response, interferon alpha
response, allograft rejection, bile acid metabolism, IL-6
JAK stat3 signaling, xenobiotic metabolism, inflamma-
tory response, coagulation, complement, and fatty acid
metabolism) and four (MYC targets v1, mitotic spindle,
G2M checkpoint, and E2F targets) biological processes
(pathways) positively and negatively correlated with
CD5L expression in HCC in both datasets (Fig. 1E).

The genes in the 14 CD5L-correlated biological pro-
cesses were extracted and there were 1771 unique genes.
According to the gene expressional differences between
CD5LMe" and CD5L°Y HCC samples (Fig. 2A-B), 256 of
the 1771 genes were higher (n=122, Fig. 2C) or lower
(n=134, Fig. 2D) expressed in CD5L"#" HCCs than the
CD5L" samples and they were CD5L-AGs.

Prognostic effects of CD5L-AGs

The gender-age-stage-corrected prognostic effects
of the 256 CD5L-AGs were showed in Additional
file 1: Table S3 and 84 of them presented favorable
or unfavorable prognostic effects in HCC patients
in TCGA-HCC and ICGC-HCC datasets and they
were CD5L-APGs. According to the gene expression

comparisons between HCC and normal liver tissues
in TCGA-HCC and ICGC-HCC datasets, most of the
CD5L-APGs were shown to be dysregulated in HCC
consistently. Among them, 28 differentially expressed
genes (Additional file 1: Table S4) meet the criteria
of |logFC|>1 and p.adj<1le-10 and they were called
CD5L-APDGs. Through LASSO regression analy-
sis (Fig. 3A), two of the 28 CD5L-APDGs, LCAT and
CDC20, were highlighted to be independent prog-
nostic factors. Then, with the coefficients of LCAT
and CDC20 deduced from LASSO analysis and their
relative expressions, a risk model of HCC OS was con-
structed as follows:

riskscore = (—0.0321) * LCA Texpression
+ 0.0778 *« CDC20expression

According to the ROC analyses, the risk model could
discriminate the HCC OS status with an area under the
curve (AUC) of 0.656 in TCGA-HCC dataset and the
efficiency was confirmed in ICGC-HCC dataset with
the AUC of 0.740 (Fig. 3B). In addition, the risk model
performed well in predicting the survival status at dif-
ferent time points. As shown in Fig. 3C, in TCGA-HCC
dataset, the risk model could discriminate the OS sta-
tus of HCC patients at 1-year, 2-year and 3-year with
an AUC of 0.732, 0.726, 0.707, respectively (Fig. 3C).
And the results were similar in ICGC-HCC dataset
(Fig. 3D), indicating the effectiveness and stability of
the risk model. In a recent study, a five-gene prognos-
tic signature consisted of AURKA, PZP, RACGAPI,
ACOT12 and LCAT could discriminate 1-year, 2-year,
and 3-year HCC OS status with AUCs of 0.741, 0.724,
and 0.718, respectively [37]. Interestingly, here, with
less genes, the LCAT-CDC20 risk model presented
similar efficiency. The significant positive correla-
tion of LCAT while the negative correlation of CDC20
with CD5L, as well as the negative correlation between
LCAT and CDC20, were visualized in Fig. 4. Through
Kaplan—Meier survival analysis (Additional file 1: Fig-
ure S1), the favorable prognostic effects of LCAT and
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while no significant difference of other kinds of cells
were shown in either of the two datasets.

Through correlation analyses, most (45/64) of the
immune and stroma cells were shown to have significant
positive or negative correlations with at least one of the
three genes in HCC in both TCGA-HCC and ICGC-
HCC datasets (Fig. 5A—C, Additional file 1: Table S6). As
shown in Fig. 5D and G, CD5L was shown to be positively
correlated with immune score, stroma score and micro-
environment score. Although LCAT (Fig. 5E and H) and
CDC20 (Fig. 5F, I) presented significant positive/negative
correlations with microenvironment score, it was stroma
score (p<0.01) but not immune score (p>0.05) which
indicated significant correlations with them.

With multivariable Cox regression analyses (Fig. 6,
Additional file 1: Table S7), among the immune and
stroma cells correlated with CD5L, LCAT, or CDC20,
the abundances of adipocytes, CLP, lymphatic endothe-
lial cells, pro-B cells, and Th2 cells were shown to be
prognostic factors independent of gender, age and stage.

For the scores, only the stroma score and the microen-
vironment score (Fig. 6) were indicated to be favorable
prognostic factors for HCC OS while no significance of
immune score (Additional file 1: Table S7) was shown.

As shown in Fig. 7, the significant correlations of
CD5L, LCAT, and CDC20 with immunoregulators in
HCC samples in both TCGA-HCC and ICGC-HCC
datasets were shown. There were 18 immunoinhibi-
tors, 18 immunostimulators and 11 MHC-related genes
positively (n=39) or negatively (n=38) correlated with
CD5L expression in both TCGA-HCC and ICGC-HCC
datasets (Fig. 7A). Among them, the significant posi-
tive correlations of CD5L with CD244, programmed cell
death 1 ligand 2 (PDCDI1LG2), CD274 (programmed
death ligand 1, PD-L1) while negative correlation with
CD276 (B7-H3) were obvious (Fig. 7B—C). As shown in
Fig. 7D, there were four immunoinhibitors, ten immu-
nostimulators and five MHC-related genes negatively
(n=17) or positively (n=2, CD244 and CXCL12) cor-
related with LCAT expression. The positive correlation
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of LCAT with CD244 while its negative correlations with
MHC class I polypeptide-related sequence B (MICB),
Transporter 1 (TAP1, an ATP binding cassette subfam-
ily B member) and TNF receptor superfamily member
4 (TNFRSF4) were shown in Fig. 7E-F. For CDC20, it
was shown to be positively (n=20) or negatively (n=2,
KDR and CXCL12) correlated with 13 immunoinhibi-
tors, 27 immunostimulators and 12 MHC-related genes
in HCC (Fig. 7G). The positive correlations of CDC20
with CD276, cytotoxic T-lymphocyte associated protein
4 (CTLA4), PDCDI1, and TNFRSF4 were visualized in
Fig. 7H-L

CD5L, LCAT and CDC20 also presented significant
correlations with NK-kB associated genes in HCC sam-
ples (Additional file 1: Figure S2). As shown in Additional
file 1: Figure S2A-B, there was a significant negative
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correlation between CD5L expression and RELB expres-
sion in both TCGA-HCC (r=—0.16, p<0.01) and ICGC-
HCC (r=-0.13, p<0.05) samples. Similarly, consistent
negative correlations of LCAT expression with NFKB1
(TCGA-HCC: r=-0.17, p<0.01; ICGC-HCC: r=-0.16,
p<0.05) and RELB (TCGA-HCC: r=-0.3, p<0.01;
ICGC-HCC: r=—0.17, p<0.05) expressions were shown.
In contrast, CDC20 presented consistent positive cor-
relations of with NKFB1 (TCGA-HCC: r=0.17, p<0.01;
ICGC-HCC: r=0.14, p<0.05), NFKB2 (TCGA-HCC:
r=04, p<0.01; ICGC-HCC: r=0.22, p<0.01), RELA
(TCGA-HCC: r=0.35, p<0.01; ICGC-HCC: r=0.31,
p<0.01), and RELB (TCGA-HCC: r=043, p<0.01;
ICGC-HCC: r=0.35, p<0.01) expressions in HCC sam-
ples. For the associations of CD5L, LCAT and CDC20
with chemokines and chemokine receptors in HCC, simi-
lar results were shown in TCGA-HCC (Additional file 1:
Figure S3A) and ICGC-HCC (Additional file 1: Figure
S3B) datasets. CD5L presented consistent positive cor-
relations with 18 chemokines and 12 chemokine recep-
tors while negative correlations with four chemokines in
the two HCC datasets. For LCAT, its consistent positive
correlations with five chemokines while negative corre-
lations with five other chemokines and three chemokine
receptors were shown. With regard to CDC20, its con-
sistent positive correlations with 17 chemokines and
eight chemokine receptors while negative correla-
tion with four chemokines in HCC samples were obvi-
ous. These results also indicated the immunoregulatory
potential of the three genes in HCC.

The associations of CD5L, LCAT and CDC20

with the sensitivity of HCC cell lines to anti-cancer drugs
There were 175 anti-cancer drugs for HCC cell lines and
there were 11 HCC cell lines which had the gene expres-
sion data and the pharmacologic data of anti-cancer
drugs. As there was only one kind of HCC cell line which
had the pharmacologic data about the drug OSI-027, 174
of the anti-drugs were included for further analysis and
their LN_IC50s were investigated. The correlations of the
three genes expression with the 174 anti-cancer drugs in
HCC cell lines were shown in (Additional file 2). CD5L
expression was significantly negatively correlated with the
LN_IC50s of Mitoxantrone, OTX015, and I-BRD9 while
positively correlated that of Fulvestrant (Table 2), indicat-
ing its positive/negative correlations with the sensitivity
of HCC cell lines to the four drugs. LCAT expression was
significantly negatively correlated with the LN_IC50s of
seven anti-cancer drugs (IGF1R_3801, WZ4003, Nira-
parib, NVP-ADW742, AZD5582, and Alpelisib) while
positively correlated LN_IC50s of four anti-cancer drugs
(Acetalax, P22077, AZD4547, Sorafenib, and Dabrafenib)
(Table 2), indicating its positive/negative correlations
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with the sensitivity of HCC cell lines to the eleven drugs.
For CDC20, its negative correlations with the LN_IC50s
of 18 anti-cancer drugs were shown (Table 2), indicating
its positive correlation with the sensitivities of HCC to
the 18 anti-cancer drugs.

Validation of the dysregulation of CD5L, LCAT and CDC20
in HCC at protein level

At protein level, as shown in Fig. 8, CD5L (Fig. 8A) and
LCAT (Fig. 8B) were shown to be lower while CDC20

(Fig. 8C) higher expressed in HCC tissues than their
paired normal liver tissues, consistent with their dysregu-
lations at mRNA level. Considering the significant differ-
ence between the T stage proportions between CPTAC
and TCGA HCC samples (Additional file 1: Figure S4A),
the expressional differences between HCC samples of dif-
ferent stages and the normal samples were also compared
(Additional file 1: Figure S5). Comparing with normal
samples, CD5L (Additional file 1: Figure S5A) and LCAT
(Additional file 1: Figure S5B) presented consistent lower
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Fig. 6 Prognostic effects of microenvironment on HCC OS. A Prognostic effects of immune and stroma cells on HCC OS in TCGA-HCC dataset.
B Prognostic effects of immune and stroma cells on HCC OS in ICGC-HCC dataset. OS, overall survival. Multi-variable Cox regression analysis was
performed and the age-gender-stage-corrected prognostic effects were evaluated. P< 0.05 was considered statistically significant

expressions while CDC20 (Additional file 1: Figure S5C)
presented consistent up-regulation in both T1/T2 tumors
and T3/T4 tumors. Through ROC analysis (Fig. 8D-F),
the diagnostic potential of the three proteins in HCC
were shown, with AUCs of 0.625, 0.947 and 0.727 for
CD5L, LCAT and CDC20, respectively. With regard to
their correlations, LCAT was shown to be positively with
CD5L expression (Fig. 8G) while negatively correlated
with CDC20 expression (Fig. 8I) in the HCC tumors.
However, in contrast to the negative correlation between
CD5L and CDC20 at mRNA level, no significant correla-
tion between them was found at protein level (Fig. 8H).
The prognostic effects of the three proteins were also
evaluated in the HCC patients. Surprisingly, in contrast
to its favorable prognostic effects on HCC OS at mRNA
level, CD5L protein showed significant unfavorable
prognostic effects on HCC OS (p=0.028, Fig. 9A) and
replase-free survival (RES) (p =0.0055, Fig. 9D). Consist-
ent with its favorable prognostic effects on HCC OS at

mRNA level, LCAT protein presented favorable prog-
nostic effects on HCC OS (p=0.0062, Fig. 9B) and RFS
(p=0.042, Fig. 9E). For CDC20 protein, its unfavorable
prognostic effects on HCC RFS (p=0.035, Fig. 9F) were
presented. Although no statistically significant prognostic
effects of CDC20 was shown on HCC OS at protein level,
the potential adverse effect of high-CDC20 expression
on the long-term survival (survival time > 15 months) of
patients was indicated from the OS survival curves of the
two groups (Fig. 9C).

As shown in Fig. 10, LCAT (r=—0.32, p<0.01, Fig. 10B)
and CDC20 (r=0.47, p<0.01, Fig. 10C) expressions pre-
sented significant correlations with MKI67 expression
while there was no significant correlation between CD5L
expression and MKI67 expression (r=0.085, p=0.29,
Fig. 10A). There was a significant positive correlation
between serum AFP and AFP expression (tissue AFP) in
HCC patients while no significant correlation between
serum ALB and ALB expression (tissue ALB) was shown
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associated protein 4. Spearman correlation analysis was used and

p <0.05 was considered significant

(Additional file 1: Figure S6). Interestingly, although
there was no significant correlation between tissue AFP
and the three proteins (Fig. 10D-F, p>0.05), CD5L and
CDC20 presented positive correlations with serum AFP
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(p<0.05, Figs. 10G and I). However, no significant corre-
lation was shown between LCAT expression and serum
AFP (p>0.05, Fig. 10H). As shown in Fig. 10J-L, CD5L
(r=0.41, p<0.01) and LCAT (r=0.42, p<0.01) expres-
sions presented significant positive correlations while
CDC20 expression was negatively correlated (r=—0.25,
p<0.05) with tissue ALB in HCC patients. However, with
regard to their associations with serum ALB, a signifi-
cant negative correlation (r=—0.19, p <0.05, Fig. 10M) of
CD5L expression with serum ALB was shown while there
was no significant correlation of LCAT expression and
CDC20 expression with serum ALB (p>0.05, Fig. 10N—
O). The opposite correlations of CD5L expression with
tissue ALB and serum ALB might be associated with the
secretion of ALB into the blood. For LCAT and CDC20,
the different correlations indicated that they are more
closely associated with tissue ALB than with serum ALB.

According to the subcellular information of the pro-
teins in HPA, no CD5L was shown inner the cells (Addi-
tional file 1: Figure S7A). Interestingly, as a secretory
protein, LCAT was also detected in nucleoplasm (Addi-
tional file 1: Figure S7B). For CDC20, its detection was
shown in the nucleoplasm and cytosol (Additional file 1:
Figure S7C). The location of CD5L was confirmed in liver
cells and HCC tumor cells in HPA database. As shown
in Additional file 1: Figure S8A-D), although it was not
found in the liver cells and HCC cells, CD5L was stained
positive in the stroma of all the liver samples (n=3) while
a proportion (3/7) of HCC samples, consistent with its
secretory characteristics. Combining with the lower
expression of CD5L in HCC tissues than normal liver
tissues in CPTAC-HCC dataset, the lower expression of
CD5L in HCC stroma was deduced and the important
associations of CD5L with HCC microenvironment were
indicated. For CDC20, its positive staining in HCC while
negative expression in liver was shown (Additional file 1:
Figure SSE-H). Although there was no IHC data in HPA,
its lower expression in HCC tissues than liver samples
were reported in a previous study [38].

Detection of serum CD5L and CDC20 in HCC and normal
controls

The T stage proportions of HCC samples in Henan
dataset were similar to the CPTAC dataset (Additional
file 1: Figure S4B). According to the ELISA detection
(Additional file 3), the CD5L concentration was rang-
ing from 0.332 pg/ml to 0.907 pg/ml (median: 0.693ug/
ml) in HCC serum and ranging from 0.384pg/ml to
0.802ug/ml (median: 0.626pg/ml) in normal serum.
However, as shown in Fig. 11A, there was no sig-
nificant difference of CD5L concentrations between
HCC samples and normal controls (p >0.05). In con-
trast, comparing with normal controls, lower activity
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Table 2 The correlations of CD5L, LCAT and CDC20 with anti-cancer drug sensitivities in HCC cell lines

Drugs Putative target Pathway name R P value
CD5L Mitoxantrone DNA replication —0811 0.002"
OTX015 BRD2, BRD3, BRD4 Chromatin other —0.642 0.033"
|-BRD9 BRD9 Chromatin other —0.621 0041
Fulvestrant ESR Hormone-related 0.642 0033
LCAT IGF1R_3801 IGFR1 IGF1R signaling —0.755 0010
WZ4003 NUAKT, NUAK2 Other, kinases —0.691 0.023"
Niraparib PARP1, PARP2 Genome integrity —0.682 0025
NVP-ADW742 IGF1R IGF1R signaling —0.645 0037
AZD5582 XIAP, clAP Apoptosis regulation —0.627 0.044"
Alpelisib PI3Kalpha PI3K/MTOR signaling —0618 0.048"
Sorafenib PDGFR, KIT, VEGFR, RAF Other, kinases 0.636 0.040"
Dabrafenib BRAF ERK MAPK signaling 0.736 0013
AZD4547 FGFR1, FGFR2, FGFR3 RTK signaling 0.755 0010
P22077 USP7, USP47 Protein stability and degradation 0.800 0.005"
Acetalax Unclassified 0.809 0.004™
CDC20 Picolinici-acid Inflammatory related Other —0873 0.001"
Vincristine Mitosis —0.818 0004~
Niraparib PARP1, PARP2 Genome integrity —0.745 0.012"
Palbociclib CDK4, CDK6 Cell cycle —0.727 0015
Carmustine DNA replication —0.727 0015
PRIMA-TMET TP53 activation p53 pathway —0.718 0017
Fludarabine Unclassified —0.709 0019
CzC24832 PI3Kgamma PI3K/MTOR signaling —0.700 0.021"
AZD5363 AKT1, AKT2, AKT3, ROCK2 Other, kinases —0.682 0025
Docetaxel Microtubule stabiliser Mitosis —0.682 0.025"
CDK9_5038 CDK9 Cell cycle —0.673 0028
Mitoxantrone DNA replication —0673 0028
Vinblastine Microtubule destabiliser Mitosis —0.664 0031
Vinorelbine Microtubule destabiliser Mitosis —0.645 0037
JAK_8517 JAKT, JAK2 Other, kinases —0.636 0.040"
Dinaciclib CDK1, CDK2, CDK5, CDK9 Cell cycle —0.627 0.044"
Podophyllotoxin bromide Unclassified —0.627 0.044"
Dactinomycin Other —0.627 0.044"

" p<0.05; "p<0.01.The correlations of the gene expressions with log-transformed half maximal inhibitory concentrations (LN_IC50s) of the drugs in the HCC cell lines
were estimated. Spearman correlation analysis was used and p <0.05 was considered significant

of LCAT was shown in HCC sera (p<0.01, Fig. 11B),
consistent with its lower expression in HCC tissues.
Through ROC analysis, the relative activity of LCAT
could discriminate HCC samples from normal con-
trols with an AUC of 0.917 (Fig. 11C), indicating its
diagnostic potential. In addition, serum LCAT activ-
ity was positively correlated with HDL (R=0.48,
p<0.01, Fig. 11D) and ALB (R=0.56, p<0.01, Fig. 11F)
concentrations in HCC while no significant correla-
tion between LCAT activity and serum AFP (p>0.05,
Fig. 11E) was shown.

The protein-chemical interaction network of CD5L, CAT
and CDC20

As shown in Fig. 12, for CD5L, CAT and CDC20, there
were 93 chemicals and 109 protein-chemical interac-
tions. Interestingly, two HCC-associated chemicals,
aflatoxin B1 [39] and benzo(a)pyrene [40], were found
to be associated with all of the three proteins. These
interactions might provide new clues for HCC study.

Discussion

The dysregulation of lipid metabolism and its associa-
tions with immune response were reported in many can-
cers [41]. In HCC, the close relation between aberrant
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lipid metabolism and the immune microenvironment speculated that CD5L dysregulation in HCC might have

was also reported [13]. Considering the regulatory roles
of CD5L in lipid biosynthesis and inflammatory response
[15-17, 42], it is not surprising to find the associations
of CD5L with HCC [20, 21, 23, 43, 44]. As liver plays
critical roles in numerous biological processes [25], we

multiple roles during the tumor development and pro-
gression. Here, through CD5L-associated gene analysis in
HCC, we identified 14 biological pathways which CD5L
might be involved in. Besides lipid metabolism (fatty
acid metabolism and bile acid metabolism) and immune
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processes (interferon gamma response, interferon alpha
response, allograft rejection, IL-6 JAK stat3 signaling,
inflammatory response and complement), xenobiotic
metabolism, fatty acid coagulation, MYC targets vI,
mitotic spindle, G2M checkpoint, and E2F targets were
also included, indicating the multiple potentials of CD5L
in HCC. Consistently, in the subsequent analyses, CD5L
was also found to be correlated immunoregulators and
immune cell infiltrations, consistent with the immune
pathways in the GSEA results. With systemic analyses,
we identified 28 CD5L-APDGs. Among them, LCAT and
CDC20 were highlighted for their independent prognos-
tic effects and dysregulations in HCC. Furthermore, with
the two genes, a risk model for HCC OS was constructed.
The risk model could discriminate the HCC OS status
efficiently in both the training set and the validation set,
indicating its robustness in the predication of HCC prog-
nosis. Their associations with HCC immune response
and anti-cancer drug sensitivity uncovered their potential
values in HCC immunoregulation and drug therapy. In
addition, the protein-chemical interactions of the three
proteins were analyzed and more than 90 chemicals were
shown to be associated with their dysregulations, provid-
ing new clues for HCC prevention.

LCAT gene encodes lecithin-cholesterol acyltrans-
ferase (LCAT), the only enzyme capable of esterifying
cholesterol in plasma and help transport excess cho-
lesterol to liver from the blood and tissues [45—47]. As
LCAT and CD5L were important for lipid metabolism,
it’s not surprising to find their correlations. The crucial
roles of LCAT in cholesterol metabolism were also in
accordance with fatty acid metabolism in CD5L-asso-
ciated pathways. In previous studies, the reduction of
LCAT activity was shown to be associated with athero-
sclerosis [48, 49]. LCAT dysregulation was also shown in
many malignancies. In breast cancer, LCAT overexpres-
sion was demonstrated to be associated with the tumor
grade and aggressiveness [50]. In contrast, its decrease
was shown in colorectal cancer [51] and ovarian cancer
[52]. In HCC, the decrease of LCAT was reported and its
prognostic effects were shown in several studies [37, 53—
55]. Here, we detected serum LCAT activity in HCC and
found its lower level. In a previous study, it was reported
that the adenovirus-mediated transfer of human LCAT
gene could lead to the increase of HDL [56]. Here, con-
sistently, the positive correlation of serum LCAT activity
with HDL concentration was also shown, indicating the
dysregulation of cholesterol in HCC. We also found the
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downregulation and prognostic roles of LCAT expression
in HCC, as well as its significant correlations with CD5L
expression and CDC20 expression. As one of CD5L-cor-
related genes, its correlations with immune response in
HCC were also shown, indicating the roles of cholesterol
metabolism in HCC immunomodulation. Their down-
regulation, prognostic effects and their positive corre-
lation indicated that they might be involved in similar
pathways during HCC development and progression.
CDC20 gene encodes cell-division cycle protein 20
homologue (CDC20), a protein which is crucial for chro-
mosome segregation and mitotic exit [57]. It could regu-
late cell cycle progression via targeting its key substrates
containing a destruction-box (D-box) for destruction
[58]. In this study, the cell cycle related processes were
also included in the GSEA results, consistent with the
functions of CDC20 and its negative correlations with
CD5L with HCC. The tumor-promoting activities of
CDC20 were reported in many tumors including pancre-
atic ductal adenocarcinoma [59], lung adenocarcinoma

[60], gastric cancer [61], breast cancer [62, 63] and blad-
der cancer [64]. Here, the upregulation and unfavorable
prognostic effects of CDC20 were shown in HCC, con-
sistent with previous studies [65-69]. Notably, comparing
the discriminating power (AUC: 0.621) of the four-gene
signature (BRCA1-CAD-CDC20-RBM8A) in Wang study
[70], with an AUC of 0.656 in TCGA-HCC dataset and
0.740 in ICGC-HCC dataset, the superior performance
of the two-gene combination (LCAT-CDC20) in this
study was obvious. Furthermore, the negative correla-
tions between LCAT and CDC20 were shown for at both
mRNA and protein levels, indicating the associations
between cholesterol metabolism and cell cycle process.
The immunoregulatory roles of cyclin-dependent kinases
in previous studies [71, 72]. In this study, the associations
of CDC20 with immunoregulatory genes were shown,
further confirmed the close links between cell cycle pro-
cesses and immune regulation.

The pivotal roles of tumor microenvironment in tumor
occurrence and progression were confirmed in numerous
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studies. In HCC, immune evasion was demonstrated to
be one of the factors which could lead to its low response
rate to the immunotherapies [73, 74]. CD5L is mainly
expressed by tissue macrophages [75]. Here, the lower
CD5L expression in HCC tissues (stroma) might be due
to the lower infiltrations of macrophages in HCC. As
liver is not the only source of CD5L, it is not surprising
to see the inconsistence between HCC CD5L and serum
CD5L. It was reported that resident and recruited mac-
rophages in liver are the key parts for its homeostatic
function and response to tissue damage [76], the lower
level of macrophages in HCC might be associated with
HCC development. However, although the positive

correlations of CD5L with macrophages were obvious in
this study, none of the macrophages presented significant
independent prognostic effects on HCC OS. In contrast,
the infiltrations of adipocytes (stroma cell), lymphatic
endothelial cells (stroma cell), and the CLP cells [a kind
of hematopoietic stem cells (HSCs)] were shown to
have prognostic effects on HCC OS. Interestingly, all
of the three kinds of cells presented significant correla-
tions with CD5L, LCAT and CDC20 expressions in HCC
tumors. As important parts of tumor microenvironment,
the tumor stroma was demonstrated to play important
roles in tumor progression and accounted for the poor
prognosis of many malignancies including lung cancer
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[77], breast cancer [78], colorectal cancer [79] and gastric
adenocarcinoma [80]. In this study, all the three genes
presented significant correlations with stroma score in
HCC, indicating their involvements in the regulation of
HCC stroma.

Pro-B is an early stage of B-cell development [81] and
the immunoregulatory properties of innate pro-B cells
were demonstrated in a previous study [82]. Here, the
unfavorable prognostic effects of pro-B cells on HCC OS
were shown and the positive correlation of CDC20 with
pro-B cell infiltration were obvious. Based on the over-
expression of CDC20 in the tumors, we speculated that
there might be a regulatory potential of CDC20 dysreg-
ulation in B cell response in HCC. Th2 cells are impor-
tant parts of the tumor microenvironment and have been
found to be associated with tumor development and pro-
gression [83]. In breast cancer [84], high levels of Th2 cell
infiltration were also reported to be associated with poor
prognosis of the patients. In cervical carcinoma [85], Th2
cells were demonstrated to be associated with the tumor
progression. In colorectal cancer [86], Th2 cells were

found to be associated with the metastasis of the tumors.
In this study, Th2 cell infiltration was also indicated to
be another prognostic indicator for HCC OS, indicat-
ing its crucial roles in HCC progression. We also found
the negative correlation of LCAT while positive correla-
tion of CDC20 with Th2 cell infiltration which indicated
their regulatory potential in HCC immune response. In
addition, the significant correlations of CD5L, LCAT,
and CDC20 with immunoregulators were shown. PD-1
and PD-L1 were two components in the programmed
death-1 pathway and they were reported to be upregu-
lated in the tumor microenvironment and could lead to
immune suppression and tumor immune escape [87]. In
many cancerous diseases [88-91], their inhibitors were
reported to be effective to prolong the OS of the patients
to some extent. Although many PD-1/L1 inhibitors have
been approved for the treatment of advanced HCC, the
efficiency is not satisfactory due to the heterogeneity of
the patients [92-94]. CTLA-4 was expressed exclusively
on T cells and its blockade could result in the enhance-
ment of immune responses dependent on helper T cells
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[95]. In this study, we uncovered the significant correla-
tions of CD5L, LCAT and CDC20 with immunoregula-
tors including PD-1/L1 and/or CTLA4 and the results
might provide new clues for HCC immunotherapy.

With its strict association with cell proliferation,
MKI67 is often used as a proliferation marker [33].
Here, the negative correlation of LCAT while the posi-
tive correlation of CDC20 with MKI67 in HCC were
shown, indicating their associations with HCC growth.
However, no significant correlation between CD5L and
MKI67 was shown, inconsistent with their positive cor-
relation reported in a previous study [24]. In addition,
in this study, CD5L was shown to be down-regulated at
both mRNA and protein levels, opposite to the upregula-
tion in Aran study [24]. One explanation for the incon-
sistence of these results was the sample size [96]. Notably,
in this study, HCC 159 pairs of HCC tumors (n=159)
and normal liver controls (n=159) were used for analy-
ses of the proteins, almost three times of the Aran study
(60 HCCs and 34 nontumor livers). Another explanation
might be the heterogeneity between the samples of dif-
ferent studies. In our previous study, CD5L expression
was negatively correlated the tumor stage of HCC and its
prognostic effect was not independent of the tumor stage
[23]. The opposite results of the prognostic effects of
CD5L at mRNA level and protein level through Kaplan—
Meier analysis might be due to the difference between its
correlated genes and its correlated proteins in the sam-
ples. The unfavorable prognostic effects of CD5L expres-
sion at protein level might be explained by its positive
correlation with serum AFP. In addition, CD5L functions
as a secretory protein. As no significant difference of
serum CD5L was shown between normal and HCC sam-
ples, we speculated that there might be some difference
between serum CD5L and tissue CD5L in HCC sam-
ples. The important roles of post-translational modifica-
tions have been reported in plenty of studies and there
might be modified CD5L in HCC tissues which might be
associated with its prognostic effect. However, consider-
ing the anti-tumor activities in HCC [20, 21, 97] and its
pleiotropic functions in liver diseases [98], further study
is need to investigate the specific roles of CD5L in HCC.

In this study, we also explored the potential roles of
CD5L, LCAT, and CDC20 in HCC therapy and found
their associations with anti-cancer drug sensitivities in
HCC cell lines. These results might provide clues for the
study of drug-resistance in HCC and HCC treatment. In
addition, from the protein-chemical interaction analysis,
more than 80 chemicals were found to be associated with
at least one of CD5L, LCAT, and CDC20. Among them,
aflatoxin B1 and benzo(a)pyrene were highlighted for
their interactions with all of the three proteins. Similar
to the dysregulations of the three proteins in HCC and
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the immune associations, the tumor-promoting roles of
aflatoxin Bl and Benzo(a)pyrene in HCC development
and progression were also reported in many studies
[39, 99-101] and their associations with HCC immune
response[101] were shown. These protein-chemical inter-
actions would provide new clues for HCC etiology and
mechanism studies.

Conclusion

In summary, besides lipid metabolism and immune
related pathways, CD5L might be associated with xeno-
biotic metabolism, coagulation and cell cycle related
processes, indicating its multiple roles in HCC. The 28
CD5L-APDGs with prognostic effects and dysregula-
tions in HCC could provide new clues for further study
of the mechanism of HCC progression. LCAT was
downregulated while CDC20 was upregulated in HCC.
The LCAT-CDC20 signature might be a new marker for
HCC prognosis. Serum LCAT activity was lower in HCC
patients and might be a new diagnostic maker for HCC.
LCAT and CDC20 were associated with HCC micro-
environment and proliferation. They might be effective
markers for HCC diagnosis and progression as well as
new targets for HCC therapy. However, considering the
complexity in the processes of gene transcription and
translation, further study is needed to investigate the
mechanisms of the dysregulations of CD5L, LCAT and
CDC20.

Abbreviations

HCC: Hepatocellular carcinoma; CD5L-AGs: CD5L-associated genes; GSEA:
Gene set enrichment analysis; LASSO: Least absolute shrinkage and selection
operator; CPTAC: Clinical proteomic tumor analysis consortium; CD5L-APDGs:
CD5L-associated prognostic and diagnostic genes; AIM: Apoptosis inhibi-

tor of macrophages; TCGA: The Cancer Genome Atlas; ICGC: International
cancer genome consortium; CCLE: Cancer cell line encyclopedia; LN_IC50s:
Log-transformed half maximal inhibitory concentrations; HPA: Human Protein
Atlas; AFP: Alpha-fetoprotein; ALB: Albumin; HDL: High density lipoprotein.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512935-022-02820-7.

Additional file 1: Table S1. Clinical characters of the patients in TCGA-
HCC dataset and ICGC-HCC dataset. Table S2. The clinical characters of
HCC patients from Clinical Proteomic Tumor Analysis Consortium (CPTAC).
Table S3. The gender-age-stage-corrected prognostic effects of the 256
CD5L-AGs in HCC. Table S4. The dysregulations of 28 CD5L-APDGs in
TCGA-HCC and ICGC-HCC datasets. Table S5. The comparisons of the
immune/stroma infiltrations between HCC tissues and liver controls.
Table S6. The correlations of CD5L, LCAT and CDC20 with the infiltra-
tions of the immune and stroma cells in HCC. Table S7. The prognostic
effects of the immune and stroma cells correlated with CD5L, LCAT, and/or
CDC20in HCC. Figure S1. Prognostic effects of CD5L, LCAT and CDC20 on
HCC OS. (A-B) Significant favorable prognostic effects of CD5L and LCAT
on HCC OS in TCGA-HCC dataset. (C) Significant unfavorable prognostic
effects of CDC20 on HCC OS in TCGA-HCC dataset. (D-E) Significant favora-
ble prognostic effects of CD5L and LCAT on HCC OS in ICGC-HCC dataset.



https://doi.org/10.1186/s12935-022-02820-7
https://doi.org/10.1186/s12935-022-02820-7

Zhang et al. Cancer Cell International (2022) 22:393

(F) Significant unfavorable prognostic effects of CDC20 on HCC OS in
ICGC-HCC dataset. OS, overall survival; HCC, hepatocellular carcinoma.
Kaplan-Meier survival analysis was used and p < 0.05 was considered sig-
nificant. Figure S2. The correlations of CD5L, LCAT and CDC20 expressions
with NK-kB associated genes. Figure S3. The correlations of CD5L, LCAT,
and CDC20 with chemokines and chemokine receptors in HCC. Figure
S4. Tumor stage proportion comparisons between different HCC datasets.
Figure S5. CD5L, LCAT and CDC20 expression comparisons between
CPTAC-HCC samples of different stages and normal livers. Figure S6. Cor-
relations of tissue AFP and ALB with serum AFP and ALB in HCC. Figure
S7. Subcellular location of CD5L, LCAT and CDC20 in human protein atlas
(HPA). Figure S8. Immunohistochemistry staining of CD5L and CDC20 in
HCC and liver tissues.

Additional file 2. The correlations of the three genes with anti-cancer
drug sensitivities in HCC cell lines.

Additional file 3. ELISA detection of serum CD5L, LCAT, AFP, ALB, and
HDL.

Acknowledgements
We thank Dr. JM Zeng from University of Macau and SangerBox team for their
help in the bioinformatics analysis.

Author contributions

XZ and LD conceived and designed the study; XZ, SF, JZ, NL, XZ, and XL col-
lected and analyzed the data; KZ and TS interpreted the data; XZ drafted the
manuscript; LD, JZ and SF reviewed and revised the manuscript. All authors

read and approved the final manuscript.

Funding

The Joint Construction Project of Henan Medical Science and Technology
Research Plan in Henan Province of China (LHGJ20190717); The Science and
Technology Project in Henan Province of China (222102310408); The Training
Program of Henan Provincial Higher Vocational School Young Backbone
Teachers (2020-20); Renshu Fund Project of Hunan Provincial People’s Hospital
(RS201803); Hunan Provincial Health Commission General Project (20201859);
National Science and Technology Major Project of China under Grant
(20187X10302205).

Availability of data and materials

The datasets presented in this study could be found in online database. The
original contributions presented in the study are deposited in the article and
Additional files, further inquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Henan People’s Hospital
(approval number: 201948) and informed consent was obtained from each
participant.

Consent for publication
All authors of this paper have provided their signed written consent for publi-
cation in your journal.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
competing interest.

Author details

'Department of Pathology, Henan Medical College, Zhengzhou, China. >Labo-
ratory Department, Henan Provincial People’s Hospital, Zhengzhou, China.
3Henan Institute of Medical and Pharmaceutical Sciences, Zhengzhou Univer-
sity, Zhengzhou, China. *Oncology Department, The First Affiliated Hospital

of Hunan Normal University, Hunan Provincial People’s Hospital, Changsha,
China. °Key Laboratory of Study and Discovery of Small Targeted Molecules
of Hunan Province, Hunan Normal University, Changsha, China.

Page 20 of 23

Received: 30 May 2022 Accepted: 1 December 2022
Published online: 09 December 2022

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
Bray F. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 Countries. CA Cancer J
Clin. 2021;71(3):209-49.

2. De Matteis S, Ragusa A, Marisi G, De Domenico S, Casadei Gardini A,
Bonafé M, Giudetti AM. Aberrant metabolism in hepatocellular carci-
noma provides diagnostic and therapeutic opportunities. Oxid Med
Cell Longev. 2018;2018:7512159.

3. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA
Cancer J Clin. 2021;71(1):7-33.

4. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation.
Cell. 2011;144(5).646-74.

5. Bozza PT, Viola JP. Lipid droplets in inflammation and cancer. Prosta-
glandins Leukot Essent Fatty Acids. 2010;82(4-6):243-50.

6. LiQ JinL, Jin M. Novel hypoxia-related gene signature for risk
stratification and prognosis in hepatocellular carcinoma. Front Genet.
2021;12:613890.

7. Krupenko NI, Sharma J, Fogle HM, Pediaditakis P, Strickland KC, Du X,
Helke KL, Sumner S, Krupenko SA. Knockout of putative tumor sup-
pressor Aldh111 in mice reprograms metabolism to accelerate growth
of tumors in a Diethylnitrosamine (DEN) model of liver carcinogenesis.
Cancers. 2021;13(13):3219.

8. HuoJ,Wu L, Zang Y. Construction and validation of a reliable six-gene
prognostic signature based on the TP53 alteration for hepatocellular
carcinoma. Front Oncol. 2021;11:618976.

9. ZouJ, Zhu X, Xiang D, Zhang Y, Li J, Su Z, Kong L, Zhang H. LIX1-like
protein promotes liver cancer progression via miR-21-3p-mediated
inhibition of fructose-1,6-bisphosphatase. Acta pharmaceutica Sinica B.
2021;11(6):1578-91.

10. Yuan C, Yuan M, Chen M, Ouyang J, Tan W, Dai F, Yang D, Liu S, Zheng
Y, Zhou C, et al. Prognostic implication of a novel metabolism-
related gene signature in hepatocellular carcinoma. Front Oncol.
2021;11:666199.

11. Huang C, Shao J, Lou C, Wu F, Ge T, Gao H, Zheng X, Dong X, Xu L,
Chen Z. Reduced energy metabolism impairs T cell-dependent B cell
responses in patients with advanced HBV-related cirrhosis. Front Immu-
nol. 2021;12:660312.

12. Joseph SB, Castrillo A, Laffitte BA, Mangelsdorf DJ, Tontonoz P. Recipro-
cal regulation of inflammation and lipid metabolism by liver X recep-
tors. Nat Med. 2003;9(2):213-9.

13. Hu B, Lin JZ, Yang XB, Sang XT. Aberrant lipid metabolism in hepatocel-
lular carcinoma cells as well as immune microenvironment: a review.
Cell Prolif. 2020;53(3):e12772.

14. Ma C, Kesarwala AH, Eggert T, Medina-Echeverz J, Kleiner DE, Jin P,
Stroncek DF, Terabe M, Kapoor V, EIGindi M, et al. NAFLD causes selec-
tive CD4(+) T lymphocyte loss and promotes hepatocarcinogenesis.
Nature. 2016;531(7593):253-7.

15. Wang C, Yosef N, Gaublomme J, Wu C, Lee Y, Clish CB, Kaminski J, Xiao S,
Horste GMZ, Pawlak M, et al. CD5L/AIM regulates lipid biosynthesis and
restrains Th17 cell pathogenicity. Cell. 2015;163(6):1413-27.

16. Sanjurjo L, Aran G, Roher N, Valledor AF, Sarrias MR. AIM/CD5L: a key
protein in the control of immune homeostasis and inflammatory
disease. J Leukoc Biol. 2015;98(2):173-84.

17. Sanchez-Moral L, Rafols N, Martori C, Paul T, Téllez E, Sarrias MR. Multi-
faceted roles of CD5L in infectious and sterile inflammation. Int J Mol
Sci. 2021;22(8):4076.

18. LiY,QuP,WuL,LiB, DuH,Yan C. Api6/AIM/Spa/CD5L overexpression
in alveolar type Il epithelial cells induces spontaneous lung adenocarci-
noma. Can Res. 2011;71(16):5488-99.

19. Totten SM, Adusumilli R, Kullolli M, Tanimoto C, Brooks JD, Mallick P, Pit-
teri SJ. Multi-lectin affinity chromatography and quantitative proteomic
analysis reveal differential glycoform levels between prostate cancer
and benign prostatic hyperplasia sera. Sci Rep. 2018;8(1):6509.

20. Ozawa T, Maehara N, Kai T, Arai S, Miyazaki T. Dietary fructose-
induced hepatocellular carcinoma development manifested in



Zhang et al. Cancer Cell International

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

(2022) 22:393

mice lacking apoptosis inhibitor of macrophage (AIM). Genes Cells.
2016;21(12):1320-32.

Maehara N, Arai S, Mori M, Iwamura Y, Kurokawa J, Kai T, Kusunoki S, Tan-
iguchi K, lkeda K, Ohara O, et al. Circulating AIM prevents hepatocellular
carcinoma through complement activation. Cell Rep. 2014;9(1):61-74.
Kim H, Yu SJ,Yeo |, Cho YY, Lee DH, Cho Y, Cho EJ, Lee JH, Kim YJ, Lee S,
et al. Prediction of response to sorafenib in hepatocellular carcinoma: a
putative marker panel by multiple reaction monitoring-mass spectrom-
etry (MRM-MS). Molecular Cell Proteomics. 2017;16(7):1312-23.

Zhang X, Kang C, LiN, Liu X, Zhang J, Gao F, Dai L. Identification of
special key genes for alcohol-related hepatocellular carcinoma through
bioinformatic analysis. PeerJ. 2019;7:€6375.

Aran G, Sanjurjo L, Bércena C, Simon-Coma M, Téllez E, Vazquez-Vitali M,
Garrido M, Guerra L, Diaz E, Ojanguren |, et al. CD5L is upregulated in
hepatocellular carcinoma and promotes liver cancer cell proliferation
and antiapoptotic responses by binding to HSPA5 (GRP78). FASEB J.
2018,32(7):3878-91.

Trefts E, Gannon M, Wasserman DH. The liver. Curr Biol.
2017,27(21):R1147-r1151.

Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, Smyth GK. Limma
powers differential expression analyses for RNA-sequencing and micro-
array studies. Nucleic Acids Res. 2015;43(7):e47.

Wang S, Zhang J, He Z, Wu K, Liu X-S. The predictive power of tumor
mutational burden in lung cancer immunotherapy response is influ-
enced by patients’sex. Int J Cancer. 2019;145(10):2840-9.

Aran D, Hu Z, Butte AJ. xCell: digitally portraying the tissue cellular
heterogeneity landscape. Genome Biol. 2017;18(1):220.

Yu H, Lin L, Zhang Z, Zhang H, Hu H. Targeting NF-kB pathway for the
therapy of diseases: mechanism and clinical study. Signal Transduct
Target Ther. 2020;5(1):209.

Hayden MS, West AP, Ghosh S. NF-kappaB and the immune response.
Oncogene. 2006;25(51):6758-80.

Fan L, Guan P, Xiao C, Wen H,Wang Q, Liu C, LuoY,Ma L, Tan G, Yu P,

et al. Exosome-functionalized polyetheretherketone-based implant
with immunomodulatory property for enhancing osseointegration.
Bioact Mater. 2021,6(9):2754-66.

Afonina IS, Zhong Z, Karin M, Beyaert R. Limiting inflammation-the
negative regulation of NF-kB and the NLRP3 inflammasome. Nat Immu-
nol.2017;18(8):861-9.

Scholzen T, Gerdes J. The Ki-67 protein: from the known and the
unknown. J Cell Physiol. 2000;182(3):311-22.

Menon SS, Guruvayoorappan C, Sakthivel KM, Rasmi RR. Ki-67 protein as
a tumour proliferation marker. Clinica chimica acta. 2019;491:39-45.
Galle PR, Foerster F, Kudo M, Chan SL, Llovet JM, Qin S, Schelman WR,
Chintharlapalli S, Abada PB, Sherman M, et al. Biology and signifi-
cance of alpha-fetoprotein in hepatocellular carcinoma. Liver Int.
2019;39(12):2214-29.

Spinella R, Sawhney R, Jalan R. Albumin in chronic liver dis-

ease: structure, functions and therapeutic implications. Hep Intl.
2016;10(1):124-32.

Su L, Zhang G, Kong X. A novel five-gene signature for prognosis
prediction in hepatocellular carcinoma. Front Oncol. 2021;11:642563.
Zheng, LiuY, Zhao S, Zheng Z, Shen C, An L, Yuan Y. Large-scale analy-
sis reveals a novel risk score to predict overall survival in hepatocellular
carcinoma. Cancer Manag Res. 2018;10:6079-96.

Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, Sher-

man M, Gores G. Hepatocellular carcinoma. Nat Rev Dis Primers.
2016;2:16018.

Ba Q LiJ, Huang C, Qiu H, Li J, Chu R, Zhang W, Xie D, Wu Y, Wang

H. Effects of benzo[alpyrene exposure on human hepatocellular
carcinoma cell angiogenesis, metastasis, and NF-kB signaling. Environ
Health Perspect. 2015;123(3):246-54.

Hao Y, Li D, XuY, Ouyang J, Wang Y, Zhang Y, Li B, Xie L, Qin G. Investi-
gation of lipid metabolism dysregulation and the effects on immune
microenvironments in pan-cancer using multiple omics data. BMC
Bioinformatics. 2019;20(Suppl 7):195.

Sanjurjo L, Aran G, Téllez E, Amézaga N, Armengol C, Lépez D,

Prats C, Sarrias MR. CD5L promotes M2 macrophage polarization
through autophagy-mediated upregulation of ID3. Front Immunol.
2018;9:480.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

Page 21 of 23

Pan L, Fang J, Chen MY, Zhai ST, Zhang B, Jiang ZY, Juengpanich S,
Wang YF, Cai XJ. Promising key genes associated with tumor micro-
environments and prognosis of hepatocellular carcinoma. World J
Gastroenterol. 2020;26(8):789-803.

Koyama N, Yamazaki T, Kanetsuki Y, Hirota J, Asai T, Mitsumoto Y, Miz-
uno M, Shima T, Kanbara Y, Arai S, et al. Activation of apoptosis inhibi-
tor of macrophage is a sensitive diagnostic marker for NASH-associ-
ated hepatocellular carcinoma. J Gastroenterol. 2018;53(6):770-9.
Jonas A. Lecithin-cholesterol acyltransferase in the metabo-

lism of high-density lipoproteins. Biochem Biophys Acta.
1991;1084(3):205-20.

Glomset JA, Janssen ET, Kennedy R, Dobbins J. Role of plasma
lecithin:cholesterol acyltransferase in the metabolism of high density
lipoproteins. J Lipid Res. 1966;7(5):638-48.

Warden CH, Langner CA, Gordon JI, Taylor BA, McLean JW, Lusis AJ.
Tissue-specific expression, developmental regulation, and chromo-
somal mapping of the lecithin: cholesterol acyltransferase gene.
Evidence for expression in brain and testes as well as liver. J Biol chem.
1989,264(36):21573-81.

Ossoli A, Simonelli S, Vitali C, Franceschini G, Calabresi L. Role of LCAT in
Atherosclerosis. J Atheroscler Thromb. 2016;23(2):119-27.

Guo M, Liu Z, Xu'Y, Ma P, Huang W, Gao M, Wang Y, Liu G, Xian X.
Spontaneous atherosclerosis in aged LCAT-deficient hamsters with
enhanced oxidative stress-brief report. Arterioscler Thromb Vasc Biol.
2020;40(12):2829-36.

Park HM, Kim H, Kim DW, Yoon JH, Kim BG, Cho JY. Common plasma
protein marker LCAT in aggressive human breast cancer and canine
mammary tumor. BMB Rep. 2020;53(12):664-9.

Mihajlovic M, Gojkovic T, Vladimirov S, Miljkovic M, Stefanovic A, Vekic J,
Zeljkovic D, Trifunovic B, Kotur-Stevuljevic J, Spasojevic-Kalimanovska V,
et al. Changes in lecithin: cholesterol acyltransferase, cholesteryl ester
transfer protein and paraoxonase-1 activities in patients with colorectal
cancer. Clin Biochem. 2019;63:32-8.

Russell MR, Graham C, D’Amato A, Gentry-Maharaj A, Ryan A, Kalsi JK,
Ainley C, Whetton AD, Menon U, Jacobs |, et al. A combined biomarker
panel shows improved sensitivity for the early detection of ovarian can-
cer allowing the identification of the most aggressive type Il tumours.
BrJ Cancer. 2017;117(5):666-74.

Ouyang G, Yi B, Pan G, Chen X. A robust twelve-gene signature for
prognosis prediction of hepatocellular carcinoma. Cancer Cell Int.
2020;20:207.

Jiang CH, Yuan X, Li JF, Xie YF, Zhang AZ, Wang XL, Yang L, Liu CX, Liang
WH, Pang LJ, et al. Bioinformatics-based screening of key genes for
transformation of liver cirrhosis to hepatocellular carcinoma. J Transl
Med. 2020;18(1):40.

Hu B, Yang XB, Sang XT. Construction of a lipid metabolism-related and
immune-associated prognostic signature for hepatocellular carcinoma.
Cancer Med. 2020;9(20):7646-62.

Séguret-Macé S, Latta-Mahieu M, Castro G, Luc G, Fruchart JC, Rubin E,
Denéfle P, Duverger N. Potential gene therapy for lecithin-cholesterol
acyltransferase (LCAT)-deficient and hypoalphalipoproteinemic
patients with adenovirus-mediated transfer of human LCAT gene.
Circulation. 1996,94(9):2177-84.

Kapanidou M, Curtis NL, Bolanos-Garcia VM. Cdc20: at the crossroads
between chromosome segregation and mitotic exit. Trends Biochem
Sci. 2017;42(3):193-205.

Clute P, Pines J. Temporal and spatial control of cyclin B1 destruction in
metaphase. Nat Cell Biol. 1999;1(2):82-7.

Chang DZ, MaY, Ji B, Liu Y, Hwu P, Abbruzzese JL, Logsdon C, Wang

H. Increased CDC20 expression is associated with pancreatic ductal
adenocarcinoma differentiation and progression. J Hematol Oncol.
2012;5:15.

Jin' X, Liu X, Li X, Guan Y. Integrated analysis of DNA methylation and
mMRNA expression profiles data to identify key genes in lung adenocar-
cinoma. Biomed Res Int. 2016;2016:4369431.

Ding ZY, Wu HR, Zhang JM, Huang GR, Ji DD. Expression characteristics
of CDC20 in gastric cancer and its correlation with poor prognosis. Int J
Clin Exp Pathol. 2014;7(2):722-7.

Karra H, Repo H, Ahonen |, Loyttyniemi E, Pitkdnen R, Lintunen

M, Kuopio T, Séderstrom M, Krongvist P. Cdc20 and securin



Zhang et al. Cancer Cell International

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

(2022) 22:393

overexpression predict short-term breast cancer survival. Br J Cancer.
2014;110(12):2905-13.

Alfarsi LH, Ansari RE, Craze ML, Toss MS, Masisi B, Ellis IO, Rakha EA,
Green AR. CDC20 expression in oestrogen receptor positive breast can-
cer predicts poor prognosis and lack of response to endocrine therapy.
Breast Cancer Res Treat. 2019;178(3):535-44.

Wang L, Yang C, Chu M, Wang ZW, Xue B. Cdc20 induces the radioresist-
ance of bladder cancer cells by targeting FoxO1 degradation. Cancer
Lett. 2021;500:172-81.

Zhuang L, Yang Z, Meng Z. Upregulation of BUB1B, CCNB1, CDC7,
CDC20, and MCM3 in tumor tissues predicted worse overall survival
and disease-free survival in hepatocellular carcinoma patients. Biomed
Res Int. 2018;2018:7897346.

Yang WX, Pan YY, You CG. CDK1, CCNB1, CDC20, BUB1, MAD2L1, MCM3,
BUB1B, MCM2, and RFC4 may be potential therapeutic targets for hepa-
tocellular carcinoma using integrated bioinformatic analysis. Biomed
Res Int. 2019;2019:1245072.

Xiong C,Wang Z,Wang G, Zhang C, Jin S, Jiang G, Bai D. Identification
of CDC20 as an immune infiltration-correlated prognostic biomarker in
hepatocellular carcinoma. Invest New Drugs. 2021. https://doi.org/10.
1007/510637-021-01126-1.

Liu J, Han F, Ding J, Liang X, Liu J, Huang D, Zhang C. Identification

of multiple hub genes and pathways in hepatocellular carcinoma: a
bioinformatics analysis. Biomed Res Int. 2021;2021:8849415.

Jiang N, Zhang X, Qin D, Yang J, Wu A, Wang L, Sun'Y, Li H, Shen X, Lin J,
et al. Identification of core genes related to progression and prognosis
of hepatocellular carcinoma and small-molecule drug predication.
Front Genet. 2021;12:608017.

Wang Y, Ruan Z,Yu S, Tian T, Liang X, Jing L, Li W, Wang X, Xiang L, Claret
FX, et al. A four-methylated mRNA signature-based risk score system
predicts survival in patients with hepatocellular carcinoma. Aging.
2019;11(1):160-73.

Zhang H, Christensen CL, Dries R, Oser MG, Deng J, Diskin B, Li F, Pan

Y, Zhang X, Yin Y, et al. CDK7 inhibition potentiates genome instability
triggering anti-tumor immunity in small cell lung cancer. Cancer Cell.
2020;37(1):37-54.€39.

Goel S, DeCristo MJ, Watt AC, BrinJones H, Sceneay J, Li BB, Khan N,
Ubellacker JM, Xie S, Metzger-Filho O, et al. CDK4/6 inhibition triggers
anti-tumour immunity. Nature. 2017,548(7668):471-5.

FuY, Liu'S, Zeng S, Shen H. From bench to bed: the tumor immune
microenvironment and current immunotherapeutic strategies for
hepatocellular carcinoma. J Exp Clin Cancer Res. 2019;38(1):396.

Chen S, Cao Q Wen W, Wang H. Targeted therapy for hepatocellular
carcinoma: challenges and opportunities. Cancer Lett. 2019;460:1-9.
Miyazaki T, Hirokami Y, Matsuhashi N, Takatsuka H, Naito M. Increased
susceptibility of thymocytes to apoptosis in mice lacking AIM, a

novel murine macrophage-derived soluble factor belonging to the
scavenger receptor cysteine-rich domain superfamily. J Exp Med.
1999;189(2):413-22.

Sica A, Invernizzi P, Mantovani A. Macrophage plasticity and polariza-
tion in liver homeostasis and pathology. Hepatology (Baltimore, MD).
2014,59(5):2034-42.

Bremnes RM, Dgnnem T, Al-Saad S, Al-Shibli K, Andersen S, Sirera R,
Camps C, Marinez I, Busund LT. The role of tumor stroma in cancer pro-
gression and prognosis: emphasis on carcinoma-associated fibroblasts
and non-small cell lung cancer. J Thorac Oncol. 2011;6(1):209-17.
Mao 'Y, Keller ET, Garfield DH, Shen K, Wang J. Stromal cells in tumor
microenvironment and breast cancer. Cancer Metastasis Rev.
2013;32(1-2):303-15.

Sandberg TP, Stuart M, Oosting J, Tollenaar R, Sier CFM, Mesker WE.
Increased expression of cancer-associated fibroblast markers at the
invasive front and its association with tumor-stroma ratio in colorectal
cancer. BMC Cancer. 2019;19(1):284.

Kemi N, Eskuri M, Herva A, Leppanen J, Huhta H, Helminen O, Saarnio J,
Karttunen TJ, Kauppila JH. Tumour-stroma ratio and prognosis in gastric
adenocarcinoma. Br J Cancer. 2018;119(4):435-9.

Zheng Z, Zhang L, Cui XL, Yu X, Hsu PJ, Lyu R, Tan H, Mandal M, Zhang
M, Sun HL, et al. Control of early B cell development by the RNA N(6)-
methyladenosine methylation. Cell Rep. 2020;31(13):107819.

Kamran N, LiY, Sierra M, Alghamri MS, Kadiyala P, Appelman

HD, Edwards M, Lowenstein PR, Castro MG. Melanoma induced

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Page 22 of 23

immunosuppression is mediated by hematopoietic dysregulation.
Oncoimmunology. 2018;7(3):e1408750.

Schreiber S, Hammers CM, Kaasch AJ, Schraven B, Dudeck A, Kahlfuss S.
Metabolic interdependency of Th2 cell-mediated type 2 immunity and
the tumor microenvironment. Front Immunol. 2021;12:632581.
Espinoza JA, Jabeen S, Batra R, Papaleo E, Haakensen V, Timmermans
Wielenga V, Maller Talman ML, Brunner N, Bgrresen-Dale AL, Gromov

P, et al. Cytokine profiling of tumor interstitial fluid of the breast and

its relationship with lymphocyte infiltration and clinicopathological
characteristics. Oncoimmunology. 2016;5(12):e1248015.

Feng Q, Wei H, Morihara J, Stern J, Yu M, Kiviat N, Hellstrom I, Hellstrom
KE.Th2 type inflammation promotes the gradual progression of
HPV-infected cervical cells to cervical carcinoma. Gynecol Oncol.
2012;127(2):412-9.

Chen J, Gong C, Mao H, Li Z, Fang Z, Chen Q, Lin M, Jiang X, Hu

Y, Wang W, et al. E2F1/SP3/STAT6 axis is required for IL-4-induced
epithelial-mesenchymal transition of colorectal cancer cells. Int J Oncol.
2018;53(2):567-78.

Dong Y, Wong JSL, Sugimura R, Lam KO, Li B, Kwok GGW, Leung R,

Chiu JWY, Cheung TT, Yau T. Recent advances and future prospects in
immune checkpoint (ICl)-based combination therapy for advanced
HCC. Cancers. 2021;13(8):1949.

Jacob JS, Dutra BE, Garcia-Rodriguez V, Panneerselvam K, Abraham FO,
Zou F, Ma W, Grivas P, Thompson JA, Altan M, et al. Clinical charac-
teristics and outcomes of oral mucositis associated with immune
checkpoint inhibitors in patients with cancer. J Natl Compr Canc Netw.
2021;19(12):1415-24.

Liu N, Zhang J, Yin M, Liu H, Zhang X, Li J, Yan B, Guo Y, Zhou J, Tao J,

et al. Inhibition of xCT suppresses the efficacy of anti-PD-1/L1 mela-
noma treatment through exosomal PD-L1-induced macrophage M2
polarization. Mol Ther. 2021;,29(7):2321-34.

Barroso-Sousa R, Keenan TE, Pernas S, Exman P, Jain E, Garrido-Castro
AC, Hughes M, Bychkovsky B, Umeton R, Files JL, et al. Tumor mutational
burden and PTEN alterations as molecular correlates of response to
PD-1/L1 blockade in metastatic triple-negative breast cancer. Clinical
Cancer Res. 2020;26(11):2565-72.

Gonzalez-Ericsson PI, Wulfkhule JD, Gallagher RI, Sun X, Axelrod ML,
Sheng Q, Luo N, Gomez H, Sanchez V, Sanders M, et al. Tumor-specific
major histocompatibility-Il expression predicts benefit to anti-PD-1/

L1 therapy in patients with HER2-negative primary breast cancer. Clin
Cancer Res. 2021. https://doi.org/10.1158/1078-0432.CCR-21-0607.
Chiang CL, Chan SK, Lee SF, Wong IO, Choi HC. Cost-effectiveness of
pembrolizumab as a second-line therapy for hepatocellular carcinoma.
JAMA Netw Open. 2021;4(1):2033761.

Kudo M, Lim HY, Cheng AL, Chao Y, Yau T, Ogasawara S, Kurosaki M,
Morimoto N, Ohkawa K, Yamashita T, et al. Pembrolizumab as second-
line therapy for advanced hepatocellular carcinoma: a subgroup
analysis of asian patients in the phase 3 KEYNOTE-240 trial. Liver cancer.
2021;10(3):275-84.

Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, BrederV,
Edeline J, Chao Y, Ogasawara S, et al. Pembrolizumab as second-

line therapy in patients with advanced hepatocellular carcinoma in
KEYNOTE-240: a randomized, double-blind, phase lll trial. J Clin Oncol.
2020;38(3):193-202.

Pardoll DM. The blockade of immune checkpoints in cancer immuno-
therapy. Nat Rev Cancer. 2012;12(4):252-64.

Eng J. Sample size estimation: how many individuals should be stud-
ied? Radiology. 2003;227(2):309-13.

Komatsu G, Nonomura T, Sasaki M, Ishida Y, Arai S, Miyazaki T. AIM-defi-
cient mouse fed a high-trans fat, high-cholesterol diet: a new animal
model for nonalcoholic fatty liver disease. Exp Anim. 2019;68(2):147-58.
Barcena C, Aran G, Perea L, Sanjurjo L, Téllez E, Oncins A, Masnou H,
Serra |, Garcfa-Gallo M, Kremer L, et al. CD5L is a pleiotropic player in
liver fibrosis controlling damage, fibrosis and immune cell content.
EBioMedicine. 2019;43:513-24.

Zhu Q, MaY, Liang J, Wei Z, Li M, Zhang Y, Liu M, He H, Qu C, Cai J, et al.
AHR mediates the aflatoxin B1 toxicity associated with hepatocellular
carcinoma. Signal Transduct Target Ther. 2021,6(1):299.

Long XD, Huang XY, Yao JG, Liao P, Tang YJ, Ma Y, Xia Q. Polymorphisms
in the precursor microRNAs and aflatoxin B1-related hepatocellular
carcinoma. Mol Carcinog. 2016;55(6):1060-72.


https://doi.org/10.1007/s10637-021-01126-1
https://doi.org/10.1007/s10637-021-01126-1
https://doi.org/10.1158/1078-0432.CCR-21-0607

Zhang et al. Cancer Cell International (2022) 22:393

101.  Narkwa PW, Blackbourn DJ, Mutocheluh M. Aflatoxin B(1) inhibits the
type 1 interferon response pathway via STAT1 suggesting another
mechanism of hepatocellular carcinoma. Infect Agent Cancer.
2017,12:17.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 23 of 23

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	CD5L-associated gene analyses highlight the dysregulations, prognostic effects, immune associations, and drug-sensitivity predicative potentials of LCAT and CDC20 in hepatocellular carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Data collection and processing
	Gene Set Enrichment Analysis (GSEA) of CD5L and CD5L-associated gene (CD5L-AG) identification in HCC
	Evaluation of the prognostic effects and dysregulations of CD5L-AGs in HCC
	Further insight of the associations of CD5L and the most significant CD5L-APDGs (LCAT and CDC20) with HCC microenvironment and immunoregulators
	Exploration of the associations of CD5L, LCAT and CDC20 with the sensitivity of HCC cell lines to present anti-cancer drugs
	Validation of CD5L, LCAT and CDC20 in HCC at protein level
	Detection of serum CD5L and LCAT in HCC and normal controls
	Investigation of the protein-chemical interactions of CD5L, LCAT and CDC20

	Results
	GSEA of CD5L and CD5L-AGs in HCC
	Prognostic effects of CD5L-AGs
	Associations of CD5L, LCAT and CDC20 with HCC microenvironment and immunoregulators
	The associations of CD5L, LCAT and CDC20 with the sensitivity of HCC cell lines to anti-cancer drugs
	Validation of the dysregulation of CD5L, LCAT and CDC20 in HCC at protein level
	Detection of serum CD5L and CDC20 in HCC and normal controls
	The protein-chemical interaction network of CD5L, CAT and CDC20

	Discussion
	Conclusion
	Acknowledgements
	References




