
Page 1/27

Analysis of the Expression and Prognosis for
Leukocyte Immunoglobulin-Like Receptor Subfamily
B in Human Liver Cancer
Jing Fan 

The second hosptial of Nanjing,Nanjing university of Chinese medicine
Lili Wang 

The second hosptial of Nanjing, Nanjing university of Chinese medicine
Miao Chen 

Nanjing university of Chinese medicine
Jiakang Zhang 

Nanjing university of Chinese medicine
Jiayan Li 

The second hospital of Nanjing,Nanjing university of Chinese medicine
Fangnan Song 

The second hospital of Nanjing,Nanjing university of Chinese medicine
Aidong Gu 

The second hospital of Nanjing,Nanjing university of Chinese medicine
Dandan Yin 

The second hospital of Nanjing, Nanjing unviersity of Chinese medicine
Yongxiang Yi  (  ian0126@126.com )

The second hospital of Nanjing,Nanjing university of Chinese medicine https://orcid.org/0000-0002-
9465-1212

Research Article

Keywords: liver cancer, LILRB, prognosis, bioinformatics analysis, NK cells

Posted Date: November 2nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-752285/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-752285/v2
mailto:ian0126@126.com
https://orcid.org/0000-0002-9465-1212
https://doi.org/10.21203/rs.3.rs-752285/v2
https://creativecommons.org/licenses/by/4.0/


Page 2/27

Version of Record: A version of this preprint was published at World Journal of Surgical Oncology on
March 24th, 2022. See the published version at https://doi.org/10.1186/s12957-022-02562-w.

https://doi.org/10.1186/s12957-022-02562-w


Page 3/27

Abstract
Background: Leukocyte immunoglobulin-like receptor subfamily B (LILRB), including 5 subtypes, is a
group of inhibitory receptors in immune system. The LILRB family is known to be involved in the tumor
progression of various cancer types, especially liver cancer. However, the expression patterns and
prognostic values of LILRB family members in liver cancer tissues remain unclear.

Methods: We used the Oncomine database, GEPIA database, Kaplan–Meier Plotter, Timer, TISIDB and
cBioPortal to assess the expression and prognostic value of the LILRB family in liver cancer patients. We
also veri�ed the expression of the LILRB family in tumor tissues and tumor-free liver tissues at the protein
level by using immunohistochemistry. The STRING website was used to explore the interaction between
the LILRB family and their related genes. The DAVID database was used to perform the GO and KEGG
analyses. Flow cytometry was used to assess the in�ltrated NK cells in liver cancer tissues.

Results: Our study revealed that the mRNA expression of LILRB1, LILRB2, LILRB3 and LILRB5 was
downregulated, while compared with normal tissues, the mRNA expression of LILRB4 was upregulated in
liver cancer tissues. Survival analysis revealed that LILRB2 and LILRB5 mRNA expression levels were
signi�cantly associated with OS and DSS and that the mRNA expression of all LILRB family members
was signi�cantly correlated with RFS and PFS. Next, we further found that the mRNA expression of all
LILRB family members was signi�cantly associated with the in�ltration of B cells, CD8+ T cells, CD4+ T
cells, macrophages, and neutrophil dendritic cells in liver cancer. Finally, GO and KEGG analyses found
that the LILRB family and its related genes were involved in antigen processing and presentation and
natural killer cell-mediated cytotoxicity pathways.

Conclusions: Our study suggested that LILRB family expression was associated with the prognosis of
liver cancer patients and in�ltrated immune cells. The LILRB family might be involved in antigen
processing and presentation and natural killer cell-mediated cytotoxicity pathways.

1 Background
Primary liver cancer is the sixth most diagnosed cancer and the fourth deadliest cancer in the world [1].
Asia and Africa have the highest incidence rates of liver cancer[2; 3]. In China, liver cancer is the fourth
most commonly diagnosed cancer[4]. In addition, there are more male patients than female patients.
According to pathological types, primary liver cancer is divided into hepatocellular carcinoma (HCC),
intrahepatic cholangiocarcinoma (ICC) and HCC-ICC[5]. Populations with hepatitis B virus (HBV) infection,
hepatitis C virus (HCV) infection, nonalcoholic fatty hepatitis and alcohol abuse have a high risk of liver
cancers. Classic clinical screening methods are alpha-fetoprotein (AFP) and liver ultrasonography.
Nuclear medical imaging and liver puncture biopsy are used to estimate the prognosis of liver cancer
patients. Considering the heterogeneity of liver cancer, the current method to screen or to predict the
prognosis of liver cancer has limitations. Therefore, the identi cation of alternative and novel biomarkers
is urgently needed for successful liver cancer treatment.
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The leukocyte immunoglobulin-like receptor B (LILRB) family is a group of immune inhibitory receptors.
The LILRB family consists of �ve members: LILRB1, LILRB2, LILRB3, LILRB4, and LILRB5. In an earlier
study, the LILRB family was found to be expressed on many immune cells, such as dendritic cells,
macrophages, B cells, T cells and NK cells[6]. Our previous study also discovered that LILRB2 in CD1c+

myeloid DC subsets was remarkably increased in PBMCs of HCC patients and the microenvironment of
liver cancer[7]. Engagement of LILRB1 and LILRB2 with its ligand HLA-G inhibits immune activation,
resulting in indirect promotion of tumor development[8]. LILRB1 modulates the differentiation and
function of dendritic cells, resulting in poor stimulating activity for primary and memory T cell
proliferation[9]. LILRB1 also exhibited immune inhibition on NK cells[10]. Although the ligand for LILRB3 is
not so clear, some studies suggested that LILRB3 was associated with cytokeratin-associated proteins
exposed on necrotic cancer cells and might involve in altering the immune responses within the tumor
microenvironment[11]. LILRB5 is considered to be an orphan receptor but may be associated with
mycobacteria to subvert immune responses[12; 13]. In addition to expression on immune cells, the LILRB
family was also found to be expressed in multiple malignant cells, such as liver cancer and lung
cancer[14; 15]. Cheng et al[16] found that LILRB1 in hepatocarcinoma cells might integrate with SHP1 to
exert an antitumor effect in liver cancer patients. In contrast, some studies have also shown that LILRB2
regulates tumor cell proliferation, invasion, and migration and promotes tumor progression in lung
cancer[17; 18]. LILRB4 was speci�c expressed on leukemia cells in monocytic acute myeloid leukemia but
not in myelomonocytic acute myeloid leukemia[19].

Therefore, the researches about LILRB family members in cancer tissues are limited and the function of
these is not clear. Moreover, the expression levels of the LILRB family and their correlation with clinical
features and prognosis have not been reported completely, especially using bioinformatics analysis.

Therefore, in this study, we �rst used the Oncomine and GEPIA databases to analyze the expression levels
of the LILRB family in liver tumor tissues and their relationship with liver tumor stages. Moreover,
immunohistochemistry was used to verify the results. Next, Kaplan–Meier Plotter was used to assess
whether the LILRB family can be used to predict the prognosis of liver cancer patients. Then, we analyzed
the correlation between LILRB family expression and immune cell in�ltration by using TIMER and TISIDB.
Finally, the retrieval of interacting genes with the LILRB family was exploded by using STRING, and the
potential signaling pathways related to the LILRB family were predicted through KEGG analysis.

2 Materials And Methods

2.1 Oncomine database
The Oncomine platform (www.oncomine.org) is an online cancer microarray database containing 715
datasets and 86,733 samples. We used the Oncomine database to analyze the transcriptional levels of
the LILRB family in different cancers, especially liver cancer. The conditions of the search �lter were as

http://www.oncomine.org/
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follows: LILRB family gene name, cancer vs. normal analysis, threshold p-value, 0.05, threshold fold
change, 1.5, threshold gene rank, top 10%, and data type mRNA.

2.2 GEPIA database
Gene expression pro�ling interactive analysis (GEPIA) (gepia.cancer-pku.cn) 2.0 was developed by the
Zhang laboratory from Peking University[20]. This online database served to analyze the RNA sequencing
expression data of 9,736 tumors and 8,587 normal samples from the TCGA and GTEx projects.
Tumor/normal differential expression and pro�ling according to pathological stages could be analyzed in
GEPIA 2.0 in this study.

2.3 Kaplan–Meier Plotter
The Kaplan-Meier plotter (kmplot.com/analysis/) could assess the effect of genes (mRNA, miRNA, and
protein) on survival in 21 cancer types, including breast, ovarian, lung, gastric and liver cancer[21]. We
used this database to analyze the correlation between LILRB family mRNA expression and the overall
survival (OS), relapse-free survival (RFS), progression-free survival (PFS) and disease-free survival (DSS)
of liver cancer patients. We also used this database to analyze the relationship between LILRB family
mRNA expression and different tumor stages and risk factors and the prognosis of liver cancer patients.
We chose to select the best cutoff to split the LILRB family into a low expression cohort and a high
expression cohort.

2.4 Timer
Tumor immune estimation resources (Timer) (cistrome.shinyapps.io/timer/) served as a comprehensive
resource for the systematic analysis of immune in�ltrates across diverse cancer types[22]. The
abundances of six immune in�ltrates, B cells, CD8+ T cells, CD4+ T cells, neutrophils, macrophages and
dendritic cells were estimated by the TIMER algorithm. We used this database to analyze the relationship
between LILRB family expression and tumor in�ltrating lymphocytes (TILs).

2.5 TISIDB
TISIDB (cis.hku.hk/TISIDB/) was developed by the Zhang laboratory from the University of Hong Kong in
2019[23]. TISIDB is a web portal for tumor and immune cell interactions and integrates multiple
heterogeneous data types, including the PubMed database and The Cancer Genome Atlas (TCGA). We
used this web portal to assess the relationship between LILRB family expression and various kinds of TIL
subsets.

2.6 cBioportal
The cBioPortal (www.cbioportal.org) is an online tool to explore, to visualize, and to analyze
multidimensional cancer genomics data[24; 25]. We used this website to analyze the mutations in LILRB
family genes and the correlation between each LILRB family member and mRNA expression.

2.7 STRING database

http://www.oncomine.org/
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STRING (string-db.org/cgi/input.pl) is an online database of known and predicted protein-protein
interactions (PPIs)[26]. The sources of PPIs in STRING contain genomic context predictions, high-
throughput lab experiments, coexpression, automated text mining and previous knowledge in databases.
STRING was used to construct a PPI network of the LILRB family. The condition of the minimum required
interaction score was the highest con�dence (0.900). Then, Cytoscape software V3.8.0 was employed to
analyze the relationship between LILRB family members and their related genes.

2.8 DAVID database
The Database for Annotation, Visualization and Integrated Discovery (DAVID) database
(david.ncifcrf.gov/home.jsp) was used to carry out gene ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analysis[27]. R language was used to process the results. A false discovery rate
(FDR) <0.05 was considered to be signi�cant.

2.9 Patients and samples
Ten diagnostic liver cancer patients were included in this study. Primary liver cancer tissues and their
corresponding tumor-free liver tissues (TFLs) were obtained from surgical resection. The clinical
information of these ten diagnostic liver cancer patients was shown in table.1. This study was approved
by the medical ethical committee of the Second Hospital of Nanjing, Nanjing University of Chinese
Medicine. Written informed consent was obtained from all donors in accordance with the Declaration of
Helsinki (1964) before tissue sample collection.

2.10 Immunohistochemistry
Para�n-embedded liver cancer tissues were sectioned into 3-µm pieces. Tumor sections were incubated
with rabbit polyclonal antibodies against LILRB1, LILRB2, LILRB3, LILRB4 and LILRB5 at 4 ℃ for 12
hours. The antibodies against LILRB1, LILRB3, LILRB4 and LILRB5 were from Abcam (product code:
ab229186, ab271287, ab229747, ab121357) and the antibody against LILRB2 was from Invitrogen
(product code: PA5-103913). To detect primary antibody binding, the sections were conjugated with goat
anti-rabbit IgG H&L (HRP) (Abcam, Cambridge, UK) or goat anti-rabbit IgG (HRP) (Invitrogen, Carlsbad, CA,
USA) at 25 ℃ for 2 hours. Finally, the tumor sections were visualized with 3,3-diaminobenzidine and
counterstained with hematoxylin. The tumor sections were observed by light microscopy.

2.11 Isolation of single cells and �ow cytometry analysis

Liver tumor tissues and TFL were cut into approximately 1-mm3 pieces and digested with 0.125 mg/ml
collagenase IV (Sigma-Aldrich, St. Louis, MO) and 0.2 mg/ml DNAse I (Roche, Indianapolis, IN) in Hanks
solution for 1 hour. Then, cells were isolated by ltration of liver slurry through 40-µm lters (BD
Biosciences, San Jose, CA, USA), followed by centrifugation at 400 g for 10 min. These cells were washed
twice with PBS (pH=7.4) with 1% FBS (Invitrogen, Carlsbad, CA, USA). Next, cells were labeled with
monoclonal antibodies, including CD3-PerCp (OKT3), CD56-PeCy7 (MEM-188), CD16-APC-Cy7 (CB16) and
LIVE/DEAD® Aqua, for 30 min at 4 ℃ (Thermo Fisher Scienti�c, Waltham, MA, USA). After washing twice
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in PBS with 1% FBS, cells were analyzed by a FACS Canto II �ow cytometer (BD Biosciences, San Jose,
CA, USA).

2.12 Statistical Analysis

Data are expressed as the mean ± SEM and were analyzed by Student’s 𝑡-test using GraphPad 6.
Signi�cance was de�ned as < 0.05.

3 Results

3.1 Transcriptional levels of the LILRB family in patients
with liver cancer
The LILRB family contains �ve subtypes: LILRB1, LILRB2, LILRB3, LILRB4 and LILRB5. We compared the
mRNA expression of the LILRB family in different cancers with that in corresponding normal tissues
based on the Oncomine database. As shown in Fig. 1, compared with that of normal tissues, in addition
to LILRB4, other LILRB family members were downregulated in liver tumor tissues. All the data came from
four datasets, and all the tumor data came from HCC[28–31]. Three of the datasets had the same results
even if two datasets did not achieve the condition of fold change >1.5, while the Mas`s dataset had the
opposite results (Table.2).

The table shows that (1) the transcriptional levels of LILRB1 were signi�cantly downregulated in HCC
patients in three datasets with fold changes of -1.602, -1.251, and -1.182; (2) compared with normal
tumors, LILRB2 was also downregulated in liver tumors in three datasets with fold changes of -2.098,
-1.441, -1.281, and -1.708; (3) compared to normal tissues, LILRB3 was found to be decreased in HCC
with fold changes of -2.078, -1.391, -1.341, and -1.322; (4) while the results from the other three datasets
showed that there was no difference in LILRB4 expression between liver tumors and normal tissues,
LILRB4 was upregulated in liver tumors in Mas`s datasets with fold changes of 1.7; and (5) compared
with normal tissues, LILRB5 expression was signi�cantly decreased in HCC patients in three datasets
with fold changes of -1.656, -2.826, and -1.321, respectively.

To verify the above results further, GEPIA 2.0 was used to compare the mRNA expression of the LILRB
family between liver tumor tissues and normal tissues. The LIMMA method was used to compare liver
tumor tissues and their paired normal samples regarding mRNA expression of the LILRB family. The
results showed that LILRB1, LILRB2, LILRB3, and LILRB5 were downregulated, and compared with liver
normal tissues, LILRB4 expression was upregulated in liver tumor tissues, which was consistent with the
results in the Oncomine database (Fig. 2).

To assess LILRB expression at the protein level, we detected LILRB family expression in liver tumors and
their corresponding TFLs by using immunohistochemistry. We found that the expression of LILRB1,
LILRB2, LILRB3 and LILRB5 was lower in liver tumors than in TFL, while the expression of LILRB4 was
high in liver tumors than in TFL (Fig. 3).
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3.2 The relationship between the LILRB family and tumor
stage in liver cancer patients
We compared the relationship between LILRB family expression and four tumor stages in liver cancer
patients by using GEPIA 2.0. One-way ANOVA was used to analyze these results. In agreement with the
literature[16], although there was no signi�cant correlation between LILRB family expression and tumor
stage in liver cancer patients, compared with that in other stages of liver cancer patients, the expression
of the LILRB family in stage IV liver cancer patients decreased (Fig. 4).

3.3 Prognostic value of LILRB family mRNA expression in
all liver cancers
Kaplan-Meier Plotter was used to examine the prognostic value of LILRB family mRNA expression levels
in all liver cancers. We compared the correlation between mRNA expression of LILRB family members
and OS, RFS, PFS and DSS of liver cancer patients. The results revealed that patients in LILRB2 and
LILRB5 low group had shortened OS and DSS and low expression of all LILRB family members predicted
poorer patients RFS and PFS (p<0.05) (Fig. 5). Median survival times of LILRB high groups in OS, PFS,
PFS and DSS were longer than these of LILRB low groups, when there was statistical difference between
these two groups (Table.3).

Next, we further investigated the prognostic value of LILRB family mRNA expression in liver cancer with
different histologic stages by using Kaplan-Meier Plotter. The results were as follows: (1) The high mRNA
expression of LILRB1 was associated with better RFS and PFS in stages  and . (2) The high mRNA
expression of LILRB2 was associated with longer OS, RFS and PFS in stages ,  and . High mRNA
expression of LILRB2 was predicted to have better DSS in stages  and . (3) High expression of LILRB3
mRNA was correlated with better RFS and PFS in stage , while low expression of LILRB3 mRNA was
associated with better DSS in stage . (4) The low mRNA expression of LILRB4 was associated with
better DSS in stage . However, the high expression of LILRB4 mRNA was correlated with better RFS and
PFS in stage  as well as better PFS in stage . (5) High mRNA expression of LILRB5 was predicted to be
associated with better OS in stage  and  patients and with better PFS in stage  patients, while low
mRNA expression of LILRB5 was associated with better OS in stage  patients (Supplementary Table S1).

3.4 Prognostic value of LILRB mRNA expression with risk
factors in liver cancer
The two main risk factors, alcohol consumption and hepatitis virus, could induce liver cancer. Therefore,
we compared the relationship between LILRB mRNA expression and these two risk factors by using
Kaplan-Meier Plotter. Regarding alcohol consumption, we summarized the following: (1) The high mRNA
expression of LILRB1 was associated with better OS and DSS in liver cancer patients in alcohol-
consuming cohorts and better RFS and PFS in liver cancer patients in nonalcohol-consuming cohorts. (2)
In liver cancer with alcohol consumption cohorts, high LILRB2 mRNA expression was correlated with



Page 9/27

better OS, RFS, PFS and DSS. The liver cancer patients with no alcohol consumption habit who expressed
high LILRB mRNA had better RFS, PFS and DSS. (3) The high mRNA expression of LILRB3 was
associated with better RFS in liver patients in nonalcohol-consuming cohorts. (4) The high mRNA
expression of LILRB4 was only correlated with better RFS and PFS in liver cancer patients in alcohol
consumption cohorts and better RFS in liver cancer patients in nonalcohol-consuming cohorts. (5)
Regardless of whether liver cancer patients drink, the high mRNA expression of LILRB5 in these two kinds
of patients was predicted to have better OS, RFS, PFS and DSS (Supplementary Table S2).

The results of the relationship between mRNA expression of the LILRB family and different hepatitis virus
infection statuses are shown in Supplementary Table S3. Regarding hepatitis virus-infected liver cancer
patients, the results showed that (1) the high mRNA expression of LILRB2 was associated with better RFS
and PFS; (2) the high mRNA expression of LILRB3 and LILRB5 was correlated with better PFS; and (3) the
low mRNA expression of LILRB4 was predicted to have better OS and DSS. In contrast, the high mRNA
expression of LILRB4 was associated with better RFS and PFS. Regarding nonhepatitis virus-infected
liver cancer patients, we concluded that high mRNA expression of LILRB1, LILRB2 and LILRB5 was
associated with better OS, RFS, PFS and DSS, and that high LILRB4 mRNA expression was correlated
with better RFS.

3.5 The relationship between LILRB family expression and
immune cell in�ltration
The LILRB family is considered to be an immune inhibitory receptor. TILs are associated with prognostic
indicators for liver cancer[32]. Therefore, we speculated that there was a correlation between LILRB family
expression and TIL in�ltration in liver cancer patients. Timer database was used to analyze the suspected
association. The results showed that all LILRB family members were signi�cantly associated with tumor
purity, B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils and dendritic cells (Fig. 6).

The TISIDB database was used to assess the relationship between LILRB family expression and TIL
subsets. Although there was no signi�cant correlation of LILRB5 expression with activated CD4+ T cells
and CD56dim natural killer cells, the expression of other LILRB family members in liver cancer was
strongly associated with various TIL subsets (Supplementary Tables S4-S8). Together these ndings
suggested that the LILRB family plays an important role in recruitment and regulation of immune
in ltrating cells in liver cancer.

3.6 The mutations of LILRB family genes
The cBioPortal online tool was used to analyze the mutations of LILRB family genes. The main mutation
types of LILRB family genes in liver cancers were missense mutations and ampli�cations (Fig. 7A). The
mutations were concentrated in hepatocellular carcinoma and hepatobiliary cancer. A total of 5.42% of
LILRB genes in 369 cases of hepatocellular carcinoma were altered, and 3.38% of LILRB genes in 916
cases of hepatobiliary cancer were altered (Fig. 7B).
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Then, we analyzed the correlation between each LILRB member and their mRNA expression by using the
cBioPortal online tool. The statistical method was Spearman. The results showed that there was a
signi�cant relationship between each LILRB member (Table.4) (p<0.05).

3.7 Predicted functions and pathways of the LILRB family in
liver cancer
To understand the biological signi�cance and consequences of the protein pro�ling of the LILRB family,
we constructed a PPI network by using STRING. The Cytoscape software was used to process it. As
shown in Fig. 8, PPI analysis showed known and predicted interactions between LILRB family members
and 50 proteins.

Next, GO and KEGG analyses for the LILRB family and these 50 genes were performed using the DAVID
online tool. The GO analysis showed that there were 38 items of biological process (BP), 25 items of
cellular component (CC) and 23 items of molecular function (MF) with FDR less than 0.05. The �rst 10
items were used to plot. The GO analysis for BP showed that LILRB family members and their related
genes were mostly enriched in the immune response and antigen processing and presentation of
antigens (Fig. 9A). The GO analysis for CC revealed that LILRB family members and their related genes
were signi�cantly enriched in the plasma membrane and cell surface (Fig. 9B). The GO analysis for MF
showed that LILRB family members and their related genes were associated with beta-2-microglobulin
binding, peptide antigen binding and MHC class I protein binding (Fig. 9C). In KEGG analysis, 27
pathways were related to the function of LILRB family members (Fig. 9D). Among them, antigen
processing and presentation, cell adhesion molecules (CAMs), phagosomes, natural killer cell-mediated
cytotoxicity, and leukocyte transendothelial migration were involved in antitumor immunity in liver cancer.

Based on the KEGG results and previous researches[33–35], we hypothesized that LILRB family members
and their related genes are involved in the pathways of antigen processing and presentation and natural
killer cell-mediated cytotoxicity (Fig. 10A and 10B).

Our previous study veri�ed that compared with their corresponding tumor-free liver tissues (TFLs), the
percentage of in�ltrating CD1c+ myeloid DCs (mDCs) was signi�cantly decreased in liver tumor tissues
[7]. Considering that in�ltrating NK cells in liver cancer might be involved in the signaling of the LILRB
family, we further compared the percentage of NK cells in liver tumor tissues and the corresponding TFL.
Human NK cells can be segregated into three major subsets: CD56brightCD16dim/−, CD56dimCD16+,
CD56dimCD16dim/− NK cells. The strategy of gating these three NK cells subsets were according to the
literature[36]. The results shown that the percentage of CD56brightCDdim/− NK cell in liver tumor tissues
was lower than that from TFL tissues (Tumor vs TFL: 30.84 %±7.77 % vs 43.85 %±4.12 %, p<0.05)
(Fig. 11). In contrast, the percentage of CD56dimCD16+ NK cell in liver tumor tissues was higher than that
from TFL tissues (Tumor vs TFL: 49.98 %±8.66 % vs 29.73 %±4.78 %, p<0.05).

4 Discussion
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The LILRB family is considered to be an immune inhibitory receptor. Most studies have focused on the
expression of the LILRB family on immune cells in many cancers[19; 37]. A recent study showed that
LILRB2 was expressed in lung cancer tissues and that its expression resulted in poor patient OS[38]. On
the contrary, Cheng et al[16] found that LILRB1 in hepatocarcinoma cells might integrate with SHP1 to
exert an antitumor effect in liver cancer patients. Hence, the expression of LILRB family members have
observed in tumor cells with no clear function. Moreover, the expression of all LILRB family members and
their relationships with prognosis in liver cancer patients have yet to be determined. In this study, a series
of bioinformatics analysis methods and experiments were used to explode the expression, prognosis and
potential function of the LILRB family in liver cancer.

First, we assessed the expression of the LILRB family in liver tumor tissues and its correlation with the
survival of liver cancer patients. The Oncomine and GEIPA 2.0 databases con�rmed that LILRB1, LILRB2,
LILRB3, and LILRB5 expression was lower in liver tumor tissues than in normal tissues and that LILRB4
was overexpressed in liver tumor tissues. To further verify these results, we assessed LILRB family
member expression at the protein level by using immunohistochemistry. The results were in accordance
with the mRNA expression of the LILRB family, which was also consistent with a previous study[16]. In
contrast, some studies proved that LILRB2 was expressed at higher levels in HCC tissues, which needs
further veri�cation with large samples in future studies[38; 39]. In addition, we also used Kaplan-Meier
Plotter to explode the prognostic merit of LILRB family member expression in liver cancer. Our results
showed that LILRB2 and LILRB5 expression was signi�cantly associated with OS and DSS and that the
mRNA expression of all LILRB family members was signi�cantly correlated with RFS and PFS in liver
cancer patients. Hence, these results robustly indicated that the LILRB family was a potential prognostic
biomarker in liver cancer patients.

Numerous studies have proven that the LILRB family plays an immunosuppressive role in the immune
system. These immune inhibitory receptors could restrict T cell in�ltration and killing ability, leading to
impaired antitumor responses[40]. Scientists have discovered that PIR-B is expressed on murine B cells
and myeloid cells, as the ortholog for human LILRB1/B2, blocked the access of CD8αα to MHC-I, resulting
in weaker antitumor immunity[41]. Researchers have also found that disruption of either MHC class I or
LILRB1 enhanced phagocytosis of tumor cells in macrophages[37]. For these reasons, we compared the
correlation between the LILRB family and in�ltrating immune cells. The mRNA expression of the LILRB
family was inversely proportional to the purity of the liver tumor, while LILRB family expression was
proportional to immune cells, including B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils and
dendritic cells. The correlation between LILRB family members expression and immune cells implicated
the role of LILRBs in recruiting and regulating tumor immunology in liver cancer.

Previous studies have explored some mechanisms of the LILRB family expressed on immune cells in the
immune system. Khanolkar et al found that LILRB1 on dendritic cells increased the expression of the NF-
κB regulator ABIN1/TNIP1, resulting in suppression of the stimulatory effect of dendritic cells on T cells.
Research has also discovered that LILRB2 expressed on tumor-associated myeloid cells inhibited the
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activation of SHP1/2, AKT and STAT6, leading to restraint of the function of M1-like macrophages and
promotion of the function of M2-like macrophages[42]. However, these mechanisms are concerned with
the expression of the LILRB family on immune cells, and the mechanisms of the LILRB family expressed
in the tumor microenvironment, especially on solid tumors, have not yet been discovered clearly. We
identi�ed 50 potential and validated proteins that interacted with the LILRB family by using STRING. The
KEGG analysis results and previous experiments showed that the LILRB family might be involved in
antigen processing and presentation and NK cell pathways[43]. NK cells have been studied as three
separate populations: CD56brightCD16dim/−, CD56dimCD16+, CD56dimCD16dim/− NK cells.
CD56brightCD16dim/− NK cells secreted cytokines to kill tumor cells and regulate the immune system.
CD56dimCD16+ NK cells primarily demonstrated cytotoxicity effect. CD56dimCD16dim/− NK cells might be
the immediate precursors of the CD56dimCD16+ subset, which remained to be clari�ed in the future[44].
Consistent with the literature, CD56dimCD16+ NK cells were signi�cantly reduced in liver tumor tissues
compared with TFL, resulting in secreting less cytokines that killed tumor cells[45]. This might due to the
reduced expressed LILRB family members on tumor cells, leading to recruiting less NK cells. However, we
don`t deeply study the effect of LILRB expression in liver tumors on NK cell function, and we will study its
mechanism in the future.

5 Conclusions
In this study, using bioinformatics analysis, we identi�ed decreases in LILRB1, LILRB2, LILRB3 and
LILRB5 and increases in LILRB4 in liver tumor tissues, which were con�rmed at the mRNA and protein
levels. Moreover, survival analysis revealed that LILRB2 and LILRB5 mRNA levels were signi�cantly
associated with OS and DSS and that the mRNA expression of all LILRB family members was
signi�cantly correlated with RFS and PFS. High expression of LILRB family members was associated
with increased in�ltration of immune cells, including B cells, CD8+ T cells, CD4+ T cells, macrophages,
neutrophils and dendritic cells. Finally, PPI prediction analysis of the LILRB family and KEGG analysis
suggested that LILRB family members might be involved in antigen processing and presentation and
natural killer cell pathways during the development of liver cancer.
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Figure 1

The transcription levels of the LILRB family in different types of human cancers. The �gure was
generated from the Oncomine database under the conditions of p<0.05, fold change >1.5, gene bank: top
10%, data type: mRNA. Cell color is determined by the best gene rank percentile for the analyses within
the cell. Blue represents underexpression and red represents overexpression.



Page 18/27

Figure 2

The transcription expression levels of the LILRB family in liver cancer (GEPIA 2.0). (A) Scatter diagram of
individual LILRB member expression. The number of HCC tumor samples and normal tissues were noted
in the �gure. (B) Box plot of individual LILRB member expression. The red color represents tumor tissues,
and the gray color represents normal tissues. The number of HCC tumor samples was 369 and the
number of normal tissues was 160. This �gure was generated under the conditions of cutoff: 1, q-value
cutoff: 0.01. The ANOVA was used for tumor vs paired normal samples. (*p<0.05).
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Figure 3

The expression of LILRB family members in liver cancer by immunohistochemical analysis.
Representative IHC images of LILRB family members expression in the microarray that contained 10
cases of liver tumor tissues and their TFL. Multiple images were taken and representative one was
presented. Brown granules were de�ned as positive staining of LILRB family members. The magni�cation
was 100×.
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Figure 4

The correlation between LILRB family expression and tumor stages in liver cancer patients (GEPIA 2.0).
The major stages were used for plotting.
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Figure 5

Survival analyses of the LILRB family in liver cancers (Kaplan–Meier Plotter). The expression of LILRB
family members related to OS(n=364), RFS(n=316), PFS(n=370) and DSS(n=362) in HCC. Transcriptional
expression levels of LILRB family and patient survival information were obtained from GEO, EGA, and
TCGA. The best cutoff values were auto-selected by the tool of Kaplan–Meier Plotter.
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Figure 6

Correlation of LILRB family expression with immune infiltration level in liver cancer (Timer). LILRB family
members expression in HCC tissues negatively correlated with tumor purity and positively correlated with
in�ltration levels of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (n
=371).
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Figure 7

LILRB family gene expression and mutation analysis in liver cancer (cBioPortal). The data was from 1487
patients and 1507 samples in 8 studies. (A) The mutation types of LILRB family gene. The right part of
the �gure without alterations was not included. (B) The histogram of the cancer types with mutations in
LILRB family genes. CNA means copy number alterations.
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Figure 8

Analysis of LILRB family-related proteins based on a protein-protein interaction network. Using the
STRING database, a total of 50 proteins were �ltered into the protein PPI network. Nodes represent
interacting proteins, and the 452 edges represent known or predicted interactions.
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Figure 9

GO and KEGG analyses of the LILRB family and their related genes. The DAVID online database was used
to perform the GO and KEGG analyses. (A), (B) and (C) The top 10 items of the GO analysis for BP, CC and
MF of the LILRB family and their related genes, respectively. (D) The KEGG pathways of the LILRB family
and their related genes.
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Figure 10

Antigen processing and presentation and natural killer cell-mediated cytotoxicity pathway of LILRB
family-related genes in liver cancer. (A) The antigen processing and presentation signaling pathway; (B)
The natural killer cell-mediated cytotoxicity signaling pathway. The red boxes represent LILRB family
member-related genes.
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Figure 11

The expression of NK cell subsets in liver cancer. (A) Flow cytometry was used to detect NK cells. NK cell
subsets were identi�ed by three unique CD56 and CD16 expression patterns in the gate of Live+CD3-
CD56bright/dim. (B) The percentage of NK cell subsets from liver tumors and the corresponding TFL
(n=10). *p<0.05.
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