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Abstract: B and T-lymphocyte attenuator (BTLA) plays an immunosuppressive role by inhibiting T- and B-cell functions.
BTLA is associated with a variety of diseases, especially cancer immunity. However, the function of BTLA in various
cancers and its clinical prognostic value have still not been comprehensively analyzed. This study aimed to identify
the relationship between BTLA and cancer from the perspectives of differences in BTLA expression, its clinical value,
immune infiltration, and the correlation with immune-related genes in various cancers. Data regarding mRNA
expression, miRNA expression, IncRNA expression, and clinical data of patients of 33 existing cancers were collected
from the TCGA database. Target miRNA of BTLA and the IncRNA that interacts with the target miRNA were
obtained from the StarBase database. Based on bioinformatics analysis methods, the relationship between various
types of cancers and BTLA was thoroughly investigated, and a competing endogenous RNA network of BTLA, target
miRNA, and interacting IncRNA was constructed. The Kaplan-Meier (KM) prognostic analysis of BTLA and target
miRNA (has-miR-137) in various types of cancers was completed using the KM plotter. BTLA expression varied in
different cancers, with statistical significance in nine cancer types. KM plotter to analyze the overall survival (OS) and
regression-free survival prognosis of cancer patients revealed that the BTLA expression was statistically different in
the OS of 11 types of cancers out of 21 types of cancers; the OS of 8 type of cancers was also statistically different.
Correlation analysis of tumor immune genes revealed a positive correlation of BTLA expression with
immunosuppressive gene (CTLA4 and PDCD1) expression. Gene Set Enrichment Analysis showed that BTLA and its
co-expressed genes mainly act through biological processes and pathways, including immune response regulation, cell
surface receptor signaling pathway, antigen binding, antigen receptor-mediated signaling pathway, and leukocyte
migration. BTLA has the potential as a prognostic marker for CLL, COAD, NSCLC, and OV and a diagnostic marker
for CLL, COAD, and KIRC. BTLA has a close and complex relationship with the occurrence and development of

tumors, and cancer immunotherapy for BTLA is worthy of further analysis.

Abbreviations (O overall survival
BTLA B and T-lymphocyte attenuator HR hazard ratio
TME tumor immune microenvironment SNV single nucleotide variation
HVEM herpes virus entry mediator TMB tumor mutational burden
TCGA The Cancer Genome Atlas database GSEA Gene Set Enrichment Analysis
TISIDB Tumor and Immune System Interaction qRT-PCR  quantitative real-time polymerase chain
Database reaction
RFS relapse-free survival ceRNA competing endogenous RNA
DSS disease-free survival
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BLCA bladder urothelial carcinoma

BRCA breast invasive carcinoma

CESC cervical squamous cell carcinoma and endo-
cervical adenocarcinoma

CHOL cholangiocarcinoma

CLL: chronic lymphocytic leukemia

COAD colon adenocarcinoma

DLBC lymphoid neoplasm diffuse large B-cell
lymphoma

ESCA esophageal carcinoma

GBM glioblastoma multiforme

HNSC head and neck squamous cell carcinoma

KICH kidney chromophobe

KIRC kidney renal clear cell carcinoma

KIRP kidney renal papillary cell carcinoma

LAML acute myeloid leukemia

LGG brain lower grade glioma

LIHC liver hepatocellular carcinoma

LUAD lung adenocarcinoma

LUSC lung squamous cell carcinoma

MESO mesothelioma

NSCLC non-small cell lung cancer

ov ovarian serous cystadenocarcinoma

PAAD pancreatic adenocarcinoma

PCPG pheochromocytoma and Paraganglioma

PRAD prostate adenocarcinoma

READ rectum adenocarcinoma

SARC sarcoma

SKCM skin cutaneous melanoma

STAD stomach adenocarcinoma

TGCT testicular germ cell tumors

THYM thymoma

THCA thyroid carcinoma

TNBC triple-negative breast cancer

ucs uterine carcinosarcoma

UCEC uterine corpus endometrial carcinoma

UVM uveal melanoma

Introduction

Cancer is the main or secondary cause of death in more than
half of the countries worldwide, and brings a heavy burden to
patients and their families. It is estimated that nearly 20
million new cancer patients were identified, and nearly 10
million people died from cancer in 2020 (Siegel et al., 2020).
The treatment of different types of cancer varies. Some
cancers can be cured by early surgical intervention; however,
the 5-year survival rate of most cancers is not high (Wyld
et al., 2015). Cancer immunotherapy (CIT), based on the
development of the immune system, has achieved surprising
results in the treatment of tumors (Yang, 2015). However,
CIT is only effective in some cancer types, and the identified
patients who will benefit most from the ideal curative effect
of CIT will achieve a prolonged survival time and improved
quality of life (Korman ef al., 2021). Inflammation plays an
important role in the development of tumors, and the
tumor immune microenvironment (TME) and immune cell
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infiltration related to inflammation are also an important
basis for determining whether CIT will be beneficial
(Fukumura et al., 2018; Kalaora et al., 2022).

B and T-lymphocyte attenuator (BTLA) belongs to the
immunoglobulin superfamily and contains a domain of
receptors that transmit inhibitory signals to suppress immune
responses. The interaction between BTLA and HVEM has
different physiological functions in different cells, and BTLA is
mainly expressed in immune cells (B and T cells) and
immune-related organs (Murphy et al, 2006). As the only
identified ligand of BTLA, the binding of HVEM to BTLA
usually mediates immunosuppression by inhibiting the normal
biological activities of T cells and B cells, thereby affecting
various physiological and pathological processes in the human
body (Wojciechowicz et al, 2022). BTLA is differentially
expressed in auxiliary T cells, cytotoxic T lymphocytes, and
apoptotic cells (Paulos and June, 2010) and can inhibit T cell
signaling by preferentially recruiting SH2 domain-containing
protein-tyrosine phosphatase-1 (SHP1) (Xu et al, 2020). The
BTLA protein structure consists of an extracellular domain,
transmembrane domain, and cytoplasmic domain, which is
similar to the protein structure of programmed cell death-1
(PD-1) and cytotoxic T lymphocyte-associated antigen-4
(CTLA-4). Together with CTLA-4 and PD-1, BTLA is a key
player in regulating T cell function (Watanabe ef al., 2003),
and it is a part of the inhibitory receptors expressed on
lymphocytes. BTLA-deficient T cells have higher activity, and
BTLA-deficient mice have stronger specific antibody
responses and stronger autoimmune responses (Murphy and
Murphy, 2010). Inhibitory immunotherapy for CTLA-4 and
PD-1/PD-L1 inhibited tumor development in studies
conducted in vivo and in vitro, therefore suggesting that
inhibiting BTLA may assist the immune system in identifying
and killing tumor cells. Thus, further comprehensive analysis
and exploration of the role of BTLA are crucial for evaluating
the efficacy of CIT (Demerlé et al, 2021; Rowshanravan
et al., 2018). However, current research on BTLA pan-cancer
is not comprehensive and in-depth, and single-gene pan-
cancer analysis can show similar or different roles of a single
gene in different types of cancers. Therefore, we searched The
Cancer Genome Atlas database (TCGA) for 33 types of
cancer and obtained the RNA-seq and somatic mutation
sample information regarding BTLA expression and clinical
information. Moreover, the association of immunomodulator
gene expression with BTLA expression was collected from 33
cancers from the Tumor and Immune System Interaction
Database (TISIDB). By using the StarBase database, the miRNA
targets of BTLA and IncRNAs interacting with the
corresponding miRNA targets were retrieved (Li et al, 2014).
Based on the correlation between BTLA and the expression of
target miRNAs and corresponding IncRNAs in 33 cancers, a
competing endogenous RNA (ceRNA) network was constructed
(Salmena et al, 2011). Bioinformatics tools were used to carry
out a comprehensive pan-cancer analysis of BTLA, including
gene expression, gene expression and prognosis, gene mutation,
and immune infiltration. To clarify the expression of BTLA in
different types of cancer and its influence on the prognosis of
patients, a comprehensive tumor immune analysis of BTLA was
conducted, and its potential as a target for CIT was explored.
The flow diagram of this process is shown in Fig. 1.
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Methods

Expression of B and T-lymphocyte attenuator (BTLA) and its
genetic alteration type and frequency in different cancers

The RNA sequences, somatic mutations, and clinical prognosis
data of 33 cancers were retrieved and downloaded from TCGA
database (https://portal.gdc.cancer.gov/). The “limma” software
package was used to extract the expression of BTLA in various
cancers, and its high and low expression in different tissues was
determined (Gentleman et al., 2004; Smyth, 2004). In addition,
whether the expression in each cancer tissue and normal tissue
was statistically different was analyzed. A box plot was drawn
using “ggpubr” software to show the differences in BTLA
expression in each type of cancer (Wickham, 2016). To show
the mRNA expression of BTLA in different cancer cells, data
on the expression of BTLA in different cancer cells were
collected from the Cancer Cell Line Encyclopedia (CCLE)
database  (https:/sites.broadinstitute.org/ccle). The cBio
Cancer Genomics Portal (http://cbioportal.org), as an open
database that can obtain multidimensional cancer genomics
data sets, can analyze OncoPrint, mutual exclusivity, and
geological frequency in a variety of cancers (Cerami et al,
2012; Gao et al, 2013b). Gene amplification refers to the
amplification of some parts of the genome (Matsui ef al,
2013). Compared with the rest, previous studies have shown
that a considerable number of oncogenes exist in these
amplified regions (Albertson, 2006). Deep deletion is a type
of mutation in which the complete loss of some genetic
material results in the loss of functions, such as regulating cell
growth and differentiation, which may cause tumor
progression (Aggarwal et al, 2002). Thus, after obtaining
relevant data from the cBioPortal database, the genetic
changes of BTLA regarding mutation, amplification, and
deep deletion were evaluated in a variety of cancers (Gao
et al., 2013b).
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FIGURE 1. The flow diagram of study design and data
analysis.

Cell culture

Human renal cortex proximal tubule epithelial cells (HK-2),
human renal clear cell carcinoma (Caki-1), human colon
epithelial cells (NCM460), and human colon cancer cells
(SW620 and SW480) were purchased from the Shanghai
Institute of Life Sciences, Chinese Academy of Sciences.
Cells were maintained in RPMI 1640 medium (Thermo
Fisher Scientific, Waltham, USA) containing 100 U/mL
penicillin and 100 U/mL streptomycin (Gibco, Carlsbad,
USA), 10% fetal bovine serum (Invitrogen, Carlsbad, USA),
and were cultured at 37°C in a 5% CO, atmosphere.

Quantitative real-time polymerase chain reaction (qRT-PCR)
After the above-mentioned cells were pretreated, total RNA was
extracted according to the instructions of the TRIzol reagent
(Mei5bio, Wuhan, China). RNA was reverse transcribed into
cDNA wusing a reverse transcription kit (Vazyme, Nanjing,
China). To detect BTLA expression levels in cells, qRT-PCR
analysis was performed using a real-time PCR system (Roche,
Basel, Switzerland). PCR primers were purchased from Sangon
Biotech (Sangon Biotech, Shanghai, China). BTLA: forward
(5'-3"): AGGAAAGCAAAATGAACTCTCTGAG, reverse (5'-
3"): TAGCAGTACTTGGGAATTTTGCC; GAPDH: forward
(5'-3"): GGAAGCTTGTCATCAATGGAAATC, reverse (5'-3'):
TGATGACCCTTTTGGCTCCC. Expression level multiples
were calculated using the 2788CT method, and GraphPad
Prism 8 software was used to complete the image drawing.
The difference in expression levels between normal cells and
each group of cancer cells was calculated using the t-test
method, and p < 0.05 was considered statistically significant.

Prognostic analysis of differential B and T-lymphocyte
attenuator expression

To determine the effect of differential BTLA expression on the
prognosis of various cancers, the RNA-seq module was selected
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to perform pan-cancer analysis on BTLA using the KM Plotter
website. Regression-free survival (RFS) and overall survival
(OS) were used as evaluation criteria. Single-factor Cox
regression analysis was conducted based on the 95%
confidence interval and hazard ratio (Gyorfty et al., 2010).

Construction of B and T-lymphocyte attenuator-related
competing endogenous RNA network

The miRNA that interacts with BTLA was obtained using the
StarBase database. Because miRNA has a negative regulatory
effect on mRNA, the Spearman statistical method was used
to calculate the correlation between the target miRNA and
the expression of BTLA in 33 tumors. To identify the target
miRNA that is significantly negatively correlated with the
expression of BTLA (p < 0.05). Similarly, IncRNAs that
interact with target miRNAs were obtained from the
StarBase  database. The correlation between the
corresponding IncRNAs and BTLA expression in 33 tumors
was calculated using the Spearman statistical method, and
IncRNAs that significantly positively correlated with BTLA
expression (p < 0.05) were screened. Cytoscape software
(3.9.0) was used to construct the ceRNA network of
mRNA-miRNA-IncRNA with the screened miRNA and
IncRNA as nodes.

Immune infiltration of differential B and T-lymphocyte
attenuator expression

Single nucleotide variation data of 33 cancers were retrieved
and downloaded from the TCGA database, and the tumor
mutational burden (TMB) was calculated. Cancer cell
mutation data were downloaded from the TCGA database,
and the microsatellite instability (MSI) status of patients was
obtained. The Spearman rank correlation coefficient method
was used to determine the difference in TMB or MSI
between differential BTLA expression levels. The “estimate”
R-software and “limma” R-software were used to score TME
of 33 types of cancer (Arneth, 2020). The “gglot2” R-
software package, “ggExtra” R-software package, and
“ggpulr” R-software package were used to analyze the
correlation between BTLA and the TME scores of 33 types
of cancer. Moreover, the “e1071” R-software package was
used to analyze the immunocyte content in the samples of
33 cancer patients, and the “gglot2” R-software package,
“GGExtra” R-software package, and “ggpulr” R-software
package were used to analyze the correlation between BTLA
expression and the immune cell content of 33 cancers
(Meyer et al., 2014).

Examining the relationship between B and T-lymphocyte
attenuator expression and immunomodulators

TISIBD Database (http://cis.hku.hk/TISIDB/) comprehensively
includes tumor immune-related data and carries out ten types
of analyses of tumor immune function for each gene,
including function and literature, and is a tool for tumor
immune analysis. Using the function of the immunomodulator
module of the TISIBD website, the correlation between BTLA
expression and immunomodulator gene in 33 kinds of cancer
was evaluated by three dimensions of immune inhibitor,
immunostimulator, and major histocompatibility complex
(MHC) molecule and displayed in the form of a heatmap.
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Investigation of B and T-lymphocyte attenuator co-expression
genes and pathways analysis of BTLA co-expression genes
and their pathways

The gene pathway and function files were downloaded from
the Gene Set Enrichment Analysis (http://www.gsea-msigdb.
org/gsea/index.jsp) website (Ogata et al., 1999; Subramanian
et al., 2005). The co-expression genes and pathways related
to BTLA expression were analyzed using the “limma” R-
software package, “org. Hs. eg. db” R-software package,
“DOSE” R-software package, “clusterProfiler” R-software
package, and “enrichedplot” R-software package (Yu et al,
2012).

Statistical analysis

The “Wilcox Test” was used to analyze the BTLA expression
data from the TCGA databases. Spearman’s correlation
analysis was employed to explore the correlation between
BTLA expression and TMB, MSI, the TME, and immune
cell infiltration. For survival analysis, the KM method and a
single-factor Cox proportional hazard model were used to
analyze the relationship between BTLA expression and
prognosis in 33 cancer patients, and p < 0.05 was considered
statistically significant.

Results

The expression and genetic alterations of B and T-lymphocyte
attenuator in cancers

First, the expression profiles of cells in 33 types of tumors and
normal tissues were extracted and analyzed from the TCGA
database. The results showed that BTLA was highly
expressed in HNSC, KIRC, LUAD, and GBM compared
with normal tissues. On the contrary, BTLA showed a
relatively low expression in BLCA, COAD, KICH, READ,
and THCA. As shown in Fig. 2A, the expression of BTLA
was different between various cancer tissues and normal
tissues, and the difference between the above nine cancer
tissues and normal tissues was statistically significant. As
shown in Fig. 2B, the relative expression of BTLA in CLL
cells was the highest, followed by that in DLBC cells.
Overall, BTLA has a relatively low alteration frequency in a
variety of cancers (all less than 6%), and the “amplification”
type was the most common alteration type, followed by the
“mutation” type, as shown in Fig. 2C. Patients with the
highest alteration frequency were patients with CESC (>5%).
Patients with the “mutation” type as the main type and the
highest frequency of change were cervical adenocarcinoma
patients (>2%). “Deep deletion” was the rarest type of
alteration frequency, which was only found in patients with
esophageal squamous cell carcinoma (>1%). As shown in
Fig. 2D, the results of qRT-PCR confirmed that the
expression of BTLA mRNA in colon cancer cells was
significantly lower than that in colon epithelial cells, and the
expression of BTLA in human renal clear cell carcinoma
cells was significantly higher than that in renal cortex
proximal tubule epithelial cells.

Prognostic value of B and T-lymphocyte attenuator in cancers
To evaluate the prognostic significance of BTLA in various
types of cancer, all collected tumor cases were divided into
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differentially expressed groups, and correlation analysis was
performed between differential BTLA expression and
survival prognosis. As shown in Fig. 3, a higher expression
of BTLA was related to a worse OS in 11 out of 21 cancers
in the pan-cancer analysis module of the KM Plotter
database (BLCA, BRCA, CESC, HNSC, KIRP, LIHC, LUAD,
OV, READ, SARC, and UCEC). Furthermore, a lower
expression of BTLA was related to a poor OS in KIRC and
TGCT. High expression of BTLA was associated with a poor
prognosis of RFS in five types of cancer (BLCA, CESC,

LIHC, OV, and UCEC). Low BLCA expression was associated
with a poor prognosis of RES in three types of cancer (STAD,
KIRP, and ESCA). The results showed that differential BTLA
expression was directly related to the tumor stage of COAD,
KICH, KIRC, KIRP, LUAD, and STAD. Differential expression
of BTLA is associated with disease-free survival (DSS) in
cancer. Patients with CESC, HNSC, and SKCM with a high
BTLA expression, showed a shorter DSS. UVM patients with
low BTLA expression showed a shorter DSS. The results of the
KM survival analysis and Cox regression analysis using the
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FIGURE 3. Correlation between B and T-lymphocyte attenuator (BTLA) expression with overall survival (OS) of patients (from Kaplan-
Meier Plotter Database). Survival curves comparison of patients with different expressions of BTLA. OS difference between groups in
BLCA (A), CESC (B), LIHC (C), OV (D), UCEC (E), BRCA (F), HNSC (G), KIRC (H), LUAD (I), READ (J), SARC (K), KIRP (Q)
and TGCT (R). Regression-free survival difference between groups in BLCA (L), CESC (M), LIHC (N), OV (O), UCEC (P), KIRP (S),
ESCA (T), and STAD (U). Red lines represent groups with high expression of BTLA, blue lines represent groups with low expression

of BTLA.

prognosis of patients obtained from the TCGA database are
shown in Figs. 4 and 6.

B and T-lymphocyte attenuator-related competing endogenous
RNA network

A total of 33 miRNAs targeting BTLA were retrieved from the
StarBase database. Has-miR-137 negatively correlated with
BTLA expression and was statistically significant (p < 0.05).
A total of 72 IncRNAs that interact with has-miR-137 were
obtained from the StarBase database, and 27 IncRNAs
(SNHG1, INTS6-AS1, MCM3AP-AS1, GAS5, MIR34AHG,
HELLPAR, TMEMI132D-AS1, NBR2, TUGI1, SNHGI9,

KCNQI1OT1, XIST, PURPL, CCDCI18-AS1, MAPT-ITI,
NUTM2B-AS1, FGD5-AS1, SATBI1-AS1, LINC01534,
SH3BP5-AS1, OIP5-AS1, RBPMS-ASI, FTX, HOTAIRMI,
LINCO01963, CKMT2-AS1, and LINCO01128) positively
correlated with BTLA expression (p < 0.05). The ceRNA
network was constructed with miRNA (has-miR-137) as the
center of mRNA, miRNA, and IncRNA, and the results are
shown in Fig. 5A. Finally, as shown in Figs. 5B-5L, KM
prognostic analysis of has-miR-137 in cancer with a
prognostic significance for BTLA expression was completed
on the KM plotter website. The results showed that contrary
to BTLA, the expression of has-miR-137 was significantly
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FIGURE 4. Correlation between B and T-lymphocyte attenuator (BTLA) expression with OS of patients (from TCGA Database).
Survival curves Comparison of patients with different expressions of BTLA. OS difference between groups in BRCA (A), CESC (B),
HNSC (C), LIHC (D), LUAD (E), OV (F), PCGC (G), SARC (H), SKCM (I), UCEC (J) and UVM (K). DSS difference between
groups in CESC (L), HNSC (M), READ (N), SKCM (O), UCEC (P), and UVM (Q). DFI difference between groups in CESC (R) and
LIHC (S). DFI difference between groups in. PFI difference between groups in BRCA (T), CESC (U), HNSC (V), READ (W), SKCM
(X), UCEC (Y), and UVM (Z). Red lines represent groups with high expression of BTLA, and blue lines represent groups with low

expression of BTLA.

associated with a shorter OS in BLCA, KIRC, and LIHC
patients and a longer OS in patients with BRCA, CESC,
HNSC, LUAD, OV, SARC, TGCT, and UCEC.

Correlation between B and T-lymphocyte attenuator expression
with clinicopathological features of cancer

After collecting the clinical information of 33 cancer
patients, the age and tumor stage of patients was analyzed.

As shown in Fig. 7, the results showed significant
differences in the expression of BTLA in different stages of
COAD, KICH, KIRC, KIRP, LUAD, and STAD. The
results suggested that the expression level of BTLA in
elderly patients (age over 65 as the standard) was higher.
Especially in ACC, BRCA, STAD, TYHM and UVM
patients. Further, elderly patients with ESCA showed lower
expression of BTLA.
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FIGURE 5. B and T-lymphocyte attenuator (BTLA)-related competing endogenous RNA (ceRNA) network and correlation between
hsa-miR-137 expression and OS in cancer patients. The ceRNA network (A) was constructed by miRNA and IncRNA interacting with
BTLA. As a target miRNA, hsa-miR-137 was used for KM prognosis analysis in patients with BLCA (B), BRCA (C), CESC (D), HNSC
(E), KIRC (F), LIHC (G), LUAD (H), OV (I), SARC (J), TGCT (K) and UCEC (L).

Correlation between B and T-lymphocyte attenuator expression
with tumor mutational burden and microsatellite instability

TMB is the number of somatic nonsynonymous mutations or
all mutations per megabase in the detected gene region, which
is considered to predict whether CIT can take effect. As shown
in Fig. 8A, the correlation analysis between BTLA expression
and TMB showed that the expression of BTLA correlated with
the occurrence of TMB in 13 types of cancers and positively
correlated with the occurrence of TMB in UCEC, LGG, and
COAD, and negatively correlated with THYM, THCA,
TGCT, STAD, PCPG, PAAD, LUSC, LUAD, LIHC, and
HNSC. MSI is caused by the loss of DNA mismatch repair
activity, which determines the effect of immunotherapy on

patients with gastrointestinal cancer to a certain extent, and
is also a biomarker of CIT. As shown in Fig. 8B, the results
showed that higher MSI was associated with higher BTLA
expression in UCEC and COAD, whereas MSI was
negatively correlated with BTLA expression in TGCT,
STAD, SKCM, LUSC, LIHC, HNSC, ESCA, and DLBC.

Correlation of B and T-lymphocyte attenuator expression with
tumor microenvironment and immune infiltration in cancer

A variety of cells, including stromal cells, fibroblasts, and
immune cells, together constitute the TME and its complex
regulatory network. Tumor-infiltrating immune cells (TICs)
have been related to the prognosis and immunotherapy of



A PAN-CANCER ANALYSIS OF BTLA

A 1
( ) pvalue Hazard ratio |
ACC 0.784 0. 540(0 007-44.371)
BLCA 0.073 5(0.387-1.044) E
BRCA 0.107 0 744 0.519-1.066)
CESC 0.006 0.193(0.059-0.629) [}
CHOL 0.348 0.496(0.115-2.147) []
COAD 0.706 1.196(0.472-3.027) [
DLBC 0.239 1.411(0.796-2.504)
ESCA 0.146 0.525(0.220-1.251) E
GBM 0.281 3.775(0.337-42.242)
HNSC <0.001 0.288(0.155-0.536) []
KICH 0.096 68.274(0.472-9871.971)
KIRC 0.189 1.339(0.866-2.069) ]
KIRP <0.001 9.338(3.780-23.068)
LAML 0.752 0.964(0.766-1.212) l
LGG 0.001 32 407(3 845-273.109) ']
LIHC 0.169 455(0.148-1.398) []
LUAD 0.006 0.590 0.406-0.857) [
LUsc 0.761 0.943(0.647-1.375)
MESO 0.752 1.093(0.630-1.897) E
ov 0.002 0.389(0.215-0.705)

AAD 0.22 0.751(0.472-1.194) [
PCPG 0.131 0.000(0.000-1926.974) [—_—
PRAD 0.520 0.286(0.006-13.000) [
READ 0.459 0.342(0.020-5.849)

SARC 0.108 0.565(0.282-1.133) E
SKCM <0.001 0.626(0.480-0.817)
STAD 0.907 1.020(0.735-1.414) ]
TGCT 0.162 2.295(0.717-7.344) 1
THCA 0.630 0.647(0.110-3.812) []
THYM 0.854 0.899(0.291-2.783)
UCEC 0.011 0.244(0. 083—0722) E
ucs 0.931 0.897(0.079-10.211)
uvm 0.009 28.986(2.360-356.019) H
0 2000 6000
Hazard ratio
(©) .
pvalue Hazard ratio |

ACC 0.928 1.326(0.003-595.709) n

BLCA 0.439 0.671(0.243-1.847) ]

BRCA 0.106 0.648(0.383-1.097) ]

CESC 0.051 0.129(0.017-1.005) ]

CHOL 0216 0.214(0.019-2.461) ]

COAD 0.923 1.088(0.197-6.011)

DLBC 0.534 1.385(0.497-3.862)

ESCA 0.716 0.812(0.264-2.500)

HNSC 0.249 2.011(0.614-6.589)

KICH 0.453 0.000(0.000-2054125.725) -

KIRC 0.592 0.642(0.127-3.239)

KIRP <0.001 9.646(3.606-25.800)

LGG 0.807 2.017(0.007-567.501)

LIHC 0.047 0.324(0.107-0.983)

LUAD 0.833 1.052(0.659-1.678)

LUsC 0.453 0.766(0.382-1.537)

MESO 0.493 0.474(0.056-3.994)

ov 0.898 0.971(0.614-1.534)

PAAD 0.476 0.717(0.287-1.790)

PCPG 0.9451.818(0.000-37126694.072)

PRAD 0.444 1.676(0.447-6.285)

READ 0.364 3.848(0.210-70.631) 1

SARC 0.976 0.991(0.557-1.765) ]

STAD 0.223 1.394(0.817-2.378) []

TGCT 0.863 1.045(0.630-1.734) '

THCA 0.081 1.743(0.934-3.252) 1

UCEC 0.069 0.295(0.079-1.100) ]

ucs 0.563  0.074(0.000-500.231) ¥

L
I T T T T T T 1
0.0e+00 1.5e+07 3.0e+07

Hazard ratio

359

(B)

I
pvalue zard ratio 1
CC 0.606 0.273(0. 002 37.988) ]
BLCA 0.052 0.512(0.260-1.006) :
BRCA 0.104 0.676(0.421-1.084)
CESC 0.005 0.114(0.025-0.518) ]
CHOL 0.292 0.351(0.050-2.464) ]
COAD 0.177 1.839(0.759-4.453) 1
DLBC 0.203 1.659(0.761-3.617) (]
ESCA 0.255 0.584(0.231-1.477)
GBM 0.334 3.629(0.266-49.524) E
HNSC <0.001 0.204(0.088-0.473)
KICH 0.195 14.674(0.252-854.341) ]
KIRC 0.103 1.552(0.915-2.634) ]
KIRP <0.001 7.131(2.429-20.933) 1
LGG <0.001 51. 565(6 160-431.626) ]
LIHC 0.262 474(0.128-1.749)
LUAD 0.036 0 1606(0.379-0. 969) E
LUsC 0.143 0.593(0.295-1.193)
MESO 0.769 0.891(0.412-1.926) ]
ov 0.010 0 454(0.249-0.829) 1
PAAD 888(0.579-1.363) [
PCPG 0 267 0. 000(0 000—2182976 777) F
PRAD 0.767 41(0.002-98.180)
READ 0.411 0269 0.012-6.133) E
SARC 0.272 0.676(0.336-1.360)
SKCM <0.001 0.581(0.430-0.786) ]
STAD 0.252 1.228(0.864-1.747) 1
TGCT 0.368 1.817(0.495-6.663) ]
THCA 0.249 0.091(0.002-5.329)
THYM 0.515 0.514(0.069-3.803) E
UCEC 0.007 0.105(0.020-0.536)
ucs 0.461 0.265(0.008-9.085) ]
UVM 0.023 22.357(1.544-323.648) ]
L
| T T
0 500000 1500000
Hazard ratio
(D) ]
pvalue Hazard ratio |
ACC 0.252 0.076(0.001-6.264) ]
BLCA 0.087 0.663(0.415-1.061)
BRCA 0.011 0.597(0.402-0.887) E
CESC 0.004 0.161(0.046-0.558)
CHOL 0.065 0.116(0.012-1.148) ]
COAD 0.316 1.426(0.713-2.852) [}
DLBC 0.052 1.664(0.997-2.777) n
ESCA 0.037 0.436(0.199-0.953)
GBM 0.992 1.012(0.091-11.259) E‘
HNSC 0.007 0.449(0.250-0.806)
KICH 0.233 8.600(0.250-295.845) h
KIRC 0.369 1.235(0.780-1.955) ]
KIRP 0.030 3.283(1.121-9.611) [ ]
LGG <0.001 24.485(4.850-123.612) - —
LIHC 0.511 0.759(0.333-1.729)
LUAD 0.584 0.913(0.660-1.263) E
LUsCc 0.058 0.612(0.368-1.017)
MESO 0.450 0.739(0.337-1.619) ]
ov 0.245 0 776(0 505-1.190) 1
PAAD 0.825 65(0.703-1.325) ]
PCPG 0.396 0. 014(0 000-267.463) I
PRAD 0.321 1.459(0.692-3.078)
READ 0.121 0.176(0.020-1.581) E
SARC 0.420 0.834(0.537-1.296)
SKCM 0.132 0.871(0.728-1.043) []
STAD 0.024 1.404(1.046-1.884) [l
TGCT 0.800 0.946(0.615-1.455) []
THCA 0.296 1.314(0.787-2.195)
THYM 0.175 1.568(0.818-3.007) E
UCEC 0.029 0.391(0.168-0.907)
ucs 0.259 0.193(0.011-3.351) ]
UVM 0.101 10.030(0.637-157.842) b—
71T T

o

50 100

N
o
o

Hazard ratio

FIGURE 6. Prognostic significance of B and T-lymphocyte attenuator (BTLA) expression in cancer patients. Correlation between BTLA and
OS (A), DSS (B), DFI (C), and PFI (D) in cancer patients by Cox regression analysis.

various types of cancer. Therefore, we aimed to clarify the
relationship between the expression of BTLA and immune
infiltration. The results indicated that the expression of
BTLA positively correlated with the ImmuneScore in
various tumors, including prognosis-related tumors (BLCA,
BRCA, CESC, HNSC, KIRP, LIHC, LUAD, OV, READ,
SARC, UCEC, KIRC, and TGCT), as shown in Fig. 9
(Suppl. Fig. S1). The data showed that the expression of
BTLA positively correlated with dendritic cells activated in
PRAD and BRCA and negatively correlated to dendritic
cells activated in ACC, BLCA, BRCA, CESC, HNSC, LIHC,
LUSC, THCA, UCEC, and ESCA. The expression of BTLA
was passively related to the infiltration of macrophages MO
in BLCA, BRCA, CESC, COAD, ESCA, HNSC, LIHC,
LUAD, LUSC, OV, PAAD, READ, SKCM, STAD, THCA,
UCEC, and UCS. Macrophage M1 infiltration was positively
correlated in ACC, BLCA, BRCA, CESC, ESCA, HNSC, KIRC,
LIHC, LUAD, LUSC, MESO, PRAD, SARC, SKCM, UCEC,
and UCS, while macrophages M2 infiltration was positively
correlated in BRCA, KIRC, KIRP, LIHC, LUAD, MESO,
PAAD, PRAD, SARC, SKCM, TGCT, THCA, and UVM. The
expression of BTLA was positively correlated with the immune
infiltration of CD8 + T cells in ACC, BLCA, BRCA, CESC,
KIRC, KIRP, LIHC, LUSC, MESO, PAAD, SKCM, STAD,

TGCT, THCA, UCEC, and UVM. BTLA expression had a
positive relation with memory activation of CD4 + T cells in
BLCA, BRCA, CESC, HNSC, KIRC, LIHC, LUAD, LUSC,
MESO, PAAD, PRAD, SARC, see Suppl. Fig. S2 for details.

Correlation between B and T-lymphocyte attenuator and
immunoregulatory genes

The immune correlation analysis of BTLA and the tumor
using TISIBD showed that it was consistent with the
expression of Immunostimulator genes CD40LG, CD48,
ICOS, KLRK1, and LTA and MHC molecule genes HLA-
DOA, HLA-DPA1, HLA-DPB2, and HLA-DRA (Figs. 10B
and 10C). Moreover, BTLA expression positively correlated
with the expression of Immunoinhibitor genes, such as
CD96, PDCDI, TIGIT, and CTLA4. Furthermore, BTLA is
an Immunoinhibitor gene (Fig. 10A).

Analysis of B and T-lymphocyte attenuator and its co-
expression genes enrichment

BTLA and BTLA co-expression genes were collected from 33
cancers, and their pathways involved in the human body were
observed. Data were presented by GO functional annotation
and KEGG pathway analysis. In general, BTLA regulates the
immune response regulating cell surface receptor signaling
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FIGURE 8. Correlation between B and T-lymphocyte attenuator (BTLA) expression with tumor mutational burden (TMB) and microsatellite
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0.01 and **represents p < 0.001.

pathway, antigen binding, antigen receptor-mediated
signaling pathway, b cell activation, and b cell-mediated
immunity, and gene enrichment analysis in cancers which
are related to prognosis (Fig. 11). Immune-related processes,

such as leukocyte migration play a positive regulatory role
in the context of GO functional annotation. Our data
showed that BTLA inhibited cytokine receptor interaction,
chemokine signaling pathway, cell adhesion molecules cams,
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LAML, LGG, LIHC, LUAD, LUSC, MESO, PAAD, PCPG, PRAD, READ, SARC, SKCM, STAD, THCA, UCEC, and UVM.

hematopoietic cell lineage, JAK stat signaling pathway, and
natural killer cell-mediated cytotoxicity. The olfactory
transduction, T cell receptor signaling pathway, and other
immune-related pathways play a positive regulatory role. In
TGCT, BTLA regulates the calcium signaling pathway, drug
metabolism by cytochrome p450, and metabolism of
xenobiotics by cytochrome p450. Neuroactive ligand-

receptor interaction and steroid hormone biosynthesis
negatively regulate these pathways.

Discussion

BTLA is expressed on tumor-infiltrating lymphocytes, and as
an immunosuppressive receptor, BTLA inhibits the activity of



362

(A)

NS B R BN DN e
"HIRA & W IIEERLN
H | o8 [ |

L N

XIANGLAI JIANG et al.

REe AqEGE

SIS

NUSXS

FIGURE 10. Correlation between B and T-lymphocyte attenuator (BTLA) and immunoregulatory genes. Correlation between BTLA and
Immunoinhibitor (A), Immunostimulator (B), and major histocompatibility complex (MHC) molecule (C) in various cancers.

el A

i IH\I\’IIH“I\I i w1 1

li

T

—m—
=
==
=
=
==
i_:
__.‘A
==

w g
il T

| T 1

IR M5

IH i

i it oh e

p H”h LB Ul D HI \ i

fmmmm

e

mu i \lh

i,

RN e b
M.n.!.a.a Ay R AR R

; \I“’Iw:l::lml *l‘m‘ul‘hllrlnlwlllw \III\II\I"HHIIIIIHII\H i

I T ]

HIH\‘ I J‘HH bl
B I\l\lll\ll\“mlll

A R

e

\ 1l
i

| . At
w...mu.!.'h‘.m O

Mm: RIS,

FIGURE 11. Analysis of B and T-lymphocyte attenuator (BTLA) and BTLA co-expression genes enrichment. Gene ontology functional
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in CESC (H), HNSC (I), LGG (J), SKCM (K), and UVM (L).

T cells and mainly plays an immunosuppressive role in more
tumors (Derré et al., 2010; Fourcade et al., 2012; Zhao et al.,
2018). Our data showed that BTLA had high or low
abnormal expression in a variety of cancer types, and the
differential expression in roughly one-quarter of tumors was
statistically significant. In tumor types with a statistically
significant differential expression, about half showed low
expression, and the other half showed high expression.
These findings confirmed the complex underlying
mechanism of BTLA and its ligands having dual regulatory
effects in tumors. Analysis of data from the CCLE database
showed that BTLA was the most highly expressed in CLL
cells. The study demonstrated that BTLA showed higher
expression in B cells and T cells of CLL patients compared
with healthy individuals (Karabon et al., 2020). In another
study, the BTLA/HVEM axis was shown to possibly inhibit

natural-killer cell-mediated tumor immune activity in CLL,
and the expression of BTLA was significantly associated
with a relatively short treatment time (Sordo-Bahamonde
et al, 2021). The results of gRT-PCR showed that the
differential expression of BTLA in colorectal cancer was
consistent with the results of bioinformatics analysis at the
mRNA level.

Our analysis showed that the expression of BTLA was
statistically correlated with the OS of 13 types of cancer,
namely BLCA, BRCA, CESC, HNSC, KIRP, LIHC, LUAD,
OV, READ, SARC, UCEC, KIRC, and TGCT. The
expression of BTLA was not only associated with the RFS of
BLCA, CESC, LIHC, OV, UCEC, STAD, KIRP, and ESCA
but also with the DSS of CESC, HNSC, SKCM, and UVM. A
clinical trial involving 60 COAD patients and 15 healthy
volunteers showed that BTLA expression was an independent
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prognostic factor for COAD and was significantly associated
with a shorter OS in COAD patients. In the process of
constructing the ceRNA network, our data showed that has-
miR-137 was negatively correlated with the expression of BTLA
in the miRNA target of BTLA. Furthermore, analysis of hsa-
miR-137 in the KM prognosis of cancer patients showed that
hsa-miR-137 was a relatively favorable prognostic factor for
many types of cancer, although not absolute. In previous studies,
hsa-miR-137 has also been shown to be a tumor suppressor in
Triple-negative breast cancer (TNBC), osteosarcoma cancer, oral
cancer, STAD, COAD, cholangiocarcinoma cell and OV (Dang
et al., 2013; Sakaguchi et al., 2016; Chen et al., 2018; Zhang et al,
2018; Chen et al, 2020a; Chen et al, 2020b; Weng and Wang,
2022). The negative correlation between BTLA and hsa-miR-137
suggests that BTLA may promote tumor progression by
inhibiting the expression of hsa-miR-137.

Clinical analysis showed that BTLA expression was
significantly different in different stages of COAD, KICH,
KIRC, KIRP, LUAD, and STAD. It suggests that BTLA is
associated with the progression of these cancers. In recent
studies, it was shown that BTLA was significantly increased
at both the mRNA and protein levels in advanced gastric
cancer, indicating that BTLA may promote the progression
of gastric cancer by regulating tumor immunity (Azarafza
et al., 2022). The expression of BTLA in elderly patients
with ACC, BRCA, STAD, and TYHM is higher. The older
the age, the more gene accumulation (Franco et al., 2019;
Szilard, 1959); therefore, it was speculated that age may
increase the expression of BTLA by cumulative mutations,
which promotes the occurrence and development of cancer.
At present, the clinical research on BTLA is not sufficient,
but only from the existing test, the separate expression of
BTLA is associated with the prognosis of patients with non-
small cell lung cancer (NSCLC) and OV (Li et al.,, 2020;
Swiderska et al., 2022), which is consistent with the results
of BTLA pan-cancer prognosis analysis, reflecting the
potential of BTLA as a prognostic marker for cancer
patients to evaluate the survival status of patients. In these
cancers, the expression of BTLA is often a poor prognostic
factor, which is consistent with the biological characteristics
of BTLA inhibiting lymphocytes and providing some
evidence for the efficacy of immune-checkpoint inhibitors
targeting BTLA. Although not perfect, TMB and MSI are
still the main biomarkers for evaluation (Campesato et al.,
2015; Niu et al., 2014). The expression of BTLA significantly
correlated with the TMB of 13 cancers and the MSI of 10
cancers, thereby indicating the potential of BTLA as a
biomarker for evaluating the therapeutic effect of immune-
checkpoint inhibitors.

To further understand the underlying mechanism of
action of BTLA in tumors and to identify the key indicators
of TME to predict the effect of CIT, a variety of algorithms
were used for immune infiltration analysis (Galon et al,
2012). The data indicated that the expression of BTLA
showed an obvious trend with the infiltration of various
immune cells, and its expression was particularly obvious
for the activation of dendritic cells, M1 macrophages,
memory CD8 + T cells, and memory CD4 + T cells, and the
inhibition of MO macrophages, M2 macrophages, and
resting-memory CD4 + T cells. Immune cells play a major
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role in tumor immunity and CIT (Rusakiewicz et al., 2013),
and previous studies have shown that BTLA has complex
effects on immune cells. In general, BTLA does not directly
inhibit the growth of T cells and B cells but can mediate the
immune tolerance of immature dendritic cells (Simon and
Bromberg, 2016). When combined with its ligand HVEM,
BTLA can inhibit the function of T cells and B cells. These
findings provide novel ideas for the treatment of
autoimmune diseases (Flynn et al., 2013; Sordo-Bahamonde
et al, 2021). BTLA has a positive regulatory effect on
cytokine receptor interaction, the chemokine signaling
pathway, cell adhesion molecules cams, immune response
regulation cell surface receptor signaling pathway, antigen
binding, and other immune-related processes and pathways;
BTLA affects cancer immunity by activating these immune-
related pathways. Results showed the expression of BTLA in
various tumors and the prognosis of patients, especially the
activation and inhibition of BTLA on different immune cells
in the tumor microenvironment, and explored the possible
ways to specifically inhibit anti-tumor immunity.

In the analysis of the correlation between BTLA and
immune regulatory genes, we found that the expression of
BTLA was significantly positively correlated with the
expression of immunosuppressive genes such as PDCDI,
TIGIT, CTLA4, and CD96, which are members of the
immunoglobulin-related receptor family. Besides, BTLA is
similar to the immunosuppressive treatment targets CTLA4
and PD-1 in structure (Carter and Carreno, 2003;
Watanabe et al., 2003), and the structure determines the
function to a certain extent. The expression of PDCDI,
TIGIT, and CTLA4 was mainly through the regulation of T
cell immunity, thus hindering the progress of cancer
immunity (Garapati and Lefranc, 2007; Yu et al, 2009;
Yokosuka et al., 2010; Legoux et al.,, 2015). CIT targeting
PDCDI and CTLA4 has been successful in clinical practice
(Cameron et al., 2011; Lipson and Drake, 2011; Barbee
et al., 2015; Barretina ef al, 2012; Antonia et al., 2016).
There is growing evidence showing that it is reasonable and
necessary to consider BTLA, TIGIT, and CD96 as targets
for future immunotherapy. Furthermore, according to
preliminary findings, CIT for BTLA may achieve a
therapeutic effect by strengthening tumor immunity (Qin
et al, 2019). In this study, 33 different types of tumors were
thoroughly analyzed, but all data were obtained from the
TCGA database. The limitations of these studies is no
sufficient experiments to support the conclusion. In general,
high expression of BTLA in BLCA, BRCA, CESC, HNSC,
KIRP, LIHC, LUAD, OV, READ, SARC, and UCEC was
significantly associated with a shorter OS. Correspondingly,
the data showed that the expression of BTLA in BLCA,
BRCA, CESC, HNSC, KIRP, LIHC, LUAD, OV, READ,
SARC, and UCEC was also significantly positively correlated
with the ImmuneScore, which may suggest that BTLA is
involved in tumor progression by affecting tumor immunity.
In addition, in several studies, peptides based on the binding
fragment of gD protein were designed, which can prevent the
combination of BTLA and HVEM and provide a new
method for targeted therapy of BTLA (Kuncewicz et al,
2022). BTLA can be used as a novel target for CIT and can
successfully be converted into novel clinical drugs, thereby
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achieving the same success as CTLA-4 or PD-1/PD-L1 blockers
to benefit cancer patients.

Conclusion

In general, this is the first comprehensive pan-cancer analysis
of BTLA. After collecting data from several databases and
performing statistical analysis, the expression level of BTLA
(and its expression in colon cancer at the cellular level was
verified), mutation status, prognosis, and immune
infiltration of BTLA in various cancer tissues were explored.
This study will help to understand the role of BTLA in
cancer development in multiple dimensions. Combined with
the results obtained in previous studies, the data showed
that BTLA has the potential as a prognostic marker for CLL,
COAD, NSCLC, and OV and as a diagnostic marker for
CLL, COAD, and KIRC.
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