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Lymphocyte cytosolic protein
2 is a novel prognostic marker
in lung adenocarcinoma
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Abstract

Objective: Lymphocyte cytosolic protein 2 (LCP2) is often ectopically expressed in various

human tumors. However, the clinical significance and role of LCP2 in lung adenocarcinoma

(LUAD) remain unclear. This study explored the prognostic significance of LCP2 in LUAD

patients.

Methods: LCP2 expression in LUAD tissues was analyzed using data from The Cancer Genome

Atlas and Genotype-Tissue Expression databases. Western blotting was employed to detect

LCP2 expression in LUAD. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes

analyses were performed to explore signaling pathways mediated by LCP2 co-regulatory genes.

Immunohistochemistry was used to examine levels of LCP2 and programmed death ligand 1

(PD-L1) in 68 LUAD patients. Associations between LCP2 expression and clinicopathological

features, prognoses, and PD-L1 levels among the LUAD in-patients were analyzed.

Results: Among the 68 LUAD in-patients, LCP2 expression was correlated with clinical stage

and lymph node metastasis. LUAD patients with high LCP2 expression were associated with

increased overall survival. LCP2 expression may be associated with an enrichment of several

immune functions. Moreover, our immunohistochemistry results demonstrated that LCP2

expression was positively correlated with PD-L1 expression in LUAD tissues.

Conclusions: In the study, LCP2 was found to be a favorable prognostic biomarker in LUAD

patients.
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Introduction

Lung cancer is the most common malignant
tumor worldwide. According to the latest
global cancer statistics in 2021, lung
cancer continues to have the highest inci-
dence and mortality rates among all
cancer types, accounting for 23.8% of all
cancer-related deaths.1 Among the various
lung cancer subtypes, non-small cell lung
cancer accounts for approximately 80% of
all lung cancers. Compared with squamous
cell carcinoma, the incidence of lung
adenocarcinoma (LUAD) has constantly
increased, becoming a hot topic for clinical
and basic and research.2 Often, systematic
chemotherapy combined with radiotherapy
is the standard treatment for lung cancer.
However, most patients who experience
tumor recurrence or progression will have
poor prognoses.3 Meanwhile, immunother-
apy has emerged as a promising cancer
treatment,4 although it is still not ideal
due to the low response rate of single-
agent therapy, long drug half-life, poor con-
trollability, and many other problems.5

Therefore, it is crucial to identify novel
prognostic and immune-related biomarkers
to guide clinical treatments for LUAD.

Lymphocyte cytosolic protein 2 (LCP2/
Slp-76) is an actin-binding protein that par-
ticipates in a variety of cell signaling path-
ways. LCP2 is located on chromosome
5q33 and has a total length of 2032 bp.
LCP2 protein can activate T cells and pro-
mote the secretion of IL-2 and IFN-c.6,7

Under normal conditions, the lymphocyte
cytoplasmic protein family is primarily

expressed by hematopoietic cells.

Nevertheless, ectopic LCP2 expression has

recently been discovered in a variety of

malignant tumors.8,9 It has also been

reported that LCP2 is associated with prog-

nosis in gastric cancer and breast cancer

patients.10 However, no relevant studies

have been conducted on the role of LCP2

in LUAD progression.
To address this lack of clinical knowl-

edge, we first examined the role of LCP2

in LUAD through bioinformatics followed

by validating the relationship between

LCP2 and clinical characteristics in

LUAD tissues using immunohistochemis-

try. We also evaluated the potential prog-

nostic value of LCP2 in LUAD patients

and confirmed its association with pro-

grammed death ligand 1 (PD-L1) expres-

sion in LUAD patients. Finally, LCP2

was found to be a potential research

target for LUAD.

Materials and Methods

Patients

According to the 2015 World Health

Organization classification, we retrospec-

tively reviewed clinical records of LUAD

patients who had undergone surgical resec-

tion between 1 January 2014 and 31

December 2015 at The Affiliated Tumor

Hospital of Xinjiang Medical University,

with complete follow-up for two subgroups

of patients until December 2020. This study

strictly followed the principles and
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guidelines for reporting preclinical research.
All patients provided written informed con-
sent before participating in the study, and
the study protocol was approved by the
Ethics Committee of the Affiliated Tumor
Hospital of Xinjiang Medical University in
December 2018 (No. 20180178).

Bioinformatics

The Genotype-Tissue Expression (GTEx)
database and The Cancer Genome Atlas
(TCGA; https://www.cancer.gov/tcga)
were used to analyze the gene expression
profiles of LCP2.11 The mRNA was found
to be positively correlated with LCP2
expression based on the cBioPortal data-
base (R> 0.8, P< 0.05). Gene Ontology
(GO) and Kyoto Encyclopedia of Genes
and Genome (KEGG) functional enrich-
ment analyses were performed using cluster
profiler. The Linked Omics database (http:
//www.linkedomics.org), which contains
multi-omics data was used to perform
Pearson’s correlation analysis between
CD274 (PD-L1) and other genes in the
LUAD RNAseq data.

Immunohistochemistry

LCP2 and PD-L1 expression were deter-
mined in LUAD patients by immunohisto-
chemistry. Specimens were fixed with 10%
formalin solution, embedded in paraffin
wax, sliced into continuous 4-lm-thick sec-
tions, which were opened at 38�C with a
skin bleaching temperature controller. The
treated slides were then further sliced and
dewaxed. The antigens were repaired using
HP/HT, and immunohistochemical staining
was performed followed the instructions of
the Affinity Biosciences kit (Cincinnati,
OH, USA).

Cell culture

The human LUAD cell lines H1299, H1975,
and A549 were cultured in RPMI1640

medium containing 10% serum in a 37�C
incubator with 5% CO2.

Western blot

Cells were lysed in 1% Triton X-100 lysis

buffer. The total protein concentrations in

the lysates were determined using a BCA

protein assay kit. Proteins from each

sample were separated via 10% SDS-

PAGE and transferred to polyvinylidene

fluoride membranes. Membranes were

blocked with 5% non-fat milk powder in

Tris-buffered saline containing 0.1%

Tween-20 (TBST) at 37�C for 2 hours.

Immunoblot analysis was performed with

mouse anti-b-actin (#A01010, Abbkine,

Wuhan, China) and rabbit anti-LCP2

(#4958, Cell Signaling Technology,

Danvers, MA, USA) at 4�C for 12 hours.

Membranes were then washed with TBST

buffer three times, followed by incubation

with HRP-conjugated polyclonal secondary

antibodies for 1 hour at 37�C.
Immunoreactive bands were developed

using the enhanced plus chemiluminescence

assay (Pierce Biotechnology, Waltham,

MA, USA) following the manufacturer’s

instructions. Finally, images were analyzed

using a Chemidoc XRSþ System (Bio-Rad

Laboratories, Hercules, CA, USA). All

experiments were repeated twice.

Scoring immunohistochemical staining

We scored LCP2 immunohistochemical

staining based on staining intensity and

the percentage of positively-stained cells.

Staining intensity scores were as follows:

0, colorless; 1, yellow; 2, brown; and 3,

dark brown. The percentages of positive

cells were scored as follows: 0, 0% to 5%;

1, 5% to 25%; 2, 25% to 50%; 3, 50% to

75%; and 4 >75%. Final scores were the

product of the staining intensity and the

percentage of positive cells scores. Scores

�5 were defined as high expression and
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those <5 were defined as low expression.

PD-L1 expression was evaluated using the

Tumor Proportion Score (TPS), which was

calculated as the percentage of at least 100

viable tumor cells with complete or partial

membrane staining. Cytoplasmic staining in

tumor cells was not considered.12 TPS

>50% was defined as positive PD-L1

expression; TPS <50% was defined as low

PD-L1 expression. Two independent path-

ologists conducted the assessments.

Statistical analysis

All statistical analyses were performed

using SPSS 22.0 software (IBM Corp.,

Armonk, NY, USA). Differences in the dis-

tribution of categorical variables between

the LCP2-high and LCP2-low subgroups

were compared using the chi-square test.

Survival analysis was performed using the

log-rank test and Kaplan–Meier method.

The association between LCP2 and PD-L1

expression in LUAD was analyzed using

the Spearman correlation. In this study,

p< 0.05 was considered statistically

significant.

Results

LCP2 was downregulated in LUAD

To investigate the potential role of LCP2 in

LUAD, we analyzed its expression using

the Gene Expression Profiling Interactive

Analysis database and found that LCP2

mRNA levels were significantly lower in

LUAD (n¼ 483) compared with in the

normal control group (n¼ 347; p< 0.05)

(Figure 1a). LCP2 protein expression in tis-

sues from LUAD patients and the control

group were assessed using immunohisto-

chemical staining data from The Human

Protein Atlas.13 These images demonstrated

that LCP2 protein expression was downre-

gulated in LUAD tissues compared

with in normal lung tissues (Figure 1b).

Additionally, LCP2 protein levels were ana-

lyzed in the human LUAD cells lines A549,

H1299, and H1975 by western blot, which

Figure 1. LCP2 was downregulated in lung adenocarcinoma (LUAD) tissues and cell lines. (a) Relative LCP2
mRNA expressions in tissues from LUAD patient versus in normal controls from The Cancer Genome Atlas
and Gene-Tissue Expression databases. (b) Immunohistochemical staining of LCP2 in normal lung and LUAD
tissues from the Human Protein Atlas database. (c) Western blot analysis of LCP2 expression in LUAD
cell lines.
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revealed low expression of LCP2 protein in

human LUAD cell lines (Figure 1c).

Relationships between LCP2 protein

expression and clinical features in

LUAD patients

This study included 68 LUAD patients with

ages ranging from 32 to 81 years old. None

of the included subjects had received prior

lung resection or preoperative chemothera-

py/radiotherapy. Immunohistochemical

staining of LCP2 was performed on patho-

logical paraffin sections from the 68 LUAD

patients (Figure 2), among which the rate of

positive LCP2 expression was 32%. Clinical

characteristics of the 68 LUAD patients are

listed in Table 1, and the relationships

between LCP2 and clinical features are

shown in Table 2. The results showed that

LCP2 expression in LUAD was associated

with clinical stage and lymph node metas-

tasis (p< 0.05). In contrast, it was not cor-

related with age, sex, smoking history,

tumor location, tumor type, T stage, or

M stage.

Prognostic value of LCP2 in LUAD

Kaplan–Meier survival analysis and the

log-rank test were used to evaluate the

potential association of LCP2 with overall

survival (OS) in LUAD patients with high
and low LCP2 mRNA expression using
TCGA data (Figure 3a). Additionally, 41
of the LUAD patients enrolled in this
study were divided into two groups: the
high and low LCP2 protein expression
groups. These patients were followed-up
for at least 5 years. The results showed
that LUAD patients with high LCP2
expression had longer a OS than those
with low LCP2 expression (p< 0.05)
(Figure 3b).

Bioinformatics analysis of LCP2

To further investigate the possible mecha-
nism of action of LCP2 in LUAD, 73
mRNAs that were positively correlated
with LCP2 expression were screened using
the cBioPortal database (r> 0.8, p< 0.05).
As seen in Table 3, GO analysis indicated
that there was an association between LCP2
and enrichment of immune functions
(Figure 4a). KEGG analysis indicated that
LCP2 was associated with CAMS, JAK/
SATA, and other pathways (Figure 4b).

A positive correlation between LCP2 and
PD-L1 expression in LUAD

We conducted a heat map analysis of
PD-L1 mRNA expression and other mRNAs
in 515 LUAD patients from TCGA.

Figure 2. Representative images of immunohistochemical staining for LCP2 and PD-L1 in tissues from
patients with lung adenocarcinoma. (a) High LCP2 expression, (b) low LCP2 expression, (c) LCP2 negative
control, (d) high PD-L1 expression, (e) low PD-L1 expression, and (f) PD-L1 negative control. Original
magnification, 20�.
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The results showed that in LUAD, LCP2

mRNA content was positively correlated

with PD-L1 mRNA content. Among

all the mRNAs positively correlated with

PD-L1, LCP2 ranked fourth (Figure 5a,

Figure 5b). The results also indicated that

there was a significant positive correlation

between LCP2 and PD-L1 mRNA levels

(r¼ 0.66, p< 0.05) (Figure 5c). The immu-

nohistochemistry results for LCP2 and PD-

L1 in paraffin sections from the 68 LUAD

patients showed that LCP2 and PD-L1

were primarily expressed in the cytoplasm

and cell membrane of LUAD cells.

Specifically, the rates of positive LCP2
and PD-L1 expression in LUAD tissues
were 32.35% and 36.76%, respectively. In
the LCP2-high group, there were 17 cases
with high PD-L1 expression, and in the
LCP2-low group, there were 38 cases with
low PD-L1 expression, indicating a positive
correlation between levels of the two pro-
teins (r¼ 0.58, p< 0.05) (Figure 2).

Discussion

LCP2 is an important molecule in T cell
signal transduction.14 Previous studies
have shown that LCP2 is expressed by a
variety of hematopoietic cells.15–17

Additionally, current data have revealed
that LCP2 is differentially expressed in var-
ious cancers. In our study, LCP2 expression
in LUAD was first evaluated in TCGA and
GTEx databases, and the results showed
that LCP2 mRNA and protein levels were
significantly lower in LUAD than in the
control group. Furthermore, low LCP2
expression was found in three human
LUAD cell lines, which was consistent
with the TCGA and GTEx results.
Previous studies have reported that LCP2
is highly expressed in leukemia and colon
cancer and that high LCP2 protein expres-
sion is correlated with aggressive behaviors
in chronic lymphocytic leukemia cells9 and
is involved in colon cancer metastasis.18

Our results suggest that LCP2 expression
in LUAD is different from that in other
tumors.

In this study, LCP2 expression in tissue
samples from 68 LUAD patients was deter-
mined by immunohistochemistry, and then
relationships between LCP2 expression and
clinical characteristics were analyzed. We
discovered that LCP2 expression was corre-
lated with clinical stage and lymph node
metastasis (p< 0.05). The results further
suggested that LCP2 expression was closely
associated with early clinical stage. In the
analysis of patient prognosis, we first used

Table 1. Clinical characteristics of lung adenocar-
cinoma patients.

Characteristic All patients (n¼ 68)

Age, n (%)

<60 years 32 (47.1%)

�60 years 36 (52.9%)

Sex, n (%)

male 32 (47.1%)

female 36 (52.9%)

Smoking history, n (%)

smoker 26 (38.2%)

non-smoker 42 (61.8%)

Tumor location, n (%)

left 33 (48.5%)

right 35 (51.5%)

Stage, n (%)

Iþ II 38 (55.9%)

IIIþ IV 30 (44.1%)

T stage, n (%)

T1þT2 60 (88.2%)

T3þT4 8 (11.8%)

N stage, n (%)

N0 42 (61.8%)

NI/N2/N3 26 (38.2%)

M stage, n (%)

M0 58 (85.3%)

M1 10 (14.7%)

Tumor type, n (%)

adherent adenocarcinoma 8 (11.8%)

acinar adenocarcinoma 29 (42.6%)

papillary adenocarcinoma 12 (17.7%)

solid adenocarcinoma 19 (27.9%)
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LCP2 mRNA levels in LUAD patients

from TCGA to generate a using Kaplan–

Meier survival curve. Subsequently, we ret-

rospectively collected clinical samples and

followed-up the enrolled patients for at

least 5 years. These analyses found that

LUAD patients with high LCP2 expression

had an increased OS during the 5-year

follow-up period. The Kaplan–Meier sur-

vival curve of TCGA cases also showed

that LUAD patients with high LCP2

expression were associated with increased

OS. Wang et al. showed that LCP2

overexpression also occurs in metastatic

cutaneous melanoma and is associated

with better OS.19 Our study confirmed the

assumption that the prognostic effect of

LCP2 in LUAD was different from that in

other tumors, which may be due to the dif-

ferent effects of LCP2 expression in differ-

ent tumors. Previous studies have shown

that LCP2 activates the IL-2 promoter by

promoting T cell activation; IL-2 secretion

causes the release of cytokines that lead

to target cell apoptosis.20 Quantitative

reductions of LCP2 trigger immune

Table 2. Clinical characteristics of lung adenocarcinoma patients with high and low LCP2 expression.

Variables Total

LCP2 expression

P valueHigh Low

Age

<60 years 32 12 20 0.392

�60 years 36 10 26

Sex

male 32 10 22 0.855

female 36 12 24

Smoking history

smoker 26 7 19 0.451

non-smoker 42 15 27

Tumor location

left 33 11 22 0.867

right 35 11 24

Stage

Iþ II 38 20 18 0.001*

IIIþ IV 30 2 28

T stage

T1þT2 60 19 41 0.513

T3þT4 8 3 5

N stage

N0 42 18 24 0.019*

NI-N3 26 4 22

M stage

M0 58 20 38 0.366

M1 10 2 8

Type

adherent adenocarcinoma 8 3 5 0.924

acinar adenocarcinoma 29 10 19

papillary adenocarcinoma 12 4 8

solid adenocarcinoma 19 5 14
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dysregulation.21 We found that LCP2 was
associated with patient prognosis, acting as
a protective protein. The results of GO and
KEGG analyses showed that LCP2 was
associated with enrichment of immune
functions and was related to CAMS,
JAK/SATA, and other pathways. The
study by Yan et al. shed light on the devel-
opment of LCP2-targeted therapeutics for
sepsis and revealed the important function
of LCP2 in RAGE-mediated proinflamma-
tory signaling.22 The immune system plays

a critical role after tumor occurrence, and
tumor development is a multi-gene and
multi-stage process that includes important
contributions of oncogenes and tumor sup-

pressor genes. Thus, the role of LCP2 in
LUAD cells and the tumor microenviron-
ment still needs to be further explored
in vitro and in vivo.

PD-L1 is an important member of the
coordinated stimulus molecule B7 family
that negatively regulates T cell activity. 23

PD-L1 expression leads to a failure of the

Figure 3. Prognostic value of LCP2 in lung adenocarcinoma (LUAD) patients. (a) Kaplan–Meier curves
showing the overall survival of LUAD patients with high and low LCP2 mRNA expression. (b) Kaplan–Meier
curves showing the overall survival of LUAD patients with high and low LCP2 protein expression. *P< 0.05.

Table 3. mRNAs positively correlated with LCP2 expression in lung adenocarcinoma.

CD86 ARHGAP9 CD84 SPI1 WIPF1

GPR65 CD80 PLEK SLA GIMAP4

GIMAP5 IKZF1 RCSD1 ITGAL TAGAP

C3AR1 CCR5 HAVCR2 CMKLR1 CD53

FCER1G CYBB MPEG1 CLEC4A MS4A6A

HCK BIN2 TFEC BTK TLR8

CD226 PLEKHO2 LCP1 DOCK2 ARHGEF6

SASH3 CSF1R SELPLG IGSF6

8 Journal of International Medical Research



body’s anti-tumor response and is a mech-

anism of tumor immune escape; thus,

PD-L1 promotes tumor occurrence and

development.24,25 Although PD-1/PD-L1

inhibitors are licensed for clinical use in

LUAD patients, the existing clinical trial

data indicate that only 20% to 30% of

patients were treated effectively. There is

an urgent need to identify new therapeutic

targets or combinations of immune agents

to improve the current outcomes of LUAD

patients. On the basis of LCP2’s role in the

immune system, we found that LCP2 was a

PD-L1-related protein through TCGA

database, which we then verified in

LUAD patients. Our results showed that

LCP2 was positively correlated with PD-L1

at both the mRNA and protein levels.
Despite the existing data suggesting that

high PD-L1 expression is associated with

poor prognosis,26 in this study, we discover

that LCP2 was a protective factor in

LUAD. The correlation between the two

is worth considering for the following

reasons. First, in tumor cells, PD-L1

expression is regulated by a variety of

endogenous and exogenous signals, includ-

ing chromosomal variation, epigenetic

modification, abnormal pro- or anti-

cancer signals, inflammatory factors, and

other factors. These signals can regulate

both the expression and function of

Figure 4. Analysis of the biological functions of LCP2. (a) Gene Ontology analysis of LCP2 co-regulated
genes. The Y-axis shows Gene Ontology terms associates with biological processes. The length of the bars is
proportional to the number of genes. (b) Kyoto Encyclopedia of Genes and Genomes enrichment analysis.
The size of the nodes is proportional to the number of genes.
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PD-L1 through multiple pathways, includ-

ing genomic, transcriptional, post-

transcriptional modifications, translation,

and post-translational modifications.27

Recent studies have suggested that PD-L1

expression levels on tumor cell and some

associated immune cell membranes may

influence the clinical efficacy of anti-PD-1/

PD-L1 therapy.28 Second, the tumor micro-

environment includes inflammatory cyto-

kines secreted by tumor cells, which alter

PD-L1 expression in tumor cells.29,30

Additionally, all of the PD-L1 protein

that is expressed may not be biologically

active.31 Therefore, PD-L1 expression

levels cannot be used to completely evaluate

OS in LUAD. LCP2 activate cytokine

expression and to participate in a variety of

immune pathways. However, whether LCP2

is involved in the regulation of PD-L1 in

LUAD through inflammatory or other sig-

naling pathways needs to be further studied.
There were some limitations to this

study. First, although TCGA database

was used in our study, the number of

tissue samples obtained was insufficient.

This may cause some biases. Second, the

biological role of LCP2 in LUAD and the

potential association between LCP2 and

PD-L1 needs to be further studied in vitro

and in vivo.
Collectively, our study demonstrated

that LCP2 can be a prognostic marker in

LUAD patients, and the correlation

between LCP2 and PD-L1 provides a new

direction for future research.

Acknowledgements

We thank all the participants who took part in

this study.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Data Availability

Data are available on request.

Figure 5. (a) Heat map showing genes positively correlated with CD274 (PD-L1) in lung adenocarcinoma
(LUAD). (b) Volcano plot showing the correlation between CD274 (PD-L1) with other genes in LUAD.
(c) Scatter plot for correlation analysis of LCP2 and PD-L1 expression in LUAD.

10 Journal of International Medical Research



Funding

The authors disclosed receipt of the following

financial support for the research, authorship,

and publication of this article: This work is

sponsored by the National Key R&D Program

of China (2017YFC0909903).

ORCID iDs

Yishan Huo https://orcid.org/0000-0002-

6580-2296
Songtao Han https://orcid.org/0000-0003-

2575-7571

References

1. Siegel RL, Miller KD, Fuchs HE, et al.

Cancer Statistics, 2021. CA Cancer J Clin

2021; 71: 7–33.
2. Kadara H, Scheet P, Wistuba II, et al. Early

events in the molecular pathogenesis of lung

cancer. Cancer Prev Res (Phila) 2016; 9:

518–527.
3. Bremnes RM, Busund LT, Kilvær TL, et al.

The Role of Tumor-Infiltrating Lymphocytes

in Development, Progression, and Prognosis

of Non-Small Cell Lung Cancer. J Thorac

Oncol 2016; 11: 789–800.
4. Bianchini G, Balko JM, Mayer IA, et al.

Triple-negative breast cancer: challenges

and opportunities of a heterogeneous dis-

ease. Nat Rev Clin Oncol 2016; 13:

674–690. DOI: 10.1038/nrclinonc.2016.66
5. Herbst RS, Baas P, Kim DW, et al.

Pembrolizumab versus docetaxel for previ-

ously treated, PD-L1-positive, advanced

non-small-cell lung cancer (KEYNOTE-

010): a randomised controlled trial. Lancet

2015; 387: 1540–1550.
6. Sommers CL, Menon RK, Grinberg A, et al.

Knock-inmutation of the distal four tyro-

sines of linker for activation of T cells

blocks murine T cell development. J Exp

Med 2001; 194: 135–142.
7. Maltzman JS, Kovoor L, Clements JL, et al.

Conditional deletion reveals a cell-

autonomous requirement of SLP-76 for thy-

mocyte selection. J Exp Med 2005; 202:

893–900.
8. Moncayo G, Grzmil M, Smirnova T, et al.

SYK Inhibition Blocks Proliferation and

Migration of Glioma Cells, and Modifies

the Tumor Microenvironment. Neuro

Oncol 2018; 20: 621–631.
9. Dezorella N, Katz BZ, Shapiro M, et al.

SLP76 integrates into the B-cell receptor sig-

naling cascade in chronic lymphocytic leuke-

mia cells and is associated with an aggressive

disease course. Haematologica 2016; 101:

1553–1562. DOI: 10.3324/haematol.2015.

139154
10. Zhang J, Wang L, Xu X, et al.

Transcriptome-Based Network Analysis

Unveils Eight Immune-Related Genes as

Molecular Signatures in the

Immunomodulatory Subtype of Triple-

Negative Breast Cancer. Front Oncol 2020;

10: 1787.
11. Tang Z, Li C, Kang B, et al. GEPIA: a web

server for cancer and normal gene expres-

sion profiling and interactive analyses.

Nucleic Acids Res 2017; 45: W98–W102.
12. Zhou F, Wang X, Liu F, et al. FAM83A

drives PD-L1 expression via ERK signaling

and FAM83A/PD-L1 co-expression corre-

lates with poor prognosis in lung adenocar-

cinoma. Int J Clin Oncol 2020; 25:

1612–1623.
13. Uhl�en M, Fagerberg L, Hallstr€om BM, et al.

Proteomics. Tissue-based map of the human

proteome, Science 2015; 347: 1260419. DOI:

10.1126/science.1260419.
14. Koretzky GA, Abtahian F and Silverman

MA. SLP76 and SLP65: complex regulation

of signalling in lymphocytes and beyond.

Nat Rev Immunol 2006; 6: 67–78.
15. Bezman NA, Lian L, Abrams CS, et al.

Requirements of SLP76 tyrosines in ITAM

and integrin receptor signaling and in plate-

let function in vivo. J Exp Med 2008; 205:

1775–1788.
16. Bounab Y, Hesse AM, Iannascoli B, et al.

Proteomic analysis of the SH2 domain-

containing leukocyte protein of 76 kDa

(SLP76) interactome in resting and activated

primary mast cells. Mol Cell Proteomics

2014; 13: 678.
17. Block H, Herter JM, Rossaint J, et al.

Crucial role of SLP-76 and ADAP for neu-

trophil recruitment in mouse kidney

ischemia-reperfusion injury. J Exp Med

2012; 209: 407–421.

Huo et al. 11

https://orcid.org/0000-0002-6580-2296
https://orcid.org/0000-0002-6580-2296
https://orcid.org/0000-0002-6580-2296
https://orcid.org/0000-0003-2575-7571
https://orcid.org/0000-0003-2575-7571
https://orcid.org/0000-0003-2575-7571


18. Chu S, Wang H and Yu M. A putative
molecular network associated with colon
cancer metastasis constructed from microar-
ray data. World J Surg Oncol 2017; 15: 115.

19. Wang Z and Peng M. A novel prognostic
biomarker LCP2 correlates with metastatic
melanoma-infiltrating CD8 T cells. Sci Rep
2021; 11: 9164.

20. Siggs OM, Miosge LA, Daley SR, et al.
Quantitative reduction of the TCR adapter
protein SLP-76 unbalances immunity and
immune regulation. J Immunol 2015; 194:
2587–2595.

21. Navas VH, Cuche C, Alcover A, et al. Serine
Phosphorylation of SLP76 Is Dispensable
for T Cell Development but Modulates
Helper T Cell Function. PLoS One 2017;
12: e0170396.

22. Yan Z, Luo H, Xie B, et al. Targeting adap-
tor protein SLP76 of RAGE as a therapeutic
approach for lethal sepsis. Nat Commun

2021; 12: 308.
23. Zak KM, Grudnik P, Guzik K, et al.

Structural basis for small molecule targeting
of the programmed death ligand 1 (PD-L1).
Oncotarget 2016; 7: 30323–30335.

24. Chen S, Crabill GA, Pritchard TS, et al.
Mechanisms regulating PD-L1 expression

on tumor and immune cells. J Immunother

Cancer 2019; 7: 305.

25. Cha JH, Chan LC, Li CW, et al.
Mechanisms controlling PD-L1 expression
in cancer. Mol Cell 2019; 76: 359–370.

26. Xiang X, Yu PC, Long D, et al. Prognostic
value of PD –L1 expression in patients with
primary solid tumors. Oncotarget 2018; 9:
5058–5072.

27. Zhang J, Dang F, Ren J, et al. Biochemical
Aspects of PD-L1 Regulation in Cancer
Immunotherapy. Trends Biochem Sci 2019;
44: 557.

28. Sharma P and Allison JP. The future of
immune checkpoint therapy. Science 2015;
348: 56–61.

29. Maj T, Wang W, Crespo J, et al. Oxidative
stress controls regulatory T cell apoptosis
and suppressor activity and PD-
L1-blockade resistance in tumor. Nat

Immunol 2017; 18: 1332–1341.
30. Zou W, Wolchok JD and Chen L. PD-L1

(B7-H1) and PD-1 pathway blockade for
cancer therapy: Mechanisms, response bio-
markers, and combinations. Sci Transl Med

2016; 8: 328rv4.
31. Kataoka K, Shiraishi Y, Takeda Y, et al.

Aberrant PD-L1 expression through
30-UTR disruption in multiple cancers.
Nature 2016; 534: 402–406.

12 Journal of International Medical Research




