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Abstract

Cutaneous malignant melanoma is the most lethal skin cancer. The advent of
immunotherapy has revolutionized the status of clinical therapies of melanoma, which
brought new hope to these patients. However, only a small proportion of patients
are responders. Therefore, the identification of novel prognostic and immune-related
biomarkersis crucial to guide the development of melanoma clinical treatments. Herein,
RNA-seqdata of the cutaneous melanoma from public database were used foridentifying
prognostic gene signatures, and we found that high expression of lymphocyte cytosolic
protein 2 (LCP2) in melanoma patient was significantly associated with better prognosis
for melanoma. Kyoto Encyclopedia of Genes and Genomes and gene ontology analyses
demonstrated that the differentially expressed genes are significantly involved in
lysosome, B-cell receptor signaling pathways, Fc epsilon Rl signaling pathway, and T-cell
receptor signaling pathway, indicating that these signaling pathways play important
roles in melanoma. LCP2 expression was positively correlated with CD8* T-cell and
the overall survival of melanoma patients, and this positive correlation was directly
confirmed by fluorescence-activated cell sorting experiment. The in vivo experiment
showed that LCP2 knockdown significantly promoted the melanoma progression
and decreased interferon regulatory factor 5 (IRF5) expression. In conclusion, we
identified that LCP2 is a possible prognostic gene signature for progression-free survival
of melanoma patients and regulates melanoma progression by activating tumor-
infiltrating CD8* T-cells through the IRF5 signaling pathway, indicating that LCP2 could
serve as a prognostic biomarker and therapeutic target in immunotherapy.
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1. Introduction

Melanomaisknown to be the mostlethal type of skin cancer,
with an estimated over 160,000 new cases diagnosed each
year!™2. Although melanoma constitutes <5% of all skin
cancers, 80% of skin cancer-related deaths are caused by
melanoma. Despite great advances in biological research
and therapeutic approaches in the past years, the morbidity
and mortality rates have still increased in the past half
century?. Due to high immunogenicity of melanoma,
the recent breakthroughs achieved in immunotherapies
have revolutionized the way we treat melanoma, and this
has led to a dramatic improvement in the prognosis of the
patients®®*. However, only a small proportion of patients
respond to these immunotherapies, which means that
the mechanism of interaction between immune system
and melanoma invasion has not yet been fully elucidated.
Therefore, it is necessary to identify transcriptome
signatures within tumor immune microenvironment that
affects tumor progression and patient survival.

Several studies have successfully identified transcriptome
signatures that could predict the survival of melanoma
patients®®®l. These signatures could help discern melanoma
patients with high risk in advance and evaluate response to
certain therapeutic interventions. Few studies have explored
the relationship between the immune gene expression and
the prognosis for melanoma. Zhao et al. identified a 25-gene
signature from immune cells-related genes though selecting
the genes with the highest correlation with the ImmuneScore
that reflects leukocyte infiltration, and calculated leukocyte
infiltration score to predict the survival of melanoma
patients”l. However, not all 25 genes identified in this study
may be associated with the development and progression of
melanoma.

Lymphocyte cytosolic protein 2 (LCP2), one of the
SLP-76 family of adapters, is primarily expressed in
hematopoietic cells®®. In addition, LCP2 is also reported
to be expressed in platelets, macrophages, neutrophils,
mast cells, developing B-cells, and natural killer cells®*.
However, the current data showed that LCP2 is differentially
expressed in many different types of tumorsand s correlated
with prognosis in gastric cancer, breast cancer!’, lung
adenocarcinoma,’!! and metastatic melanomal'? patients.
Furthermore, it has been reported that LCP2 is involved
in T-cell-receptor signaling!*! and is essential for normal
T-cell development and activation™!. LCP2 can activate
the promoter of interleukin (IL)-2 through promoting

the activation of T-cell, and IL-2 secretion subsequently
results in the release of cytokines that lead to apoptosis
of target cells!'!°l. Moreover, Siggs et al. found that the
mice with LCP2 mutation secreted excessive amounts
of proinflammatory cytokines, IgE, and autoantibodies,
suggesting that slight decrease in LCP2 expression is
enough to trigger immune dysregulation”.. In a nutshell,
LCP2 plays a significant important role in the immune
system. However, the specific role of LCP2 in the tumor
microenvironment is still obscure.

As melanoma exhibits high immunogenicity, we
hypothesized that identifying immune-related genes that are
associated with the occurrence and prognosis of melanoma
could help delineate the melanoma-specific mechanisms
of immunoregulation, which may shed new light on
immunotherapy research. In the present study, the RNA-
seq data of cutaneous melanoma from the public database
were used for identifying prognostic gene signatures, and
we found that LCP2 was highly expressed in the patients
with melanoma. The expression of LCP2 was positively
correlated with CD8* T-cell and the overall survival (OS)
of melanoma patients, and this positive correlation was
directly confirmed by flow cytometry analysis. Moreover,
we further explored the potential mechanism of LCP2 in
tumor microenvironment of melanoma in vivo. Knockdown
of LCP2 significantly promoted the progression of
melanoma and decreased the IRF5 expression. Based on
our results, we identified that LCP2 is a possible prognostic
gene signature for progressive-free survival of patients
with melanoma, which repressed the growth of melanoma
through positively regulating the IRF5 signaling pathway
followed by activation of CD8* T-cells and promotion of
antitumor response.

2. Materials and methods

Major immune pathways (N = 29) were retrieved from the
Reactome pathway database (https://reactome.org/)!"®l, which
contains three main immune pathways including innate
immune system, adaptive immune system, and cytokine
signaling in immune system, and 2070 genes in total.

2.1. Data sets used

We used two expression profile data sets to identify
differentially expressed genes (DEGs) between melanomas
and controls. These data sets are GSE3189 (including 45
melanoma samples, 18 benign skin nevus samples, and
seven normal skin samples) and GSE31879 (including ten
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melanoma samples and four normal melanocyte samples).
GSE15605 (including 58 melanoma samples and 16
normal skin samples) was used to validate the identified
DEGs. The RNA-seq data of cutaneous melanoma from the
Cancer Genome Atlas (TCGA) were downloaded from the
UCSC Cancer Brower (https://xenabrowser.net/), which
contained 471 melanoma samples. The TCGA RNA-seq
data were utilized to further identify prognostic genes that
could predict the survival of melanoma, and to construct
prognostic models. In addition, GSE65904, which contains
214 melanoma samples, was used to validate the identified
prognostic gene signatures. Variables with missing values
>20% of all samples were excluded from this study, and
the remaining missing values were imputed by nearest
neighbor averaging method using the R package impute!"®.
The characteristics of the five data sets used in our study
are provided in Table S1.

2.2. Identification and validation of DEGs

GSE3189 and GSE31879 data sets were used to select
DEGs. DEGs between melanoma and benign skin nevus,
melanoma and normal skin tissue, melanoma, and normal
melanocyte were screened by Wilcoxon rank-sum test,
separately. The false discovery rate (FDR) method was
used to correct type I error occurring when conducting
multiple comparison™!. Variables with g value generated
by FDR <0.01 were selected, and the DEGs that were shared
between melanoma and three controls (nevus, normal skin,
and melanocyte) were screened as the robust DEGs. The
robust DEGs were then validated in GSE15605, and DEGs
that were also statistically significant (g value < 0.01) in
GSE15605 were used in following analyses. The identified
DEGs were further validated in the Gene Expression
Profiling Interactive Analysis (GEPIA) online database
(http://gepia.cancer-pku.cn/)?!, which contains a large
number of normal samples that were derived from the
Genotype-Tissue Expression (GTEx) projects in addition
to TCGA melanoma samples.

2.3. Pathway and functional enrichment analyses of
DEGs

To gain more insights into the functions and biological
processes of the DEGs, we utilized the R package
clusterProfiler for Kyoto Encyclopedia of Genes and
Genomes (KEGG) and gene ontology (GO) enrichment
analyses®. Significant pathways and GO items were
selected with FDR ¢q < 0.05.

2.4. Identification and validation of prognostic gene
signatures

DEGs that could be used to predict the OS of patients
with melanoma were selected using the univariate Cox

proportional hazards models in TCGA data set. Genes with
P < 0.05 were then fitted in the multivariate LASSO Cox
regression model with the R package glmnet®. The optimal
A value was determined by ten-fold cross validation that
gives a minimum cross-validated error. Coeflicients of
genes without significant effect on OS were shrunk to zero.
The correlations among significant genes were assessed
using Spearman’s correlation method. Then, the prognostic
immune score (PIS) for each patient was constructed, which
is the linear combination of the expression of genes and the
corresponding coefficients estimated in LASSO model. The
patients in TCGA data set were divided into high-risk group
and low-risk group based on the median of PIS. The time of
OS and disease-free survival (DFS) between the two groups
were compared using Kaplan-Meier analyses and log-rank
tests, separately. The identified prognostic gene signature
was validated in an independent cohort GSE65904. PIS was
calculated according to the expression of each identified
gene and its associated coefficient obtained from the TCGA
data set. Subsequently, the high-risk group and low-risk
group were formed according to the median of PIS, and
the time of OS and distant metastasis-free survival (DMES)
between the two groups were compared by Kaplan-Meier
analyses and log-rank tests, separately. Since TCGA data
set has relatively more complete clinical information than
other data sets, we investigated whether prognostic value
of PIS was independent of clinical baseline information
using multivariate Cox proportional hazards models in
TCGA data set. P < 0.05 was set as a cutoff for significant
difference. All data were statistically analyzed with
R software (version 3.4.4).

2.5. Exploring the associations between identified
prognostic genes and tumor-associated leukocyte
(TAL) subsets

Leukocyte compositions were inferred from the bulk
tumor transcriptomes using CIBERSORT, which could
estimate relative proportions of TAL from expression
profiles of bulk tumors and outperform other TAL
decomposition methods™. After applying CIBERSORT
to TCGA data set, 22 distinct TAL subsets were obtained,
and the correlation between each identified prognostic
gene and the specific TAL was calculated using Spearman’s
rank correlation. Genes that had the largest absolute
correlation coefficients with certain TAL subset among all
TAL subsets were considered to have strong association
with that TAL subset. In addition, melanoma subset was
defined as the average expression of known melanoma
markers (MLANA, S100A1, PAN2, SOX10, TYR, S100B,
and MITF), and the association between each identified
prognostic gene and melanoma subset was explored using
Spearman’s rank correlation.
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2.6. Cell culture, stimulation, and cell transfection

A375 and B16F10 cells were purchased from ATCC. They
were cultured in DMEM (01-052-1A, Biological Industries,
Israel) cell culture medium with 10% fetal bovine serum
(04-001-1ACS, Biological Industries, Israel). In cell culture
experiments, transfection of LCP2 shRNA (GenePharma
Biotechnology Company, Shanghai, China) was conducted
based on the operation manual. Non-targeting shRNA
was used as a control. siRNAs were transfected into A375
and B16F10 cells with Lipofectaminected i (L3000015,
Invitrogen) according to corresponding instructions. For
obtaining stable LCP2 knockdown cells, pMD2.G, psPAX2,
and shRNA were cotransfected into HEK-293T cells with
TurboFect (R0532, Thermo Fisher Scientific) based on the
corresponding operation manual. RT-PCR was used for
efficiency verification of transfection.

2.7. Animal studies

FemaleBALB/cnudemice (4-6weeksold)andfemale C57BL/6
mice (6-8 weeks old) were used for A375 experiments and
B16F10 experiments, respectively. lect® A375 or B16F10 cells
(0.1 mL) were subcutaneously implanted to female nude or
C57BL/6 mice. To determine tumor growth, a caliper was
used to record the tumor sizes every 5 days. All animal studies
were evaluated and approved by the Institutional Animal
Care and Use Committee of Xiangya Hospital, Central South
University (No. 2022020685).

2.8.RT-qPCR

Tripure (Bio Teke, RP1002) and a reverse transcription kit
(HiScript Q RT, Vazyme, R223-01) were used to extract
the total RNA and reverse-transcribe RNA into ¢cDNA,
respectively. The PCR system was prepared according to
the SYBR qPCR Mix kit (Bimake, B21703). The relatively
expression levels of LCP2 and IRF5 were detected by
normalization to GAPDH using AACt method. The primer
sequences used for the RT-qPCR are listed in Table 1.

2.9.Flow cytometry

2% paraformaldehyde solution in phosphate-buffered
saline (PBS) was used for cell fixation, then stained with
fluorescent-labeled antibodies for cell-surface markers
for 1 h at 4°C in the dark, and subsequently washed and
resuspended for flow cytometry analysis. The antibodies
used in this part are as follows: anti-mouse CD4 FITC
(100406), anti-mouse CD45 APC (103112), anti-mouse
CD4 PE (100407), anti-mouse/human Granzyme B
PE (372208), AF647 anti-human/mouse Granzyme B
antibody (515405), and anti-mouse CD8 APC (100766).
The FACSCalibur (BD Biosciences) and Flow]Jo software
(Version 10.4) were used for flow cytometry analysis and
data analysis, respectively.

Table 1. Primer sequences used for the RT-qPCR

Gene Primer sequence (5’ to 3’)
LCP2
Forward AGAATGTCCCGTTTCGCTCAG
Reverse TGCTCCTTCTCTCTTCGTTCTT
IRF5
Forward AGAGACAGGGAAGTACACTGAAG
Reverse TGGAAGTCACGGCTTTTGTTAAG
GAPDH
Forward CTCTGCTCCTCCTGTTCGAC
Reverse GCCCAATACGACCAAATCC

RT-qPCR: Real time-quantitative polymerase chain reaction

2.10. Identification of differentially expressed genes
associated with LCP2

To further explore the mechanism of LCP2 regulating
progression of melanoma, we analyzed the DEGs between
LCP2 knockdown group and control group. Ribo-Zero
rRNA removal kit was used to remove rRNA from 1 ug
of total RNA. TruSeq RNA sample prep kit (Illumina) was
used to generate sequencing libraries, and then sequenced
as 151-bp paired-end reads using an Illumina HiSeq X
Ten platform, with P < 0.05 and |foldchange| > 1 as cutoff
value.

2.11. Statistical analysis

All data from the experiments are expressed as mean + SEM.
Statistical analyses of these data were performed using
GraphPad Prism 9 (GraphPad Software, La Jolla, CA) with
an unpaired Student’s -test or Tukey’s multiple comparison.
P < 0.05 was set as a cutoft for significant difference.

3. Results
3.1. Identification of DEGs

Among the 2070 immune-centric genes, there were
1582 immune-centric genes in GSE3189 data set and
1842 in GSE31879 data set. Based on the criteria of FDR
q value < 0.01, the number of DEGs between melanoma
and nevus, melanoma and normal skin, and melanoma and
melanocyte were 720,801, and 335, respectively,in GSE3189
and GSE31879 data sets. The intersection of these three
comparisons was 105, which were differently expressed
in all three comparisons (Figure 1A). Among 105 genes,
47 were confirmed as DEGs in GSE15605 (Figure 1B). GO
functional enrichment analysis showed that the changes
in 47 genes were mainly related to the biological processes
of neutrophil and autophagy (Figure 1C). KEGG pathway
enrichment analysis demonstrated that these 47 DEGs
were significantly involved in lysosome, B-cell receptor
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signaling pathways, T-cell receptor signaling pathway, Fc
epsilon RI signaling pathway, and so on (Figure 1D).

3.2. Identification of prognostic gene signature

Twelve out of 47 DEGs were statistically significant in
predicting the OS in univariate Cox proportional hazards
models in TCGA data set (Figure 2). Among them,
BLNK, DAPP] and IL18 were downregulated, and other
genes were upregulated in melanoma samples compared
to normal samples. These genes were then fitted in the
LASSO model, and ten of them that were predictive of
OS were selected (Figure 3A). These genes include BLNK,
CD81, CLEC4E, CPPEDI1, IL18, ISG20, LCP2, MGRNI,
RAB5C, and TRIM32. Our results revealed that elevated
expression of CD81, IL18, MGRN1, RAB5C, and TRIM32
were associated with worse OS for melanoma, and elevated
expression of BLNK, CLEC4E, CPPED], ISG20, and LCP2
were associated with better prognosis for melanoma. In
addition, there were strong correlations among BLNK,
IL18, CLEC4E, and LCP2 (Figure 3B). To investigate

whether the prognostic value of the identified ten-gene
signature was independent of clinical characteristics, we
employed univariate and multivariate Cox regression
models to consider the covariates of age, sex, sample
type, tumor stage, Breslow thickness, and ulceration in
TCGA data set. Since sex was not statistically significant
in univariate Cox regression models for predicting both
OS and DFS, it was excluded when fitting multivariate
Cox regression models. Results showed that PIS was
statistically significant for predicting OS and DES after
adjusting for effects of several clinical information
(Figure 3C and D & Tables S2 and S3).

3.3. Construction and validation of PIS

The PIS was calculated based on the linear combination
of selected ten genes and corresponding coefficients, and
patients with melanoma in TCGA data set were divided into
high-risk group (N = 235) and low-risk group (N = 236).
The OS of high-risk group was significantly worse than that
of low-risk group (log-rank P = 3e-10, HR: 2.343, 95% CI:
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Figure 1. Identification of DEGs. (A) Overlapping DEGs shared between melanoma and benign skin nevus, melanoma and normal skin tissue, and
melanoma and normal melanocyte. (B) Heatmap of DEGs. (C) GO functional enrichment analysis (top 10 results). (D) KEGG pathway enrichment

analysis (top 10 results).

DEGs: Differentially expressed genes; KEGG: Kyoto Encyclopedia of Genes and Genomes; GO: Gene ontology.
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Figure 2. Univariate survival analysis for DEGs in TCGA data set.
DEGs: Differentially expressed genes; TCGA: The Cancer Genome Atlas.

1.785 - 3.076, Figure 4A), with the median survival time of
1628 and 4601 days, respectively. Meanwhile, our results
showed that the DFS of high-risk group was significantly
worse than that of low-risk group (log-rank P = 8e-07, HR:
2.895, 95% CI: 1.867 — 4.489, Figure 4B), with the median
survival time of 2195 and 6299 days, respectively. To
explore the robustness of ten-gene signature for predicting
the survival of melanoma, we externally validated the
prognostic ability of ten-gene signature in an independent
GSE65904 data set. Results showed that the OS of high-risk
patients in GSE65904 was significantly worse than that of
low-risk patients (log-rank P = 0.0036, HR: 1.786, 95% CI:
1.202 - 2.653 days, Figure 4C), with the median survival
time of 629 and 1404, respectively. In addition, patients in
high-risk group had significantly worse DMFS than those

in low-risk group (log-rank P =

0.0082, HR: 1.786, 95% CI:

1.155 - 2.762, Figure 4D), with the median survival time of

379 and 1401 days, respectively.

3.4. Associations between identified prognostic

genes and TAL subsets

The associations between the selected ten prognostic genes
and the specific TAL were calculated using Spearman’s rank
correlation. Genes that had the largest absolute correlation
coefficients with certain TAL subset among all TAL
subsets were considered to have strong association with
that TAL subset. Results showed that LCP2, ISG20, and
CLECA4E expression were significantly positively correlated
with CD8* T-cells. CD81 and MGRNI1 expression were
significantly positively correlated with Treg cells, while
BLNK and IL-18 expression were significantly negatively
correlated with MO macrophages. In addition, RAB5C and
TRIM32 expression had strong association with B-cells
and natural killer cells, respectively (Figure 5). Given the
important role of LCP2 in the immune system, we focused
our efforts on investigating LCP2 in the subsequent studies.
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Figure 3. Identification of prognostic gene signature. (A) The identified prognostic gene signature in LASSO model. (B) Correlations among identified

prognostic genes. (C) Multivariate analysis for the association between PIS and OS after adjusting for covariates. (D) Multivariate analysis for the association

between PIS and DFS after adjusting for covariates.
PIS: Prognostic immune score; OS: Overall survival.

3.5.LCP2 inhibited the growth of melanoma
possibly through the positive regulation of IRF5
signaling pathway to activate CD8* T-cells

To determine the function of LCP2 in melanoma, we
established the LCP2 knockdown mouse tumor model.
At first, we validated the knockdown efficacy of LCP2 in
B16F10 cell through RT-qPCR (Figure 6A). It was obvious
to see that knockdown of LCP2 significantly promoted
the tumor growth (Figure 6B-D) in wild-type mice but
had no effect on tumor sizes in nude mice, indicating
the negative correlation between LCP2 and melanoma
growth, as well as the importance of LCP2 in the tumor
immune microenvironment (Figure 6E). Furthermore,
flow cytometry analysis of sShLCP2 melanoma cells showed
no significantly changes of CD4* and CD8* T-cells, but
remarkable reduction of Granzyme B-positive cells,
which implied that LCP2 loss decreased the activity of
CD8* T-cells and led to the promotion of tumor growth
(Figure 6F-]). Moreover, to further explore the underlying
mechanism of LCP2 regulating the activity of CD8*
T-cells, DEGs between shLCP2 group and control group
were analyzed. In total, 846 DEGs were found with
P < 0.05 and |foldchange| > 1, among which 407 DEGs
were upregulated and 439 DEGs were downregulated. The

volcano plot of DEGs showed that the IRF5 was significantly
downregulated in the shLCP2 group (Figure 6K). All the
DEGs in this part are listed in Table S4. Similar result was
also noted in RT-qPCR experiment (Figure 6L), suggesting
that LCP2 may positively regulate the IRF5 signaling
pathway to activate CD8" T-cells and then inhibit the
growth of melanoma (Figure 6M).

4. Discussion

Melanoma is known to be the most lethal type of skin
cancer. The advent of immunotherapy has revolutionized
the status of clinical therapies of melanoma, which
brought new hope to these patients. However, only a small
proportion of patients are responders. Therefore, novel
prognostic and immune-related biomarkers are urgently
needed to guide the development of melanoma treatments.
In the present study, RNA-seq data of cutaneous melanoma
from the public database were used for identifying
prognostic gene signatures. KEGG pathway enrichment
analysis showed that 47 DEGs were significantly involved
in lysosome, B-cell receptor signaling pathways, T-cell
receptor signaling pathway, and Fc epsilon RI signaling
pathway, indicating that these signaling pathways play an
important role in melanoma.
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Figure 4. Survival curves for high- and low-risk patients based on PIS. (A) Survival curves for DMFS in GSE65904 data set. (B) Survival curves for OS in
GSE65904 data set. (C) Survival curves for DFS in TCGA data set. (D) Survival curves for OS in TCGA data set.
PIS: Prognostic immune score; OS: Overall survival; DMFS: Distant metastasis-free survival; DFS: Disease-free survival; TCGA: The Cancer Genome Atlas.

Furthermore, ten (BLNK, CD81, CLEC4E, CPPEDI,
IL18, ISG20, LCP2, MGRN1, RAB5C, and TRIM32) out
of the 47 DEGs were statistically significant in predicting
the OS in univariate Cox proportional hazards models
and LASSO model in TCGA data set. Our results revealed
that elevated expression of CD81, IL18, MGRN1, RAB5C,
and TRIM32 were associated with worse OS in melanoma
patients, and elevated expression of BLNK, CLECA4E,
CPPEDI, ISG20, and LCP2 were associated with better
prognosis in melanoma patients. The PIS was calculated
based on the linear combination of the expression of
selected ten genes, and the PIS was statistically significant
in predicting OS and DFS in melanoma patients after
adjusting for several clinical covariates.

At present, numerous studies have reported the
important roles of various tumor-infiltrating immune cells
in melanoma™2. To investigate the association between
the selected ten prognostic genes and tumor-infiltrating
immune cells, we applied CIBERSORT to TCGA data set
and obtained 22 distinct TAL subsets, and used Spearman’s
rank correlation to analyze the correlation between each

identified prognostic gene and the specific TAL. We found
that these identified prognostic genes were mainly correlated
with CD8* T cells, Treg cells, B cells, MO macrophages, and
natural killer cells. It is worth noting that the expression
level of LCP2 was positively associated with CD8* T-cells.

A few studies have shown that LCP2 was differentially
expressed in many different types of tumors and was
correlated with prognosis in numerous cancers!'*'?.
Moreover, LCP2 was reported essential for normal T-cell
development and activation™. In our present study, the
bioinformatics analyses revealed that high LCP2 expression
in melanoma patients was statistically significant for
predicting the OS in univariate Cox proportional hazards
models in TCGA data set and was associated with better
prognosis in melanoma patients. In addition, we found
that LCP2 expression was significantly positively correlated
with CD8* T-cells, indicating that LCP2 could be a potential
immunotherapy target. Moreover, given the important role
of LCP2 in the immune system as reported in numerous
published studies, we hence focused our efforts on
investigating LCP2 in the subsequent studies. The in vivo
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Figure 5. Association between identified prognostic genes and TAL subsets and melanoma.
TAL: Tumor-associated leukocyte.

experiment showed that knockdown of LCP2 significantly activation of inflammatory cytokines and chemokines that
promoted the progression of melanoma in wild-type mice are important for recruitment of T-cells®>*. Moreover,
but had no effect on tumor sizes in nude mice, indicating the the intratumoral IRF5 deletion in breast cancer cells
negative correlation between LCP2 and melanoma growth, dysregulated secretion of many chemokines and cytokines,
as well as the importance of LCP2 in the tumor immune leading to the inaccurate and untimely transport of immune
microenvironment. The result of flow cytometry analysis cells to the tumor sites””). Takaoka et al. found that Irf5
directly confirmed the positive correlation between LCP2 knockout mice were unable to secrete proinflammatory
expression and CD8* T-cell activity. However, the pathway cytokines (such as tumor necrosis factor o [TNF-0.], IL-6,
by which LCP2 regulates T-cell activity is unknown. and IL-12), and exhibited resistance toward endotoxic

To explore the mechanism through which LCP2 shock induced by lipopolysaccharide, indicating that IRF5
regulates T-cell activity, DEGs of shLCP2 group versus was generally involved in the downstream of TLR-MyD88

control group were analyzed in this study, and we found signaling pathway and induced the gene expression of
that IRF5 expression was significantly downregulated. proinflammatory cytokines"*. Moreover, studies have
Interferon regulatory factors (IRFs) are transcriptional shown that most of the chemokines induced by virus in
mediators of type 1 interferon signaling pathway induced cells showed lymphocyte chemotactic activity in the case
by pathogens and viruses, which are also involved in of overexpression IRF5%), which therefore were significant
immune response, apoptosis, cell growth regulation, and for T-lymphocyte recruitment, indicating a possible key
oncogenesis?>!. Some members of the IRFs have been role of IRF5 in lymphocyte trafficking. Therefore, we
shown to be involved in regulating development and speculated the key bridge linking of IRF5 between LCP2
function oftheimmune cells?*>*4. IRF5, asamember of IRFs, and CD8*T-cell. In our study, the expression of IRF5 was
has been reported to play a key role in immune regulation remarkably decreased in LCP2 knockdown B16F10 cells.
of autoimmune diseases and inflammatory responses, Taking together, we speculated that high expression of
which therefore attracted much attention in recent years. LCP2 in melanoma upregulated the IRF5 expression and
In addition, it has been revealed that IRF5 is involved in the IRF5 then mediated the secretion of proinflammatory
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Figure 6. Analysis of underlying mechanism of LCP2 knockdown suppressing the growth of melanoma. (A) RT-qPCR analyses of LCP2 in
control and LCP2 knockdown (shLCP2) B16F10 cells (n = 3). (B) B16F10 cells and shLCP2 B16F10 cells (10°) were injected subcutaneously
into C57BL/6 mice. Tumor volume was measured every 5 days and calculated using this formula: (lengthxwidth?)/2. (C) Representative
tumors were resected and photographed at day 20. Tumor volume in C57BL/6 mice (D) and in BALB/c nude mice € were recorded at day 20
(n =6 in C57BL/6 mice group, n = 5 in BALB/c nude mice group). Flow cytometry analyses (F) and quantitative analyses of CD4* (G) and
CD8* cells (H), and flow cytometry (I) and quantitative analysis of Granzyme B-positive (GZMB*) cells (J) in the melanoma tumor from
immunocompetent wild-type BALB/c mice with subcutaneous injection of shLCP2 and control B16F10 cells. (K) Volcano plot of DEGs shared
between control group and shLCP2 group (significantly upregulated genes are denoted by red nodes; significantly downregulated genes are
denoted by blue nodes). (L) RT-qPCR analyses of IRF5 in control and shLCP2 B16F10 cells (n = 3). (M) A schematic diagram showing the
hypothetical mechanism of high LCP2 expression positively regulating IRF5 signaling pathway to activate tumor-infiltrating CD8" T cells and
then inhibit the growth of melanoma. Tukey’s multiple comparison or Student’s t-test was used to calculate p values for results shown in this
figure.

ns: Not significan; *P < 0.05; **P < 0.01; ***P < 0.001; ***P < 0.0001; LCP2: Lymphocyte cytosolic protein 2; RT-qPCR: Real time-quantitative polymerase
chain reaction; DEGs: Differentially expressed genes; IRF5: Interferon regulatory factor 5.
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cytokines and chemokines to activate CD8* T lymphocytes,
which finally suppressed the growth of melanoma.

5. Conclusions

LCP2 is a novel prognostic biomarker of melanoma, which
could positively regulate the IRF5 signaling pathway to
activate tumor-infiltrating CD8* T-cells and then inhibit
the growth of melanoma. Nevertheless, it is important to
point out that there are some limitations in our study. First,
the potential association between LCP2 and IRF5 is unclear,
which needs to be systematically and deeply explored
in vitro and in vivo. Second, more public data on melanoma
patients who received immunotherapy should be included
for bioinformatics analysis in this study to investigate
prognostic significance of LCP2 in these patients.
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