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Lung adenocarcinoma, which is the secondmost prevalent cancer in the world, has
a poor prognosis and a low 5-year survival rate. TheMS4A protein family is crucial to
disease development and progression, particularly for cancers, allergies, metabolic
disorders, autoimmune diseases, infections, and neurodegenerative disorders.
However, its involvement in lung adenocarcinoma remains unclear. In this study,
we found that 11 MS4A family genes were upregulated or downregulated in lung
adenocarcinoma. Furthermore, we described the genetic variation landscape of the
MS4A family in lung adenocarcinoma. Notably, through functional enrichment
analysis, we discovered that the MS4A family is involved in the immune response
regulatory signaling pathway and the immune response regulatory cell surface
receptor signaling pathway. According to the Kaplan–Meier curve, patients with
lung adenocarcinoma having poor expression of MS4A2, MS4A7, MS4A14, and
MS4A15 had a low overall survival rate. These four prognostic genes are substantially
associated with immune-infiltrating cells, and a prognosis model incorporating
them may more accurately predict the overall survival rate of patients with lung
adenocarcinoma than current models. The findings of this study may offer creative
suggestions and recommendations for the identification and management of lung
adenocarcinoma.
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Introduction

Cancer is a global public health issue and poses a major challenge to the standard of
medical excellence of all nations. Lung cancer is the second most prevalent cancer worldwide
and accounts for the highest cancer-related deaths in both men and women. Globally,
1,796,144 people passed away from this illness in 2020 (1). Small-cell lung cancer (SCLC)
and non-small-cell lung cancer (NSCLC) account for the majority of lung cancer cases.
Currently, chemotherapy, radiation, and surgery are the main avenues for NSCLC treatment.
Given the several investigations on tumor heterogeneity, NSCLC has also been treated with
molecular targeted therapy and immunotherapy. However, the 5-year survival rate of
NSCLC patients is only 26% (O’Brien and Besse, 2016; Miller et al., 2022). Lung
adenocarcinoma is a typical subtype of NSCLC. Despite the discovery of numerous
immunological checkpoints and prognostic indicators, the molecular makeup of lung
adenocarcinoma remains unclear. There is still an urgent need for more research into
treatment targets and prognosis indicators for lung cancer.

MS4A is a new gene family with four transmembrane-spanning domains. Currently,
there are at least 16 members in the MS4A family. The MS4A gene family is crucial for cell
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differentiation, signaling, and cell cycle control (Liang and Tedder,
2001; Eon et al., 2016; Mattiola et al., 2021; Silva-Gomes et al., 2022).
Previous research has suggested that members of the MS4A family,
including MS4A1, MS4A3, MS4A4A, MS4A6A, MS4A7, MS4A12,
and MS4A15, are associated with the onset and progression of
cancers; however, the underlying mechanisms remain unknown
(Kawabata et al., 2013; Heller et al., 2015; Liang et al., 2020; Pan
et al., 2020; Jiang et al., 2021; Mudd et al., 2021; Fang et al., 2022; Luo
et al., 2022; Zeng et al., 2022; Zhao et al., 2022). According to the
published literature, MS4A2 is strongly associated with the
prognosis of lung adenocarcinoma (Ly et al., 2017) and lung
cancer brain metastases (Chen et al., 2021). Conversely,
MS4A8 is considered to have a role in the morphology and cell
development of NSCLC (Kudoh et al., 2020). However, further study
of the expression and prognostic significance of the MS4A family in
lung adenocarcinoma is needed.

We herein first evaluated the expression of the MS4A family in
lung adenocarcinoma and its relationship with clinical patient
prognosis and established a prognosis model. We examined the
signal route involved by the MS4A family and its connection with
the immune microenvironment of lung adenocarcinoma to learn
more about the relationship between the pathophysiology of the
MS4A family and the disease, which would help establish a
theoretical foundation for identifying lung adenocarcinoma
prognostic factors and treatment.

Results

mRNA expression of the MS4A family in
patients with lung adenocarcinoma

Using the TCGA database, we first looked for MS4A family
expression in lung cancer and healthy lung tissues. In lung
adenocarcinoma tissues, we discovered that the expression of one
MS4A family gene was upregulated, and that of 10 other genes was

downregulated (Figure 1). Compared with normal tissues, in lung
adenocarcinoma tissues, MS4A2/3/4A/6A/6E/7/8/10/14/
15 expression was downregulated, whereas MS4A1 expression
was upregulated.

Mutation landscape of the MS4A family in
lung adenocarcinoma

Using the Gene Set Cancer Analysis (GSCA) website, we
examined the prevalence of somatic mutations and copy number
variants in the MS4A family. Consequently, we discovered that 99/
113 lung adenocarcinoma specimens (87.61%) had gene alterations
(Figures 2A, B). We discovered that “missense mutations” was the
most prevalent variant category, “SNPs” was the most prevalent
variant type, and “C > A” was the most prevalent SNV type (see
Figure 2A for more details). Among the 18 genes, MS4A14 was the
most predominantly mutated gene, followed by MS4A4A, MS4A3,
and MS4A1.

Functional enrichment analysis of the MS4A
family

To identify the function of MS4A, we used the R program to
evaluate the pathways involving the MS4A family. Through Gene
Ontology (GO) analysis, we discovered that the MS4A family was
significantly enriched in the immune response regulatory signaling
pathway and the immune response regulatory cell surface receptor
signaling pathway in the BP category. There was an enrichment in
the plasma membrane raft in the CC class. The MF terms were
enriched with immunoglobulin binding (Figure 3A). KEGG
pathway analysis revealed regulated terms (FDR<0.05), including
asthma and FcεRI signaling pathway, hematopoietic cell line,
sphingolipids signaling pathway, and phospholipase D signaling
pathway (Figure 3B).

FIGURE 1
Levels of MS4A family expression in lung adenocarcinoma (TCGA). Blue represents the normal group, while red represents the tumor group. Levels
of significance denoted by asterisks are *p < 0.05, **p < 0.01, and ***p < 0.001.
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High expression of MS4A2/7/14/15 is
beneficial to the survival of lung
adenocarcinoma patients

To forecast the predictive value of the MS4A family of genes
in lung adenocarcinoma, we used the online database
Kaplan–Meier plotter. Then, based on the statistical
significance of MS4A’s mRNA expression level, we discovered
four genes having a prognostic value. Poorer overall survival was
strongly associated with lower expression of MS4A2 (p =

0.00038), MS4A7 (p = 0.018), MS4A14 (p = 0.0099), and
MS4A15 (p = 0.00033) (Figures 4A–D).

Construction of an MS4A family prognostic
gene model

To learn more about the function of prognostic genes in lung
adenocarcinoma, four prognostic MS4A genes were used to create a
model using LASSO Cox regression analysis. The findings were as

FIGURE 2
Incidence and classification of MS4A gene mutations in lung adenocarcinoma. (A) The types and proportions of mutations in the MS4A family. (B)
MS4A family mutation frequency in lung adenocarcinoma.
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follows: risk score = (−0.1232) *MS4A2+(-0.1048) *MS4A14+(-
0.0642) *MS4A15 (Figures 5A, B). Lung adenocarcinoma patients
were divided into two groups based on the risk score. The risk score
distribution, survival status, and expression of these four genes are
presented in Figure 5C. The level of gene expression declines as the

risk score rises, and consequently, patients have shorter lives. The
Kaplan–Meier curve, as seen in Figure 5D, demonstrates that
patients with lung adenocarcinoma who have high risk scores
have a worse prognosis than those who have low risk scores
(median time = 3.3 years vs. 4.9 years, p = 0.0018). ROC analysis

FIGURE 3
GO and KEGG enrichment analysis results for the MS4A Family. (A) The Gene Ontology enrichment analysis. (B) The enriched item in the analysis
from the Kyoto Encyclopedia of Genes and Genomes. The number of enriched genes is indicated by the size of the circles. MF: molecular function; BP:
biological process; and CC: cellular component.
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revealed that the AUC values at 1, 3, and 5 years were 0.673, 0.589,
and 0.571, respectively (Figure 5E).

Construction of a nomogram model

Using the prognostic gene model, we identified the influence of
four prognostic genes on the survival rate of lung adenocarcinoma
patients. However, several factors affect the prognosis in cancers. To
further investigate the effect of prognostic genes and clinical
parameters, such as age, sex, and clinical stage, on the overall
survival of patients with lung adenocarcinoma, we built a model
using nomograms. According to the single-factor Cox regression
analysis, MS4A2/7/14/15 are protective factors in lung
adenocarcinoma, whereas staging is a risk factor (Figure 6A).
Multivariate Cox regression analysis revealed that the prognosis
is significantly influenced by clinical stage and MS4A2, suggesting
that MS4A2 and the pT (pathologic tumor), pN (pathologic tumor),

and pM (prognostic distant metastasis) stages are independent
factors affecting the prognosis of lung adenocarcinoma
(Figure 6B). A nomogram incorporating variables with
appreciable differences compared to the prognosis was created
based on the findings of the multivariate analysis. We discovered
that the 3- and 5-year overall survival rates could be reasonably
predicted when compared to the ideal model of the entire cohort
(Figures 6C, D).

Immune cell infiltration of prognostic genes
of the MS4A family in lung adenocarcinoma

From GO analysis findings, we learned that the MS4A family is
involved in the immune regulation pathway and that the
immunological microenvironment is crucial for cancer initiation
and development. Using the TIMER database, we discovered a
strong association between immune-infiltrating cells and MS4A

FIGURE 4
Survival rates for lung adenocarcinoma were associated with the expression of (A)MS4A2, (B)MS4A7, (C)MS4A14, and (D) MS4A15 (Kaplan—Meier
plotter).
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family prognostic genes in lung adenocarcinoma. We noted a
positive correlation between the prognostic genes (MS4A2 and
MS4A7) and the quantity of immune-infiltrating cells (B cells,
CD4+ T cells, CD8+ T cells, macrophages, neutrophils, and
dendritic cells; Figures 7A, B). The expression of MS4A14 is
positively correlated with the infiltration of B cells, CD4+ T cells,
macrophages, neutrophils, and dendritic cells, but there is no
significant correlation with CD8+ T cells (Figure 7C). The
expression of MS4A15 is related to B-cell infiltration (Figure 7D).

Validation of prognostic genes in lung
adenocarcinoma by real-time quantitative
polymerase chain reaction

To confirm the expression of prognostic genes of the MS4A
family in lung adenocarcinoma, we used real-time quantitative
polymerase chain reaction (RT-qPCR) to identify the mRNA
expression levels of prognostic genes in lung adenocarcinoma
and paired neighboring normal lung tissues. Among the nine

FIGURE 5
Creating a prognosis model using prognostic genes from the MS4A family. (A, B) The partial likelihood deviance on the prognostic genes and the
LASSO regression analysis. (C) Expression heat map of relevant genes, survival time, and survival status according to risk scores of various samples of lung
adenocarcinoma. (D, E) The ROC curve of the risk model and the overall survival curve of lung adenocarcinoma patients in the high- and low-risk groups,
respectively.
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pairs of lung adenocarcinoma and neighboring tissues obtained
by us, MS4A2 expression in lung adenocarcinoma tissues was
considerably downregulated in four pairs and upregulated in five
pairs (Figure 8A; Supplementary Figures S2A–I). In one set of
samples with upregulated expression, the relative expression of
MS4A2 in lung adenocarcinoma tissues was more than 300 times
that in normal lung tissues (Supplementary Figures S2A–I), and
therefore, it was disregarded. In eight sample pairs, the
expression of MS4A7 was dramatically reduced, whereas no
significant variation in the expression level was noted in one
pair (Figure 8B; Supplementary Figures S3A–I). Compared with
normal lung tissues, MS4A14 and MA4A15 expression levels
were significantly downregulated in six pairs of lung
adenocarcinoma tissues and markedly upregulated in the
remaining three pairs (Figures 8C, D; Supplementary Figures
S4A–I, S5A–I).

Discussion

Members of the MS4A family have similar structures and roles.
Previous reports indicate that the MS4A protein predominantly
interacts with several immunological receptors and controls
signaling pathways (Liang and Tedder, 2001; Polyak et al., 2008;
Schmieder et al., 2011; Eon et al., 2016; Mattiola et al., 2019; Mattiola
et al., 2021). The well-known members of the MS4A family, namely,
MS4A1 (CD20), MS4A2 (FcεRIβ), and MS4A3 (HTm4), all have a
significant role in cancer initiation and development. However, it is
unknown how most members of this family contribute to lung
adenocarcinoma.

To determine this, we started by exploring the expression of the
MSA4 family in lung adenocarcinoma. Using the TCGA database,
we discovered that 11/18 genes in the MS4A family had differential
expressions. Based on our research on the prevalence of copy

FIGURE 6
Building a predictive nomogram. (A, B) p-value and risk ratio of clinical features and prognostic gene expression using univariate and multivariate
Cox analyses. (C, D) Nomograms can be used to forecast the 1-, 3-, and 5-year overall survival of lung cancer patients. Ideal nomograms are shown by
diagonal dotted lines, while 1-, 3-, and 5-year nomograms are represented by red, orange, and blue lines, respectively.
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number variation and somatic mutation in the MS4A family, we
found that the majority of the MS4A family members had gene
mutations in lung adenocarcinoma. Specifically, MS4A14, MS4A4A,
MS4A1, and MS4A3 genes had the highest prevalence of mutations.
Additionally, we performed a functional enrichment analysis. The
findings corroborated prior research by Mattiola and Eon Kuek and
revealed that the MS4A family was primarily involved in the
receptor signaling pathway on the surface of immune response-
regulating cells and the immune response-regulating signaling
pathway, which was associated with immunoglobulin binding
(Eon et al., 2016; Mattiola et al., 2021). According to their
research, the MS4A family is instrumental in humoral immunity,
IgE signal transduction, and T-cell proliferation control (Lin et al.,
1996; Howie et al., 2009; Kuijpers et al., 2010). Also, the MS4A
family contributes to asthma and the FcεRI signaling pathway.
Using the STRING website (https://cn.string-db.org/), we created
a network map illustrating the interactions between the MS4A
protein family and associated proteins. The interactions between
the MS4A protein family and associated proteins are depicted in
Supplementary Figure S1. The promoter methylation of FCER1G,
which is most closely connected to the MS4A protein family, can

inhibit the expression of FcεRI in patients with atopic dermatitis
(Liang et al., 2012). This indicates that the FCER1G and MS4A
protein families are jointly involved in the regulation of the FcεRI
pathway. According to prognostic analyses, patients with low
expression levels of MS4A2, MS4A7, MS4A14, and MS4A15 had
a worse prognosis. The overall survival of patients with lung
adenocarcinoma was positively correlated with the expression
level of these genes. Then, to better predict the overall survival of
lung cancer patients, we built a prognostic model incorporating the
four prognostic genes. Using the LASSO Cox regression analysis and
prediction nomogram, we found that the model could predict 3- and
5-year overall survival with reasonable accuracy. We discovered a
significant positive correlation between prognostic genes and
immune-infiltrating cells through immune infiltration analyses,
and we also discovered that lung adenocarcinoma patients with
low expression of the prognostic MS4A family genes had a poor
prognosis. This shows that the downregulation of MS4A prognostic
gene expression may have an impact on immune cells’ capacity to
proliferate, mature, and kill. However, it is not yet apparent how
immune cells will be impacted and at what stage this will appear.
Additionally, this is the direction we need to explore next.

FIGURE 7
Relationship between immune infiltration and four prognostic MS4As (TIMER). The expression of (A) MS4A2, (B) MS4A7, (C) MS4A14, and (D)
MS4A15 in lung adenocarcinoma is correlated with the abundance of immune cells.
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Notably, MS4A2, an intensively examined MS4A family
member, is a crucial part of high-affinity IgE (Kraft and Kinet,
2007). In agreement with the findings of Ly et al., MS4A2 has low
expression in lung adenocarcinoma and is associated with a bad
prognosis (Ly et al., 2017). Their findings show that mast cells affect
the development of lung cancer and that high MS4A2 expression on
stromal mast cells is a positive prognostic sign for the survival of
early lung cancer patients. We discovered that as per the prognostic
model and nomogram analysis findings, MS4A2 is a protective gene
in lung adenocarcinoma and an independent factor impacting
prognosis; it is also considerably positively associated with
immune-infiltrating cells. Then, using RT-qPCR, we further
confirmed MS4A2 expression in lung adenocarcinoma. Notably,
only three of the nine sample pairs gathered herein showed reduced
expression of MS4A2. In agreement with other research studies, our
bioinformatics study showed that the level of MS4A2 was low in
lung adenocarcinoma. This could be attributed to the small sample
size of this study. Another influencing factor could have been the
primers we created because we only chose a small portion of the
MS4A2 mRNA, and this may not accurately reflect all functions of
MS4A2. As the MS4A family’s first identified ion channel,
MS4A2 can function as a calcium channel (Alber et al., 1991;
Ishibashi et al., 2001) which is associated with the development
of numerous cancers (Gautier et al., 2019). Although this could be a
process through whichMS4A2 contributes to lung adenocarcinoma,

more research is required to precisely determine the underlying
pathway and mechanism. The FcεRI receptor is a tetramer complex,
one of which, the β subunit, is encoded by MS4A2 (Bitting et al.,
2023), suggesting a connection between the MS4A family and the
FcεRI signaling pathway, which is consistent with the KEGG
enrichment study demonstrating the involvement of the MS4A
family in the FcεRI signaling pathway. Previous studies have
suggested a link between MS4A2 and the onset of asthma. The
mutation in exon 7 E237G may be a risk factor for the development
of atopic asthma (Yang et al., 2014); however, the prevalence of
asthma is unrelated to the methylation of the MS4A promoter
(Ferreira et al., 2010). Further molecular mechanisms need to be
studied.

During the study of the MS4A family, it was discovered using
PCR amplification that MS4A7 is primarily expressed in B cells and
monocytes in hematopoietic cell lines. In addition, MS4A7 is present
in non-hematopoietic cell types, such as those found in the colon,
thymus, lung, and other organs (Liang and Tedder, 2001; Mattiola
et al., 2021). Few reports on MS4A7 in tumors have been published
so far, mainly in cases of esophageal and gastric cancer (Sun et al.,
2018; Zhou and Wang, 2020). In their research, it has been
discovered that the poor prognosis of these two cancers is
associated with high MS4A7 expression. Even in lung
adenocarcinoma, MS4A7 has been reported to be a predictor of
poor survival (Luo et al., 2022). In our study, however, the low
expression of MS4A7 in lung adenocarcinoma suggests a bad
prognosis. Our findings were further supported by the outcomes
of RT-qPCR tests performed on lung cancer tissues and healthy lung
tissues. In addition, the immune infiltration analysis revealed a
strong correlation between MS4A7 and immune cells, particularly
macrophages and dendritic cells, in lung adenocarcinoma. In
contrast to our prediction results, which may be attributable to
the various databases and analysis techniques used by us, Luo et al.
(2022) reportedMS4A7 as a predictor of poor lung adenocarcinoma;
however, they did not analyze the expression level of MS4A7 in lung
adenocarcinoma. The bad prognosis associated with high
MS4A7 expression in gastric and esophageal cancers may be
associated with the ability of MS4A7 to control tumor growth in
lung adenocarcinoma through various other mechanisms; however,
the specific mechanism of MS4A7 in lung adenocarcinoma remains
to be confirmed.

Recent investigations have demonstrated that MS4A14 is highly
expressed in renal clear cell carcinoma and that individuals with
high MS4A14 expression have lower overall survival rates (Li et al.,
2022). Conversely, patients with low expression of MSA14 in lung
adenocarcinoma reportedly have a bad prognosis. The prognosis
model has enabled us to determine that MS4A14 is a lung
adenocarcinoma protective factor that is favorably correlated with
patient survival time. However, the biological functions of
MS4A14 remain poorly understood, and more research is
required to determine how MS4A14 affects lung adenocarcinoma.

The MS4A family is closely related to calcium channels (Eon
et al., 2016; Mattiola et al., 2021), and MS4A15, which controls the
level of calcium ions to coordinate lipid remodeling and prevent iron
death, has recently been shown to be present in the endoplasmic
reticulum (Xin et al., 2022). According to several studies, MS4A15 is
upregulated in ovarian cancer and can encourage the proliferation of
ovarian cancer cells both in vivo and in vitro (Fang et al., 2022).

FIGURE 8
Relative mRNA expression levels of (A) MS4A2, (B) MS4A7, (C)
MS4A14, and (D) MS4A15 were detected by RT-qPCR in lung
adenocarcinoma and healthy lung tissues. Levels of significance
denoted by asterisks are *p < 0.05, **p < 0.01, and ***p < 0.001.
“ns” represents no statistical significance.
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In our experiment, we found the expression of MS4A15 in lung
cancer to be downregulated relative to that in normal lung tissues,
indicating a negative prognosis for patients. Since MS4A15 is found
in the endoplasmic reticulum, it possibly controls iron death and the
structure and function of the mitochondria to influence the onset
and progression of malignancies.

This study has some limitations. In vivo and in vitro tests are
primarily lacking, and the mechanism behind the involvement of the
MS4A family in lung adenocarcinoma remains to be identified.

In summary, we thoroughly examined the expression and
prognosis of the MS4A family in lung adenocarcinoma and
identified four MS4A family genes with prognostic value.
Additionally, we found a strong association between
prognostic genes and immune infiltration, and prognostic
genes may influence lung adenocarcinoma development via
calcium channels.

Methods

Identification of differentially expressed
MS4As

RNA-sequencing expression (level 3) profiles and associated
clinical data for lung adenocarcinoma were retrieved from the
TCGA database (https://portal.gdc.com; Supplementary Table S1)
(Zhou et al., 2020; Jin et al., 2021). R version 4.0.3 was used to apply
all analysis techniques and packages.

Mutation analysis of the MS4A family

We used the online database GSCA (http://bioinfo.life.hust.edu.
cn/GSCA/#/mutation) to study the gene mutation landscape of the
MS4A family in lung adenocarcinoma, and we used the TCGA
database to gather SNV data from 113 lung cancer samples for
analysis. Seven different mutation types were examined: Missense_
Mutation, Nonsense_ Mutation, Frame_ Shift_ Ins, Splice_ Site,
Frame_ Shift_ Del, In_ Frame_ Del, and In_ Frame_ Ins. These
mutations were called detrimental mutations.

Functional enrichment analysis

Following the collection and arrangement of data from the
TCGA database, functional enrichment studies were carried out
using the tools clusterProfiler v4 2.0 and org.Hs.eg.db v3.14.0,
and bubble charts were produced. If there were numerous notable
entries among them, the top 20 were automatically shown in the
figure.

Prognostic analysis of differentially
expressed genes

To assess the predictive significance of the mRNA expression of
MS4A family members in patients with lung adenocarcinoma, the
Kaplan–Meier plotter (http://kmplot.com/analysis/) was used. This

plotter can help compare the 30 K gene (mRNA, miRNA, and
protein) expression and survival rate associated with 21 tumor
types, including breast cancer, ovarian cancer, lung cancer, and
gastric cancer. The primary goal is to locate and validate biomarkers
using a meta-analysis. The data primarily come from TCGA, EGA,
and GEO (Nagy et al., 2021). On the basis of the median expression
(high expression and low expression), patient samples were split into
two groups in the Kaplan–Meier plotter, and their outcomes were
assessed using the Kaplan–Meier survival map, risk ratio (HR) of
95% confidence interval (CI), and log-rank p-value. A p-value of 0.
05 or lower was considered to indicate a statistically significant
difference.

Construction of four gene prognostic
models

Lung adenocarcinoma RNA-sequencing expression (level 3)
profiles and associated clinical data (Supplementary Table S2)
were downloaded (https://portal.gdc.com) from the TCGA
dataset. Samples with clinical information were retained while
converting counts data to TPM and normalizing the data log2
(TPM+1). Consequently, a total of 516 samples were collected for
analysis. The survival differences between healthy individuals
and patients with lung adenocarcinoma were tested using log-
rank tests, and the predictive model’s accuracy was evaluated
using timeROC (v0.4) analysis (Ji and Xue, 2020; Zhang et al.,
2020; Xu et al., 2021). R (foundation for statistical computing
2020) version 4.0.3 was used to implement all analysis techniques
and R packages. A p-value of 0.05 was considered to indicate
statistical significance.

Construction of a nomogram

The lung adenocarcinoma RNA-sequencing expression (level
3) profiles and the associated clinical data (Supplementary Table
S3) were downloaded from the TCGA dataset (https://portal.gdc.
com). Univariate and multivariate Cox regression analyses were
used to choose the appropriate phrases to construct a nomogram
(Liu et al., 2020). Through the “forestplot” R package, the forest
plot was used to display the p-value, HR, and 95% CI of each
variable (Jeong et al., 2020; Xiong et al., 2020). A nomogram
based on the outcomes of the multivariate Cox proportional
hazards analysis was created to forecast the overall recurrence
over the next 5 years.

Immune infiltration analysis

The TIMER web server (https://cistrome.shinyapps.io/timer/) is
a comprehensive resource for the systematic investigation of
immune infiltrates in various cancer types (Li et al., 2016; Li
et al., 2017). Six immunological infiltrates (B cells, CD4+ T cells,
CD8+ T cells, neutrophils, macrophages, and dendritic cells) can be
estimated by TIMER. In this study, the relationship between
prognostic genes and immune-infiltrating cells was examined
using the “Gene Module.
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RNA extraction and RT-qPCR

Nine patients with lung adenocarcinoma had their normal and
cancerous lung tissues removed at the First Hospital of Jilin University,
and total RNA was isolated using TRIzol (GenStar, China). We used a
Uni kit (TransGen, China) to reverse transcribe RNA. Then, we
performed RT-qPCR to determine the degree of cDNA expression
using 2 × RealStar Green Fast Mixture (GenStar) as an internal
control. The geometric mean of housekeeping gene GAPDH was
used as an internal control to normalize the variability in expression
levels. We used 2−ΔΔCT to determine the relative gene expression level,
andGraphPad 8.0was used to display the results. The difference between
the two groups was compared. The data conformed to the normal
distribution using the t-test, and the data did not conform to the normal
distribution using theWilcoxon test. The data were expressed as mean ±
SD, with p < 0.05 indicating a significant difference. Supplementary
Table S4 enlists the primer sequences used for RT-qPCR. The relative
expression of prognostic gene mRNA in lung adenocarcinoma and
normal lung tissues is presented in Supplementary Table S5. Each patient
provided written informed consent and agreed to participate in the trial.
The research methodologies followed the guidelines outlined in the
Helsinki Declaration. The research protocol was approved by the First
Hospital of Jilin University Ethics Committee.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material; further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Hospital of Jilin
University. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

ZZ analyzed and organized data, HL and RY performed the
experiment, and HG determined the experimental design and
research strategy. All authors contributed to the article and
approved the submitted version.

Acknowledgments

The authors are grateful for the technical assistance provided by
the Central Laboratory at the First Hospital of Jilin University for
conducting their tests. They appreciate Huanfa Yi’s advice on this
project.

Conflict of interest

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

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fgene.2023.1162787/
full#supplementary-material

References

Alber, G., Miller, L., Jelsema, C. L., Varin-Blank, N., and Metzger, H. (1991).
Structure-function relationships in the mast cell high affinity receptor for IgE. Role
of the cytoplasmic domains and of the beta subunit. J. Biol. Chem. 266 (33),
22613–22620. doi:10.1016/s0021-9258(18)54615-9

Bitting, K., Hedgespeth, B., Ehrhardt-Humbert, L. C., Arthur, G. K., Schubert, A. G.,
Bradding, P., et al. (2023). Identification of redundancy between human FcεRIβ and
MS4A6A proteins points toward additional complex mechanisms for FcεRI trafficking
and signaling. ALLERGY 78 (5), 1204–1217. doi:10.1111/all.15595

Chen, C., Guo, Q., Tang, Y., Qu, W., Zuo, J., Ke, X., et al. (2021). Screening and
evaluation of the role of immune genes of brain metastasis in lung adenocarcinoma
progression based on the TCGA and GEO databases. J. Thorac. Dis. 13 (8), 5016–5034.
doi:10.21037/jtd-21-935

Eon, K. L., Leffler, M., Mackay, G. A., and Hulett, M. D. (2016). The MS4A family:
Counting past 1, 2 and 3. Immunol. Cell. Biol. 94 (1), 11–23. doi:10.1038/icb.2015.48

Fang, Y., Yu, H., and Zhou, H. (2022). MS4A15 acts as an oncogene in ovarian cancer
through reprogramming energy metabolism. Biochem. Biophys. Res. Commun. 598,
47–54. doi:10.1016/j.bbrc.2022.01.128

Ferreira, M. A., Oates, N. A., van Vliet, J., Zhao, Z. Z., Ehrich, M., Martin, N. G., et al.
(2010). Characterization of the methylation patterns of MS4A2 in atopic cases and
controls. ALLERGY 65 (3), 333–337. doi:10.1111/j.1398-9995.2009.02135.x

Gautier, M., Trebak, M., Fleig, A., Vandier, C., and Ouadid-Ahidouch, H. (2019).
Ca(2+) channels in cancer. Cell. CALCIUM 84, 102083. doi:10.1016/j.ceca.2019.
102083

Heller, G., Rommer, A., Steinleitner, K., Etzler, J., Hackl, H., Heffeter, P., et al. (2015).
EVI1 promotes tumor growth via transcriptional repression of MS4A3. J. Hematol.
Oncolt 8, 28. doi:10.1186/s13045-015-0124-6

Howie, D., Nolan, K. F., Daley, S., Butterfield, E., Adams, E., Garcia-Rueda, H., et al.
(2009). MS4A4B is a GITR-associated membrane adapter, expressed by regulatory
T cells, which modulates T cell activation. J. Immunol. 183 (7), 4197–4204. doi:10.4049/
jimmunol.0901070

Ishibashi, K., Suzuki, M., Sasaki, S., and Imai, M. (2001). Identification of a new
multigene four-transmembrane family (MS4A) related to CD20, HTm4 and beta
subunit of the high-affinity IgE receptor. GENE 264 (1), 87–93. doi:10.1016/s0378-
1119(00)00598-9

Jeong, S. H., Kim, R. B., Park, S. Y., Park, J., Jung, E. J., Ju, Y. T., et al. (2020).
Nomogram for predicting gastric cancer recurrence using biomarker gene expression.
Eur. J. Surg. Oncol. 46 (1), 195–201. doi:10.1016/j.ejso.2019.09.143

Ji, Y., and Xue, Y. (2020). Identification and clinical validation of 4-lncRNA signature
for predicting survival in head and neck squamous cell carcinoma. Onco Targets Ther.
13, 8395–8411. doi:10.2147/OTT.S257200

Frontiers in Genetics frontiersin.org11

Zheng et al. 10.3389/fgene.2023.1162787

https://www.frontiersin.org/articles/10.3389/fgene.2023.1162787/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2023.1162787/full#supplementary-material
https://doi.org/10.1016/s0021-9258(18)54615-9
https://doi.org/10.1111/all.15595
https://doi.org/10.21037/jtd-21-935
https://doi.org/10.1038/icb.2015.48
https://doi.org/10.1016/j.bbrc.2022.01.128
https://doi.org/10.1111/j.1398-9995.2009.02135.x
https://doi.org/10.1016/j.ceca.2019.102083
https://doi.org/10.1016/j.ceca.2019.102083
https://doi.org/10.1186/s13045-015-0124-6
https://doi.org/10.4049/jimmunol.0901070
https://doi.org/10.4049/jimmunol.0901070
https://doi.org/10.1016/s0378-1119(00)00598-9
https://doi.org/10.1016/s0378-1119(00)00598-9
https://doi.org/10.1016/j.ejso.2019.09.143
https://doi.org/10.2147/OTT.S257200
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1162787


Jiang, D., Mo, Q., Sun, X., Wang, X., Dong, M., Zhang, G., et al. (2021). Pyruvate
dehydrogenase kinase 4-mediated metabolic reprogramming is involved in rituximab
resistance in diffuse large B-cell lymphoma by affecting the expression of MS4A1/CD20.
CANCER Sci. 112 (9), 3585–3597. doi:10.1111/cas.15055

Jin, K., Qiu, S., Jin, D., Zhou, X., Zheng, X., Li, J., et al. (2021). Development of
prognostic signature based on immune-related genes in muscle-invasive bladder cancer:
Bioinformatics analysis of TCGA database. Aging 13 (2), 1859–1871. doi:10.18632/
aging.103787

Kawabata, K. C., Ehata, S., Komuro, A., Takeuchi, K., and Miyazono, K. (2013). TGF-
beta-induced apoptosis of B-cell lymphoma Ramos cells through reduction of MS4A1/
CD20. ONCOGENE 32 (16), 2096–2106. doi:10.1038/onc.2012.219

Kraft, S., and Kinet, J. P. (2007). New developments in FcepsilonRI regulation,
function and inhibition. Nat. Rev. Immunol. 7 (5), 365–378. doi:10.1038/nri2072

Kudoh, S., Tenjin, Y., Kameyama, H., Ichimura, T., Yamada, T., Matsuo, A., et al.
(2020). Significance of achaete-scute complex homologue 1 (ASCL1) in pulmonary
neuroendocrine carcinomas; RNA sequence analyses using small cell lung cancer cells
and Ascl1-induced pulmonary neuroendocrine carcinoma cells. HISTOCHEM Cell.
Biol. 153 (6), 443–456. doi:10.1007/s00418-020-01863-z

Kuijpers, T. W., Bende, R. J., Baars, P. A., Grummels, A., Derks, I. A., Dolman, K. M.,
et al. (2010). CD20 deficiency in humans results in impaired T cell-independent
antibody responses. J. Clin. Investig. 120 (1), 214–222. doi:10.1172/JCI40231

Li, B., Severson, E., Pignon, J. C., Zhao, H., Li, T., Novak, J., et al. (2016).
Comprehensive analyses of tumor immunity: Implications for cancer
immunotherapy. GENOME Biol. 17 (1), 174. doi:10.1186/s13059-016-1028-7

Li, K., Li, Y., Lyu, Y., Tan, L., Zheng, X., Jiang, H., et al. (2022). Development of a
phagocytosis-dependent gene signature to predict prognosis and response to checkpoint
inhibition in clear-cell renal cell carcinoma. Front. Immunol. 13, 853088. doi:10.3389/
fimmu.2022.853088

Li, T., Fan, J., Wang, B., Traugh, N., Chen, Q., Liu, J. S., et al. (2017). Timer: A web
server for comprehensive analysis of tumor-infiltrating immune cells. CANCER Res. 77
(21), e108–e110. doi:10.1158/0008-5472.CAN-17-0307

Liang, Y., Su, Q., and Wu, X. (2020). Identification and validation of a novel six-gene
prognostic signature of stem cell characteristic in colon cancer. Front. Oncol. 10, 571655.
doi:10.3389/fonc.2020.571655

Liang, Y., and Tedder, T. F. (2001). Identification of a CD20-FcepsilonRIbeta-and
HTm4-related gene family: Sixteen new MS4A family members expressed in human
and mouse. GENOMICS 72 (2), 119–127. doi:10.1006/geno.2000.6472

Liang, Y., Wang, P., Zhao, M., Liang, G., Yin, H., Zhang, G., et al. (2012).
Demethylation of the FCER1G promoter leads to FcεRI overexpression on
monocytes of patients with atopic dermatitis. ALLERGY 67 (3), 424–430. doi:10.
1111/j.1398-9995.2011.02760.x

Lin, S., Cicala, C., Scharenberg, A. M., and Kinet, J. P. (1996). The Fc(epsilon)RIbeta
subunit functions as an amplifier of Fc(epsilon)RIgamma-mediated cell activation
signals. Comp. Study 85 (7), 985–995. doi:10.1016/s0092-8674(00)81300-8

Liu, Z., Mi, M., Li, X., Zheng, X., Wu, G., and Zhang, L. (2020). A lncRNA prognostic
signature associated with immune infiltration and tumour mutation burden in breast
cancer. J. Cell. Mol. Med. 24 (21), 12444–12456. doi:10.1111/jcmm.15762

Luo, Y., Deng, X., Que, J., Li, Z., Xie, W., Dai, G., et al. (2022). Cell trajectory-related
genes of lung adenocarcinoma predict tumor immune microenvironment and
prognosis of patients. Front. Oncol. 12, 911401. doi:10.3389/fonc.2022.911401

Ly, D., Zhu, C. Q., Cabanero, M., Tsao, M. S., and Zhang, L. (2017). Role for high-
affinity IgE receptor in prognosis of lung adenocarcinoma patients. CANCER Immunol.
Res. 5 (9), 821–829. doi:10.1158/2326-6066.CIR-16-0392

Mattiola, I., Mantovani, A., and Locati, M. (2021). The tetraspan MS4A family in
homeostasis, immunity, and disease. Trends Immunol. 42 (9), 764–781. doi:10.1016/j.it.
2021.07.002

Mattiola, I., Tomay, F., De Pizzol, M., Silva-Gomes, R., Savino, B., Gulic, T., et al.
(2019). The macrophage tetraspan MS4A4A enhances dectin-1-dependent NK cell-

mediated resistance to metastasis. Nat. Immunol. 20 (8), 1012–1022. doi:10.1038/
s41590-019-0417-y

Miller, K. D., Nogueira, L., Devasia, T., Mariotto, A. B., Yabroff, K. R., Jemal, A., et al.
(2022). Cancer treatment and survivorship statistics, 2022. CA A Cancer J. Clin. 72 (5),
409–436. doi:10.3322/caac.21731

Mudd, T. J., Lu, C., Klement, J. D., and Liu, K. (2021). MS4A1 expression and function
in T cells in the colorectal cancer tumor microenvironment. Cell. Immunol. 360, 104260.
doi:10.1016/j.cellimm.2020.104260

Nagy, A., Munkacsy, G., and Gyorffy, B. (2021). Pancancer survival analysis of cancer
hallmark genes. Sci. Rep. 11 (1), 6047. doi:10.1038/s41598-021-84787-5

O’Brien, M., and Besse, B. (2016). Lung cancer - non-small cell. Mumbai: Health Press
Limited.

Pan, X., Chen, Y., and Gao, S. (2020). Four genes relevant to pathological grade and
prognosis in ovarian cancer. CANCER Biomark. 29 (2), 169–178. doi:10.3233/CBM-191162

Polyak, M. J., Li, H., Shariat, N., and Deans, J. P. (2008). CD20 homo-oligomers
physically associate with the B cell antigen receptor. Dissociation upon receptor
engagement and recruitment of phosphoproteins and calmodulin-binding proteins.
J. Biol. Chem. 283 (27), 18545–18552. doi:10.1074/jbc.M800784200

Schmieder, A., Schledzewski, K., Michel, J., Tuckermann, J. P., Tome, L., Sticht, C.,
et al. (2011). Synergistic activation by p38MAPK and glucocorticoid signaling mediates
induction of M2-like tumor-associated macrophages expressing the novel
CD20 homolog MS4A8A. Int. J. CANCER 129 (1), 122–132. doi:10.1002/ijc.25657

Silva-Gomes, R., Mapelli, S. N., Boutet, M. A., Mattiola, I., Sironi, M., Grizzi, F., et al.
(2022). Differential expression and regulation of MS4A family members in myeloid cells
in physiological and pathological conditions. J. Leukoc. Biol. 111 (4), 817–836. doi:10.
1002/JLB.2A0421-200R

Sun, L., Zhang, Y., and Zhang, C. (2018). Distinct expression and prognostic value of
MS4A in gastric cancer. Open Med. (Wars) 13, 178–188. doi:10.1515/med-2018-0028

Xin, S., Mueller, C., Pfeiffer, S., Kraft, V., Merl-Pham, J., Bao, X., et al. (2022).
MS4A15 drives ferroptosis resistance through calcium-restricted lipid remodeling. Cell.
Death Differ. 29 (3), 670–686. doi:10.1038/s41418-021-00883-z

Xiong, Y., Yuan, L., Xiong, J., Xu, H., Luo, Y., Wang, G., et al. (2020). An outcome
model for human bladder cancer: A comprehensive study based on weighted gene co-
expression network analysis. J. Cell. Mol. Med. 24 (3), 2342–2355. doi:10.1111/jcmm.
14918

Xu, F., Huang, X., Li, Y., Chen, Y., and Lin, L. (2021). m(6)A-related lncRNAs are
potential biomarkers for predicting prognoses and immune responses in patients with
LUAD. Mol. Ther. Nucleic Acids 24, 780–791. doi:10.1016/j.omtn.2021.04.003

Yang, H. J., Zheng, L., Zhang, X. F., Yang, M., and Huang, X. (2014). Association of
the MS4A2 gene promoter C-109T or the 7th exon E237G polymorphisms with asthma
risk: Ameta-analysis. Clin. Biochem. 47 (7-8), 605–611. doi:10.1016/j.clinbiochem.2014.
01.022

Zeng, Y., Tan, P., Ren, C., Gao, L., Chen, Y., Hu, S., et al. (2022). Comprehensive
analysis of expression and prognostic value of MS4As in glioma. Front. Genet. 13,
795844. doi:10.3389/fgene.2022.795844

Zhang, Z., Lin, E., Zhuang, H., Xie, L., Feng, X., Liu, J., et al. (2020). Construction of a
novel gene-based model for prognosis prediction of clear cell renal cell carcinoma.
CANCER Cell. Int. 20, 27. doi:10.1186/s12935-020-1113-6

Zhao, H., Pomicter, A. D., Eiring, A. M., Franzini, A., Ahmann, J., Hwang, J. Y., et al.
(2022). MS4A3 promotes differentiation in chronic myeloid leukemia by enhancing
common β-chain cytokine receptor endocytosis. Blood 139 (5), 761–778. doi:10.1182/
blood.2021011802

Zhou, M. H., and Wang, X. K. (2020). Microenvironment-related prognostic genes in
esophageal cancer. Transl. CANCER Res. 9 (12), 7531–7539. doi:10.21037/tcr-20-2288

Zhou, T., Cai, Z., Ma, N., Xie, W., Gao, C., Huang, M., et al. (2020). A novel ten-gene
signature predicting prognosis in hepatocellular carcinoma. Front. Cell. Dev. Biol. 8, 629.
doi:10.3389/fcell.2020.00629

Frontiers in Genetics frontiersin.org12

Zheng et al. 10.3389/fgene.2023.1162787

https://doi.org/10.1111/cas.15055
https://doi.org/10.18632/aging.103787
https://doi.org/10.18632/aging.103787
https://doi.org/10.1038/onc.2012.219
https://doi.org/10.1038/nri2072
https://doi.org/10.1007/s00418-020-01863-z
https://doi.org/10.1172/JCI40231
https://doi.org/10.1186/s13059-016-1028-7
https://doi.org/10.3389/fimmu.2022.853088
https://doi.org/10.3389/fimmu.2022.853088
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.3389/fonc.2020.571655
https://doi.org/10.1006/geno.2000.6472
https://doi.org/10.1111/j.1398-9995.2011.02760.x
https://doi.org/10.1111/j.1398-9995.2011.02760.x
https://doi.org/10.1016/s0092-8674(00)81300-8
https://doi.org/10.1111/jcmm.15762
https://doi.org/10.3389/fonc.2022.911401
https://doi.org/10.1158/2326-6066.CIR-16-0392
https://doi.org/10.1016/j.it.2021.07.002
https://doi.org/10.1016/j.it.2021.07.002
https://doi.org/10.1038/s41590-019-0417-y
https://doi.org/10.1038/s41590-019-0417-y
https://doi.org/10.3322/caac.21731
https://doi.org/10.1016/j.cellimm.2020.104260
https://doi.org/10.1038/s41598-021-84787-5
https://doi.org/10.3233/CBM-191162
https://doi.org/10.1074/jbc.M800784200
https://doi.org/10.1002/ijc.25657
https://doi.org/10.1002/JLB.2A0421-200R
https://doi.org/10.1002/JLB.2A0421-200R
https://doi.org/10.1515/med-2018-0028
https://doi.org/10.1038/s41418-021-00883-z
https://doi.org/10.1111/jcmm.14918
https://doi.org/10.1111/jcmm.14918
https://doi.org/10.1016/j.omtn.2021.04.003
https://doi.org/10.1016/j.clinbiochem.2014.01.022
https://doi.org/10.1016/j.clinbiochem.2014.01.022
https://doi.org/10.3389/fgene.2022.795844
https://doi.org/10.1186/s12935-020-1113-6
https://doi.org/10.1182/blood.2021011802
https://doi.org/10.1182/blood.2021011802
https://doi.org/10.21037/tcr-20-2288
https://doi.org/10.3389/fcell.2020.00629
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1162787

	Role of the membrane-spanning 4A gene family in lung adenocarcinoma
	Introduction
	Results
	mRNA expression of the MS4A family in patients with lung adenocarcinoma
	Mutation landscape of the MS4A family in lung adenocarcinoma
	Functional enrichment analysis of the MS4A family
	High expression of MS4A2/7/14/15 is beneficial to the survival of lung adenocarcinoma patients
	Construction of an MS4A family prognostic gene model
	Construction of a nomogram model
	Immune cell infiltration of prognostic genes of the MS4A family in lung adenocarcinoma
	Validation of prognostic genes in lung adenocarcinoma by real-time quantitative polymerase chain reaction
	Discussion

	Methods
	Identification of differentially expressed MS4As
	Mutation analysis of the MS4A family
	Functional enrichment analysis
	Prognostic analysis of differentially expressed genes
	Construction of four gene prognostic models
	Construction of a nomogram
	Immune infiltration analysis
	RNA extraction and RT-qPCR

	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material 
	References


