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Abstract
Background: dedicator of cytokinesis 2 is an atypical guanine exchange factor, which is particularly
expressed in hematopoietic cells and modulates the activation along with the migration of immune cells
by activating Ras--related C3 botulinum toxin substrate (Rac). Nevertheless, the role of DOCK2 in lung
adenocarcinoma (LUAD) remains unclear.

Methods: Herein, we performed bioinformatics analysis of lung adenocarcinoma data abstracted from
TCGA (The Cancer Genome Altas) and GEO (Gene Expression Omnibus) data resources, and combined
with web tools consisting of LinkedOmics, TIMER, and TISIDB. Finally, combined with clinical lung
adenocarcinoma samples, we veri�ed the expression of DOCK2 in tissue and its effect on the prognosis
of lung adenocarcinoma.

Results: In the TCGA lung adenocarcinoma data set, the expression of DOCK2 was down-regulated in
tumor tissues and veri�ed in multiple independent cohorts. In addition, the low expression of DOCK2
indicates a poor overall survival(OS) in both TCGA and other GEO data sets and in our clinical samples.
COX regression data illustrated that the low expression of DOCK2 was an independent predictor for OS.
Functional network analysis shows that DOCK2 participates in immune response through interleukin
production, neuroin�ammatory response, acquired immune response, leukocyte migration and activation
of lymph node cells, and is related to multiple immune-related pathways. Besides, the expression of
DOCK2 was remarkably related with many kinds of tumor in�ltrating immune cells.

Conclusion: combined with bioinformatics analysis and clinical sample veri�cation, our study shows that
DOCK2 can independently estimate the prognosis of lung adenocarcinoma and is related to immune
in�ltration. As a promising prognostic indicator and potential target of immunotherapy, the potential
effect of DOCK2 on lung adenocarcinoma and its molecular mechanism are worthy of further discussion.

Introduction
Lung cancer is one of the tumors with the highest morbidity and mortality in the world. due to the lack of
effective diagnostic markers, the early diagnosis rate of lung cancer is low. Once it is found that most of
them are already in the late stage, the therapeutic effect and prognosis are poor, and the mortality is
high(1). On the basis of histological characteristics, lung cancer is categorized into NSCLC (non-small cell
lung cancer) and SCLC (small cell lung cancer), with an estimated 85% of lung cancer being NSCLC, in
which lung adenocarcinoma is the primary tissue type of NSCLC (2). In general, the overall �ve-year OS
(overall survival) of individuals diagnosed with advanced lung adenocarcinoma is less than 15%; and
more than 60% of lung adenocarcinoma patients miss targeted genetic mutations that improve their OS
(3). Although there are many ways to treat lung adenocarcinoma (lung adenocarcinoma, LUAD), such as
surgery, radiotherapy, chemotherapy, targeted drug therapy and so on, the 5-year OS has not been
remarkably improved(4–6). Therefore, the discovery of speci�c early screening indicators and treatment
targets is critical in improving the OS of individuals with lung adenocarcinoma.
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Dedicator of cytokinesis 2(DOCK2), a CDM family member, is a guanine exchange factor (Guanine
nucleotide exchange factors), GEFs that mediates GTP-GDP exchange and speci�cally activates small G
protein Ras-related C3 botulinum toxin substrate 1. It is primarily expressed in immune cells, modulates
actin and cytoskeleton, and mediates cell adhesion and migration (7). As a regulatory molecule of
immune cells, DOCK2 is involved in the modulation of lymph node migration, T cell activation and
differentiation, cytotoxicity of NK cells, secretion of INF- γ, as well as bone marrow homing of many kinds
of immune cells(8). In mechanism, the serine homology region (Src homology 3 (SH3) of DOCK2
contains 50 amino acids and has the ability to bind Engulfment and cell motility 1 (ELMOL1). ELMOL1
exists in intracellular vesicles and is a cytoplasmic junction protein. The binding of SH3 and ELMOL1 can
inhibit the ubiquitination of DOCK2 and prevent DOCK2 degradation, thus activating Rac1, to play its
immune mediating function(9). In addition, DOCK2 and DOCK5 can also synergistically stimulate PMA-
triggered RAC activation, production of ROS (reactive oxygen species) and extracellular bactericidal
network (Neutrophil extracellular traps, NETs (10). Studies have shown that DOCK2 expression is down-
regulated in colorectal cancer, and overexpression of DOCK2 may participate in the recruitment of CD8 + 
T lymphocytes, which is an important indicator of good prognosis of colorectal cancer(11). Hu et al also
showed that patients with acute concomitant leukocytes with high DOCK2 expression had a longer OS
(12). However, some investigations have documented that DOCK2 is overexpressed in prostate cancer cell
line PC3. After silencing DOCK2, the phosphorylation of Akt along with ERK1/2 decreased, and the cell
proliferation decreased(13). These �ndings suggest that DOCK2 has many functions in many kinds of
malignant tumors. Nonetheless, the possible function, as well as the mechanism of DOCK2 in lung
adenocarcinoma and tumor immunology are not clear.

In this study, through TCGA and GEO database, more than 1200 patients with lung adenocarcinoma were
selected as subjects to comprehensively analyze DOCK2 expression in lung adenocarcinoma and its
relationship with the progression of lung adenocarcinoma, which was veri�ed by clinical samples. Finally,
the different expression levels of DOCK2 were associated with the changes of tumor immune
microenvironment. The results show that the expression of DOCK2 plays an indispensable role in
predicting the prognosis of lung adenocarcinoma and may become a new target for immune data of lung
adenocarcinoma.

Materials And Methods
2.1 Data abstraction and processing

We abstracted the RNA expression patterns along with the clinical data of individuals with lung
adenocarcinoma from the TCGA data resource. TCGA approved 513 lung adenocarcinoma samples that
consist of prognostic data and 59 non-malignant lung tissue samples.

We abstracted the gene expression data sets (GSE10072, GSE116959, GSE31210, GSE7670, GSE32863,
GSE75073, GSE72094) from GEO data resource. In these seven gene chip cohorts, GSE72094 contains
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detailed clinical prognostic data, and the sample size is the largest, so it is used as a veri�cation of
prognostic analysis. The other 6 cohorts were employed to explore the differential expression of genes.

2.2 Analysis of differential expression of DOCK2 genes.

Evaluation of differential expression of DOCK2 by Wilcox test and Kruskal test.

2.3 Linked Omics data resource analysis.

The Linked Omics data resource (http://www.linkedomics.org) is used to analyze cancer-related multi-
dimensional databases in 32 of the TCGA databases. The DEGs (differentially expressed genes) linked to
DOCK2 were identi�ed from the TCGA lung adenocarcinoma data set by the Link Finder module in the
data resource, and Pearson correlation coe�cient was employed to explore the correlation of the results,
which were displayed on the volcano map and heat map respectively. Gene enrichment analysis in Link
Interpreter module was used to assess the function module of gene ontology biological process (GO_BP)
and (KEGG) pathway in Kyoto Encyclopedia of Genes and Genomes.

2.4 TIMER and ESTIMATE data resource analysis

TIMER (Tumor Immune Estimation Resource) data resource (https://cistrome.shinyapps.io/timer/) is a
comprehensive database for systematic assessment of immune in�ltration in 32 different kinds of
cancer. The TIMER data resource employs deconvolution to show the abundance of tumor invading
immune cells (tumor-in�ltrating immune cells, TIICs) in lung adenocarcinoma samples from TCGA and
GEO data sets. Pearson correlation analysis was employed to explore the relationship of DOCK2 with the
degree of immune cell invasion.

The "estimate" package of R software was used to generate immune score for gene expression data, and
the immune score represented the degree of immune cell in�ltration in tumor tissue.

2.5 TISIDB data analysis.

TISIDB data (http://cis.hku.hk/TISIDB) is a portal for the interaction between oncology and immune
system that integrates a variety of data types. The website covers 988 reported anti-tumor genes related
to immunity, high-throughput screening genes, molecular images and para-cancerous data, as well as a
large number of immunological data collected from other public data resources. Herein, TISIDB provides
us with the relationship between DOCK2 and lymphocytes, immunomodulators and chemokines.

2.6 Collection of clinical tissue specimens.

60 lung adenocarcinoma tissue samples and 60 para-cancerous tissue samples were obtained from the
Department of Respiratory and critical Medicine of the �rst a�liated Hospital of Chengdu Medical
College from March 2014 to December 2015. The para-cancerous tissue was at least 5cm away from the
tumor. The inclusion criteria were as follows: (1) the histological type of lung adenocarcinoma was
con�rmed by pathology, and (2) the patients did not receive systematic radiotherapy and chemotherapy
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before operation. (3) all the patients had complete clinical information. Including: age, sex and staging,
and complete follow-up information in order to count the survival time of patients. This study has been
approved by the Ethics Committee of the �rst a�liated Hospital of Chengdu Medical College, and the
project number is 2020CYFYIRB-BA-121, in which all procedures involving human subjects are in line with
the Helsinki Declaration (revised in 2013). All patients received informed consent.

2.7 Detection of mRNA transcription level in clinical tissue samples of DOCK2 by RT-qPCR.

The lung adenocarcinoma specimens frozen at-80 ℃ in our hospital were taken out and thawed into
tissue blocks of about 50-100mg and put into 2ml enzyme-free tubes. The total RNA, extracted from the
samples by TRIzol method was used to detect the purity and concentration of the prepared RNA by
ultraviolet spectrophotometer. The ratio of OD260/OD280 was between 1.8 to 2.0. the quality of RNA was
considered to be quali�ed. According to the instructions of cDNA synthesis kit (TaKaRa Company,
Japan), the reverse transcription conditions of cDNA, were as follows: 37 ℃, 30 min, 98 ℃, 5 min, -20 ℃.
RT-qPCR preparation system: 10 µ L SYBR Green (Japan TaKaRa Co., Ltd.), upstream and downstream
primers 0.8 µ L, 2 µ L cDNA, 6.4 µ L without enzyme water. The RT-qPCR reaction was carried out in ABI
8000 real-time quantitative PCR, with GAPDH as the internal reference, and the reaction conditions were
set as follows: pre-denaturation at 95 ℃, 30s at 95 ℃, 5s at 60 ℃, 34s at 60 ℃, 40 cycles and annealing
at 60 ℃ for 30s. DOCK2 upstream primer is 5’-TGAAGCTGGACCACGAGGTAGA, downstream primer is
GCCTTTGACCAGGTTCACGAAG-3’; GAPDH upstream primer is 5’- ATTTGCGTCATCCTTGCG, downstream
primer is GACCTTCACCTTCCCCATGG-3’. Gene expression levels were calculated relative to the
housekeeping gene GAPDH.

3 Statistical analysis.

The R software version 3.6.1 was used to analyze the data statistically. The measurement data are
expressed by ( ±s), and the counting data are expressed by frequency and constituent ratio. The
measurement data in accordance with normal distribution were compared by independent sample t-test
and paired sample t-test, and the counting data were compared by chi-square test. The data that do not
accord with normal distribution are tested by Wilcox test. Kaplan-Meier approach was employed to
compare the OS between high and low DOCK2 expression groups. Univariate along with multivariate Cox
regression analysis were employed to identify the independent predictors of OS. P < 0.05 de�ned
statistical signi�cance.

Results
4.1 Low expression of DOCK2 in lung adenocarcinoma.

In six lung adenocarcinoma studies based on GEO and TCGA databases, DOCK2 expression in lung
adenocarcinoma was lower in contrast with that in non-malignant tissues (Fig. 1A-E). DOCK2 also
showed low expression in 192 pairs of lung adenocarcinoma and the paired para-carcinoma tissue in
GEO, as well as TCGA data resources (Fig. 1F-H). In TCGA data resource, ROC curve was employed to

¯̄¯
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explore the differentiation effect of DOCK2 in lung adenocarcinoma and para-cancerous tissues. The
area under the curve of DOCK2 is (AUC) 0.792 (Fig. 1I), indicating that DOCK2 may be a potential
molecular marker of lung adenocarcinoma.

4.2 Relationship of DOCK2 expression with clinic-pathological parameters in patients with lung
adenocarcinoma.

As the mechanism of DOCK2 in lung adenocarcinoma is not clear, the study of the relationship of DOCK2
expression with clinic-pathological features is helpful to elucidate the role of DOCK2 in lung
adenocarcinoma. The data demonstrated that the expression level of DOCK2 was remarkably related with
the staging changes of T, M and TNM in the data of TCGA lung adenocarcinoma, as indicated in Fig. 2A,
C, D. The patients with high expression of DOCK2 had lower T, M and TNM stages, indicating that DOCK2
may be involved in delaying the progression of lung adenocarcinoma.

Besides, to understand the prognostic impact of DOCK2 expression on lung adenocarcinoma, Cox
proportional hazard regression model was employed to explore the prognostic predictors. On the basis of
the median value of DOCK2 expression (the median value is 2.448), individuals with lung
adenocarcinoma were strati�ed into two groups: DOCK2 high expression group and DOCK2 low
expression group. Univariate analysis illustrated that low DOCK2 expression was related with short OS.
Other clinical features, consisting of T, N, M and TNM, were also related to OS. In order to verify the
prognostic value of DOCK2 in lung adenocarcinoma, multivariate analysis was performed. The data
illustrated that only the expression of DOCK2, as well as TNM stage were independently correlated with
OS (Fig. 2E, F), indicating that the expression of DOCK2 is not only helpful in the diagnosis of lung
adenocarcinoma, but also plays a better role in assessing the clinical prognosis of patients than T stage,
N stage and M stage.

4.3 DOCK2 co-expression network in lung adenocarcinoma.

To understand the biological function of DOCK2 in lung adenocarcinoma, the LindFinder module of
LinkedOmics website was employed to detect the co-expression model of DOCK2 in TCGA-LUAD. As
illustrated in Fig. 3A, 11013 genes (dark red dots) were positively linked to DOCK2 and 8975 genes (dark
green dots) were negatively linked to DOCK2. Figures 3B and 3C represent the the heat maps of the �rst
50 genes positively and negatively linked to DOCK2, respectively. GO annotations illustrated that the
genes co-expressed by DOCK2 were primarily involved in interleukin production, neuroin�ammatory
response, acquired immune response, leukocyte migration, activation of lymph node cells and so on. As
illustrated in Fig. 3E, the KEGG pathway analysis showed autoimmune thyroid disease, Staphylococcus
aureus infection, intestinal immune network producing IgA, allograft rejection and so on (Fig. 3F).

These results suggest that DOCK2 expression network has a broad range of in�uences on immune
activation in lung adenocarcinoma.
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It is worth to note that the �rst 50 genes positively related to DOCK2 have a high likelihood of becoming
low-risk markers of lung adenocarcinoma, and the HR values of most genes are less than 1. On the
contrary, in the �rst 50 genes negatively associated with DOCK2, most of the genes had HR values greater
than 1, suggesting that these genes are risk genes, as shown in Fig. 4A, 4B.

4.4. The relationship of DOCK2 with the level of immune invasion

We searched the TIMER database for whether the expression of DOCK2 affected the level of immune cell
invasion in lung adenocarcinoma. Pearson correlation analysis illustrated that DOCK2 expression was
positively linked to B cells, CD4 T cells, CD8 T cells, dendritic cells, macrophages and neutrophils
(Fig. 5A). In the GSE72094 dataset, the positive relationship of DOCK2 expression with these immune
cells in the TCGA-LUAD cohort has also been well veri�ed (Fig. 5B).

We then used ETSIMATE algorithm to analyze if DOCK2 expression was related with the total immune
in�ltration level of lung adenocarcinoma. The results demonstrated that there was a remarkable
relationship of DOCK2 with immune score (Immunescore) in both TCGA and GEO lung adenocarcinoma
data sets (Fig. 5C-D). In addition, patients who had high immune scores had poorer OS in contrast with
those with low immune scores, which was in agreement with the data of univariate prognostic analysis of
DOCK2 expression (Fig. 5E-H).

4.5 the relationship between DOCK2 and immune molecules.

To deepen the understanding of the relationship of DOCK2 with immune in�ltration, we studied the
relationship of the expression of DOCK2 with diverse immune signals, consisting of immune-related
signals, three immunomodulators, chemokines and receptors of 28 types of T lymphocyte studied by
Charoentong et al(14).

The correlation between DOCK2 expression and various immune characteristics was abstracted from
TISIDB data resource. Figure 6A indicates the correlation of DOCK2 with (TILs) in tumor-invading lymph
node cells, including Treg_abundence, Tem_CD8_abundance, NK_abundance, and NKT_abundance.
Immunomodulators can be further divided into three groups, which contain immunosuppressants,
immunostimulators and (MHC) molecules. Figure 6B shows that the immunosuppressant associated
with DOCK2 is CSF1R_exp, TIGIT_exp, BTLA_exp, and IL10_exp. Figure 6C shows that the
immunostimulant associated with DOCK2 is TNFSF13B_exp, IL2RA_exp, CD27_exp and CD40_exp.
Figure 6D shows that the MHC molecule associated with DOCK2 is HLA- DOA _ exp, HLA-E_exp, HLA-
DRB1_exp and HLA-B_exp. Figure 6E demonstrates that the chemokine associated with DOCK2 is
CCL19_exp, CCL4_exp, CXCL12_exp as well as CCL18_exp. Figure 6F illustrates that the receptor
associated with DOCK2 is CCR4_exp, CCR8_exp, CXCR5_exp and CXCR4_exp.

Hence, this study veri�ed that DOCK2 is widely involved in the regulation of various immune molecules in
lung adenocarcinoma and affects the immune in�ltration of tumor microenvironment.

4.6 Expression of DOCK2 in lung adenocarcinoma in clinical tissue specimens
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We collected tissue samples from 60 cases of lung adenocarcinoma treated by surgical resection at The
First A�liated Hospital of Chengdu Medical College, and DOCK2 expression in lung adenocarcinoma and
corresponding non-malignant tissues was assayed by RT-qPCR. The data illustrated that the mRNA with
DOCK2 was 0.531 (0.217,1.211), which was lower in contrast with that of 3.284 (2.271, 4.325), Z =-4.999,
P 0.05. (Fig. 7A). DOCK2 expression was remarkably linked to clinical stage and tumor size (P < 0.05)
(Table1). Prognostic analysis demonstrated that the patients were strati�ed into high DOCK2 expression
group and low DOCK2 expression group on the basis of the median expression of DOCK2 evaluated by
RT-qPCR. The prognosis of low DOCK2 expression group was worse relative to that of high DOCK2
expression group (Fig. 7B). It is consistent with the results predicted by bioinformatics analysis.

Table 1
Correlation between DOCK2 expression and patient characteristics

Characteristics n = 60 DOCK2(mRNA) Chi-square P-value

High (n = 30) Low (n = 30)

Gender       0.271 0.602

Male 26 12 14    

Female 34 18 16    

Age (year)       0.069 0.793

≤ 60 35 18 17    

> 60 25 12 13    

Stage       5.079 0.024

I/II 42 25 17    

/IV 18 5 13    

Tumor diameter (cm)       4.356 0.037

≤ 5 45 26 19    

> 5 15 4 11    

Differentiation       0.606 0.436

High/moderate 33 15 18    

Poor 17 15 12    

Discussion
As far as we know, DOCK2 expression in lung adenocarcinoma and its effect on the prognosis of lung
adenocarcinoma have not been studied. In this study, bioinformatics analysis was conducted using gene
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expression pro�le information from TCGA and GEO databases. The results showed that DOCK2 may be a
potential moderate molecular marker of lung adenocarcinoma, and the low DOCK2 expression in lung
adenocarcinoma was linked to higher clinico-pathological stage, shorter OS and poor prognosis. These
results were con�rmed in the clinical samples we collected. After that, we studied the co-expression genes
and regulatory networks of DOCK2. Finally, we analyzed the relationship of DOCK2 with immune invasion
or immune signal, and found that DOCK2 was linked to most immune marker genes. The purpose of our
work is to guide the research on immunotherapy of lung adenocarcinoma in the future.

Dedicator of cytokinesis protein is a multi-domain guanine nucleotide exchange factor of RHO GTPases,
which regulates the motility of intracellular actin(15). DOKC2 is an important member of the DOCK-A
subfamily(16). In recent years, as a new mutation gene, DOCK2 gene has been recognized as a
susceptible gene with high mutation rate in a variety of tumor populations(17). Nonetheless, there is a
lack of research on the expression of DOCK2 in non-malignant lung tissue and lung adenocarcinoma.
Herein, the results of bioinformatics analysis illustrated that DOCK2 expression in lung adenocarcinoma
was down-regulated and veri�ed by the RT-qPCR along with Western blot data. Moreover, DOCK2
expression in early lung adenocarcinoma was higher in contrast with that in advanced lung
adenocarcinoma, demonstrating that DOCK2 might be a tumor repressor gene in lung adenocarcinoma.
Ge(18) et al. showed that DOCK2 is also a tumor suppressor gene in colorectal cancer that exhibited high
mutation, and the elevated DOCK2 expression indicates a good prognosis. Wang et al .(19) showed that
DOCK2 is linked to the tumor immune microenvironment of Luminal breast cancer, and DOCK2 may be a
prognostic marker. At present, most studies believe that DOCK2 gene plays a role by regulating Rac, but
DOCK2 affects different functions in different immune cells. DOCK2 de�ciency results in a reduction in
the number and proportion of T lymphocytes in lymph nodes and spleen, which affects the positive, as
well as negative selection of T cells in the process of T cell development. DOCK2 modulates the
development and activation of B lymphocytes, affects the differentiation of plasma cells and the
secretion of speci�c IgG antibodies. In addition, DOCK2 affects the cytotoxicity and degranulation of NK
cells, and regulates the migration of neutrophils, the production of ROS and the formation of NETs.
DOCK2 almost affects the whole process of the biological function of immune cells.

To further con�rm the relationship of DOCK2 with immune responses in lung adenocarcinoma, we sought
to reveal the role of DOCK2 in the construction of the immune microenvironment in lung
adenocarcinoma. To elucidate the prospective functions of DOCK2 in lung adenocarcinoma, we
performed a bioinformatic analysis of public databases. Transcriptome analysis of over 1200 clinical
samples from four geographical regions demonstrated that DOCK2 mRNA expression was remarkably
lower in lung adenocarcinoma in contrast with that in para-cancerous lung tissue, both in the overall
sample and in paired samples from individual patients. the expression level of DOCK2 had a remarkable
impact on clinical parameters such as primary tumor status and tumor pathological stage. These results
were validated in the clinical samples collected. Multifactorial analysis further illustrated that DOCK2
expression was an independent predictor affecting the prognosis of individuals with lung
adenocarcinoma.
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LinkedOmics data resource analysis further illustrated that not only DOCK2 gene has a remarkable
in�uence on the prognosis of patients with lung adenocarcinoma, most of the genes co-expressed with
DOCK2, whether positive or negative correlation, are remarkably related with the prognosis of patients
with lung adenocarcinoma. In addition, these genes co-expressed with DOCK2 are mainly enriched in
immune-linked cascades, which is consistent with the recognized role of DOCK2 involved in immune
regulation. It is suggested that DOCK2 may be involved in modulating tumor immune microenvironment
and improving the prognosis of lung adenocarcinoma.

The TIMER data resource analysis more directly con�rmed the above conclusions. The DOCK2
expression level in TCGA, as well as GSE72094 data was highly correlated with the invasion level of B
cells, dendritic cells, CD4 + T cells, neutrophils, CD8 + T cells, and macrophages. In addition, the
expression of DOCK2 was positively correlated with the immune score of lung adenocarcinoma samples
based on ESTIMATE algorithm. According to the immune score or DOCK2 expression, the patients were
strati�ed into different groups, and the prognosis was also different. It is suggested that the high
expression of DOCK2 may improve the immune microenvironment of lung adenocarcinoma patients
through the invasion level of immune cells, so as to improve the prognosis of individuals with lung
adenocarcinoma. Miao et al. [11] have shown that colorectal cancer patients with high DOCK2 protein
expression have a better prognosis, and the mechanism may be that CD8 + T cells have a protective
effect on the body, suggesting that DOCK2 may delay tumor progression through immune regulation. In
this study, the relationship between DOCK2 and CD8 + T cells was shown to be rDNA 0. 451 in TCGA lung
adenocarcinoma and 0. 5% in GSE72094 lung adenocarcinoma.746, the result is similar to that of Miao.
It has been reported that DOCK can participate in the innate immune response of microglia by regulating
the secretion of microglial cytokines, consisting of tumor necrosis factor-α along with monocyte
chemoattractant protein-1(20). Hence, we speculate that DOCK2 may enhance the invasion of CD8 + T
cells by modulating the secretion of some cytokines, which is con�rmed in the analysis of the
relationship between DOCK2 and chemokines from TISIDB database. Then, according to the median
value of DOCK2 mRNA, we divided the collected clinical samples into high DOCK2 expression group and
low DOCK2 expression group. After 5 years of follow-up, we found that the OS of individuals with lung
adenocarcinoma in high DOCK2 expression group was longer. Increasing the expression of DOCK2 is
involved in delaying the progression of lung adenocarcinoma. The reason may be that the overexpression
of DOCK2 is related to the promotion of CD8 + T lymphocyte in�ltration. T cells are mainly responsible for
the cellular immunity of the body, but also an important part of humoral immunity. There are T cell
receptors (TCRs) on the surface of T cell membrane. TCR is the core structure of antigen recognition, as
well as immune response. There are mainly two types of TCR α β and TCR γ δ. Usually referred to as α β
T cells, T cells are the primary lymphocyte subsets involved in adaptive immune response. Mature α β T
cells are mostly CD4 or CD8 single positive cells. CD8 + T lymphocytes account for 30% of peripheral
blood lymphocytes, and their main role is to directly kill target antigens (such as viruses and tumor cells),
so they are called cytotoxic T lymphocyte (Cytotoxic T lymphocyte, CTL). Cytotoxic T lymphocytes �rst
express Fas ligand FasL which docks to Fas indicated by antigen, which enhances apoptosis of tumor
cells. On the other hand, CTL can also secrete perforin to dissolve the capsule of tumor cells, and can
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also secrete interferon-γ and tumor necrosis factor-α, which inhibit the formation of target antigen
DNA(21). Because CTL can kill tumor cells, this may explain why patients with high DOCK2 expression
have a better prognosis. Lu et al. (22)also found that DOCK2 may be a potential prognostic index to
improve the OS of brain metastasis in the genomic study of the immune microenvironment of brain
metastasis of breast cancer. Many studies have shown that DOCK2 has extensive effects on the immune
microenvironment, as well as immune cell invasion of patients with a variety of cancers. Therefore,
DOCK2 is worthy of further research in the �eld of tumor immunotherapy.

Although the results of this study enhance our comprehension of the relationship of DOCK2 and lung
adenocarcinoma, there are some limitations. First of all, in order to fully clarify the speci�c role of DOCK2
in the onset and progress of lung adenocarcinoma, several clinical factors and parameters need to be
considered, such as the details of patients receiving treatment. However, this information is lacking or
inconsistent in the public database, because these trials are conducted in different centers and the
standards cannot be uni�ed. Second, in the current study, the number of healthy subjects as a control
group is relatively small, so the conclusion needs to be further con�rmed by expanding the number of
healthy subjects. Third, although the multicenter studies in the public database make up for the
de�ciency in the number of single-center studies, the retrospective study has its limitations, especially the
disunity of intervention measures and the lack of speci�c treatment information. Finally, as the current
studies are based on public databases and clinical samples, it is critical to further study the direct
mechanism of DOCK2 in lung adenocarcinoma.

Conclusion
Herein, for the �rst time we established that the low expression of DOCK2 is closely linked to the
progression, poor prognosis, as well as immune invasion of lung adenocarcinoma, which may promote
tumorigenesis through abnormal in�ammation and immune response. DOCK2 may become one of the
targets of immunotherapy for lung adenocarcinoma. The direct mechanism between the low expression
of DOCK2 and the progression and metastasis of lung adenocarcinoma needs to be further studied. This
study provides a new idea for further elucidating the clinico-pathological signi�cance and molecular
pathogenesis of lung adenocarcinoma.
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Figures

Figure 1

(A-E) Compared with normal lung tissue, DOCK2 was signi�cantly down-expressed in LUAD tissue. (F-H)
DOCK2 was down-regulated in LUAD tissue compared with 192 pairs of adjacent normal tissues from
three different LUAD datasets. (I) The ROC curve for diagnosis of LUAD.



Page 16/21

Figure 2

Association between DOCK2 expression and clinicopathological characteristics. A T stage; (B) N stage;
(C) M stage; (D)TNM stage; (E-F) Univariate and multivariate Cox analysis of DOCK2 and pathological
parameters
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Figure 3

The co-expression genes with DOCK2 in LUAD from the LinkedOmics database. (A) The total signi�cantly
genes associated with DOCK2 from TCGA. (B-C) Top 50 genes positively and negatively linked to DOCK2
in LUAD exhibited by heat maps respectively. Red represents positively related genes and blue represents
negatively related genes. (D-E) Signi�cantly enriched GO terms and KEGG pathways of DOCK2.
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Figure 4

survival heatmap of the top 50 genes positively and negatively correlated with DOCK2 in LUAD.



Page 19/21

Figure 5

Correlations between the DOCK2 expression level and immune in�ltration level based on TIMER database
and R software. (A-B) The DOCK2 expression levels in the TCGA and GSE72094 dataset show a positive
correlation with the immune in�ltration level of B cells, CD4 T cells, CD8 T cells, dendritic cells,
macrophages and neutrophils. (C-D) The DOCK2 expression has a signi�cant positive correlation with the
immune score of LUAD samples based on the ESTIMATE algorithm in the TCGA-LUAD And GSE72094
dataset. (E-F) Patients with higher immune scores have higher overall survival time in the TCGA-LUAD
and GSE72094 dataset. (G-H) Patients with higher DOCK2 expression level have higher overall survival
time.
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Figure 6

Associations of the DOCK2 expression level with lymphocytes, immunomodulators and chemokines in
LUAD from TISIDB database. (A) Correlations between abundance of tumor-in�ltrating lymphocytes
(TILs) and DOCK2. (B-D) Correlations between immunomodulators and DOCK2. (E-F) Correlations
between chemokines or receptors and DOCK2.
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Figure 7

The correlation between the expression of DOCK2 from clinical tissue specimens and prognosis of LUAD
A The DOCK2 expression levels in LUAD and adjacent non-cancerous tissues were detected by RT-qPCR.

(B) Survival analysis of patients with low and high expression of DOCK2.


