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Background: Colon adenocarcinoma (COAD) is ranked as the third most commonly diagnosed 

cancer in both women and men, and it is the most frequently occurring malignant tumor. Dynactin 

is a protein compound based on multiple subunits, including dynactin 1–6 (DCTN1–6), in most 

categories of cytoplasmic dynein performance in eukaryotes. Nevertheless, correlations between 

the DCTN family and the prognosis and diagnosis of COAD remain unidentified.

Methods: Statistics for DCTN mRNA expression in patients with COAD were acquired from 

The Cancer Genome Atlas. Kaplan–Meier analyses and a Cox regression model were applied 

to determine overall survival, with computation of HRs and 95% CIs. Several online data 

portals were used to assess the biological process, and pathway examination was performed 

using the Kyoto Encyclopedia of Genes and Genomes to predict the biological functionality 

of DCTN genes.

Results: We found that high expression of DCTN4 was linked with satisfactory results for overall 

survival (P=0.042, HR=0.650, 95% CI 0.429–0.985). The expression of DCTN1, DATN2, and 

DCTN4 was closely correlated with the frequency of colon tumors (P<0.001, area under the 

curve [AUC]=0.8811, 95% CI 0.8311–0.9312; P<0.001, AUC=0.870, 96% CI 0.833–0.9071; 

and P=0.0051, AUC=0.6317, 95% CI 0.5725–0.6908, respectively). In the enrichment exami-

nation, the level of gene expression was related to the cell cycle, cell apoptosis, and the cell 

metastasis pathway.

Conclusion: The expression levels of DCTN1, DCTN2, and DCTN4 could allow differentia-

tion between cancer-bearing tissues and paracancerous tissue. These genes can be applied as 

biomarkers to predict the prognosis and diagnosis of COAD.

Keywords: dynactin, colon adenocarcinoma, diagnosis, prognosis, biomarker

Introduction
Colon adenocarcinoma (COAD) is a type of colorectal cancer (CRC) and is the most 

frequently occurring malignant tumor. In USA, it is ranked as the third most frequently 

diagnosed tumor in both males and females.1 Moreover, in 2018, the number of new 

cases was predicted to be 97,220, and the predicted number of deaths was 50,630.2 

The Surveillance, Epidemiology, and End Results Program (SEER) found that the 

5-year survival rate is 64.5% (https://seer.cancer.gov). The risk factors involved in this 

disease are old age, male gender, increased level of fat consumption, alcohol, physical 

inactivity, smoking, red meat, obesity, and processed food.3,4 Treatment of CRC may 

include combinations of surgery, radiotherapy, chemotherapy, and targeted therapy.5 

Diagnostic methods include colonoscopy, which is referred to as the gold standard 
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for diagnosis and can provide a highly accurate diagnosis 

and assess the location of the tumor5; capsule endoscopy; 

computed tomography colonography; and biomarkers of 

CRC such as Septin-9 (SEPT9).5–7

Dynactin is a multiple-subunit protein compound 

involved in the activation of most forms of cytoplasmic 

dynein in eukaryotes.8 Dynactin connects to cytoplasmic 

dynein, dynein cargo adaptors, and microtubules.9 Six 

subunits of dynactin, DCTN1, DCTN2, DCTN3, DCTN4, 

DCTN5, and DCTN6, have been verified, and all the subunits 

are encoded through their corresponding genes. Previous 

research found that the DCTN family is linked with multiple 

neurodegenerative diseases.10–12 Nevertheless, after biblio-

graphic retrieval, it was found that only a few studies stated 

the correlation between the DCTN family and the prognosis 

and diagnosis of COAD.

In this research, we accessed a public database, The 

Cancer Genome Atlas (TCGA), to assess survival-related 

data and DCTN family expression in patients with COAD, 

and examined the prognostic and diagnostic value of mRNA 

expression levels of individual DCTN genes. Several online 

data portals were employed for analyzing the functionality 

and signaling pathways in a bid to predict the functionality 

of DCTN genes.

Materials and methods
Data preparation
Data including mRNA expression and clinical information 

that may be linked with COAD, including gender, age, 

and tumor stage, were extracted from TCGA data portal, 

accessed by the University of California Santa Cruz Xena 

(UCSC Xena: https://xena.ucsc.edu/, retrieved June 21, 

2018). mRNA sequencing was used in 456 patients. The 

expression data, which include 480 cases of cancer and 42 

non-cancer mRNA sequences, were used for performing 

expression-associated examinations. After the cases with 

missing medical data and 0-day survival time had been 

removed, a total of 438 cases were included in the survival 

examination.

Functional analysis and mRna co-
expression of the DCTN family
The relevant degrees of expression of the six DCTN genes 

in multiple different tissues were created by GTEx Portal.13 

The Database for Annotation, Visualization, and Integrated 

Discovery (DAVID, v.6.8)14,15 was employed to analyze the 

functional enrichment, which includes two terminologies, 

the gene ontology (GO) functional examination and the 

Kyoto Encyclopedia of Genes and Genomes (KEGG) path-

way examination. The functional examination based on GO 

includes the molecular functionality (MF), biological process 

(BP), and cellular component (CC).

A GO function analysis tool, Biological Networks Gene 

Ontology (BiNGO),16 was applied for predicting the func-

tionality of gene based on the results of correlation analysis. 

A gene function prediction website, Gene Multiple Asso-

ciation Network Integration Algorithm (GeneMANIA), was 

used to predict DCTN family members.17 The Search Tool 

for the Retrieval of Interacting Genes/Proteins (STRING) 

database which offers a critical evaluation and combination 

of protein–protein interactions,18 was employed for assess-

ing the functional and physical relationships of DCTN4 and 

correlated genes, with a collective score >0.15 being taken 

to indicate statistical significance.

Co-expression matrix of the DCTN family 
in COaD
Pearson correlation coefficient analysis was used to identify 

correlations between DCTN family genes in COAD. Results 

with P<0.01 were considered to be statistically significant.

Characteristics of gene expression levels
We used the Metabolic gEne RApid Visualizer (MERAV) to 

make boxplots of various expression levels of DCTN family 

members in primary colon cancer-bearing tissue and normal 

colon tissue.19 Vertical scatterplots were produced based 

on the DCTN gene expression. Furthermore, the high and 

low expression level groups of DCTN genes were identified 

according to the median values of each gene. Patients with 

expression values greater than the median values of specific 

DCTN genes were identified as the high expression group, 

and the remaining patients were identified as the low expres-

sion group.

Diagnostic prediction
Receiver operating characteristics (ROC) curves were 

drawn to identify the prognostic importance of the DCTN 

family in TCGA data portal. Standardized values of 

diagnosis with P<0.05 were considered to be statistically 

significant.

survival analysis
The log-rank test, together with Kaplan–Meier survival 

examination, was applied to calculate the P-value and overall 
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survival (OS) for the DCTN gene family and clinical informa-

tion. Furthermore, the Cox proportional hazards regression 

model was applied for univariate and multivariate survival 

examinations. HRs and 95% CIs were computed by means of 

the Cox proportional hazards regression model after adjusting 

for clinical characteristics.

nomogram
A nomogram was employed to evaluate the relationship 

between DCTN4 and medical rank in COAD OS. Further-

more, the probable utility of DCTN4 in predicting clinical 

rank was assessed.

With regard to the clinical information and survival 

analysis, after adjustment with the Cox proportional hazards 

regression model, only tumor stage and expression level of 

DCTN4 were entered into the risk model. The points against 

each factor could be counted, and 1-, 5-, and 10-year survival 

rates could also be computed.20

gene set enrichment analysis (gsea)
To investigate the mechanism by which different expres-

sion levels of DCTN4 in COAD generate different results, 

GSEA v.3.0 (http://software.broadinstitute.org/gsea/

msigdb/index.jsp, accessed July 10, 2018) was used for 

analyzing dissimilarities in DCTN4 expression levels of 

biological patterns in the lower expression group and 

higher expression group for each gene using reference gene 

sets, extracted from the Molecular Signatures Database 

(MSigDB), c2 (KEGG gene sets: c2.all.v6.1.symbols.

gmt), and c5 (GO gene sets: c5.all.v6.1.symbols.gmt).21 

The number of permutations was set at 1,000. Enriched 

results satisfying a nominal significant cut-off value of 

P<0.05 with a false discovery rate <0.25 were considered 

to be statistically significant.

exploring the function of DCTN4 in 
COaD
Pearson correlation coefficient analysis was used to perform 

genome-wide correlation analysis and to identify correla-

tions between DCTN4 and possible survival rate associated 

with the COAD gene cohort of TCGA. An absolute value of 

correlation coefficient >0.4 was taken as being highly cor-

related. To explore the functionality of DCTN4 in COAD, the 

online database of DAVID, together with BiNGO, STRING, 

and GeneMANIA, was applied to examine the GO function 

and KEGG pathway for DCTN4 and correlated genes of the 

COAD cohort in TCGA.

statistical analyses
SPSS v.25.0 software was used for statistical analyses (IBM 

Corp., Armonk, NY, USA). In addition, GraphPad Prism 

v.7.0 was used for generating survival curves and vertical 

scatterplots (GraphPad Software, Inc., La Jolla, CA, USA). 

The correlation plots and nomogram were produced by R 

v.3.5.1 (R Foundation for Statistical Computing, Vienna, 

Austria). Cytoscape v.3.6.1 was employed to construct an 

interactive network of the targeted genes.22

Results
mRna expression of DCTN genes in 
human non-cancer-bearing colon and 
colon cancer tissues
In human colon tissues, DCTN2, DCTN5, and DCTN6 

were highly expressed (Figure S1B, E, and F), and DCTN1, 

DCTN3, and DCTN4 were expressed at a medium level 

(Figure S1A, C, and D).

DCTN family functional, pathway, and co-
expression enrichment analysis
The biological functionality of the DCTN genes was 

assessed through DAVID regarding the BP, MF, and CC 

types for GO function and KEGG pathway examination 

(Figure 1A). Enrichment outcomes were examined through 

BiNGO (Figure S2). Interactions between the expressed 

levels of DCTN genes are shown in Figure 1B. An exami-

nation of co-expression at the protein level is illustrated in 

Figure 1C. These results indicated that genes in the DCTN 

family were correlated with substance transportation, 

together with cell cycle and protein-binding procedures 

in cells.

Correlations between the expression levels of individual 

DCTN genes were found through Pearson correlation coef-

ficient analysis. The expression level of DCTN1 was cor-

related with both DCTN4 and DCTN6, while the expression 

level of DCTN2 was correlated with DCTN3 and DCTN5 

(all P<0.01; Figure 2A).

Diagnostic value of the DCTN gene family
Vertical scatterplots for expression levels of DCTN genes are 

shown in Figure 2B, and each group was considered to be 

statistically significant (all P<0.05). The boxplots produced 

from MERAV showed that, with the exception of DCTN2, 

the expression levels of the remaining genes in primary colon 

tumor were higher than in normal colon tissue (Figure 3A 

and C–F). The expression level of DCTN2 in normal colon 
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tissues was greater than that in the tumor-bearing colon 

(Figure 3B). Furthermore, we produced ROC curves of the 

estimated expression levels of DCTN family in tumor and 

paired colon tissues (Figure 4). The expression levels of 

DCTN1, DATN2, and DCTN4 were closely correlated with 

Figure 1 (A) study of enriched gO terminology and Kegg pathways for DCTN genes assessed by DaViD; (B) DCTN gene interaction networks among selected genes 
generated by geneMania; (C) sTRing physical and functional connections of DCTN genes.
Abbreviations: DaViD, Database for explaining, Visualization, and integrated Discovery; DCTN, dynactin; eR, endoplasmic reticulum; geneMania, gene Multiple 
association network integration algorithm; gO, gene ontology; Kegg, Kyoto encyclopedia of genes and genomes; MhC, major histocompatibility complex; sTRing, 
search Tool for the Retrieval of interacting genes/Proteins.
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survival analysis
The univariable survival analysis indicated that, with regard 

to clinical information, tumor stage was the only factor that 

was linked with OS, and preliminary stages were correlated 

significantly with favorable OS (P<0.001, HR=0.323, 95% 

CI=0.210–0.498; Table 1). The Kaplan–Meier curves of the 

DCTN gene family are shown in Figure 5A–F. The tumor 

phase was included in the Cox proportional hazards regres-

sion model for multivariate survival examination; higher 

expression levels of DCTN4 correlated significantly with 

satisfactory OS results (adjusted P=0.042, HR=0.650, 95% 

CI=0.429–0.985; Table 2; Figure 5D), and the results were 

consistent with the outcomes of univariate survival examina-

tion (P=0.009, HR=0.581, 95% CI=0.386–0.874; Table 2).

The nomogram for scoring risk includes the expression 

level of DCTN4 and tumor stage to predict results and the 

1-, 5-, and 10-year related survival percentage (Figure 6).

Function of DCTN4 in COaD
The relative difference in DCTN4 expression level of 

COAD in TCGA records was assessed by means of GSEA 

 (Figure 7A–I). In the GSEA of KEGG pathways, the expres-

sion level of the gene was linked with the cell cycle, cell 

apoptosis, and the cell metastasis pathway. The GO function 

enriched examination produced no significant outcomes. The 

remaining results are presented in Tables S1 and S2.

Correlations between DCTN4 and possible survival asso-

ciated with the COAD gene cohort in TCGA are presented in 

Figure 8. The outcomes of GO function and KEGG pathway 

examination performed by DAVID among these genes are 

presented in Figure 9. The co-functional examination con-

ducted by means of BiNGO among genes associated with 

DCTN4, based on the results of correlation analysis, and 

DCTN4 is presented in Figure 10. The items shown in red 

were consistent with the results of the DAVID examination.

The results of co-expression examination by GeneMA-

NIA are presented in Figure 11. The integration of protein–

protein co-expression examination by STRING is presented 

in Figure 12. These genes were correlated with cell cycle, 

protein ubiquitination, protein binding, protein transport, and 

some cancer-related procedures including nuclear factor-κB 

(NF-κB) signaling pathways and cellular adhesion.

Figure 3 MeRaV boxplots of expression of DCTN family in normal tissues and tumor-bearing tissues. 
Note: Boxplots are shown for the expression levels of (A) DCTN1; (B) DCTN2; (C) DCTN3; (D) DCTN4; (E) DCTN5; and (F) DCTN6. 
Abbreviations: DCTN, dynactin; MeRaV, Metabolic gene Rapid Visualizer.
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Figure 4 ROCs of six DCTN genes, showing differences between COaD tissue and adjacent normal colon tissue. 
Note: ROCs of six prognostic differentially expressed miRnas: (A) DCTN1; (B) DCTN2; (C) DCTN3; (D) DCTN4; (E) DCTN5; and (F) DCTN6.
Abbreviations: COaD, colon adenocarcinoma; DCTN, dynactin; ROC, receiver operating characteristics.
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Table 1 Demographic and clinical data for 438 COaD patients

Variable Patients  
(n=438)

No. of  
events (%)

MST 
(days)

HR (95% CI) Log-rank  
P-value

gender 0.545
Male 234 54 (23.1) 2,475 Ref.
Female 204 44 (22.6) n/a 1.131 (0.759–1.686)

age (years) 0.114
≥65 168 29 (17.3) 2,475 Ref.

<65 268 116 (25.4) n/a 1.420 (0.919–2.194)
Tumor stage <0.001

advanced 187 62 (33.2) 1,711 Ref.
early 240 31 (12.9) 3,042 0.323 (0.210–0.498)
Missing 11

Tumor stage <0.001
iV 61 31 (51.8) 858 Ref.
i 73 4 (5.5) n/a 0.089 (0.031–0.251)
ii 167 27 (16.2) 2,821 0.198 (0.118–0.335)
iii 126 31 (24.6) n/a 0.360 (0.218–0.596)
Missing

Abbreviations: COaD, colon adenocarcinoma; MsT, median survival time; n/a, not available.

Discussion
In the current study, we investigated the prognostic and diag-

nostic values of the DCTN gene family based on the TCGA 

database. Higher expression of DCTN4 was found to be cor-

related with favorable OS in COAD, and the expression levels 

of DCTN1, DCTN2, and DCTM4 may be used to predict the 

occurrence of colon cancer. In addition, we investigated the 

GO function analysis, KEGG pathway, and protein–protein 

relationships among DCTN4 and correlated genes to predict 

the function of DCTN4.

Dynactin is a multiple-subunit protein compound 

involved in the activation of most forms of cytoplasmic 

dynein in eukaryotes.8 Dynactin connects to cytoplasmic 

dynein, dynein cargo adaptors, and microtubules.9 The exis-

tence of six subunits of dynactin, DCTN1, DCTN2, DCTN3, 

DCTN4, DCTN5, and DCTN6, has been verified, and all 

of them are encoded through their corresponding genes. 

DCTN1 is considered the largest subunit of dynactin,23 and 

DCTN1 has been implicated in many neurodegenerative 

diseases.10–12 DCTN2 connects with DCTN1 and DCTN3 

to form a complex subunit.23 DCTN4 was found to be asso-

ciated with Wilson’s disease24 and chronic Pseudomonas 

aeruginosa infection.25

In addition to its dynactin functions,8,26 the DCTN gene 

family plays a crucial role in many cancers. Some research 

on this subject has been published. Our previous research 

found that DCTN1, DCTN2, and DCTN5 were upregulated 

in cutaneous melanoma, while DCTN6 was downregulated 

and linked with favorable OS.27 DCTN1 has been observed 

to be associated with multiple cancers or cancer cell lines,28 

including lung cancer29 and Spitz tumors.30 DCTN2 was 

observed to be over expressed in SJSA-1 osteosarcoma 

cells.31 Nevertheless, the correlation between DCTN4 and 

cancer was not stated. Here, we have employed statistics 

from TCGA on expression and medical data in COAD to 

investigate correlations between DCTN gene family expres-

sion levels and prognosis and to identify biomarkers that can 

be used for prognosis and diagnosis in patients with COAD.

We observed that DCTN4 had a positive correlation with 

several pathways as follows. The eukaryotic initiation factor 

(EIF) pathway was correlated with cell apoptosis,32,33 necropto-

sis,34,35 cellular senescence,36 proteoglycans in cancer,37 and cho-

line metabolism in cancer.38,39 The cell cycle phase was observed 

to be associated with the tumor owing to stability of the genome 

and uncontrolled cellular growth process. Nevertheless, the 

detailed mechanisms of molecules that link dysfunctionality 

in such pathways to the beginning of specific tumors are not 

stated in the majority of cases.40 In our functional assessment 

performed by GO and KEGG, we observed that the function 

of DCTN4 was significantly enriched in multiple cell cycle 

processes, including cell cycle S phase and G2/M change in 

the mitotic cell cycle. DCTN4 and correlated genes were found 

to be linked with NF-κB signaling, which played a crucial role 

in initiating human cancer, cancer progression, metastasis, and 

resistance.41–43 Cell–cell adhesion, as found on BP examination, 

is an essential cellular process and may result in cancer.44,45 All 

the results discussed herein were essential aspects in the process 

of occurrence, progression, and prognosis in COAD.
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Figure 5 Prognostic graphs of DCTN expression for overall survival. 
Note: Kaplan–Meier survival curves for complete COaD patients according to expression of (A) DCTN1; (B) DCTN2; (C) DCTN3; (D) DCTN4; (E) DCTN5; and (F) DCTN6 
(n=438).
Abbreviations: COaD, colon adenocarcinoma; DCTN, dynactin.
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The functionality of the DCTN4 subunit is yet not 

clear, although its nonappearance does not have a signifi-

cant impact on the stabilization of dysfunction.46 In colon 

tumors, dysfunction of several factors may have an impact 

on the Wnt signaling pathway, which increases the signaling 

performance.47,48 Our KEGG analysis showed that a higher 

expression level of DCTN4 was correlated with cell metasta-

sis, together with cancer relapse and the cell cycle, which may 

be a part of the pathway associated with cancer occurrence. 

Particularly in the colon tumor recurrence pathway, DCTN4 

may be an indispensable factor in patients with COAD.

In the present research, we observed that only a higher 

expression level of DCTN4 was correlated with favorable 

OS, out of all the DCTN family mRNA expression levels. 

We also constructed a nomogram, showing that the contribu-

tion of tumor stage was increased with advancing stage, and 

a higher expression level of DCTN4 had a lower influence 

on time-related survival percentage. Comparing these two 

possible factors associated with risk, the role of tumor stage 

was much greater than that of DCTN4 expression. By apply-

ing this model, we could forecast the time-related survival 

percentage. The 1-, 5-, and 10-year survival rates were much 
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better for patients with lower total points than for those with 

higher total points.

A number of traditional biomarkers have been used 

to try to detect the frequency of COAD, including 

metastasis-associated in colon cancer-1 (MACC1)49 

and adenomatous polyposis coli (APC).50 In the present 

research, the ROC curves indicated that the expression 

levels of DCTN1, DCTN2, and DCTN4 can be used to 

distinguish adjacent normal tissues from colon tumor-

bearing tissues.

Table 2 Prognostic survival analysis according to high or low expression of DCTN family genes

Gene Patients 
(n=438)

No. of  
events (%)

MST (days) Crude HR  
(95% CI)

Crude 
P-value

Adjusted HRa  

(95% CI)
Adjusted  
P valuea

DCTN1 0.131 0.446
low 219 43 (19.6) 3,042 Ref. Ref.
high 219 55 (25.1) 2,134 0.734 (0.492–1.096) 0.851 (0.563–1.288)

DCTN2 0.231 0.340
low 219 56 (25.6) 2,475 Ref. Ref.
high 219 42 (19.2) n/a 0.783 (0.525–1.169) 1.222 (0.810–1.844)

DCTN3 0.649 0.594
low 219 49 (22.4) 2,821 Ref. Ref.
high 219 49 (22.4) 2,475 1.097 (0.737–1.632) 1.118 (0.741–1.686)

DCTN4 0.009 0.042
low 219 61 (25.1) 1,910 Ref. Ref.
high 219 37 (51.5) n/a 0.581 (0.386–0.874) 0.650 (0.429–0.985)

DCTN5 0.958 0.701
low 219 51 (23.3) 3,042 Ref. Ref.
high 219 47 (21.5) 2,532 1.011 (0.677–1.508) 0.922 (0.611–1.393)

DCTN6 0.128 0.764
low 219 54 (24.7) 1,910 Ref. Ref.
high 219 44 (20.1) 2,821 0.733 (0.492–1.093) 0.938 (0.618–1.424)

Notes: aAdjusted for tumor stage. Bold figures indicate statistically significance.
Abbreviations: DCTn, dynactin; MsT, median survival time.

Figure 6 nomogram for the relations hip between medical data and risk score. 
Abbreviation: DCTN, dynactin.
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This research has several limitations. First, further study 

with a larger sample size is necessary to improve the consis-

tency of our results. Second, more clinical information will 

be needed in further studies, such as smoking and alcohol 

history, hereditary non-polyposis CRC, size of the primary 

tumor, radical resection position, family history, body mass 

index, and pathological diagnosis. Third, the relevant patient 

data were extracted from one source; thus, the results need 

further validation for use in other groups.

Despite these limitations, this is the first study to show 

that upregulated DCTN4 in COAD is correlated with a satis-

factory prognosis. This gene may be applied as a biomarker 

Figure 7 gsea outcomes achieved for Kegg pathway analysis for higher and lower levels of expression of DCTN4, using gene set c2. 
Note: (A) Metastasis; (B) cancer relapse tumor sample; (C) colon cancer recurrence; (D) metastasis; (E) eiF pathway; (F) metastasis; (G) inhibited invasion; (h) oncogenesis; 
(I) cell cycle s. 
Abbreviations: DCTN, dynactin; eiF, eukaryotic initiation factor; es, enrichment score; FDR, false discovery rate; gsea, gene set enrichment analysis; Kegg, Kyoto 
encyclopedia of genes and genomes; nes, normalized enrichment score; nOM, nominal. 
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for prognosis in COAD patients. In addition, expression of 

DCTN1, DCTN2, and DCTN4 can be employed as prognostic 

biomarkers in patients with COAD.

Conclusion
The present research found that expression of DCTN1, 

DCTN2, and DCTN4 was downregulated among COAD 

tumor and paracancerous tissue and may have possible 

diagnostic value for COAD. We also observed that a higher 

level of DCTN4 expression was significantly correlated with 

a favorable prognosis for patients with COAD and could 

serve as a prognostic biomarker for patients with COAD. 

In the current research work, we also examined the possible 

mechanism of DCTN4 in COAD OS by means of GSEA and 

genome-wide co-expression examination and established a 

nomogram composed of DCTN4 and tumor stage in a bid 

to predict OS in COAD. Nevertheless, all of these outcomes 

require validation in future research.

Figure 8 Pearson’s correlations among DCTN4 and possible associated COaD gene cohort of TCga. 
Note: An absolute value of the correlation coefficient >0.4 was considered to be highly correlated. 
Abbreviations: COaD, colon adenocarcinoma; DCTN, dynactin; TCga, The Cancer genome atlas.
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Figure 10 gO analysis of functional enrichment by BingO for all the correlated genes. 
Note: (A) BP outcomes; (B) CC outcomes; and (C) MF outcomes of gO analysis of functional enrichment by BingO.
Abbreviations: BingO, Biological networks gene Ontology; BP, biological process; CC, cellular component; DCTN, dynactin; eR, endoplasmic reticulum; gO, gene 
ontology; MF, molecular function; Mll, myeloid/lymphoid leukemia; sRP, signal recognition particle; TFiih, transcription factor ii h.

histone ubiquitination

covalent chromatin modification

protein deubiquitination

protein modification by small protein 
conjugation or removal 

histone modification

protein modification by small protein 
removal

post-translational protein modification

protein modification by small protein 
conjugation

histone deubiquitination

multi-organism process

biological_process

cellular process

response to stimulus

cellular response to stress

cell cycle process

response to stress

biological regulation

cellular response to stimulus

macromolecule catabolic process

nitrogen compound metabolic process

metabolic process

catabolic process

cellular biosynthetic process

primary metabolic process

macromolecule biosynthetic process

cellular nitrogen compound metabolic 
process

ocess
cellular catabolic process

nitrogen compound mec

metabolic metamund mundd md m

g p
cellular metabolic process

rocess

ni
ucelllu

biosynthetic process

rereeeeseseserrereeesecellular component organization
organelle organization

cellular component assembly

cellulacelll alu aar coma

cellular component biogenesis

macromolecular complex subunit 
organization

protein autoubiquitination

protein K11-linked ubiquitination

protein polyubiquitination

protein monoubiquitination

protein ubiquitination

protein K48-linked ubiquitination

cellu
protein complex biogenesis

macromolecular complex assembly

chromatin organization

transcription initiation from RNA 
polymerase II promoter 

transcription initiation

Golgi organizationchromosome organization

transcription from RNA polymerase II 
promoter

protein complex assembly

transcription, DNA-dependent

RNA metabolic process

gene expression

macromolecule bc

cellular macromolecule metabolic 
process

RNA biosynthetic process

cellular macromolecule biosynthetic 
process

protein metabolic process

RNA 
transcription

mac
sssocess

cellular macromolecule catabolic 
process

mary metabprimap

moleculele ee metmee

macromolecule metabolic process

macromoleecue

nucleobase, nucleoside, nucleotide and 
nucleic acid metabolic process 

chromatin modification

cellular protein metabolic process

mRNA processing

protein folding

RNA processing

nucleic acid metabolic process

mRNA metabolic process

macromolecule modification

protein modification process

regulation of protein modification 
process

positive regulation of protein 
ubiquitination

regulation of protein ubiquitination

positive regulation of protein 
modification process 

regulation of ubiquitin-protein ligase 
activity

positive regulation of cellular protein 
metabolic process 

popositive regulation of protein metabolic 
process

negative regulation of cellular protein 
metabolic process 

negative regulation of macromolecule 
metabolic process 

ve regguulation ogu

ve re
metametaab

regulation of biosynthetic process

negativn gativ
regulation of macromolecule metabolic 

process

romolecule m

cesses
regulation of cellular biosynthetic 

process

regulare attiotgulaattiot
negative regulation of protein metabolic 

process

regulation of cellular protein metabolic 
process

negative regulation of protein 
modification process 

bolicboli

ein metabolic ainin metabolic aeteeei t b lit
regulation of macromolecule 

biosynthetic process 

of protein
rocessrorro

regulation of gene expression

posttranscriptional regulation of gene 
expression

regulation of translation

positive regulation of molecular function

regulation of ligase activity

regulation of catalytic activity

positive regulation of catalytic activity

positive regulation of ligase activity

regulation of molecular function

positive regulation of ubiquitin-protein 
ligase activity 

modification-dependent macromolecule 
catabolic process 

ubiquitin-dependent protein catabolic 
process

proteolysis involved in cellular protein 
catabolic process 

proteasomal ubiquitin-dependent protein 
catabolic process 

proteolysis

modification-dependent protein 
catabolic process 

cellular protein catabolic processprotein catabolic process

proteasomal protein catabolic process regulation of primary metabolic process

regulation of metabolic process

process
positive regulation of cellular metabolic 

process

positive regulation of metabolic process

positive regulation of cellular process

regulae
regulation of protein metabolic processtion of p

positive regulation of macromolecule 
metabolic process 

pos
positive regulation of biological process

negative regulation of biological processrocess
negative regulation of cellular process

negative regulation of cellular metabolic 
process

negative regulation of metabolic process

meeetabolet

esseeecproccprocc
negative ga

ti

regulation of cellular metabolic process

protein transport

establishment of protein localization

ion transport

transport

intracellular protein transport
protein localization

cation transport

cellular localization
DNA integrity checkpoint

cellular protein localizationcellularr pr

intracellular transport

establishment of localization in cellon in cellGolgi vesicle transport

signaling

e
vesicle-mediated transport

cellular macromolecule localization

signal transmission

regulation of cell cycle

regulation of cellular process

signaling process

g

negative e 
regulation of biological process

cell cycle checkpoint

interspecies interaction between 
organisms

signal transduction
macromolecule localization

sssigs
localization

cell cy

d

establishment of localization

SRP-dependent cotranslational protein 
targeting to membrane 

protein targeting to membrane

cotranslational protein targeting to 
membrane

transition metal ion transport

protein targeting

protein targeting to ER

metal ion transport

zinc ion transport

nucleocytoplasmic transport

protein localization in organelle

lysosomal transport

nuclear transport

protein localization in endoplasmic 
reticulum

protein targeting to lysosome

vacuolar transport

protein targeting to vacuole

signaling pathwayimulus

cell cycle

intracellular receptor mediated signaling 
pathway

intracellular signal transduction

steroid hormone receptor signaling 
pathway

response to DNA damage stimulus

mitotic cell cycle

small GTPase mediated signal 
transduction

ated signalaediaa
n

intracellular signaling pathway
DNA damage response, signal 

transduction

DNA damage checkpoint

membrane coat

methyltransferase complex

membrane part

membrane

cullin-RING ubiquitin ligase complex

mitochondrial part

spliceosomal complex

mitochondrion

omplexmple
ubiquitin ligase complex

intracellular

organelle lumen

membrane-enclosed lumen

cell

intracellular organelle

MLL1 complex

nuclear speck

holo TFIIH complex

histone methyltransferase complex

Cajal body

histonDNA-directed RNA polymerase II, 
holoenzyme

DNA-diretranscription factor complex

nuclear body

organelle

organellar small ribosomal subunit

organellar ribosomeorganeeellaellaare

organelle part

Golgi membrane

o
endomembrane system

mitochondrial small ribosomal subunit

coated membrane

signal recognition particle

signal recognition particle, endoplasmic 
reticulum targeting 

cell part

s

macromolecular complex

clecleperinuclear region of cytoplasm

nucleus

m

cytoplasm

cytosol

microtubule cytoskeleton

early endosome membrane

membrane-bounded organelle

microtubule organizing center

endosome membrane

centrosome

cytoskeleton

intracellular membrane-bounded 
organelle

endosome

Golgi apparatusendosomal part

early endosome
ribonucleoprotein complex

intracellular non-membrane-bounded 
organelle

intrant

organelle membrane

small ribosomal subunit

ribosome

ribosomal subunit

cytoplasmic part

cytoskeletal part
unitGolgi apparatus part

nitt

non-membrane-bounded organelle

nucleoplasm

sppnuclear part

intracellular organelle lumen

mitochondrial matrix

methythmethy
protein complex

mitochondrial ribosome

nuclear lumen

nucleoplasm part

mitochondrial lumen

STAGA complex

cellular_component

SAGA-type complex

intracellular part

histone acetyltransferase complex

intracellular organelle part

unfolded protein bindingbindingproteinn 

binding

nucleic acid binding

lipid binding

ribonucleoprotein binding

protein domain specific binding

inding

ribonucleeopeo

p

protein binding

transcription factor binding

adenyl ribonucleotide binding
phosphatidylinositol-3,4,5-trisphosphate

binding

ATP binding

phosphoinositide binding

RNA polymerase II transcription factor 
activity

ligase activity

molecular_function

transcription coactivator activity

tor 
catalytic activity

transcription cofactor activity

transcription regulator activity

trans

transporter activity

RING-like zinc finger domain binding

translation factor activity, nucleic acid 
binding

translation initiation factor activity

7S RNA binding

ubiquitin binding

RNA binding

small conjugating protein binding

ribosome binding

GTP binding GDP binding

purine nucleoside binding

purine nucleotide binding

nucleotide binding

nucleoside binding

guanyl ribonucleotide binding

substrate-specific transporter activity

protein transporter activity

transcription activator activity

ligase activity, forming carbon-nitrogen 
bonds

small conjugating protein ligase activity

ubiquitin-protein ligase activity

acid-amino acid ligase activity

phospholipid binding

ribonucleotide binding

a

ngn
purine ribonucleotide binding

adenyl nucleotide binding

g
guanyl nucleotide binding

A

B C

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5821

Prognostic and diagnostic value of dynactin in colon adenocarcinoma

Figure 11 gene contact networks between DCTN4 and potential-linked COaD gene cohort of TCga generated by geneMania. 
Abbreviations: COaD, colon adenocarcinoma; DCTN, dynactin; geneMania, gene Multiple Connection network integration algorithm; TCga, The Cancer genome 
atlas.
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