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Abstract
Background: Lung adenocarcinoma (LUAD) is the most heterogeneous and aggressive among all NSCLC
subtypes. This work aimed to determine the predictive ability of DYNLL1 and RAN in LUAD, as well as to
explore the role of possible DYNLL1 and Ran molecular mechanisms on LUAD malignant behavior.

Methods: Using data from the Cancer Genome Atlas and the Genotype-Tissue Expression, we compared
the expression of DYNLL1 and its related gene RAN in LUAD and normal lung tissues. We also studied the
prognostic value of DYNLL1 and RAN in terms of overall survival (OS) in LUAD, liver cancer and renal
cancer patients. Using data from the online database STRING, we further investigated the protein–protein
interaction (PPI), miRNA and transcription factor regulatory networks of DYNLL1 and Ran. Then,
molecular docking was used to obtain accurate combination models between molecular compounds and
DYNLL1 or Ran. We also studied whether DYNLL1 and RAN in�uence the proliferation and migration of
tumor cells with the stable knockdown LUAD cell lines.

Results: The expression of DYNLL1 and RAN was signi�cantly upregulated in LUAD tissues compared to
normal controls. And high expressions of DYNLL1 and RAN were associated with unfavorable overall
survival in LUAD patients. We also found that knockdown of DYNLL1 and RAN inhibit the proliferation
and migration of A549 tumor cells.

Conclusions: Overall, our study provides evidence that DYNLL1 and RAN are essential for the progression
of LUAD. And they may serve as potential tumor biomarkers for the diagnosis and prognosis of patients
with LUAD.

Introduction
As the most common type of non-small-cell lung cancer (NSCLC), lung adenocarcinoma (LUAD) accounts
for more than 50% of NSCLC [1]. The morphological and molecular classi�cation of LUAD has undergone
substantial changes in recent years, resulting in a classi�cation scheme more in tune with patient
prognosis and survival. Earlier studies revealed that activation of the EGFR, KRAS, and ALK genes de�nes
three different pathways that are responsible for a considerable fraction of LUAD [2]. Currently, some of
the newer factors have found targetable drug molecules. Meanwhile, part of them have been included in
current standard of clinical practice. This change in practice requires further development of detection
methods [3]. Consequently, it is extremely important to identify molecular biomarkers that predict the
diagnosis and prognosis of patients with LUAD, and potential new targets for molecular inhibition [4–6].

The LC8 family members of dynein light chain (DYNLL) were regarded as cargo adapters of molecular
motors in some early studies [7–9]. And now, many studies have shown that they can act as hub proteins,
interacting with short linear motifs located in intrinsically disordered protein fragments [10]. The LC8
family members of dynein light chain 1 (DYNLL1) is highly conserved among different species and
widely expressed in many tissues [11]. It has been considered to be the main regulator of several cellular
functions ranging from intracellular tra�cking to apoptosis. For instance, the association of DYNLL1 and



Page 3/28

neuronal nitric oxide synthase can inhibit the pro-apoptotic function [12]. DYNLL1 also interacts and
interferes with BimL which belongs to the pro-apoptotic Bcl-2 family [13]. Previous studies have
suggested that overexpression and phosphorylation of DYNLL1 promote the growth of breast cancer
cells. DYNLL1 phosphorylation by p21-activated kinase 1 has been shown to promote the survival and
growth of oestrogen receptor (ER)-positive breast cancer cells [14, 15]. On the other hand, the
downregulation of DYNLL1 compromises the ER-nuclear accumulation and also its transactivation
activity, suggesting that DYNLL1 has a potential chaperone-like activity in the nuclear translocation of ER.
These data de�ne an important role of DYNLL1–ER interaction in supporting and strengthening ER-
induced cellular responses in breast cancer cells [16].

Ras-related nuclear protein (Ran) is a small GTPase and a member of the Ras superfamily. As a
molecular switch that modulates the GTP/GDP cycle, Ran functions with a variety of Ran-binding
proteins to control a wide range of fundamental cellular functions, including mitotic spindle assembly,
nucleocytoplasmic transport, nuclear pore complex formation and nuclear envelope, which �nally
in�uence cell fate determination, including cell proliferation, differentiation, malignant transformation
and cell death [17]. Overexpression of Ran GTPase has been observed in various cancer types, including
colon, stomach, kidney, ovarian and pancreas cancer [18–20]. The upregulation of Ran expression may
be a vital event in cell transformation and tumor progression [18]. Genetic instability is a well-known
hallmark of cancer. Meanwhile, Ran GTPase plays a huge role in the mitotic instability of cancer cells
[21]. Many studies have shown that the unusual localization of tumor suppressor proteins or oncogenes
can be affected by Ran GTPase signaling in diverse types of cancer [22]. In detail, the localization of Ran-
GTP is in the nucleus whereas Ran-GDP is restricted in the cytosol of cells. The GTP/GDP switch permits
Ran to migrate across nuclear pore complexes and carry mRNA and protein along with it. Any instabilities
in Ran expression has been shown to cause the abnormal transport of some tumor oncogenes such as
NF-κB or Akt [23].

It has been reported that DYNLL1 is required for normal lung morphogenesis and ciliogenesis [24].
Meanwhile, RAN is associated with the occurrence and progression of many different types of cancer.
However, the role of DYNLL1 in LUAD and its relationship to RAN has not yet been explicated. In this
study, we found that the expression level of DYNLL1 and RAN was higher in LUAD tissues than normal
lung tissues. And the high expression of DYNLL1 and RAN was correlated with poor overall survival in
lung adenocarcinoma, liver cancer and renal cancer patients. Knockdown of DYNLL1 and RAN inhibit the
proliferation and migration of A549 tumor cells. Collectively, DYNLL1 and RAN may be powerful
biomarkers to support the diagnosis and prognosis of lung adenocarcinoma as well as potential tumor
treatment targets.

Methods
Data mining.
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GEPIA2 (http://gepia2.cancer-pku.cn) [25], Xena Browser (http://xena.ucsc.edu/) [26] and The Human
Protein Atlas (https://www.proteinatlas.org/), three online interactive web server for analyzing the RNA
sequencing data of tumors and normal samples from the TCGA and GTEx projects, were used to analyze
the expression pro�les and prognostic value of DYNLL1 and RAN. The clinicopathological information,
including age at initial pathologic diagnosis, smoking history, gender, pathologic stage, recurrence status,
relapse-free survival (RFS) in months, overall survival (OS) status, and OS in months was downloaded
from the TCGA database.

Cell line

The A549 human lung adenocarcinoma cell line (RRID: CVCL_0023) was were obtained from the
American Type Culture Collection and maintained in Dulbecco’s modi�ed Eagle’s medium (DMEM) basic
medium supplemented with 10% fetal bovine serum and 1% antibiotics at 37 °C with 5% CO2.

Establishment of stable DYNLL1 and RAN knockdown cells 

HEK-293T (RRID: CVCL_0063) cells were transfected with the packaging vector psPAX2, envelope
plasmid pVSVG, and transfer plasmid containing the shRNA targeting DYNLL1 and RAN. A549 cells were
treated with the lentivirus contain shRNAs and selected with puromycin (50 ng/µl). Sequences of used
shRNAs were as follow: DYNLL1-shRNA-1: 5′-
CCGGACAAGGACTGCAGCCTAAATTCTCGAGAATTTAGGCTGCAGTCCTTGTTTTTTG -3′, DYNLL1-shRNA-
2: 5′- CCGGTGGCCATTCTTCTGTTCAAATCTCGAGATTTGAACAGAAGAATGGCCATTTTTG -3′, DYNLL1-
shRNA-3: 5′- CCGGCCAAATACCAGAGACTGAAATCTCGAGATTTCAGTCTCTGGTATTTGGTTTTTG
-3′, DYNLL1-shRNA-4:
5′- CCGGGGGAGGAACTTCGGTAGTTATCTCGAGATAACTACCGAAGTTCCTCCCTTTTTG -3′, DYNLL1-
shRNA-5: 5′- CCGGACCAAACACTTCATCTACTTCCTCGAGGAAGTAGATGAAGTGTTTGGTTTTTTG -3′, RAN-
shRNA-1: 5′- CCGGACGTCATTTGACTGGTGAATTCTCGAGAATTCACCAGTCAAATGACGTTTTTTG -3′, RAN-
shRNA-2: 5′- CCGGGACCCTAACTTGGAATTTGTTCTCGAGAACAAATTCCAAGTTAGGGTCTTTTTG -3′, RAN-
shRNA-3: 5′- CCGGACGTCATTTGACTGGTGAATTCTCGAGAATTCACCAGTCAAATGACGTTTTTTG -3′, RAN-
shRNA-4: 5′- CCGGGACCCTAACTTGGAATTTGTTCTCGAGAACAAATTCCAAGTTAGGGTCTTTTTG -3′, RAN-
shRNA-5: 5′- CCGGGCACAGTATGAGCACGACTTACTCGAGTAAGTCGTGCTCATACTGTGCTTTTTG -3′,
scrambled-shRNA: 5′-
CCGGGCGCGATAGCGCTCATAGTTTCTCGAGAATTAATTAACGCTATCGCGCTTTTTTG-3′. 

Western blotting 

Cellular DYNLL1 and RAN protein levels in A549 cells were evaluated in total cell extracts by Western blot
analysis. Antibodies against RAN (RRID:AB_560865) was from Invitrogen (Carlsbad, CA, USA). Antibodies
against DYNLL1 (RRID:AB_2093654) and β-actin (RRID:AB_306371) were from Abcam (Cambridge, UK).
The protein bands were quanti�ed relative to β-actin expression using ImageJ software (NIH, Bethesda,
MD, USA, RRID:SCR_003070).

http://gepia2.cancer-pku.cn/
http://xena.ucsc.edu/
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RNA extraction and qRT-PCR 

Total RNAs were extracted with TRIzol reagent (Invitrogen, Carlsbad, CA, USA), reverse transcribed with
PrimeScrip RT-PCR Kit (Takara Biotechnology Co., Ltd., Dalian, China), followed by qRT-PCR with SYBR
Premix Ex Taq (Takara Biotechnology Co., Ltd., Dalian, China). The primers for DYNLL1were forward
5′- AGAGATGCAACAGGACTCGGT-3′ and reverse 5′- CCAGGTGGGATTGTACTTCTTG-3′. The primers for
RAN were forward 5′- GGTGGTACTGGAAAAACGACC -3′ and reverse 5′- CCCAAGGTGGCTACATACTTCT -3′.
The primers for ACTB (Beta-Actin) were forward 5′-CTGTCCCTGTATGCCTCTG-3′ and reverse 5′-
ATGTCACGCACGATTTCC-3′. ACTB was used as an internal control.

Cell proliferation analysis

Control and the DYNLL1 and RAN knockdown A549 cells (2 × 103 cells per well) were plated in 48-well
plates and cultured for 72 h. Cell proliferation was determined using the colorimetric Cell Counting Kit-8
(CCK-8, Dojindo Laboratories, Kumamoto, Japan).

Cell migration analysis

A total of 5 × 105 cells were added in a volume of 100 μl (for �ow conditions 340 μl) to the upper chamber
of a 24-well transwell plate with a 8 μm pore in the insert (Corning International, Corning, NY). Lower wells
contained 10% fetal bovine serum. The cells that migrated to the lower well after 6 hours were �xed and
stained with crystal violet and counted with microscope. Each experiment was performed in triplicate at
least three times.

Receiver operating characteristic (ROC) curve analysis. 

The diagnostic value of the expression levels of DYNLL1, RAN, NKX2 and NAPSA in LUAD was studied by
analyzing the expression data from 515 LUADs and 347 normal tissues. Speci�city and sensitivity were
plotted on the x- and y-axes, respectively. The area under curve (AUC) was calculated to assess the ability
of the expression levels of DYNLL1, RAN, NKX2 and NAPSA to predict the outcome of patients with LUAD.

PPI network analysis and Functional enrichment

Protein–protein (PPI) interactions network can visualize the patterns of molecular interactions and help
to explain the mechanisms underlying phenotypes. PPI network analysis was performed using the online
database STRING (https://string-db.org/) [27]. And the Gene Ontology (GO) enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis were analysed by STRING.

Construction of Target Genes-miRNA and Target Genes-TF Regulatory Network

The database DIANA-TarBase (http://diana.imis.athena-innovation.gr/DianaTools/index.php?
r=tarbase/index) [28] was used to predicte the miRNAs which could target DYNLL1 and RAN. The network
was created with Cytoscape software (http://www.cytoscape.org/, version 3.8.2, RRID:SCR_003032) [29].

http://diana.imis.athena-innovation.gr/DianaTools/index.php
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The iRegulon (http://apps.cytoscape.org/apps/iRegulon) plugin[30] in Cytoscape was performed to
predict and analyze the interaction pairs of target genes-transcription factor (TF) in the PPI network. The
parameters were set as follows: 0.01 act as the minimum identity among orthologous genes, and 0.001
serve as the maximum false discovery rate on motif similarity. The higher score of Normalized
Enrichment Score (NES) in output results represented the more reliable results. The TF-target interaction
pairs whose NES > 4 were selected for the network construction.

The molecular docking for DYNLL1 and RAN

The Connectivity map database (https://www.broadinstitute.org/conne ctivity-map-cmap), designed by
Broad Institute of MIT and Harvard, was used to search the small molecular compounds which have
potential roles with DYNLL1 and RAN [31, 32]. To further understanding the docking mode of drug target,
we obtained 3D structures of DYNLL1 and RAN from RCSB PDB (http://www.rcsb.org) and 3D structures
of the small molecules which have potential roles with DYNLL1 and RAN from PubChem
(https://pubchem.ncbi.nlm.nih.gov). Then we simulated a molecular docking using a web server
Swissdock (http://www.swissdock.ch/docking), which was designed by Swiss Institute of Bioinformatics
to predict the molecular interactions [33]. The 3D structures of DYNLL1 or RAN were uploaded as “Target
selection” and those of small molecules as “Ligand selection” prior to a result report. Then, we used the
USCF Chimera software (version 1.15, RRID:SCR_004097), a molecular modeling system, to calculate the
possible binding modes and present an interactive visualization of data from Swissdock. The best
docking simulation was ranked by the parameters of FullFitness and Estimated Energy.

Statistical Analysis

All statistical data were analyzed using SPSS 22.0 (SPSS, Chicago, IL, USA, RRID:SCR_002865) or
GraphPad 7.0 (GraphPad Software, San Diego, CA, USA, RRID:SCR_002798). Chi square tests were used
to analyze the associations between DYNLL1 and RAN expression levels and clinicopathological factors
in the LUAD patients. Receiver operating characteristic (ROC) analysis were performed using SPSS 22.0
(Chicago, IL, USA). Diagnostic ability of the prediction model was evaluated, by calculating the area under
a ROC curve. The ROC curve was drawn by plotting sensitivity against the false-positive rate. The cutoff
value of DYNLL1 and RAN were calculated using the Youden index (speci�city + sensitivity - 1). Kaplan–
Meier curves of OS and RFS were generated using GraphPad 7.0 (GraphPad Software, San Diego, CA,
USA). Data were presented as mean ±SD. P values < 0.05 were considered statistically signi�cant.

Results
The correlation between the expression of DYNLL1 and RAN in LUAD

In order to �nd potential tumor biomarkers for the diagnosis and prognosis of patients with LUAD as well
as new factors involved in the development of LUAD, we analysis the top factors which in�uence the
relapse-free survival and overall survival in LUAD through the GEPIA2 database. And we found that
DYNLL1 was among the top factors which signi�cant in�uence the overall survival time in LUAD.

http://www.swissdock.ch/docking
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Meanwhile, there were few researches focused on the role of DYNLL1 in cancer development, especially
in lung cancer. Furthermore, the expression of DYNLL1 was signi�cantly upregulated in LUAD samples
than adjacent normal tissues (Fig. 1A). Further analysis showed that the expression level of RAN had
positive correlation (r2 = 0.248, P < 0.0001) with DYNLL1 (Fig. 1B). LUAD patients with higher expression
levels of DYNLL1 always had higher expression levels of RAN. Meanwhile, the expression of RAN was
also upregulated in LUAD samples (Fig. 1C). Heatmap also showed that DYNLL1 and RAN expression
was signi�cantly higher in LUAD tissues than in normal tissues (Fig. 1D).

Diagnostic value of DYNLL1 and RAN for LUAD patients
Since the expression levels of DYNLL1 and RAN were upregulated in LUAD samples compared with
controls, we next explored whether DYNLL1 and RAN may serve as potential diagnostic biomarkers in
LUAD. ROC curve analysis was used to investigate the diagnostic value of DYNLL1 and RAN in
distinguishing LUAD patients from normal conditions. The results showed that the AUC of DYNLL1 was
0.818 and the optimal cut-off value was 11.95, with a sensitivity of 76.5% and speci�city of 71.1% (P < 
0.0001) (Fig. 2A). For RAN, the AUC was 0.994 and the cut-off value was 12.82, with a sensitivity and
speci�city of 95.3% and 92.9%, respectively (P < 0.0001) (Fig. 2B). As positive controls, we also analysed
the ROC curves of two well-known diagnosis biomarkers, thyroid transcription factor 1 (TTF-1/NKX2-1)
and napsin-A (NAPSA), in LUADs. The results indicated that the performance of the NKX2-1 [AUC, 0.570;
95% CI (con�dence interval), 0.528–0.612] (Fig. 2C) and NAPSA (AUC, 0.515; 95% CI, 0.473–0.557)
(Fig. 2D) were not satisfactory than DYNLL1 or RAN, which showed lower sensitivity and speci�city than
DYNLL1 and RAN. These results indicate that DYNLL1 and RAN have huge potential diagnose value for
LUAD.

High DYNLL1 and RAN expressions were independent prognostic factors for poor OS and RFS in LUAD

The associations between DYNLL1 and RAN expression and the demographic and clinicopathological
parameters in patients with LUAD were summarized in Table 1. The results showed that the high DYNLL1
expression group had signi�cantly higher mutation numbers (42/101, 41.6% vs. 35/129, 27.1%, P = 
0.013) than the low DYNLL1 expression group. In addition, the high RAN expression group had a
signi�cantly higher proportions of male (103/196, 52.6% vs. 137/321, 42.7%, P = 0.035) and advanced
neoplasm disease stage (53/193, 27.5% vs. 57/316, 18.0%, P = 0.011) compared with the low RAN
expression group. In LUAD, the expression of DYNLL1 showed no differences among different
pathological stages (Fig. 2E). Strikingly, RAN expression gradually enhanced with the increase of
pathological stages (Fig. 2F). By conducting multivariate analysis, we found that, in addition to clinical
stage, the expression levels of DYNLL1 and RAN were all independent prognostic factor for poor OS (HR 
= 0.694 and P = 0.014 for DYNLL1; HR = 0.575 and P < 0.001 for RAN) and RFS (HR = 0.543 and P = 0.002
for DYNLL1; HR = 0.521 and P = 0.001 for RAN) in LUAD patients (Table 2).

Table 1:  Statistically signi�cant associations of neoplasm disease stage, DYNLL1 and RAN mRNA
expression with relapse-free survival (RFS), overall survival (OS) in LUAD patients, assessed in
multivariate Cox proportional hazard models.
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Outcome RFS OS

HR 95% CI P
value

HR 95% CI P
value

Neoplasm Disease Stage 

(I, II vs. III, IV, V)

0.583 0.409-
0.832

0.003 0.376 0.276-
0.512

<0.001

DYNLL1 expression level

(high vs. low)

0.543 0.370-
0.797

0.002 0.694 0.519-
0.928

0.014

RAN 

expression level

(high vs. low)

0.521 0.356-0763 0.001 0.575 0.430-
0.770

<0.001

DYNLL1 & RAN co-expression
level

(high vs. low)

0.422 0.269-
0.660

<0.001 0.533 0.381-
0.746

<0.001

Table 2: Association of DYNLL1 and RAN expression levels with clinicopathologic variables of LUAD
patients.
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Outcome DYNLL1 expression RAN expression

Low High P value Low High P value

Age / year (n=490) †      0.851     0.099

65 119 98 134 87

≥65 161 112 179 98

Gender (n=517)     0.160     0.035

Male 128 112 137 103

Female 168 109 184 93

Mutations / number (n=230)     0.013     0.316

≤230 94 59 100 53

230 35 42 42 35

Smoking history / Category‡ (n=503)      0.067     0.475

1 47 29 54 22

2, 3, 4, 5 243 184 259 168

Neoplasm Disease Stage (n=509)

I, II

221 163 0.741 259 140 0.011

III, IV, V 59 47 57 53

† n: Number

‡ Smoking history: 1: lifelong non-smoker; 2: current smoker; 3. Current reformed smoker (for>15 years);
4. Current reformed smoker (for≤15 years); 5. Current reformed smoker (duration not speci�ed). 

High DYNLL1 and RAN expression was associated with unfavorable outcomes in LUAD patients

In order to reveal association between DYNLL1 and RAN gene expression levels and LUAD prognosis, we
extracted the survival data in TCGA database. Next, we performed Kaplan–Meier survival curves and the
cancer patients were divided into high/low expression group by using the best cutoff model. The results
showed that patients with lower expression levels of DYNLL1 and RAN have better overall survival
prognoses than those with higher expression levels of these two genes in LUAD (P = 0.0028, Hazard Ratio 
= 0.629 and P = 0.0005, Hazard Ratio = 0.600, respectively) (Fig. 3A and Fig. 3B). Higher expression level
of DYNLL1 also signi�cantly associated with shorter relapse-free survival time (P = 0.0070, Hazard Ratio 
= 0.675) (Fig. 3C). Furthermore, the patients with both high expression of DYNLL1 and RAN showed the
worst overall survival time (P < 0.0001, Hazard Ratio = 0.486) (Fig. 3D).
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High DYNLL1 and RAN expression was associated with unfavorable outcomes in liver and renal cancer
patients

We also investigated whether DYNLL1 and RAN expression could in�uence the patients’ overall survival
time in other 17 kinds of cancer types, including glioma, thyroid cancer, colorectal cancer, breast cancer
and so on. Notably, results showed that the high expression of DYNLL1 and RAN had signi�cantly worse
OS compared to the low expression groups both in liver and renal cancer patients, respectively (P < 0.0001
for all, Hazard Ratio = 0.497, 0.506, 0.414, 0.506, respectively) (Fig. 4A, 4B, 4C and 4D). These results
indicate that DYNLL1 and RAN participate in cancer development in a variety of cancer types.

Protein-protein interaction network analysis 

In order to study how DYNLL1 and RAN were involved in the development of LUAD, STRING was
performed to construct the protein-protein interactions between DYNLL1 and RAN. In the PPI network,
DYNLL1 and RAN had close connections through RANBP1/2, RANGAP1, NUTF2 and XPO1/5 (Fig. 5).
Furthermore, we did functional analysis based on the PPI network. The top processes and pathways were
showed in Table 3. The analysis revealed that DYNLL1 and RAN may interact through intracellular protein
transport pathways and participate the microtubule-based process and mitotic cell cycle process.

Table 3 Functional and pathway enrichment analysis. 
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Category ID Term Description Observed
gene count

Background
gene count

P-value

Biological
process (go)

GO:0006886 intracellular protein
transport

10 836 1.85E-
10

GO:0034613 cellular protein
localization

11 1367 2.56E-
10

GO:0016032 viral process 8 571 6.32E-
09

GO:0031503 protein-containing
complex localization

6 223 3.47E-
08

GO:0007017 microtubule-based
process

7 605 2.75E-
07

GO:1903047 mitotic cell cycle process 6 564 6.34E-
06

GO:0051640 organelle localization 5 574 0.00012

GO:0006996 organelle organization 8 3131 0.00075

GO:0044093 positive regulation of
molecular function

6 1713 0.0015

GO:0044085 cellular component
biogenesis

7 2556 0.0016

Enrichment.
Function

GO:0008536 Ran GTPase binding 8 35 1.45E-
17

GO:0019899 enzyme binding 9 2197 8.38E-
06

GO:0005515 protein binding 12 6605 3.33E-
05

GO:0046982 protein
heterodimerization
activity

4 519 0.0015

Enrichment.
Component

GO:0032991 protein-containing
complex

11 4792 2.47E-
05

GO:0005829 cytosol 11 4958 3.01E-
05

GO:0043232 intracellular non-
membrane-bounded
organelle

10 4005 5.42E-
05
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GO:0012505 endomembrane system 10 4347 9.45E-
05

GO:0015630 microtubule cytoskeleton 6 1118 0.00016

GO:0005815 microtubule organizing
center

5 683 0.00021

GO:0044446 intracellular organelle
part

12 8882 0.00043

GO:0005634 nucleus 11 6892 0.00044

GO:0044430 cytoskeletal part 6 1547 0.00071

GO:0005737 cytoplasm 12 11238 0.0045

Enrichment.
KEGG

hsa03013 RNA transport 7 159 1.48E-
11

hsa04962 Vasopressin-regulated
water reabsorption

2 44 0.0012

hsa05166 HTLV-I infection 3 250 0.0012

hsa03008 Ribosome biogenesis in
eukaryotes

2 76 0.0018

hsa05169 Epstein-Barr virus
infection

2 194 0.0086

Enrichment.
Keyword

KW-0813 Transport 9 1973 4.82E-
06

KW-0007 Acetylation 10 3335 1.31E-
05

KW-0945 Host-virus interaction 5 432 3.99E-
05

KW-0539 Nucleus 10 5200 0.00045

KW-1017 Isopeptide bond 6 1713 0.0014

KW-0963 Cytoplasm 9 4972 0.0022

KW-0832 Ubl conjugation 6 2380 0.0069

KW-0597 Phosphoprotein 10 8066 0.0139

Construction of target genes-TF and target genes-miRNA regulatory network
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Furthermore, we constructed the Target Genes-Transcription factors (TFs) Regulatory Network. As shown
in Fig. 6A, there were 16 TFs (E2F1, TP53, ZNF143, and so on) had been predicted to regulate both
DYNLL1 and RAN. And there had other 29 TFs and 6 TFs been predicted to regulate DYNLL1 (ex, SMAD4,
ELF1) and RAN (ex, MYC, CEBPB), respectively.

MicroRNAs (miRNAs) play critical roles in tumor progression. So, we analysed the miRNAs which have
potential roles to regulate the expression of DYNLL1 and RAN. As shown in Fig. 6B-6C, DYNLL1 interacts
with 10 miRNAs (hsa-miR-92a-3p, for example), RAN interacts with 97 miRNAs (has-miR-197-3p, for
example).

Identi�cation of candidate drugs target to DYNLL1 and RAN

The next question was to identify candidate drugs that were available to target DYNLL1 and RAN. Based
on Connectivity map database, we screened the small molecular compounds which have potential roles
with DYNLL1 and RAN. We found that ampiroxicam, 5-iodotubercidin, and pidorubicine had the highest
possibility to interact with DYNLL1. And SCH-79797, GBR-12935, and ouabain had the highest possibility
to interact with RAN. Then, the compounds were used to construct the molecular docking model with
DYNLL1 and RAN, respectively. The Swissdock was used to generated a series of docking modes and
USCF Chimera software was used to present an interactive visualization of data from Swissdock. The
docking mode of the complex were shown in Fig. 7.

Knockdown of DYNLL1 and RAN inhibit the proliferation and migration of A549 tumor cells

To further understand the role of DYNLL1 and RAN in the development of LUAD, we generated stable
DYNLL1 and RAN knockdown cells by transfection with DYNLL1 and RAN -speci�c short hairpin RNAs
(shRNAs), respectively. The knockdown e�ciency of DYNLL1 in A549 cells were con�rmed by both qRT-
PCR and Western blotting (Fig. 8A-8B). And DYNLL1-shRNA-1 and DYNLL1-shRNA-5 showed higher
knockdown e�ciency (Fig. 8A-8B). Moreover, we investigated the effect of DYNLL1 knockdown on A549
cell proliferation. The results showed that knockdown of DYNLL1 signi�cantly inhibited the proliferation
of A549 tumor cells (Fig. 8C). Meanwhile, the knockdown e�ciency of RAN in A549 cells were showed in
Fig. 8D-8E and RAN-shRNA-3 and RAN-shRNA-5 showed higher knockdown e�ciency. Furthermore, the
knockdown of RAN also restrained the proliferation of A549 tumor cells (Fig. 8F). We next explored
whether DYNLL1 and RAN in�uence the migration of A549 tumor cells. And the results showed that both
knockdown of DYNLL1 and RAN in A549 cells suppressed the migration ability of tumor cells (Fig. 8G-
8H). These results indicated that DYNLL1 and RAN may promote the proliferation and migration of tumor
cells in the development of LUAD.

Discussion
In this study, we identi�ed the aberrantly expressed DYNLL1 and RAN involved in LUAD through the
comparison of RNA expression pro�les in cancerous tissues with that of normal lung tissues based on
validation from TCGA and GTEx datasets. Additionally, we discovered that the expression of DYNLL1 and
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RAN signi�cantly predicted the overall survival time in patients with LUAD. And knockdown of DYNLL1
and RAN inhibit the proliferation and migration of A549 tumor cells.

Previous studies have suggested that DYNLL1 is a physiologic substrate of p21-activated kinase 1
(Pak1). And the DYNLL1-Pak1 interaction plays a critical role in breast cancer cell survival [14].
Additionally, as an inhibitor of DNA end resection, DYNLL1 also signi�cantly in�uences genomic stability
and response to chemotherapy-induced DNA damaging. The loss of DYNLL1, induced DNA end resection
and restored homologous recombination (HR), was shown to contributed to the cisplatin and olaparib
resistance in BRCA1-de�cient high‐grade serous ovarian carcinoma (HGSOC) cells [34]. Another study
showed that DYNLL1 could act as a protein hub for the 53BP1 oligomerisation and its recruitment to
DSBs [35]. These studies led us to highlighting a novel role of DYNLL1 in cancer progression rather than
a motor that transports cargo along microtubules.

Ran GTPase plays important roles in cell cycle progression through the regulation of the microtubule
polymerization, mitotic spindle formation, and cytoskeleton organization during mitosis. Consequently,
dysregulation of Ran could therefore lead to the microtubule dysfunction, aneuploidy and disruption in
cell migration [36, 37]. Some study has shown that high expression of Ran GTPase promotes the
invasion and metastasis in human clear cell renal cell carcinoma [38]. Moreover, Ran stimulates
membrane targeting and stabilization of RhoA which enhances ovarian cancer cell invasion [39]. It is also
found that the overexpression of Ran is correlated with metastasis potential in pancreatic cancers.
Additionally, the knockdown of RAN signi�cantly inhibited the capability of pancreatic cancer cells to
metastasize to the liver [40]. Consistently, overexpression of RAN leads to the activation of PI3K/AKT
signaling and promotes invasive ability in non-small cell lung cancer cells [41]. Strikingly, Ran expression
is essential for mitosis of cancer cells but not normal cells [19, 42]. It has been shown that Ran
expression is more important to tumor cells with K-Ras activating mutations than the K-Ras wild-type
normal cells [43]. In another study, cancer cells with hyperactivation of the Ras/MEK/ERK and
PI3K/Akt/mTORC1 pathways are more dependent on Ran expression than their wild-type counterparts
[44]. On the other hand, Ran GTPase has also been implicated in drug resistance and cancer therapeutic
development. The inactivation of Ran GTPase can signi�cantly increase the sensitivity of breast cancer
cells to ge�tinib [45]. Furthermore, functional depletion of Ran GTPase suppresses the proliferation and
migration of both glioblastoma and breast cancer cells [46]. It was also showed that the inhibition of Ran
in SCID mice can induced ovarian cancer regression [47].

In our study, we found that DYNLL1 and RAN were co-expressed in LUAD patients. And high expression of
DYNLL1 and RAN associated with unfavorable overall survival in LUAD patients. Notably, DYNLL1 was
most well-regarded as cargo adapters of molecular motors. Meanwhile, Ran GTPase could also function
as transporter. The co-expression of the two proteins may strengthen the transportation and
hyperactivation of oncogenes. Combined the protein-protein interaction and functional enrichment
analysis, the top pathways that DYNLL1 and Ran participate in including intracellular protein transport,
cellular protein localization, microtubule-based process and mitotic cell cycle process. We proposed that
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DYNLL1 and Ran may promote the LUAD development through the in�uence of oncoprotein
transportation or directly regulates cell mitosis.

In target genes-miRNA regulatory networks, RAN interacts with more miRNAs than DYNLL1. On the other
hand, in target genes-TF regulatory network, DYNLL1 seems to be regulated by more transcription factors
that of RAN. We also investigated the candidate drugs which could target DYNLL1 and RAN.
Ampiroxicam is a prodrug of piroxicam which is an anti-in�ammatory agent [48]. Pidorubicine, also
known as epirubicin, is a 4'-epi-isomer of doxorubicin. And pidorubicine has shown good antitumor
effects by interference with the synthesis and function of DNA [49]. The two drugs could be good
candidates to interact with DYNLL1 in the treatment of LUAD. Ouabain is a cardiotonic steroid hormone
which has a role as some ATPase inhibitor. Whether it could be a candidate to interact with Ran in the
treatment of LUAD need more studies. The detailed mechanisms of DYNLL1 and Ran involved in LUAD
development are intriguing questions needed to be investigated.

Conclusions
Altogether, the results presented here indicate that DYNLL1 and RAN play important roles in the
development of lung adenocarcinoma, and their expression could serve as independent factors to predict
the poor prognosis of LUAD patients. Knockdown of DYNLL1 and RAN impair the proliferation and
migration of A549 tumor cells. DYNLL1 and RAN may become powerful biomarkers to support the
diagnosis and prognosis of lung adenocarcinoma as well as potential treatment targets.
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Figure 1

The expression levels of DYNLL1 and RAN were signi�cantly upregulated in lung adenocarcinoma
(LUAD). (A) Expression of DYNLL1 in LUAD and normal lung tissues. (B) Regression analysis of the
correlation between DYNLL1 expression and RAN. (C) Expression of RAN in LUAD and normal lung
tissues. (D) Heatmap of DYNLL1 and RAN expression in LUAD patients and normal lung tissues. ****,
P<0.0001.
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Figure 2

The diagnostic value of DYNLL1 and RAN expression in LUAD was evaluated using ROC curves. (A-D)
Receiver operating characteristic curves for estimating the diagnostic value of DYNLL1(A), RAN(B),
NKX2(C) and NAPSA(D), respectively. (E) DYNLL1 expression in different pathological stages of LUAD.
(F) RAN expression in different pathological stages of LUAD.
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Figure 3

Kaplan-Meier survival curves for assessing the prognostic value of DYNLL1 and RAN. (A) The association
between DYNLL1 expression and OS in LUAD. (B) The association between RAN expression and OS in
LUAD. (C) The association between DYNLL1 expression and RFS in LUAD. (D) Kaplan–Meier analysis for
the OS of LUAD patients according to the expression of DYNLL1 and RAN.
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Figure 4

The association between DYNLL1 and RAN expression and survival in Liver and Renal Cancer patients.
(A-B) The association between DYNLL1 expression and OS in Liver (A) and Renal (B) Cancer patients. (C-
D) The association between RAN expression and OS in Liver (C) and Renal (D) Cancer patients.
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Figure 5

Protein‐protein interaction analysis of DYNLL1 and RAN with STRING. Each node represents a different
gene. Each line represents a connection between two different genes.

Figure 6

The Target Genes-TF and Target Genes-miRNA Regulatory Network. (A) The network of transcription
factors and hub genes. Nodes represent transcription factors indicated with octagon shapes. Yellow
indicated that the TFs regulating both DYNLL1 and RAN. Green indicated that the TFs regulating DYNLL1
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or RAN alone. (B) The network of DYNLL1 and its related miRNAs. (C) The network of RAN and its related
miRNAs.

Figure 7

Molecular docking simulation for compounds with DYNLL1 and RAN. (A-C) Molecular docking simulation
for DYNLL1 with ampiroxicam (A), 5-iodotubercidin (B), and pidorubicine (C). (D-F) Molecular docking
simulation for RAN with SCH-79797 (D), GBR-12935 (E), and ouabain (F).
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Figure 8

Knockdown of DYNLL1 and RAN inhibit the proliferation and migration of A549 tumor cells. (A) The
knockdown e�ciency of DYNLL1 was evaluated by Western blot. (B) The knockdown e�ciency of
DYNLL1 was evaluated by qRT-PCR. (C) The effect of DYNLL1-knockdown on the proliferation of A549
tumor cells. (D) The knockdown e�ciency of RAN was evaluated by Western blot. (E) The knockdown
e�ciency of RAN was evaluated by qRT-PCR. (F) The effect of RAN-knockdown on the proliferation of
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A549 tumor cells. (G-H) The control and knockdown A549 tumor cells were seeded in the upper chambers;
the lower chambers were supplied with 10% FBS and migrated cell numbers were quanti�ed (n=5
�elds/group). Scale bars=100 μm *, P < 0.05, **, P < 0.01, ***, P<0.001.


