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PLEK2 Gene Upregulation Might
Independently Predict Shorter Progression-
Free Survival in Lung Adenocarcinoma

Wenqian Zhang, MD1 , Tong Li, MD1, Bin Hu, MD1, and Hui Li, MD1

Abstract
Objective: This study aimed to explore PLEK2 expression profile, its prognostic value, and the potential genomic alterations associated
with its dysregulation in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). Materials and methods: Data
from The Cancer Genome Atlas (TCGA), The Genotype-Tissue Expression (GTEx), and Kaplan-Meier plotter were used in com-
bination for bioinformatic analysis. Results: PLEK2 mRNA was significantly upregulated in both LUAD and LUSC compared with their
respective normal controls. PLEK2 upregulation showed independent prognostic value in progression-free survival (PFS) (HR: 1.169,
95%CI: 1.033 -1.322, p¼ 0.014). PLEK2 mRNA expression was positively correlated with invasion, cell cycle, DNA damage, and DNA
repair of LUAD cells at the single-cell level. Genomic analysis showed that gene-level amplification might not directly lead to increased
PLEK2 expression. Methylation profile analysis found 4 CpG sites (cg12199376, cg14437634, cg17641252, and cg06724236) had at
least a weakly negative correlation with PLEK2 expression, among which cg12199376, cg14437634 and cg17641252 locate around the
first exon of the gene. Conclusions: Increased PLEK2 expression might be a specific prognostic biomarker of poor PFS in LUAD
patients. Its expression had significant positive correlations with invasion, cell cycle, DNA damage, and DNA repair of LUAD cells
at the single-cell level. Promoter hypomethylation might be a potential mechanism leading to its upregulation.
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Introduction

Pleckstrin-2 (PLEK2) is a 353 amino acid protein that is

encoded by PLEK2 gene in the human genome and has a wide

expression in various tissues.1 Its overexpression contributes to

the formation of large lamellipodia and peripheral ruffle of

cells, thereby facilitating cell spreading.1 It also interacts with

membrane-associated phosphatidylinositols generated phos-

phatidylinositol 3-kinase (PI3 K) and thus participates in actin

cytoskeletal actin rearrangement.2,3 Some recent studies sug-

gest that its dysregulation is involved in cancer biology. Its

expression is associated with disseminated tumor cells of breast

cancer.4 It shows exclusive expression in the CD45- subset of

melanoma and is considered as the strongest gene marker to

distinguish CD45�melanoma patients from healthy people.5 In

gallbladder cancer (GBC), PLEK2 overexpression enhances

the epithelial-mesenchymal transition (EMT) process of GBC

cells and leads to a subsequent higher rate of cell migration,

invasion, and liver metastasis.6 Mechanistically, PLEK2 inter-

act with EGFR and reduce E3 ubiquitin-protein ligase mediated

EGFR ubiquitination, resulting in prolonged activation of

EGFR signaling.6

One recent study found that PLEK2 upregulation is involved

in TGF-b induced epithelial-to-mesenchymal transition (EMT)

in gefitinib-resistant CXCR4-positive non-small cell cancer

(NSCLC) cells.7 These findings suggest that this gene has a

profound effect on the malignant behavior of NSCLC. How-

ever, NSCLC constitutes of three histological subtypes, includ-

ing lung adenocarcinoma (LUAD), lung squamous cell

carcinoma (LUSC) and large cell carcinoma, among which the

LUAD and LUSC are the two dominant subtypes. These
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subtypes have distinct molecular signatures8,9 and also differ-

ent prognosis.10 Therefore, it would be interesting to examine

the specific prognostic value of PLEK2 expression in these

histological subtypes.

In this study, using data from The Genotype-Tissue

Expression (GTEx), The Cancer Genome Atlas (TCGA), and

Kaplan-Meier plotter in combination, we compared PLEK2

expression profile between LUAD and LUSC, its prognostic

value and the potential genomic alterations associated with its

dysregulation.

Materials and Methods

This study was approved by the ethical committee of the Beijing

Chao-Yang Hospital, Capital Medical University, Beijing, China.

Data Retrieving From GTEx and TCGA Using the UCSC
Browser

The UCSC Browser (https://xenabrowser.net/heatmap/) was

used to download data.11 GTEx is a project to determine

tissue-specific gene expression in normal human tissues.12,13

RNA-seq data from normal lung in GTEx was acquired via

loading the TCGA-TARGET-GTEx dataset. RNA-seq data

from LUAD, LUSC, and the corresponding adjacent normal

(adj. N) tissues were obtained by loading the TCGA pan-

cancer dataset.

RNA-seq data were transformed and calculated by the log2-

Transcript per Million (TPM) method.

The following clinicopathological data were extracted,

including age at initial diagnosis, gender, smoking history,

pathological stage, pathological Tumor (N), Node (N) and

Metastasis (M) status, and residual tumors. Survival data based

on four commonly used clinical outcome endpoints: Overall

Survival (OS), Progression-Free Survival (PFS), Disease-Free

Survival (DFS), and Disease-Specific Survival (DSS) were

extracted for survival analysis. Briefly, OS is defined as the date

of diagnosis until the time of death from any cause. PFS is the

period from the date of diagnosis to the date of the first occur-

rence of a new tumor event. DFS refers to the period from the

date of diagnosis until the time of the first new tumor progres-

sion event subsequent to the determination of a patient’s

disease-free status after their initial diagnosis and treatment.

DSS indicates death from the diagnosed cancer type.14

The genomic data, including RNA-seq of gene expression,

gene-level copy number, and DNA methylation were also col-

lected. Gene level copy number was pre-treated in the dataset

by deleting germline copy number variation (CNV). DNA

methylation was measured by using Infinium Human Methyla-

tion 450 Bead Chip and was presented by calculating the b
value of each CpG site.

Data Mining in the Kaplan-Meier Plotter

Kaplan-Meier plotter (http://kmplot.com/analysis/index.php?

p¼service&cancer¼lung)15 is an online tool that supports

pooled survival analysis by integrating multiple datasets col-

lected from cancer Biomedical Informatics Grid (caBIG), Gene

Expression Omnibus (GEO) and TCGA repositories. Kaplan-

Meier analysis of OS and PFS were conducted in LUAD and

LUSC patients, respectively.

Assessment of the Activity of LUAD Cells at the Single-Cell
Transcriptional Level

The correlation between PLEK2 expression and the activity of

LUAD cells at the single-cell level was examined using Cancer-

SEA, which is an online platform for analyzing available RNA-

seq datasets in GEO dataset.16 This platform generated a scoring

system to assess the correlation between gene expression and 14

functional states of cancer cells, including angiogenesis, apop-

tosis, cell cycle, differentiation, DNA damage, DNA repair,

epithelial-to-mesenchymal transition (EMT), hypoxia, inflam-

mation, invasion, metastasis, proliferation, quiescence and stem-

ness.16 The models for these functional states were constructed

using the signatures from Gene Ontology, MSigDB, Cyclebase,

HCMDB and StemMapper. The state scores were calculated

using the Gene Set Variation Analysis (GSVA).16

Two single-cell RNA-seq datasets, GSE6940517 and

GSE8553418 were used for estimation in the current study. The

former set has 126 cells, while the latter contains 42 cells from

LUAD patient-derived xenograft (PDX) tumors.

Statistical Analysis

Data analysis was performed using both SPSS 25.0 software

package (SPSS Inc., Chicago, IL, USA) and GraphPad

Prism 8.04 (GraphPad Inc., La Jolla, CA, USA). Welch’s

t-test was conducted to compare the statistical difference

between two groups. Kaplan-Meier (K-M) survival curves

were generated to compare the survival difference between

patients with high and low PLEK2 mRNA expression (med-

ian separation). The log-rank test was conducted to check

the statistical difference between the survival curves. Two-

sided Fisher’s exact test was performed by analyzing the

difference in clinicopathological parameters and PFS

between patients with high and low PLEK2 expression. The

independent prognostic value of PLEK2 was assessed by

univariate and multivariate Cox regression models, in which

PLEK2 expression was treated as a continuous variable.

Regression analysis was performed by calculating the Pear-

son’s correlation coefficient. p < 0.05 was considered sta-

tistically significant.

Results

PLEK2 Was Significantly Upregulated in Both LUAD and
LUSC Tissues Than in Corresponding Normal Tissues

Using RNA-seq data from both GTEx and TCGA, we com-

pared the expression of PLEK2 in LUAD/LUSC, their corre-

sponding adj. N tissues and normal lung tissues (Figure 1A and
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B). The lowest PLEK2 expression was observed in normal lung

tissues (Figure 1A and B). It gradually increased in adj. N

tissues to tumor tissues (Figure 1A and B). No significant

expression difference was observed between LUAD and LUSC

groups (Figure 1B). Then, we extracted survival data from

LUAD and LUSC cases, respectively. The availability of clin-

ical outcome endpoint data was shown in Figure 1C.

High PLEK2 Expression Was Associated With
Unfavorable Survival in NSCLC

By grouping LUAD and LUSC patients according to clinical

outcome endpoints, we compared PLEK2 expression between

the groups with different survival outcomes. Results showed

that in patients with LUAD, the group with unfavorable clinical

outcome endpoints all had significantly higher PLEK2 expres-

sion compared to the group with favorable outcome endpoints

(Figure 2A-D). In LUSC patients, the group with progression

and the group with disease-specific death had higher PLEK2

expression compared to their respective counterparts

(Figure 2B and C). In comparison, no significant difference

was observed between groups with different OS or DFS indi-

cators (Figure 2A and D).

Survival Analysis Identified PLEK2 Expression Was an
Independent Prognostic Biomarker in LUAD Patients

By setting median PLEK2 expression as the cutoff, we com-

pared the survival difference between patients with high and

low PLEK2 expression. Log-rank test showed that in LUAD

patients, the high PLEK2 expression group had a significantly

shorter OS, PFS, DSS and DFS compared with the low expres-

sion group (p < 0.05, Figure 3A-D). In LUSC patients, K-M

survival analysis failed to identify a significant difference

between the high and low expression groups regarding OS,

OS, PFS, DSS or DFS (Figure 3D-H).

Then, we tried to validate the K-M survival findings using

the Kaplan-Meier plotter, which collected and integrated over

10 NSCLC datasets from the GEO database. Using the same

cutoff in Figure 3, we confirmed that LUAD patients with high

PLEK2 expression had significantly worse PFS (Figure 4B).

However, the OS difference was not validated (Figure 4A). In

LUSC patients, no significant difference was observed in OS or

PFS, by median PLEK2 separation (Figure 4C-D).

Then, we performed univariate and multivariate analysis to

explore whether PLEK2 mRNA expression serves as an inde-

pendent prognostic biomarker in LUAD patients. The clinico-

pathological parameters between LUAD patients with high and

Figure 1. PLEK2 was significantly upregulated in both LUAD and LUSC tissues than in corresponding normal tissues. A-B. A heatmap (A) and

a violin plot chart showing the expression of PLEK2 in normal lung (N ¼ 288, from GTEx), LUAD (N ¼ 513, from TCGA pan-cancer), LUSC

(N¼498, from TCGA pan-cancer) and corresponding adj. N tissues (from TCGA pan-cancer). C. A diagram showing survival data availability

in LUAD and LUSC patients from TCGA pan-cancer.
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low PLEK2 expression were compared in Table 1. Two-sided

Fisher’s exact test suggested that the high PLEK2 expression

group had a significantly higher proportion of patients with

nodal positive tumors (104/248 vs. 64/243, p < 0.001). This

group also had a higher ratio of death (109/252 vs. 74/252,

p ¼ 0.002), disease progression (116/252 vs. 90/252, p ¼

0.023), disease-specific death (69/234 vs. 43/235, p ¼ 0.005)

and disease-progression after disease-free status (52/144 vs.37/

156, p ¼ 0.023) (Table 1). The clinicopathological parameters

and survival data used for analysis were provided in Supple-

mentary Table 1. Results of univariate analysis showed that

advanced pathological stages, larger tumor size (pathological

Figure 2. Comparison of PLEK2 expression in LUAD and LUSC patients with different survival outcomes. A-H. Comparison of PLEK2

expression in LUAD (A-D) and LUSC (E-H) patients grouped according to their OS status (A and E), PFS status (B and F), DSS status (C and G)

and DFS status (D and H).

Figure 3. K-M survival analysis in LUAD and LUSC patients in TCGA respectively. A-C. Kaplan-Meier curves of OS (A and E), PFS (B and

F), DSS (C and G), and DFS (D and H) in LUAD (A-D) and LUSC (E-H) patients. Patients were separated into two groups according to the

median expression of PLEK2. Survival data were from TCGA pan-cancer.
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T status), nodal invasion, with residual tumor, and increased

PLEK2 expression were risk factors of shorter PFS. PLEK2

expression showed independent prognostic value (HR: 1.169,

95%CI: 1.033 -1.322, p¼ 0.014) in PFS after adjustment of the

other three factors (Table 2). Besides, we also noticed that

increased PLEK2 expression might have independent prognos-

tic value in terms of DSS (HR: 1.355, 95%CI: 1.131 -1.623,

p ¼ 0.001) (Supplementary Table 2) and DFS (HR: 1.364,

95%CI: 1.129 -1.649, p ¼ 0.001) (Supplementary Table 3)

after adjustment of the other risk factors.

PLEK2 Expression Was Positively Correlated With
Invasion, Cell Cycle, DNA Damage and DNA Repair of
LUAD Cells

To explore the underlying mechanisms of the association

between PLEK2 expression and unfavorable survival of

LUAD, we assessed the correlation of PLEK2 expression and

cellular activities of LUAD cells at the single-cell level.

Among the 14 functional states assessed, PLEK2 expression

showed significant positive correlations with invasion, cell

cycle, DNA damage and DNA repair of LUAD cells in both

GSE69405 and GSE85534 (Figure 5A and B).

Gene-Level Copy Number and DNA Methylation Profile
of PLEK2 in LUAD Patients

Using Gene-level copy number and DNA methylation data, we

tried to identify the potential mechanisms associated with

PLEK2 dysregulation in LUAD. Among 494 out of 513 LUAD

cases had gene-level copy number data (germline copy number

variation deleted), the correlation between PLEK2 expression

and its copy number was weak (Pearson’s r ¼ 0.175)

(Figure 6A and B). 450 LUAD cases had DNA methylation

data available. The methylation level of 11 CpG sites was

measured in the bead chip (Figure 6A). Regression analysis

found 4 CpG sites (cg12199376, cg14437634, cg17641252 and

Figure 4. K-M analysis of OS and PFS in LUAD and LUSC patients using the Kaplan-Meier plotter. A-D. Kaplan-Meier curves of OS (A and C)

and PFS (B and D) in LUAD (A-B) and LUSC (C-D) patients. Patients were separated into two groups according to the median expression of

PLEK2. Survival data were from the Kaplan-Meier plotter.
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cg06724236) had at least a weakly negative correlation with

PLEK2 expression (Figure 6A and C). cg12199376,

cg14437634 and cg17641252 locate around the first exon

(Figure 6A).

Discussion

In this study, using data from TCGA and GTEx, we found that

PLEK2 was significantly upregulated in both LUAD and LUSC

compared with their respective normal controls.

Survival analysis based on data from TCGA and validation

using Kaplan-Meier plotter suggested that its high expression

was associated with significantly shorter PFS. Univariate and

multivariate analysis revealed that PLEK2 expression might be

an independent prognostic marker in terms of PFS (HR: 1.169,

95%CI: 1.033 -1.322, p ¼ 0.014) in LUAD patients.

Previous studies suggest that PLEK2 has multifaced regu-

latory effects by interacting with different molecules in

multiple signaling pathways. It exerts strong regulatory effects

on actin cytoskeletal actin rearrangement and subsequent for-

mation of large lamellipodia and the peripheral ruffle of cells.1-3

It interacts with EGFR in GBC cells and promotes cell invasion

and metastasis via the EGFR/CCL2 pathway.6 PLEK2 acts as a

downstream effector of the JAK2/STAT5 pathway in erythroid

and myeloid cells.19 Therefore, PLEK2 upregulation might

directly lead to enhanced invasive capability of cancer cells. In

NSCLC cells, PLEK2 upregulation was associated with acquired

stem cell properties and TGF-b induced EMT.7 EMT is also an

important mechanism endowing enhanced invasive and meta-

static features to lung cancer cells.20 In this study, we confirmed

that the nodal positive LUAD patients had significantly higher

PLEK2 expression compared to nodal negative counterparts.

Besides, we assessed the cellular activity of LUAD cells using

previous RNA-seq datasets and confirmed a positive correlation

between PLEK2 expression and invasive capability of LUAD

cells at the single-cell level. In combination with previous

Table 1. Comparison of Clinicopathological Parameters and Survival Outcome Indicators between LUAD Patients with High and Low PLEK2

Expression.

Parameters

PLEK2 expression

p valueHigh (N ¼ 252) Low (N ¼ 252)

Age (Mean + SD) 65.56 + 10.63 65.00 + 9.40 0.54

Gender Female 136 134 0.93

Male 116 118

Smoking History 2/3/4/5 41 31 0.20

1 202 215

no data 9 6

Pathological Stage I/II 186 204 0.06

IIIV 62 44

Discrepancy/no data 4 4

Pathological T status T1/T2 215 222 0.28

T3/T4 36 27

TX/no data 1 3

Pathological N status N0 144 179 <0.001

N1/2/3 104 64

NX/no data 4 9

Pathological M status M0 160 175 0.69

M1 13 12

MX/no data 79 65

Residual tumors R0 171 163 0.075

R1/R2 12 4

RX/no data 69 85

OS status Living 143 178 0.002

Dead 109 74

PFS status No progression 136 162 0.023

Progression 116 90

DSS status Living 165 192 0.005

Disease-specific death 69 43

no data 18 17

DFS status Disease-free 92 119 0.023

Progression 52 37

no data 108 96

Smoking history: 1: lifelong non-smoker; 2: current smoker; 3. Current reformed smoker (for >15 yrs); 4. Current reformed smoker (for �15 yrs); 5. Current

reformed smoker (duration not specified); TX: Primary tumor cannot be assessed; NX: Regional lymph nodes cannot be assessed; MX: Presence of distant

metastasis cannot be assessed; RX: The presence of residual tumor cannot be assessed. Bold: p < 0.05
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Table 2. Univariate and Multivariate Analysis of PFS in LUAD Patients.

Parameters

Univariate analysis Multivariate analysis

p HR 95% CI (lower/upper) p HR 95% CI (lower/upper)

Age (Continuous) 0.948 1.000 0.986 1.014

Gender

Male (N ¼ 234) 1.000

Female (N ¼ 270) 0.574 0.924 0.702 1.216

Smoking history

2/3/4/5 (N ¼ 417) 1.000

1 (N ¼ 72) 0.907 1.024 0.690 1.520

Pathological stages

III/IV (N ¼ 106) 1.000

I/II (N ¼ 390) 0.003 0.618 0.450 0.850 0.680 1.092 0.718 1.662

Pathological T status

T3/T4 (N ¼ 63) 1.000

T1/T2 (N ¼ 437) 0.001 0.531 0.362 0.781 0.032 0.624 0.407 0.959

Pathological N status

N1/N2/N3 (N ¼ 165) 1.000

N0 (N ¼ 323) 0.001 0.612 0.463 0.810 0.015 0.664 0.478 0.922

Pathological M status

M1 (N ¼ 25) 1.000

M0 (N ¼ 335) 0.096 0.615 0.347 1.091

Residual tumors

Yes (N ¼ 16) 1.000

No (N ¼ 334) <0.001 0.304 0.163 0.565 0.003 0.382 0.200 0.728

PLEK2 expression (Continuous) 0.001 1.225 1.086 1.382 0.014 1.169 1.033 1.322

Smoking history: 1: lifelong non-smoker; 2: current smoker; 3. Current reformed smoker (for >15 yrs); 4. Current reformed smoker (for �15 yrs); 5. Current

reformed smoker (duration not specified); NX: Regional lymph nodes cannot be assessed; RX: The presence of residual tumor cannot be assessed. Bold

indicates p < 0.05.

Figure 5. PLEK2 expression was positively correlated with invasion, cell cycle, DNA damage and DNA repair of LUAD cells. A-B. Analysis of

the correlation between PLEK2 expression and the activity of LUAD cells at the single-cell level was examined using CancerSEA. Correlation

analysis was performed in GSE69405 (A) and GSE85534 (B), respectively. Only the states with significant correlations (|correlation r|�0.3 and

p < 0.05) were listed. The significant states shared in the two datasets were marked in yellow boxes.
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findings, we infer that PLEK2 expression might be an important

mechanism contributing to the nodal invasion of LUAD. We also

noticed that PLEK2 expression was positively correlated cell

cycle progression, suggesting that it might enhance tumor cell

proliferation. Furthermore, PLEK2 expression was associated

with increased DNA repair of LUAD cells, which is an important

mechanism of drug resistance.21,22 These findings could partly

explain the association between PLEK2 expression and unfavor-

able PFS of LUAD patients. Therefore, it is necessary to explore

the exact molecular regulatory mechanisms of PLEK2 on these

cellular activities, for a full understanding of the functional role of

PLEK2 and the development of targeted therapy.

Although we characterized the potential prognostic value of

PLEK2 expression in LUAD, the underlying mechanisms of its

dysregulation are not clear. One previous study reported

PLEK2 amplification and associated enhanced gene expression

in SW613-S cells, a human colon carcinoma cell line,23 sug-

gesting that gene amplification might contribute to its upregu-

lation in cancer cells. In this study, we examined PLEK2

expression and copy number data in LUAD cases. Although

the non-zero test suggested that there might be a significant

correlation, the correlation coefficient was quite small (<0.2).

Therefore, we infer that gene-level amplification might have

limited influence on the intensity of PLEK2 transcription.

Methylation mediated epigenetic regulation is common in

LUAD.24 A series of genes related to the pathological devel-

opment of LUAD showed aberrant methylation in situ, such as

EYA4, HOXA1, HOXA11, NEUROD1, NEUROD2, TMEFF2

and LGALS4.24,25 Therefore, we also checked the methylation

profile of PLEK2 in LUAD cases. Data from methylation 450 k

Figure 6. Gene-level copy number and DNA methylation profile of PLEK2 in LUAD patients. A. A heat map showing the correlation between

PLEK2 expression, gene-level copy number, and DNA methylation in LUAD patients (N ¼ 513). B. A plot chart showing the correlation

between PLEK2 expression and its gene-level copy number. C. The methylation level (b value) and Pearson’s r value of 4 CpG sites with at least

a weakly negative correlation with PLEK2 expression. Their positions were as indicated in figure A.
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bead chip indicated that the methylation level of 4 CpG sites

was negatively correlated with PLEK2 expression, among

which three sites locate around the first exon. These findings

suggest that promoter hypomethylation might be an important

mechanism resulting in upregulated PLEK2 expression in

LUAD.

This study also has some limitations. Firstly, although we

tried to validate the findings from TCGA pan-cancer using

other datasets, only OS and PFS were outcome indicators in

common. We failed to verify DSS and DFS using other data-

sets. Secondly, the potential influence of gene-level CNA and

methylation on PLEK2 expression is inferred by in-silico anal-

ysis. Molecular studies should be conducted in the future for

validation.

Conclusion

Increased PLEK2 expression might be a specific prognostic

biomarker of poor PFS in LUAD patients. Its expression had

significant positive correlations with invasion, cell cycle, DNA

damage, and DNA repair of LUAD cells at the single-cell level.

Promoter hypomethylation might be a potential mechanism

leading to its upregulation.
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