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ARTICLE INFO ABSTRACT

Keywords: Background: DIP2B is related to cancer progression. This study investigated the roles and path-
DIP2B ways of DIP2B in lung adenocarcinoma (LUAD).

Biomarker

Methods: DIP2B expression and the relationship between survival time of cancer patients and
DIP2B expression were analyzed. The relationship between DIP2B expression and survival time in
LUAD patients was evaluated by a meta-analysis. Cox and survival analyses were used to evaluate
the prognostic factors and construct a prognostic nomogram. The mechanisms and effects of
DIP2B and the relationship between DIP2B expression and the immune microenvironment were
investigated using bioinformatics, CCK-8, western blotting, and transwell experiments.

Results: DIP2B was overexpressed in LUAD tissues. DIP2B overexpression was associated with
shorter prognosis and was an unfavorable risk factor for prognosis in LUAD patients. DIP2B co-
expressed genes were involved in cell division, DNA repair, cell cycle, and others. Inhibition of
DIP2B expression could downregulate the proliferation, migration, and invasion of LUAD A549
and H1299 cells, which was related to the decrease in CCND1 and MMP2 protein expression.
BRCAL1 overexpression was associated with short prognosis, and the nomogram formed by DIP2B
and BRCA1 was associated with a poor prognosis in LUAD patients. DIP2B expression correlated
with immune cells (such as CD8 T cells, Tcm, and iDCs) and cell markers.

Conclusion: DIP2B is a potential biomarker of poor prognosis and the immune microenvironment
in LUAD. Inhibition of DIP2B expression downregulated cancer cell proliferation, migration, and
invasion, which might be related to the decrease in CCND1 and MMP2 protein expression. DIP2B-
related nomograms might be useful tools for predicting the prognosis of LUAD patients.
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1. Introduction

The incidence and death of non-small cell lung cancer (NSCLC) patients remains high [1,2]. Lung adenocarcinoma (LUAD) is one of
the common subtypes of NSCLC. Patients with early-stage LUAD achieve a good long-term prognosis after early diagnosis and surgery,
while some patients with advanced LUAD have a poor prognosis. At present, gene mutation detection in the tumor tissues of advanced
LUAD and treatment targeting the mutation sites could improve the long-term prognosis of lung cancer patients [3,4]. However, the
survival time of these LUAD patients remains suboptimal [1,2], so identifying new targets is needed to improve the prognosis of LUAD
patients.

The protein encoded by the disco interacting protein 2 homolog B (DIP2B) gene contains a binding site for the transcriptional
regulator DNA methyltransferase 1-related protein 1 and an AMP-binding site. DIP2B is associated with cancer progression and lung
development [5-8]. Moreover, cell proliferation, migration, and invasion abilities are restricted when DIP2B expression is inhibited in
human colon cancer RKO and SW620 cells. Furthermore, -catenin, vimentin, and Snail protein levels decreased after inhibiting DIP2B
expression in cancer cells [6]. During embryogenesis, abnormal DIP2B expression results in intrauterine growth restriction, impaired
lung formation, and perinatal mortality [7]. DIP2B plays a crucial role in late lung maturation, as loss of DIP2B results in disruption of
air sac formation, increased interstitial compartmentalization, and increased cellularity, as well as enhanced cellular proliferative
capacity during the cystic stage of lung development [7]. Currently, the roles and signaling mechanisms of DIP2B in LUAD are un-
known. Therefore, this study investigated the relationship between DIP2B expression in the prognosis of cancer patients and cancer
immune infiltration using bioinformatics to provide a new candidate marker for the treatment of LUAD.

2. Materials and methods
2.1. Gene expression data and general clinical profile of LUAD patients

DIP2B gene expression data of the Fragments Per Kilobase of exon model per Million mapped fragments (FPKM) type were
retrieved from The Cancer Genome Atlas (TCGA (https://portal.gdc.cancer.gov/)) database, of which there were 59 normal tissue
samples and 535 LUAD tissue samples [9]. The clinical data of cancer patients were downloaded, and the age, sex, pathological stage, T
stage, N stage, M stage, and other data of cancer patients were extracted from the TCGA database. In addition, normal and cancerous
tissues were collected from 10 LUAD patients, and the expression levels of DIP2B were determined through immunohistochemistry and
western blotting. Written informed consent was obtained from all LUAD patients, and this study was approved by the Ethics Committee
of Huazhong University of Science and Technology.

2.2. The expression levels of DIP2B in clinical tissues using IHC

Following fixation and treatment with high-temperature dewaxing and hydration, antigen retrieval was performed, followed by
blocking of nonspecific binding utilizing sheep serum albumin. Incubation with the DIP2B antibody and the horseradish peroxidase
(HRP)-conjugated secondary antibody was carried out, with washing performed to remove impurities. DAB staining was applied,
followed by restaining with hematoxylin. The slides were then washed and mounted [10]. Finally, the stained tissues were observed
and analyzed under a microscope, and the images were recorded. In addition, the standard process of immunoblotting was followed to
detect the expression level of DIP2B in LUAD, and the DIP2B antibody (863713, ZENBIO, China) concentration was 1:1000 [10].

2.3. Lung cancer explorer (LCE) database

The LCE (http://lce.biohpc.swmed.edu/) database uses meta-analysis to effectively integrate the results of the datasets in the TCGA
and GEO databases, which is more reliable than a single dataset [11]. The relationship between DIP2B expression and survival time of
LUAD patients was visualized using the meta-analysis in the LCE database.

2.4. The relationship between DIP2B overexpression and prognostic indicators

The expression of DIP2B in LUAD tissues of FPKM type was identified, and according to age, sex, pathological stage, T stage, N
stage, M stage and others, the DIP2B expression levels were determined in LUAD tissues. In addition, whether there were significant
differences in the age, sex, pathological stage, T stage, N stage, and M stage of the patients in each group was determined after grouping
by the median value of DIP2B. Kaplan—-Meier (K-M) survival analysis was used to show the relationship between DIP2B expression
level and overall survival (OS), progression-free survival (PFI), and disease-specific survival (DSS) in subgroups of LUAD patients based
on age, sex, pathological stage, T stage, N stage, M stage, etc [12,13].

2.5. Construction of DIP2B-related nomograms

The relationship between T stage, N stage, M stage, pathological stage, sex, age, smoking history, and DIP2B expression and
prognosis (OS, DSS, and PFI) in patients with LUAD was assessed using univariate Cox regression analysis and multivariate Cox
analysis (P < 0.05) [12,13]. DIP2B-related nomograms were constructed to understand the OS, DSS, and PFI of LUAD patients based on
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Fig. 1. DIP2B overexpression predicted a shorter prognosis in LUAD. (A-B) DIP2B expression in LUAD tissues using the Wilcoxon rank sum test; (C)
DIP2B expression in cancer tissues at the DSS event using the Wilcoxon rank sum test; (D) DIP2B overexpression in clinical LUAD tissues using
immunohistochemistry; (E-G) DIP2B expression in the prognosis of LUAD patients using K-M survival analysis. Note: LUAD, lung adenocarcinoma;
leI, progression-free survival; OS, overall survival; DSS, disease-specific survival; K-M, Kaplan-Meier; *, P < 0.05; **, P < 0.01.

the multivariate Cox analysis results, and were verified using calibration curve.
2.6. Extraction of DIP2B co-expressed genes

The correlation between genes was displayed by the correlation coefficient, and the closer the coefficient was to plus or minus 1, the
stronger the correlation. DIP2B co-expressed genes were displayed by using Pearson correlation analysis in 535 LUAD tissues [9], and
the co-expressed genes were filtered by an absolute correlation coefficient of 0.5 and P < 0.001.

2.7. The roles and signaling pathways of DIP2B co-expressed genes

Gene Ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis indicate the biological functions
and signaling pathways involved in multiple genes [14,15]. The biological processes, molecular functions, and cellular components
involved in DIP2B co-expressed genes were investigated using GO annotation, and the signaling pathways of DIP2B co-expressed gene
enrichment were investigated by KEGG in the DAVID (https://david.ncifcrf.gov/) database.

Table 1

DIP2B expression in cancer tissues based on clinical features using T test and one-way ANOVA.
Features Low expression High expression P
N 267 268
T stage 0.124
T1 99 (18.6 %) 76 (14.3 %)
T2 139 (26.1 %) 150 (28.2 %)
T3 21 (3.9 %) 28 (5.3 %)
T4 7 (1.3 %) 12 (2.3 %)
N stage 0.232
NO 172 (33.1 %) 176 (33.9 %)
N1 55 (10.6 %) 40 (7.7 %)
N2 32 (6.2 %) 42 (8.1 %)
N3 1 (0.2 %) 1 (0.2 %)
M stage 0.161
MO 190 (49.2 %) 171 (44.3 %)
M1 9 (2.3 %) 16 (4.1 %)
Pathologic stage 0.386
Stage I 150 (28.5 %) 144 (27.3 %)
Stage II 63 (12 %) 60 (11.4 %)
Stage III 39 (7.4 %) 45 (8.5 %)
Stage IV 9 (1.7 %) 17 (3.2 %)
Gender 0.129
Female 152 (28.4 %) 134 (25 %)
Male 115 (21.5 %) 134 (25 %)
Age 0.291
<65 121 (23.4 %) 134 (26 %)
>65 137 (26.6 %) 124 (24 %)
Residual tumor 0.350
RO 184 (49.5 %) 171 (46 %)
R1 5 (1.3 %) 8 (2.2 %)
R2 1 (0.3 %) 3(0.8 %)
Smoker 0.681
No 39 (7.5 %) 36 (6.9 %)
Yes 217 (41.7 %) 229 (44 %)
OS event 0.041
Alive 183 (34.2 %) 160 (29.9 %)
Dead 84 (15.7 %) 108 (20.2 %)
DSS event 0.017
Alive 201 (40.3 %) 178 (35.7 %)
Dead 48 (9.6 %) 72 (14.4 %)
PFI event 0.104
Alive 164 (30.7 %) 145 (27.1 %)
Dead 103 (19.3 %) 123 (23 %)
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Fig. 2. DIP2B overexpression is related to the shorter OS of LUAD patients via meta-analysis in the LCE database. Note: LUAD, lung adenocarci-
noma; OS, overall survival; LCE, Lung Cancer Explorer.

2.8. The relationship between DIP2B and key genes of the protein—protein interaction (PPI) network

The PPI network of DIP2B co-expressed genes was constructed and was further displayed with a binding score of 0.7 in the STRING
database. In addition, visual network analysis was performed using Cytoscape (version: 3.8.2) software, and the CytoHubba plugin was
used to obtain the ten key genes [9]. The relationship between DIP2B expression levels and the expression of BRCA1, EP300, BPTF,
NIPBL, RPS28, RPS8, RPS11, RPS9, RPS14, and AGO2 was shown by Pearson correlation analysis.

2.9. Construction of nomograms of DIP2B and BRCA1

The relationship between BRCA1, EP300, BPTF, NIPBL, RPS28, RPS8, RPS11, RPS9, RPS14, and AGO2 expression and OS, DSS, and
PFI in LUAD patients was explored by K—M survival analysis grouped by the median values of BRCA1, EP300, BPTF, NIPBL, RPS28,
RPS8, RPS11, RPS9, RPS14, and AGO2 expression. The nomograms of DIP2B co-expressed genes were constructed based on the
survival analysis results, and were verified using calibration curve.

2.10. The relationship between DIP2B overexpression and the immune microenvironment

The expression of immune cells in the tissues of LUAD patients was analyzed using the single sample gene set enrichment analysis
(ssGSEA) method [16,17]. Pearson correlation analysis was used to investigate the relationship between DIP2B expression and im-
mune cells and immune cell markers.

2.11. Construction of the LUAD cell models that inhibited DIP2B expression

A549 and H1299 cells were grown in RPMI-1640 medium with 10 % fetal bovine serum (FBS) and 1 % penicillin-streptomycin
before transfection according to the standard procedure [13]. The expression of DIP2B protein in the control cells and interfering
DIP2B-expressing cells was detected by western blotting 24 h after transfection. Total protein was extracted from the control group and
the interference DIP2B expression groups and separated by gel electrophoresis after BCA quantification using a 1:1000 DIP2B antibody
(863713, ZENBIO, China), 1:3000 GAPDH antibody (ab37168, Abcam, UK) and 1:3000 secondary antibody (111-035-003, Jackson,
China) [18]. The siRNA sequence of DIP2B was obtained from Guangzhou Ruibo Company (China). The two interfering sequences of
DIP2B were si-DIP2B-1: GCTACTGGATTGGCTGTA GAA and si-DIP2B-2: GAAGAGCATTACCTCATCGTT.
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Fig. 3. DIP2B overexpression was associated with OS in a subgroup of LUAD patients via K-M survival analysis. (A) NO; (B) MO; (C) Stage I; (D)
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Kaplan-Meier.
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Table 2
Cox regression analysis showed the risk factors for short OS in LUAD.
Characteristics N HR (95 % CI) P value HR (95 % CI) P value
T stage 523
T1 175 Reference
T2 282 1.521 (1.068-2.166) 0.020 1.571 (0.998-2.473) 0.051
T3 47 2.937 (1.746-4.941) <0.001 3.499 (1.724-7.103) <0.001
T4 19 3.326 (1.751-6.316) <0.001 1.805 (0.813-4.006) 0.147
N stage 510
NO 343 Reference
N1 94 2.381 (1.695-3.346) <0.001 2.321 (1.217-4.427) 0.011
N2 71 3.108 (2.136-4.521) <0.001 1.841 (0.758-4.474) 0.178
N3 2 0.000 (0.000-Inf) 0.994 0.000 (0.000-Inf) 0.993
M stage 377
MO 352 Reference
M1 25 2.136 (1.248-3.653) 0.006 1.836 (0.831-4.056) 0.133
Pathologic stage 518
Stage I 290 Reference
Stage II 121 2.418 (1.691-3.457) <0.001 0.852 (0.426-1.704) 0.651
Stage III 81 3.544 (2.437-5.154) <0.001 1.577 (0.593-4.192) 0.362
Stage IV 26 3.790 (2.193-6.548) <0.001
Gender 526
Female 280 Reference
Male 246 1.070 (0.803-1.426) 0.642
Age 516
<65 255 Reference
>65 261 1.223 (0.916-1.635) 0.172
Smoker 512
No 72 Reference
Yes 440 0.894 (0.592-1.348) 0.591
DIP2B 526
Low 263 Reference
High 263 1.512 (1.131-2.021) 0.005 1.494 (1.065-2.095) 0.020
Note: LUAD, lung adenocarcinoma; OS, overall survival;, HR, hazard ratio; CI, confidence interval.
Table 3
Cox regression analysis showed the risk factors for short DSS in LUAD.
Characteristics N HR (95 % CI) P value HR (95 % CI) P value
T stage 488
T1 168 Reference
T2 262 1.701 (1.085-2.668) 0.021 1.642 (0.924-2.917) 0.091
T3 43 2.846 (1.453-5.572) 0.002 3.194 (1.211-8.422) 0.019
T4 15 2.770 (1.061-7.230) 0.037 1.753 (0.569-5.402) 0.328
N stage 475
NO 327 Reference
N1 83 2.751 (1.808-4.185) <0.001 2.508 (1.091-5.769) 0.030
N2 63 2.762 (1.698-4.493) <0.001 1.774 (0.513-6.133) 0.365
N3 2 0.000 (0.000-Inf) 0.995 0.000 (0.000-Inf) 0.996
M stage 344
MO 323 Reference
M1 21 2.455 (1.269-4.749) 0.008 2.410 (0.981-5.921) 0.055
Pathologic stage 483
Stage I 277 Reference
Stage II 112 3.017 (1.931-4.715) <0.001 0.885 (0.358-2.189) 0.791
Stage III 72 3.326 (2.028-5.457) <0.001 1.367 (0.349-5.364) 0.654
Stage IV 22 4.632 (2.371-9.050) <0.001
Gender 491
Female 262 Reference
Male 229 0.989 (0.687-1.424) 0.954
Age 481
<65 243 Reference
>65 238 1.013 (0.701-1.464) 0.944
Smoker 477
No 69 Reference
Yes 408 1.040 (0.602-1.796) 0.889
DIP2B 491
Low 246 Reference
High 245 1.711 (1.180-2.481) 0.005 1.896 (1.215-2.958) 0.005

Note: LUAD, lung adenocarcinoma; DSS, disease-specific survival; HR, hazard ratio; CI, confidence interval.
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Fig. 6. The nomogram based on T stage, N stage, M stage and DIP2B expression predicted the total survival time of LUAD patients at 1-, 3- and 5-
years. (A) OS-related nomogram; (B) DSS-related nomogram; (C) PFI-related nomogram; (D-F) The calibration curves of nomogram in OS, DSS, and
PFI. Note: LUAD, lung adenocarcinoma; PFI, progression-free survival; OS, overall survival; DSS, disease-specific survival.

Table 4

Cox regression analysis showed the risk factors for a short PFI in LUAD.
Characteristics N HR (95 % CI) P value HR (95 % CI) P value
T stage 523
T1 175 Reference
T2 282 1.758 (1.276-2.422) <0.001 1.548 (1.116-2.146) 0.009
T3 47 3.495 (2.199-5.556) <0.001 2.668 (1.452-4.904) 0.002
T4 19 1.113 (0.444-2.791) 0.819 0.451 (0.149-1.367) 0.159
N stage 510
NO 343 Reference
N1 94 1.540 (1.118-2.122) 0.008 1.258 (0.712-2.221) 0.429
N2 71 1.498 (1.018-2.205) 0.040 0.455 (0.156-1.327) 0.149
N3 2 0.906 (0.127-6.485) 0.922 0.646 (0.072-5.756) 0.695
M stage 377
MO 352 Reference
M1 25 1.513 (0.855-2.676) 0.155
Pathologic stage 518
Stage I 290 Reference
Stage II 121 2.013 (1.478-2.742) <0.001 1.273 (0.717-2.261) 0.410
Stage III 81 1.831 (1.257-2.669) 0.002 3.236 (1.052-9.952) 0.040
Stage IV 26 2.086 (1.189-3.657) 0.010 2.126 (1.073-4.213) 0.031
Gender 526
Female 280 Reference
Male 246 1.172 (0.901-1.526) 0.236
Age 516
<65 255 Reference
>65 261 1.023 (0.784-1.335) 0.867
Smoker 512
No 72 Reference
Yes 440 0.968 (0.658-1.426) 0.870
DIP2B 526
Low 263 Reference
High 263 1.438 (1.103-1.874) 0.007 1.412 (1.076-1.854) 0.013

Note: LUAD, lung adenocarcinoma; PFI, progression-free survival; HR, hazard ratio; CI, confidence interval.

10



Heliyon 10 (2024) e32025

BP

CcC

C.-Y. Wu et al.

0 »
(] »
- -
(] - B
(]
0 - ' B
] - [ e
[ ] - ' s
] - ) B
] - m ' L
' - =) ’ [
0 - S ' )
' - . [
i S . K
' - ’
' B
[ ] - 0 »
» ' N
1 1 1 1 1 1 1 1 I 1 1 1 1 1 ) 1
=3 = I =3 =3 =3 = = = o o - > -] ~ o -
® ~ =] w; - o o - L] -~ o o — —
juno) a yumo)
- ™ ‘VL B/
2,
1+ i.m@.v - R \\\
@y, ALY
1 F e&@.\ %, @wo RS
2, % % 1+ 2, z%%&&
| I XN OB RNEN
\m@@ess -l{..o.vz.s&v
0 Fogas’y G0,
KA 2 QQ - = éﬂﬂ\\t ™ .\\\ Yo,
V F%%0,%, e, % %
V%% 0, = V% 0%,
9 %, 22 Y ‘.‘00 PRRN
! B 6&.%&00 z\B&%\ .\3.\%& 0 - A\\& ‘o %%Q& %Qm. e&s.@.\sv %
&, % %, %, | 5% 0, % %
[} - 0, % D, %, (] 5.%,%,2, 2. %,
%0, %, 00, %, v, &o@&&«@.\m@a&o
L 5,9 % %%, %% = 7 I G, %0, %0, %,
] ss»&\céo.\ev @ %, «\\o\\... ] %, .xvo.ww Y9 Y Y
- 4%, % 2% 0 | 3 %%% %%,
ORES 2, %9 2, %, %,
- 4%, “ V954 A
() 2 % "
' = 00%,° . - 5%, “
! - 757 oo\&& [ ] - %wo@sv» 1
L0 N N N FCT T T T T LT 1 %%
&3] 2= %7 EESET8S§R*S Yy e,
L'e] = -+ Lar] o (o] — .ew\c -W\Q
juno) ) juno)) Yo

Fig. 7. Functions and mechanisms of DIP2B co-expressed genes via GO and KEGG analysis. (A) CC; (B) MF; (C) MF; (D) KEGG. Note: KEGG, Kyoto
11

Encyclopedia of Genes and Genomes; BP, biological processes; GO, Gene Ontology; CC, cellular components; MF, molecular function.
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Table 5

Signaling pathways of DIP2B co-expressed genes via KEGG analysis.
Term Signaling pathways Count P
hsa03013 Nucleocytoplasmic transport 15 7.56E-06
hsa03010 Ribosome 18 1.05E-05
hsa04120 Ubiquitin mediated proteolysis 17 1.06E-05
hsa05171 Coronavirus disease-COVID-19 22 1.46E-05
hsa04919 Thyroid hormone signaling pathway 14 1.18E-04
hsa05014 Amyotrophic lateral sclerosis 26 2.31E-04
hsa05016 Huntington disease 22 7.43E-04
hsa04932 Non-alcoholic fatty liver disease 13 0.00388381
hsa05415 Diabetic cardiomyopathy 15 0.005274211
hsa05010 Alzheimer disease 23 0.005517511
hsa05211 Renal cell carcinoma 8 0.006172256
hsa01522 Endocrine resistance 9 0.012717532
hsa05020 Prion disease 17 0.013559892
hsa03250 Viral life cycle - HIV-1 7 0.014738879
hsa00310 Lysine degradation 7 0.014738879
hsa04714 Thermogenesis 15 0.016133895
hsa04012 ErbB signaling pathway 8 0.018415845
hsa05224 Breast cancer 11 0.018908202
hsa04110 Cell cycle 10 0.019070938
hsa04130 SNARE interactions in vesicular transport 5 0.019971302
hsa05208 Chemical carcinogenesis - reactive oxygen species 14 0.026105825
hsa05203 Viral carcinogenesis 13 0.029878198
hsa05220 Chronic myeloid leukemia 7 0.033786043
hsa05215 Prostate cancer 8 0.034874221
hsa05213 Endometrial cancer 6 0.036821505
hsa01521 EGFR tyrosine kinase inhibitor resistance 7 0.039742744
hsa05225 Hepatocellular carcinoma 11 0.042135623
hsa04810 Regulation of actin cytoskeleton 13 0.046038198

Note: KEGG, Kyoto Encyclopedia of Genes and Genomes.

2.12. Cell proliferation assay

A549 and H1299 cells were transfected as described above, followed by counting and plating at 2.5 x 10%/well. Then, 10 pL of CCK-
8 (Boiss, China) reagent was added to the adherent A549 and H1299 cells at 0, 24, 48, and 72 h to detect the effects of downregulation
of DIP2B expression on cell proliferation. The experiment was performed in triplicate.

2.13. Cell migration and invasion

A549 and H1299 cells were transfected as described above, followed by counting and adjusting the concentration of A549 and
H1299 cells. The control group and interference DIP2B expression group cells were added to the upper chamber of the Transwell
chamber, with 600 pL of complete medium added to the lower chamber. The chamber was washed with phosphate-buffered saline
after 24 h of incubation at 37 °C and 5 % COg, and nonmigrating LUAD cells were wiped off the membrane with a cotton swab. Then,
migrating A549 and H1299 cells were stained with 0.2 % crystal violet and subsequently counted by ImageJ, and the experiment was
performed in triplicate.

2.14. Statistical analysis

The expression of DIP2B in the normal tissues and cancer of LUAD patients and LUAD tissues based on the clinicopathological
features was tested by the Wilcoxon rank sum test, chi-square test, and Fisher test, and whether the levels of immune cells in the high-
and low-DIP2B expression groups were statistically significant was determined. K-M survival analysis, Cox regression analysis, and
meta-analysis of the relationship between DIP2B expression and prognostic indicators in patients with LUAD. A P value < 0.05 was
considered significant.

3. Results
3.1. Enhanced DIP2B expression had a poor prognosis in LUAD patients

DIP2B expression was significantly increased in unpaired (Fig. 1A) and paired cancer tissues (Fig. 1B), as well as in cancer patients
during the DSS endpoint event (Fig. 1C). The results showed that DIP2B was overexpressed in most cancer tissues of LUAD patients
using ITHC method (Fig. 1D). Specifically, in 10 LUAD patients, the levels of DIP2B were significantly increased in cancer tissues of 9 of

the LUAD patients. In addition, DIP2B expression was associated with OS and DSS in LUAD patients according to the chi-square test

12
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Fig. 8. The key genes in the PPI network. Note: PPI, protein-protein interaction.

(Table 1). The K-M survival method revealed that elevated DIP2B expression was associated with a shorter OS, DSS, and PFI in LUAD
patients (Fig. 1E-G). The LUAD patients with high DIP2B expression had a poor prognosis (Fig. 2).

3.2. DIP2B overexpression was associated with a poor prognosis in the LUAD patient subgroup

The K-M survival method revealed that DIP2B overexpression was associated with shorter OS in cancer patients with NO, MO,
pathological stage I, pathological stage I-III, RO, age (>65), and no smoking history (Fig. 3). In cancer patients with T1-2, T1-3, N0, MO,
pathological stage I, pathological stage I-II, pathological stage I-III, female sex, age (>65), no smoking history, and smoking history,
DIP2B overexpression was correlated with a short DSS (Fig. 4). In cancer patients with T1-2, T1-3, NO, pathological stage I, patho-
logical stage I-1I, pathological stage I-III, age (>65), and no smoking history, DIP2B overexpression was associated with a shorter PFI
(Fig. 5).

3.3. DIP2B-related nomograms

T stage, N stage, and DIP2B overexpression were risk factors for short OS and DSS in LUAD patients (Tables 2 and 3). Fig. 6A and B
reveal the association of T stage, N stage, and DIP2B expression with OS and DSS in LUAD patients. T stage, pathological stage, and
DIP2B overexpression were risk factors for a short PFI in LUAD patients (Table 4). Fig. 6C reveals the relationship of the T stage,
pathological stage, and DIP2B expression with the PFI. Fig. 6D-F shows the calibration curve of nomogram.
3.4. Functions and mechanisms of DIP2B co-expressed genes

There were 640 DIP2B co-expressed genes (Table S1), which were involved in protein binding, RNA binding, cell division, DNA

13
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Fig. 9. DIP2B expression was significantly associated with ten hub genes using Pearson correlation analysis. (A) BRCA1; (B) EP300; (C) BPTF; (D)
NIPBL; (E) RPS28; (F) RPSS; (G) RPS11; (H) RPS9; (I) RPS14; (J) AGO2.

Table 6

The clinical roles of hub genes in prognosis via K-M survival analysis.
Gene 0os DSS PFI

HR P HR P HR P

BRCA1 1.47 (1.10-1.97) 0.008 1.74 (1.20-2.53) 0.003 1.40 (1.08-1.83) 0.012
EP300 1.03 (0.78-1.38) 0.821 1.31 (0.91-1.89) 0.143 1.15 (0.89-1.50) 0.292
BPTF 1.12 (0.84-1.49) 0.457 1.19 (0.82-1.71) 0.36 1.24 (0.95-1.62) 0.111
NIPBL 0.86 (0.64-1.15) 0.304 1.02 (0.71-1.47) 0.895 0.94 (0.72-1.23) 0.66
RPS28 0.82 (0.62-1.10) 0.185 0.85 (0.59-1.22) 0.384 0.81 (0.63-1.06) 0.126
RPS8 0.84 (0.63-1.12) 0.233 0.81 (0.57-1.17) 0.27 0.79 (0.61-1.03) 0.083
RPS11 1.28 (0.96-1.71) 0.093 1.38 (0.96-1.99) 0.085 1.10 (0.84-1.43) 0.485
RPS9 1.06 (0.80-1.42) 0.672 1.00 (0.70-1.44) 0.998 1.01 (0.77-1.31) 0.957
RPS14 0.86 (0.65-1.15) 0.316 0.82 (0.57-1.18) 0.293 0.86 (0.66-1.13) 0.278
AGO2 1.07 (0.80-1.43) 0.641 1.33 (0.92-1.92) 0.124 1.06 (0.82-1.38) 0.651

Note: LUAD, lung adenocarcinoma; PFI, progression-free survival; OS, overall survival; K-M, Kaplan—-Meier; DSS, disease-specific survival; HR,
hazard ratio.

repair, protein ubiquitination, chromatin binding, cell cycle, positive transcriptional regulation, etc. (Table S2 and Fig. 7A-C). The
KEGG analysis revealed that DIP2B co-expressed genes were involved in ubiquitin-mediated proteolysis, endocrine resistance, ERBB
signaling pathway, cell cycle, chemical carcinogenesis-reactive oxygen species, viral carcinogenesis, EGFR tyrosine kinase inhibitor
resistance, and other mechanisms (Table 5 and Fig. 7D).
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Fig. 10. The nomograms of DIP2B and BRCA1 overexpression predicted the dismal prognosis of LUAD patients at 1, 3, and 5 years. (A) OS-related
nomogram; (B) DSS-related nomogram; (C) PFI-related nomogram; (D-F) The calibration curves of nomogram in OS, DSS, and PFI.Note: LUAD, lung
adenocarcinoma; PFI, progression-free survival; OS, overall survival; DSS, disease-specific survival.

3.5. DIP2B was significantly associated with key genes in the PPI network

We constructed a PPI network of DIP2B co-expressed genes through the STRING database (Fig. S1). Fig. 8 reveals the key genes in
the PPI network of DIP2B co-expressed genes using the CytoHubba plugin, and the key genes were BRCA1, EP300, BPTF, NIPBL,
RPS28, RPS8, RPS11, RPS9, RPS14, and AGO2. The expression of DIP2B was positively correlated with the expression of BRCA1,
EP300, BPTF, NIPBL, and AGO2 and negatively correlated with the expression of RPS28, RPS8, RPS11, RPS9, and RPS14 (Fig. 9).

3.6. Nomograms of DIP2B co-expressed genes

The expression of the hub gene BRCA1 was associated with the prognosis of LUAD patients (Table 6). Specifically, BRCA1 over-
expression was significantly associated with shorter OS, DSS, and PFI in cancer patients, with hazard ratios (HRs) of 1.47, 1.74, and
1.4, respectively. The relationship between DIP2B and the co-expressed gene BRCA1 and the OS, DSS, and PFI at 1, 3, and 5 years of
LUAD patients was determined using nomograms (Fig. 10A-C). In short, 1-, 3-, and 5-year survival times, DSS, and PFI were poorer in
LUAD patients with DIP2B and BRCA1 overexpression. Fig. 10D-F shows the calibration curve of nomogram.

3.7. Inhibition of DIP2B expression downregulated LUAD cell growth and migration ability

DIP2B protein expression was inhibited in A549 and H1299 cells by siRNA interference technology (Fig. 11A) and inhibition of
DIP2B significantly downregulated the proliferation ability of LUAD cells (Fig. 11B-C). The proliferation ability of the si-DIP2B
experimental and control groups was significantly different at 48 and 72 h, without a significant difference between the si-DIP2B
experimental groups. In addition, decreased DIP2B expression was accompanied by decreased LUAD cell migration (Fig. 11D-G
and 12A-D). The results of western blotting showed that inhibition of DIP2B expression downregulated CCND1 and MMP2 protein
expression (Fig. 12E and F). Preliminary evidence suggested that DIP2B functions as an oncogene, and inhibition of DIP2B expression
decreased the growth, migration and invasiveness of LUAD cells in vitro.

3.8. The expression of DIP2B was related to the immune microenvironment in LUAD

DIP2B expression was positively correlated with the levels of Central Memory T-cell (Tem) (r = 0.397), T helper cells (r = 0.3), T
helper 2 (Th2) cells (r = 0.276), Effective Memory T-Cell (Tem) (r = 0.16), and Tgd (r = 0.146), and negatively correlated with the
levels of CD8 T cells (r = —0.418), Immature Dendritic Cells (iDCs) (r = —0.322), Natural killer (NK) CD56bright cells (r = —0.286),
Follicular helper T-cell (TFH) (r = —0.281), plasmacytoid Dendritic Cells (pDC) (r = —0.260), mast cells (r = —0.258), Dendritic Cells
(DC) (r = —0.254), cytotoxic cells (r = —0.231), Regulatory T cells (TReg) (r = —0.217), NK cells (r = —0.205), T helper 17 (Th17) cells
(r=-0.199), B cells (r = —0.179), T helper 1 (Th1) cells (r = —0.166), macrophages (r = —0.117), eosinophils (r = —0.116), T cells (r
= —0.114), and activated DCs (aDC) (r = —0.11) in LUAD (Figs. S2 and 13). The DC, iDC, NK CD56bright cells, B cells, CD8 T cells,
cytotoxic cells, macrophages, mast cells, pDCs, T cells, T helper cells, Tcm, TFH, Tgd, Th1 cells, Th17 cells, Th2 cells, and TReg levels
were significantly different between the high- and low-DIP2B expression groups (Fig. S3). In addition, the expression of DIP2B was
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Fig. 11. Inhibition of DIP2B expression downregulates LUAD cell proliferation and migration. (A) Identification of cell models using western
blotting; (B-C) Cell proliferation of A549 and H1299 cells using CCK-8; (D) A549 cell migration using a transwell assay; (E) Whether the migration
of A549 cells is differentially affected by DIP2B expression is determined using statistical analysis; (F) H1299 cell migration using a transwell assay;
(G) Whether the migration of H1299 cells is differentially affected by DIP2B expression is determined using statistical analysis. Note: LUAD, lung
adenocarcinoma; ***, P < 0.001.

correlated with the levels of HLA-DPB1, HLA-DRA, CD1C, STAT1, HLA-DQB1, STAT3, HLA-DPA1, STAT5B, CD3D, TGFB1, CD163,
CCRS8, CD79A, etc (Table 7 and Fig. 14).

4. Discussion

Recently, reducing the morbidity and mortality of LUAD has been a major global public health concern. Some biomarkers could
predict the survival time of LUAD patients and inhibit or promote the progression of LUAD [19-22]. EHD2 protein expression is
decreased in LUAD and is associated with lymph node metastasis, advanced tumor stage, and decreased survival, as well as being an
independent prognostic factor in cancer patients. Inhibition of EHD2 expression promoted the migration and invasion of A549 cells.
Overexpression of EHD2 inhibited the migration and invasion of H1299 cells [19]. The expression of DDR1 in LUAD tissues is higher
than that in normal tissues, and DDR1 overexpression is negatively correlated with poor prognosis in LUAD patients. DDR1 promoted
cancer cell migration and invasion in vitro and altered the expression of markers of the epithelial-mesenchymal transition process [22].
In the present study, DIP2B was overexpressed in unpaired and paired LUAD tissues based on TCGA database analysis and clinical
tissue samples and was associated with shorter OS, DSS, and PFI in LUAD patients. Univariate Cox regression analysis, multivariate Cox
regression analysis, and the nomograms showed that DIP2B overexpression was a risk factor for short prognostic indicators in patients
with LUAD, indicating that DIP2B is a potential biomarker of poor prognosis in LUAD patients.

The cell cycle is an important link in cancer progression. Oncogenes or suppressor genes are involved in cancer progression by
affecting the cell cycle [23-25]. For example, CDCAS is associated with the occurrence and development of NSCLC and is a biomarker
for predicting the prognosis of patients with early-stage LUAD. Silencing CDCAS5 expression could induce cell cycle arrest and increase
apoptosis [24]. PTBP3 expression is significantly increased in lung squamous cell carcinoma (LUSC), and elevated PTBP3 expression
predicts a poor prognosis in patients with LUSC. In vitro and in vivo studies have revealed that inhibition of PTBP3 expression decreases
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statistical analysis; (E and F) Inhibition of DIP2B expression downregulates CCND1 and MMP2 protein expression.Note: LUAD, lung adenocarci-
noma; ***, P < 0.001.

cell proliferation and prevents cell cycle progression by reducing the CDK2/Cyclin A2 complex [25]. In our A549 and H1299 cell
models, suppressed DIP2B expression was accompanied by decreased LUAD cell proliferation, migration, and invasion abilities. KEGG
results showed that DIP2B was involved in DNA repair and the cell cycle. In addition, the decreased expression of DIP2B could inhibit
the expression of CCND1 and MMP2 using western blotting. These results further suggest that decreased expression of DIP2B could
inhibit LUAD progression by affecting the expression of CCND1 and MMP2 protein.

At present, nomograms are often used to display the relationship between prognostic factors and the survival time of cancer pa-
tients [26-28]. For example, nine telomere-related genes (TRGs), ABCC2, ABCC8, ALDH2, FOXP3, GNMT, JSRP1, MACF1, PLCD3, and
SULT4A1, were abnormally expressed in LUAD tissues. A nomogram constructed based on the TRG gene could predict the survival time
of LUAD patients [26]. We found that the expression of DIP2B was positively correlated with the expression of co-expressed gene
BRCAL. Overexpression of co-expressed gene BRCA1 was significantly associated with shorter OS, DSS, and PFI in cancer patients, with
hazard ratios (HRs) of 1.47, 1.74, and 1.4, respectively. The relationship between DIP2B and the hub gene BRCA1 and the OS, DSS, and
PFI at 1, 3, and 5 years of LUAD patients was determined using nomograms. In short, 1-, 3-, and 5-year survival times, DSS, and PFI
were poorer in LUAD patients with DIP2B and BRCA1 overexpression. DIP2B- and BRCA1-related nomograms might be useful tools for
predicting the prognosis of LUAD patients.

The immune microenvironment contains immune cells, inflammatory cells, signaling molecules, etc. An abnormal immune
microenvironment often leads to tumorigenesis or cancer progression [29-33]. CXCL13 is overexpressed in high-grade serous ovarian
cancer tissues. Elevated CXCL13 expression prolonged patient survival and was positively correlated with tumor activation and
CXCR5CD8 T-cell infiltration. CXCL13 was associated with CD20 B-cell clusters, and CD20 B cells could predict better survival of
cancer patients when CXCL13 was expressed. CXCL13 combined with anti-PD-1 therapy delayed cancer growth in a CD8 T-cell-de-
pendent manner, resulting in the infiltration of cytotoxic CD8 T cells and CXCR5 CD8 T cells [31]. In our study, DIP2B expression was
positively correlated with the levels of Tem, T helper cells, Th2 cells, Tem and Tgd and negatively correlated with the levels of CD8 T
cells, iDCs, NK CD56bright cells, TFH, and others in LUAD. In addition, the expression of DIP2B was related to immune cell markers
(such as HLA-DPB1, HLA-DRA, CD1C, STAT1, HLA-DQB1, STAT3, HLA-DPA1, STAT5B, CD3D, TGFB1, CD163, CCR8, and CD79A),
indicating that overexpression of DIP2B was related to the LUAD immune microenvironment. However, the roles of DIP2B in the
immune microenvironment of LUAD should be confirmed in the future.

We found that DIP2B overexpression was observed in LUAD using both LUAD samples from the TCGA database and clinical
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Table 7
DIP2B expression is related to immune cell markers in LUAD using Pearson correlation analysis.
Markers Immune cells Correlation coefficient P value
HLA-DPB1 Dendritic cells —0.330 <0.001
HLA-DRA Dendritic cells -0.317 <0.001
CD1C Dendritic cells —0.304 <0.001
HLA-DQB1 Dendritic cells -0.272 <0.001
HLA-DPA1 Dendritic cells -0.223 <0.001
NRP1 Dendritic cells 0.093 0.032
IFNG Th1 cells 0.124 0.004
STAT1 Th1 cells 0.295 <0.001
GATA3 Th2 cells 0.136 0.002
STAT3 Th17 cells 0.266 <0.001
CCR8 Treg 0.170 <0.001
TGFB1 Treg —0.186 <0.001
STATSB Treg 0.204 <0.001
CD3D T cell (general) —0.198 <0.001
CD3E T cell (general) —-0.143 <0.001
CD2 T cell (general) —-0.108 0.012
PTGS2 M1 Macrophage 0.108 0.012
NOS2 M1 Macrophage 0.096 0.027
CD163 M2 Macrophage 0.178 <0.001
IL21 Tth 0.132 0.002
CD68 TAM -0.113 0.009
CEACAMS8 Neutrophils —0.104 0.016

Note: LUAD, lung adenocarcinoma.

patients, providing the benefits of ample patient samples and reliable data. In addition, inhibiting the expression of DIP2B could delay
the proliferation, migration and invasion of LUAD cells, resulting in a decrease in the expression of CCND1 and MMP2. The results of
basic research and clinical tissues in vitro were consistent with the results of database analysis. This provides a new candidate molecule
for the treatment of LUAD patients. This study also has the following deficiencies. The roles and signaling mechanisms of DIP2B
expression in nude mice and the roles of DIP2B in the immune microenvironment, antitumor immune response, and immunotherapy of
LUAD should be explored in the future by collecting more LUAD tissue samples and conducting basic in vitro experiments. In general,
inhibiting DIP2B expression downregulated cancer cell growth and migration, which might be related to the decrease in CCND1 and
MMP2 protein expression. DIP2B-related nomograms might be useful tools for predicting the prognosis of LUAD patients.

5. Conclusion
The present results indicate that DIP2B has an important biological role in LUAD progression and is associated with the immune
microenvironment in LUAD. Studies have shown that inhibition of DIP2B expression could retard LUAD growth and metastasis using

CCND1 and MMP2 expression. Thus, DIP2B is a potential prognostic biomarker for LUAD patients, but further studies are required to
validate the clinical value of DIP2B.
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