| observational study Med iCi N e

LncRNA DIRC1 is a novel prognostic biomarker
and correlated with immune infiltrates in stomach
adenocarcinoma
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Abstract

The potential application value of Long non-coding RNA disrupted in renal carcinoma 1 (DIRC1) has not yet been explored,b
purpose of this study was to explore the relationship between DIRC1 and stomach adenocarcinoma (STAD) based on the cancer
genome atlas database. Wilcoxon rank sum test, Chi-square test, Fisher test and logistic regression were used to evaluate
relationships between clinical-pathologic features and DIRC1 expression. Receiver operating characteristic (ROC) curves were
used to describe binary classifier value of DIRC1 using area under curve (AUC) score. Kaplan-Meier method was used to assess
the impact of DIRC1 on prognosis and the impact of DIRC1-related hub genes on prognosis. Gene oncology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis were used to predict the function of differentially expressed
genes associated with DIRC1. Gene set enrichment analysis (GSEA) was used to predict biological states or processes associated
with DIRC1. Immune infiltration analysis was performed to identify the significantly involved functions of DIRC1. Protein—protein
interaction (PPI) networks were established and 10 hub genes identified with Cytoscape software. Real time-polymerase chain
reaction (RT-PCR) was used to detect the expression of DIRC1 in Gastric Cancer patients and healthy people. Increased DIRC1
expression in STAD was associated with T stage (P = .004), race (P = .045), histologic grade (P = .029) and anatomic neoplasm
subdivision (P = .034). ROC curve suggested the significant diagnostic ability of DIRC1 (AUC = 0.779). High DIRC1 expression
predicted a poorer Overall survival (P = .004, hazard ratio: 1.63; 95% confidence interval: 1.17-2.27; P = .034). GO and KEGG
analysis demonstrated that DIRC1 is related to epidermis, collagen-containing extracellular matrix, receptor-ligand activity, protein
digestion and absorption, etc. GSEA demonstrated that E2F target, G2M checkpoint, Myc target, interferon vy reaction were
differentially enriched in the high DIRC1 expression phenotype. SSGSEA and Spearman correlation revealed the relationships
between DIRC1 and macrophages, dendritic cells, and Th1 cells were the strongest. Coregulatory proteins were included in
the PPI network, higher expressions of 4 hub genes were associated with worse prognosis in STAD. RT-PCR showed that the
expression of DIRC1 in the serum of Gastric Cancer patients was higher than healthy people (P = .027). DIRC1 expression was
significantly correlated with poor survival and immune infiltrations in STAD, and it may be a promising prognostic biomarker in
STAD.

Abbreviations: DC = dendritic cells, DEGs = differentially expressed genes, DIRC1 = Disrupted In Renal Carcinoma 1, FDR =
false discovery rate, GO = gene oncology, GSEA = gene set enrichment analysis, GTEx = genotype-tissue expression, KEGG =
Kyoto encyclopedia of genes and genomes, INcRNA = long non-coding RNA, MCC = maximum clique centrality, NK = nature Kill,
OR = odds ratio, OS = overall survival, PPI = protein—protein interaction, RT-PCR = real time-polymerase chain reaction, STAD =
stomach adenocarcinoma, STRING = search tool for the retrieval of interacting genes, TCGA = the cancer genome atlas, TPM =
transcripts per million.
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1. Introduction

Stomach adenocarcinoma (STAD) is a common malignant
tumor in the world and poses a serious threat to human health,!!
and STAD is 1 of the world’s top 5 cancers and a leading cause
of cancer-related deaths, regardless of country development.?!
Since STAD mostly exists as nonspecific symptoms in the early
stage of the disease, STAD is usually discovered after the disease
progresses to a more serious state, and the high mortality and
poor prognosis are due to metastasis, intra-tumor heterogeneity
and chemotherapy resistance.>* STAD has high mortality and
poor prognosis, and the prognosis of STAD is closely related to
clinical stage. The S-years survival rate of early-stage STAD is
90%, while the 5-years survival rate of middle-advanced STAD
is <30%.5 Due to China’s dietary characteristics, lack of screen-
ing awareness and other reasons, the disease may have devel-
oped to an advanced stage by the time it is tested.!®!

At present, the early diagnosis of gastric cancer mainly relies
on the pathological diagnosis of gastroscopy and biopsy tissue.
The procedure is complicated and expensive, and the invasive
procedure brings great pain to the subject, thus limiting the appli-
cation of gastric cancer screening and early diagnosis in large-
scale community population. Previous chemotherapy-based
treatments only extended the median overall survival of patients
with advanced STAD by 7 to 11 months.[” Patients with early
STAD have a good prognosis, but patients with advanced STAD
have a poor prognosis due to the lack of effective targeted drugs
and the tendency to develop drug resistance. Currently, only
trastuzumab, ramucirumab, apatinib and Papalizumab have
been approved for the targeted treatment of advanced STAD.
The clinical application of these targeted agents is challenging.®!
In recent years, with the development of molecular biology,
genetics and other disciplines and high-throughput omics tech-
nology, it is possible to explore the biomarkers related to the
early diagnosis of gastric cancer from the multi-omics level, pro-
viding important evidence for the prevention of gastric cancer.

It was found that in the mammalian genome, < 2% of the
transcripts have protein coding functions, and the remaining
98% are non coding RNAs. According to the length of nucle-
otide sequence, non coding RNAs can be divided into short
chain ncRNAs and long chain ncRNAs.”! Long non-coding
RNAs (LncRNAs) are =200 nucleotides in length and do not
encode proteins. According to its position and background in
the genome, IncRNA can be divided into 5 main types: inter-
genic IncRNAs, intragenic IncRNAs, bidirectional IncRNAs,
sense IncRNAs and antisense IncRNAs.'! The mechanisms
of IncRNA regulating gene expression mainly include tran-
scriptional repression, RNA-DNA interaction (chromatin
remodeling), nuclear RNA-RNA interaction and cytoplasmic
RNA-RNA interaction. Their functions are to regulate a series
of cellular biological processes, including chromatin remodel-
ing, transcriptional and post-transcriptional events.'>!3] The
most recognized molecular mechanism of IncRNAs is to act as
a miRNA “sponge” to regulate downstream target genes.!'4!]
LncRNAs is abnormally expressed in various types of cancer
cells and plays an important role in several common hallmarks
of cancer.'Wu et al demonstrated that the upregulation of
IncRNA MERS2A is associated with poor prognosis in hepa-
tocellular carcinoma which can serve as a therapeutic target.!'”)
Lang et al demonstrated that the IncRNA PCAT7 functions as
an oncogenic IncRNA associated with bone metastatic status
and as a potential therapeutic target for prostate cancer bone
metastasis.!'8! In addition, some limited studies have shown that
different IncRNAs are involved in human immune processes
against cancer, such as immune activation, immune cell infil-
tration, and immune escape.!'*-?3! Currently, many studies have
shown that some IncRNAs can serve as potential biomarkers for
the diagnosis, treatment or prognosis of STAD.[242¢]

Disrupted in renal cancer 1 (DIRC1), initially character-
ized as a chromosome 2q33 breakpoint-spanning gene in a
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chromosomal translocation, has been closely associated with
the development of renal cancer previously. Up to now, there
are few studies on DIRC1.The study of Li et al showed that the
knockdown of DIRC1 may reduce the carcinogenicity of Gastric
cancer by inhibiting Akt/mTOR signal, and provide a potential
therapeutic target for the treatment of Gastric cancer.””! In the
study of T druck et al, the low-level expression of DIRC1 was
detected in adult placenta, testis, ovary and prostate, as well as
fetal kidney, spleen and skeletal muscle through real time-poly-
merase chain reaction (RT-PCR), but the function of DIRC1 was
not further explored.?!!

This study aimed to elucidate the association between IncRNA
DIRC1 and STAD using the cancer genome atlas (TCGA) data-
base. We found that the expression level of DIRC1 in STAD tis-
sues was significantly higher than that in adjacent tissues. High
expression of DIRC1 is associated with some clinicopathological
features. Kaplan-Meier analysis showed that patients with high
DIRC1 expression had lower overall survival than patients with
low DIRC1 expression. These results suggest that IncRNA DIRC1
may be an independent biomarker for poor prognosis in STAD.

2. Methods

2.1. RNA-sequencing data and bioinformatics analysis

We used TCGA database (https:/portal.gdc.cancer.gov/) to col-
lect RNA-seq data and clinical information from 407 cases of
STAD projects, including 27 cases with matched adjacent tissues.
The downloaded data format was level 3 HTSeq- fragments per
kilobase per million and then was converted into transcripts per
million (TPM) format for subsequent analysis. We also down-
load TPM format RNA-seq data in TCGA and genotype-tissue
expression (GTEx) database that uniformly processed by Toil
process from UCSC Xena (https://xenabrowser.net/datapag-
es/).>IAll procedures performed in this study were in accor-
dance with the Declaration of Helsinki (as revised in 2013). We
used R package (DESeq2) to go differential analysis of DIRC1
expression, adjusted P value < 0.05 and llogFCl > 1.5 were con-
sider as cut off criteria, the differentially expressed genes (DEGs)
obtained were used for gene oncology (GO), Kyoto encyclopedia
of genes and genomes (KEGG) analysis. And adjusted P < .05
and llogFCl > 1.0 were consider as another cut off criteria, the
DEGs obtained were used for gene set enrichment analysis
(GSEA). According to the default statistical method, the process
was repeated 1000 times for each analysis and selected h.all.
v7.2.symbols.gmt in MSigDB Collections as the reference gene
collection, false discovery rate (FDR) g-value < 0.25 and adjusted
P adjust < 0.05 were considered to be significantly enriched.

2.2. Immune infiltration analysis by ssGSEA

The immune infiltration analysis of STAD was performed by
single sample GSEA (ssGSEA) method from R (v.3.6.3) package
GSVA (version 1.34.0), and we quantified the infiltration levels
of 24 immune cell types from gene expression profile in the lit-
erature. In order to discover the correlation between DIRC1 and
the infiltration levels of 24 immune cells, P values were deter-
mined by the Pearson and Wilcoxon rank sum test.

2.3. Protein-protein interaction analysis

Search tool for the retrieval of interacting genes (STRING) is an
online database that searches for known proteins and predicts
protein interaction relationships, including direct physical inter-
actions between proteins and indirect functional correlations.
The STRING database collects, evaluates, and integrates all
publicly available protein-protein interaction information and
complements this information with computational predictions
to build a protein-protein interaction network. The software
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analyzes all DEGs; the interaction score threshold was set at
.400.

2.4. Total RNA extraction, reverse transcription and
RT-PCR

Total RNAs from all samples were isolated with magnetic bead
nucleic acid extraction reagent (TIB, Xiamen, China). RNA
reverse transcription was performed using transcription kit
(TIAGEN, Beijing, China).RT-PCR was done with Power SYBR
Green RT-PCR reagent (Tiagen, Beijing, China) and ABI Quant
Studio fluorescence quantitative PCR instrument (Applied
Biosystems Inc., Foster City, CA).Primers for DIRC1 and S-actin
were show as follows:

DIRC1-F: CCAGCCATGCATGTCCACTA

DIRC1-R: AGTGTCAGGGGGAAAGGAGT

B-actin-F: GTGGATCAGCAAGCAGGAGT

B-actin-R: CTCGGCCACATTGTGAACTT

2.5. Statistical analysis

All statistical analyses were performed using R (v.3.6.3). Wilcoxon
rank sum test, chi-square test, Fisher exact test and logistic regression
were used to analyze the relationship between clinical pathologic fea-
tures and DIRC1. Kaplan-Meier method was used to calculate the
overall survival rate and progression free interval of STAD patients
from TCGA. Univariate and multivariate analysis were performed to
estimate the association between clinical and genetic clinical character-
istics. Overall survival (OS) were analyzed by Cox proportional hazard
models. P values < 0.05 were considered statistically significant. area
under curve value between 0.5 and 0.7 was of low accuracy; between
0.7 and 0.9, of medium accuracy; and above 0.9, of high accuracy.
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3. Results

3.1. DIRC1 expression is correlated with poor
clinicopathological features of STAD

Downloaded RNA-seq data in TPM format from TCGA and
GTEx was processed uniformly using the Toil process from
XENA (https://xenabrowser.net/datapages/) by the University
of California, Santa Cruz.””’ As shown in Figure 1A, the
Wilcoxon rank sum test was used to compare the expression of
DIRC1 in GTEx and normal TCGA samples with correspond-
ing TCGA tumor samples.DIRC1 expression is significantly
different in the following cancers: bladder urothelial carci-
noma, breast-infiltrating carcinoma, colon cancer (STAD), dif-
fuse large B-cell lymphoma, esophageal cancer, glioblastoma
multiforme, head and neck squamous cell carcinoma, kidney
renal clear cell carcinoma, acute myeloid leukemia, brain
lower grade glioma, liver hepatocellular carcinoma, lung ade-
nocarcinoma, lung squamous carcinoma, ovarian serous cys-
tadenocarcinoma, pancreatic cancer, rectal adenocarcinoma,
skin melanoma, stomach adenocarcinoma (STAD), testicu-
lar germ cell tumors, thyroid carcinoma, thymoma, uterine
carcinosarcoma.

In order to identify the difference of DIRC1 expression
between STAD and normal tissues, we analyzed the expres-
sion level of DIRC1 in 375 STAD tissues and 32 adjacent
normal tissues, and found that DIRC1 was highly expressed
in STAD tissues (P <.001, Fig. 1B). Meanwhile, we also ana-
lyzed the expression of DIRC1 in 27 STAD tissues and their
matched adjacent tissues. The results indicated that STAD tis-
sues highly expressed DIRC1 (P <.001, Fig. 1C). Moreover,
the Wilcoxon rank sum test was used to compare the expres-
sion of DIRC1 in normal GTEx samples and TCGA STAD
samples (Fig. 1D).
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Figure 1. The expression of INncRNA DIRC1 in Genotype-Tissue Expression (GTEx) and normal The Cancer Genome Atlas (TCGA) samples with corresponding
TCGA tumor samples(A);in 375 gastric cancer tissues and 32 normal tissues in TCGA database(B);in 27 pairs of gastric cancer tissues and non-cancerous
adjacent tissues in TCGA database(C);in GTEx and normal TCGA samples with TCGA STAD(D);Volcano plot of differentially expressed genes, normalized
expression levels are shown in descending order from green to red. There 75 differential molecules had log,FC > 1.5 and adjusted P < .05, and 132 differential

molecules had log,FC < —1.5 and adjusted P < .05(E). DIRC1 = disrupted in renal carcinoma 1, GTEx = genotype-tissue expression, INcRNA =

RNA, STAD = stomach adenocarcinoma, TCGA = the cancer genome atlas.
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Association between IncRNA DIRC1 expression and clinicopathological features in the validation cohort.
Characteristic Low expression of DIRC1 High expression of DIRC1 P Statistic Method
n 187 188
T stage, n (%) .004 13.43 ¥’ test
1k 17 (4.6%) 2 (0.5%)
T2 43 (11.7%) 37 (10.1%)
T3 77 (21%) 91 (24.8%)
T4 49 (13.4%) 51 (13.9%)
N stage, n (%) .83 .88 ¥ test
NO 8 (16.2%) 53 (14.8%)
N1 (12.6%) 52 (14.6%)
N2 39 (10.9%) 36 (10.1%)
N3 8 (10.6%) 36 (10.1%)
M stage, n (%) 1 0 %2 test
MO 163 (45.9%) 167 (47%)
M1 12 (3.4%) 13 (3.7%)
Pathologic stage, n (%) 073 6.97 ¥ test
Stage | 35(9.9%) 18 (5.1%)
Stage Il 50 (14.2%) 61 (17.3%)
Stage Il 77 (21.9%) 73 (20.7%)
Stage IV 7 (4.8%) 21 (6%)
Primary therapy outcome, n (%) 132 Fisher test
PD 40 (12.6%) 25 (7.9%)
SD 11 (3.5%) 6 (1.9%)
PR 1(0.3%) 3(0.9%)
CR 113 (35.6%) 118 (37.2%)
Gender, n (%) 884 .02 % test
Female 68 (18.1%) 66 (17.6%)
Male 119 (31.7%) 122 (32.5%)
Race, n (%) 045 6.2 ¥ test
Asian 37 (11.5%) 37 (11.5%)
Black or African American 9 (2.8%) 2 (0.6%)
White 106 (32.8%) 132 (40.9%)
Age, n (%) .899 .02 ¥ test
<=65 82 (22.1%) 82 (22.1%)
>65 101 (27.2%) 106 (28.6%)
Histological type, n (%) 109 9 %2 test
Diffuse Type 27 (7.2%) 36 (9.6%)
Mucinous Type 8(2.1%) 1(2.9%)
Not Otherwise Specified 101 (27%) 106 (28.3%)
Papillary Type 1(0.3%) 4 (1.1%)
Signet Ring Type 6 (1.6%) 5(1.3%)
Tubular Type 44 (11.8%) 25 (6.7%)
Residual tumor, n (%) 913 18 ¥ test
RO 155 (47.1%) 143 (43.5%)
R1 7 (2.1%) 8 (2.4%)
R2 8 (2.4%) 8 (2.4%)
Histologic grade, n (%) .029 Fisher test
G1 4(1.1%) 6 (1.6%)
G2 80 (21.9%) 57 (15.6%)
G3 97 (26.5%) 122 (33.3%)
Anatomic neoplasm subdivision, n (%) 034 10.43 %2 test
Antrum/Distal 61 (16.9%) 77 (21.3%)
Cardia/Proximal 26 (7.2%) 22 (6.1%)
Fundus/Body 63 (17.5%) 67 (18.6%)
Gastroesophageal Junction 27 (7.5%) 14 (3.9%)
Other 4(1.1%) 0 (0%)
Reflux history, n (%) 334 .93 ¥ test
No 90 (42.1%) 85 (39.7%)
Yes 24 (11.2%) 15 (7%)
Antireflux treatment, n (%) 584 3 %2 test
No 71 (39.7%) 71 (39.7%)
Yes 21 (11.7%) 16 (8.9%)
Hpylori infection, n (%) 464 .54 ¥ test
No 90 (55.2%) 55 (33.7%)
Yes 9 (5.5%) 9 (5.5%)
Barretts esophagus, n (%) 933 .01 ¥ test
No 112 (53.8%) 81 (38.9%)
Yes 8 (3.8%) 7(3.4%)

CR = complete response, DIRCT = disrupted in renal carcinoma 1, PR = partial response, SD = stable disease, PD = progressive disease.
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3.2. Identification of DEGs

According to the expression of IncRNA DIRC1 in tumor sam-
ples, qualified HTSeq-counts format data were divided into
high and low expression groups according to the median value.
Then, 207 DEGs were obtained using the DESeq2 package.
[log2FCl > 1.5 and adjusted P < .05 were used as the screening
threshold for the DEGs. Among them, 75 were upregulated, and

132 were downregulated (Fig. 1E).

www.md-journal.com

3.3. Clinical characteristics

The characteristics of patients with STAD in TCGA were col-
lected. According to the median expression of IncRNA DIRC1,
188 patients were assigned to the low-expression group,and 187
patients were assigned to the high-expression group. The y? test
or Fisher’s exact test determined that IncRNA DIRC1 expres-
sion was significantly associated with T stage (P =.004), race

(P =.045), histologic grade (P =.029) and anatomic neoplasm

Association of IncRNA DIRC1 expression with clinical pathological characteristics by logistic regression.

Characteristics Total (N) OR Pvalue
T stage (T3&T4 vs T1&T2) 367 1.734 (1.088-2.787) 021
N stage (NT&N2&N3 vs NO) 357 1.112 (0.710-1.744) 642
M stage (M1 vs MO) 355 1.057 (0.466-2.417) .893
Pathologic stage (Stage llI&Stage IV vs Stage 1&Stage Il) 352 1.076 (0.708-1.637) 732
Primary therapy outcome (PD&SD&PR vs CR) 317 0.626 (0.376-1.032) .068
Histological type (Diffuse Type&Signet Ring Type vs Tubular Type) 143 2187 (1.124-4.321) .022
Anatomic neoplasm subdivision (Fundus/Body&Gastroesophageal Junction&Other vs Antrum/Distal&Cardia/Proximal) 361 0.757 (0.500-1.145) .188
Antireflux treatment (Yes vs No) 179 0.762 (0.363-1.574) 465
Hpylori infection (Yes vs No) 163 1.636 (0.604-4.436) 326
Barretts esophagus (Yes vs No) 208 1.210 (0.409-3.502) 723
Histologic grade (G3 vs G1&G2) 366 1.677 (1.102-2.563) 016
Reflux history (Yes vs No) 214 0.662 (0.320-1.334) 254
Residual tumor (R1&R2 vs RO) 329 1.156 (0.549-2.445) 701
DIRC1 = disrupted in renal carcinoma 1, IncRNA = long non-coding RNA, PD = progressive disease, PR = partial response, OR = odds ratio, SD = stable disease.
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Figure 2. (A) Receiver operating characteristic (ROC) analysis of INcRNA DIRC1 expression showing promising discrimination power between non-tumor
and tumor tissues. (B)Prognostic value of DIRC1 in Overall Survival of STAD patients. Statistically significant subgroups were (C) T3; (D) N2; (E) MO; and (F)
Histologic grade G2. DIRC1 = disrupted in renal carcinoma 1, IncBRNA = long non-coding RNA, ROC = receiver operating characteristic, STAD = stomach
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Figure 3. Functional enrichment analysis of 207 differentially expressed genes (DEGs) between high and low expression of INcRNA DIRC1 in patients with STAD
in TCGA. The data set was on the left significantly enriched in red area (A-F, DIRC1 high expression group). The data set was on the right significantly enriched
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adenocarcinoma, TCGA = the cancer genome atlas.

subdivision (P =.034). No correlation existed between IncRNA
DIRCT1 expression and the other clinicopathological features, as
shown in Table 1.

Univariate logistic regression revealed that the increased
IncRNA DIRC1 expression was related to poor prognos-
tic clinicopathological characteristics, including a greater
primary tumor extent (odds ratio [OR]=1.734; 95%
CI, 1.088-2.787) for T3 and T4 stages versus T1 and T2
stages (P =.021), histological type (OR =2.187; 95% ClI,
1.124-4.321) for diffuse type & signet ring type versus tubu-
lar type (P =.022), histologic grade (OR =1.677; 95% CI,
1.102-2.563) for G3 versus G1 & G2 (P =.016), as shown
in Table 2.The results showed that Stomach adenocarcinoma
with increased expression of IncRNA DIRC1 is prone to
adverse clinicopathological factors.

3.4. ROC differentiates normal tissue from tumor tissue

The data from para-carcinoma tissue of patients and carcinoma
tissue of patients were applied to draw the receiver operating
characteristic curve and evaluate the diagnostic value of IncRNA
DIRCI1. Its area under curve was .779, predicting a very efficient
discrimination value for Stomach adenocarcinoma (Fig. 2A).

3.5. Role of IncRNA DIRC1 in gastric adenocarcinoma
survival (Including clinicopathological subgroup analysis)

Kaplan-Meier survival analysis showed that a high expres-
sion level of IncRNA DIRC1 was significantly correlated with
a poorer OS of patients hazard ratio (HR) =1.63; 95% con-
fidence interval (CI), 1.17-2.27; P =.004) (Fig. 2B).In these
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subgroup analysis, the T3 subgroup of DIRC1 for the T stage
was statistically significant (HR = 1.67; 95% CI, 1.04-2.68;
P =.033) (Fig. 2C), the N2 subgroup for the N stage was sta-
tistically significant (HR =3.01; 95% CI, 1.33-6.83; P =.004)
(Fig. 2D), and the MO subgroup for the M stage was statistically
significant (HR =1.79; 95% CI, 1.25-2.57; P =.002) (Fig. 2E).
Furthermore, the subgroups of G2 histologic grade had statistical
significance (HR = 1.95; 95% CI, 1.08-3.54; P = .028) (Fig. 2F).

3.6. LncRNA DIRCT1 related GSEA analysis

GSEA was used to identify DIRC1-related signaling pathways.
GSEA revealed significant differences (P, <0.05, FDR <0.25)
in enrichment of MSigDB Collection (%.all.v7.2.symbols.grnt
[Hallmarks]).’" A total of 27 data sets met the requirements of
FDR < 0.25 and adjusted P <.05. This analysis revealed that, in
the IncRNA DIRC1 high-expression phenotype, 19 pathways
were significantly differentially enriched. In addition, 8 pathways
in the IncRNA DIRC1 low-expression phenotype were recognized
(Table S1, Supplemental Digital Content, http:/links.lww.com/MD/
H952).We selected the top 6 data sets with high value of normalized
enrichment score in the IncRNA DIRC1 high-expression phenotype
and top 3 data sets with high value of normalized enrichment score
in the IncRNA DIRC1 low-expression phenotype (Fig. 3A-I).

3.7. DIRC1 related GO and KEGG analysis

To estimate the potential functions of DEGs in high-risk versus
(vs) low-risk groups, we identify DEGs of DIRC1 in TCGA-
STAD data under cutoff criteria of adjusted P value < 0.05 and
llogFCI>1.5. KEGG pathway and GO annotation were per-
formed by R package cluster Profiler (3.14.3). GO reveals the
catalogs of biological process, cellular component, and molec-
ular function. After multiple-test correction, KEGG pathways
and GO terms with corrected P (P adjust) value < 0.05 were
considered to be prominently enriched in DEGs. We selected top
9 of the lowest adj. P value of GO and KEGG pathway enrich-
ment analysis of 207 DEGs related to DIRC1 in TCGA-STAD
data (Fig. 4).

3.8. Immune infiltration analysis by ssGSEA

The immune infiltration analysis of STAD was performed by
single sample GSEA (ssGSEA) method from R (v.3.6.3) pack-
age GSVA (version 1.34.0),5Y and we quantified the infiltration
levels of 24 immune cell types from gene expression profile in
the literature.®” In order to discover the correlation between
DIRC1 and the infiltration levels of 24 immune cells (Fig. 5A),
P values were determined by the Spearman and Wilcoxon rank
sum test LncRNA DIRC1 expression was significantly posi-
tively correlated with Macrophages, dendritic cells (DC), Th1
cells, Tem, immature dendritic cells and so on. Helper T17
(Th17) cells and nature kill (NK) CDS6bright cells were nega-
tively correlated with IncRNA DIRC1 expression (P <.05). As
show in Figure 5B-G, macrophages (R = 0.535, P <.001), DC
(R=0.392, P <.001), Th1 cells (R =0.367, P <.001), T effec-
tor memory cells (R = 0.337, P <.001) showed positive associ-
ation with DIRC1. However, NK CDS56bright cells (» = -0.166,
P =.001) and Th17 cells (r = -0.126, P < .014) showed negative
association with DIRC1.

3.9. PPI network and hub gene identification

The search tool (STRING, https:/string-db.org/) is a database
for finding interacting genes, with which we constructed a pro-
tein—protein interaction (PPI) network.*3! 145 intersection target
genes were imported into the STRING database and the species
were selected as “Homo sapiens” to obtain the interaction rela-
tionship between the targets. Genes with significant interactions
were identified based on a confidence level>0.4, other irrele-
vant genes were excluded. The screening results were input into
Cytoscape software 3.8.213 for network visualization (Fig. 6).

3.10. Verification of the prognostic value of 10 hub genes

The maximum clique centrality (MCC) value of each node is
calculated by the CytoHubba plugin in Cytoscape. In this study,
the 10 genes with the highest MCC values were selected as hub
genes. In co-expression networks, the MCC algorithm is consid-
ered to be the most efficient method to identify central nodes.**!
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After the identification of 10 hub genes (ALB, ORMI1,
APOH, FGA, ITIH2, PAH, AHSG, FGG, TTR, ORM2) using
the CytoHubba plug-in, we verified the prognostic value of
these 10 hub genes with survival-related data in TCGA. The
OS analysis of the 10 hub genes was performed with the
Kaplan—Meier plotter using the R survival package. The anal-
ysis showed the expression level of ALB, ITIH1, APOH and
FGG were significantly correlated with OS in STAD patients
(P < .05; Fig. 7). Our results showed that the high expression
of ALB, ITIH1, APOH and FGG indicate worse prognosis of
patients with STAD.

3.11. Relative expression of DIRC1 in the serum of gastric
cancer patients and normal people

PT-PCR analysis showed that, the relative expression level is
expressed as N (N = 2% ACt = Ct (DIRC1) — Ct (B-actin),the rel-
ative expression of DIRC1 in the serum of Gastric Cancer patients
is was higher than that in normal people (P = .027, Fig. 8).

4. Discussion

More recently, the understanding of IncRNAs has evolved
to identify new insights into their involvement in disease
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pathogenesis. LncRNAs regulate gene expression through a
variety of mechanisms, such as interactions with RNA or pro-
tein molecules. At present, many IncRNAs have been identi-
fied as important biomarkers of STAD. In general, IncRNAs
exert regulatory functions at different levels of gene expres-
sion, including chromatin modification, transcription, and
post-transcription.®! IncRNAs can interact with chromatin
remodeling complexes to induce heterochromatin formation

at specific genomic sites and reduce gene expression. In
addition, IncRNAs interact with RNA-binding proteins
and transcription factor co-activators, or regulate tran-
scription by regulating the main promoters of their target
genes. Mechanically, IncRNAs can communicate with DNA,
mRNAs, ncRNAs and proteins and play cancer-related reg-

ulatory roles, such as, such as signals, decoys, scaffolds and
guidelines.[36:371
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In this study, we collected and organized STAD data using
high-throughput RNA sequencing from TCGA database, and
we verified that IncRNA DIRC1 was significantly upregulated
in STAD tissues compared with in adjacent normal or normal
tissues.

Moreover, analyzing the relationship between the clinicopath-
ological features of STAD and the dichotomy of high and low
DIRC1 levels by using the logistic regression method, we showed
that DIRC1 was also significantly correlated with T stage, histo-
logical grade, race and Anatomic neoplasm subdivision.

Upregulated IncRNA DIRC1 in STAD tissues was positively
correlated with higher T stage; advanced histological grade; and
poorer overall survival. Elevated IncRNA DIRC1 was related to
advanced clinicopathological features. These results suggest that
IncRNA DIRC1 might be an independent biomarker of poor
outcomes for STAD.

We also used GSEA to study the function of IncRNA DIRC1
in STAD tissues, and the results showed that in the IncRNA
DIRC1 high-expression phenotype,19 pathways were signifi-
cantly differentially enriched, including the E2F target, G2ZM
checkpoint, MYC Target, INF-a reaction, INF-y reaction,
MTORCT1 signal and so on. In addition, 8 pathways in the
IncRNA DIRC1 low-expression phenotype were recognized,
including Epithelial mesenchymal transition, early response
to estrogenas, down-regulated in response to ultraviolet (UV)
radiation and so on. Epithelial mesenchymal transformation
(EMT) is essential in development, wound healing, and stem cell
behavior, and contributes pathologically to fibrosis and cancer
progression.PEntry into mitosis is regulated by checkpoints at
the G2 and M (G2/M) boundaries of the cell cycle, and misreg-
ulation of entry into mitosis usually leads to tumorigenesis or
cell death.”!

In this study, ssGSEA and Spearman correlation were used to
reveal the relationship between IncRNA DIRC1 expression and
immune infiltration level in STAD. We found the strongest rela-
tionship between IncRNA DIRC1 and Macrophages, DC, Th1
cells and Tem. In contrast, the levels of NK CD56 bright cells
and Th17 cells were negatively correlated with IncRNA DIRC1
expression. Therefore, LncRNA DIRC1 may play a major role
in immune cell infiltration and serve as a prognostic biomarker
of STAD.

To discover the molecular significance of DIRC1, coregulatory
proteins were included in the PPI network analysis. According
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Medicine

to the MCC scores of the CytoHubba plug-in in Cytoscape, the
first 10 genes (ALB, ORM1, APOH, FGA, ITIH2, PAH, AHSG,
FGG, TTR, ORM2) related to DIRC1 were screened. Among
the 10 hub genes associated with DIRC1, the high expression of
4 genes (ALB, ITIH1, APOH and FGG) are related to THE OS
of STAD. Therefore, we believe that DIRC1 has a good prognos-
tic value for STAD.

To confirm the relationship between IncRNA DIRC1 and
overall STAD survival, Kaplan—-Meier survival analysis was per-
formed for stratified clinicopathological features. Kaplan-Meier
survival analysis showed a significant correlation between
IncRNA DIRCI1 expression level and overall survival of T3, N2,
MO and G2 histological grade, suggesting that IncRNA DIRC1
expression level remains a strong predictor of prognosis in these
subpopulations.

Although this study improves our understanding of the asso-
ciation between IncRNA DIRC1 and STAD, some limitations
remain. First, in order to fully clarify the special role of IncRNA
DIRC1 in the development and progression of STAD, all clinical
factors, such as details of the patient’s treatment process, such
as surgical treatment, chemotherapy or radiotherapy, should be
included. However, such information is lacking or inconsistently
processed in public databases. Second, this study only provides
biological information analysis and a small amount of exper-
imental verification, and in 18 Gastric cancer samples, it does
not distinguish the types of Gastric cancer such as squamous
cell carcinoma and adenocarcinoma, which has certain limita-
tions. More blood samples, cell samples and tissue samples are
needed for RT-PCR and immunohistochemical analysis to fur-
ther study the function and mechanism of IncRNA DIRC1 from
multiple perspectives. Third, the understanding of gene function
by single omics is not comprehensive, so it should be extended
to multi-omics research, especially the study of protein level and
its functional mechanism. Fourth, the lack of external data set
validation can lead to bias. Finally, retrospective study has its
limitations. Prospective studies must be conducted in the future.
In this study, we found that IncRNA DIRC1 was an independent
predictor of lower overall STAD survival.

5. Conclusion

LncRNA DIRC1 expression was significantly correlated with
poor survival and immune infiltrations in STAD, and it may be
a promising prognostic biomarker in STAD. Furthermore, these
findings provide clues to further explore the possible role of
IncRNA DIRC1 in STAD.
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