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Background: Lung adenocarcinoma (LAD) is the most prevalent type of lung cancer. The
abnormal expression of UDP-N-acetylglucosamine pyrophosphorylase 1 (UAP1) has been
reported to be involved in many biological processes of cancer cells, but the expression of
UAP1 in LAD is unclear.

Methods: Bioinformatics was used to analyse the LAD gene expression data and related
clinical data in the Gene Expression Omnibus (GEO) and The Cancer Genome Atlas
(TCGA) databases. DAVID6.8 was used to perform Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genome (KEGG) signal pathway enrichment analyses of
UAP1 expression-related genes. The STRING database was used to analyse protein—protein
interaction (PPI) networks. RNA isolation and reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) assay were used to detect the expression of UAPI in tissues and
blood samples.

Results: We found that UAP1 was upregulated in LAD tissues and correlated with poor
clinical outcome. GO analysis showed that these genes were enriched in biological processes
and functions including intracellular transport, cellular protein catabolic process, and mito-
chondria (P<0.05). The KEGG pathway analysis showed that these genes were mainly
involved in the signalling pathways of amino sugar and nucleotide sugar metabolism, the
aminoacyl-tRNA biosynthesis signalling pathway, and protein export (P<0.05). The PPI
analysis showed that EPRS, COPB1, CCT3, ALDH18A1 and ARF1 genes had marked or
potential interaction with UAP1 (P<0.01). In addition, UAP1 expression was upregulated in
LAD tissues compared to normal tissues. High levels of UAP1 expression were associated
with larger tumour sizes and later TNM stages. RT-qPCR detection in serum further showed
that UAP1 expression was upregulated in the plasma of LAD patients compared to that of
healthy volunteers. High expression of UAP1 in serum suggests a poor prognosis for LAD
patients.

Conclusion: UAP1 could be a novel diagnostic biomarker and a promising therapeutic
target for LAD.

Keywords: UAPI, lung adenocarcinoma, bioinformatics, expression, prognosis

Introduction

The morbidity and mortality of lung cancer still rank first among all malignant
tumours, and lung cancer has an extremely high disease burden worldwide.
There were 1.6 million new cases and 1.38 million deaths due to lung cancer
in 2008." According to data from the National Cancer Institute, there were
226,160 new cases in the United States in 2012, and 160,340 patients were
expected to die from lung cancer.” Non-small cell lung cancer (NSCLC)
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accounts for 85% of all lung cancers, and lung adeno-
carcinoma (LAD) is the most common histological
subtype of NSCLC. Many methods for treating lung
cancer have been developed, but only approximately
15% of patients survive for 5 years after diagnosis.
Therefore, there is an urgent need to develop new
therapeutic targets and methods to treat LAD.

The hexosamine biosynthetic pathway (HBP) has
emerged as an important glucose metabolic integration
point, and the HBP has been implicated in tumourigenesis
in a number of cancers.””> UDP-N-acetylglucosamine
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pyrophosphorylase 1 (UAP1) is the most overexpressed
gene in this pathway. Cells with high UAP1 expression
have increased levels of the HBP end-product UAPI,
which plays a vital role in cancer cell invasion and metas-
tasis through the HBP. Previous studies showed that abnor-
mal expression of UAPI was closely related to the
biological processes of cancer cells. UAPI is highly over-
expressed in prostate cancer cells and protects cancer cells
from endoplasmic reticulum stress to promote their
development.® However, the expression and function of
UAPI1 in LAD are not clear.
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Figure | Analysis of the relative expression levels of UAPI in LAD and normal tissues by bioinformatics methods. (A—C) The relative expression of UAPI in LAD tissues
compared to normal tissues was analysed using GEO data sets including series GSE10072, GSE31210 and GSE30219.UAP! expression was upregulated in the three data sets.
(D) The relative expression of UAPI in LAD tissues compared to normal tissues was analysed in TCGA database. TCGA data also indicated that UAP| expression was
upregulated in lung cancer tissues compared to normal tissues.
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Materials and Methods

Collection of Genomic Data

The GSE10072, GSE31210 and GSE30219 and
GSE72094 data sets from the were downloaded Gene
Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.
gov/geo) and The Cancer Genome Atlas (TCGA) data-
bases (https://www.cancer.gov/about-nci/organization/
The
expression level of UAP1 was extracted from each

ccg/research/structural-genomics/tcga). relative

cohort. An unpaired ¢ test was used to evaluate the
differential expression of UAP1 between cancer tissues
and adjacent normal tissues. The Log rank test and
Cox proportional hazards regression were used to esti-
mate the prognostic value of UAPI1. The statistical
analyses were performed using R software (version
3.3.2) with the significance level set as a two-sided
P value <0.05.

Prediction of UAPI| and the Genes

Associated with Its Expression
We used cBioPortal (http://www.cbioportal.org/)® and

LinkedOmics (http://www.linkedomics.org/login.php)’
to analyse TCGA data and obtain UAPI expression-
related genes. The screening conditions were based on

a Spearman correlation coefficient >|0.3]. We used
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online analysis tools (http://bioinformatics.psb.ugent.

be/webtools/venn/) to create a Venn diagram and
obtain common genes. DAVID®6.8 (http://david.ncifcrf.
go_v/)10 was used to perform Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
signal pathway enrichment analyses of UAP1 expres-

sion-related genes. The screening conditions were
based on P<0.05. The STRING database was a tool
for analyzing gene or protein interactions, including
biological databases and web resources that have con-
firmed and predictable protein—protein interactions.'’
The STRING database was used to analyse protein—
protein interaction (PPI) networks. “Multiple proteins”
was selected to enter expression-related genes and
UAPI1, “Homosapiens” was selected for species, and
“Mediumconfidence (0.400)” was selected for the con-
fidence of the strength of interaction between proteins.
The Igraph package was used to calculate PPI network
degree centrality.

Tissue Samples, Blood Samples and
Clinical Data Collection

Fifty paired LAD and normal lung tissues were
obtained from patients who underwent primary surgi-
cal resection at the Yijishan Hospital of Wannan

1.00-
o
N
S em——————
2075 [
3
[}
K] UAP1
8.0.50 -+ low expression
T; - high expression
|
@ 0.25-
p=0017
0.00~
h T T T T T
0 1000 2000 3000 4000
Time (days)
1.00-
UAP1
~+ low expression
2075+ - high expression
3
o
a
g,o.so -
®
2
£
@ 0.25- =t
P=00061 i e e .
0.00- :
T T T T T
[ 2000 4000 6000 8000
Time (days)

Figure 2 Analysis of the relationship between UAP| expression and prognosis by bioinformatics methods. (A—C) Kaplan—Meier survival analyses of OS using the GEO data.
(A) GSE72094, (B) GSE31210, (C) GSE30219. (D) Kaplan—Meier survival analyses of OS using TCGA data.
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Medical College (Wuhu, China) from January 2019 to
June 2020. No treatments were administered in these
patients prior to surgery and all tissues were immersed
in RNALater stabilization solution (Qiagen GmbH)
and stored at -80°C. LAD patient blood was obtained
from the department of respiratory medicine at
Yijishan Hospital of Wannan Medical College from
January 2017 to July 2017, and healthy control blood
was obtained from people who received medical exam-
inations in Yijishan Hospital of Wannan Medical
College. Plasma samples were collected before any
anticancer treatments were given. All patients with
LAD were diagnosed according to histopathological
Overall
from the date of clear diagnosis until the date of
death or the end of the follow-up period (June 2020).
The study was approved by the Institutional Review
of Wannan Medical
College. All of the participants signed an informed

evaluations. survival (OS) was calculated

Board of Yijishan Hospital

consent form, and the research was carried out accord-
ing to the World Medical Association Declaration of
Helsinki.

RNA Isolation and Quantitative Reverse

Transcriptase

Total RNA was isolated from frozen tissue or blood
samples using TRIzol® reagent (Thermo Fisher
Scientific) following the manufacturer’s protocol. The
cDNA was synthesized using a reverse transcription kit
(Takara
quantitative polymerase chain reaction (RT-qPCR)

Biotechnology).  Reverse transcription-
assays were performed using the SYBR Premix Ex
Taq II kit (Takara Biotechnology), and the target
gene expression values were normalized to the expres-
sion of GAPDH. The results were analysed based on
threshold (CT) (22T
method,'? the calculation of delta Ct value was per-
formed as follows: ACt (target) = Ct (target)—Ct
(GAPDH). The Primer sequences of UAP1 was 5’-
TTGCATTCAGAAAGGAGCAGACT-3’ (forward); 5°-
CAACTGGTTCTGTAGGGTTCGTTT-3" (reverse).
The Primer sequences of GAPDH were 5°-
GGAGCGAGATCCCTCCAAAAT -3’ (forward); 5°-
GGCTGTTGTCATACTTCTCATGG -3’

The data were obtained from at least 3 independent

the comparative cycle

(reverse);

experiments and are presented as the mean * standard
deviation.

Statistical Analysis

All of the statistical analyses were performed with
SPSS 18.0 software (IBM, USA). P<0.05 was consid-
ered to be statistically significant, and P<0.01 was
to be highly
Student’s ¢-test (two-tailed) was applied to compare

considered statistically significant.
differences between groups. Survival curves were ana-
lysed using the Kaplan—Meier method and assessed
using a Log rank test. The Cox proportional hazard
regression model was applied to identify independent

prognostic factors.

Results
Expression Profile of UAPI in LAD

Tissues from the GEO and TCGA

Datasets

A total of 3 microarray datasets (GSE10072,
GSE31210 and GSE30219) from the GEO database
were used to analyse UAPI expression in LAD and
normal tissues. UAP1 was upregulated in the 3 data
sets (Figure 1A-C). TCGA data also indicated that
UAPI1 expression was upregulated in lung cancer tis-
1D).
Bioinformatics analysis was used to further evaluate

sues compared to normal tissues (Figure
the effects of UAP1 expression on the prognosis of
patients with LAD. UAP1 RNA-seq data and the OS
times of LAD patients were downloaded from the
GEO and TCGA databases, and UAP1 expression
was categorized into dichotomous variables. Survival
with higher UAPI1

expression levels had shorter OS times than patients

analysis showed that patients
with low expression (Figure 2A—D). These data sug-
gested that higher UAP1 expression was correlated
with a poor prognosis in LAD.

Bioinformatics Analysis of UAP| and the

Genes Associated with Its Expression

We used cBioPortal and LinkedOmics to analyse the
LAD data in TCGA, and 173 genes related to UAP1
expression were obtained (Figure 3A). GO analysis of
the DAVIDG6.8 database revealed that UAP1 expres-
sion-related genes were primarily enriched in processes
such as intracellular transport, cellular protein catabolic
and mitochondria (P<0.05) (Figure 3B).
KEGG pathway analysis revealed that UAP1 expres-

process,

sion-related genes were primarily enriched in amino
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Figure 3 Bioinformatics analysis of genes related to UAP| expression. (A) The genes associated with UAP| expression. (B) GO analysis of UAP| expression-related genes.
(€) KEGG analysis of UAP| expression-related genes.
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sugar and nucleotide sugar metabolism, aminoacyl- UJAPI is Upregu|ated in LAD Tissues and
tRNA biosynthesis and protein export (P<0.05) is Associated with the Clinical
(Figure 3C). The PPI network analysis showed that Characteristics of LAD

the EPRS, COPB1, CCT3, ALDHI8AI d ARF1
¢ ’ ’ ’ an To validate the GEO and TCGA results, RT-qPCR assays

enes had marked or potential interaction with UAP1 .o .
fP<0 o1) (Fi 5) P W were used to measure UAP1 expression in 50 paired LAD
01) (Figure 4). and adjacent normal lung tissues. The relative expression
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of UAP1 was calculated using the CT value (274¢")
method. The expression level of UAP1 in LAD tissues
was increased compared with that in normal lung tissues
(P<0.001; Figure 5A). In addition, the expression level of
UAPI in LAD tissues was increased compared with that in
normal tissues, and the patients’ clinical characteristics
were evaluated (Table 1). The UAP1 expression levels
were significantly increased in patients with larger
tumours compared with smaller tumours (P=0.002;
Figure 5B) and in those with more advanced TNM stages
(P=0.000; Figure 5C). However, there were no significant
associations between UAP1 expression and other clinical
parameters, including age, sex, differentiation, lymph node
EGFR mutation and
Furthermore, ROC curve analysis was used to determine
the predictive values of UAPI in LAD tissues. The cut-off
value was 0.510, with a sensitivity of 84% and specificity
of 78%, and the AUC was 0.840 (95% confidence interval:

metastasis, smoking history.
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0.762 t0 0.917, P<0.001) (Figure 5D). Collectively, the up-
regulated UAP1 may serve as a biomarker of detection
of LAD.

UAP| Was Upregulated in the Plasma of

LAD Patients

To further study the expression of UAP1 in the blood,
qRT-PCR was performed in 50 samples from LAD
patient plasma and healthy volunteer plasma. The
results indicated that UAP1 levels in the plasma of
LAD patients were significantly higher than those in
healthy volunteers (P<0.001; Figure 6A). Furthermore,
ROC curve analysis was used to analyse the predictive
value of UAPI in the plasma of LAD patients. The cut-
off value was 0.765, with a sensitivity of 72% and
specificity of 68%, and the AUC was 0.714 (95%
confidence interval: 0.614 to 0.813, P<0.001) (Figure
6B). In general, the UAPI level was elevated in LAD
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Figure 5 UAPI was upregulated in LAD tissues. (A) UAPI expression in LAD (n =50) compared to matched adjacent normal tissues (n=50) was examined by qRT-PCR
assays, and UAPI was clearly upregulated in lung cancer tissues. (B) UAPI expression was higher in tumours with a maximum diameter >3 cm. (C) UAPI expression was
higher in stage Il tumours. (D) The ROC curve for prediction of LAD was analysed using normal tissues as a control. The cut-off value was 0.510, with a sensitivity of 84%
and specificity of 78%, and the AUC was 0.840 (95% confidence interval: 0.762 to 0.917, P<0.001). **P < 0.01.
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Table | Correlation Between UAPI Expression and PDjiscussion
Clinicopathological Parameters of LAD The morbidity and mortality of lung cancer still ranks
Clinicopathological | Number of | UAPI P value first among all malignant tumours,'>'* and lung cancer
Parameters Patients EX_‘:‘:”“" exhibits an extremely high disease burden worldwide.
@ LAD is the main subtype of lung cancer. Despite the
Median*SD diversification of current treatments for LAD, including
Gender surgery, chemotherapy, radiation therapy, targeted ther-
Male 16 0.624+0.182 0.952 apy, immunotherapy and palliative treatment, the
Female 24 0.6210.168 S-year survival rate of LAD has remained very low in
Age (years) recent decades. Therefore, it is of great clinical signif-
<65 23 0.625+0.156 0.915 icance to find new molecular therapeutic targets for
>65 17 0.61920.194 LAD and improve the prognosis of patients.
Size of tumour Bioinformatics provides an indispensable advantage
<3 24 0.561£0.135 0.004 in medical research. It integrates and makes full use of
>3 16 0.7150.182 the vast data resources currently available. The current
Differentiation study used a variety of online tools to analyse data-
Well/moderate 26 0.605+0.180 0.383 bases. Our previous research using high-throughput
Poor 14 0.655£0.154 sequencing found that UAP1 was highly expressed in
Lymph node LAD tissues.'> The present study used bioinformatics
metastasis analyses of the GEO and TCGA database data to
Neg.a_tive 2! 0.621£0.160 0.900 further verify the high expression level of UAPI in
Positive " 0.615+0.187 LAD tissues. Analysis of the clinical data regarding
TNM stage the prognosis revealed that the OS time of LAD
:::I T: gi;;’fg:;z 0.001 patients with high expression of UAP1 was signifi-
cantly decreased. These results show that UAPI is
Smoking a potential tumour-promoting gene of LAD. GO and
Yes > 0.6300.151 0877 KEGG pathway analyses found that UAP1 mainly par-
No 25 0.619+0.185 o ] ) )
ticipated in the sugar metabolism and protein metabo-
EGFR mutation lism pathway. These results provide a basis for
:T: T; 2:22:3:2 0374 subsequent research on the mechanism of UAPI1 in
tumours.

patients and may serve as a novel diagnostic biomarker
for LAD.

High Levels of Serum UAPI| Expression
Indicates a Poor Prognosis in LAD
Patients

Kaplan—Meier and log-rank analyses were conducted to
evaluate the association of UAPI expression with OS
time. Patients with high levels of serum UAPI expression
had shorter OS times than those with low levels (Figure
6C). Furthermore, multivariate analysis revealed that high
UAPI1 expression in LAD tissues was an independent
prognostic predictor for OS in patients with LAD
(Table 2).

HBP activity has been shown to be important for the
regulation of glucose metabolism and cell growth.'®'” It is
closely linked with sugar, protein, nucleic acid and lipid
metabolism. The HBP converts glucose into glutamine-
6-phosphate and  ultimately  generates = UDP-
N-acetylglucosamine (UDP-GIcNAc).'®!” UDP GlcNAc
O-GlcNAcylation under the
O-GIcNAc transferase (OGT), which ultimately increases

undergoes action of
O-GlcNAc in tumour cells. Recent studies found that
O-GIcNAc is significantly elevated in breast, colon, and
lung cancers and that it promoted the occurrence, invasion,
metabolism, and anchoring growth of cancer cells.?%*'
UAP1 wuses N-acetylglucosamine-1-phosphate and
N-acetylgalactosamine-1-phosphate to produce UDP-
GlcNAc and  UDP-N-acetylgalactosamine  (UDP-

GalNAc).?**  Cancer cell lines with high UAPI
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Figure 6 High levels of serum UAP| expression were positively correlated with poor prognosis in LAD patients. (A). UAP| expression in the plasma of LAD patients
(n=50) compared with the plasma of healthy volunteers (n=50) was examined by qRT-PCR, and UAP| was clearly upregulated in the plasma of LAD patients. (B) The ROC
curve analysis of UAPI for prediction of LAD was performed using healthy volunteers as a control. The cut-off value was 0.765, with a sensitivity of 72% and specificity of
68%, and the AUC was 0.714 (95% confidence interval: 0.614 to 0.813, P<0.001). (C) Kaplan—Meier survival plots showing that high UAP| expression levels correlated with

worse OS in 50 LAD patients. **P < 0.01.

expression have higher UDPGIcNAc and UDP-GalNAc
content.>* UAPI regulates the N-linked glycosylation
level of cancer cells by affecting the HBP, which pro-
motes the proliferation and migration of cancer cells.”’
Our results confirmed that UAP1 was overexpressed in
LAD tissues. The UAP1 expression levels were signifi-
cantly increased in patients with larger tumours com-
pared to patients with smaller tumours and in those with
more advanced TNM stages. These data indicate that
UAPI may play an important role in the occurrence
and development of LAD. We have identified UAP1 as
an oncogene, which is consistent with the results of
Itkonen et al.® Liquid biopsy plays a vital role in preci-
sion medicine. Blood samples include various amounts
of tumour-derived molecular markers, including exo-
somes,

circulating tumour cells (CTC), circulating

tumour DNA (ctDNA), platelets and microRNA.?
Patients readily accept liquid biopsy methods because
of their non-invasive nature, and these methods are
widely used in clinical practice. The present study is
the first study to detect the expression of UAPI in the
blood, and its expression level in the blood of LAD
patients was significantly increased compared to that in
the blood of healthy volunteers. ROC curve analysis
demonstrated that detection of UAPI
blood exhibited good sensitivity and specificity as

in tissues and

a diagnostic marker for LAD.

In this study, we found that UAPl1 was highly
expressed in LAD tissues and serum and that the prognosis
of LAD patients with high UAP1 expression was poor.
UAP1 mainly controls sugar metabolism and protein meta-
bolism pathways, thereby causing tumour progression.
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Table 2 Univariate and Multivariate Analyses of Clinical Pathological Factors of OS in 50 Patients with LAD

Characteristic Coefficient HR 95% CI for HR P
Lower Upper

EGFR mutation No Reference

Yes —0.43 0.65 0.35 1.2 0.164
Smoking No Reference

Yes —-0.58 0.56 0.26 1.23 0.144
Lymph node metastasis Negative Reference

Positive 0.69 2 0.83 4.94 0.126
TNM i Reference

1l -0.23 0.79 031 2.12 0.632
Differentiation Poor Reference

Well/moderate -0.23 0.8 0.22 2.72 0.723
Size of tumour <3 Reference

>3 0.23 1.26 0.6l 2.6l 0.529
Age <65 Reference

>65 0.22 1.25 0.6l 2.58 0.551
Gender Female Reference

Male 1.23 3.42 1.04 12.92 0.054
UAPI Low Reference

High 1.55 471 2.18 10.67 <0.001

Detection of UAP1 in tissues and blood had good efficacy Fundin g

as a diagnostic marker for LAD. Overall, databases may
be used to perform large sample analyses to provide foun-
dation for further research on the role of UAPI in the
occurrence and development of LAD.
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