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Abstract

Background: Due to the lack of related symptoms and the hypersecretion of serum hormones, it is difficult to monitor and predict the
postoperative recurrence of non-functioning pituitary adenomas (NFPAs). Long noncoding RNAs (IncRNAs) and protein-coding genes (PCGs) play
critical roles in the development and progression of many tumors. However, the complex network of RNA interactions related to the mechanism and
function of the postoperative recurrence of NFPA is still unclear.

Methods: In the present study, 100 patients with NFPA were investigated by high-throughput sequencing and follow up. Among them, 16 NFPA
patients experienced recurrence at different intervals of more than five years or less than one year.

Results: By performing differential expression analysis of the fast recurrence and slow recurrence groups (t test P < 0.05), we obtained a
set of differentially expressed PCGs and IncRNAs. We then identified protein-protein interaction (PPI) coregulatory networks and IncRNA-mRNA
coexpression networks. In addition, we further screened the hub IncRNA-mRNA modules related to NFPA recurrence. These modules identified
transcriptome expression markers for NFPA regression (log-rank test P <0.05). Finally, we evaluated the ability of the hub and module genes
to predict recurrence and progression-free survival (PFS) in NFPA patients. To confirm the credibility of the bioinformatic analysis, NOL6 was
randomly selected from the prognosis genes for validation by quantitative real-time polymerase chain reaction (qRT-PCR) in another set of NFPA
samples (n=9).

Conclusion: These results may be helpful for evaluating the slow and rapid recurrence of NFPA after surgery, may help us explore the
mechanisms of NFPA recurrence and may also serve as future effective biomarkers and therapeutic targets.

Keywords: Non-functioning pituitary adenoma, recurrence, protein-coding genes, Long noncoding RNAs

Abbreviations: NFPA: Non-Functioning Pituitary Adenoma; PCGs: Protein-Coding Genes; IncRNAs: Long noncoding RNAs; PFS: Progression-Free
Survival; DEGs: Differentially Expressed Genes; DEGLs: Differentially Expressed PCGs and IncRNAs; GO: Gene Ontology; KEGG: Kyoto Encyclopedia
of Genes and Genomes.

Introduction

- . . , symptoms because it does not exhibit symptoms associated with
Pituitary adenomas are benign neuroendocrine tumour’s [1,2] , q 1 B ch ff
. excessive hormone production [5]. Because of the mass effect on
that originate from adenohypophyseal cells and account for 10-20% p [5]
. . o - surrounding structures, it may cause headache, visual defects,
of intracranial neoplasm [3,4]. Pituitary adenomas can be divided q b s | N
. . . . and/or opituitarism [6,7]. Surgical resection is the primar

into functional adenoma and non-functional adenoma according to / ypob 6,71 g P y

clinicaland biochemical characteristics [5]. Non-functional pituitary
adenomas (NFPAs) are the most common, accounting for 14-54% of

pituitary adenomas [6]. NFPA is often characterized by oppressive

treatment for NFPA, but patients are often faced with tumour
residue because the tumour may have invaded the cavernous sinus

or surrounded the internal carotid artery [8,9]. It has been reported
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that approximately 12-58% of NFPA patients with macroadenoma
may experience regrowth within five years [10-13]. Radiotherapy is
often recommended for patients with tumour residue, but its long-
term complications, such as visual defects and hypopituitarism, are
still of concern [14,15]. Therefore, surgery is still the best option
for patients with tumour recurrence. Serum hormone monitoring
is used as a detection approach in functional pituitary adenoma;
however, the absence of an effective evaluation approach for NFPA
results in the failure of early intervention. Research concerning
the molecular mechanisms of tumour recurrence and effective
prognosis prediction methods is of great significance. Increasing
evidence shows that protein-coding genes (PCGs) are involved in
the activation of pathways or key proteins and play vital roles in
the biological processes of pituitary adenomas. Studies by Uraki S
et al. [16] show that reducing the expression of MSH6 and MSH2
can directly promote the growth of pituitary tumour’s through the
ATR-Chk1 pathway [16]. Ruiqing Long et al. [17] suggested that
COL6AG6 interacted with P4HA3 to inhibit pituitary adenoma cell
growth and invasion by inhibiting the PI3K-Akt pathway [17]. It has
been reported that the low expression of TGF-{3 RII may be related
to the development and invasion of NFPAs [18]. The research of
Zhu H et al. [19] confirmed that the expression of TGF-$1 and WIF1
in recurrent tumour’s is higher than that in primary tumour’s,
suggesting that these PCGs may be related to cell proliferation and
recurrence [19]. Compared to noninvasive NFPAs, the expression
levels of WIF1 and sFRP4 were reduced in invasive NFPAs, and
WIF1 may be a potential biomarker for the aggressiveness of NFPAs
[20].

Long noncoding RNAs (IncRNAs) play an important role in
regulatinggeneexpressionthroughepigeneticorposttranscriptional
mechanisms. However, IncRNAs cannot encode protein; they are a
type of RNA molecule with a transcript longer than 200 nucleotides
[21-23]. The differential expression and dysregulation of IncRNAs
is believed to be involved in carcinogenesis and cancer progression,
recurrence, and metastasis [21]. However, the role of IncRNAs in
NFPA recurrence and the regulation of cellular processes remain
unknown. Studies have shown that LINC0O0858 plays a tumour-
promoting role in colon cancer by upregulating HNF4a and
downregulating WNK2 [24]. Xu H et al. [25] showed that the over
expressions of the IncRNA PAXIP1-AS1 can upregulate KIF14,
thereby enhancing human umbilical vein endothelial cell migration,
invasion, and angiogenesis in gliomas [25]. Moreover, many studies

found that identifying novel IncRNA-mRNA networks by microarray
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analyses could contribute to exploring the potential molecular
mechanisms and prognosis of tumour’s [26-28]. The above studies
indicated that the dysregulation of IncRNAs and IncRNA-mRNA

interactions may affect the prognosis of NFPAs.

In this study, we obtained 299 differentially expressed
PCGs (228 unregulated and 71 down regulated PCGs) and 214
(120 unregulated and 94

down regulated IncRNAs) by performing differential expression

differentially expressed IncRNAs

analysis of the fast recurrence and slow recurrence groups (P
< 0.05). We also identified protein-protein interaction (PPI)
networks and coregulatory networks between IncRNAs and
mRNAs. We further screened the hub IncRNA-mRNA modules
related to NFPA recurrence and assessed the enrichment of the
differentially expressed genes (DEGs) in different pathways by
gene set enrichment analysis (GSEA). In addition, we evaluated
the ability of the hub and module genes (NOL6, CDK15, MOV10,
SAMM50, COL24A1, EPHX1, and DCP1A) to predict recurrence and
progression-free survival (PFS) in NFPA patients. These results may
help us explore the mechanisms of NFPA recurrence and may also

serve as future effective biomarkers and therapeutic targets.
Materials and Methods

Patients and samples

Between 2007 and 2014, 100 patients with NFPA (54 males)
who underwent surgery at Samsung Changwon Hospital were
recruited. The minimum follow-up time was 4 months, and the
median follow-up time was 60 months (range 4-98 months). The
clinicopathological characteristics of all patients are shown in
Table 1. All tumour samples were immediately placed into a sample
tube, frozen in liquid nitrogen and stored. Among them, 16 NFPA
patients experienced recurrence at different intervals of more than
five years (n=8) and less than one year (n=8). In addition, tissues
from another 5 NFPAs that recurred within one year and 4 NFPAs
that recurred after more than five years were collected as validated
samples from patients who had undergone surgery at Samsung
Changwon Hospital between 2009 and 2014. The postoperative
recurrence of NFPA refers to the increase in the maximum tumour
diameter measured from any direction on magnetic resonance
imaging (MRI) by more than 2 mm from the day of surgery to the
end of follow-up. The tumour type was determined by the patient’s
examination

preoperative laboratory hormones, biochemical

results, and postoperative pathological diagnosis.

Table 1: Clinical characteristics of the 100 patients with non-functioning pituitary adenomas.

Characteristics Number of patients
Female 46
Gender
Male 54
<50 52
Age (years)
>50 48
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Yes 61
Recurrence
No 39
<1year 8
Time of recurrence
> 5 years 8
Yes 67
Invasion
No 33

The institutional review boards of the Samsung Changwon
Hospital approved this study (SCMC 2019-05-002). All analyses
were conducted according to the guidelines of the Declaration of
Helsinki for biomedical research. The requirement of obtaining
informed consent was waived owing to the retrospective nature of
the study and minimal hazard to the participants.

Total RNA Extraction and RNA Microarray

The Phenol-free mirVana™ miRNA Isolation Kit (Cat # AM1561,
Ambion, Austin, TX, USA) was used to extract and purify total RNA
to generate fluorescently labeled cRNA targets (4 x 180 K). The
labeled cRNA targets were then hybridized to a glass slide. After
hybridization, the slides were scanned on an Agilent microarray
scanner (Agilent Technologies, Santa Clara, California, USA). After
extracting data using Feature Extraction software 10.7 (Santa Clara,
California, USA), the Quantum algorithm was used to normalize the

raw data using the Limma software package of the R program.

Identification of Differentially Expressed IncRNAs and
mRNAs

Differential gene expression analysis was performed within
one year after the initial postoperative NFPA (n=6) and five years
later (n=6), and significance analysis of microarrays (SAM) was
performed to identify the differentially expressed PCGs and IncRNAs
(DEGLs) between the two groups [29]. We first downloaded the
Biobase, multtest and siggenes packages from Bioconductor
(http://www.bioconductor.org/). Subsequently, the available data
were analyzed by the R program (www.r-project.org), and DEGLs
with fold changes of > 2 and <-2 and P values of <0.05 were selected
for further research.

Construction of a PPI Network and IncRNA-mRNA
Coexpression Network

Cytoscape software was used to construct, visualize, and
analyze the PPI network [30]. The latest version of the validated
human PPI dataset was downloaded from both the Human Protein
Reference Database (HPRD) (http://www.hprd.org/) (Release 9)
and BioGRID (http://thebiogrid.org/) (Release 3.4.140) [31,32].
These two datasets contain 18,595 unique proteins and 174,552
interactions and were used as parent PPIs in this study. Their
reliability has been effectively verified, and they have been used
extensively in disease research involving human PPI networks. The
nonredundant interactions in Homo sapiens from these two data

sets were manually integrated [33].

First, a PPl subnetwork was generated by mapping all the DEGs
and extracting them from the PPI network. To improve reliability,
network reconstruction was limited to the first interacting protein
neighbors of these DEGs. Second, the DEGs-adjacent protein axis
was detected, and a DEGs-central PPI network was constructed.
Third, after mapping all DEGs to the PPI network to detect internal
interactions between the DEGs, Cytoscape was used to select nodes
with all edges to create a subnetwork. The single-node and self-
interactions of proteins in these subnets were deleted. The Pearson
correlation test was used to calculate the coexpression relationships
between IncRNAs and PCGs, and the coexpression relationships
with a P value <0.05 and an absolute value of Pearson coefficient
> 0.9 were selected. Finally, we obtained a IncRNA-mRNA network
related to NFPA composed of differential genes. The PPI-IncRNA
network was visualized using Cytoscape, and Molecular Complex
Detection (MCODE) was used to identify important modules in the
PPI network. We further analyzed and visualized the key modules
and hub genes by using the MCODE plugin in Cytoscape. We defined
the screening criteria for module genes as degree cutoff = 2, node
score cutoff = 0.2, k score = 2, and maximum depth = 100.

Functional Enrichment Analysis

The ClueGO [34] plugin of Cytoscape (version 3.2.3) was used
to perform Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analysis of the DEGs to predict
the biological functions of the prognostic IncRNAs. Functional
annotations with P <0.05 were considered important. In addition,
GSEA was used to identify the relevant pathways of the selected
genes. We performed GSEA by using the GSEA software. The gene set
used in this study was downloaded from the Molecular Signatures
Database (http://software.broadinstitute.org/gsea/msigdb/index.
jsp, MSigDB v4.0, released Jun 7, 2013). The Molecular Signatures
Database contains various types of gene sets. The online pathway
database includes 1,320 canonical pathways derived from pathway
databases such as BioCarta, KEGG, Pathway Interaction Database
(PID), and Reactome [35].

Validation and Efficacy evaluation of the Hub Genes by
Survival Analysis

Among the hub genes, genes of interest that have not been
studied in NFPA were further validated in two groups (recurrence
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in less than one year and recurrence after more than five years).
The PFS analysis of the hub genes and module genes was performed
using Kaplan-Meier curves in the R program. A P value < 0.05 was

considered statistically significant.

Validation of Gene Expression by Quantitative Real-Time
Polymerase Chain Reaction (qRT-PCR)

We used qRT-PCR with another set of NFPA samples to verify
the credibility of the bioinformatics analysis. Total RNA of validated
samples was extracted and purified as described above. Reverse
transcription into complementary DNA (cDNA) was performed
using a High Capacity cDNA Reverse Transcription Kit (0049472,
Thermo Fisher) following the manufacturer’s instructions. Then,
Power SYBR™ Green PCR Master Mix (4367659, Thermo Fisher)
was used for qRT-PCR with a total reaction volume of 20 pL. GAPDH
was used as an internal control gene. All primers were synthesized
by Sangon Biotech (Shanghai, China). The level of mRNAs was
determined on Quant Studio 3 and 5 Systems (Applied Biosystems).
For relative quantitation, expression levels were calculated using CT
values (corrected for GAPDH expression) according to the equation:
2-ACT [ACT = CT (gene of interest) - CT (GAPDH)]. All qRT-
PCR analyses were performed in triplicate. The sequences of the
primers are as follows: GAPDH-F: 5’-ACCCACTCCTCCACCTTTGA-3’;
GAPDH-R: 5- CCACCCTGTTGCTGTAGCCA-3’; NOL6-F:
5- ATTCGGGAAGCTGTGGTCTG-3’; NOL6-R: 5-
ATGTCAGCATGGAGTGCCAA-3".

Results

Identification of Degls between the Fast Recurrence and
Slow Recurrence Groups

Through microarray sequencing of 100 NFPA samples, we
identified 18827 PCGs and 19740 IncRNAs with an expression value
> 0. We analyzed the differences in PCGs and IncRNAs between
8 cases of NFPA recurrence within one year after surgery and 8
cases of NFPA recurrence five years after surgery by the SAM test.
By selecting the threshold |fold change| > 2 or adjusted P <0.05,
we identified a total of 299 differentially expressed PCGs (228
upregulated and 71 downregulated PCGs) and 214 differentially
expressed IncRNAs (120 upregulated and 94 downregulated
IncRNAs) (Figure 1A & 1B). The expression heat map further
validated the results, and Figure 1C & 1D shows the differential PCGs
and IncRNAs, showing different expression trends for recurrence.

Pathway Enrichment of the Degs by GSEA Classified the
Fast Recurrence and Slow Recurrence Groups

We conducted GSEA and found that 30 different pathways
related to 299 differentially expressed PCGs were downregulated or
upregulated according to the recurrence rate. Some enriched terms
are listed in Figure 2, such as regulation of cell death, regulation

of cell adhesion, positive regulation of biosynthetic process, and
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positive regulation of gene expression, small molecule metabolic
process, and response to extracellular stimulus. These results
indicate that changes in these pathways lead to the recurrence and
progression of NFPAs.

Dysregulated IncRNA-mRNA Interaction Network

Establishment and Module Analysis

Based on the Pearson test, we constructed a differential
expression network of IncRNAs and mRNAs, selecting genes
with P < 0.05 and Pearson coefficient absolute value > 0.9/< 0.9
(IncRNA/mRNA quantity = 78/104, Figure 3A), and transferred this
network to the differential PCG PPI parent network (see Method).
Afterwards, we obtained the IncRNA-mRNA interaction network
by combining these two networks. The IncRNA-mRNA network we
constructed for the DEGLs contains a total of 4,490 nodes and 6,933
interactions. Figure 3B shows that the degrees of the nodes follow
a power-law distribution, further illustrating that the network is
similar to most biological networks, and the network is scale-free.
We also calculated the average path length of the network, which
shows that the characteristic path length of the network is much
longer than the path length of the random network (1000 times
longer than the random network, P < 0.001, Figure 3C), which
implies that the network had reduced global efficiency.

Many studies have shown that PCGs and IncRNAs usually
function by participating in functional modules. Through cluster
analysis of the PPI network using the MCODE plugin of Cytoscape,
we obtained 8 important modules according to the degree of
importance. Module 1 contains 46 nodes and 54 edges (Figure 4A);
Module 2 contains 71 nodes and 79 edges (Figure 4B); Module 3
contains 59 nodes and 65 edges (Figure 4C); Module 4 contains 59
nodes and 61 edges (Figure 4D); Module 5 contains 55 nodes and
55 edges (Figure 4E); Module 6 contains 44 nodes and 44 edges;
Module 7 contains 83 nodes and 88 edges; and Module 8 contains
214 nodes and 218 edges.

ClueGO was used for enrichment analysis of the genes in these
modules. As shown in Figure 4 (right), GO analysis indicated that the
genes in Modules 1-5 were mainly concentrated in T cell migration,
chemotaxis, activation, regulation of cell-cell adhesion, and
regulation of cytokine production involved in the immune response
and so on. In addition, KEGG analysis showed that enrichment of
these module genes was mainly observed for the cell cycle, adherent
junction, TNF signaling pathway, TGF-beta signaling pathway and
so on. The expression of 21 hub genes and 10 module IncRNAs from
the above 8 modules (CCR1, CCL3, CCL4, PACSIN1, CGNL1, TRIM69,
STAB2, ATP8A1, CD48, NOL6, ZFP36, KLF4, CD247, REEP6, SQRDL,
KCNJ6, ANXA2, SPRY2, KCNS3, ITM2C, THBS2, CTD-2515H24.2,
LL21NC02-21A1.1, LOC200772, RP11-402C9.1, LINC01203, RP11-
479G22.8, RP11-61512.1, RP1-24914.2, RP11-116N8.2, and RP11-
288L9.4) were significantly different in the different recurrence
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time groups (Log2(fold change) 21, P<0.05, Figure 5). These results
indicate that IncRNAs may regulate the downstream pathways in
NFPA through gene modules and play an important role in tumour

recurrence.

Evaluation of the Hub and Module Genes for Predicting
the Recurrence and PFS of Patients

Then, the predictive ability of the module genes for the

Copy@ Young Zoon Kim

recurrence process was evaluated. Kaplan-Meier analysis of the
central or module genes NOL6, CDK15, MOV10, SAMMS50, COL24A1,
EPHX1, and DCP1A showed that the patients could be divided into a
high-risk group (n = 37) and a low-risk group (n = 36) according to
the median value of gene expression as the cutoff value. Compared
with low-risk patients, the PFS time of high-risk patients was
significantly shorter (log-rank test P < 0.05, Figure 6A-6G).
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Figure 1: Identification of DEGLs related to recurrence in more than five years or less than one year. (A, B) Volcano plot of mMRNAs and IncRNAs.
Red slashes indicate genes without significantly different expression. Blue slashes indicate significantly regulated genes. (C, D) The expression
of differential PCGs and IncRNAs in the slow recurrence group (recurrence in more than five years, = 5y) or rapid recurrence group (recurrence in

American Journal of Biomedical Science & Research 368



Am ] Biomed Sci & Res

Copy@ Young Zoon Kim

A Enrichment plot:
GO_POSITIVE_REGULATION_OF_BIOSYNTHETIC_PROC
ESS
~ 0401
B o3|
P 030
0.25
g 0.20
g oas
£ 010
£ 005
S 000
2w ‘ = i
@ os
g o 2o o m 28
£
B o
- | FiveMoreDHY inegatuely conelated)
l e
[-4 Rank in Ordered Dataset
[— Enfichment prafile — Hits Ranking metric sm-u]
D Enrichment plot:
GO_SMALL_MOLECULE_METABOLIC_PROCESS
0407
@ o0as |
o 0301
g oas

0.20
015
0.10
0.05
0.00

1.5 [OneLest

10|

o8 |

oo | Zaro cros 2t 28

a5

-0
FoseMoreDAT (ne gatiely comelated)

0 20 40 €0 80 100 120 140 100 180 200 220 240 200 280 300
Rank in Ordered Dataset

f— Enrichment prafile — Hits Ranking metric smmJ

B

Enrichment plot: GO_REGULATION_OF_CELL_DEATH

o0 Zero crons m 224

FrvaMoreDHT (negativaly comeiated)
0 20 40 60 80 100 120 140 180 180 200 220 240 200 280 300
Rank in Ordered Dataset

Ranked

I-— i — Hits |

E Enrichment plot:
GO_RESPONSE_TO_EXTRACELLULAR_STIMULUS

score (ES)

0.0

Ll

18 [DoeLessOA (postwely corslated)
10
0s
00 Zeco crons 2228
Felisre0er (regatiely comelated)

0 20 40 60 90 100 120 140 100 190 200 220 240 260 200 00
Rank in Ordered Dataset

= = |

C Enrichment plot:
GO_POSITIVE_REGULATION_OF_GENE_EXPRESSION
B o
g0
§ 020

0.15

0.10

0.05

0.00
H W llm
1o O L

i)

o5

00 T crons 3 228

a5

o | [ FiveMoreDHF (negatively comelated) |

O 20 40 00 80 100 120 140 160 180 200 220 240 780 260 300

@ Rank in Ordered Dataset

l_ Enrichment profile — Hits.

Ranking metric. mmsl

F Enrichment plot:
GO_REGULATION_OF_CELL_ADHESION
o~ 040

0.30
025
0.20

0.10
0.05

Zero crows 1 228,

! i FelarOR (negatvely cameistes)
o 20 80 100 120 140 160 180 200 220 240 200 280 300
L] Rank in Ordered Dataset

[— Enrichment profile — Hits. Ranking metric. wnresJ

Figure 2: Pathway enrichment of the DEGs. (A-F) GSEA of DEGs between the rapid recurrence and slow recurrence groups.
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We performed qRT-PCR to confirm the reliability of the
expression profiles generated using the microarray and DEGs
analysis. From among the prognostic hub and module genes above

mentioned, NOL6 was randomly selected for verification (Figure

6H, P < 0.05). As expected, the qRT-PCR result basically matched the
microarray analyses. These results indicate that the bioinformatics
analysis of the microarray data reliably identified critical candidate

genes involved in NFPA recurrence.
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Discussion

NFPAs are pituitary adenomas without clinical evidence
of hormonal hypersecretion. They have a prevalence of 7 to
41.34 cases/100,000, and the annual incidence is 0.65 to
2.34 cases/100,000 [6,36,37]. Transsphenoidal surgery is the
recommended first-line treatment [38]. However, unlike functioning
pituitary adenoma, it is difficult to monitor the tumour recurrence
of NFPA through specific serum hormone alterations. When patients
are re-examined because of optic nerve compression symptoms, the
tumour may have grown into a large volume, which brings many
obstacles to total resection and postoperative recovery. Therefore,
we aimed to develop a new predictive signature that could identify
early recurrence and be used as a prognostic prediction model. The
main purpose of the study was to divide patients into high-risk or
low-risk groups so that the most effective and timely treatment can
be performed for NFPA patients.

Numerous studies have focused on the factors of tumour
recurrence of NFPA to improve the prognosis of postoperative
patients. Age is recognized as an important independent factor
influencing the prognosis of NFPA patients, and a younger age
indicates a greater chance of tumour recurrence [10,39]. However,
the prognostic value of age is not as effective as the PCG and
IncRNA signature in our study. Ki-67 is another commonly used
pathological prognostic evaluation index [40], but a single indicator
used in prognostic assessment has certain limitations in accurately
evaluating the prognosis of each patient. A previous study tried
to establish a statistical model that combines clinical features
(age and tumour volume) and molecular markers (p16, WIF1 and
TGF-B) to evaluate the recurrence probability of postoperative
NFPA patients [41]. In our study, the inclusion of clinical features
did not show a better efficacy. Moreover, compared with a previous
study, we added a time concept to the prognostic assessment and
independently assessed the prognosis of patients at different time

points.

In recent years, IncRNAs have been reported in various
tumour’s, serving as promising new molecular markers for tumour
biological behavior, tumour diagnosis and prognostic evaluation
[42,43]. The IncRNA H19 was decreased in pituitary adenomas, and
its overexpression could markedly inhibit the growth of pituitary
tumour cells and be used as a drug resistance marker [44]. Xing
et al. [45] identified mRNAs and IncRNAs differentially expressed
in clinically NFPA and normal pituitary and constructed an mRNA-
IncRNA coexpression network [45]. However, their research failed
to illustrate the regulatory mechanisms of the key genes or IncRNAs
and their influence on patient prognosis. In this study, we focused

on identifying molecular markers of NFPA recurrence.

First, we obtained the DEGLs based on NFPA recurrence in
less than one year and more than five years. According to GSEA,
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these DEGs were enriched in the regulation of cell death and cell
adhesion. Our current results are consistent with those of previous
studies, which have shown that intercellular adhesion and adhesion
molecules are crucial steps for tumour recurrence and proliferation
[46,47]. Then, we obtained 8 modules by cluster analysis using
the PPI network based on the DEGLs. GO and KEGG enrichment
analyses illustrated that these module genes were mainly involved
in different GO functions and pathways. For Module 1, the related
GO functions were T cell migration and chemotaxis, which implies
that the process of recurrence may be correlated with the immune-
related tumour microenvironment. Similar to our study, Marques,
P. et al. found that a low CD8:CD4 ratio is associated with a higher
proliferative index (Ki-67) in pituitary adenoma [48]. In addition,
KEGG analysis of other modules found that these genes were
involved in the cell cycle, TNF signaling pathway, VEGF signaling
pathway, TGF-beta signalling pathway and so on. These pathways
might participate and regulate the proliferation and recurrence

processes that occur in NFPAs.

Third, in our analysis, we obtained hub genes and module
IncRNAs with significant differential expression (CCR1, CCL3, CCL4,
PACSIN1, CGNL1, TRIM69, STAB2, ATP8A1, CD48, NOL6, ZFP36,
KLF4, CD247, REEP6, SQRDL, KCNJ6, ANXA2, SPRY2, KCNS3,
ITM2C, THBS2, CTD-2515H24.2, LL21NC02-21A1.1, LOC200772,
RP11-402C9.1, LINC01203, RP11-479G22.8, RP11-61512.1, RP1-
24914.2, RP11-116N8.2, and RP11-288L9.4). For example, Annexin
A2 (ANXAZ2) is a pleiotropic calcium-dependent phospholipid-
binding protein that is abnormally expressed in a variety of cancers
[49]. Liu X et al. [50] through meta-analysis, indicated that ANXA2
overexpression might be related to poor outcomes in patients with
malignant tumors [50], which is consistent with our findings. In
addition, we found IncRNAs that could be used as a prognostic
signature. However, the functions and regulatory mechanisms of
IncRNAs in NFPA have not yet been reported.

Finally, we also assessed the predictive ability of the module
genes (such as NOL6, CDK15, MOV10, SAMM50, COL24A1, EPHX1,
and DCP1A) for the recurrence process. In addition, we validated
the expression level of NOL6, which was randomly selected
from among the hub and module genes, by qRT-PCR. The results

confirmed the accuracy of our analysis.

NOL6 (nucleolar protein 6) encodes a nucleolar RNA-
associated protein that is associated with the early stage of
ribosome biosynthesis [51]. Dong D et al. [52] found that NOL6
is highly expressed in human prostate cancer, and knockdown of
NOL6 inhibits the proliferation and mitosis and increases the cell
apoptosis of human prostatic carcinoma cells (PC-3) [52]. Here,
NOL6 was found to be upregulated in NFPAs recurrent within
one year compared with those recurring after more than five
years, suggesting that NOL6 could be a critical gene in prognostic
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development and a potential target for NFPA treatment. Moloney
leukemia virus 10 (MOV10) belongs to the RNA helicase superfamily
and could regulate mRNA stability and translation [53]. Nakano
M et al. [54] found that the mRNA and protein levels of MOV10 in
cancer cells were higher than those in normal cells [54]. In addition,
MOV10 has been revealed to promote the angiogenesis of glioma
by binding circ-DICER1 [55]. These studies indicated that MOV10
could be critical in tumorigenesis. DCP1A is a protein-coding gene
for mRNA-decapping enzyme 1a, and several studies have revealed
that DCP1A is upregulated in tumour tissues such as malignant
melanoma, colorectal carcinoma and gastric cancer [56-58]. In
addition, Tang, Y's study found that the high expression of DCP1A in
colorectal carcinoma is correlated with poor prognosis [57], which
is consistent with our results, indicating that the other PCGs and
IncRNAs in our results could also be prognostic indicators for NFPA.

There are a few limitations of this study that need to be
acknowledged. First, the molecular mechanisms of these PCGs and
IncRNAs in NFPA are still unclear, and further studies might provide
important information to understand their functional roles.
Second, there are few available sequencing data about NFPA, so we
were unable to verify our results in an independent validation set.
Finally, the application of our signature in clinical practice should be
tested prospectively. Despite these limitations of the current study,
through our analysis, we verified a certain correlation between PCG
and IncRNA signatures and regression. These results indicate that it

is a potentially powerful prognostic marker of NFPA.

Conclusion

This is the first study to integrate PCGs and IncRNAs to predict
tumor recurrence in patients with NFPA. Our study may provide a
new aspect of prognostic evaluation and help patients benefit from
early intervention.
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