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1 | INTRODUCTION

Abstract

piRNA-823 as a member of the piRNA family is reported to promote tumour cell
proliferation in multiple myeloma and hepatocellular cancer. However, few studies
on the function of piRNA-823 in colorectal cancer (CRC). Our present study data
showed that piRNA-823 plays an oncogene role in CRC cells. Inhibition of piRNA-823
can significantly inhibit the proliferation, invasion and apoptosis resistance of CRC
cells. Mechanism studies have shown that piRNA-823 inhibits the ubiquitination of
hypoxia-inducible factor-1 alpha (HIF-1a) by up-regulating the expression of Glucose-
6-phosphate dehydrogenase (G6PD) and ultimately up-regulates the glucose con-
sumption of carcinoma cells and inhibits the content of intracellular reactive oxygen
species (ROS). Therefore, we speculate piRNA-823 promotes the proliferation, inva-
sion and apoptosis resistance of CRC cells by regulating G6PD/HIF-1a pathway. In
this study, we set up the cancer-promoting function recovery experiment of piRNA-
823 by silencing G6PD gene to confirm the dominance of the above-mentioned path-
ways. Using clinical samples, we found that overexpression of piRNA-823 correlated
with poor overall survival and predicted a poor response to adjuvant chemotherapy
of patients with CRC. In a word, our research has further enriched the theory of
piRNA-823 promoting the progression of CRC, and laid a solid foundation for the
development of piRNA-823-based gene therapy for CRC and its use as a promising

prognostic biomarker in CRC patients.
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new tumour markers and improving early clinical diagnosis are

important means to improve the cure rate of patients with CRC.

Colorectal cancer (CRC) is one of the most common malignant Piwi-interacting RNA (piRNA) is a single-stranded non-coding

tumours in the world, and it is on the rise year by year. Finding RNA consisting of 23-35 nucleotides, which was first discovered
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in mammalian germ cells. Because of its extensive cellular regula-
tory functions, it has become a star molecule in non-coding RNA
research. piRNA mainly exists in mammalian germ cells and stem
cells. It binds with proteins belonging to Piwi subfamily to form
piRNA complexes to regulate gene silencing pathways, maintain
reproductive and stem cell functions and regulate the stability of
translation of mRNA.! In recent years, many studies have found
that piRNA also exists in normal somatic cells (such as heart, brain,
liver and other tissues) or cancer cells other than germ line cells,
and widely participates in the occurrence and development of gas-
tric cancer, liver cancer, lung cancer, lymphoma and other cancers,
which is also closely correlated with central nervous system dis-
eases, cardiac regeneration, etc.?® Nevertheless, the clinical signif-
icance and biological mechanisms of piRNAs in the progression of
CRC remain largely unknown.

In our present study, piRNA-823, a family of piRNAs, was
identified with high expression trends from normal colorectal
tissues, adenoma and CRC by high-throughput screening using
the Arraystar Human piRNAs Array. Screening data show that
the expression levels of piRNA-823 are not only higher in col-
orectal cancer tissues than in adjacent tissues, but also positively
correlated with tumour malignancy, suggesting that piRNA-823
may be closely related to the progression of colorectal cancer.
Therefore, the regulatory mode and action pathway of piRNA-823
are worth studying. A group of screening data on gene expression
profiles of HCT-116 cells before and after piRNA-823 interven-
tion showed that molecule glucose-6-phosphate dehydrogenase
(G6PD) gene related to glucose metabolism pathway in colorectal
cancer cells changed significantly before and after piRNA-823 in-
tervention, and positively correlated with the content of piRNA-
823. Therefore, we speculated that piRNA-823 may promote the
occurrence and progression of colorectal cancer by enhancing the
expression of downstream key molecule G6PD, which may be a
key factor in the piRNA-823 pathway to promote the progression
of colorectal cancer.

2 | MATERIALS AND METHODS
2.1 | Clinical specimens collection

Five cases of CRC tissues and corresponding normal tissues used
for piRNAs array analysis were obtained from the Department of
Gl Surgery, Shanghai Tenth People's Hospital, School of Medicine,
Tongji University. 5 adenoma colorectal tissues were obtained from
the Department of Digestive Endoscope. Validation using gRT-PCR
with CRC tissue samples was obtained from 176 patients from 2006
to 2012. The final date of follow-up was 30 May 2017. A detailed
clinical information for these patients is shown in Table S1. This
study was approved by the hospital ethics committees, and written
informed consents were obtained from patients for using their tis-

sues and clinical information.

2.2 | Microarray analysis

Total RNA from each sample was quantified by the NanoDrop ND-
1000, and RNA integrity was assessed by standard denaturing aga-
rose gel electrophoresis. piRNA sample labelling was performed using
a RNA ligase method as described in the method section. For microar-
ray analysis, Agilent Array platform was employed. The labelled sam-
ples were hybridized onto Arraystar Human piRNA Array in Agilent's
SureHyb Hybridization Chambers according to the manufacturer's
standard protocols (Agilent Technologies). After having washed the
slides, the arrays were scanned by the Agilent Scanner G2505C.
Agilent Feature Extraction software (version 11.0.1.1) was used to
analyse acquired array images. Quantile normalization and subsequent
data processing were performed using the GeneSpring GX v11.5.1
software package (Agilent Technologies). After quantile normalization
of the raw data, piRNAs that at least 5 out of 15 samples have flags in
Present or Marginal (‘All Targets Value') were chosen for further data
analysis. Significant differentially expressed genes between two sam-
ples were identified through Fold Change filtering. Significant differ-
entially expressed genes between two groups were identified through
Volcano Plot filtering. Finally, hierarchical clustering was performed to

show the distinguishable piRNAs expression pattern among samples.

2.3 | Cell culture

HCT-116, Lovo and 293T cells, purchased from the Cell Bank of
the Chinese Academy of Sciences, were maintained in Dulbecco's
Modified Eagle Medium (DMEM, Invitrogen) supplemented with 10%
foetal bovine serum (FBS, Invitrogen) at 37°C under 5% CO,. The cells
were passaged at the coverage of 70% using 0.25% Typsin (Invitrogen).

2.4 | Lentivirus packaging

A siRNA sequence complementarily binding to G6PD (NM_000402,
NM_001042351) was chosen. The target sequences of siRNA
(5'-GGTCAAGGTGTTGAAATGC-3') are homologous, and the oli-
gonucleotide templates of these shRNAs were chemically synthe-
sized and cloned into the linear pSIH1-H1-copGFP shRNA Vector
(System Biosciences, CA, USA) which was obtained through di-
gestion by BamHI and EcoRI (Takara, Dalian, China) and purifica-
tion by agarose gel electrophoresis. An invalid siRNA sequence
(5'-GAAGCCAGATCCAGCTTCC-3') was used as a negative control
(NC). Sequencing was used to confirm the vectors constructed (pSIH1-
shRNA-G6PD and pSIH1-NC). Chemically, synthesize complementary
double-stranded piRNA823 and piRNA823 sponge sequences with
adding BamHI and EcoRl restriction sites at both ends. piRNA823-for-
ward, 5-GATCCAGCGTTGGTGGTATAGTGGTGAGCATAGCTGCG-3',
piRNA-823-reverse, 5-AATTCGCAGCTATGCTCACC ACTATACCAC
CAACGCTG-3";piRNA-823 sponge-forward, 5-GATCCAGCGTTGGT
GGTATAGTGGTGAGCATAGCT GCTATACAGCGTTGGTGGTATAGTG
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GTGAGCATAGCTGCACATCAGCGTTGGTGGTATAGTGG
TGAGCATAGCTGCG-3'; piRNA-823 sponge-reverse, 5-AATTCGC
AGCTATGCTCACCACTATACCACCAACGCTGATGTGCAGC
TATGCTCACCACTATACCACCAACGCTGTATAG
CAGCTATGCTCACCACTATACCACCAACGCTG-3'; Two complemen-
tary DNA annealed to form a double strand and cloned into a pcDH1
lentiviral expression vector (System Biosciences). The recombinant
vector was named pcDH1-piRNA-823 and pcDH1-Sponge-piRNA-823.
All the recombinant vectors were sequenced, and plasmid DNA was
prepared using an EndoFree Plasmid Kit (12362, Qiagen).

One day before transfection, 293T cells were seeded into 10-cm
dishes (Corning). 2 ug of each pSIH1-shRNA-G6PD vector or pSIH1-NC
or pcDH1-piRNA-823 or pcDH1-Sponge-piRNA-823 and 10 pg pPACK
Packaging Plasmid Mix (System Biosciences) were co-transfected using
Lipofectamine 2000 (Invitrogen) in accordance with the manufacturer's
protocol. The medium was replaced with DMEM plus 1% FBS. Forty
eight hours later, the supernatant was harvested, and then cleared
by centrifugation at 5000 g at 4°C for 5 minutes and passed through
a 0.45 um PVDF membrane (Millipore). The titre of virus was deter-
mined by gradient dilution. The packaged lentiviruses were named as
Lv-shRNA-G6PD, Lv-NC, Lv-piRNA823 and Lv-Sponge-piRNA823.

2.5 | Gene intervention via the lentiviral pathway

HCT-116 and Lovo in the logarithmic phase were seeded in 6-well
plates at 2 x 10° cells/well. One day later, lentivirus (Lv-NC or Lv-
priRNA-823 or Lv-Sponge-priRNA-823 or Lv-shRNA-G6PD) were
added at a multiplicity of infection (MOI) of 10. The infection ef-
ficiency was evaluated by observing the fluorescence of green fluo-
rescent protein (GFP) 72 hours after infection. After determining
the efficiency of the gene intervention, total RNA and protein were
isolated from the cells and subjected to real-time PCR for the meas-
urement of the levels of priRNA-823 and Western blotting for the

measurement of the levels of G6PD, respectively.

2.6 | Cell counting kit-8 (CCK-8) assay

HCT-116 and Lovo were trypsinized and seeded into 96-well plates
at a density of 1 x 10° cells per well 72 hours after being infected
with the recombinant lentiviruses (Lv-NC or Lv-Sponge-priRNA-823).
The cells were cultured under normal conditions, and cell viability was
detected by using a cell counting kit-8 assay (CCK-8) at 24, 48, and
72 hours. Briefly, 10 uL of CCK-8 solution (CK04, Dojindo, Japan) was
added, and then the cells were cultured under normal conditions for

an additional 4 hours. Then, the absorbance at 450 nm was measured.

2.7 | Cellinvasion assay

Cell invasion experiments were performed using the QCMTM
24-well Fluorimetric Cell Invasion Assay kit (ECM554, Chemicon

International) according to the manufacturer’s instructions. The kit
used an insert polycarbonate membrane with an 8-pm pore size.
The insert was coated with a thin layer of EC Matrix™ that oc-
cluded the membrane pores and blocked the migration of non-in-
vasive cells. Culture medium (500 pL) supplemented with 10% FBS
was used as a chemoattractant. Cells that migrated and invaded
the underside of the membrane were fixed in 4% paraformalde-
hyde. The invading cells were stained with DAPI, and the number
was then determined by fluorescence and reported as the relative
fluorescence units (RFUs). The grouping was the same as in the
proliferation assay. HCT-116 and Lovo 72 hours after being in-
fected with the recombinant lentiviruses were seeded to transwell
at 2 x 10° cells/well and 48 hours after seeding, cell invasion assay
was performed.

2.8 | Apoptosis assay

HCT-116 and Lovo 72 hours after being infected with the recombi-
nant lentiviruses were seeded to 6-well plates at 2 x 10° cells/well
and 48 hours after seeding, cells were stained with Annexin V: FITC
Apoptosis Detection Kitll (BD). Cells were made into suspensions
by trypsinization and washed with dPBS and suspended in 500 pL
binding buffer and added with 5 pL Annexin V-FITC in dark for
10 minutes. Cells were then stained with 5 pL Propidium lodide for
5 minutes. Apoptosis was analysed on BD-FACS Calibur using FITC
(FL1) channel and PI (FL2) channel at an excitation wavelength at
488 nm.

2.9 | Glucose consumption assay

Glucose consumption was determined as described with some
modifications.* HTC-116 and Lovo cells infected with Lv-Sponge-
piRNA-823 or Lv-NC or without infection were cultured in
Dulbecco's modified Eagle's medium (DMEM) containing 10% (vol/
vol) foetal bovine serum (FBS), and subsequently serum-starved
overnight. The glucose in the medium was determined by the glu-
cose oxidase method. Glucose consumption % = (glucose concentra-
tions of blank wells—glucose concentrations of assay wells)/ glucose

concentrations of blank wells x 100.

2.10 | Detection of intracellular ROS

The total intracellular ROS generation was measured using
H2DCFDA, as reported by a published study.’ Briefly, HTC-116 and
Lovo cells infected with Lv-Sponge-piRNA-823 or Lv-NC or without
infection were seeded (5 x 104 cells/well) into black 96-well plates
and maintained to attach at 37°Cin 5% CO, for 48 hours. After that,
the cells were labelled with H2DCFDA solution at 5 pmol/L in DMF.
After that, the fluorescence intensity was measured in a Synergy

H1 Fluorescence Spectrophotometer (BioTek), at the excitation
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and emission wavelengths of 495 and 527 nm, respectively. After
that, the ROS levels were measured using Cellular ROS/Superoxide
Detection Assay Kit (Abcam).

2.11 | Measuring the half-life of G6PD

HTC-116 cells in logarithmic phase were seeded to 6-well plates and
cultured under normal conditions overnight. Cells were divided into
two groups, piRNA-823 overexpression and suppression groups
(infected with Lv-piRNA-823 or Lv-Sponge-piRNA-823) and added
with 50 pmol/L mg132 or 100 pg/mL CHX(sigma) and incubated
under normal conditions for 0, 1, 2, 4 or 8 hours. Cells were collected
and subjected to Western blotting for HIF-1a.

2.12 | Real-Time-PCR

Totestthe piRNA-823levels, total RNA (2 ug) was used for cONA prep-
aration with a M-MLV reverse transcription kit and specific primers
U6 snRNA (NM_001101. 3): 5-TACCTTGCGAAGTGCTTAAAC-3/,
and piRNA-823:5"- GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAA
TTGCACTGGATACGAGCAGC-3". RNA contents were detected
using fluorescent dye PCR (Takara BIO) in accordance with the man-
ufacturer's instructions. The following primers were used for quan-
tification of human U6 snRNA and piRNA-823: U6 snRNA: 5-GTG
CTCGCTTCGGCAGCACAT-3' and 5-TACCTTGCGAAGTGCTTAA
AC-3', which produced a segment of 112 bp; and piRNA-823:5"-GC
CGGCGCCCGAGCTCTGGCTC-3" and 5- GCGTTGGTGGTATAGT
GGTGA-3', which produced a segment of 92 bp. The PCR systems
were Takara SYBR Premix Ex Tap 10 pL, forward and reverse primers
(20 umol/L) 0.2 uL each and cDNA 2 plL added with dH,0 to 20 pL.
The cycling parameters were 40 cycles of denaturation at 95°C for
10 seconds, annealing at 60°C for 20 seconds and extension at 72°C
for 20 seconds. U6 snRNA was used as a reference to normalize the

2AACt

hsa-miRNA-29%a level using the method. Each RNA sample was

run in triplicate.

2.13 | Western blotting

The total protein was extracted from cells using the M-PER mam-
malian protein extraction reagent (78501, Pierce, IL, USA). Equal
amounts of total protein (15 pg) were loaded onto SDS-PAGE gels
(11%) and transferred onto nitrocellulose membranes. The blots
were probed with the primary antibodies against human G6PD
(1:400), STATS( 1:500), CyclinD1(1:500), Bcl-2(1:400), HIF-1a
(1:500), and p-actin (1:1200) (Abcam), followed by probing with the
secondary HRP-conjugated anti-rabbit/mouse antibody (Abcam).
After washing, the bands were detected by chemiluminescence and
imaged with X-ray films. B-actin was used as an endogenous refer-

ence for normalization.

2.14 | Statistical analysis

The data are shown as the mean * SD of three independent experi-
ments. All statistical data were analysed using SPSS GradPack ver-
sion 20.0 statistical software (IBM Corp.) and GraphPad Prism 7.0
(GraphPad Software, Inc). Comparisons between groups were ana-
lysed using a two-tailed Student's t test or one-way ANOVA with a
post hoc Tukey's test. Differences were considered to be statistically
significant when **P < .05.

3 | RESULTS

3.1 | piRNA-823 expression is significantly up-
regulated in the CRC progression process

To search for potential piRNAs in the course of colorectal malignant
transformation, we globally analysed the piRNA expression profiles
of normal colorectal tissues, colorectal adenoma tissues and CRC tis-
sues using Arraystar Human piRNAs Array (Figure 1A). We focused
on only one piRNA (piRNA-823), a family of piRNAs, its expression
level with high expression trends from normal colorectal tissues,
adenoma and CRC (P = .007, One-way ANOVA analysis; Figure 1B).
To confirm the altered expression of piRNA-823 in CRC, validation
experiments were carried out by qRT-PCR. The similar expression
pattern was also confirmed (P < .001, One-way ANOVA analysis;
Figure 1C). Screening and validation data show that the expression
levels of piRNA-823 are not only higher in colorectal cancer tissues
than in adjacent tissues, but also positively correlated with tumour
malignancy, suggesting that piRNA-823 may be closely related to the
progression of colorectal cancer. Therefore, the regulatory mode
and action pathway of piRNA-823 are worth studying.

3.2 | The association of the piRNA-823 with the
prognosis and therapeutic outcome of CRC

To investigate the association between piRNA-823 expression and
the clinicopathological characteristics of CRC patients, we exam-
ined a panel of 176 CRC tissues and paired adjacent non-tumour
tissues using qRT-PCR. To correlate piRNA-823 expression levels
with clinicopathologic characteristics, the 176 CRC patients were
classified into a relatively high group and a relatively low group
using the median expression level of piRNA-823 in CRC tissues as
a cut-off value. The current results showed that patients with high
piRNA-823 expression in CRC had significantly worse prognosis
than those with low piRNA-823 expression (Figure 1D, P < .001,
Kaplan-Meier test). In the univariate analysis, high expression of
piRNA-823 in tumours (HR, 7.49; 95% Cl, 3.98-14.08; P < .001),
TNM staging (HR, 2.70; 95% Cl, 1.64-4.44; P < .001) and lymph
node metastasis (HR, 2.32; 95% Cl, 1.79-4.17; P < .001) was signifi-

cantly associated with survival, while age, gender, tumour location,
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FIGURE 1 Clinical significance of piRNA-823 expression in CRC patients. A-C, piRNA array assays (A-B) and qRT-PCR validation (B) for
piRNA-823 expression in CRC, adenoma and matched normal colorectal tissues. C, High piRNA-823 expression in tumours is associated with
a reduced survival. D, Association of piRNA-823 expression with the prognosis and chemotherapy outcome in the CRC patients with TNM

stage Il and Il disease

differentiation and tumour size were not (Table 1). Multivariate
analyses revealed that the level of piRNA-823 expression is an in-
dependent prognostic factor for overall survival (HR, 8.02; 95% Cl,
3.86-16.68; P < .001) (Table 1). Taken together, these data dem-
onstrated that an important role for piRNA-823 in CRC carcino-
genesis and progression and might be as a potential prognostic
biomarker for CRC patients.

To examine whether piRNA-823 expression can predict response
to adjuvant therapy, we analysed the associations between piRNA-
823 expression and the therapeutic outcomes in stage Il and stage
Il CRC patients treated with adjuvant chemotherapy. The current
results indicated that high piRNA-823 expression was associated
with a poor prognosis in stage Il (P < .0001) and stage Ill (P < .0001)
patients (Figure 1E). For individuals who received adjuvant therapy,
high piRNA-823 expression was associated with a poor therapeutic
outcome in the patients with stage Il and Il cancer (P < .0001), and
patients with stage Il cancer alone (P < .0001) or patients with stage

Il cancer alone (P = .0007, Figure 1E). A multivariate Cox regression

demonstrated that high piRNA-823 expression predicted poor
prognosis (HR, 12.76; 95% Cl, 3.94-41.32; P < .001) and treatment
with adjuvant chemotherapy was associated with beneficial survival
(HR, 0.42; 95% Cl, 0.15-0.69; P = .007) independent of other clin-
ical covariates (Table 2). Therefore, piRNA-823 expression levels
served as an independent predictor of the response to adjuvant

chemotherapy.

3.3 | Knock-down of piRNA-823 inhibits the
malignant characteristics of CRC cells

To evaluate the oncogenic properties and effects of piRNA-823 on
CRC cells, we established CRC cell lines with effective piRNA-823
gene intervention through lentivirus pathway. According to multiplic-
ity of infection (MOI) = 10, lentivirus was added to colorectal cancer
cell HCT-116. After 72 hours of virus infection, we could roughly es-

timate that the viral infection efficiency of cells was close to 100%
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TABLE 1 Univariate and multivariate
cox regression analyses of piRNA-823
expression levels and overall cancer

survival in colorectal cancer Characteristic

piRNA-823 expression

Low
High
TNM stage
I-11
-1V
N stage
NO
N1-N2
Age
<50
250
Sex
Women
Men
Tumor location
Colon
Rectum
Tumor size
<5cm
25cm
Differentiation
Good

Moderate or poor

Univariate analysis Multivariate analysis

)
HR (95% ClI) P value HR (95% ClI) value’
1.0 (Reference) <.001 1.0 (Reference) <.001
7.49 (3.98-14.08) 8.02 (3.86-16.68)

1.0 (Reference) <.001 1.0 (Reference) <.001
2.70 (1.64-4.44) 2.66 (1.52-4.65)

1.0 (Reference) <.001 1.0 (Reference) 145
2.32(1.79-4.17) 1.49 (0.87-2.53)

1.0 (Reference) 414 1.0 (Reference) 985
0.66(0.24-1.81) 0.99 (0.33-2.99)

1.0 (Reference) 152 1.0 (Reference) 561
0.70(0.42-1.14) 1.17 (0.69-1.99)

1.0 (Reference) 692 1.0 (Reference) .307
1.11 (0.66-1.89) 1.35(0.76-2.38)

1.0 (Reference) 963 1.0 (Reference) .598
0.99 (0.59-1.65) 1.16 (0.67-2.01)

1.0 (Reference) 438 1.0 (Reference) 952

2.19 (0.30-15.76) 1.07 (0.13-8.46)

Abbreviations: Cl, confidence interval; HR, hazard ratio.

*A P value of <.05 was considered significant.

by comparing the number of cells expressing GFP with the total num-
ber of cells under microscope (Figure 2A, left). Real-time PCR results
showed that the relative content of piRNA-823 in cells decreased
significant 72 hours after Lv-spong-piRNA-823 virus infection
(P < .01, vs uninfected control group or NC control group). 72 hours
after Lv-piRNA-823 infection, the relative content of piRNA-823 in
cells increased significantly (P < .01, vs-uninfected control group). In
Lv-NC infected group or NC control group, the relative content of
piRNA-823 did not change significantly (P > .05, vs uninfected con-
trol group).

In the functional experiment, proliferation activity assay data
showed that piRNA-823 inhibition significantly inhibited the log-
arithmic proliferative activity of HCT-116 and Lovo cells (P < .01,
vs cell control group or NC control group, 72 hours) (Figure 3A,B).
Invasion assay showed that piRNA-823 inhibition significantly inhib-
ited the invasion of HCT-116 and Lovo cells (P < .01, vs cell con-
trol group or NC control group) (Figure 3A,B). Apoptosis assay data
showed that piRNA-823 inhibition significantly up-regulated apop-
tosis of HCT-116 and Lovo cells (P < .01, vs cell control group or NC
control group) (Figure 3A,B).

3.4 | piRNA-823 promotes CRC progression by up-
regulating G6PD expression

To understand the mechanism of piRNA-823 regulation in CRC, a group
of screening data on gene expression profiles of HCT-116 cells before and
after piRNA-823 intervention showed that molecule glucose-6-phosphate
dehydrogenase (G6PD) gene related to glucose metabolism pathway in
colorectal cancer cells changed significantly before and after piRNA-823
intervention and positively correlated with the content of piRNA-823
(Table S2). Therefore, we speculated that piRNA-823 may promote the
occurrence and progression of colorectal cancer by enhancing the expres-
sion of downstream key molecule G6PD, which may be a key factor in
the piRNA-823 pathway to promote the progression of colorectal cancer.

In Lv-shRNA-G6PD infected group, the content of piRNA-823 did
not change significantly (P > .05, vs uninfected control group or NC
control group) (Figure 2A, upper right). Western blotting data showed
that the expression of G6PD protein in cells decreased significantly
72 hours after recombinant virus Lv-spong-piRNA-823 infection
(P < .01, vs-uninfected control group or NC control group). The ex-

pression of G6PD protein in cells increased significantly 72 hours
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Univariate analysis

Multivariate analysis

TABLE 2 Univariate and multivariate
Cox proportional-hazard regression

[ analyses of piRNA-823 expression, receipt
Characteristic HR (95% ClI) P value HR (95% CI) value? of adjuvant chemotherapy and cancer
DIRNA-823 expression <001 <001 Zt:rl\lllival in colorectal cancer with stage Il
Low 1.0 (Reference) 1.0 (Reference)
High 7.97 (3.89-16.31) 12.76 (3.94-41.32)
Adjuvant chemotherapy .031 .007
Did not receive 1.0 (Reference) 1.0 (Reference)
Received 0.43(0.20-0.92) 0.42 (0.15-0.69)
TNM stage .001 132
1l 1.0 (Reference) 1.0 (Reference)
1 2.49 (1.47-4.23) 2.04(0.81-5.15)
N stage .002 .888
NO 1.0 (Reference) 1.0 (Reference)
N1-N2 3.01 (1.49-6.09) 1.10(0.30-4.01)
Age 424 412
<50 1.0 (Reference) 1.0 (Reference)
250 0.62(0.19-1.99) 0.47 (0.079-2.82)
Sex .138 222
Women 1.0 (Reference) 1.0 (Reference)
Men 0.67 (0.40-1.14) 1.73(0.72-4.16)
Tumor location .503 .180
Colon 1.0 (Reference) 1.0 (Reference)
Rectum 1.21(0.69-2.12) 1.90(0.74-4.86)
Tumor size .788 .246
<5cm 1.0 (Reference) 1.0 (Reference)
25cm 0.93(0.54-1.59) 0.56 (0.21-1.49)
Differentiation .596 .882

Good

Moderate or Poor

1.0 (Reference)
1.71(0.24-12.35)

1.0 (Reference)
1.18 (0.12-21.35)

Note: 2P value of <.05 was considered significant.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

after Lv-piRNA-823 infection (P < .01, vs-uninfected control group or
NC control group). There was no significant change in G6PD protein
expression in cells infected by Lv-NC (P > .05, vs uninfected control
group), but the expression of G6PD protein in cells infected by Lv-
shRNA-G6PD decreased significantly (P < .01, vs uninfected control
group or NC control group) (Figure 2A, lower right). The experimental
data in Lovo cells were consistent with HCT-116 (Figure 2B).

3.5 | Overexpression and inhibition of piRNA-823
can up-regulate or inhibit ROS content and glucose
consumption in colorectal cancer cells

ROS activity test data showed that 72 hours after Lv-piRNA-823
infection, ROS content in HCT-116 cells decreased significantly

(P < .05, vs-uninfected control group or NC control group);
72 hours after Lv-spong-piRNA-823 infection, ROS content in
cells of two groups increased significantly (P < .01, vs-uninfected
control group or NC control group); Lv-NC infection had no sig-
nificant effect on ROS content in cells (P > .05, vs uninfected
control group) (Figure 4A, left). Glucose uptake experiments
showed that 72 hours after Lv-piRNA-823 infection, the content
of glucose in HCT-116 cells increased significantly (P < .05, vs-
uninfected control group or NC control group), 72 hours after
Lv-spong-piRNA-823 infection, intracellular glucose exchange de-
creased significantly (P < .05, vs-uninfected control group or NC
control group). Lv-NC infection had no significant effect on glu-
cose uptake in tumour cells (P > .05, vs uninfected control group)
(Figure 4A, Right). The experimental data in Lovo cells were con-
sistent with HCT-116 (Figure 4B).
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FIGURE 2 Lentivirus-mediated gene intervention. A, HCT-116 and B, Lovo. GFP expression 72 h after cells was infected with
recombinant virus. The infection rate was estimated by dividing the number of the cells expressing GFP with the number of all the cells in
each view. For statistics, five views were randomly selected, and the mean was calculated (left). Real-Time PCR assay for piRNA823, U6
served as internal reference for the determination of, and the content of the uninfected group was used for normalization (left, upper). For
Western blotting. -actin was used as the internal control protein, the target band sizes of the G6PD and p-actin proteins were 53, and

43 kD, respectively. **P < .01, *P < .05. The tests were carried out on three biological triplicates, and data are expressed as the mean + SD

3.6 | piRNA-823 up-regulates the expression of
functional proteins CyclinD1, STAT3 and Bcl-2 by up-
regulating G6PD expression

Western blotting data showed that 72 hours after Lv-piRNA82 in-
fection, the expression of G6PD protein was significantly enhanced
in two groups (P < .01, vs uninfected control group or NC control
group). The expression of G6PD protein in Lv-piRNA823 infected
cells increased significantly 72 hours after infection (P < .01, vs
uninfected control group or NC control group). Lv-shRNA-G6PD
could significantly block the up-regulation of G6PD protein expres-
sion in Lv-piRNA823 infected cells (P < .01, vs Lv-piRNA823 in-
fected group). The expression trend of functional proteins CyclinD1,
STAT3 and BCL-2 related to cell proliferation, invasion and apop-
tosis in each group was completely consistent with that of G6PD
(Figure 5A,B).

3.7 | Effect of piRNA-823 on the ubiquitylation of
HIF-1a in HCT-116 cells

The level of HIF-1a was increased over time when mgl32 sup-
pressed protein degradation in HTC-116 cells, and there was no
difference between the groups infected with Lv-piRNA-823 or Lv-
Sponge-piRNA-823, indicating piRNA-823 had no effect on protein
synthesis (Figure 6A). When CHX was used to block protein synthe-
sis, HIF-1a decreased over time in two groups, However, the rate of
change with time in Lv-Sponge-piRNA-823-infected HTC-116 cells

was significantly higher than that of Lv-piRNA-823-infected HCT-
116 cells (Figure 6B).

4 | DISCUSSION

Colorectal cancer is one of the common malignant tumours, with
930 000 new cases of colorectal cancer every year worldwide,
ranking the third among malignant tumours worldwide, and the
second among developed countries such as Europe and America.®®
Like most malignant tumours, the root cause of colorectal cancer is
excessive cell proliferation and severe inhibition of apoptosis, and
breaking the dynamic balance between apoptosis and proliferation
will lead to the occurrence of cancer and malignant progression
of cancer. The process involves abnormal expression of multiple
genes and disorder of key signalling pathways, the factors affect-
ing it are intricate and complex, and the relationship between these
factors and the molecular mechanism is far from clear. Therefore,
it is necessary and possible to discover new drug targets based
on the in-depth study of the key molecular mechanism of the oc-
currence and development of colorectal cancer. Non-coding small
RNA regulates the expression of target genes at transcriptional
and translation levels. Studies have shown that non-coding small
RNAs, including siRNA (small interfering RNA) and microRNA (mi-
croRNA), are associated with the occurrence and development of
cancer. Some of these small RNAs have extremely important po-
tential value and can become therapeutic targets for cancer diag-

nosis and treatment.
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FIGURE 3

—— Cells
—— CelissLwNC

—=— Celis+Lv-SHRNAPRNAB23

Cell+Lv-Sponge-piRNA823

Cell+Lv-Sponge-piRNA823

Inhibition of piRNA-823 on the proliferation, invasion and apoptosis of HTC-116 and Lovo cells. A, HTC-116 and B, Lovo

cells were infected with the indicated lentiviruses and then seeded into 96-well plates and subjected to a cell vitality assay at the indicated
times. Invasion data from the HTC-116 and Lovo cells 72 h after being infected with the indicated viruses, as determined by a transwell
method. The crystal violet-stained cells are the cells that passed through the membrane, and the counts reflect the number of the stained
cells that passed through the membrane, which were estimated using the absorbance and the standard curve. The x-coordinate represents
the cell grouping, and the y-coordinate represents the cell number. C, Flow detection of apoptosis. The abscissa was FITC and the ordinate
was Pl fluorescence signal. The lower right quadrant and the upper right quadrant respectively indicated the proportion of apoptotic cells
in the early and late stages. The statistical apoptosis rate between groups was the sum of the early and late apoptosis rates. All data were
expressed with average value plus or minus variance. In this experiment, 3 biological repetitions were set (n = 3), **P < .01, *P < .05

PiRNA, a newly discovered small molecule RNA, was first found
in mammalian germ cells in 2006. PiRNA has a length of 26 ~ 31nt
single-stranded small RNA, most of which are concentrated in
29 ~ 30nt. Like microRNAs, the 5'terminal of piRNA has a strong
uracil's tendency (about 86%).1 PIRNA corresponds to the genome
in a highly specific way and can regulate gene silencing pathways by
binding to Piwi subfamily proteins to form piRNA complexes (piRCs).
PiRNA was originally thought to play an important role in regulating
reproductive system development,3 but recent studies have con-
firmed that piRNA is abnormally expressed in breast cancer, pancre-
atic cancer, gastric cancer, liver cancer, endometrial cancer and other
tumours.” % In addition, molecular mechanism studies have revealed
that piRNA such as piR-651, piR-021285, piR-823 and piR-Hep1 play
important roles in the development of tumours, including the func-
tions of inhibiting or promoting cancer.¥*'” The main function of
piRNA in cells is to target and silence DNA or RNA containing trans-
posons to maintain genomic stability and ensure the normal function
of cells. It is well known that transposons can destroy the structure

of coding genes, alter the transcriptional regulatory networks, and

cause chromosome breakage or large-scale gene recombination.
Transposons can be divided into two categories: retrotransposons
and DNA transposons elements. The retrotransposon can use a
mechanism similar to 'copy and paste' to reverse the transcript RNA
into a cDNA, which can then be embedded into the genome. DNA
transposon elements use the 'cut and past' mechanism to cut one
piece of DNA between genomes and insert it into another piece
of DNA. Considering that the transposons sequence accounts for
nearly 40% of the genome, once such 'jumping genes' are confused,
it will lead to genomic devastation. In fact, abnormal transposon reg-
ulation has been found to lead to the occurrence of various tumours,
including colorectal cancer.’® However, in the process of evolution,
what mechanism does the cell use to defend the stability of the ge-
nome against the interference of 'jumping genes?'. This problem,
which has puzzled us for nearly 20 years, was finally solved by the
discovery of piRNA.

Although piRNA has not been fully recognized in the occurrence
and development of human cancer, the abnormal expression of

piRNA in some cancer cells indicates that piRNA may be involved
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FIGURE 4 Effect of piRNA-823 intervention on ROS activity
and glucose consumption in HCT-116 and Lovo cells. A, HCT-116, B,
Lovo. The ROS content was measured 72 h after the virus infection,
and the cell test data of each group were homogenized according to
the control group (left). The glucose in the medium was determined
by the glucose oxidase method. Calculation of percentage glucose
consumption (GC%) is described in Materials and Methods (right).
**P < .01, *P < .05. The tests were carried out on three biological
triplicates, and data are expressed as the mean + SD

in the occurrence of cancer and may be a potential biomarker for
cancer diagnosis and treatment. The research of piRNA in cancer
can not only enrich the research content of small RNA but also
provide important theoretical basis and application prospects for
disease diagnosis, cancer treatment and reproductive regulation in
animals and humans in the future. It has far-reaching significance for
the treatment of some diseases, which are difficult to diagnose and
treat at present. With the further study of the molecular mechanism
of piRNA action, it will provide a new theoretical basis and tech-
nical ideas for the development of new RNA diagnosis and treat-
ment technology in cancer treatment in the future. The fundamental
cause of colorectal cancer is excessive cell proliferation and severe
inhibition of apoptosis, and breaking the dynamic balance between
apoptosis and proliferation will lead to the occurrence of cancer and
malignant progression of cancer. The process involves abnormal
expression of multiple genes and imbalance of key signalling path-
ways. The factors affecting the occurrence of colorectal cancer are
complex and interrelated, and its molecular mechanism is far from
clear. Therefore, it is necessary and possible to find new drug tar-
gets on the basis of in-depth study of the key molecular mechanisms
of colorectal cancer development. Abnormal expression of piRNA
in tumours has been reported in many literatures, which may cause

abnormal transposon activity and promote tumour development. In

WILEY-—%

the current study, we found that piRNA-823 plays an important role
in the formation of colorectal cancer, and specific piRNA is involved
in the occurrence and development of cancer. Using clinical samples
from a large cohorts of CRC patients, we found that overexpression
of piRNA-823 correlated with poor overall survival and predicted
a poor response to adjuvant chemotherapy of patients with CRC.
These results indicate that piRNA-823 status in tumours may be a
useful tool for estimating CRC patient prognosis and for selecting
patients who are likely to benefit from adjuvant chemotherapy to
prevent relapse.

This project also aims to elucidate the pathogenic mechanism of
piRNA-823 in the occurrence and development of colorectal cancer
through molecular biology experiments and cell function experi-
ments; demonstrate the feasibility of piRNA-823 as an early diagno-
sis and clinical prognosis by large-scale examination of tissue and
serum specimens; finally, target silencing of candidate piRNA-823
was provided therapeutic targets for potential clinical treatment of
colorectal patients with cancer. Background investigation showed
that as a member of piRNAs, the piRNA-823 has different expres-
sion and function in different types of tumours. The results showed
that the expression level of piRNA-823 in gastric cancer tissues of
mice was significantly lower than that in non-gastric cancer tissues.
Increasing the content of piRNA-823 in gastric cancer cells could
significantly inhibit the progress of subcutaneous tumour-bearing.
In addition, the study also found that the content of piRNA-823 in
peripheral blood of patients with gastric cancer was significantly
lower than that of healthy people, indicating that piRNA-823 has the
function of tumour suppressor gene in the progress of gastric can-
cer, and the detection of piRNA-823 in peripheral blood may be an
effective biomarker for gastric cancer.*® Yan et al found that piRNA-
823 expression level was increased in multiple myeloma, and si-
lencing piRNA-823 could induce apoptosis of multiple myeloma cell
lines and inhibit their proliferation, suggesting piRNA-823 has the
function of promoting cell proliferation.’® Rizzo et al found that the
expression of piRNA-823 was significantly increased in liver cirrho-
sis, precancerous lesions and hepatocellular carcinoma, suggesting
that piRNA-823 plays a key role in the progression of hepatocellu-
lar carcinoma.’’ However, up to now, the function of piRNA-823 in
colorectal cancer still remains unclear. The aim of this study was to
investigate the effects of piRNA-823 on the proliferation, apoptosis
and invasion of colon cancer cell lines HCT-116 and Lovo, so as to
provide theoretical basis for the development of piRNAs-targeted
therapy for colorectal cancer.

G6PD is a key enzyme in pentose phosphate pathway (PPP), and
its main function is to provide NADPH in vivo. It is also found that
G6PD is highly expressed in many cancer cells and is closely re-
lated to some biological characteristics.?%?* HIF-1 plays a key role
in the regulation of gene expression induced by hypoxia. HIF-1a is
the only oxygen regulatory subunit, which determines the activity
of HIF-1. HIF-1a is not only highly expressed in local and metastatic
tumours, but also directly related to the differentiation, evolution,
invasion, metastasis and prognosis of tumours.??2% Mechanisms

studies have shown that HIF-a can inhibit apoptosis and promote
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proliferation by down-regulating ROS in cancer cells.?* In the ini-
tial stage of the study, we analysed the changes of differentially
expressed genes before and after inhibiting the piRNA-823 by
gene expression profiling analysis, and the bioinformatics analysis
revealed that the functional genes associated with glucose metab-
olism pathway significantly increased and decreased in piRNA-823
overexpressed and inhibited colorectal cancer cells, suggesting
that piRNA-823 may affect the proliferation, invasion and apop-
tosis of colorectal cancer cells through the regulation of G6PD
expression. Especially, it has been reported that G6PD is mainly
involved in pentose phosphate pathway, and the lack of G6PD is
inversely related to the survival of patients with cancer. Therefore,
it is speculated that piRNA-823 may promote the occurrence and
development of colorectal cancer by enhancing the expression of

downstream key molecule G6PD.

In the current study, we systematically demonstrated that
piRNA-823 regulates the proliferation, invasion and apoptosis of
colon cancer cells by piRNA-823/G6PD/HIF-a pathway. On the one
hand, piRNA-823 directly up-regulates glucose uptake and con-
sumption by up-regulating G6PD, which may be the direct reason
why piRNA-823 promotes the proliferation of HTC-116 and Lovo
cells. At the same time, G6PD prolongs the half-life of HIF-« by in-
hibiting its ubiquitination and causes HIF-a to be highly expressed in
tumour cells and then decreased the intracellular ROS content im-
mediately, which may be the underlying reason why piRNA-823 high
expression leads to the escape of colorectal cancer cells from death.
This study is the first exposition of the piR823/G6PD/HIF-a regula-
tory pathway in colorectal cancer and will provide strong support for
the development of piRNA-823-based gene therapy for colorectal

cancer. At the same time, this study also provides a theoretical basis
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FIGURE 6 Effect of piRNA-823 on
the ubiquitylation of HIF-1a in HCT-
116 cells. Protein half-life detection. A,
HIF-1a change over time after protein
degradation was inhibited; B, HIF-1a
change over time after protein synthesis
was inhibited
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for piRNA-823 as a promising prognostic biomarker and a potential
therapeutic target in colorectal cancer.
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