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Abstract

Background: Given the reliability of circRNAs in symbolizing cancer progression, this
investigation was designed to expound the involvement of hsa_circ_0028007 in reg-
ulating chemosensitivity of nasopharyngeal carcinoma (NPC) cells.

Methods: Altogether, 241 pairs of NPC tissues and para-cancerous normal tissues
were collected to identify NPC-symbolic circRNAs, which have been screened by
circRNA microarray in advance. Expressions of the circRNAs were determined by
means of real-time polymerase chain reaction (PCR). Besides, human NPC cell lines
(ie, CNE2 and HONE1) were transfected by si-hsa_circ_0028007 and si-NC. Scratch
assay, transwell assay, and MTT assay were performed to assess migration, invasion,
and paclitaxel/cisplatin-resistance of NPC cell lines.

Results: Hsa_circ_0028007 expression was abnormally heightened within NPC tis-
sues in comparison with matched non-tumor tissues (P < .05). Over-expressed hsa_
circ_0028007 was strongly associated with advanced (llI-1V) tumor stage, aggressive
infiltration, and metastatic lymph nodes of NPC patients (P < .05). Regarding in vitro
experiments, hsa_circ_0028007 expression was elevated in CNE2 and HONE1 cell
lines as compared with HENE cell line (P < .05). Silencing of hsa_circ_0028007 not
merely sensitized CNE2 and HONEZ1 cells against paclitaxel and cisplatin (P < .05), but
also significantly repressed migration and invasion of the cell lines (P < .05).
Conclusion: Hsa_circ_0028007 was involved in facilitating progression and chemo-

resistance of NPC, which might offer an alternative for NPC treatment.
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1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC), owing to dysfunction of nasopha-
ryngeal epithelium cells (NPECs), was a prevalent head and neck ma-
lignancy in China, and its incidence (ie, around 0.7%o) reached a peak
in Guangdong district.>? Virtually, a majority of NPC patients have
exacerbated to the advanced stage when they sought medical atten-
tions, since that early-stage NPC usually occurred in hidden spaces
(eg, recess and top wall of pharyngeal) that were hard to perceive.’
Although chemoradiotherapy has benefited vast numbers of NPC
patients,*> drug tolerance that arose during the treatment impeded
noticeable improvement of NPC prognosis.®” Hence, identifying
biomarkers that modified NPC progression and chemo-resistance
was critical to improving outcome of NPC patients.

CircRNAs, stemming from back splicing of protein-encoding
genes, outperformed linear RNAs in indicating pathophysiological
changes within organisms, owing to their high stability and long half-
life period.8 On account of this, circRNAs were no longer ignored,
and some of them were anticipated to participate in the etiology of
head and neck malignancies.”!° For instance, ciRS-7 was expected
to implicate in pathogenesis of tongue squamous cell carcinoma
(TSCC) due to its interaction with miR-7,'* which slowed down pro-
liferation and induced cell cycle arrest of tumor cells by debilitating
Akt signaling.'? Besides, cir-ITCH seemed as an anti-oncogene in
esophageal squamous cell carcinoma, and its sponging miR-7 could
facilitate ubiquitin-mediated DLV2 degradation.’® Furthermore,
hsa_circ_0000543 (gene symbol: DAAM1) enhanced radioresis-

 and

tance of NPC cells by negative regulation of miR-9-led axis,
hsa_circ_0000285 (gene symbol: HIPK3) level was markedly raised
in radioresistant NPC patients as relative to radiosensitive NPC pa-
tients.?® Interestingly, genes that engendered the above oncogenic
circRNAs, such as HIPK3 and DAAMZ1,%® were also powerful moti-

vators of tumorigenesis,ﬂ'18

which triggered an assumption that
oncogene-derived circRNAs might also perform tumor-promoting/
suppressing functions.

NUAK1, also termed as AMPK-related protein kinase 5
(ARKS5), revealed strong associations with NPC deterioration,*’
and only after phosphorylation by LKB1 or Akt kinase could it
function biologically.?%?! For decades, NUAK1-centric signal-
ings were successively confirmed to involve in cell growth, cell
apoptosis, and angiogenesis, which were entwined with tumor-
igenesis.22 Among them, one accepted theory held that NUAK1
strengthened tumor invasion through an IGF-1/Akt-dependent
manner,?! and others revealed that intentionally curbing NUAK1
expression in non-small-cell lung cancer and pancreatic carci-
noma could elevate sensitivity of these solid tumors in response
to chemo-drugs.?>?* Despite the intimate relation of NUAK1 with
neoplastic development and chemo-tolerance, it remained ambig-
uous as for whether NUAK1-derived circRNAs also played similar
roles in tumors, especially NPC.

Hence, this investigation was intended to screen out circRNAs
that were potentially relevant to NPC progression and chemo-resis-

tance, which might provide a novel direction for NPC treatment.

2 | MATERIALS AND METHODS
2.1 | Collection of NPC specimens

Back from January 2012 to February 2016, 241 patients histopatho-
logically diagnosed as NPC were recruited from Ren Ji Hospital affili-
ated to Shanghai Jiaotong University School of Medicine. Both NPC
tissues and para-cancerous normal tissues were resected from the
NPC patients during surgery. There were 4 requirements for NPC
cases: (1) They hardly underwent any NPC-aimed treatments before
this project, (2) they were treated by intensity-modulated radiation
therapy (IMAP), and (3) their Karnofsky performance25 scored higher
than 70. The NPC patients were excluded if (1) they were complicated
by severe injuries in liver or kidney; (2) they were intolerant of surgery;
(3) they had tumor history; and (4) they were during gestation or preg-
nancy. The NPC patients were classified into stages I-1V according to
the grading system specifically designed for Chinese NPC patients.?
All the enrollees have signed informed consents, and approvals were
gained from Ren Ji Hospital affiliated to Shanghai Jiaotong University
School of Medicine and the ethics committee of Ren Ji Hospital affili-
ated to Shanghai Jiaotong University School of Medicine.

2.2 | Real-time polymerase chain reaction (PCR)

Total RNAs, extracted from NPC tissues and cell lines using
TRIzol kit (Invitrogen, USA), were quantified on a nucleic acid
protein analyzer (model: NanoDrop ND-2000/2000C, Thermo
Fisher Scientific). Then, the RNAs were reversely transcribed into
cDNAs (Takara), which were amplified on the real-time PCR in-
strument (model: StepOnePlus™, Life Tech). The PCR reaction was
accomplished following steps particularized in the SYBR Green
gRT-PCR kit (Takara, Japan), and primers were enlisted in Table
S1. Expressions of circRNAs were calculated adhering to 2724¢
method,?” and GAPDH was designated as the internal reference.

All these experiments were repeated for 23 times.

2.3 | Cellculture

Human NPC cell lines (ie, CNE2 and HONE1) and human embryonic
nasopharyngeal epithelium (HENE) cell line were supplied by cell
bank affiliated to Chinese Academy of Sciences (Shanghai, China).
They were cultured in Dulbecco's modified Eagle's medium (DMEM,
Hyclone) that was blended by 10% fetal calf serum (FCS, Gibco) and
1% penicillin-streptomycin, and their culture atmosphere was main-
tained as 5% CO, and 37°C.

2.4 | Cell transfection

The siRNA against hsa_circ_0028007 (5-TCTTAAGTATTCC
TGTGCACA-3') was designed and synthesized by GenePharma.
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In strict accordance with instruction of Lipofectamine™ 2000 kit
(Invitrogen), si-NC and si-hsa_circ_0028007 were separately trans-
fected into CNE2 and HONEZ1 cell lines, whose concentration was
adjusted to 2 x 10%/well. Around 48 hours later, the NPC cell lines

were collected, and the experiments were repeated for >3 times.

2.5 | MTT assay for appraising chemosensitivity of
NPC cell lines

CNE2 and HONE1 cell lines of logarithmic growth phase were digested
by 0.25% trypsin (Gibco), and they were inoculated into 96-well plates
at a density of 3 x 10%/well. Then, the NPC cell lines were treated by
cisplatin (Qilu Pharmaceutical corporation) and paclitaxel (Sihuan
Pharmaceutical Technology corporation) for 48 hours. Afterward,
25 pL MTT solution (5 mg/mL, Sigma) was supplemented into each well
to cultivate the NPC cells for 4 hours, and 100 pL DMSO (Sigma) was
prepared to treat each cell sample for 10 minutes. The absorbance value
of each well was measured at the wavelength of 490 nm using a micro-
plate reader (Bio-Tek), and the experiments were repeated for >3 times.

2.6 | CCK-8 assay for assessing proliferation of
NPC cells

CNE2 and HONET1 cell lines were inoculated into 96-well plates at
a concentration of 2 x 10%/well, and 10 uL CCK-8 reagent (Dojindo)
was rfemented into each well. After cultivation at 37°C for 2 hours,
absorbance value of the NPC cells was monitored at the wavelength
of 450 nm on a microplate spectrophotometer (Beckman). The ex-

periments were repeated for 23 times.

2.7 | Wound healing assay for estimating migratory
potential of NPC cells

Every 5 x 10* NPC cells were inoculated into each well of 6-well
plates, and they were cultivated within 10% fetal bovine serum
(FBS)-containing RPMI-1640 medium (Gibco) until 90% confluence.
Scratches were drawn onto the back of cell plates using the tip of
pipette (model: 100 ulL), and scratch widths of each sample were
photographed at the time points of O and 48 hours under an in-
verted microscope (Olympus). Difference of the scratch widths was
recorded, and the experiments were repeated for 23 times.

2.8 | Transwell assay for evaluating invasion of NPC
cell lines

The upper Transwell chamber (Coming) was coated by man-made
basal membrane (BD), where 5 x 10% well-grown NPC cells and
200 pL serum-free RPMI-1640 medium (Gibco) were inoculated. On
the other hand, 600 uL RPMI-1640 medium (Gibco) that consisted

of 10% FBS was gently added to the lower Transwell chamber. After
24-hour incubation, NPC cells that failed to pass through the filter
membrane of upper chamber were removed with a swab, and the
remaining NPC cells were fixated by methanol and dyed by crystal
violet. Ultimately, 9 views randomly chosen from each sample were
observed under a light microscope (x200), and the average cell num-
ber was counted. These experiments were repeated for 23 times.

2.9 | Statistical analyses

All statistical analyses were accomplished by feat of SPSS (ver-
sion 18.0) software. The measurement data [mean + standard
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FIGURE 1 Clinical implication of hsa_circ_0028007 expression
in nasopharyngeal carcinoma (NPC). A, Expressions of 10
circRNAs were compared between 241 pairs of NPC tissues and
matched para-cancerous normal tissues. *P < .05 in comparison
with matched para-cancerous normal tissues. B, Over-expressed
hsa_circ_0028007, in comparison with under-expressed hsa_
circ_0028007, was indicative of poor survival of NPC patients
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deviation (SD)] were compared via Student's t test or one-way
analysis of variance (ANOVA). Besides, logistic regression was
carried out to screen out clinical items that were significantly
associated with NPC prognosis, and Kaplan-Meier curves were
plotted to estimate the correlation between hsa_circ_0028007
expression and 3-year survival of NPC patients. Furthermore,
receiver operator characteristic (ROC) curves were devised to
assess the potential of hsa_circ_0028007 expression in symboliz-
ing NPC severity. Differences were statistically significant in the
event of P < .05.

3 | RESULTS

3.1 | Association of hsa_circ_0028007 expression
with clinical items of NPC patients

In the aggregate, 20 circRNAs, whose expressions were altered
most remarkably between NPC tissues and adjacent normal tissues,
were enlisted in Table S2, as concluded from the results of circRNA
microarray. Then, expressions of the top 10 circRNAs were further
confirmed in NPC patients (Figure S1A), which indicated that hsa_
circ_0028007 expression was elevated pronouncedly within NPC

tissues as relative to adjacent normal tissues (P < .05) (Figure 1A).

With mean expression of hsa_circ_0028007 (ie, 8.515) as the cutoff
value, the NPC patients were grouped into ones with over-expressed
hsa_circ_0028007 (n = 160) and ones carrying lowly expressed
hsa_circ_0028007 (n = 81) (Table 1). It was demonstrated that over-
expressed hsa_circ_0028007 was associated with advanced (llI-1V)
clinical stage (OR = 3.13, 95%Cl: 1.72-5.88, P < .001), aggressive
(ie, T3 + T4) infiltration (OR = 1.49, 95%Cl: 1.25-3.57, P = .005), and
lymph-node metastasis (OR = 5.84, 95%Cl: 2.99-11.38, P < .001) of
NPC patients.

3.2 | Possible role of hsa_circ_0028007 in reflecting
NPC severity

As illustrated by Figure S1B, NPC patients of severer clinical symp-
toms (ie, stages IlI-1V, T3-T4 infiltration, and metastatic lymph nodes)
were associated with slightly higher hsa_circ_0028007 expression
than ones with relatively mild symptoms (ie, stages I-1l, T1-T2 infil-
tration, and nonmetastatic lymph nodes). Moreover, ROC curves
(Figure S1C) exhibited that hsa_circ_0028007 expression not merely
could discriminate NPC patients at stages IlI-IV from patients at
stages I-Il (AUC = 0.625, cutoff level = 8.695, P = .005), but also
could separate NPC population with deeper (T3 + T4) infiltration
from patients with shallow (T1 + T2) depth (AUC = 0.621, cutoff

TABLE 1 Association of hsa_circ_0028007 expression with clinco-pathological items of nasopharyngeal carcinoma patients

hsa_circ_0028007

Over-expression

Clinco-pathological items (n =160) (n=81)
Age (years old, n)

255 66 33

<55 94 48
Gender (n)

Female 81 41

Male 79 40
Histological type (n)

Differentiated non-keratinizing 12 9

carcinoma

Undifferentiated carcinoma 148 72
Clinical staging (n)

I-11 38 21

-1V 122 60
Depth of infiltration (n)

T1+T2 75 34

T3+T4 85 47
Lymph-node metastasis (n)

No 35 21

Yes 125 60

Abbreviations: Cl, confidence interval; OR, odds ratio.
*Statistical significance.

Under-expression

Chi-square Pvalue OR(95% Cl)
0.01 939 1.02 (0.59-1.76)
1.281e-006.1 999 1.00 (0.59-1.71)
0.88 .348 1.54 (0.62-3.85)
14.49 <.001* 3.13(1.72-5.88)
8.01 .005* 1.49 (1.25-3.57)
30.24 <.001* 5.84(2.99-11.38)
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level = 8.695, P =.001). In addition, expression of hsa_circ_0028007
was also able to identify NPC patients with metastatic lymph nodes
from patients without lymph-node metastasis (AUC = 0.705, cutoff
level = 8.859, P < .001).

3.3 | Implication of hsa_circ_0028007 in predicting
NPC prognosis

The longevity of NPC patients in the over-expressed hsa_
circ_0028007 group was evidently shortened in comparison with
lowly expressed hsa_circ_0028007 group (P = .004) (Figure 1B).
Besides, clinical tumor staging (HR = 1.857, 95%Cl: 1.14-3.03,
P =.013), infiltration depth (HR = 1.910, 95%Cl: 1.31-2.79, P = .001),
lymph-node metastasis (HR = 3.004, 95%Cl: 1.64-5.45, P < .001),
and hsa_circ_0028007 level (HR = 2.550, 95%Cl: 1.61-4.05, P < .001)
were outstanding parameters in estimating poor survival of re-
cruited NPC patients, as displayed by the results of univariate analy-
ses (Table 2). After eliminating impacts exerted by other parameters,
the results of multivariate analysis implied that infiltration depth
(HR = 1.760, 95%Cl: 1.19-2.59, P = .004), lymph-node metastasis

(HR = 2.256, 95%Cl: 1.21-4.20, P = .010) and hsa_circ_0028007 ex-
pression (HR = 1.738, 95%Cl: 1.07-2.83, P = .026) were independent
predictors of NPC prognosis.

3.4 | Silencing of hsa_circ_0028007 sensitized NPC
cell lines against cisplatin and paclitaxel

Hsa_circ_0028007 expression was raised markedly in CNE2
and HONEZ1 cell lines, as compared with HENE cell line (P < .05)
(Figure 2A). Besides, si-hsa_circ_0028007 dramatically reduced
hsa_circ_0028007 expression in CNE2 and HONE1 cell lines (P < .05)
(Figure 2B). Proliferation of CNE2 (IC50 = 2.72 pg/mL) and HONE1
(IC5, = 1.82 pg/ml) cell lines was vastly restrained by cisplatin, and
paclitaxel also diminished multiplication of CNE2 (IC,, = 446 nmol/L)
and HONE1 (IC;, = 1621 nmol/L) cell lines (Figure 2C). Besides, silenc-
ing of hsa_circ_0028007 (ie, si-hsa_circ_0028007 group) made CNE2
(cisplatin: IC;, = 1.65 pg/mL; paclitaxel: IC;, = 30.41 nmol/L) and
HONE1 (cisplatin: IC5, = 0.99 pg/ml; paclitaxel: IC, = 134.89 nmol/L)
cell lines less tolerant against cisplatin and paclitaxel, when compared
with NC group and si-NC group (P < .05).

TABLE 2 Implication of clinicopathological items in forecasting 3-y survival of nasopharyngeal carcinoma patients
Univariate Multivariate
Number of

Clinco-pathological items cases (n) HR 95% CI P HR 95% ClI P
Age (years old, n)

<55 99

255 142 1.023 0.710-1.472 .904 0.99 0.687-1.439 976
Gender (n)

Male 122

Female 119 1.21 0.847-1.729 .296 1.21 0.841-1.742 .304
Histological type (n)

Differentiated non-keratinizing 21

carcinoma

Undifferentiated carcinoma 220 1.032 0.540-1.971 924 1.089 0.563-2.106 .800
Clinical staging (n)

I-11 59

n-1v 182 1.857 1.137-3.033 .013 1.371 0.829-2.269 .219
Depth of infiltration (n)

T1+T2 109

T3+ T4 132 191 1.31-2.785 .001 1.76 1.194-2.594 .004*
Lymph-node metastasis (n)

Yes 185

No 56 3.004 1.654-5.456 <.001 2.256 1.212-4.201 .010*
Relative expression of hsa_circ_0028007 (n)

Under-expression 160

Over-expression 81 2.55 1.605-4.053 <.001 1.738 1.067-2.831 .026*

Abbreviations: Cl, confidence interval; HR, hazard ratio.
*Statistical significance.
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Impact of si-hsa_circ_0028007 on chemosensitivity of nasopharyngeal carcinoma (NPC) cells. A, Hsa_circ_0028007

expression was upregulated in CNE2 and HONEZ1 cell lines as relative to HENE cell line. *P < .05 in comparison with HENE cell line. B,
Hsa_circ_0028007 expression was lessened in CNE2 and HONEZ1 cell lines by silencing of hsa_circ_0028007. *P < .05 in comparison with
NC group and si-NC group. C, Silencing of hsa_circ_0028007 heightened sensitivity of CNE2 and HONEZ1 cell lines against cisplatin and

paclitaxel. *P < .05 in comparison with NC group and si-NC group

3.5 | Silencing of hsa_circ_0028007 disabled
proliferation, invasion and migration of NPC cell lines

Silencing of hsa_circ_0028007 significantly weakened prolif-
eration of CNE2 and HONE1 cell lines, according to the results of
CCK8 assay (P < .05) (Figure 3A). The metastatic trend of CNE2 and

HONEZ1 cell lines was also undermined after intentional silencing of

hsa_circ_0028007 (P < .05) (Figure 3B). To be specific, the scratch
width of si-hsa_circ_0028007 group was extended in comparison to
NC group and si-NC group at the time point of 48 hours (P < .05), yet
there was no significant distinction among the three groups at the time
point of O hours (P >.05). More than that, invasion of CNE2 and HONE1
cell lines in the si-hsa_circ_0028007 group was depressed significantly
as compared with NC group and si-NC group (P < .05) (Figure 3C).

FIGURE 3 Silencing of hsa_circ_0028007 influenced activity of nasopharyngeal carcinoma (NPC) cells. A, Proliferation of CNE2 and
HONEZ1 cell lines was evaluated among si-hsa_circ_0028007, NC, and si-NC groups. *P < .05 in comparison with NC group and si-NC group.
B, The migratory capability of CNE2 and HONE1 cell lines was monitored after transfection of si-hsa_circ_0028007 and si-NC. *P < .05 in
comparison with NC group and si-NC group at the time point of 48 h. C, The invasive ability of CNE2 and HONE1 cell lines was dampened
after silencing of hsa_circ_0028007. *P < .05 in comparison with NC group and si-NC group
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4 | DISCUSSION

Confronted by the killing effect of chemo-drugs, tumor cells gradu-
ally upgraded their molecular network so that they could adapt to
the extreme surroundings. In this fashion, chemo-resistance was
stimulated, suggesting that consciously regulating tumor-regulatory
genes might reverse drug tolerance of tumor cells. There have been
several accounts for incremental drug tolerance of tumor cells, such
as membrane-pump protein (eg, p-glycoprotein), drug-target protein
(eg, topoisomerase), and DNA repair capacity (DRC).?® However,
it remained challenging to improve chemotherapeutic effective-
ness of tumor patients, which spurred discovery of other molecular
explanations.

With the swift advancement of RNA sequencing, plentiful cir-
cRNAs have been documented to participate in tumorigenesis.?’ For
instance, hsa_circ_0000096 and hsa_circ_002059 exhibited high
diagnostic value for gastric cancer,’® and low hsa_circ_0001649 ex-
pression was predictive of large tumor size and thrombus formation
of gastric cancer patients.®! In fact, there were several reasons why
circRNAs could sensitively reflect disease progression. Firstly, cir-
cRNAs were tolerant to exonuclease-induced degradation, so that
their stability was maintained. Secondly, circRNAs were broadly
present in eukaryotes, and their expressional change was observ-
able among tissues of different features.3?3% Last but not the least,
circRNAs were available from blood, urine, and cerebrospinal fluid,**
which stressed the convenience of applying circRNAs for disease
diagnosis. This study also introduced a competitive circRNA (ie,
hsa_circ_0028007) for signalizing NPC onset (Figure 1A), and its
expressional change could reflect NPC progression and prognosis
sensitively (Tables 1-2, Figures 1B, S1B,C).

Furthermore, there was a speculation that circRNAs generated
from oncogenes and anti-oncogenes were strong propellers or block-
ers of neoplastic progression. For instance, circRNAs generated form
Foxo3, a tumor-suppressing gene, were able to undermine prolifer-
ation of tumor cells.®>%¢ Besides, f-circPR, derived from PML-RARq,
and f-circM9, derived from MLL-AF9, both promoted growth of acute
promyelocytic leukemia cells.®” Following an analogous logic, the
hsa_circ_0028007 studied here was originated from NUAK1 gene
(Table S1), whose excessive expression was correlated with poor dis-
ease-free survival of NPC patients.38 Besides NPC, aberrant over-ex-
pression of NUAK1 was also associated with unfavorable survival of
patients who were plagued by non-small-cell lung cancer, primary
hepatocellular carcinoma, glioma, and melanoma.®’"*?> These clini-
cal linkages might be ascribed to the role of NUAK1 to promoting
multiplication and metastasis of tumor cells, including head and neck

4+ and

squamous cell carcinoma,*® intrahepatic cholangiocarcinoma,
non-small-cell lung cancer.*® Similar to NUAK1, silencing of hsa_
circ_0028007 also suppressed proliferation, migration, and invasion
of NPC cells (Figure 3A-C), which could mechanically explain the clin-
ical significance of hsa_circ_0028007 in NPC.

In addition, paclitaxel and cisplatin were commonly applied for
treating patients with advanced NPC, and their anticancer mecha-

nism differed from each other.***” To be specific, paclitaxel, which

belonged to tetracyclic diterpenoids, held up depolymerization
of microtublins and interdicted replication of neoplasm cells,*®
whereas cisplatin, a complex compound of platinum, impeded DNA
replication by forming intrachain links with DNAs.*’ However, drug
tolerance reduced the treatment effect of paclitaxel and cisplatin
on NPC patients. In this study, we observed that silencing of hsa_
circ_0028007 elevated paclitaxel/cisplatin-sensitivity of poorly dif-
ferentiated NPC cell lines (ie, CNE2 and HONE1) (Figure 2C), which
implied that targeting hsa_circ_0028007 could improve chemo-
therapeutic efficacy on NPC. Since that intensified cell migration
and invasion could explain incremental chemo-resistance of tu-
mors,*° silencing of hsa_circ_0028007 might heighten chemosensi-
tivity of NPC cells through depressing these activities of NPC cells
(Figure 3). However, detailed mechanisms that accounted for how
hsa_circ_0028007 resisted against cisplatin and paclitaxel entailed
more proofs.

Conclusively, silencing of hsa_circ_0028007 was expected to
improve NPC chemosensitivity by curbing proliferation and me-
tastasis of NPC cells, which might give a novel direction for NPC
treatment. Nonetheless, there were a couple of defects about the
experimental design. On one hand, cell models carrying high level
of hsa_circ_0028007, owing to technical defects, failed to be estab-
lished, which might reduce persuasiveness of study results. On the
other hand, experiments relevant to animal models were not per-
formed, so the effect of hsa_circ_0028007 on in vivo tumor growth
could not be vividly presented. Shortcomings described as above

demanded perfecting in future.
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