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Abstract. - OBJECTIVE: The purpose of this
study was to illustrate the role of NAA10 in ag-
gravating the malignant progression of renal
cell carcinoma (RCC) by upregulating UPK1B.

PATIENTS AND METHODS: NAA10 levels in
RCC tissues and paracancerous tissues were de-
tected. Thereafter, the potential relationship be-
tween NAA10 level and clinical parameters of RCC
patients was analyzed. After knockdown of NAA10,
changes in proliferative potential of 786-0O and Ca-
ki-1 cells were examined by cell counting kit-8
(CCK-8), colony formation and 5-Ethynyl-2’-deoxy-
uridine (EdU) assay. Finally, the regulatory role of
NAA10 in the downstream gene UPK1B and the in-
volvement of UPK1B in the development of RCC
were determined via rescue experiments.

RESULTS: NAA10 was upregulated in RCC tis-
sues than paracancerous tissues. Tumor stag-
ing was much worse in RCC patients expressing
a higher level of NAA10. Knockdown of NAA10
inhibited proliferative potential and downregu-
lated UPK1B in RCC cells. Besides, NAA10 level
was identified to be positively linked to UPK1B
level in RCC tissues. At last, overexpression of
UPK1B was able to abolish the inhibitory effect
of silenced NAA10 on RCC proliferation.

CONCLUSIONS: NAA10 level is closely linked
to tumor staging and poor prognosis in RCC
patients. NAA10 aggravates the malighant pro-
gression of RCC by upregulating UPKiB and
may be a specific biomarker in RCC.
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Introduction

Renal cell carcinoma (RCC) is prevalent in re-
nal malignancies, ranking third in genitourinary
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malignancies?. With the wide application of ab-
dominal imaging examination, the detective rate of
localized, early stage renal cancers has increased™*.
At present, radical nephrectomy is the gold stan-
dard for the treatment of localized renal cancer®.
However, some RCC patients develop postoperative
tumor recurrence or distant metastasis™®. Although
great process had been made in the development of
molecular biology and targeted VEGFR therapy in
recent years®’, about 50% RCC patients are insensi-
tive to targeted therapy'. In addition, the majority of
RCC patients develop drug resistance within 1 year.
It is necessary to seek for new biomarkers, thus im-
proving clinical outcomes of RCC'"'2,

N-alpha-acetyltransferase 10 (NAAI10) is de-
rived from the acetylation of the N-terminal
alpha position of the protein by a group of highly
conserved N-acetyltransferase protein complexes
(NatA, NatB, NatC, NatD, and NatE). In par-
ticular, NatA complex consists of the catalytic
subunit NAA10, the helper subunit NAA1S5P and
the unknown functional subunit NAASOp"-'¢. Bi-
ological functions of NAA10 in human diseases
have been identified”. The aim of this paper was
to explore the regulatory effects of NAA10 on the
malignant development of RCC and the underly-
ing mechanism.

Patients and Methods
RCC Patients and Tumor Tissues

RCC tissues (n=66) and paracancerous tis-
sues (n=66) were surgically resected from RCC
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patients treated in The First Hospital of Shanxi
Medical University from June 2016 to May 2019.
In this study, the diagnosis and selection (inclu-
sion/exclusion) of RCC patients was based on the
guideline proposed by the Union for International
Cancer Control (UICC). This investigation was
approved by the Ethics Committee of The First
Hospital of Shanxi Medical University and con-
ducted after informed consent of each subject
was obtained.

Cell Culture

RCC cell lines (ACHN, Caki-1, 769P, Caki-2
and 786-0) and renal tubular epithelial cell line
(HK-2) were obtained from American Type Cul-
ture Collection (ATCC; Manassas, VA, USA).
Cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Gibco, Rockville, MD,
USA) with 10% fetal bovine serum (FBS; Gibco,
Rockville, MD, USA), 100 U/mL penicillin and
100 pg/mL streptomycin in a 5% CO, incubator
at 37°C.

Transfection

Sh-NAA10, sh-NC, pcDNA3.1-UPKIB and
pcDNA3.1-NC were constructed by GenePharma
(Shanghai, China). Cells were cultured to 30-
40% confluence, transfected using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) for 48 h,
and collected for the following use.

Cell Proliferation Assay

Cells were inoculated in a 96-well plate with
2x10° cells per well. At the appointed time points,
absorbance value at 490 nm of each sample was
recorded using the cell counting kit-8 (CCK-8)
kit (Dojindo Laboratories, Kumamoto, Japan) for
plotting the viability curves.

Colony Formation Assay

Cells were inoculated in a 6-well plate with
200 cells per well and cultured for 2 weeks. Cul-
ture medium was replaced once in the first week
and twice in the second week. Next, visible col-
onies were washed in phosphate-buffered saline
(PBS), fixed in methanol for 20 min and dyed in
0.1% crystal violet for 20 min and were captured
and calculated.

5-Ethynyl-2"-Deoxyuridine (EdU) Assay
Cells in a 96-well plate (4x10° cells/well) were
incubated with EQU solution (Beyotime, Shang-
hai, China) in the dark for 30 min and dyed
with 4’,6-diamidino-2-phenylindole (DAPI) for
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another 30 min. At last, EdU-positive ratio was
calculated by the number of EdU-positive cells to
that of DAPI-labeled nuclei.

Quantitative Real-Time Polymerase
Chain Reaction (gRT-PCR)

RNAs extracted by TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA) were purified by DNase
I treatment, and reversely transcribed into com-
plementary deoxyribose nucleic acids (cDNAs)
using Primescript RT Reagent (TaKaRa, Otsu,
Shiga Japan). The obtained cDNAs underwent
gRT-PCR using SYBR"Premix Ex Taq™ (Ta-
KaRa, Otsu, Shiga, Japan). f-actin was the in-
ternal reference. Each sample was performed
in triplicate, and relative level was calculated
by 224, NAAI10: forward: 5-GGAAGAGGAT-
CAGTGAAGTGGA-3’ and reverse: 5-CGGAG-
GTGAATTGCCTTTGC-3’, UPKI1B: forward:
5’>"TGCTCCAGGACAATTGCTGT-3> and re-
verse:  5-GCCTCCAGGTTGAGAGGTTC-3’,
and PB-actin: forward: 5-CCTGGCACCCAGCA-
CAAT-3> and reverse: 5-GCTGATCCACATCT-
GCTGGAA-3".

Western Blot

Cells were washed in PBS and collected. The
mixture was lysed in radio immunoprecipita-
tion assay (RIPA( solution and centrifuged for
isolating cellular proteins. Later, the concentra-
tion of extracted protein samples was measured
by bicinchoninic acid assay (BCA) method, and
each sample was adjusted to the same volume.
Protein samples were separated on 10% sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and loaded on polyvinylidene
difluoride (PVDF) membranes (Millipore, Biller-
ica, MA, USA). Subsequently, membranes were
immersed in Tris-Buffered Saline and Tween-20
(TBST) containing 5% skim milk for 2 h to block
non-specific antigens. Membranes were then re-
acted with primary antibodies at 4°C overnight,
and secondary antibodies on the next day for 1 h
at room temperature. Finally, band exposure was
achieved by enhanced chemiluminescence (ECL)
method and grey value analyses were finally
conducted.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 (IBM, Armonk, NY, USA) was used
for data analyses. Data were expressed as mean +
standard deviation. Differences between groups
were analyzed by the 7-test. Chi-square test was
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used for analyzing the relationship between
NAAI0 level and clinical parameters of RCC
patients. Pearson correlation test was applied for
evaluating the relationship between expression
levels of NAA10O and UPKIB in RCC tissues.
p<0.05 was considered as statistically significant.

Results

NAA10 Was Upregulated In RCC
Compared with paracancerous tissues, NAA10
was upregulated in RCC tissues (Figure 1A). Sim-
ilarly, NAA10 was highly expressed in RCC cell
lines than in HK-2 cell line (Figure 1B). Among
the five tested RCC cell lines, 786-O and Caki-1
cells expressed the highest level of NAAIO, so
they were selected for the following experiments.

NAATO Level Was Linked to Tumor
Staging In RCC Patients

Included 66 RCC patients were assigned into
two groups according to the median level of
NAAI10. Through analyzing clinical parameters
of RCC patients, it was found that NAA10 level
was positively correlated with tumor staging in
RCC patients but not with age, gender and me-

tastasis (Table I). It is suggested that NAA10 can
be a novel biomarker in predicting the malignant
progression of RCC.

Knockdown of NAAT10O Suppressed
Proliferative Potential In RCC

Transfection efficacy of sh-NAA10 was tested
in 786-0O and Caki-1 cells (Figure 1C). Viability
was markedly reduced in RCC cells transfected
with sh-NAA10 (Figure 2A). Compared with
those transfected with sh-NC, RCC cells trans-
fected with sh-NAA10 showed fewer visible col-
onies (Figure 2B). In addition, EdU-positive rate
was lower in RCC cells with NAA10 knockdown
than those of controls (Figure 2C). The above da-
ta demonstrated that NAA10 was able to promote
proliferative potential in RCC.

NAAITO Positively Regulated UPKIB
Transfection of sh-NAA10 downregulated
UPKIB in both 786-O and Caki-1 cells (Fig-
ure 3A). Subsequently, pcDNA3.1-UPKIB and
corresponding pcDNA3.1-NC were constructed.
Transfection of pcDNA3.1-UPKIB markedly
upregulated UPK1B and NAAI10 in RCC cells
(Figure 3B, 3C). Similar to NAA10, UPKIB
was upregulated in RCC tissues (Figure 3D).
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Figure 1. NAA10 was upregulated in RCC. A, NAAIO levels in RCC tissues (n=66) and paracancerous tissues (n=66). B,
NAAI1O0 level in HK-2 and RCC cell lines. C, Protein and mRNA levels of NAA10 in 786-0O and Caki-1 cells transfected with
sh-NC or sh-NAA10. Data were expressed as mean+SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Table I. Association of NAA10 expression with clinicopathologic characteristics of renal cell carcinoma.

NAA10 expression
Parameters No. of cases Low (%) High (%) p-value
Age (years) 0.782
<60 28 16 12
>60 38 23 15
Gender 0.585
Male 32 20 12
Female 34 19 15
T stage 0.021
T1-T2 38 27 11
T3-T4 28 12 16
Lymph node metastasis 0.282
No 40 26 14
Yes 26 14 13
Distance metastasis 0.195
No 45 29 16
es 21 10 11

Moreover, a positive correlation was identified
between expression levels of NAA10 and UPK1B
in RCC tissues (Figure 3E).

Overexpression of UPK1B Reversed
Inhibitory Effects of Silenced NAA10
on Proliferative Potential In RCC
Downregulated NAA10 in RCC cells with
NAAI10 knockdown was found to be upregulated
by overexpression of UPKI1B (Figure 4A). Inter-
estingly, viability (Figure 4B) and EdU-positive
rate (Figure 4C) decreased by knockdown of
NAAI10 were partially reversed by overexpres-
sion of UPKI1B. It was demonstrated that UPK1B
was involved in NAAI10-regulated development
of RCC.

Discussion

Clear cell renal cell carcinoma (ccRCC) is the
major pathological subtype of RCC, accounting
for higher than 80% of all RCC cases™. Effec-
tive treatment for advanced metastatic RCC is
lacked>®. Although drugs that target VEGFR can
effectively alleviate the development of RCC,
only 50% RCC patients can benefit from these
drugs®®. Finding a novel target and biomarker for
RCC contributes to clinical treatment'*-'"2.

Gene transcription and mRNA translation are
two essential processes for eukaryotic gene ex-
pressions'®!®. When the translation of mRNA in
eukaryotes is out of control, dysregulated genes
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lead to uncontrolled cell growth or even tu-
morigenesis'®". Therefore, targeting abnormally
translated factors in human tumors may be a po-
tential targeted therapeutic strategy’®*. NAA10
is involved in almost all processes of translation
initiation and tumor development'’. However, the
mechanism of NAAI10 in ccRCC is not clear.
Therefore, this objective of this study was firstly
to elucidate the oncogenic role of NAAI1O in the
progression of ¢ccRCC. Our previous research
showed that NAA10 was upregulated in RCC
tissues than in normal renal tissues, and its
level was positively linked to histopathological
staging of ccRCC patients. Here, higher level of
NAAI10 was identified in RCC tissues compared
with paracancerous tissues. Tumor metastasis and
malignant proliferation are two vital events in
tumor deterioration®>**. The findings of this study
showed that knockdown of NAAI10 suppressed
viability, clonality and EdU-positive rate in RCC,
suggesting that NAA10 stimulated proliferative
potential in RCC.

Through online prediction, UPKIB was con-
sidered as the downstream gene of NAA10. In
this paper, UPK1B was positively regulated by
NAAI10 in RCC cells. Compared with that in
paracancerous tissues, NAA10 was upregulat-
ed in RCC tissues. Notably, overexpression of
UPKI1B was able to abolish the inhibitory effect
of silenced NAA10 on RCC proliferation. Our
results demonstrated a positive feedback loop that
NAAI10 promotes proliferative potential in RCC
by positively regulating NAA10 level.
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Figure 2. Knockdown of NAA10 suppressed proliferative potential in RCC. A, Viability in 786-0 and Caki-1 cells transfected
with sh-NC or sh-NAA10. B, Colony number in 786-O and Caki-1 cells transfected with sh-NC or sh-NAA10 (magnification
10%). C, EdU-positive rate in 786-O and Caki-1 cells transfected with sh-NC or sh-NAA10 (magnification 40x). Data were
expressed as mean+SD. *p < 0.05, **p < 0.01.
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Figure 3. NAAI1O positively regulated UPKI1B. A, Protein and mRNA levels of UPK1B in 786-O and Caki-1 cells
transfected with sh-NC or sh-NAA10. B, Protein levels of UPKIB and NAA10 in 786-O and Caki-1 cells transfected
with pcDNA3.1-NC or pcDNA3.1-UPKIB. C, The mRNA level of NAA10 in 786-O and Caki-1 cells transfected with
pcDNA3.1-NC or pcDNA3.1-UPKI1B. D, UPKIB levels in RCC tissues (n=66) and paracancerous tissues (n=66). E, A
positive correlation between expression levels of NAA10 and UPK1B in RCC tissues. Data were expressed as mean+SD.
**p <0.01, ***p < 0.001.
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Figure 4. Overexpression of UPKI1B reversed inhibitory effects of silenced NAA10 on proliferative potential in RCC. A,
Protein and mRNA levels of NAA10 in 786-0 and Caki-1 cells transfected with sh-NC+pcDNA3.1-NC, sh-NAA10+pcDNA3.1-
NC or sh-NAA10+pcDNA3.1-UPK1B. B, Viability in 786-O and Caki-1 cells transfected with sh-NC+pcDNA3.1-NC,
sh-NAA10+pcDNA3.1-NC or sh-NAA10+pcDNA3.1-UPK1B. C, EdU-positive rate in 786-O and Caki-1 cells transfected
with sh-NC+pcDNA3.1-NC, sh-NAA10+pcDNA3.1-NC or sh-NAA10+pcDNA3.1-UPKIB (magnification 40%). Data were
expressed as mean+SD. *p < 0.05, **p < 0.01.

Conclusions

NAAI1O level is closely linked to histopatho-
logical staging in RCC patients, which aggravates
the malignant progression of RCC by upregu-
lating UPKI1B. Thus, NAA10 may be a specific
biomarker in RCC.
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