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ABSTRACT

KIAA0101, previously identified as PCNA-associated factor, is overexpressed among almost majority of human
cancers and has emerged as an important regulator of cancer progression; however, its function in human
nasopharyngeal carcinoma (NPC) remain unknown. Integrated bioinformatics approaches were employed to
determine the KIAA0101 expressions in the NPC samples. Lentiviral vectors carrying KIAA0101 shRNA were
constructed and stable transfected cells were validated by qRT-PCR and western blot. Cellular functions were
then evaluated by MTT, colony formation, Brdu staining, and flow cytometry. Mechanistic studies were
systematically investigated by UCSC Genome Browser, GEO, UALCAN, QIAGEN, PROMO and JASPAR, ChiP, and
the cBioPortal, et al. The results showed that KIAA0101 ranked top overexpressed gene lists in GSE6631
dataset. KIAA0O101 was highly expressed in NPC tissues and cell lines. Furthermore, knockdown of KIAA0101
significantly inhibited cell proliferation and DNA replication, promoted apoptosis and cell cycle arrest in vitro.
Meanwhile, the mechanistic study revealed that MAP kinase phosphorylation-dependent activation of ELK1
may enhance neighbor gene expressions of KIAA0101 and TRIP4 by binding both promotor regions in the NPC
cells. Taken together, our findings indicate that overexpression of KIAA0101 activated by MAP kinase
phosphorylation-dependent activation of ELK1 may play an important role in NPC progression.

INTRODUCTION prone to early metastasis, which further leads to

the death of patients with NPC [3, 4]. Despite the
Nasopharyngeal carcinoma (NPC), one of the most widespread employment and improvement of radio-
common malignant tumors of head and neck cancer in therapy and chemotherapy, the five-year survival rate of
southern China, has distinct racial and regional NPC remains at 50%-60%, and the long-term survival
characteristics [1, 2]. More than 95% NPC belongs to of patients has not improved [5]. It is urgent to identify
poorly differentiated or undifferentiated cancer types, new molecular basis behind the pathogenesis of NPC
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and explore efficient therapeutic targets for NPC
patients.

In the last decade, with the rapid advance of RNA-seq
and omics technology, effective targets for the diagnosis
or treatment of cancers may be dogged by
bioinformatics analysis, which points the way for the
follow-up experimental research [6]. Proliferating cell
nuclear antigen (PCNA) is an evolutionarily well-
conserved protein critically essential for DNA
replication, cell cycle regulation and DNA damage
repair response in eukaryotic cells [7]. KIAAO101 is a
PCNA-associated factor by interacting with PCNA
binding motif [8, 9]. Increasing evidence has revealed
that KIAAQ0101 plays a multifunctional role in
biological process regulations of human cancer
development such as cell proliferation [10], migration
[11], DNA repair [12], cell cycle [10], and chemo-
resistance [13]. Masayo Hosokawa et al elucidated that
KIAAQ0101 was precisely regulated by the p53-p21
signal axis in pancreatic cancer [9]. In addition, Neha
Jain group found that miR-197-5p suppressed
proliferation, invasion, migration and induced cellular
senescence of HT1080 fibrosarcoma cells by targeting
KIAAQ101 [14]. Our previous studies also indicated
that frequently downregulated miR-30a-5p inhibited
cell proliferative capacity by targeting PCLAF in
prostate cancer cells [15]. Moreover, overexpression of
KIAAQ101 predicted poor prognosis and promoted the
proliferation of rectal cancer [16], hepatocellular
carcinoma [17], adrenal cancer [18], pancreatic cancer
[9] and gastric cancer cells [19]. Therefore, KIAA0101
may act as an oncogenic role in the development of
several cancers. However, whether KIAAO0101 is
involved in the oncogenesis of NPC and the molecular
mechanisms by which KIAA0101 is regulated in NPC
are unclear.

With the help of bioinformatics analysis and
experimental study, our study indicated that KIAA0101
was overexpressed in NPC samples and that cell
proliferation, apoptosis, cell cycle arrest and DNA
replication were the primary biological functions of
KIAAQ101 in NPC cells. Increasing evidence showed
that eukaryotic gene clusters within genomic neighbor-
hoods were nonrandomly distributed, which may have
co-expression, co-regulation, and co-functionality
possibilities [20]. We found that TRIP4, clustered
within the same genomic neighborhoods of KIAA0101,
was identified to have the similar expression patterns in
GDS2520 and TCGA HNSC samples, which may be
co-regulated by the same transcriptional factor ELK1.
As a key member of the Ets family and ternary complex
factor (TCF) subfamily, ELK1 has influenced various
steps of many tumor development largely through Ras-
Raf-MAPK signaling cascade [21-23]. However, little

is known about role of ELK1 in NPC. In this study, we
showed that ELK1 was also highly expressed in HNSC
samples, and ChiP assay further proved that KIAA0101
was transcriptionally induced by ELK1. Results from
our study indicated that KIAA0101, activated by MAP
kinase phosphorylation-dependent activation of ELK1,
is a key regulator of cell proliferation, cell cycle arrest,
and DNA replication in NPC.

RESULTS

Top ranked and highly expressed KIAA0101 in NPC
samples

In order to discover the critical genes involved in NPC
progression, GDS3610 dataset containing 25
undifferentiated NPC samples and 3 normal controls
were downloaded and analyzed by GeoDiver [24]. After
normalization to get rid of biases in microarray data,
results of heatmap and volcano plot showed that
KIAA0101 was ranked top in differential gene lists
(Figure 1A, 1B). TIMER analysis of KIAA0101
expressions across TCGA tumors showed that this gene
was up-regulated in all tumors compared to normal
tissues as long as normal data were available
(Supplementary Figure 1, gray columns, ***p<0.001).
Microarray data further revealed that KIAA0101 was
over-expressed in the human NPC GDS3610 tissues,
significantly (Figure 1C, *p<0.05). Then we expanded
the sample quantity with Sengupta NPC samples and
TCGA HNSC samples to make the result more
persuasive. As Figure 2A showed that KIAA0101 was
overexpressed dramatically in 31 Sengupta NPC samples
compared with 10 normal healthy nasopharyngeal tissue
specimens (****p<0.0001, Supplementary Table 1, 10, t-
test). KIAA0101 mRNA expression was also upregulated
significantly in 40 paired TCGA HNSC-normal samples
(Figure 2B, Supplementary Table 2, 10, ****P<0.0001,
paired t-test). Further analysis elucidated that this
expression was positively correlated with patient’s tumor
grade, and irrelevant with patient’s race (Figure 2C, 2D).
However, unfortunately, there was no significant
difference for the overall survival and disease-free
survival Kaplan-Meier estimate among HNSC patients
(Supplementary Figure 2). All data above indicates that
KIAA0101 may be involved in the development of
NPC.

KIAA0101 knockdown inhibits cell proliferation and
promotes cell apoptosis in vitro

To further identify the role of KIAA0101 gene in NPC,
we constructed shKIAAQ0101 and shCtrl lentivirus
vectors to evaluate the specific cellular functions of
NPC cells. As Figure 3A showed that KIAA0101
mMRNA were both highly expressed in CNE-2Z and 5-8F
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Figure 1. Top ranked and highly expressed KIAA0101 in nasopharyngeal carcinoma dataset GDS3610. (A) Heatmap showing top
100 ranking genes, based on GeoDiver analysis. (B) Volcano plot of differential gene expressions; KIAA0101 was marked by dark blue circle.
(C) Relative mRNA expression of KIAA0101 in GDS3610. *P<0.05.
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cells compared with internal reference gene GAPDH, and
CNE-2Z cell line was chosen for following experiments
(if not stated otherwise). After PSCSI-GFP lentivirus
infections (Figure 3B, ***p<0.001), mRNA and protein
expressions of KIAA0101 were downregulated
significantly in CNE-2Z cells (Figure 3C, 3D). Moreover,
by employing the immunofluorescence staining, we
found that cell proliferation rates of CNE-2Z cells were
significantly reduced after shKIAA0101 lentivirus
infections at different time points from day 1 to day 5,
compared with shCtrl group (Figure 4A, 4B, **p<0.01,
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***p<0.001, ****p<0.0001). As expected, similar results
were also obtained by MTT assay (Figure 4B, **p<0.01,
***p<0.001) and colony formation assay (Figure 4C,
****%p<0.0001). Flow cytometric analysis of apoptosis
was carried out on CNE-2Z shKIAA0101 and shCtrl
cells. Representative bar chart showed that number of
apoptotic and necrotic cells was elevated significantly
after shKIAA0101 lentivirus treatment (Figure 4D,
***%*n<(0.0001). All data suggested that KIAA0101
played an essential role in mediating the proliferation rate
and apoptosis ability of NPC cells.
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Figure 2. The high-level expression of KIAA0101 in TCGA HNSC and Sengupta NPC samples. (A) KIAAO101 mRNA expression was
compared between normal and HNSC samples in 40 patients (****P<0.0001, paired t-test). (B) KIAAO101 mRNA was highly up-regulated in
Sengupta NPC compared with normal samples. *P<0.05, **P<0.01, ****P<0.00001. (C) KIAA0O101 RNA expression was positively correlated
with tumor grade. (D) Expression of KIAA0101 in HNSC based on patient’s race.
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Depletion of KIAA0101 results in cell cycle arrest
and decrease of DNA replication in vitro

Previous experiments have determined the phenotypic
change of CNE-2Z cells after KIAA0101 knockdown.
So, what is the possible mechanism behind this
phenomenon? MEM co-expression analysis of all
ArrayExpress datasets and tumor only datasets with two
KIAAQ0101 probes 202503_S_AT and 211713 X_AT
showed that 175 positively co-expressed genes were
found in both two datasets (Supplementary Figure 3A—
3C, Supplementary Tables 3-5). Further Cytoscape
KEGGscape analysis of these positively co-expressed
genes with KIAA0101 revealed that signaling pathways
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including DNA replication, cell cycle, homologous
recombination, et al were significantly enriched
(Supplementary Figure 3D, 3E). To investigate the
specific signaling pathway induced by KIAA0101 in
NPC, LinkedOmics platform was employed to analyze
co-expression genes with positive correlations (pearson
test, r value>0.2) with KIAA0101 in TCGA HNSC
samples (Figure 5A, Supplementary Table 6), and
Metascape enrichment result also showed that cell cycle
(red dot) and DNA replication (green dot) may be
induced by KIAA0101 in NPC (Figure 5B). Cell cycle
(ES: 0.81484; NES: 2.4081) and DNA replication (ES:
0.91498; NES: 2.2868) were also significantly enriched
by LinkedOmics GSEA analysis (Figure 5C, 5D left
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Figure 3. Lentivirus mediated KIAA0101 downregulation is effective in NPCs. (A) The mRNA expression level of KIAAO101 was
detected with qRT-PCR in two NPC cells. Histogram is the average value (mean + SD) of three independent experiments. (B) Representative
bright field and fluorescent field graphs of CNE-2Z cells infected with two indicated lentiviruses are shown by GFP. The mRNA (C) and protein
(D) levels of KIAAD101 were measured by qRT-PCR and Western blotting in CNE-2Z cells after lentivirus infections. All were done at least

three independent experiments. ****pP<0.00001.
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Figure 4. Down-regulation of KIAA0101 inhibits the proliferation and promotes apoptosis of NPC cells. (A) Reprehensive
fluorescent graphs of shCtrl and shKIAA0101-1 NPC groups taken by Nexcelom Celigo Image Cytometer in five continuous days. (B) Statistical
result of cell count/fold and growth curve. Data are presented as the mean = SD from three independent experiments. **p<0.01,
**%p<0.001, ****p<0.00001. (C) Downregulation of KIAA0101 suppressed colony formation ability of NPC cell line CNE-2Z (Left: bright field;
Right: fluorescent field). (D) Apoptosis ratios of shKIAA0101 groups were increased compared with those in shCtrl group by flowcytometry.
Histogram is the average cell apoptosis rate (mean + SD) of three independent experiments. ****p<0.00001.
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panel, Supplementary Figure 4). Flow cytometry-based
cell cycle analysis showed that KIAA0101 depletion
significantly decreased the percentage of CNE-2Z cells
in S-phase and G2/M-phase (Figure 5C right panel,
*p<0.05). BrdU incorporation assay showed that
KIAA0101 knockdown significantly decreased the
percentage of BrdU-positive CNE-2Z cells (Figure 5D
right panel, ****p<0.0001). These results indicate that
KIAA0101 may inhibit the proliferation of NPC cells
through cell cycle arrest and stopping DNA replication
process.

Neighboring gene TRIP4 shows correlated co-
expression pattern with KIAA0101 in HNSC
(including NPC)

The chromosomal localization of a gene determines its
expressions and regulation modes to some extent. As
Figure 6A showed that TRIP4 was the nearest
neighboring gene in a divergent orientation («—, —)
with KIAA0101 with the help of UCSC Genome
Browser. Further expression analysis revealed that
similar expression profiles of KIAA0101 and TRIP
were found in in GDS2520 NPC samples (Figure 6B).
TRIP4 mRNA expression was also upregulated
significantly in TCGA HNSC-normal samples (Figure
6C left, ****P<0.0001), and this expression was
positively correlated with patient’s tumor grade (Figure
6C right, ****P<(0.0001). LinkedOmics correlation
analysis further proved our suspicion that TRIP4
showed correlated co-expression patterns  with
KIAAQ0101 in NPC (Figure 6D, ****P<(.0001). All
data suggested that KIAA0101 and its neighboring gene
TRIP4 may be co-regulated by certain transcriptional
factor.

The expression of KIAAQ0101 is transcriptionally
induced by ELK1 in vitro

In order to identify the mechanisms controlling the
proliferation rate and apoptosis of NPC cell lines at the
transcriptional level, PROMO and QIAGEN were
chosen to predict the transcription factor binding sites
for KIAA0101 and TRIP4 (Supplementary Table 7). As
Figure 7A showed that two transcriptional factors ELK1
and IRF2 were obtained after taking the intersections.
Then we searched for possible binding sites for two
transcriptional factors in KIAA0101 and TRIP4
promoter regions with the help of Jaspar database, and
found that 8 sets of high comparability DNA alignment
with sequence logo for ELK1 in the promoter region of
KIAAQ101 and 15 binding sites in TRIP4, while with
only 1 binding sites for IRF2 in the promoter region
KIAAQ0101 (Supplementary Tables 8, 9). 6 position
specific weight matrixes with p-values lower than 1e™°
were found in sequence logo for ELK1 in the promoter

region of KIAA0101 (Figure 7B). Further expression
analysis also elucidated that ELK1 expression was
overexpressed significantly and positively correlated
with HNSC patient’s tumor grades (Figure 7C). We
then conducted the ChIP assay to detect the binding
capacity of ELK1 on KIAAQ0101 promoter region. The
PCR-gel electrophoresis and real-time quantitative PCR
results showed that ELK1 directly bound to position 2,
7, 8 binding sites of the KIAA0101 promoter among the
eight predicted sites (Figure 7D-7E). Using RNA
interference technique to knock down the ELK1
expression in CNE-2Z cells, we found that KIAA0101
expression was also downregulated significantly in
contrast with negative control (Figure 7F). The gene
network, which could further reveal the regulation
mechanism of signal transduction that interacted with
ELK1 in HNSC. As Figure 7G showed that among
18 most frequently altered neighbor genes, there were
9 genes (yellow node) belonging to MAPK signaling
pathway. These findings confirmed that the expression
and function of KIAA0101 in NPC were activated by
MAPK-ELK1 signaling.

DISCUSSION

NPC is the main cancer of otorhinolaryngology
malignant tumors that occurs in the epithelium of the
nasopharyngeal mucosa [25]. It is also called “Canton
tumor”. According to statistics from the World Health
Organization, 80% of patients with NPC occur in China,
and the incidence of NPC is higher in southern China
than that in northern China [26]. To date, the main
treatments for NPC are radiotherapy combined with
chemotherapy or targeted therapy [27]. However, these
treatments may lead to strong side effects and certain
side effects could not reverse over time. Therefore,
there is an urgent need to clarify the pathogenesis of
NPC progression and discover better therapeutic targets
of NPC treatment.

In our previous study, we found that KIAA0101 was
significantly  overexpressed and promoted the
proliferation rates of the prostate cancer cells [15].
These results correlated well with previous observations
in breast cancer [10], rectal cancer [16], renal cell
carcinoma [11], which further supported the emerging
role of KIAA0101 as a potential therapeutic target for
cancer treatment. However, few studies have paid
attention to explore the function of KIAA0101 gene in
NPC. Our study aimed to investigate comprehensively
the multifunction of KIAAO0101 in proliferation,
apoptosis, cell cycle arrest, and DNA replication ability
in vivo, as well as in transcriptional regulations.

By employing a combination of bioinformatics
approaches, we firstly investigated the expression
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TCGA HNSC samples revealed that cell cycle was positively enriched. (D) S and G2/M phases of shKIAA0101 groups were decreased compared
with those in shCtrl group by flowcytometry. Histogram is the average ratio (mean + SD) of three independent experiments. *P<0.005.
(E) LinkeOmics GSEA KEGG analysis revealed that DNA replication was also identified with the strongest association with KIAA0101-higher
expression. (F) BrdU incorporation in cultured CNE-2Z cells following control (shCtrl) and shKIAA0101 lentivirus infection. Histogram is the
average ratio (mean £ SD) of three independent experiments. ****p<0.00001 by Student’s t test.
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MAO0028.1). (C) ELK1 expression and its association with tumour grade in HNSC were analysed by UALCAN. (D, E) ChIP assay was performed in
CNE-2Z cells using anti-ELK1, and normal IgG. Input of sheared chromatin was prepared prior to immunoprecipitation. **p<0.01,
***%p<0.0001. (F) Relative expression of KIAA0101 in CNE-2Z cells after siELK1 treatment. Histogram is the average ratio (mean + SD) of three
independent experiments. **p<0.001, *p<0.005 by Student’s t test. (G) MAPK-ELK1 signalling pathway revealed by cBioPortal. Network view
of the ELK1 neighbourhood in HNSC. The network contains 19 nodes, including 1 query gene (green node) and the 18 most frequently altered

neighbour genes. The depth of colour represents the degree of alteration.

patterns of dysregulated genes in NPC, and found that
KIAAQ0101 was top ranked and overexpressed in
GDS3610 NPC dataset (Figure 1). We also validated
this finding in Sengupta GEO dataset and cohort of 40
paired HNSC and adjacent normal tissues. Further
expression analysis revealed that this high expression of
KIAAO0101 was positively correlated with patient’s
tumor grade, suggesting a possible essential role of
KIAA0101 overexpression in  NPC development
(Figure 2).

Next, we investigated the phenotypical changes of the
NPC cells in the presence and absence of KIAA0101. It
is known that KIAA0101 knockdown suppressed cell
proliferation, cell cycle progression and DNA synthesis
[10, 28], suggesting a role for KIAA0101 in modulating
the cell division. Consistently, we demonstrated that
KIAAQ101 silencing inhibited the proliferation rate,
colony formation ability, and promoted the apoptosis of
NPC cells, due to the cell cycle arrest and DNA
replication blocking (Figures 4, 5).

Although the expression of KIAA0101 has been found
to be overexpressed in human NPC, the factors involved
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in this overexpression pattern in NPC patients are still
not elucidated. Interestingly, more and more studies
have revealed that eukaryotic genes with similar
expression levels are not randomly distributed but tend
to cluster in the genome [29]. In this study, using the
GEO and TCGA datasets, we found that neighboring
gene TRIP4 showed the similar expression profiles with
KIAA0101 in NPC samples. For KIAA0101 and TRIP4
were in a divergent orientation («<—, —) in the genome,
both transcriptions may be induced by some
transcriptional factors [30] (Figure 6). By using the
PROMO, QIAGEN and JASPR prediction databases,
we found that ELK1 was the most likely to bind to the
promoter region of KIAA0101. Then, by applying ChIP
and gRT-PCR assays, we determined that ELK1 could
bind to the promoter regions of KIAA0101 and enhance
its transcriptional activity. Finally, ELK1 upstream
signalling pathways were unravelled by cBioPortal
(Figure 7). Consistent with previous reports [31, 32],
our findings combined with previous studies suggest
that the abnormal activation of ELK1 by MAPK may
play an important role in KIAA0101 overexpression in
the human NPC progression (Figure 8). Therefore,
MAPK-ELK1 mediated KIAAO0101 overexpression
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Figure 8. Graphical abstract: Schematic figure illustrating the role of KIAA0101 in NPC.
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could account for its controlling of cell proliferation and
apoptosis in NPC. Taking the findings together, our
study shows that KIAAQ0101 is overexpressed in the
NPC sample, and increased KIAAQ101 is associated
with grade of NPC patients. Knockdown of KIAA0101
shows tumor-suppressive effects by inhibiting cell
proliferation, and promoting apoptosis. Furthermore, the
transcription factor ELK1 activated KIAA0101
transcription. Our findings expand our understanding of
the NPC pathogenesis and may facilitate the
development of KIAAO0101-directed diagnostics and
therapeutics in NPC. However, whether KIAA0101 can
be induced by other different mechanisms was not
investigated, which is worthy for our further research.

MATERIALS AND METHODS
Chemicals and reagents

Fetal bovine serum (FBS) was obtained from Gemini
Bio (California, USA). RPMI 1640 medium, ECL-
PLUS/Kit, prestained protein marker, apoptosis
detection kit, and puromycin were purchased from
Thermo Fisher Scientific (MA, USA). TRIzol, trypsin,
dNTPs, oligo dT, Rnase Inhibitor were obtained from
Invitrogen (Carlsbad, CA, USA). Trypsin, BCA protein
assay kit and RIPA lysis buffer were obtained from
Beyotime biotechnology (Shanghai, China). GIEMSA
staining reagent and paraformaldehyde were purchased
from Dingguo Biotechnology (Shanghai, China).

Cell culture and construction of stable cell lines

Human NPC cell lines (CNE-2Z, and 5-8F) were
obtained from the Cell Center of Central South
University (Changsha, China). Both cells were cultured
in RPMI 1640 medium supplemented with 10% fetal
bovine serum and placed in a humidified incubator
containing 5% CO; at 37°C. Lentiviral vector PSCSI-
GFP shRNA for KIAA0101 knockdown (shKIAA0101-1
and shKIAA0101-2, more information in Supplementary
Table 1) were purchased from GENECHEM (Shanghai,
China). CNE-2Z cells were employed to establish stable
cell lines by puromycin (1 pg/ml) selection for 3 weeks.
Cells in the exponential growth phase were used for all
the experiments.

Total RNA extraction and quantitative Real-time
PCR detection

Cells were harvested and the total RNA was extracted
by using TRIzol reagent, and then quantified with
nanodrop 2000 spectrophotometer (Thermo Fisher
Scientific, MA, USA). For RNA reverse transcription, 2
ug of total RNA was reverse-transcribed in a volume of
10 pl using oligo dT primers under standard conditions.

For qRT-PCR assays, riboSCRIPT gRT-PCR Starter
Kit (Ribio, Guangzhou, China) was used to determine
the expression levels of KIAA0101 and ELK1 in NPC
cells according to the manufacturer’s instructions.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as endogenous reference gene. Bar graphs are
the meanzSD of three separate experiments. The primer
sequences are listed in Supplementary Table 1.

Western blotting analysis

Cultured cells were rinsed with PBS twice and lysed in
precooled 2xlysis buffer [LM Tris-HCI (pH 6.8), 2% -
mercaptoethanol, 20% glycerol, and 4% sodium
dodecyl sulfate (SDS)] for 15 min. BCA protein assay
kit (Pierce Biotech, Rockford, IL) was then employed to
determine the protein concentrations in each sample.
Protein were separated in 10% resolving gels and
transferred to polyvinylidene difluoride (PVDF)
membranes (Merck Millipore, Burlington, USA). After
1 hour blocking in TBST (tris-buffered saline, 0.1%
tween 20) containing 5% skimmed milk, membranes
were incubated with primary antibodies against
KIAA0101 (ab56773) and GAPDH (sc-32233)
followed by incubation with goat anti-mouse 1gG-HRP
secondary antibody (sc-2005). The dilution of primary
antibodies was as follows: KIAA0101 (1: 500, Abcam,
Cambridge, UK); GAPDH (1: 2000, Santa Cruz
Biotechnology, Texas, USA); secondary antibody
(1:2000, Santa Cruz Biotechnology, Texas, USA).
Enhanced chemiluminescence detection was finally
carried out with standard techniques.

Celigo cell count and MTT assay

Each experimental group of the NPC cells in the
logarithmic growth phase were digested with
trypsin, suspended in the complete medium, counted
with blood corpuscle counting meter, and finally
planted in 96-well plates at the density of 1500
cells/well (five replicates per group). For cell count,
the plates were read by Celigo Imaging Cytometer
(Nexcelom Bioscience, Lawrence, Massachusetts,
USA) once a day for five consecutive days. By
adjusting the input parameters of analysis settings, the
number of cells with green fluorescence in each
scanned plate was calculated accurately, and the cell
proliferation curves were statistically plotted. For
MTT assay, 20 ul MTT (5 mg/mL) was added into
each well 4 hours before culture termination with 100
pl dimethyl sulfoxide (DMSO), and the OD value at
490 nm was measured by Tecan infinite M2009PR
Microplate Reader (BioSurplus, Inc. San Diego,
California, United States). Bar graphs are the
mean+SD of three separate experiments. **p<0.01,
***p<0.0001, ****p<0.00001.
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DNA synthesis proliferation assay by BrdU detection

DNA synthesis proliferation rate was analyzed by Cell
Proliferation ELISA, BrdU kit (Roche, Penzberg, Upper
Bavaria, Germany) according to the manufacturer’s
instructions. Briefly, cells were planted in 96-well
plates at at 1,500 cells/well and allowed to attach for 24
h. The cells were treated with BrdU labeling reagent
reagent for 6 h to allow incorporation into newly
synthesized DNA and then fixed with FixDenat ready-
to-use reagent and recognized with anti-BrdU-
peroxidase antibody. After washing and substrate
reactions, the OD value at 450 nm was measured by
Tecan infinite M2009PR  Microplate  Reader
(BioSurplus, Inc. San Diego, California, United States).
Bar graphs are the meantSD of three separate
experiments. ****p<0.00001.

Colony formation assay

Lentivirus mediated stable NPC cell lines in the
logarithmic growth phase were also digested and
suspended with complete medium. After cell counting,
cells were planted in 6-well plates at the density of 1000
cells/well (triple replicates per group). The inoculated
cells were cultured in the incubator for about 10 days,
during which the culture medium was changed every 3
days. 1 mL 4% paraformaldehyde was then added into
each well to fixe cells for 45 minutes. Colonies were
finally stained with GIEMSA dyeing solution for 10
minutes and counted. Bar graphs are the meantSD of
three separate experiments. **p<0.01, ***p<0.0001,
****%1n<0.00001.

Apoptosis and cell cycle detection by flow cytometry

Previous stable NPC cell lines were planted in 6-well
plates and cultured until the coverage rate to about 80%.
For apoptosis assay, both the adherent cells and the cells
in supernatant were collected and detected by the
apoptosis detection kit. For cell cycle detection, the
adherent cells were collected and stained with PI dyeing
solution and counted by Guava® easyCyte 5HT
Benchtop Flow Cytometer (Merck Millipore, Burlington,
Massachusetts, USA). In order to ensure that the number
of cells for testing was enough, the number of cells was
more than or equal to 5 *10%group). Bar graphs are the
meantSD of three separate experiments. **p<0.01,
***p<0.0001, ****p<0.00001.

Sequence analysis and ChIP assay

The neighbor genes and promoter region of homo
sapiens KIAA0101 were analyzed by The NCBI gene
browser  (https://www.ncbi.nlm.nih.gov/gene/) [33].
Then the potential transcription factors which bound

with the KIAAQ0101 promoter region were predicted by
means of QIAGEN (https://www.giagen.com) and
PROMO 3.0 (http://alggen.lsi.upc.es/cqi-bin/promo
v3/promo/promoinit.cqi?dirDB=TF 8.3) [34] and the
candidate transcription factor binding sites were
predicted by means of the JASPAR database
(http://jaspar.genereg.net/).

Chromatin immunoprecipitation (ChlP) was performed
using ab500 ChIP kit (Abcam, Cambrige, UK)
following the manufacturer's protocol. CNE-2Z cells
(3x10") were crosslinked with 37% formaldehyde for
10 minutes. The chromatin was then cleaved into
fragments between 200 and 600 bp by ultrasound
waves. Anti-ELK1 ChIP grade antibody was purchased
from Abcam (ab32106, Cambrige, UK) and qRT-PCR
was performed with PrimeScript™ RT-PCR Kit
(TaKaRa, Kyoto, Japan). Primer details are presented in
Supplementary Table 1. The expression levels of
specific DNA were determined by the gray scale
method. Bar graphs are the mean+SD of three separate
experiments. **p<0.01, ****p<0.00001.

Public datasets analysis

ScanGeo  (http://scangeo.dartmouth.edu/ScanGEQ/),
GeoDiver (http://www.geodiver.co.uk) and Oncomine
(http://www.oncomine.org) analysis tools  were
employed to screen the differentially expressed genes
and determine the mMRNA expression profiles of
KIAAQ0101 and TRIP4in NPC microarray datasets [35—
37]. UALCAN (http://ualcan.path.uab.edu) and GEPIA
(http://gepia.cancer-pku.cn) were then used to carry out
the KIAA0101 and ELK1 mRNA expressions and
survival analysis in TCGA HNSC datasets [38, 39].
TIMER database (https://cistrome.shinyapps.io/timer/)
was also employed to analyze the differential expressions
between tumor and adjacent normal tissues for
KIAAQ0101 across all TCGA tumors [40]. Correlated
gene lists and KEGG bhiological process enrichment of
TCGA HNSC samples were analyzed by LinkedOmics
(http://www.linkedomics.org/) and Metascape
(http://metascape.org/gp/) [41, 42]. MEM (Multi
Experiment Matrix, http:/biitcs.ut.ee/mem/) was also
employed to assess co-expression gene lists across
hundreds of microarray datasets or only tumor datasets
[43]. cBioPortal (http://www.cbioportal.org/) was finally
employed to perform interactive analysis and construct
networks of signaling pathways that were altered in
TCGA HNSC samples [44].

Statistical analysis

Statistical analyses were performed by using the
Statistical Product and Service Solutions (SPSS) 17.0
and GraphPad Prism 7.0. Student’s t-test was used for
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statistical comparison and differences among the groups
due to lentivirus mediated KIAA0101 knockdown were
considered significant at p value < 0.05.
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Supplementary Figure 1. Highly expressed KIAA0101 in several human cancer types.
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Supplementary Figure 2. Overall and disease-
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Supplementary Figure 3. MEM co-expression analysis of KIAA0O101 reveals DNA replication and cell cycle pathways
participate in tumor process. (A, B) Heatmap analysis of all and tumor datasets showing top 100 co-expressed genes with KIAA0101
probe 202503_S_AT. (C) Overlap venn diagram of co-expressed genes in all and tumor datasets queried with KIAA0101 probes 202503_S_AT

and 211713_S_AT. (D, E) Pie chart and pathway enrichment analysis of 158 common genes with Cytoscape CluoGO KEGG (17 same genes
deleted).
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Supplementary Figure 4. LinkedOmics GSEA analysis results of co-expression genes with positive or negative correlations
with KIAA0101 in TCGA HNSC samples.
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Supplementary Tables

Please browse Full Text version to see the data of Supplementary Tables 3-5, 7.

Supplementary Table 1. All sequences employed in this study.

Primer ID Forward Primer Reverse Primer Comment
KIAA0101 CTCTGCCACTAATTCGACATCA TTCAGAATCTTTAGGGGACAAC gRT-PCR

ELK1

GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA gRT-PCR
KIAA0101-1 GGAAATAATGGCATTTAAGAA TTCTTCGCCCAGGTTGGAAT  ChIP-gPCR for scanning region
KIAAQ0101-2 ATTCCAACCTGGGCGAAGAA  TCCAATGAATTGCTCGAACT  ChIP-gPCR for scanning region
KIAAQ0101-3 AGTTCGAGCAATTCATTGGA AACCCAGTCTCTACTAAAATAA ChIP-gPCR for scanning region
KIAA0101-4 TTATTTTAGTAGAGACTGGGTT CAAGGAAATGAAATGAAACGA ChIP-gPCR for scanning region
KIAAQ0101-5 TCGTTTCATTTCATTTCCTTG  AGGTCGAGACCAGCCTGACC  ChIP-gPCR for scanning region
KIAAQ0101-6 GGTCAGGCTGGTCTCGACCT GTACAGCATCCATACTAAAAC ChIP-gPCR for scanning region
KIAAQ0101-7 GTTTTAGTATGGATGCTGTAC AATCCGTCCATCAACACGCAA ChIP-gPCR for scanning region
KIAA0101-8  TTGCGTGTTGATGGACGGATT GCCTCACCTTTTCTGTAAGTG  ChIP-gPCR for scanning region

shKIAA0101-1
SshKIAA0101-2

AACCTGATCACACAAATGA
TGTAAACTCGAGTTTACATT
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Supplementary Table 3. Specific patient information and KIAA0101 expression data in TCGA HNSC.
Supplementary Table 4. MEM analysis of all query datasets obtains 300 KIAA0101 co-expressed gene.

Supplementary Table 5. MEM analysis of tumor query datasets obtains 300 KIAA0101 co-expressed gene.

Supplementary Table 2. KIAA0101 expression data in Sengupta Head-Neck.

Nasopharynx

Nasopharyngeal Carcinoma

1.2183

1.61622
2.68014
2.94873
3.16481
3.20637
3.37418
3.63642
3.85271
4.01089

3.27893
3.34779
3.42557
4.05322
4.10715
4.121
4.25036
4.37505
4.38508
4.39445
4.40828
4.48598
4.627
4.65279
4.66512
4.81555
4.90956
5.05575
5.11346
5.12048
5.13239
5.17643
5.24821
5.46213
5.4686
5.48934
5.55987
5.5913
5.60084
5.78752
5.99109
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Supplementary Table 6. Common gene lists of KIAA0101 co-expressed
genes in all and tumor datasets.

KIAA0101 CENPW FANCD2 RFC5 CHEK1
RRM2 TRIP13 STIL DEPDC1B  RADS1
CDK1 BUBL1 KIF18A KNSTRN SGOL2
ZWINT CASC5 RFC4 TACC3 DDIAS
TYMS GINS2 CENPN CCNE2 BRCAl
CCNB2 TTK CDC45 GMNN TCF19
TOP2A SHCBP1 PLK4 EXO1 CDC7
PRR11 AURKA RFC3 SKAl KIAA1524
ASPM RACGAP1  AURKB KNTC1 ERCC6L
PRC1 DEPDC1 SPAG5 WDHD1 PSMC3IP
NUSAP1 MKI67 NCAPH MCM5

DLGAPS KIF18B CENPM LMNB1

CENPU NDC80 NCAPD2 ATAD2

DTL MCM4 DTYMK MIS18A

PBK CDCA5 MCM10 SPC24

BUB1B FOXM1 MND1 VRK1

CDC20 CENPA MCM3 DHFR

HMMR KIF15 GTSE1 ZNF367

MELK NEK2 RRM1 LMNB?2

CCNB1 NCAPG2 PRIM1 TMPO

UHRF1 UBE2T CDC6 CDT1

TPX2 CDCAS8 CENPH KIFC1

CDKN3 MCM2 MTFR2 DSCC1

CENPF OIPS FBXO5 LRR1

GINS1 KIF23 PARPBP POLQ

MAD2L1 RNASEH2A  ASF1B BLM

BIRC5 TK1 HELLS SUV39H2

KIF2C HJURP SMC4 CENPO

KIF20A SPC25 EZH2 MCM7

KIF11 POLE2 TIMELESS MYBL2

UBE2C CDCAZ2 ESPL1 MCM8

FANCI KIF14 H2AFZ NEIL3

KIF4A CDCA7 SKA3 CDC25A

CDCA3 CENPE RADS54L CSE1L

PTTG1 MCM6 E2F8 CENPI

ANLN BRIP1 CKAP2L CHAF1A

CEP55 ZWILCH WHSC1 RFC2

RAD51AP1 CENPK HMGB2 RAD54B

NUF2 ECT2 ORC6 BARD1

NCAPG FEN1 STMN1 TIPIN

CCNAZ2 PCNA CDC25C C40RF46
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Supplementary Table 7. KIAA0101 co-expression gene lists in TCGA_HNSC and GSEA KEGG enrichment of positively
correlated genes by Linkedomics.

Supplementary Table 8. Transcriptional factors prediction of KIAA0101 promotor by QIAGEN and PROMO.

QIAGEN PROMO
Elk-1 Elk-1 k-1 GR
CREB CREB AP-20A GR-a
deltaCREB deltaCREB GR-p HNF-3a
IRF-2 IRF-2 C/EBPp GR-B
E2F-4 E2F-4 C/EBPa. STAT4
E2F-5 E2F-5 RXR-a c-Ets-1
E2F E2F RAR-B Elk-1
E2F-1 E2F-1 PXR'loi RXR- AP-20A
E2F-2 E2F-2 TFII-1 Pax-5
E2F-3a E2F-3a STAT4 p53
IRF-2 C/EBPB
YY1 FOXP3
TFHD TFI-I
GR YY1
FOXP3 NF-AT2
SRY TFID
GR-a GATA-1
FOX04 C/EBPa.
c-Ets-2 NF-Y
Pax-5 RXR-a
p53 XBP-1
c-Ets-1 LEF-1
HNF-1A TCF-4
NF-Y SRY
XBP-1 PR B
ER-a PRA
EBF POU2F2
GATA-1 ER-a
PEA3 IRF-2
Elk-1 HNF-1A
IRF-1 c-Myc
POU2F1 k-1
T3R-pI PXR-l(;RXR-
AP-1 USF1
c-Jun NFI/CTF
LEF-1 c-Ets-2
Spl AhR
TCF-4E Spl
HNF-3a ELF-1
PR B TBP
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PRA IRF-1
HOXD9 HIF-1
HOXD10 NF-AT1

PITX2 NF-AT1

VDR PITX2

c-Myb GCF

WT1 | -KTS
WT1 -KTS
WT1 |
WT1-del2
WT1 I-del2
NF-1
TCF-4E
CTF

Supplementary Table 9. JASPAR analysis of ELK1 binding sites in promotor regions of KIAA0101 and TRIP4.

Matrix ID Name Score  Relative score Sequence ID Start End Strand Predicted sequence
MA0028.1 ELK1 6.52728 0.829157 KIAA0101 47 56 + AACCCGGGAG
MA0028.1 ELK1 10.9935 0.977574 KIAA0101 220 229 - CAACCGGAAA
MA0028.1 ELK1 5.80972 0.805311 KIAA0101 520 529 + GAGACGGAGA
MA0028.1 ELK1 6.52728 0.829157 KIAA0101 590 599 - AACCCGGGAG
MA0028.1 ELK1 6.14512 0.816457 KIAA0101 982 991 - GAAACGAAAA
MA0028.1 ELK1 6.37588 0.824125 KIAAQ0101 1183 1192 - GAGACGGGAG
MA0028.1 ELK1 6.92053 0.842225 KIAAQ101 1567 1576 - GAAAAGGAAG
MA0028.1 ELK1 5.75032 0.803337 KIAA0101 1635 1644 + CTAAAGGAAA
Matrix ID Name Score Relative score  Sequence ID  Start End Strand  Predicted sequence
MA0028.1 ELK1  6.60984 0.8319 seql 29 38 - CAGAAGGAAG
MA0028.1 ELK1  5.94028 0.80965 seql 33 42 - GCTCCAGAAG
MA0028.1 ELK1  7.63633 0.866012 seql 185 194 - GAGACTGAAA
MA0028.1 ELK1  7.17167 0.85057 seql 200 209 - GCTCAGGAAA
MA0028.1 ELK1  5.96268 0.810394 seql 441 450 + ACCCTGGAAA
MA0028.1 ELK1  6.50414 0.828388 seql 606 615 - GGCCTGGAAG
MA0028.1 ELK1  6.66503 0.833734 seql 734 743 + GGTCCGGAAC
MA0028.1 ELK1  6.86817 0.840485 seql 1078 1087 + AAGCCAGAAA
MA0028.1 ELK1  5.85542 0.80683 seql 1089 1098 + GAATGGGAAG
MA0028.1 ELK1  5.96268 0.810394 seql 1287 1296 + CTCCTGGAAA
MA0028.1 ELK1  6.52728 0.829157 seql 1499 1508 + AACCCGGGAG
MA0028.1 ELK1  9.39302 0.924389 seql 1718 1727 - TACCCGGAAA
MAQ0028.1 ELK1 5.67811 0.800938 seql 1856 1865 + ACTCCGGAGG
MAQ0028.1 ELK1  8.29429 0.887877 seql 1886 1895 + AAGCAGGAAG
MAQ0028.2 ELK1 8.7674 0.879778 seql 736 745 + TCCGGAACTC
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Supplementary Table 10. All sample information of GDS2520 and GDS3610 datasets.

Sample Title
GSM153813 Normal mucosa 1
GSM153814 Cancer 1
GSM153815 Normal mucosa 2
GSM153816 Cancer 2
GSM153817 Normal mucosa 3
GSM153818 Cancer 3
GSM153819 Normal mucosa 4
GSM153820 Cancer 4
GSM153821 Normal mucosa 5
GSM153822 Cancer 5
GSM153823 Normal mucosa 6
GSM153824 Cancer 6
GSM153825 Normal mucosa 7
GSM153826 Cancer 7
GSM153827 Normal mucosa 8
GSM153828 Cancer 8
GSM153829 Normal mucosa 9
GSM153830 Cancer 9
GSM153831 Normal mucosa 10
GSM153832 Cancer 10
GSM153833 Normal mucosa 11
GSM153834 Cancer 11
GSM153835 Normal mucosa 12
GSM153836 Cancer 12
GSM153837 Normal mucosa 13
GSM153838 Cancer 13
GSM153839 Normal mucosa 14
GSM153840 Cancer 14
GSM153841 Normal mucosa 15
GSM153842 Cancer 15
GSM153843 Normal mucosa 16
GSM153844 Cancer 16
GSM153845 Normal mucosa 17
GSM153846 Cancer 17
GSM153847 Normal mucosa 18
GSM153848 Cancer 18
GSM153849 Normal mucosa 19
GSM153850 Cancer 19
GSM153851 Normal mucosa 20
GSM153852 Cancer 20
GSM153853 Normal mucosa 21
GSM153854 Cancer 21
GSM153855 Normal mucosa 22
GSM153856 Cancer 22
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Samples Factors Title
disease state

GSM342152 control Normal control 1
GSM342153 control Normal control 2
GSM342154 control Normal control 3
GSM342155 nasopharyngeal carcinoma NPC1
GSM342156 nasopharyngeal carcinoma NPC2
GSM342157 nasopharyngeal carcinoma NPC3
GSM342158 nasopharyngeal carcinoma NPC4
GSM342159 nasopharyngeal carcinoma NPC5
GSM342160 nasopharyngeal carcinoma NPC6
GSM342161 nasopharyngeal carcinoma NPC7
GSM342162 nasopharyngeal carcinoma NPC8
GSM342163 nasopharyngeal carcinoma NPC9
GSM342164 nasopharyngeal carcinoma NPC10
GSM342165 nasopharyngeal carcinoma NPC11
GSM342166 nasopharyngeal carcinoma NPC12
GSM342167 nasopharyngeal carcinoma NPC13
GSM342168 nasopharyngeal carcinoma NPC14
GSM342169 nasopharyngeal carcinoma NPC15
GSM342170 nasopharyngeal carcinoma NPC16
GSM342171 nasopharyngeal carcinoma NPC17
GSM342172 nasopharyngeal carcinoma NPC18
GSM342173 nasopharyngeal carcinoma NPC19
GSM342174 nasopharyngeal carcinoma NPC20
GSM342175 nasopharyngeal carcinoma NPC21
GSM342176 nasopharyngeal carcinoma NPC22
GSM342177 nasopharyngeal carcinoma NPC23
GSM342178 nasopharyngeal carcinoma NPC24
GSM342179 nasopharyngeal carcinoma NPC25
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