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Purpose: N6-methyladenosine (m6A), the most abundant mRNA modification in mammals, 

is involved in various biological processes. KIAA1429 is an important methyltransferase par-

ticipating in m6A modification. However, the role of KIAA1429 in hepatocellular carcinoma 

(HCC) is still not well understood. Here, we aimed to investigate the function of KIAA1429 

and its corresponding regulation mechanisms in HCC.

Patients and methods: HCC-related genes were analyzed by clinical and expression data of 

HCC patients in The Cancer Genome Atlas (TCGA) database. Expression of KIAA1429 was 

verified by quantitative reverse-transcription PCR, and interference efficiency was obtained using 

small interfering RNA (siRNA). Cell proliferation, migration, and invasion were assessed by 

cell counting kit-8 and transwell assays, and the m6A modification was detected by methylated 

RNA immunoprecipitation-PCR (MeRIP-PCR).

Results: We found a difference in the expression of KIAA1429 between HCC and normal 

hepatic tissues by analyzing data from the TCGA database. Comparing HCC cell lines (HepG2, 

Huh-7, HepG2.2.15) with normal hepatic cells (HL-7702), we observed an identically significant 

difference in KIAA1429 expression. KIAA1429 significantly enhanced proliferation, migration, 

and invasion of HepG2 cells. Moreover, Kyoto Encyclopedia of Genes and Genomes functional 

enrichment analysis and correlation analysis revealed a significant negative correlation between 

KIAA1429 and ID2. In the subsequent MeRIP-PCR assay, downregulation of KIAA1429 

inhibited m6A modification of ID2 mRNA.

Conclusion: KIAA1429 facilitated migration and invasion of HCC by inhibiting ID2 via 

upregulating m6A modification of ID2 mRNA.

Keywords: N6-methyladenosine, methyltransferases, tumor metastasis, invasion

Introduction
Hepatocellular carcinoma (HCC), followed by lung and stomach cancer, is one of the 

greatest challenges in medicine. In China, it is the most common malignant tumor 

and the primary cause of death in men with cancer.1 Worldwide, HCC is the sixth 

most common malignant tumor, and accounted for 5.7% of the new cases of cancer 

in 2002.2 It is estimated that over 700,000 people die every year from this cancer.3 

The main cause for the manifestation of HCC is chronic liver inflammation caused 

by hepatitis B virus, hepatitis C virus, alcohol abuse, or hemochromatosis.4 The situ-

ation is particularly severe in Asia.5 With the progress in science and technology, 

treatments for cancer, such as surgical resection, radiotherapy, and chemotherapy, 

have been developing continuously. However, high postoperative recurrence and 

low 5-year survival rate are problems that still exist.6 The poor prognosis can largely 
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be attributed to the dissemination of tumor cells7 and the 

invasion of vein, especially the portal vein.4,8 Therefore, it 

is of great significance to study the invasion and transfer 

mechanism of HCC.

As the most abundant modification of eukaryotic mRNA,9 

N6-methyladenosine (m6A) has been shown to play an 

important role in regulating mRNA splicing, translation, 

and stability.10 Additionally, m6A affects the development 

of a variety of human diseases, including tumors.11 There 

are three types of enzymes that control m6A modifications: 

“writers” (methyltransferases, which include METTL3, 

METTL14, WTAP, and KIAA1429), “erasers” (demethyl-

ases, which include ALKBH5 and FTO), and “readers” (YTH 

domain containing RNA binding proteins and heterogeneous 

nuclear ribonucleoprotein).12 Previous literature reported 

that FTO regulates the progression of cervical squamous 

cell carcinoma (CSCC) through mRNA demethylation,13 

overexpression of YTHDF1 is associated with poor prog-

nosis of HCC,11 and METTL14 suppresses the metastatic 

potential of HCC.7

In this study, we aimed to investigate the functions and 

related mechanism of KIAA1429 in HCC. Expression of 

KIAA1429 in HCC and in corresponding normal tissues 

and cells was compared via The Cancer Genome Atlas 

(TCGA) data analysis and quantitative PCR. Afterward, 

we knocked down KIAA1429 to study its effect on cell 

proliferation, migration, and invasion. Kyoto Encyclopedia 

of Genes and Genomes (KEGG) functional enrichment 

analysis and correlation analysis were performed to explore 

the relevant pathways and molecules. Furthermore, methyl-

ated RNA immunoprecipitation-PCR (MeRIP-PCR) assay 

was used to carry out methylation of KIAA1429.

Patients and methods
clinical samples and cell lines
HCC specimens and the corresponding normal tissues used 

in this study were obtained from eleven patients with HCC 

with informed consent. Demographics and clinical charac-

teristics of the eleven HCC patients are shown in Table 1. 

Human HCC cell lines HepG2, Huh-7, and HepG2.2.15 and 

normal liver cell line HL-7702 were purchased from the 

cell bank of the Chinese Academy of Sciences. Cells were 

cultured in DMEM (Corning, Shanghai, China) containing 

10% FBS (Gibco, Waltham, MA, USA) at 37°C and 5% CO
2
. 

The study was approved by the First Affiliated Hospital of 

Nanchang University, and all the participants signed written 

informed consents. The study was conducted in accordance 

with the ethical guidelines of the World Medical Associa-

tion’s Declaration of Helsinki.

rna extraction and qrT-Pcr
Total RNA of tissue and cells was extracted with Trizol 

(Thermo Fisher Scientific) and all reagents used in the experi-

ment were RNase-free. The concentration and quality of the 

extracted RNA were determined by OD260/OD280 ratio, 

and the integrity of RNA was observed using agarose gel 

electrophoresis. cDNA was synthesized using a commercial 

reverse-transcription kit made by Thermo Bio-Analysis. 

Actin was used as internal reference in quantitative reverse-

transcription PCR (qRT-PCR) and the result was analyzed 

by 2−ΔΔct method. Primer sequences are listed in Table 2.

Bioinformatics analysis
GEPIA (http://gepia.cancer-pku.cn/detail.php) was used 

to analyze the data from TCGA database in order to 

determine the long non-coding RNA associated with HCC. 

Table 1 Demographics and clinical characteristics of hcc specimens

Terms All (n=11)

Demographic variables

age, years 55 (51–69)

sex, male 8 (72.7)

etiology, hBV/hcV/alcohol/others 7/1/2/1 (63.6/9.1/18.2/9.1)

Previous hcc treatment history 3 (27.2)

Tumor variables

size of tumor, ,5 cm/$5 cm 5/6 (45.5/54.5)

number of tumors, single/multiple 4/7 (36.4/63.6)

T stage, 1–2/3–4 5/6 (40.5/59.5)

n stage, 0/1 10/1 (96.2/3.8)

M stage, 0/1 9/2 (93.7/6.3)

Modified UICC stage, I–II/III–IV 4/7 (40.5/59.5)

Clinical variables

esr, mm/h 15.5 (6.15–22.75)

crP, mg/dl 0.30 (0.22–0.48)

Platelet count, 109/l 152 (97–185)

Prothrombin time, inr 1.11 (1.06–1.14)

aspartate aminotransferase, iU/l 43.00 (37–48)

alanine aminotransferase, iU/l 34.00 (24–39)

Total bilirubin, mg/dl 0.77 (0.48–1.14)

serum albumin, g/dl 3.7 (3.3–4.1)

creatinine, mg/dl 0.92 (0.75–1.03)

alpha-fetoprotein, ng/ml 27.6 (6.3–1,512)

LC 5 (45.5)

child-Pugh class, a/B 3/2 (60/40)

Presence of ascites 0

Notes: Demographic variables and clinical variables terms are presented as average 
(min–max); tumor variables and lc terms are presented as number (%).
Abbreviations: crP, c-reactive protein; esr, erythrocyte sedimentation rate; 
hBV, hepatitis B virus; hcc, hepatocellular carcinoma; hcV, hepatitis c virus; inr, 
international normalized ratio; lc, liver cirrhosis; Uicc, Union for international 
cancer control.
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Moreover, the DAVID tool (National Institute of Allergy 

and Infectious Diseases, Bethesda, MD, USA) was used to 

analyze KEGG pathways and for enrichment of gene ontol-

ogy terms.

sirna transfection
HepG2 cells were seeded at a density of 3 × 105 cells per 

well in six-well plates and grown for 24 hours in complete 

media until the fusion rate reached 80%–90%. For transient 

knockdown, cells were rinsed with fresh media and incu-

bated with siRNA (GenePharma) and Lipofectamine 2000 

(Thermo Fisher Scientific) for 24 hours, and were ready 

for subsequent experiments. The sequences of siRNA are 

listed in Table 2.

Western blot
Protein samples were prepared by lysing cells in RIPA lysis 

buffer and collecting the supernatant after centrifuging. Total 

protein level was measured using BCA assay kit (Pierce 

Biotechnology, Inc., Rockford, IL, USA). Next, the same 

quantity of protein from each sample was run on 10% SDS-

PAGE and transferred to polyvinylidene fluoride membranes 

(MD Millipore, Billerica, MA, USA). Membranes were 

blocked with TBST solution (0.1% Tween 20) with 5% skim 

milk and incubated with mouse anti-ID2 (1:1,000, ab85990; 

Abcam, Cambridge, UK) and anti-GAPDH antibodies 

(1:1,000, ab9482; Abcam) for 12 hours at 4°C. Membranes 

were washed and incubated with horseradish peroxidase-

conjugated goat anti-mouse IgG (Santa Cruz Biotechnology 

Inc., Santa Cruz, CA, USA) for 2 hours. Protein bands 

were revealed using enhanced chemiluminescence reagent 

(Thermo Fisher Scientific) and visualized via a ChemiDoc 

MP system (Bio-Rad, Hercules, CA, USA).

ccK-8 assay
Cells were seeded in a 96-well plate (3599; Corning) at a 

density of 2 × 103 cells per well. Each well contained six 

repetitions and sterile water was added to marginal wells. 

After culturing for 0, 24, 48, 72, or 96 hours, CCK-8 reagent 

(Beyotime) was added and OD was measured at 450 nm.

Transwell assay
In the migration experiment, 500 µL of serum-free DMEM 

(Corning), which contained 1 × 105 cells, was loaded into 

the upper chambers (Corning) of the transwell device. 

Next, 700 µL of DMEM with 10% FBS was loaded into the 

lower chamber. After 24 hours, cells on the underside of the 

membrane were stained and counted under a microscope in 

three random high-power fields. In the invasion experiment, 

chambers precoated with matrix adhesive (Corning) were 

used and the experiments described above were repeated.

MeriP-Pcr
HepG2 cells transfected with siRNAs against KIAA1429 and 

control cells were irradiated with ultraviolet light at 254 nm, 

400 mJ/cm2 (Stratagene Stratalinker), and lysed by disrup-

tive sonication with RIP lysis buffer (MagnaRIP Kit; EMD 

Millipore) at 4°C. Immunoprecipitations were performed 

using an anti-m6A antibody (202003; Synaptic Systems) 

at 4°C, overnight. After washes, RNA was extracted with 

phenol:chloroform isoamyl alcohol and subjected to qRT-

PCR using primers for ID2 mRNA, as listed in Table 2.

statistical analysis
Data were analyzed with SPSS 19.0 (SPSS Inc., Chicago, IL, 

USA) and presented as mean ± SD. Student’s t-test was used 

for comparison between two groups and two-way ANOVA 

was used for comparison between more than two groups. 

P,0.05 was considered as statistically significant.

Results
Kiaa1429 is elevated in hcc and 
associated with prognosis
First, we analyzed data from TCGA, which included 371 

liver cancer tissues and 50 normal liver tissues. Result 

revealed that mRNA level of KIAA1429 in liver tumor was 

significantly higher compared to that in normal liver tissues 

(Figure 1A). Analysis of survival data showed that high 

expression of KIAA1429 was significantly correlated with 

poor overall survival (P=0.0035, Figure 1B). Furthermore, 

qRT-PCR analysis of KIAA1429 mRNA showed that HCC 

tissues expressed significantly increased mRNA level of 

KIAA1429 compared to that of the corresponding normal 

tissues (Figure 1C). Similarly, the mRNA expression level of 

KIAA1429 in three human HCC cell lines (HepG2, Huh-7, 

Table 2 Primer and sirna sequences

Name Sequence

actin F 5′-agcacagagccTcgccTTTg-3′

r 5′-cTTcTgacccaTgcccacca-3′

Kiaa1429
iD2

F 5′-cgaTaacTTgaTgaccccagaa-3′

r 5′-aTaacggcaagaTTccaTTTc-3′
F 5′-cacggacaTcagcaTccTgT-3′
r 5′-cccaaaTgccaTTTaTTTagc c-3′

siKiaa1429-1 F 5′-gaggaTgaTcgacgaacagTa-3′

siKiaa1429-2 r 5′-aaggcTTaTTaaccTccTaga-3′

Abbreviations: F, forward; r, reverse.
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and HepG2.2.15) was dramatically elevated compared to 

that in the normal hepatic cell lines (HL-7702) (Figure 1D).

Kiaa1429 promotes cell proliferation 
in hcc
To elucidate the function of KIAA1429 in HCC, HepG2 cell 

line, which expressed high level of KIAA1429, was selected 

for further confirmatory studies. Knockdown of KIAA1429 

in cells transfected with siRNA targeting KIAA1429 was 

confirmed by qRT-PCR (Figure 2A). CCK-8 assay revealed 

that underexpression of KIAA1429 decreased proliferation 

of HCC cells (Figure 2B).

Kiaa1429 increases cell migration and 
invasion in hcc
To study the effect of KIAA1429 on cell migration and invasion, 

transwell assays were performed in HepG2 cells. Knockdown 

of KIAA1429 led to significant inhibition of cell migration in 

HepG2 cells (Figure 3A and B). Similarly, invasive ability of 

KIAA1429 siRNA transfected cells was significantly decreased 

as compared to that of control cells (Figure 3A and B).

Downregulation of Kiaa1429 increases 
iD2 level
To obtain insights into the molecular mechanisms through 

which KIAA1429 controls hepatoma cell functions, we 

analyzed the genes that are differentially expressed and 

contain alterative m6A deposition after the interference 

with KIAA1429 expression in Gene Expression Omnibus 

database (GSE102493). Three pathways were found in sub-

sequent KEGG functional enrichment analysis. We further 

analyzed three genes of the TGF-β signaling pathway in 

TCGA database and found a significant negative correla-

tion between KIAA1429 and ID2, which was reported to 

regulate metastatic potentials of HCC in a previous study 

(Figure 4A).6 The result of Western blot also showed that 

Figure 1 Kiaa1429 is elevated in hcc and is associated with prognosis.
Notes: (A) Kiaa1429 levels in 371 liver cancer tissues and 50 normal liver tissues from Tcga database. (B) survival data of patients with high or low levels of Kiaa1429. 
(C) Kiaa1429 mrna levels in eleven pairs of hcc tissues and normal tissues. (D) Kiaa1429 levels in different cell lines. n=3, *P,0.05, **P,0.01, student’s t-test.
Abbreviations: hcc, hepatocellular carcinoma; Tcga, The cancer genome atlas; TPM, trans per million.
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silencing of KIAA1429 significantly increased the protein 

levels of ID2 (Figure 4B).

Downregulation of Kiaa1429 inhibits 
m6A modification of ID2 mRNA
To further delineate the action mechanism between KIAA1429 

and ID2, we built a MeRIP-PCR assay. A significant inhibi-

tion of m6A modification was observed in KIAA1429 siRNA 

transfected cells (Figure 5), which suggests that KIAA1429 

might methylate ID2 mRNA to regulate the expression of ID2.

Kiaa1429 regulates migration/invasion 
of HCC by altering m6A modification 
of iD2 mrna
Then, we hypothesized that the alteration of m6A on ID2 

mRNA is associated with the changes in cell function of 

Figure 2 Kiaa1429 promotes cell proliferation in hcc.
Notes: (A) Kiaa1429 levels in negative control and in cells transfected with sirna targeting Kiaa1429. (B) ccK-8 assays of negative control and Kiaa1429 sirna 
transfected cells (**P,0.01).
Abbreviations: hcc, hepatocellular carcinoma; ccK, cell counting kit; nc, negative control.

Figure 3 Kiaa1429 increases cell migration and invasion in hcc.
Notes: (A) Transwell migration of hepg2 cells transfected with sirnas against Kiaa1429. (B) Transwell invasion assays of hepg2 cells transfected with sirnas against 
Kiaa1429. Data of migration/invasion are shown in the histogram on the right (*P,0.05).
Abbreviation: hcc, hepatocellular carcinoma.
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Figure 4 Downregulation of Kiaa1429 increases iD2 level.
Notes: (A) correlation analysis between Kiaa1429 and iD2 using Tcga database. (B) Protein levels of iD2 in knockdown and control cells (*P,0.05).
Abbreviations: Tcga, The cancer genome atlas; nc, negative control; TPM, trans per million.

Figure 5 Downregulation of KIAA1429 inhibits m6A modification of ID2 mRNA.
Note: MeriP-Pcr revealed the m6a levels of iD2 mrna in hepg2 cells transfected 
with sirnas against Kiaa1429 (*P,0.05).
Abbreviations: MeriP-Pcr, methylated rna immunoprecipitation-Pcr; nc, negative 
control.

KIAA1429 silenced cells. Interference of the expression of 

ID2 in HCC cells by siRNA was confirmed by Western blot 

(Figure 6A). Knockdown of ID2 led to a significant accelera-

tion in cell migration and invasion capacities of HepG2 cells 

(Figure 6B). Interestingly, In Figure 3, we have mentioned 

that interfering with KIAA1429 expression can inhibit the 

migration and invasion of HCC cells. On this basis, inter-

fering with ID2 expression was found to be able to reverse 

the effect of KIAA1429 on cell function, and KIAA1429 

knockdown cells treated with rhein can restore the inhibi-

tory effect of KIAA1429 knockdown on the migration and 

invasion of HCC (Figure 6B).

Discussion
In this study, we demonstrated that KIAA1429 contributed to 

the development of HCC via regulating mRNA methylation 

levels of ID2 in cell lines. At a cellular level, decrease of 

KIAA1429 significantly inhibited proliferation, migration, 

and invasion of HCC cells. From the perspective of mecha-

nisms, processes mediated by KIAA1429 in HCC were at 

least partially carried out by ID2 via methylation. In more 

detail, KIAA1429 increased the m6A level of ID2 mRNA 

which subsequently reduced ID2 expression and promoted 

cell migration and invasion in HCC. ID2 was a dominant-

negative antagonist of basic helix ± loop ± helix transcription 

factors and proteins of the retinoblastoma (Rb) family.14 It has 

been reported that ID2 was associated with the development 

of many diseases. Members of the ID gene family, including 

ID2, were known to be highly expressed in a number of dif-

ferent tumor types.15,16

The attention was first focused on KIAA1429 because of 

the discovery of its ortholog, which was shown to interact 

with Drosophila WTAP in the context of sex-specific 

splicing.17 Further research revealed that KIAA1429, as 

well as METTL3 and METTL14, was required for meth-

ylation in mammals.18 METTL3 and METTL14 regulate 

several biological process including cell division,19 neural 

development,20 and cerebellar development.21 In previous 

investigations, METTL3 was observed to be upregulated 

in liver cancer and was found to promote its progression;22 

METTL14 was reported to suppress the metastatic poten-

tial of HCC and was downregulated in this type of cancer.7 

Several studies have reported that KIAA1429, METTL3, 

METTL14, and WTAP are usually composed of a methyl-

transferase complex.23,24 Since KIAA1429 is a methyltrans-

ferase similar to METTL3 and METTL14, we supposed 

that KIAA1429 might be abnormally expressed in HCC and 

might be associated with cell migration. In our study, this 
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Figure 6 KIAA1429 regulates migration/invasion of HCC by altering m6A modification of ID2 mRNA.
Notes: (A) ID2 levels in negative control and in cells transfected with siRNA targeting ID2 was confirmed by Western blot (top) and RT-PCR (bottom). (B) Transwell 
migration and invasion assays of hepg2 cells transfected with sirna targeting iD2, sirna-1 against Kiaa1429, or sirna-1 against Kiaa1429 with rhein. Data of migration/
invasion are shown in the histogram below. rhein is an m6a eraser inhibitor. *P,0.05 (all groups vs control group), #P,0.05 (all groups vs si-Kiaa1429 group).
Abbreviations: hcc, hepatocellular carcinoma; rT-Pcr, reverse-transcription Pcr; nc, negative control.

hypothesis was confirmed, and we showed that KIAA1429 

plays an important role in HCC cells.

Among various modifications, m6A methylation, which 

participates in almost every step of RNA metabolism, is the 

most abundant.25 An increasing number of investigations 

suggest multiple functions for m6A RNA methylation in 

disease.26 FTO, a type of demethylase, regulates the chemo-

radiotherapy resistance of CSCC via altering m6A level of 

β-catenin.13 Transcription of ID2 takes an obbligato effect 

in HCC and various regulations come true via ID2-mediated 

pathways. The metastatic potential of HCC was promoted by 

decreasing ID2 via altering the secretion of vascular endo-

thelial growth factor.6 Similarly, in our study, KIAA1429 

regulated migration and invasion of HCC by altering the 

m6A level of ID2.

Conclusion
We found that KIAA1429 facilitated migration and invasion 

of HCC by inhibiting ID2 via upregulating m6A modification 

of ID2 mRNA. This result indicates that KIAA1249 may be 

a potential diagnostic and therapeutic target in HCC.
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