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CCDC86 promotes the aggressive behavior of nasopharyngeal carcinoma by 
positively regulating EGFR and activating the PI3K/Akt signaling 
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Nasopharyngeal carcinoma (NPC) is a common malignant tumor of the head and neck. A number of studies have 
confirmed that coiled-coil domain-containing protein 86 (CCDC86) plays an important role in the pathogenesis of 
lymphoma but the role of CCDC86 in NPC has not yet been reported. Here, in vivo and in vitro experiments were conducted 
to explore whether CCDC86 plays a role in the pathogenesis of NPC and to identify the specific mechanism. We found 
that CCDC86 was highly expressed in NPC tissues and cells, and the expression level of CCDC86 was correlated with the 
prognosis of patients with advanced NPC. CCDC86 promoted the proliferation, invasion, and migration of NPC cells in 
vivo and in vitro by promoting the EMT process and upregulating the expression of MMPs. Then, we confirmed that EGFR 
is a downstream target gene of CCDC86 and that CCDC86 can promote the proliferation, invasion, and migration of 
NPC cells by upregulating the expression of EGFR and activating downstream PI3K/Akt. Furthermore, we confirmed that 
CCDC86 did not directly bind to EGFR but positively regulated EGFR by binding to NPM1. CCDC86 is expected to be used 
as a novel biomarker and therapeutic target for predicting the prognosis of NPC. 
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Nasopharyngeal carcinoma (NPC) is a malignant tumor 
originating from the nasopharynx epithelium. It is estimated 
that, in 2018, the worldwide incidence of NPC was 130,000 
with mortality reaching 73,000 [1]. Although the effect of 
diagnostic methods, surgical treatment, and chemoradio-
therapy in treating NPC has been continuously improved in 
recent years, weaknesses remain, such as a high recurrence 
rate, easy metastasis and poor prognosis, which are related 
to the unclear molecular mechanism of the occurrence and 
recurrence of NPC. Therefore, enhancing the understanding 
of the molecular mechanisms underlying NPC is critically 
important for the exploitation of more efficient treatments 
for NPC.

The coiled-coil domain-containing protein 86 (CCDC86) 
gene is initially induced in hematopoietic stem cells by 
interleukin-3, encoding a phosphorylated nuclear protein 
composed of an N-terminal repeating sequence and 
C-terminal coiled-coil sequence. CCDC86 mRNA is mainly 
expressed in the heart, liver, and intestine; it is activated in 
peripheral CD4+ T cells and CD8+ T cells; and CCDC86 
mRNA is mainly expressed in the nucleus in the BA/F3 cell 

line [2]. Some studies have reported that CCDC86 is associ-
ated with the occurrence of lymphoma. In mice, CCDC86 
knockdown inhibited myc gene expression in invasive tumor 
cells and regulated the gene expression associated with 
lymphoma, revealing that CCDC86 is closely related to the 
occurrence of lymphoma [3]. However, there have been no 
reports on the effect of CCDC86 on NPC.

Epidermal growth factor receptor (EGFR) is a member of 
the ErbB family and is widely distributed on the surfaces of 
mammalian epithelial cells, fibroblasts, glial cells, keratino-
cytes, and other cells and plays important regulatory roles 
in cellular physiological processes. Activation of EGFR by 
ligands such as EGF can lead to increased EGFR phosphory-
lation, further activating downstream signal transduction 
pathways, and enabling its participation in various physi-
ological processes, such as cell growth and proliferation 
[4]. It has been confirmed that the expression and function 
of EGFR are abnormal in a variety of human malignant 
tumor tissues and tumor cell lines [5–10], including bladder 
cancer, ovarian cancer, NPC, breast cancer, glioma, pancre-
atic cancer, prostate cancer, and esophageal cancer. Previous 

Neoplasma 2023; 70(6): 761–776



762 Zhi WANG, et al.

studies have shown that EGFR expression was significantly 
higher in NPC tissues than in normal nasopharyngeal tissues 
[11], and inhibiting the expression of EGFR could reduce the 
invasion and metastatic abilities of NPC cell lines [12].

The PI3K/Akt signaling pathway is a downstream pathway 
of EGFR and is dysregulated in most malignant tumors. The 
abnormally activated PI3K/Akt pathway plays an important 
role in the infinite proliferation, angiogenesis, and tumor 
metastasis of cancer cells. EGFR mainly stimulates Ras 
proteins, inducing a phosphorylation cascade that activates 
the PI3K/Akt signaling pathway to promote the proliferation 
of tumor cells, inhibit cell apoptosis, and enhance tumor cell 
invasion and migration, and tolerance to treatment [13]. Some 
scholars have called the EGFR-PI3K/Akt signaling pathway 
one of the most classic tumorigenic pathways. Considering 
previous studies, we speculated that CCDC86 can promote 
the proliferation, apoptosis, invasion, and migration of NPC 
by activating the EGFR-PI3K/Akt signaling pathway.

In this study, we aimed to investigate the role of CCDC86 
in NPC and the associations between CCDC86 and EGFR. 
Then, we sought to determine whether CCDC86 affects NPC 
cells by regulating the EGFR-PI3K/Akt signaling pathway 
and the specific mechanism of this action. Our results will 
provide new ideas for the targeted treatment of NPC.

Patients and methods

Patients and clinical samples. Immunohistochemical 
staining was performed on 124 NPC samples embedded in 
paraffin sections and 50 normal nasopharyngeal epithelium 
(NNE) samples embedded in paraffin sections obtained from 
the Second Affiliated Hospital of Nanchang University, and 
the associated clinical data were analyzed retrospectively. No 
patients received anticancer treatments before enrolling in 
this study. The tumor grades of all the samples were assessed 
in accordance with World Health Organization (WHO) 
criteria. The median follow-up time for these 124 NPC 
patients was 72 months. The Ethics Committee of the Second 
Affiliated Hospital of Nanchang University approved the use 
of these tissues in this study (approval No. 202210311014). 
Written informed consent was obtained from all patients and 
healthy participants. All methods were performed in accor-
dance with the relevant guidelines and regulations.

Immunohistochemical staining. Tissue sections were 
repaired with 0.01 M sodium citrate buffer and incubated 
for 1 h with 3% hydrogen peroxide to eliminate endogenous 
peroxidase activity after deparaffinization and rehydra-
tion. After antigen retrieval, sections were incubated with 
CCDC86 antibody (1:1000) at 4 °C overnight, then with the 
secondary antibody for 1 h at room temperature. Subse-
quently, 3,3’-diaminobenzidine (DAB) reagent (ZSGB-
BIO, Beijing) was used for the peroxidase reaction and 
hematoxylin was used for counterstaining. Images were 
acquired under a microscope (Olympus C-5050, Japan). The 
immunohistochemistry results were independently evalu-

ated by two pathologists who were blinded to sample status. 
The intensity of CCDC86 staining was scored and graded as 
follows: staining intensity score, 0 point (negative), 1 point 
(I), 2 points (II), 3 points (III); Positive staining score: 0 point 
(negative), 1 point (1–25%), 2 points (26–50%), 3 points 
(51–75%), 4 points (76–100%). Total score and grouping: 
CCDC86 protein expression: the product of “staining 
intensity score” and “staining positive rate score” was used. 
According to the above products, ≤6 was divided into the 
CCDC86 low-expression group, >6 was divided into the 
high-expression group.

Cell lines and cell culture. NPC-derived cell lines 
(HONE1, HK1, CNE1, CNE2, CNE2Z, 5-8F, and 6-10 B 
cells) were cultured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Thermo Fisher Scientific, Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS; 
Invitrogen, Carlsbad, CA, USA). The human immortalized 
nasopharyngeal epithelial cell lines NP69 and NP460 were 
incubated in keratinocyte serum-free medium (Invitrogen, 
Carlsbad, CA, USA). All these cells were cultured in a 37 °C 
humidified incubator containing 5% CO2. All cell lines were 
purchased from the Shanghai Institute of Biological Sciences 
Cell Resource Center of the Chinese Academy of Sciences 
(Shanghai, China).

RNA extraction and quantitative real time-polymerase 
chain reaction (qRT-PCR). Total RNA was extracted using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) based on 
the manufacturer’s protocol. Extracted RNA was reverse 
transcribed into complementary DNA (cDNA) using a cDNA 
synthesis kit (TransGen Biotech, Beijing, China). qRT-PCR 
was conducted on an ABI 7500 instrument (Applied 
Biosystems, Foster City, CA, USA) using SYBR Green Mix 
(TaKaRa, Dalian, Liaoning, China). The following primers 
were used: CCDC86: (F) 5’-AGCGTCAGCAAGACCTA-
CACC-3’, (R) 5’-CCTCCTTATTCTGGGCCAACT-3’; 
EGFR: (F) 5’-CCCACTCATGCTCTACAACCC-3’, (R) 
5’-TCGCACTTCTTACACTTGCGG-3’; GAPDH: (F) 
5’-TGACTTCAACAGCGACACCCA-3’, (R) 5’-CACCCT-
GTTGCTGTAGCCAAA-3’. The primers were synthesized 
by BGI (Shenzhen, China). The relative expression levels 
were detected using the 2–ΔΔCt method using GAPDH as an 
internal control. Each qRT-PCR was performed in triplicate.

Western blot (WB) analysis. Total protein was extracted 
from the indicated NPC cells using radioimmunoprecipita-
tion assay (RIPA) lysis buffer (Beyotime, Beijing, China) 
following the manufacturer’s protocol. Protein concentration 
was detected using a bicinchoninic acid (BCA) protein deter-
mination kit (Beyotime, Beijing, China). Subsequently, equal 
amounts of protein were separated using 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
were then transferred to polyvinylidene fluoride (PVDF) 
membranes (Millipore, Germany). Then, the membrane 
is trimmed according to the molecular weight of the target 
protein. The trimmed membranes were incubated with 5% 
fat-free milk at room temperature for 2 h and then incubated 



CCDC86 PROMOTES NASOPHARYNGEAL CARCINOMA 763

with different primary antibodies at 4 °C overnight. Next, the 
membranes were washed three times with Tris-buffered saline 
with Tween-20 and were then incubated with secondary 
antibodies. The blots were visualized using an enhanced ECL 
kit (Pierce, Thermo Fisher Scientific, IL, USA). The experi-
ment was performed three separate times. Detailed informa-
tion on the antibodies for WB used in this study is shown in 
Supplementary Table S1.

Vector construction, cell transfection, and stable cell 
line construction. Human full-length cDNA of CCDC86 
was cloned into the expression plasmid Ubi-MCS-3flag-
CBh-gcGFP-IRES-puromycin (GeneChem Shanghai, 
China), which was then named oe-CCDC86, and an empty 
lentiviral expression vector was used as a control (oe-NC). 
Short hairpin RNA (shRNA) sequences were designed by 
Shanghai GeneChem Co., Ltd. (Shanghai, China) to target 
human CCDC86. Then, standard shRNA was inserted into 
a lentiviral hU6-MCS-Ubiquitin-EGFP-IRES-puromycin 
vector (GeneChem Shanghai, China), named sh-CCDC86, 
and the negative control was named oe-NC. Stable cell lines 
were generated using puromycin. The overexpression and 
knockdown efficiencies were determined by WB analysis.

EGFR agonist (recombinant human EGF) was purchased 
from PeproTech (USA). Transfection was conducted 
following the manufacturer’s protocol [14]. After 24 h of 
transfection, the cells were harvested for use in further 
experiments.

Microarray screening of CCDC86 downstream target 
genes. To screen the downstream target genes of CCDC86 in 
NPC cells and to further elucidate the correlations between 
CCDC86 and EGFR, microarray screening analysis and IPA 
were performed by Shanghai GeneChem Co., Ltd. (Shanghai, 
China) to analyze the target genes or proteins with which 
CCDC86 might interact and the potential CCDC86-EGFR 
co-expression network. The experimental process of gene 
chip microarray is as follows: After constructing CCDC86 
knockdown cells, RNA extraction is performed and Thermo 
NanoDrop 2000 was used to conduct the quality inspection 
of RNA samples. RNA samples with a purity between 1.7 and 
2.2 are qualified samples. Then the information is collected 
through IVT, chip hybridization, chip washing and dyeing, 
chip scanning. Finally, IPA analysis was performed and the 
gene network interaction map was constructed to find the 
target genes related to the CCDC86 function.

Cell proliferation assay. Cell counting kit-8 (CCK-8) 
assays and 5-ethynyl-20-deoxyuridine (EdU) incorporation 
assays were conducted to evaluate cell proliferation. For the 
CCK-8 assays, the indicated NPC cells were plated in 96-well 
plates at a density of 2.5×103 cells/well. Subsequently, 10 ml 
of CCK-8 solution (Solarbio, Beijing, China) was added to 
each well and incubated for another 1 h at 37 °C. The optical 
density (OD) at 450 nm was detected to indicate the cell 
proliferation rate using a microplate reader. EdU incorpo-
ration assays were conducted using an EdU Kit (RiboBio, 
Guangzhou, China) following the manufacturer’s protocol. 

The results were counted using a Zeiss photomicroscope 
(Carl Zeiss, Oberkochen, Germany).

Colony formation assay. First, 5-8F cells were seeded in 
6-well plates at a density of 200, 400, and 800 cells/well to 
determine the appropriate cell number for the colony forma-
tion assay. We chose 400 cells for the following clone forma-
tion assay. After incubation for 14 days, the cell colonies 
were washed with phosphate-buffered solution (PBS; Gibco, 
Grand Island, NY, USA) and fixed with methanol for 15 
min at room temperature. Subsequently, 0.1% crystal violet 
(Solarbio, Beijing, China) was added to stain the colonies for 
15 min at room temperature. Then, a microscope was used 
to count the fields, each of which contained more than 50 
colonies. Finally, the 6-well plate was photographed with a 
digital camera.

Cell migration and invasion assays. Transwell migration 
and invasion assays were conducted to evaluate cell migra-
tion and invasion, respectively. Transwell invasion assays 
were carried out using a Transwell chamber (Corning, New 
York, NY, USA) with 8 µm pores coated with Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA). Transwell migration 
assays were carried out using a Transwell chamber (Corning) 
with 8 µm pores without Matrigel. The indicated NPC cells 
(2 × 104 cells for the invasion assay and 1×104 cells for the 
migration assay) were resuspended in a serum-free medium 
and plated into the upper chamber. Medium containing 10% 
FBS was plated into the lower chamber. After incubation 
for 48 h (for 5-8F cells) or 72 h (for CNE2Z cells), the cells 
remaining on the upper side were removed. The migrated 
or invading cells on the lower side of the transwell chamber 
were fixed in 10% methanol, stained using 0.1% crystal violet 
for 15 min at room temperature, then counted and imaged 
(randomly selected 3 areas under the microscope to count 
the number of cells and calculated the average value) using 
a Zeiss photomicroscope (magnification, ×100). The assays 
were conducted three separate times.

Wound healing assay. NPC cells were cultured and seeded 
in 6-well plates at a density of 1×106 cells per well. After cells 
reached 90% confluency, a straight line was scraped in the 
cell monolayer with a 10 μl pipette tip to create a scratch, 
the cells were washed with PBS twice, and the medium was 
replaced with a serum-free medium. Images were captured 
at 0 and 24 h following the scratch was made to evaluate cell 
migration.

Mass spectrometry (MS) assay. MS assays were 
conducted to identify the possible proteins interacting with 
the CCDC86 protein in NPC cell lines. CNE2Z cells were 
harvested 48 h after transfection with sh-CCDC86. An 
appropriate amount of cell lysis buffer (including protease 
inhibitor) was added (1 ml/1×107 cells), and the cells were 
cleaved on ice for 10 min. The cells in the lysis buffer were 
centrifuged at 4 °C for 10 min at a maximum rotation speed 
of 13,000× g. Then, a small amount of total protein lysate 
was harvested as an input sample (the positive control). 
The remaining lysate was added to the cell lysate in which 
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mice (200 µl in each mouse). According to methods used in 
previous studies [15, 16], and the general procedure of in vivo 
imaging is as follows: D-luciferin (AAT Bioquest) potassium 
working solution was prepared with sterile PBS at a concen-
tration of 15 mg/ml sterilized and filtered through a 0.2 µm 
filter membrane. The D-luciferin potassium working solution 
was injected into nude mice at a dose of 10 µl/g. Fifteen 
minutes later, 0.7% pentobarbital sodium was injected into 
the intraperitoneal cavity of the nude mice at a dose of 10 µl/g 
to anesthetize the nude mice. A few minutes later, the nude 
mice were placed under a noninvasive in vivo biolumines-
cence imaging system (IVIS Lumina Series III, PerkinElmer, 
USA) to observe fluorescence, which was measured once per 
week. The experiment ended 51 days after inoculation, and 
in vivo imaging of the mice was performed before the end of 
the experiment.

Statistical analysis. The data are presented as the mean 
± SD after analysis with SPSS Statistics software version 20 
(SPSS Inc., USA). NPC patient survival association with the 
CCDC86 expression level was analyzed with the Kaplan-
Meier method. Differences between groups were analyzed by 
Student’s t-test or the nonparametric Mann-Whitney U test. 
A value of p<0.05 was considered significant.

Results

CCDC86 is overexpressed in NPC. As we know, CNE1 
is a highly differentiated squamous cell carcinoma cell line of 
NPC. CNE2 and HONE1 are poorly differentiated squamous 
cell carcinoma cell lines of NPC. 5-8F is also a poorly differ-
entiated squamous cell carcinoma cell line of NPC, which 
has high metastasis and high tumorigenic capacity. CNE2Z 
cell line is different from the CNE2 cell line, which is also a 
poorly differentiated NPC cell line. 6-10B is a poorly differ-
entiated squamous cell carcinoma cell line of NPC with high 
tumorigenic potential but it does not have metastatic proper-
ties. HK1 is a highly differentiated NPC cell line carrying the 
EBV gene.

We first investigated the transcription of CCDC86 in 
these seven NPC cell lines, HONE1, HK1, CNE1, CNE2, 
CNE2Z, 5-8F, and 6-10B cells, and two nonmalignant human 
nasopharyngeal epithelial cell lines, NP69 and NP460 cells. 
Except for the HONE1 and HK1 cells, most of the NPC cell 
lines showed a higher mRNA expression level of CCDC86 
than NP69 cells (Figure 1).

Then, CCDC86 protein levels in NPC tissues and normal 
nasopharyngeal epithelium (NNE) were detected by IHC. 
CCDC86 was localized in the cytoplasm of cells and was 
highly expressed in NPC tissues (n=124) but was negligibly 
expressed in NNE tissues (n=50) (Figure 2).

Furthermore, we analyzed the correlation between 
CCDC86 expression level and clinicopathological traits 
in the 124 NPC patients with higher CCDC86 expression 
(value higher than 6, n=50) and those with lower CCDC86 
expression (value at or lower than 6, n=74). As shown in 

5 µg of anti-CCDC86 (Thermo Fisher, A302-481A, USA) or 
anti-IgG (as the negative control) antibody had been added 
and then incubated overnight at 4 °C with slow shaking. 20 µl 
of protein A agarose magnetic beads were washed with an 
appropriate amount of cleavage buffer 3 times and centri-
fuged at 3,000 rpm for 3 min each; 20 µl of pretreated protein 
A agarose magnetic beads were added to the cell lysis buffer, 
and the tube was incubated with the antibody overnight 
and slowly shaken for 2-4 h at 4 °C to allow the antibody 
to couple with the protein A agarose magnetic beads. After 
the immunoprecipitation reaction, the agarose beads were 
centrifuged at 3,000× g for 3 min at 4 °C to precipitate them 
at the bottom of the tube. The supernatant was carefully 
removed, and the agarose magnetic beads were washed 3–4 
times with 1 ml of lysis buffer, and the immunoprecipitation 
(IP) and IgG samples were prepared. The input, IP and IgG 
samples were prepared for the MS assay.

MS analysis was conducted by Shanghai GeneChem Co., 
Ltd. (Shanghai, China). MaxQuant 1.6.1.0 (AB Sciex, USA) 
and the UniProt Protein Database were also used for MS 
data analyses and protein comparative analysis. After mass 
spectrometry data retrieval, PSM FDR ≤0.01 and protein FDR 
≤0.01 were used as the screening criteria for the peptide and 
protein identification, respectively. Peptide, razor+unique 
peptide, unique peptide, and sequence coverage (%) were 
counted together and separately in a protein identification 
table. If the sequence coverage of a protein in a sample was 0, 
then the protein was not identified in the sample. The input, 
IP and IgG samples were analyzed by WB as described.

Co-IP assay. Co-immunoprecipitation was conducted 
to identify the interactions between CCDC86 and NPM1 
in NPC cell lines. CCDC86 and interacting proteins were 
co-immunoprecipitated from whole CNE2Z and 5-8F cell 
line extracts via a Protein A/G immunoprecipitation kit and 
standard co-IP experiments. Then, the immunocomplex was 
detected using a WB analysis according to the manufactur-
er’s instructions. Detailed information on the antibodies for 
co-IP used in this study is shown in Supplementary Table S2.

In vivo metastatic tumor experiment. Ten healthy, 
4-week-old female BALB/c nude mice were selected and 
purchased from Shanghai Ling Chang Biotechnology Co., 
Ltd. (SCXK (Shanghai) 2013-0018) and raised in the Animal 
Science Laboratory Department of Nanchang University 
Medical School under SPF laboratory animal conditions and 
in accordance with the relevant guidelines and regulations 
for the care and use of laboratory animals. The animal exper-
iments in this study were approved by the Ethics Committee 
of the Second Affiliated Hospital of Nanchang University. 
All the methods were carried out in accordance with the 
approved guidelines. 5-8F cells transfected with sh-CCDC86 
and sh-NC stably expressing luciferase were selected by 
2 μg/ml puromycin to establish the metastatic tumor model 
in vivo. A total of 2×107 cells/ml of the cell suspension was 
prepared, and the cells were taken up with a disposable 
sterile syringe and slowly injected into the tail veins of nude 
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Table 1, CCDC86 protein expression was not associated with 
the clinical parameters of NPC patients, including sex, age, 
histological type, or tumor clinical stage. However, it was 
positively correlated with cervical lymph node metastasis, 
recurrence or distant metastasis, although the difference 
was not statistically significant. We separately analyzed the 
clinical parameters of III–IV patients, because patients with 
recurrent or metastatic NPC are usually stage III–IV patients, 
and the therapeutic failure of NPC is associated with a high 
recurrence rate and a tendency toward distant metastasis. 
As shown in Table 2, the expression of CCDC86 was higher 
in patients with positive cervical lymph node metastasis, 
but the difference was not statistically significant. However, 
the expression of CCDC86 was positively correlated with 
the recurrence or distant metastasis, and the difference was 
statistically significant (p=0.044).

In addition, we also analyzed the relationship between 
the expression level of CCDC86 and the survival rate 
(including the overall survival rate and the progression-free 
survival rate) in NPC patients. As shown in Figure 3A, the 
progression-free survival rate was slightly higher in patients 
with lower CCDC86 expression than in those with higher 
CCDC86 expression, but there was no significant differ-
ence (p=0.225). The overall survival rate of the CCDC86 
high-expression group was not significantly different from 
that of the low-expression group (p=0.681) (Figure 3B). 
Additionally, for stage III–IV patients, the results showed 
that the progression-free survival rate was higher in patients 
with lower CCDC86 expression than in those with higher 
CCDC86 expression, and the difference was statistically 
significant (p=0.044) (Figure 3C). The overall survival rate 
of the CCDC86 high-expression group was not significantly 
different from that of the low-expression group (p=0.364), as 
shown in Figure 3D.

CCDC86 knockdown inhibits NPC cell growth, migra-
tion, and invasion in vitro. To investigate the biological roles 
of CCDC86 in NPC cells, three sh-RNAs specific to CCDC86 
were designed and transfected into CNE2Z and 5-8F cells to 
downregulate the expression of CCDC86. After transfec-
tion, WB analysis showed that CCDC86 protein expression 
was significantly reduced in the three transfection groups, 
and the transfection was effective (Figure 4A). The sh-RNA1 
fragment was the most efficient for 5-8F, the sh-RNA2 
fragment was the most efficient for CNE2Z. However, in 
summary, sh-RNA1 has a good knockdown efficiency for 
both cell lines. So, we chose the first interference fragment 
for the subsequent experiment. The CCK-8 assays showed 
that the cell proliferation rate of the CCDC86 knockdown 
group was significantly decreased compared with that of 
the control group (Figure 4B). The cell clone formation 
assay showed that the number of cell clones of the CCDC86 
knockdown group was significantly lower than that of the 
control group (Figure 4C). The EdU assays showed that the 
proportion of EdU-positive cells of the CCDC86 knockdown 
group was significantly lower than that of the control group 

Table 1. Correlations between the clinical characteristics and CCDC86 
expression in NPC patients.
Clinicopathological 
features

Patients 
n=124

CCDC86  
expression mean rank p-value

Age(y) 0.550
<50 67 6.40±0.43
≥50 57 6.00±0.52

Gender 0.147
Male 94 5.89±0.39
Female 30 7.03±0.65

Clinical stages 0.461
I–II 69 6.39±0.46
III–IV 55 5.89±0.49

Lymph-node metastasis 0.789
+ 98 6.23±0.39
– 36 6.03±0.67

Recurrence or distant metastasis 0.231
+ 54 6.59±0.53
– 70 5.79±0.42

∆Non-keratinizing carcinoma 0.882
Undifferentiated 107 6.05±0.37
Differentiated 15 6.20±0.86

*p<0.05; ∆Note: Two of the 124 NPC patients had keratinized squamous 
cell carcinoma

Table 2. Correlations between the clinical characteristics and CCDC86 
expression in NPC patients stage III–IV.
Clinicopathological 
features

Patients 
n=55

CCDC86 expression 
mean rank p-value

Lymph-node metastasis 0.555
+ 52 5.96±0.52
– 3 4.67±0.67

Recurrence or distant metastasis 0.044*
+ 35 6.71±0.61
– 20 4.70±0.72

*p<0.05

Figure 1. CCDC86 mRNA expression levels in nasopharyngeal carcinoma 
(NPC) cell lines and normal nasopharyngeal epithelial (NNE) cell lines. 
Real-time PCR of the mRNA expression levels of CCDC86 in 7 NPC cell 
lines and two noncancerous nasopharyngeal epithelial cell lines, NP69 
and NP460 (NS: not significant; ***p<0.001).
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Figure 2. CCDC86 is overexpressed in NPC tissues. Immunohistochemical staining of CCDC86 in NPC (n=124) and NNE tissue (n=50). Representa-
tive images show immunostaining results for 1 NNE and 1 NPC sample (magnification ×400). The scored CCDC86 expression is shown in the bar 
graphs (****p<0.0001).

Figure 3. Relationship between CCDC86 expression and survival time in NPC patients. A) The progression-free survival rate was slightly better in 
patients with lower CCDC86 expression than in those with higher CCDC86 expression, but there was no significant difference (p=0.225). B) The 
overall survival rate of the CCDC86 high-expression group was not significantly different from that of the low-expression group (p=0.681). C) The 
progression-free survival rate was better in patients with lower CCDC86 expression than in those with higher CCDC86 expression in patients with 
stage III–IV disease, and the difference was statistically significant (p=0.044). D) The overall survival rate of the CCDC86 high-expression group was 
still not significantly different from that of the low-expression group in the patients of stage III–IV (p=0.364), *p<0.05; abbreviation: NS-not significant
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(Figure 4D). Additionally, the wound-healing assay showed 
that the cell migration efficiency of the CCDC86 knockdown 
group was lower than that of the control group (Supple-
mentary Figure S1A). Furthermore, Transwell migration 

and invasion assays showed that the migrated and invasive 
cell numbers of 5-8F and CNE2Z cells with stable CCDC86 
knockdown were much lower than those of control cells 
(Supplementary Figures S1B, S1C). Collectively, these data 

Figure 4. CCDC86 knockdown inhibits NPC cell proliferation, migration, and invasion. A) Western blot confirmation of the silencing effect of the 
sh-CCDC86 construct in 5-8F and CNE2Z cell lines. B) The growth curves of 5-8F and CNE2Z cells with CCDC86 knockdown and their control cell 
lines were determined by CCK-8 assays. The data are presented as the mean ± SD of six independent experiments. C) Representative colony images 
and quantification of colonies in 5-8F and CNE2Z cells with and without CCDC86 knockdown. The data are presented as the mean ± SD of three in-
dependent experiments. D) Cell proliferation of 5-8F and CNE2Z cells with and without CCDC86 knockdown was determined by EdU incorporation 
assays (magnification 200×). The data are presented as the mean ± SD of three independent experiments. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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demonstrated that CCDC86 knockdown inhibits NPC cell 
proliferation, migration, and invasion.

CCDC86 overexpression enhances NPC cell growth, 
migration, and invasion in vitro. To further validate the 
biological roles of CCDC86 in NPC, CCDC86 stably overex-
pressing 5-8F and CNE2Z cells were constructed via stable 

transfection of a CCDC86 overexpression lentiviral vector, 
and the upregulated efficiency was also detected by WB 
analysis (Figure 5A). The CCK-8 assays showed that the cell 
proliferation rate in the CCDC86 overexpression group was 
significantly enhanced compared with that of the control 
group (Figure 5B). A cell clone formation assay showed 

Figure 5. CCDC86 overexpression enhances NPC cell proliferation, migration, and invasion. A) The effects of overexpression in 5-8F and CNE2Z cell 
lines with CCDC86 overexpression were determined by Western blot analysis. B) The growth curves of 5-8F and CNE2Z cells with CCDC86 overex-
pression and their control cell lines were determined by CCK-8 assays. The data are presented as the mean ± SD of six independent experiments. C) 
Colonies formed by 5-8F and CNE2Z cells with and without CCDC86 overexpression were quantified by colony formation assays. The data are pre-
sented as the mean ± SD of three independent experiments. D) Proliferation of 5-8F and CNE2Z cells with and without CCDC86 overexpression was 
determined by EdU incorporation assays (magnification 200×). The data are presented as the mean ± SD of three independent experiments. *p<0.05, 
**p<0.01, ***p<0.001
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that the number of cell clones in the CCDC86 overexpres-
sion group was significantly greater than that in the control 
group (Figure 5C). The EdU assays showed that the propor-
tion of EdU-positive cells CCDC86 overexpression group 
was significantly greater than that of the control group 
(Figure 5D). Moreover, a wound-healing assay showed that 
the cell migration ability of the CCDC86 overexpression 
group was enhanced compared with that of the control group 
(Supplementary Figures S2A, S2B). Furthermore, Transwell 
migration and invasion assays showed that the migrated and 
invasive cell numbers of the CCDC86-stably-overexpressing 
5-8F and CNE2Z cells were much greater than those of the 
control cells (Supplementary Figures S2C, S2D). Collec-
tively, these data demonstrated that CCDC86 overexpression 
enhances NPC cell proliferation, migration, and invasion.

CCDC86 knockdown inhibits the metastasis of NPC 
cells in vivo. To further investigate the effect of CCDC86 on 
NPC metastasis, we designed a lung metastatic mouse model 
to verify that CCDC86 can promote NPC metastasis in vivo. 
The lung metastasis model of nude mice was established by 
5-8F cells stably transfected with sh-CCDC86 and a lucif-
erase expression construct and injected through the tail vein. 
The bioluminescence imaging system was used to detect 
the fluorescence of nude mice every week, and the results 
showed that the fluorescence of the CCDC86 knockdown 
group was lower than that of the control group (Figure 6C). 
The experiment ended 51 days after inoculation, and the 
nude mice were imaged in vivo before the end. The results 
also showed that the fluorescence of the CCDC86 knock-
down group was lower than that of the control group. The 

difference was statistically significant (Figures 6A, 6B) These 
results suggested that CCDC86 knockdown can inhibit the 
pulmonary metastasis of NPC cells in vivo.

Knockdown of CCDC86 inhibits cell invasion and 
migration by reversing EMT and inhibiting MMPs. To 
further evaluate whether CCDC86 can promote the invasion 
and migration of NPC cells by promoting the EMT process 
and increasing the expression of MMPs, the expression 
levels of EMT-related proteins (E-cadherin, β-catenin, and 
Vimentin), MMP9, and MMP2 in 5-8F and CNE2Z cells 
with CCDC86 knockdown and their control groups were 
detected by WB analysis. As shown in Figure 7, E-cadherin 
protein expression was upregulated in CCDC86 knock-
down cells, while β-catenin, vimentin, MMP2, and MMP9 
protein expression levels were downregulated. These results 
suggested that CCDC86 may be involved in the EMT process 
and mediate the expression of MMPs in NPC cell lines.

CCDC86 is positively correlated with epidermal 
growth factor receptor (EGFR), a key upstream effector of 
Akt signaling. We conducted gene chip screening and IPA 
(Ingenuity Pathway Analysis) to identify downstream genes 
or proteins of CCDC86. All genes in the PTEN pathway 
were mapped in a gene interaction network with the target 
gene CCDC86 (Figure 8A). Through this network and 
the IPA results, we found that CCDC86 is correlated with 
EGFR and might promote the malignant biological function 
of NPC cells through EGFR. To verify this prediction, we 
assessed the expression of EGFR at both the protein and 
mRNA levels. EGFR protein and mRNA were downregu-
lated in cells with CCDC86 knocked down (Figures 8B, 8C). 

Figure 6. Knockdown of CCDC86 inhibits the metastasis of NPC cells in vivo. Compared with the control group, each week (C) and 51 days later (A, 
B), the bioluminescent signals were lower in the CCDC86 knockdown group. **p<0.01, ***p<0.001



770 Zhi WANG, et al.

Figure 7. Knockdown of CCDC86 inhibits NPC cell migration and invasion by reversing the epithelial-mesenchymal transition (EMT) and promoting 
MMP expression. Western blot analysis of the expression of EMT-related proteins (E-cadherin, β-catenin, and Vimentin), MMP9, and MMP2. GAPDH 
was used as an internal control. The data are presented as the mean ± SD (n=3) *p<0.05, **p<0.01, ***p<0.001

These results showed that CCDC86 is positively correlated 
with EGFR and that CCDC86 can promote the expression 
of EGFR in NPC cell lines.

CCDC86 promotes NPC cell metastasis by upregulating 
EGFR expression. Considering these results, we attempted 
to determine whether EGFR is involved in the malignant 
biological function promotion of CCDC86 in NPC cells. 
Four groups of sh-CCDC86, sh-NC, sh-CCDC86+EGF, 
and sh-NC+EGF cells were constructed, and a series of 
functional assays were performed to verify this hypoth-
esis. The cell proliferation experiment results showed that 
downregulation of CCDC86 could inhibit the proliferation 
of NPC cells, although overexpression of EGFR could reverse 
this inhibitory effect (Figures 9A, 9B). The same results 

were observed in the cell invasion assay (Figure 9C). These 
findings suggested that in the process of CCDC86 promoting 
the proliferation, invasion, and migration of NPC cells, EGFR 
is a key downstream target gene. That is, CCDC86 promotes 
NPC progression by upregulating EGFR.

Knockdown of CCDC86 suppresses EGFR to inhibit 
the PI3K/Akt signaling pathway. These results confirmed 
that CCDC86 promoted the proliferation, invasion, and 
migration of NPC cells by upregulating EGFR. However, the 
downstream signaling pathway remained unclear. Therefore, 
we explored the signaling pathway in the next experiments. 
Multiple studies have proven that the PI3K/Akt pathway 
plays important roles in the process of tumorigenesis, such 
as promoting proliferation, EMT, and angiogenesis [17]. 
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The PI3K/Akt pathway is a classical downstream pathway 
of EGFR and the most important pathway in head and neck 
squamous cell carcinoma [18]. To clarify whether the PI3K/
Akt signaling pathway is involved in mediating the effects 
of CCDC86 on NPC, the protein expression levels of PI3K 
and Akt and their levels of phosphorylation were detected 
by WB assay. As shown in Figure 9D, the levels of PI3K 
and Akt phosphorylation were decreased in NPC cell lines 
with CCDC86 knocked down, but this inhibitory effect was 
reversed by overexpression of EGFR.

Taken together, these data suggested that the knockdown 
of CCDC86 suppresses the PI3K/Akt signaling pathway 
by negatively regulating the expression of EGFR, thereby 
inhibiting the proliferation, invasion, and migration of NPC 
cells. In other words, CCDC86 promotes the proliferation, 
invasion, and migration of NPC cells by upregulating the 

expression of EGFR and activating the PI3K/Akt signaling 
pathway.

CCDC86 promotes EGFR expression by mediating 
NPM1. To determine whether CCDC86 directly regulates 
EGFR and affects the malignant biological function of 
NPC cells, we designed a MS assay to identify downstream 
proteins that bind directly to CCDC86. The base peak of 
the mass spectrum is shown in Supplementary Figure 
S3. Peptide, razor+unique peptide, unique peptide, and 
sequence coverage (%) were combined and separately 
counted in the protein identification table. If the sequence 
coverage of a protein in a sample was 0, the protein had 
not been identified in the sample; that is, the protein did 
not bind directly to the target protein. As shown in Table 3, 
the sequence coverage (%) of EGFR was 0, but the sequence 
coverage (%) of NPM1 and FBL was not 0. These results 

Figure 8. CCDC86 is positively correlated with EGFR. A) All genes in the PTEN pathway were mapped in a gene interaction network with the target 
gene CCDC86. B) EGFR protein levels in the negative control and CCDC86-knockdown cell lines were determined by Western blot analysis. C) Rela-
tive expression of EGFR at the mRNA level in the negative control and CCDC86 knockdown cell lines was examined by qRT-PCR. GAPDH was used 
as an internal control.
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indicated that EGFR did not directly bind to CCDC86, 
while FBL and NPM1 might directly bind to CCDC86. 
According to the results shown in the previous gene inter-
action network diagram (Figure 8A), NPM1 is downstream 
of CCDC86; therefore, we speculated that NPM1 directly 
binds to CCDC86 and might be involved in the process by 
which CCDC86 regulates EGFR. Considering these results, 
we used a co-IP assay to verify whether CCDC86 can 
directly bind to NPM1. The immunoblot results indicated 
that the NPM1 proteins of CCDC86 were enriched in the 
pulldown and input samples. In contrast, CCDC86 and 
interacting proteins were not identified with IgG. These 
results demonstrated that the method was efficient, specifi-
cally co-immunoprecipitating CCDC86 and its interacting 
NPM1 protein partner in CNE2Z and 5-8F cell lines. These 
results confirmed the interaction between CCDC86 and 
NPM1 (Figure 9E). They also suggested that CCDC86 
may positively regulate EGFR by mediating NPM1, thus 
promoting the proliferation, invasion, and migration of 
NPC cells.

Discussion

In 2015, there were 60,600 confirmed cases of NPC in 
China, accounting for approximately 1.41% of the total 
incidence of malignant tumors [19]. NPC has obvious 
regional and ethnic distribution characteristics [20]. It is 
highly prevalent in southern China and Southeast Asian 
countries, of which Guangdong, Guangxi, Hunan, Fujian, 
and Jiangxi provinces are the core regions [21]. Although the 
overall 5-year survival rate for NPC is as high as 75–80%, 
local recurrence and distant metastasis occur in nearly 
10–15% of patients within the first 2 years after the initiation 
of NPC treatment, and only 72.9% of patients have 2-year 
progression-free survival [22]. Therefore, it is necessary to 
investigate the molecular mechanisms underlying metastatic 
NPC and to identify novel targets for metastasis prevention 
and therapy.

The analysis of clinical parameters was based on 124 
NPC patients and showed that there was no significant 
correlation between CCDC86 expression level and clinical 

parameters such as sex, age, histological type, and clinical 
stage. However, the CCDC86 expression level was positively 
correlated with cervical lymph node metastasis, recur-
rence, and distant metastasis, although the difference was 
not statistically significant; this negative result is worthy 
of further discussion. Therefore, stage III–IV patients were 
selected for analysis, and the results showed that CCDC86 
expression was higher in patients with positive cervical 
lymph node metastasis, although the difference was not 
statistically significant. We found that these negative results 
were related to the low number of patients with negative 
lymph node metastasis in stage III–IV (n=3). However, the 
CCDC86 expression level was positively correlated with the 
recurrence or distant metastasis of patients, and the differ-
ence was statistically significant. Therefore, we believe that 
the CCDC86 expression level can affect the prognosis of 
patients with advanced NPC.

In addition, we found that CCDC86 was associated with 
shorter recurrence-free survival time in NPC patients, 
especially in stage III–IV patients, which was consistent 
with the results described above. It was also suggested that 
CCDC86 may be a new risk biomarker for the prognosis 
of advanced NPC. However, the CCDC86 expression level 
was not significantly associated with overall survival in NPC 
patients at all stages or in patients with III–IV disease. We 
found that this result may have been related to the relatively 
high overall 5-year survival rate of NPC patients, with only 
17 deaths occurring among 124 patients during our total 
follow-up period of 86 months.

It is well known that therapeutic failure of NPC is associ-
ated with a high recurrence rate and a tendency toward 
distant metastasis. Therefore, those performing basic 
research need to pay more attention to tumor metastasis, and 
studies of the mechanism of tumor metastasis are urgently 
needed. Our functional experiments demonstrated that 
CCDC86 promotes NPC cell proliferation, migration, and 
invasion in vitro and in vivo. CCDC86 might be a putative 
oncogene modulating tumor proliferation and metastasis 
in NPC. However, how does CCDC86 mediate the invasion 
and migration of NPC cells to promote tumor metastasis? 
To answer this question, we shifted our attention to the 

Table 3. Protein identification results.

Protein names
Epidermal growth

factor receptor
Nucleophosmin

rRNA 2-O-methyltransferase
fibrillarin

Gene names EGFR NPM1 FBL
Peptide 26 16 11
Razor + unique peptides 26 16 11
Unique peptides 26 16 10
Sequence coverage [%] 33 55.1 51.2
Sequence coverage IgG [%] 0 27.9 17.3
Sequence coverage Input [%] 33 55.1 43.5
Sequence coverage IP [%] 0 33 24.6



CCDC86 PROMOTES NASOPHARYNGEAL CARCINOMA 773

Figure 9. A) The growth curves of 5-8F and CNE2Z cells with and without CCDC86 knockdown and cells cultured with EGF were determined by 
CCK-8 assays. B) Proliferation of 5-8F and CNE2Z cells with and without CCDC86 knockdown and cells cultured with EGF was determined by EdU 
incorporation assays (magnification 200×). C) Invasion of stable CCDC86--knockdown 5-8F/CNE2Z cells cultured with EGF was determined by Tran-
swell invasion assays (magnification 200×). The data are presented as the mean ± SD of three independent experiments (**p<0.01, ***p<0.001, NS: not 
significant). D) Knockdown of CCDC86 suppresses EGFR to inhibit the PI3K/Akt signaling pathway. Western blot analysis of the indicated proteins 
in 5-8F and CNE2Z cells with and without CCDC86 knocked down, and cells cultured with EGF. GAPDH was used as an internal control. E) Co-IP 
assay analysis of the interactions between CCDC86 and NPM1 in 5-8F and CNE2Z cells. The NPM1 proteins interacting with CCDC86 in the 5-8F and 
CNE2Z cell lines were enriched in the pull-down assay with input samples but were not identified with IgG.
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EMT and MMPs. Is the role of CCDC86 in the invasion and 
migration of NPC cells involved in the regulation of MMPs 
and the EMT process? In this study, we used WB analyses 
to detect changes in the EMT-related proteins (E-cadherin, 
β-catenin, and Vimentin), MMP2, and MMP9 after CCDC86 
knockdown. The results suggested that the knockdown of 
CCDC86 can inhibit the protein expression of MMP2 and 
MMP9 and reverse the EMT process of NPC cells. In other 
words, CCDC86 can promote cell invasion and migration by 
enhancing the EMT process and upregulating the expression 
of MMP2 and MMP9.

Metastasis is an important factor in determining the 
prognosis and survival of NPC patients. Therefore, we 
further explored the specific mechanism of CCDC86 in 
NPC. Through gene chip screening and IPA analysis, we 
found that CCDC86 and EGFR may have a certain interac-
tion relationship that is worthy of further study. Our results 
confirmed that the mRNA and protein expression levels of 
EGFR are significantly downregulated after the knockdown 
of CCDC86 in NPC cells. EGFR is a key upstream regula-
tory protein of the PI3K/Akt pathway. Previous studies have 
shown that inhibition of the EGFR-PI3K/Akt pathway can 
induce NPC cell senescence and inhibit the tumor stem cell 
phenotype [23, 24].

EGF is a ligand of EGFR, and the binding of the extra-
cellular domain of EGFR to EGF leads to the autophos-
phorylation of EGFR, which can simultaneously activate the 
downstream signaling pathway to cause specific physiolog-
ical effects [25]. Therefore, we used EGF as the activator of 
EGFR to conduct a series of studies. According to previous 
research [26], an EGF concentration of 100 ng/ml and an 
action time of 24 h are the best experimental conditions. 
Our results suggested that the promotion of CCDC86 on the 
malignant biological function of NPC cells depends on the 
upregulation of EGFR expression. Therefore, these results 
confirm that EGFR is an important intermediate target 
gene of CCDC86 acting on NPC. Then, we further explored 
the signaling pathway involved in the regulation of EGFR 
by CCDC86 for the malignant biological function of NPC 
cells. The results showed that the expression of p-PI3K and 
p-AKT is downregulated after CCDC86 knockdown, but 
these results can be reversed by EGFR overexpression. These 
results suggest that the EGFR-mediated PI3K/Akt signaling 
pathway is indeed involved in the process by which CCDC86 
acts on NPC. In other words, CCDC86 promotes NPC 
metastasis by positively regulating EGFR expression and 
then activating the PI3K signaling pathway.

Nucleophosmin (NPM, B23) is an important protein 
molecule located in the particle region of nucleoli and 
includes NPM1, NPM2, NPM3, and three other subtypes. 
Currently, research on NPM1 is more in-depth; therefore, 
NPM1 is commonly known as NPM. Under physiological 
conditions, NPM is widely expressed in cells in various 
tissues and is related to a variety of important biological 
functions of cells [27, 28]. The expression level of NPM is 

directly proportional to cell proliferation, and its expression 
level in tumor cells and proliferative cells has been previ-
ously shown to be significantly higher than that in quies-
cent cells [29–31]. NPM1 is the most frequently occurring 
genetic abnormality in acute myeloid leukemia and can 
participate in the malignant proliferation and transforma-
tion of leukemia cells in various ways [32–35]. Another 
study recently revealed that nucleophosmin 1 (NPM1) 
mutation is considered a Class II mutation affecting hemato-
poietic transcription and differentiation [36]. There are few 
studies on the relationship between CCDC86 and NPM1, 
but as shown in previous studies, CCDC86 is related to the 
occurrence of lymphoma [3], and both play important roles 
in the occurrence of tumors in the blood system and may 
have an unrevealed relationship.

There have been more studies on the correlation between 
NPM1 and EGFR. Overexpression of EGFR in solid tumors 
has been confirmed in several studies, but there are few data 
available on hematological malignancies such as AML. Sun et 
al. showed that from M1 to M7 subtypes, EGFR expression 
was approximately 33% in AML, and high EGFR expression 
was associated with the poor prognosis of AML [37]. EGFR 
expression was significantly higher in patients with wild-type 
NPM1 than in patients with mutated NPM1 in acute myeloid 
leukemia patients of Assam, India (p<0.01) [38]. These 
results suggested that CCDC86, EGFR, and NPM1 interact 
with each other to varying degrees in the pathogenesis of 
hematological tumors. Therefore, we believe that the interac-
tions among these three proteins may also be involved in the 
pathogenesis of NPC. Our results also indicated that CCDC86 
directly regulates NPM1 but not EGFR, and CCDC86 may 
positively regulate EGFR by mediating NPM1, promoting 
the activation of PI3K/Akt signaling and the proliferation, 
invasion, and migration of NPC cells. However, the specific 
mechanism by which CCDC86 directly regulates NPM1 is 
not yet clear. Whether CCDC86 regulates its expression level 
or causes its mutation is not known and will require further 
research in the future.

In summary, our study shows that CCDC86 is overex-
pressed in NPC cells and tumor tissues. CCDC86 promoted 
cell proliferation, enhanced EMT, and promoted NPC cell 
invasion and migration via PI3K/Akt signaling by mediating 
NPM1, and then positively regulating EGFR to modulate 
metastasis in NPC. Thus, CCDC86 may serve as a potential 
treatment target in metastatic NPC.

Supplementary information is available in the online version 
of the paper.
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Supplementary Figure S1. A) Cell migration of 5-8F and CNE2Z cells with stable CCDC86 knockdown was determined by wound-healing assays (mag-
nification 100×). B, C) Migration and invasion of 5-8F and CNE2Z cells with stable CCDC86 knockdown was determined by Transwell migration and 
invasion assays (magnification 200×). The data are present as the mean±SD of three independent experiments. **p<0.01, ***p<0.001
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Supplementary Figure S2. A, B) Migration of 5-8F and CNE2Z cells stably overexpressing CCDC86 was determined by wound-healing assays (mag-
nification 100×). C, D) Migration and invasion of 5-8F and CNE2Z cells stably overexpressing CCDC86 was determined by Transwell migration and 
invasion assays (magnification 200×). The data are presented as the mean±SD of three independent experiments. *p<0.05, **p<0.01, ***p<0.001

Supplementary Figure S3. The base peak of mass spectra. Input, IgG and IP (from top to bottom) sample mass spectrum base peaks.
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Supplementary Table S1. Detailed information of the antibodies for WB used in this study.
Antibody name
(the primary antibodies for WB) Species Company Catalog No. Dilution Protein size

CCDC86 Rabbit Thermo Fisher PA5-59617 1:1750 72 kDa
EGFR Rabbit Abcam ab52894 1:1000 175 kDa
E-cadherin Rabbit Abcam ab133597 1:1000 97 kDa
β-catenin Rabbit Abcam ab6302 1:4000 94 kDa
Vimentin Mouse Abcam ab8978 1:200 57 kDa
MMP2 Rabbit Abcam ab97779 1:500 74 kDa
MMP9 Rabbit Abcam ab38898 1:1000 92 kDa
PI3K Rabbit Affinity AF5121 1:1000 83 kDa
P-PI3K(Tyr607) Rabbit Affinity AF3241 1: 1000 80 kDa
Akt Rabbit Affinity AF6261 1: 1000 60 kDa
P-Akt (Ser473) Rabbit Affinity AF0016 1:1000 60 kDa
GAPDH Rabbit Abcam ab181602 1: 10000 36 kDa

Antibody name 
(the secondary antibodies for WB) Company Catalog No. Dilution

Goat anti-Rabbit IgG (H+L) Secondary Antibody, HRP Thermo Fisher 65-6120 1: 5000
Goat anti-Mouse IgG (H+L) Secondary Antibody, HRP Thermo Fisher 31430 1: 5000

Supplementary Table S2. Detailed information of the antibodies for Co-IP used in this study.
Antibody name
(the primary antibodies for Co-Ip) Species Company Catalog No. Dilution Protein size

CCDC86 Rabbit Thermo Fisher PA5-59617 1:1750 72 kDa
NPM1 Rabbit Abcam ab52644 1: 200000 33 kDa

Antibody name
(the secondary antibodies Co-Ip) Company Catalog No. Dilution

Goat anti-Rabbit IgG (H+L) Secondary Antibody, HRP Thermo Fisher 65-6120 1: 5000
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