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Abstract: The family with sequence similarity 83, member D (FAM83D) gene is upregulated in hepatocellular car-
cinoma and ovarian cancer, and its overexpression has been reported to positively correlate with tumor progres-
sion. However, the clinical significance and biological function of FAM83D in lung adenocarcinoma has not been 
investigated. We determined the expression profile and clinical significance of FAM83D using The Cancer Genome 
Atlas (TCGA) and immunohistochemistry (IHC) analysis. Considerable upregulation of FAM83D was observed in 
LUAD tissues compared with adjacent normal tissues, and its overexpression was significantly associated with more 
advanced clinicopathological characteristics. Importantly, multivariate Cox regression analysis indicated that a high 
level of FAM83D expression was an independent risk factor for worse overall survival in LUAD patients (HR = 1.692, 
P = 0.006). Inhibition of FAM83D suppressed the proliferation of LUAD cells via G1 phase arrest by downregulating 
cyclin D1 (CCND1) and cyclin E1 (CCNE1). The oncogenic role of FAM83D was also confirmed in vivo. In conclusion, 
our study demonstrated that FAM83D might exert its oncogenic activity in LUAD by regulating cell cycle, and that it 
could serve as a novel biomarker and a potential therapeutic target for LUAD.
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Introduction

Lung cancer remains the leading cause of can-
cer-related death worldwide, and lung adeno-
carcinoma (LUAD) has been the most common 
subtype of lung cancer in recent years [1]. 
Despite diagnostic and therapeutic advances 
in lung cancer in recent decades, the prognosis 
is still unfavorable, with an overall 5-year sur-
vival of less than 15% [2]. Therefore, further 
investigation to identify prognostic biomarkers 
and potential drug targets is urgently needed to 
provide a better prognosis and individualized 
treatment.

The family with sequence similarity 83, mem-
ber D (FAM83D) gene is located on chromo-
some 20q, a region that is frequently amplifi- 

ed in various types of human cancer [3-6]. 
FAM83D was first identified as a mitotic spin- 
dle component in a mass spectrometry study 
[7] and was reported to interact with chromoki-
nesin KID to guide correct chromosome con-
gression during metaphase [8]. Dysfunction of 
mitotic spindle may result in aneuploidy in both 
daughter cells, which is closely correlated with 
carcinogenesis and differentiation [9-11]. Some 
microarray studies have suggested that FAM- 
83D expression is elevated in hepatocellular 
carcinoma [12] and ovarian cancer [3]. Addi- 
tionally, FAM83D has been reported to exert its 
oncogenic activity by downregulating tumor 
suppressor gene FBXW7 in breast cancer [13], 
and by activating the MEK/ERK signaling path-
way in hepatocellular carcinoma [14]. However, 
the clinical significance and biological function 
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of FAM83D in lung adenocarcinoma has not yet 
been investigated. 

In this study, for the first time we show aberrant 
expression and clinical significance of FAM83D 
in LUAD using The Cancer Genome Atlas (TCGA) 
dataset and immunohistochemistry analysis; 
furthermore, we found that high expression 
level of FAM83D predicts poor survival in LUAD 
patients. In addition, we show the biological 
role of FAM83D in vitro and in vivo. Our findings 
suggest that FAM83D might play a significant 
role in the malignant progression of LUAD. 

Materials and methods

Data source and bioinformatics analysis

A TCGA dataset named TCGA_LUAD_exp_HiS- 
eqV2-2015-02-24 was downloaded from UCSC 
cancer browser (https://genome-cancer.ucsc.
edu/) [15]. The dataset contains a list of 511 
LUAD samples and 58 adjacent normal tissue 
samples. Expression values for FAM83D were 
obtained from the “genomicMatrix” file, and all 
values were normalized. Student’s t-test was 
used to evaluate FAM83D expression in tumor 
and para-tumor tissues. Chi-square test was 
used to analyze the association between clini-
cal characteristics and FAM83D expression. 
Kaplan-Meier analysis, log-rank test and Cox 
regression analysis were used to evaluate the 
prognostic value of FAM83D in LUAD patients.

A list of 191 genes (details shown in Table S1) 
with highest co-expression correlation (Pearson 
r value >0.6) with FAM83D in the TCGA LUAD 
dataset were submitted to DAVID Bioinformatics 
Resources 6.7 (http://david.abcc.ncifcrf.gov/) 
[16, 17] for Kyoto Encyclopedia of Genes and 
Genomes (KEGG) and Gene Ontology (GO) path-
way enrichment analysis. 

Cell lines, cell culture, siRNA and lentivirus-
based RNA interference transfection

H1299, H1975 and A549 cells were obtained 
from American Type Culture Collection (ATCC, 
USA), while human bronchial epithelial cell 
(HBE) and SPC-A-1 cells were gifted by Dr. 
Zhibin Hu. All the cells were grown in RPMI1640 
media (KeyGEN, Nanjing, China) supplemented 
with 10% fetal bovine serum and penicillin/
streptomycin and cultured at 37°C in a humidi-
fied incubator containing 5% CO2. Transfection 
was performed according to the small-interfer-

ing RNA (siRNA) sequences transfection proto-
col for Lipofectamine RNAi MAX (Invitrogen, 
USA). Nonsense RNAi (nsRNA) was used as a 
negative control for FAM83D siRNA. Trans- 
fection efficiency was evaluated using quanti- 
tative real-time RT-PCR and western blot. Two 
siRNAs were designed: the sequences were as 
follows: siRNA-1 for FAM83D: 5’-GCAGUAACU- 
UGGUAAUUCUTT-3’ (sense), 5’-AGAAUUACCAA- 
GUUACUGCTT-3’ (antisense); siRNA-2 for FAM- 
83D: 5’-CGGACUAUCACAGGAAAUATT-3’ (sense), 
5’-UAUUUCCUGUGAUAGUCCGTT-3’ (antisense). 
And the following Nonsense siRNA was used  
as negative control: 5’-UUCUCCGAACGUGUCA- 
CGUTT-3’ (sense), 5’-ACGUGACACGUUCGGAG- 
AATT-3’ (antisense). The human FAM83D-
targeting small hairpin RNA sequence was 
designed based on siRNA-1 and nsRNA. We 
generated recombinant lentiviral particles and 
cells were transfected with FAM83D or nega-
tive control recombinant lentivirus (sh-FAM83D 
or sh-NC, respectively) as described in our pre-
vious article [18]. CCND1 and CCNE1 cDNA 
were cloned into a pEGFP-N1 vector (purchased 
from Genechem) to construct overexpression 
plasmid, and an empty vector was used as a 
negative control.  

RNA extraction, reverse transcription and 
quantitative real-time PCR(qRT-PCR)

Total RNA was extracted from cultured cells 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). For RT-PCR, 1000 ng total RNA was 
reverse-transcribed to a final volume of 20 μl 
cDNA using a Reverse Transcription Kit (Tak- 
ara, cat: RR036A). qRT-PCR analyses were per-
formed with SYBR Select Master Mix (Applied 
Biosystems, Cat: 4472908). The qRT-PCR prim-
ers for FAM83D, p21, p27, CCND1, CCNE1 and 
β-actin are shown in Table 1. The qRT-PCR data 
collection was performed using a Quant- 
StudioTM 6 Flex Real-Time PCR System. The 
qRT-PCR reaction included an initial denatur-
ation step at 95°C for 10 min, followed by 40 
cycles of 92°C for 15 sec and 60°C for 1 min. 
Each sample was run in triplicate, and the rela-
tive expression was calculated and normalized 
using the 2-ΔΔCt method relative to β-actin.

Protein preparation and western blot

Cells were harvested and treated with lysis buf-
fer on ice (KeyGEN, Nanjing, China), and a BCA 
kit (KeyGEN, Nanjing, China) was used to quan-
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tify the protein concentration. Equal amounts 
of protein were loaded onto SDS-PAGE gels. 
After separation on the gel, the protein was 
transferred to a PVDF membrane. The mem-
branes were blocked in 2% BSA in TBS-T for  
1 h, and then incubated overnight (4°C) with 
antibodies against p21 (Santa Cruz, sc-397 
1:500), p27 (Santa Cruz, sc-528 1:200), cyclin 
D1 (CST, 2978 1:1000), cyclin E1 (Abcam, 
ab7959 1:200) or β-actin (Cell Signaling, 
8H10D10 1:1000). After being washed in TBS-
T, membranes were incubated with goat anti-
rabbit HRP-conjugated secondary antibody 
(1:10,000; Abcam) or goat anti-mouse HRP-
conjugated secondary antibody (1:10,000; 
Abcam) for 2 h at room temperature. The blots 
were visualized using ECL detection (Thermo 
Scientific). All experiments were repeated at 
least three times independently.

Cell proliferation assays

The cell proliferation was monitored using a 
Cell Counting Kit-8 (KeyGEN, Nanjing, China) or 
the xCELLigence system. For Cell Counting Kit-
8, cells were plated in 96-well plates at a  
density of 2000 cells in 100 µl per well, and  
the absorbance was measured at 450 nm with 
an ELx-800 universal microplate reader. Each 
experiment was repeated independently in 
quadruplicate. For colony formation assays, a 
total of 100 transfected cells were placed in a 
fresh six-well plate and maintained in medium 
containing 10% FBS; the medium was replaced 
every 3 or 4 days. After two weeks, cells were 
fixed with 4% paraformaldehyde and stained 
with 0.1% crystal violet. Visible colonies were 
then counted. For each treatment group, wells 
were assessed in triplicate. For the xCELLi-
gence system, exponentially growing cells with 
corresponding treatment in complete media 
were seeded in E-plates at a density of 20,000 
per well. The plates were then locked into the 
RTCA DP device in the incubator. The prolifera-

tive ability in each well was automatically moni-
tored by the xCELLigence system and expressed 
as a “cell index” value. The cell growth was 
recorded in real-time for 90 h.  

Cell migration and invasion assay

For the migration assay, transfected cells 
(40000 cells in 100 µl per well) were plated in 
the upper chamber of trans-well assay inserts 
(8-mm pores, Millipore, Billerica, MA) contain-
ing 200 µl of serum-free RPMI1640 media. The 
lower chambers were filled with RPMI1640  
containing 10% FBS. After 24 h of incubation, 
cells on the filter surface were fixed with metha-
nol, stained with crystal violet, and photo-
graphed. Migration ability was assessed by 
counting the number of stained cell nuclei in 5 
random fields per filter in each group.

For the invasion assay, transfected cells 
(40,000 cells in 100 µl per well) were plated in 
the top chamber with a matrigel-coated mem-
brane (BD Biosciences) in 300 µl serum-free 
RPMI1640. The bottom chambers were filled 
with RPMI1640 containing 10% FBS. The inva-
sion ability was determined after 48 h incuba-
tion. Each experiment was repeated three 
times.

Flow cytometry analysis

Flow cytometry analysis was performed to 
detect cell cycle distribution. Cells were trans-
ferred and fixed in centrifuge tubes containing 
4.5 mL of 70% ethanol on ice. The cells were 
kept in ethanol for at least 2 h at 4°C. Then, the 
ethanol-suspended cells were centrifuged for  
5 min at 300 g. Cell pellets were resuspended 
in 5 mL of PBS for approximately 30 s and cen-
trifuged at 300 g for 5 min, then resuspended 
in 1 mL of PI staining solution and kept in the 
dark at 37°C for 10 min. Samples were ana-
lyzed using a FACSCalibur flow cytometer. The 
percentage of the cells in G0-G1, S, and G2-M 

Table 1. Sequences of qRT-PCR primers
Gene Sense Anti-sense
FAM83D CTCTTCGGGCACCTACTTCC ACCACTGCAATCACCTCTCG
CCND1 GCGCTTCCAACCCACCCTCCATG GCGCCGCAGGCTTGACTCCAGAA
CCNE1 TTCTTGAGCAACACCCTCTTCTGCAGCC TCGCCATATACCGGTCAAAGAAATCTTGTGCC
P21 GCAGACCAGCATGACAGATTT GGATTAGGGCTTCCTCTTGGA
P27 TGGAGAAGCACTGCAGAGAC GCGTGTCCTCAGAGTTAGCC
β-actin GAAATCGTGCGTGACATTAA AAGGAAGGCTGGAAGAGTG
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phases were counted and compared. All the 
samples were assayed in triplicate.

Xenograft experiment

All animal studies were conducted in accor-
dance with NIH animal use guidelines, and the 
protocols were approved by Nanjing Medical 
University Animal Care Committee. Six female 
nude mice (ages 4-6 weeks) were purchased 
from Nanjing Medical University School of 
Medicine’s accredited animal facility. Briefly, 
1.0×106 exponentially growing A549 cells 
transfected with sh-FAM83D or sh-NC were 
injected subcutaneously in the mice’s axilla. 
Tumor volume was estimated as length × width2 

×0.5 every ten days using calipers. On the forti-
eth day after injection, the mice were sacri-
ficed, and the tumors were weighed and col-
lected for further analysis.

Tissue collection and immunohistochemistry

In this study, we collected 60 paired samples  
of LUAD and adjacent normal tissues from 
patients who underwent surgical resection at 
the Affiliated Cancer Hospital of Nanjing 
Medical University (Nanjing, China) from 2013 
to 2015. Informed written consent for scienti- 
fic use of biological material was obtained from 
each patient, and this study was approved by 
the Ethics Committee of Cancer Institute of 
Jiangsu Province. All patients’ clinical parame-
ters, including age, gender, primary tumor size, 
lymph node status, TNM stage and histological 
differentiation were collected from their medi-
cal records. 

Immunohistochemistry was performed to eval-
uate the clinical significance of FAM83D pro-
tein expression. Briefly, formalin-fixed, paraffin-

Figure 1. FAM83D is upregulated in LUAD tissues and correlates with more aggressive clinical characteristics in 
TCGA dataset. A. FAM83D is significantly upregulated in LUAD tissues compared with adjacent normal tissues 
(P<0.0001). B and C. FAM83D was found to be positively correlated with Ki-67 (r = 0.7114, P<0.0001, n = 511) and 
DNA ploidy (P<0.0001) in LUAD tissues. D. Kaplan-Meier survival analysis indicated that higher FAM83D expression 
is associated with worse overall survival in LUAD patients (HR = 1.890, P = 0.0003). E. Multivariate Cox regression 
analysis revealed that high expression of FAM83D was an independent risk factor for reduced overall survival in 
LUAD patients (HR = 1.692, P = 0.006).
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embedded archival tissue from the 60 paired 
tissue samples were used. Staining was sco- 
red independently by two observers (including 
a pathologist) according to intensity and per-
centage of positive cells. The staining intensity 
was scored according to 4 grades: 0 (no stain-
ing), 1 (weak staining), 2 (moderate staining), or 
3 (intense staining). The product (percentage of 
positive cells and respective intensity scores) 
was used as the final staining score (a mini-
mum value of 0 and a maximum value of 300). 

Statistical analysis

Student’s t test, chi-square test, log-rank test 
and Cox regression analysis were used to ana-
lyze the data using SPSS Statistics software 
(version 20.0, Chicago, Ill). P<0.05 was consid-
ered statistically significant.

Results

TCGA indicates that FAM83D is upregulated 
in LUAD and correlates with more aggressive 
clinical characteristics

According to an analysis of the TCGA_LUAD_
exp_HiSeqV2-2015-02-24 dataset, the mean 
expression values of FAM83D is 7.901±0.05- 

high group (n = 200). As shown in Table 2, chi-
square test revealed that higher FAM83D 
mRNA expression was significantly correlated 
with male gender (P<0.0001), larger primary 
tumor size (P<0.0001), lymph node metastasis 
(P = 0.0049) and more advanced TNM stage 
(P<0.0001).

The overall survival curve was plotted and the 
Cox regression analysis was used to evaluate 
the prognostic value of FAM83D in LUAD. 
Compared with the FAM83D-low group, the 
FAM83D-high group displayed poor OS (HR = 
1.890, P = 0.0003; Figure 1D). As shown in 
Table 3, a multivariate Cox regression analy- 
sis further revealed that a high level of FAM- 
83D mRNA expression was an independent 
risk factor for reduced overall survival in LUAD 
(HR = 1.692, 95% CI = 1.165-2.457, P = 0.006).

Immunohistochemistry analysis

Immunohistochemistry (IHC) was performed to 
evaluate FAM83D protein expression in the 
LUAD tissues and adjacent normal tissues. As 
shown in Figure 2A and 2B, the FAM83D stain-
ing scores were significantly increased in the 
LUAD tissues (201.0±6.096) compared with 
adjacent normal tissues (91.17±6.861; P< 

Table 2. Correlation between FAM83D expression and clini-
cal characteristics in TCGA LUAD dataset

Characteristics FAM83D-low 
cases

FAM83D-high 
cases P value

Age at diagnosis (years) 0.3164 
    ≤65 89 99
    >65 111 101
Sex <0.0001*
    Male 71 114
    Female 129 86
Primary tumor size <0.0001*
    T1 83 44
    T2 98 123
    T3-4 19 33
Lymph node status 0.0049* 
    Negative 141 114
    Positive 59 86
Tumor stage <0.0001*
    I 124 85
    II 49 54
    III-IV 27 61
*Significant correlation.

792 in LUAD tissues and 5.742± 
0.1299 in adjacent normal tissues 
(Figure 1A). Moreover, a correlation 
analysis in TCGA dataset showed that 
FAM83D was positively correlated 
with Ki-67 (r = 0.7114, P<0.0001, n = 
511), a cell proliferation marker in 
LUAD tissues (Figure 1B). In 170 
LUAD tissues with recorded DNA ploi-
dy levels, higher FAM83D expression 
was found to be significantly correlat-
ed with higher DNA ploidy level 
(P<0.0001; Figure 1C), indicating that 
FAM83D expression might have a cor-
relation with histological differentia-
tion of the tumor. 

Then, 400 LUAD patients with full-
scale clinical information and follow-
up data were extracted for further 
analysis. We designated the median 
expression value as a cutoff point, 
and the 400 LUAD patients were 
divided into two groups: the FAM83D-
low group (n = 200) and the FAM83D-
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0.0001). Consistent with the previously men-
tioned mRNA results, the FAM83D staining 
score was also significantly increased along 
with more advanced T stage, N stage and TNM 
stage in the LUAD tissues (Figure 2C-E). More- 
over, as shown in Figure 2F and 2G, we 
observed that poorly differentiated LUAD sam-
ples showed higher FAM83D protein expres-
sion, compared with well-differentiated LUAD 
samples.

Knockdown of FAM83D inhibits LUAD cells 
proliferation, motility and induces cell cycle 
arrest in vitro

As shown in Figure 3A, FAM83D was widely 
upregulated in LUAD cell lines, and H1299 and 
A549 cell lines were chosen as appropriate  
cellular models for further investigation beca- 
use of their highest expression of FAM83D. To 
investigate the biological function of FAM83D 

Table 3. Cox regression analysis of overall survival in LUAD patients in TCGA dataset

Characteristics
Univariate analysis Multivariate analysis

HR P value 95% CI HR P value 95% CI
Gender (Male vs Female) 1.131 0.487 0.800-1.598 / / /
Age (years) (>65 vs ≤65) 0.985 0.931 0.695-1.395 / / /
Primary tumor size (T2-4 vs T1) 1.545 0.042* 1.015-2.353 1.011 0.961 0.645-1.586
Lymph node status (Positive vs Negative) 2.810 <0.001* 1.974-3.999 1.489 0.156 0.859-2.579
TNM stage (Stage II-IV vs Stage I) 3.104 <0.001* 2.128-4.527 2.275 0.012* 1.179-3.902
FAM83D (High vs Low) 1.921 <0.001* 1.338-2.760 1.692 0.006* 1.165-2.457 
*Significant correlation.

Figure 2. Immunohistochemistry analysis. A and B. The FAM83D staining score was significantly increased in LUAD 
tissues (201.0±6.096) compared with adjacent normal tissues (91.17±6.861). C-E. The FAM83D staining score was 
significantly increased along with more advanced T stage, N stage and TNM stage in LUAD tissues. F and G. Poorly 
differentiated LUAD samples showed higher FAM83D protein expression, compared with those well-differentiated 
LUAD samples. *P<0.05, **P<0.01, *** P<0.001, NS: No significance.
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in vitro, two different effective siRNAs were 
used to knockdown FAM83D, and the transfec-
tion efficiency was measured by qRT-PCR and 
western blot (Figure 3B and 3C). As shown in 
Figure 3D, cell-counting kit 8 (CCK-8) assay 
revealed that knockdown of FAM83D markedly 
inhibited proliferation of both H1299 and A549 

cells. Moreover, the si-FAM83D transfected 
group had significantly fewer colonies than the 
si-NC group (Figure 3E). 

The transwell assay showed that migration abil-
ity of H1299 and A549 cells was inhibited by 
siRNA-mediated knockdown of FAM83D (Figure 

Figure 3. Knockdown of FAM83D inhibits LUAD cells proliferation, motility and induces cell cycle arrest in vitro. A. 
FAM83D was widely upregulated in LUAD cell lines. A549 and H1299 cell lines were chosen as appropriate cel-
lular models for further investigation because they showed the highest expression. B and C. Two different effective 
siRNAs were used to knockdown FAM83D, and the transfection efficiency was measured by qRT-PCR and western 
blot. D. Knockdown of FAM83D inhibited both A549 and H1299 cell lines proliferation. E. Colony numbers of A549 
and H1299 cells transfected with si-FAM83D were less than those transfected with si-NC. F and G. The transwell 
assay showed that the migration ability of H1299 and A549 cells was inhibited by siRNA-mediated knockdown of 
FAM83D, and the matrigel invasion assay yielded similar results. H. H1299 and A549 cells transfected with si-
FAM83D exhibited more arrest at G1 phase than those transfected with si-NC. *P<0.05, **P<0.01, ***P<0.001. 
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3F), and the matrigel invasion assay also yield-
ed similar results (Figure 3G). Finally, the effect 
of FAM83D on cell cycle distribution was ev- 
aluated by flow cytometry analysis. As shown in 
Figure 3H, si-FAM83D treatment significan- 
tly increased the percentage of H1299 and 
A549 cells in G1 phase compared to si-NC 
(P<0.0001).

results indicated that FAM83D might play a piv-
otal role in the cell cycle.

Considering that knockdown of FAM83D induc-
es G1 phase arrest in vitro, we sought to deter-
mine whether the expression levels of certain 
critical G1 phase genes or G1/S transition regu-
lators, including CCND1, CCNE1, p21 and p27, 

Figure 4. Knockdown of FAM83D inhibits tumor growth in vivo. A-C. Tu-
mor nodules derived from sh-FAM83D-transfected A549 cells are signifi-
cantly smaller than those in NC group. D. Immunohistochemistry showed 
that Ki-67 staining was weaker in sh-FAM83D group. *P<0.05, **P<0.01, 
***P<0.001.

Silence of FAM83D suppress-
es tumor growth in vivo

To assess the oncogenic role 
of FAM83D in vivo, we estab-
lished xenograft tumor mod-
els using A549 cells transfe- 
cted with sh-NC and sh-
FAM83D. All the nude mice 
developed xenograft tumors 
at the injection sites, and 
xenograft tumors were har-
vested forty days after injec-
tion (Figure 4A). As shown in 
Figure 4B and 4C, average 
volume and weight of tumors 
in the sh-FAM83D group were 
significantly lower than those 
in the sh-NC group. IHC analy-
sis revealed that tumors de- 
rived from sh-FAM83D trans-
fected cells showed weaker 
staining of Ki-67 than those in 
the NC group (Figure 4D). 
These data suggested that 
FAM83D might promote tu- 
mor growth in vivo.

FAM83D exerts its oncogenic 
activity by regulating the cell 
cycle by influencing some 
critical cyclins

To explore how FAM83D ex- 
erts its oncogenic activity, a 
list of 191 genes that have 
highest correlation values 
with FAM83D were picked out 
from TCGA LUAD dataset. We 
then used GO and KEGG 
enrichment analysis on the 
191 genes. As shown in 
Figure 5A, the two analyses 
yielded similar results. Most 
of the genes were enriched in 
the “cell cycle” pathway. The 



FAM83D promotes malignant phenotypes of lung adenocarcinoma

2595 Am J Cancer Res 2016;6(11):2587-2598

were altered in sh-FAM83D cells. Compared 
with sh-NC transfected cells, qRT-PCR and 
western blot showed that both mRNA and pro-
tein expression levels of CCND1 and CCNE1 
were significantly decreased in sh-FAM83D 
transfected cells, while p21 and p27 were not 
influenced (Figure 5B and 5C). Then, we mea-
sured the relative expression of FAM83D, 
CCND1 and CCNE1 in 60 LUAD samples using 
qRT-PCR. A correlation analysis of FAM83D 
with CCND1 and CCNE1 also confirmed that the 
expression of the two cyclins was positively cor-

related with FAM83D (P<0.0001; Figure 5D 
and 5E). 

Then, pEGFP-N1-CCND1 and pEGFP-N1-CCNE1 
plasmid was transfected into sh-FAM83D-treat-
ed A549 cells, respectively. Transfection effi-
ciency was determined by qRT-PCR and west-
ern blot (Figure 6A). The xCELLigence system 
showed that the proliferation and colony forma-
tion abilities were partly recovered after CCND1 
or CCNE1 was upregulated (Figure 6B and  
6C). As shown in Figure 6D, oe-CCND1 (over- 

Figure 5. FAM83D regulates cell cycle progression by influencing CCND1 and CCNE1 expression. A. Genes co-
expressed with FAM83D are enriched in the “cell cycle” pathway according to KEGG and GO enrichment analysis. 
B and C. qRT-PCR and western blot showed CCND1 and CCNE1 were significantly decreased in sh-FAM83D trans-
fected cells, while p21 and p27 were not significantly altered. D and E. Pearson test showed that CCND1 and CCNE1 
were both positively correlated with FAM83D in LUAD tissues. *P<0.05, NS: No significance.
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expression-CCND1) or oe-CCNE1 treatment 
significantly decreased the rate of sh-FAM83D-
treated A549 cells arrested in G1 phase 
(P<0.01). 

Discussion

FAM83D was first identified in a proteomic sur-
vey of the human spindle apparatus by Sauer G 

et al [7]. Later, Santamaria A et al reported  
that FAM83D represented a novel interaction 
partner of the chromokinesin KID, and the 
FAM83D-KID complex was required for chro-
mosome congression and spindle mainten- 
ance [8]. Furthermore, Clark S et al reported 
that FAM83D promoted asymmetrical cortical 
localization of dynein and correct spindle ori- 

Figure 6. Upregulated expression of CCND1 or CCNE1 partly rescues the malignant phenotypes in FAM83D-knock-
down cells. A. Transfection efficiency of upregulating CCND1 and CCNE1 was determined using qRT-PCR and west-
ern blot. B and C. Upregulation of either CCND1 or CCNE1 partly rescued the proliferative and colony formative 
abilities in FAM83D-knockdown cells. D. Upregulation of either CCND1 or CCNE1 alleviated the G1 phase arrest of 
FAM83D-knockdown cells. *P<0.01.
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entation [19]. Dysfunction of spindle may lead 
to mitotic errors and aneuploidy, which corre-
lates closely with carcinogenesis. All these 
studies indicated that FAM83D could play an 
important role in biological process.

Some microarray studies have suggested that 
FAM83D is upregulated in some cancers [3, 
12], and the oncogenic role of FAM83D has 
also been reported in breast cancer [13] and 
hepatocellular cancer [14]. In this study, we 
present the first evidence that upregulation of 
FAM83D occurs widely in LUAD and positively 
correlates with more advanced clinicopatho-
logical characteristics at both the mRNA and 
protein levels. Then we explored the prognostic 
value of FAM83D. A Kaplan-Meier analysis 
showed that LUAD patients with higher expres-
sion of FAM83D had a worse prognosis, and 
multivariate Cox regression analysis suggested 
that high expression of FAM83D was an inde-
pendent risk factor for reduced overall survival 
in LUAD patients.

GO and KEGG enrichment analyses were then 
performed and yielded a similar result: The 
term “cell cycle” ranks first among FAM83D-
related potential pathways. Consistent with this 
finding, experiments showed that suppression 
of FAM83D significantly inhibited cell prolifera-
tion via G1 phase arrest and weakened migra-
tion and invasion abilities of LUAD cells. We 
therefore measured several critical G1 phase 
genes or G1/S transition regulators to explo- 
re the potential mechanism. We found that 
CCND1 and CCNE1 expression were decreas- 
ed by shRNA-mediated FAM83D knockdown, 
which was consistent with the result of Pearson 
test in LUAD samples. Cell cycle alteration is 
one of the hallmarks of cancer [20-22]. More- 
over, CCND1 and CCNE1 are both critical G1 
phase cyclins that control the existence of the 
G1 phase and the entrance into the S phase 
[23]. Therefore, rescue experiments were per-
formed. We found that upregulated expression 
of CCND1 or CCNE1 in sh-FAM83D-treated 
A549 cells greatly increased proliferation and 
colony formation abilities, and alleviated arrest 
in the G1 phase. Thus, we concluded that 
FAM83D might regulate cell cycle progression 
via influencing CCND1 and CCNE1 expression 
during the G1 phase.

In conclusion, our study suggests that FAM- 
83D is widely upregulated in LUAD tissues and 

correlates with more advanced clinicopatho-
logical characteristics and a worse prognosis. 
FAM83D can promote LUAD cell proliferation  
in vitro and in vivo. Moreover, FAM83D knock-
down induces cell cycle arrest by downregulat-
ing CCND1 and CCNE1. These findings suggest 
that FAM83D plays an oncogenic role in LUAD 
and that FAM83D may serve as a potential 
therapeutic target and a novel prognostic bio-
marker in LUAD patients.
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