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Abstract

Background Increasing evidence has shown that long non-coding RNAs (IncRNAs) are important in hepatocellular carci-
noma (HCC) development and progression. In this study, we aim to evaluate the expression of IncRNA FAM99B and its
biological function in HCC.

Methods The expression level of FAM99B in HCC was assessed based on data from The Cancer Genome Atlas (TCGA) and
Gene Expression Omnibus (GEO), verified using quantitative real-time polymerase chain reaction (QRT-PCR). HCCLM3
was transfected with lentivirus containing full-length FAM99B to obtain stable overexpressing cell line. Cell Counting Kit
8, clone formation, and transwell assays were used to investigate the effects of FAM99B in HCC progression. In addition,
Gene Ontology, Kyoto Encyclopedia of Genes and Genomes, and PANTHER pathway analyses were conducted to investigate
the underlying molecular mechanisms.

Results FAM99B was found to be downregulated in HCC tissues compared with adjacent normal tissues based on TCGA,
GEO, and qRT-PCR data. Our results revealed that downregulated FAM99B was significantly associated with vascular inva-
sion, advanced histologic grade, and T stage. Kaplan—Meier analysis using TCGA data indicated that decreased FAM99B
levels were significantly associated with poor overall survival in patients with HCC. Moreover, overexpression of FAM99B
significantly inhibited cell proliferation, migration, and invasion in vitro. Pathway analyses showed that the co-expressed
genes of FAM99B mainly participated in the pathways “Metabolic pathways” and “Blood coagulation”.

Conclusion Our results suggest that FAM99B may serve as a tumor suppressor in HCC and may provide a promising therapy
target for patients with HCC.
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Introduction
Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00432-019-02954-8) contains Liver cancer is a major public health problem worldwide. It
supplementary material, which is available to authorized users. is estimated to be the sixth most prevalent malignancy and

the fourth leading cause of cancer-related deaths globally,
with an estimated 841,000 new cases and 782,000 mortali-
ties in 2018 (Bray et al. 2018). Hepatocellular carcinoma
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the past decades, liver transplantation and hepatic resection
have become the major treatments for HCC. Although great
improvements have been made to the treatment of HCC, its
recurrence rate remains high and a complete cure has yet
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the molecular mechanisms behind the development of HCC
is essential for future diagnostic and therapeutic advances.
Recently, evidence has shown that long non-coding RNAs
(IncRNAs), a classification of non-coding RNAs that are
longer than 200 nucleotides, play an important role in HCC
tumorigenesis and progression by interacting with DNA,
proteins, and RNA (Lanzafame et al. 2018). Many stud-
ies have demonstrated that numerous dysregulated IncR-
NAs may contribute to the development and progression of
HCC (He et al. 2014). Results from high-throughput RNA
sequencing (RNA-Seq) of 12 paired HCC tissues and nor-
mal tissues have shown that multiple differentially expressed
IncRNAs are notably associated with tumor cell differen-
tiation, portal vein tumor thrombus, and AFP levels (Yao
et al. 2017). Moreover, IncRNA miR503HG has been found
to inhibit HCC tumor metastasis by regulating the NF-Kb-
signaling pathway to exert its tumor suppression role (Wang
et al. 2018). Another IncRNA, uc.134, has been shown to
have low expression in HCC, which is significantly associ-
ated with the number of tumors, lymph node metastasis,
TNM stage, and poor overall survival (OS) in patients with
HCC (Niet al. 2017). LncRNA 00607 has been identified as
a novel tumor suppressor in HCC and its overexpression can
inhibit HCC cell proliferation, promote cell apoptosis, and
enhance the sensitivity of chemotherapeutic drugs (Sun et al.
2018). These findings suggest that novel aberrant IncRNAs
may participate in the molecular mechanisms of HCC, con-
tributing to its incidence and development. LncRNAs may
also provide new targets for early diagnosis and treatment.
FAM99B, a family with sequence similarity 99-member
B, is a novel antisense IncRNA that is 1066 bps in length
and has no protein-coding function. A quantitative RNA-Seq
of all the major human organs and tissues has revealed that
FAMO99B is only expressed in hepatic, placental, and tes-
ticular tissues, and is especially highly expressed in hepatic
tissues (Fagerberg et al. 2014). As a representative liver-
specific non-coding RNA, microRNA-122 has been sug-
gested to be involved in HCC development and metastasis
(Chang et al. 2004; Huang and He 2011). A novel, liver-
specific IncRNA, LINC01093 has also been shown to have
a tumor suppressive effect on HCC progression (He et al.
2019). FAM99B encoded by a gene located on chromosome
11p15.5 and loss of heterozygosity on chromosome 11p have
been found to lead to an increased expression of a reces-
sive oncogene in the genome and promote HCC develop-
ment (Wang and Rogler 1988). Given these specificities, we
hypothesized that FAM99B may be associated with HCC.
In the present study, we discovered that FAM99B may
be involved in the tumorigenesis and progression of HCC.
The expression of FAM99B is prominently decreased in
HCC and its expression is inversely correlated with vas-
cular invasion, lymph node metastasis, and tumor grade.
Besides, patients with low FAM99B tend to have poor
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OS in HCC patients. Functional analyses indicated that
the overexpression of FAM99B repress cell proliferation,
migration, and invasion in vitro. As such, we first dem-
onstrated that FAM99B may serve as a tumor suppressor
in HCC.

Materials and methods

The expression level of FAM99B in HCC based
on public online databases

RNA-Seq data of 371 HCC tissues and 50 adjacent nor-
mal tissues were extracted from The Cancer Genome Atlas
(TCGA) database (https://cancergenome.nih.gov/) (up to
October 30, 2018). The RNA expression data were repre-
sented as Transcripts per million (TPM) and normalized by
converting to the base-2 logarithm. In addition, the rela-
tionships between FAM99B expression, clinicopathological
features, as well as the prognosis were calculated.

We also retrieved the original IncRNA expression data
from the Gene Expression Omnibus (GEO) database (http://
www.ncbi.nlm.nih.gov/geo/) (up to October 19, 2018). The
retrieval keywords were as follows: (1) IncRNAs, long non-
coding RNAs, and non-coding RNAs; (2) cancer, tumor,
carcinoma, neoplasm*, and malignant*; and (3) hepatocel-
lular carcinoma, HCC, and liver. Data sets that met the fol-
lowing criteria were enrolled. (1) HCC tissues and adjacent
normal liver tissues were included and each group contained
more than three cases; (2) the expression data of FAM99B
could be obtained or evaluated directly; and (3) the tissue
samples were extracted from Homo sapiens. Two researchers
(Meile Mo and Shun Liu) carefully screened for the eligible
data sets and extracted basic information, including the GSE
number, publication year, platform, country, sample size of
each group, and the expression level of FAM99B. Finally,
a meta-analysis was conducted using these GEO data sets.

Tissue samples

A total of 80 HCC tissues and their adjacent normal tissues
(at least 3 cm away from HCC tissues) were obtained from
patients who had undergone surgery in the Affiliated Can-
cer Hospital of Guangxi Medical University in China from
March 2016 to September 2018. The tissue samples were
stored in liquid nitrogen until use. All the patients with HCC
were diagnosed by two experienced pathologists and had not
received radiotherapy or chemotherapy treatment prior to
surgery. All the participants signed informed consent forms
before participating in the study. The research was approved
by the Ethics Committee of Guangxi Medical University.
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Cell culture and lentiviral infection

The human HCC cell lines MHCC97L, MHCC97H (Cell-
Cook Biotech Co. Ltd.), HCCLM3 (Zhongshan Hospital,
Fudan University of Shanghai), and Huh-7, HepG2, Hep3B
(Cell bank of the Chinese academy of sciences) were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco) supplemented with 10% fetal bovine serum (FBS,
Gibco) and 1% penicillin and streptomycin (Gibco) in a
humidified atmosphere at 37 °C containing 5% CO,.

The empty lentiviral vector (Lv-NC) and the GV502
lentiviral vector containing full-length human FAM99B
(Lv-FAMO99B) were constructed by Genechem (Shang-
hai, China). Lv-FAM99B and Lv-NC were introduced to
HCCLM3 cells following the manufacturer’s instructions.
After transfection, the cells were exposed to puromycin
for 2 weeks to obtain clones with stable overexpression of
FAMO99B. The cells were harvested for RNA isolation and
the infection efficiency was determined using qRT-PCR.

qRT-PCR

Total RNA was extracted from tissues and cells using a Tri-
zol Reagent (Invitrogen) and then used to synthesize cDNA
using High-Capacity cDNA Reverse Transcription Kits
(Thermo Fisher Scientific) following the manufacturer’s
instructions. Quantifications of FAM99B and GAPDH were
conducted using the TB GreenTM Premix Ex TaqTM II Kit
(Takara) in the StepOnePlus real-time PCR system (Applied
Biosystems) following the manufacturer’s instructions.
GAPDH was set as the internal control. The sequences for
the GAPDH and FAM99B primers are as follows: GAPDH-
F (5'-3"): AGCCACATCGCTCAGACAC, GAPDH-R
(5'-3"): GCCCAATACGACCAAATCC; FAM99B-F (5'-3'):
ACAGTGACCGCCGAGACA, FAM99B-R (5'-3"): AGA
TTTGGGATTTAGGGAAGG. The relative expression of
FAMO99B was calculated using the formula 2744C,

Cell proliferation, migration, and invasion assays

Cell proliferation viability was assessed using the CCK-8
assay (Dojindo) according to the manufacturer’s protocol. A
total of 1000 cells per well were seeded into 96-well plates
and incubated at different timepoints. 10 pl of CCK-8 was
then added into each well and incubated for another 2 h, so
that the absorbance value at 450 nm can be measured. To
evaluate the cells’ cloning ability, cells were seeded into six-
well plates (500 cells per well) and incubated for 2 weeks.
After that, the colonies were fixed with methanol and stained
with 0.1% crystal violet. Only colonies containing more than
50 cells were counted.

Transwell inserts (8 pm, Costar, Corning) coated with
and without the Matrigel (Matrigel Basement Membrane

Table 1 Relationship between FAM99B expression level and clinico-
pathological features in TCGA data set

Clinicopatho- N FAMO99B expression Y P

logical features

Low expression  High
expres-
sion

Age?
<60 177 95 82 1.830 0.176
> 60 193 90 103

Gender*
Male 250 133 117 2.881 0.090
Female 121 53 68

Race®
Asian 158 85 73 1.286 0.257
Non-Asian 203 97 106

Tumor status®
Tumor free 234 123 111 2386  0.122
With tumor 110 48 62

Hepatitis B virus infection®
No 248 122 126 0.001 0.979
Yes 104 51 53

Vascular invasion®
None 206 89 117 11.518  0.001
Micro/macro 109 69 40

Histologic grade®
G1-G2 232 101 131 10.596  0.001
G3-G4 134 82 52

Pathologic stage®
I-11 257 123 134 2.623 0.105
-1v 90 52 38

T stage®
I-1I 276 130 146 4.032  0.045
-1v 93 55 38

N stage®
NO 252 131 121 0.000 1.000
N1 4 2 2

M stage®
MO 266 137 129 0.000 1.000
M1 4 2 2

Child-Pugh classification grade®
A 217 106 111 1.747 0.186
B+C 22 14 8

Statistically significant P values are in bold (P <0.05)

Micro/macro, TNM staging system according to the American Joint
Committee on Cancer (AJCC) with T tumor, N lymph nodes metasta-
sis, M distant metastasis

“Represent have missing value

Matrix, Corning) were placed into 24-well plates to meas-
ure cell invasion and migration ability, respectively. In the
upper chambers, serum-free medium containing 1 x 10° cells
per well were seeded for the invasion assay, and medium
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containing 5x 10* cells per well were seeded for the migra-
tion assay. For the lower chambers, 600 pl of culture medium
containing 20% FBS was added. After incubating for 48 h,
cells remaining on the upper chambers were wiped off with
cotton swaps, whereas cells that had migrated through/
invaded the membrane were fixed with methanol and stained
with 0.1% crystal violet. The number of migrated/invaded
cells was counted using an inverted microscope with three
randomly selected fields.

Prediction of the co-expressed genes of FAM99B
and pathway analyses

The co-expressed genes of FAM99B were obtained from
the following prediction websites: cBioPortal (Cerami et al.
2012; Gao et al. 2013) (http://www.cbioportal.org/), MEM
(Adler et al. 2009) (https://biit.cs.ut.ee/mem/), and TANRIC
databases (https://ibl.mdanderson.org/tanric/_design/basic/
index.html) (Li et al. 2015). Intersected genes from at least
two data sets were considered potentially related genes. Sub-
sequently, KOBAS 3.0 (Xie et al. 2011) (http://kobas.cbi.
pku.edu.cn/) was used to conduct GO enrichment, KEGG,
and PANTHER pathway analyses. Corrected P values less
than 0.05 were considered statistically significant.

Statistical analysis

Numerical variables are presented as mean + standard devia-
tion (SD). Student’s/paired ¢ test was used to compare the
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difference between groups. The Chi-square test was used to
assess the relationship between FAM99B expression level
and clinicopathological features. The Kaplan—Meier plot
and Log-rank test were conducted using a TCGA cohort
(N=370) to explore the survival significance of FAM99B in
HCC. The receiver operating characteristic (ROC) curve was
constructed to evaluate the diagnostic efficiency of FAM99B
in HCC. The Youden index (sensitivity + specificity — 1)
was used to set the optimal cutoff point. All analyses were
conducted using SPSS 20.0, and the graphs were drawn
using GraphPad Prism. P <0.05 was defined as a statisti-
cally significant difference.

For the meta-analysis of GEO data sets, the standardized
mean difference (SMD) with its 95% confidence interval
(CI) was calculated using STATA 12.0. Considering the dif-
ferent experimental conditions and platforms among GEO
data sets, a random-effect model was used to combine these
results. Heterogeneity test was conducted using Chi-squared
and I-squared tests to assess whether inter-study heteroge-
neity occurred, P>50% or P<0.05 were considered sta-
tistically significant heterogeneity (DerSimonian and Laird
2015). A combined SMD <0 with a 95% CI that did not
include O suggested that FAM99B expression was signifi-
cantly decreased in HCC tissues compared with normal tis-
sues. Funnel plot and Begg’s test were used to assess the
publication bias (Begg and Mazumdar 1994), and P >0.1
indicated no obvious publication bias. Sensitivity analysis
was performed to examine the stability of the meta-analysis
by removing 1 study each time.
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Fig.2 Relative expression level of FAM99B between HCC tissues
and adjacent normal tissues in GEO database. a—i FAM99B expres-
sion in nine GEO data sets. j Forest plot of nine GEO data sets for the

FAMO99B expression in HCC (with random-effect model). k Funnel
plot of Begg’s test to assess the publication bias of these nine GEO
data sets
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Table 2 Basic information and

FAM99B expression level in GEO data sets Year Platform Country  Tissue types N EAM99B expres- t P
sion (mean + SD)
GEO data sets
GSE27462 2011 GPL11269 China HCC tissue 5 6.96+0.49 0.161 0.880
Normal tissue 5 6.91+0.52
GSE29721 2011 GPL570 Canada  HCC tissue 10 3.18+0.21 —4.996  0.001
Normal tissue 10  3.77+0.41
GSE33006 2011 GPL570 China HCC tissue 3 7.30+143 —-0.033 0976
Normal tissue 7.34+0.40
GSE49713 2013 GPL11269 China HCC tissue 6.27+0.86 —-9.599  0.001
Normal tissue 5 9.70+0.31
GSES50579 2013 GPL14550 Germany HCC tissue 60  7.05+2.95 —7.508 < 0.001
Normal tissue 7 10.57+0.73
GSES57555 2014 GPL16699 Japan HCC tissue 5 0.12+0.05 —1.858  0.137
Normal tissue 5 0.07+0.02
GSE62232 2014 GPL570 France HCC tissue 81 4.45+041 - 8.258 < 0.001
Normal tissue 5 5.11+0.15
GSE65485 2015 GPLI11154 China HCC tissue 50  097+1.59 —-0.952  0.346
Normal tissue 5 1.66+1.05
GSES84402 2016 GPL570 China HCC tissue 14 7.74+8.02 -1.697 0.114
Normal tissue 14 12.92+8.37
Statistically significant P values are in bold (P <0.05)
GEO gene expression omnibus, HCC hepatocellular carcinoma, SD standard deviation
Results that lower FAM99B expression was associated with a poor

FAM99B is downregulated in HCC tissues
and correlated with poor survival based on TCGA
database

Independent-sample ¢ test showed that FAM99B expression
was decreased in HCC tissues compared with noncancer-
ous tissues (P <0.001; Table 1; Fig. 1a). ROC curve analy-
sis was conducted to determine the efficiency of FAM99B
expression to distinguish HCC tissues from normal tissues.
The area under the curve (AUC) of FAM99B in HCC of
TCGA data was 0.828 (95% CI 0.788-0.862, P <0.0001),
and the cutoff value was 2.272. The sensitivity and speci-
ficity were 71.97% and 92.00%, respectively (Fig. 1b).
The patients were divided into a high expression group
(>1.1774) and low expression group (< 1.1774) based
on their median value of FAM99B expression. Then, we
examined the relationship between FAM99B expression and
clinicopathological features. Results demonstrated that low
FAMO99B expression was associated with vascular invasion
(P=0.001), advanced histologic grade (P=0.001), and T
stage (P =0.045). However, no significant difference was
observed in other clinicopathological features such as age,
gender, race, tumor status, hepatitis B virus infection, patho-
logic stage, N stage, M stage, and Child-Pugh classification
grade (P> 0.05; Table 1). Kaplan—Meier analysis suggested
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OS for patients with HCC (y>=4.295, P=0.038; Fig. lc).
However, no significant association was found between
FAMO99B expression and disease-free survival (DFS)
(#*=0.030, P=0.863; Fig. 1d).

Meta-analysis of FAM99B expression in HCC based
on GEO data sets

Nine GEO data sets (GSE27462, GSE29721, GSE33006,
GSE49713, GSE50579, GSE57555, GSE62232,
GSE65485, and GSE84402) met the inclusion criteria
and were enrolled in our study. The normalized FAM99B
expression level between HCC and noncancerous tissues in
GEO data sets is visualized in Fig. 2a—i. The basic informa-
tion and normalized FAM99B expression level are shown
in Table 2. To mediate the small sample effect of individual
data sets, we pooled all six data sets to draw a credible con-
clusion. A random-effect model was applied, and the com-
bined result indicated that FAM99B was downregulated
in HCC tissues (SMD =—- 1.07, 95% CI (- 1.66, — 0.49);
P <0.001; Fig. 2j). There was significant heterogeneity
among these studies (I>=59.8%; P=0.011). No signifi-
cant publication bias was observed (Begg’s test, P=0.602;
Fig. 2k) among the data sets. Moreover, the result of sen-
sitivity analyses (Fig. S1) indicated that our meta-analysis
was stable.
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Table 3 Association between FAM99B expression level and clinico-
pathological features in RT-qPCR cohort

Clinicopatho- N FAMO99B expression Y P
logical features )
Low High
expression expression

Age
<60 63 31 32 0.075 0.785
> 60 17 9 8

Gender
Male 67 36 31 2.296 0.130
Female 13 4 9

Liver cirrhosis
No 27 12 15 0.503 0.478
Yes 53 28 25

Hepatitis B virus infection
No 11 3 8 2.635 0.105
Yes 69 37 32

Microvascular invasion
Absent 39 14 25 6.054 0.014
Present 41 26 15

Tumor number
Single 70 34 36 0.457 0.499
Multiple 10 6 4

Tumor size (cm)
<5 31 13 18 1.317 0.251
>5 49 27 22

Tumor invasion
Absent 20 7 13 2.400 0.121
Present 60 33 27

Lymph node metastasis
No 74 37 37 0.000 1.000
Yes 6 3 3

Child—Pugh classification grade
A 75 39 36 0.853 0.356
B 5 1 4

BCLC stage
A stage 47 23 24 0.360 0.835
B stage 14 8 6
C stage 19 9 10

Edmondson stage
I-1I 33 17 16 0.052 0.820
-1v 47 23 24

Statistically significant P value is in bold (P <0.05)

BCLC stage the Barcelona Clinic Liver Cancer staging classification
FAM99B displays a low expression level in HCC
tissues based on HCC cohort from Guangxi

To validate the relationship between FAM99B and HCC,
we further detected the expression level of FAM99B in

80 pairs of HCC tissues and their corresponding adjacent
normal tissues using qRT-PCR for the HCC cohort from
Guangxi Medical University. The results indicated that
FAMO99B displayed a lower expression level in 96.25%
(77/80) of HCC tissues compared with their correspond-
ing adjacent normal tissues (P <0.001; Table 3; Fig. 3a, b).
Moreover, the ROC curve analysis revealed that FAM99B
had significant performance in discriminating HCC tissues
from normal tissues (AUC=0.707, 95% CI 0.630-0.776,
P <0.0001). With a cutoff value of 0.6404, the sensitiv-
ity and specificity were 70.0% and 63.7%, respectively
(Fig. 3c). To explore the clinical significance of FAM99B
in HCC, patients were also divided into a high expression
group and low expression group according to the median
value (0.3593) of FAM99B expression. Consistent with
TCGA results, patients with low FAM99B expression
were associated with microvascular invasion (P =0.014).
However, no significant correlation was found in age,
gender, liver cirrhosis, hepatitis B virus infection, tumor
number, tumor size, tumor invasion, lymph node metas-
tasis, Child—Pugh classification grade, BCLC stage, and
Edmondson stage group (P> 0.05; Table 3).

Overexpression of FAM99B inhibits cell
proliferation, migration, and invasion of HCC cells

To understand the biological function of FAM99B
in HCC cell lines, we first examined the expres-
sion of FAM99B using qRT-PCR. We found that cells
(HCCLM3, MHCC97L, MHCC97H) with metastatic
potential have a lower FAM99B expression level than
those (Huh-7, HepG2, Hep3B) with little or no meta-
static potential (Fig. 4a). HCCLM3 was then selected
to construct a stable FAM99B overexpression cell line.
Transfection results showed that the level of FAM99B
expression was remarkably increased in the Lv-FAM99B
group compared to the Lv-NC group in HCCLM3 cells
(Fig. 4b). CCK-8 assay showed that increased expression
of FAM99B could remarkably inhibit cell proliferation
(Fig. 4c). Further evidence can be observed in the results
of the colony formation assay, which demonstrated that
FAM99B overexpression decreased colony counts in
HCC cells (Fig. 4d). The inverse correlation between
FAMO99B expression and vascular invasion prompted us
to investigate whether FAM99B affects cell migration
and invasion ability. As expected, transwell migration
and invasion assays showed that enhanced FAM99B
expression significantly decreased the cell migration
and invasion capabilities of HCC cells compared to the
Lv-NC group (Fig. 4e). The above results suggest that
elevated FAM99B expression levels repress cell prolif-
eration and invasion in HCC cells.
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Co-expressed genes of FAM99B and pathway
analyses

To further investigate the underlying molecular mechanism
of FAM99B in HCC, the co-expressed genes of FAM99B
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were predicted using three IncRNA-related prediction
websites. A total of 4934 co-expressed genes were identi-
fied in the cBioPortal database, and more than 5000 genes
were found in the MEM database with statistical signifi-
cance; by contrast, only 464 related genes were gathered
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a b
cBioPorta

MEM

Fig. 5 Bioinformatics analysis to investigate the underlying molecular
mechanism of FAM99B in HCC. a Venn diagram of the overlapping
genes among the predicted co-expressed genes of FAM99B using
the cBioPortal (http://www.cbioportal.org/), MEM (https://biit.cs.ut.

in the TANRIC database. The top 1000 most significant
co-expressed genes were extracted from the cBioPortal and
MEM database for further analysis. Finally, 174 intersected
genes were identified in at least two databases (Fig. 5a).
Subsequently, these 174 genes were chosen to perform GO
annotation and pathway analyses using KOBAS database.
For GO annotation analysis, the top 20 GO terms are listed
in Table 4. The results of KEGG pathway analysis showed
that the potentially related genes were mainly enriched in the
pathways “Metabolic pathways”, “Fatty acid elongation”,
and “Complement and coagulation cascades”. As for the
PANTHER analysis, co-expressed genes were significantly
involved in the “Blood coagulation” and “Nicotine degrada-
tion” pathways (Table 5; Fig. 5b).

Discussion

The present study, to the best of our knowledge, is the first
to investigate the association between FAM99B and HCC.
After screening the expression levels of FAM99B in TCGA
and GEO databases, we found that FAM99B was signifi-
cantly downregulated in HCC tissues compared to adjacent
normal tissues. This was further verified through result
obtained from our cohort. An ROC curve analysis indicated
that FAM99B had a high diagnostic efficiency in differenti-
ating HCC tissues. Results indicated that low expression of
FAMO99B was associated with vascular invasion, advanced
histologic grade, and T stage. Survival analysis of TCGA
data revealed that decreased expression of FAM99B was
significantly associated with poor OS. On the contrary,

KEGG PATHWAY

Metabolic pathways
Fatty acid elongation

and lati d
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GABAergic synapse:

Salivary secretion

Biosynthesis of unsaturated fatty acids:

Glutamatergic synapse:

Bile secretion

Glycine, serine and threonine metabolism

Q N v ] X

-logyo(P)
PANTHER PATHWAY

Blood coagulation

Nicotine degradation

° N 9 N I
-logyo(P)

ee/mem/), and TANRIC (https://ibl.mdanderson.org/tanric/_design/
basic/index.html) databases. b Significant enrichment pathways in the
KEGG and PANTHER pathway analysis using KOBAS 3.0 (http://
kobas.cbi.pku.edu.cn/)

overexpression of FAM99B inhibited cell proliferation,
migration, and invasion of HCC cells in vitro. Bioinfor-
matics analysis showed that FAM99B may participate in
metabolic and blood coagulation pathways in HCC. Col-
lectively, the above results identified a tumor-suppressing
role of FAM99B in HCC.

Patients with HCC are often only diagnosed at an
advanced stage, and this stage is usually accompanied with
tumor metastasis (Zhou 2002). Currently, AFP is the most
clinically recognized diagnostic biomarker of HCC with
a high specificity of 95% (87-98%), but its sensitivity of
66% (53-76%) is rather low (Wan et al. 2014). Therefore,
finding a suitable auxiliary diagnostic biomarker in HCC is
crucial. In the present study, we found that FAM99B had
high performance in diagnosing HCC tissues with a sensi-
tivity of 71.97% and specificity of 92.00% in TCGA data.
Moreover, our qRT-PCR result in 80 sample pairs showed a
sensitivity of 70.0% and a specificity of 63.7%. According
to RNA-seq data in 53 human normal tissues, we recognized
that FAM99B is a liver-enriched IncRNA (Fagerberg et al.
2014). In addition, decreased levels of FAM99B were sig-
nificantly correlated with malignant phenotypes and poor
OS in patients with HCC. Thus, FAM99B may serve as a
promising specific auxiliary diagnostic biomarker for tumor
progression and prognosis prediction of HCC patients.

In this study, we also found that overexpression of
FAMO99B resulted in phenotype changes in HCC cell lines,
including repressed cell proliferation, inhibited cell migra-
tion, and invasion ability. Reports have proven that cancer
cells with high migration and invasion activities often lead
to the poor survival of patients, which correlates with the

@ Springer


http://www.cbioportal.org/
https://biit.cs.ut.ee/mem/
https://biit.cs.ut.ee/mem/
https://ibl.mdanderson.org/tanric/_design/basic/index.html
https://ibl.mdanderson.org/tanric/_design/basic/index.html
http://kobas.cbi.pku.edu.cn/
http://kobas.cbi.pku.edu.cn/

2036 Journal of Cancer Research and Clinical Oncology (2019) 145:2027-2038

Table 4 Top 20 significant D

. Terms Number of P value Corrected P value
GO terms of the co-expression genes
genes of FAM99B

GO0:0044699 Single-organism process 131 231E-11 9.96E-08
GO:0005737 Cytoplasm 114 1.67E—10 2.18E-07
GO0:0005623 Cell 147 2.15E-10 2.18E-07
GO:0065008 Regulation of biological quality 56 2.36E-10 2.18E-07
GO0:0003824 Catalytic activity 76 2.53E-10 2.18E-07
GO0:0005488 Binding 135 7.48E-10 5.37E-07
GO:0044464 Cell part 145 1.80E—-09 1.11E-06
GO:0006810 Transport 64 2.12E-09 1.14E-06
GO:0051234 Establishment of localization 65 2.45E-09 1.17E-06
GO0:0044281 Small molecule metabolic process 38 2.94E-09 1.27E-06
G0:0044444 Cytoplasmic part 92 3.76E—-09 1.47E-06
GO:0051179 Localization 73 4.85E-09 1.74E-06
G0:0009987 Cellular process 136 2.40E-08 7.96E—-06
G0:0006732 Coenzyme metabolic process 14 3.98E-08 1.17E-05
G0:0006082 Organic acid metabolic process 24 4.08E—-08 1.17E-05
GO:0031988 Membrane-bounded vesicle 52 5.52E-08 1.49E-05
G0:0044710 Single-organism metabolic process 56 6.06E—-08 1.53E-05
G0:0031982 Vesicle 53 6.90E—08 1.64E—-05
GO0:0051186 Cofactor metabolic process 15 7.24E-08 1.64E-05
G0:0042592 Homeostatic process 31 1.17E-07 2.46E—-05
G0:0044763 Single-organism cellular process 114 1.20E-07 2.46E—-05
GO0:0019752 Carboxylic acid metabolic process 22 1.29E-07 2.52E-05
G0:0043436 Oxoacid metabolic process 22 1.42E-07 2.66E—05
G0:0044421 Extracellular region part 53 1.56E-07 2.80E-05
GO0:0005576 Extracellular region 59 1.68E-07 2.90E-05
G0:0044424 Intracellular part 126 1.88E—-07 3.12E-05
GO0:0005622 Intracellular 128 2.23E-07 3.56E-05
G0:0035383 Thioester metabolic process 8 4.13E-07 6.13E—-05
GO0:0006637 Acyl-CoA metabolic process 8 4.13E-07 6.13E-05
GO:0048878 Chemical homeostasis 23 6.09E-07 8.74E-05
GO gene ontology

Table 5 Significant KEGG and PANTHER pathways of the co-expressed genes of FAM99B

Category Pathways Number of P value Corrected P value
genes
KEGG PATHWAY hsa01100: metabolic pathways 25 1.82E-06 2.01E-04
KEGG PATHWAY hsa00062: fatty acid elongation 4 4.41E-05 2.29E-03
KEGG PATHWAY hsa04610: complement and coagulation cascades 5 2.83E-04 9.59E-03
KEGG PATHWAY hsa00071: fatty acid degradation 4 3.53E-04 1.11E-02
KEGG PATHWAY hsa04727: GABAergic synapse 5 4.53E-04 1.29E-02
KEGG PATHWAY hsa04970: salivary secretion 5 5.00E-04 1.35E-02
KEGG PATHWAY hsa01040: biosynthesis of unsaturated fatty acids 3 7.30E-04 1.83E-02
KEGG PATHWAY hsa04724: glutamatergic synapse 5 1.43E-03 2.77E-02
KEGG PATHWAY hsa04976: bile secretion 4 1.77E-03 3.13E-02
KEGG PATHWAY hsa00260: glycine, serine and threonine metabolism 3 3.18E-03 4.38E-02
PANTHER P00011: blood coagulation 5 1.11E-05 8.82E—-04
PANTHER P05914: nicotine degradation 2 2.46E-03 3.74E-02

KEGG PATHWAY Kyoto Encyclopedia of Genes and Genomes pathway
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aggressiveness and recurrence of HCC (Ge et al. 2017;
Liu et al. 2017; Yuan et al. 2012). Compared to protein-
coding genes, IncRNAs are more tissue-specific, and thus
are expected to be more promising prognostic indicators
and therapeutic targets (Gutschner and Diederichs 2012).
PCA3, a prostate-specific IncRNA which was significantly
up-regulated in prostate cancer, has proved to be a better
diagnostic biomarker than prostate-specific antigens due
to its higher diagnostic accuracy (Lee et al. 2011). As for
liver-enriched IncRNAs, LINC01093 could suppress HCC
progression through inhibition of cell proliferation and
metastasis (He et al. 2019). Another IncRNA, Inc18q22.2,
has been shown to play a role in cell viability in human
non-alcoholic steatohepatitis (Atanasovska et al. 2017).
Therefore, it is particularly important to discover more
liver-specific IncRNAs associated with HCC progression
to disclose the molecular mechanisms of HCC-specific
IncRNAs.

The results of KEGG pathway analysis exhibited that
related genes of FAM99B mainly participated in “Metabolic
pathways” and “Fatty acid elongation” pathways. These find-
ings seem to be biologically plausible. Recent studies have
demonstrated that alterations of metabolic pathways can pro-
vide energy and nutrients for the growth and proliferation
of tumor cells (DeBerardinis et al. 2008; Vander Heiden
et al. 2011), and contribute to the epithelial-to-mesenchymal
transition (EMT) process in cancer (Sciacovelli and Frezza
2017). Kessler SM et al. (Kessler et al. 2014) reported that
fatty acid elongation contributes to the progression of non-
alcoholic steatohepatitis-related HCC. For PANTHER path-
way analysis, blood coagulation was the most significant
enrichment pathway which has been proven to be closely
associated with tumor development by supporting the inva-
sive growth of neoplastic tissues and blood vessels (Boc-
caccio and Medico 2006). Hence, our findings that confirm
FAM99B could repress cell proliferation, migration, and
invasion in vitro is consistent with the results of the path-
way enrichment. The pathway analyses could be regarded
as a preliminary study to explore the underlying molecular
mechanism of FAM99B in HCC. To illuminate the specific
mechanism of its association with HCC, further in vitro and
vivo studies are warranted.

In summary, our comprehensive research indicates that
FAMO99B is downregulated in HCC tissues and is nega-
tively correlated with HCC progression and prognosis.
Overexpression of FAM99B could inhibit cell prolifera-
tion, migration, and invasion in HCC cell lines. Bioin-
formatics analysis suggests that FAM99B may serve as a
tumor suppressor by regulating some important pathways
in HCC. These results will improve our understanding on
the molecular mechanisms of HCC and may contribute to
early diagnosis and prognosis prediction.
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