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Abstract

Human umbilical cord mesenchymal stem cell (hucMSC)-derived exosomes (Exo) have been frequently investigated for
disease control. This study was designed to explore the effects of hucMSC-Exo carrying IncRNA family with sequence
similarity 99-member B (Exo-IncRNA FAM99B) on hepatocellular carcinoma (HCC) cell behaviour. The expression of
IncRNA FAM99B in HCC cells was measured by reverse-transcription quantitative polymerase chain reaction. Protein
levels of exosomal markers were quantified using western blotting. Flow cytometry analyses were performed to detect
surface markers of hucMSCs and to measure the effects of Exo-IncRNA FAM99B on HCC cell cycle progression and
cell apoptosis. Nanoparticle tracking analysis was used to measure the particle size of the exosomes. Additionally, cell
viability was evaluated using methyl thiazolyl tetrazolium assays, and Transwell assays were performed to measure cell
migration and invasion. Xenograft tumor models were established to explore the role of Exo-IncRNA FAM99B in vivo.
Experimental results revealed that IncRNA FAM99B was downregulated in HCC cell lines, and low level of FAM99B is
associated with poor survival rates in patients with HCC according to bioinformatics analysis. HueMSCs were identified
in a good morphology with positively expressed CD105, CD29, and CD44 as well as negatively expressed CD31, CD14,
and HLA-DR. High protein levels of exosomal markers (Alix, CD63 and TSG101) identified the existence of HucMSC-
Exo. Importantly, the hueMSCs-Exo could enter HCC cells and exerted a suppressive effect on malignant cell activities.
Moreover, overexpression of Exo-IncRNA FAM99B enhanced cell cycle arrest and cell apoptosis while suppressing cell
viability, migration, and invasion in HCC. Exo-siRNA-FAM99B exerted the opposite effects on HCC cell process. In
vivo experiments verified that Exo-IncRNA FAM99B inhibited tumorigenesis in HCC. In summary, IncRNA FAM99B
derived from hucMSC-Exo inhibited malignant cellular phenotypes and tumorigenesis in HCC, which might provide a
novel therapeutic strategy for HCC treatment.
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sequence similarity 99-member (FAM99B)

Introduction diagnosed with HCC are liver transplantation and surgical
resection, but only approximately 20% patients are eligible

Hepatocellular carcinoma (HCC) is the second leading  for resection [3]. In addition, the inapparent clinical symp-

cause of cancer-related mortality worldwide [1]. It has been
reported that the main risk factors for HCC are aflatoxin B1
exposure, alcohol consumption and infection of viral hepa-
titis B and C [2]. The main therapeutic methods for patients
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toms at early stages may lead to delayed diagnosis, result-
ing in poor outcomes in HCC [4]. Therefore, it is important
to explore the complex molecular mechanisms underly-
ing HCC initiation and progression, thus improving early
diagnosis and developing efficient therapeutic strategies for
patients with HCC.

Long noncoding RNA (IncRNA) is considered as a
“dark matter” in the transcription process [5], which has
more than 200 nt in length and can alter the expression
of cancer-related genes in different ways [6]. Neighbor of
breast-cancer susceptibility gene 1 IncRNA 2 [7], IncRNA
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NIFK antisense RNA 1 [8], and IncRNA tubulin alpha 1b
antisense RNA 1 [9] have been recently reported to partici-
pate in HCC tumorigenesis and progression by regulating
cellular process. LncRNA family with sequence similarity
99-member B (FAM99B) shows a high expression level in
hepatic tissues (mean RPKM value: 12) according to RNA-
sequencing analysis of tissue-specific genes in major human
organs [10]. As previously revealed, IncRNA FAM99B
plays a suppressive role in regulating HCC cell prolifera-
tion, migration, and invasion [11]. Different from the previ-
ous study, the current study focuses on the roles of human
umbilical cord mesenchymal stem cell (hucMSC)-derived
exosomes (hucMSC-Exo) and exosomal IncRNA FAM99B
in HCC progression.

Stem cells are characterized by multi-directional differen-
tiation and self-renewal abilities. As a subtype of stem cells,
mesenchymal stem cells (MSCs) are stromal stem cells iso-
lated from many adult tissues and can differentiate into cells
of the mesodermal lineage [12]. HucMSCs are isolated from
the Wharton’s jelly of the umbilical cord and are easy to
collect because they are rich in sources [13—15]. HucMSCs
have been validated to increase the apoptotic ratio of osteo-
sarcoma cells and ovarian cancer cells [16]. HucMSCs can
also suppress malignant biological phenotypes of HCC cells
and lung cancer cells via inactivation of the Wnt signaling
and induction of cell apoptosis [17]. Moreover, the inhibi-
tory impact of hucMSC-Exo on HCC malignant cellular
behaviour has been previously confirmed [18].

Exosomes are a subset of tiny extracellular vesicles
secreted by almost all cells, with a density of 1.13—1.19 g/ml
and a diameter of 30—150 nm. Exosomes contain a variety
of nucleic acids, including miRNAs, mRNAs, and IncRNAs
[19, 20]. Since IncRNAs can be transferred by exosomes to
play regulatory roles in many human diseases, the personal-
ized treatment might be possibly enabled by incorporating
therapeutic IncRNAs into cells producing exosomes [21].
It is well-known that MSCs can produce exosomes among
cell types [22]. Moreover, MSC-derived exosomal IncRNA
c50rf66-AS1 was reported to hamper HCC malignant cell
activities by regulating downstream factors miR-127-3p and
DUSP1 [23]. HucMSC-derived exosomal miR-451a inhib-
its the epithelial-mesenchymal transition in HCC by regu-
lating a downstream target gene ADAMI10 [18].

In the current study, the effects of Exo-IncRNA FAM99B
on HCC cell beahviour and tumorigenesis of xenografts
were investigated. The study might extend the understand-
ing of IncRNA FAM99B in cancer development and attract
attentions to the functions of exosome-derived RNA in can-
cer treatment.
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Materials and Methods
Cell Culture

Human HCC cell lines HepG2, MHCC97H, and MHCC97L
were purchased from Otwo Biotech Inc. (Shenzhen, China).
HCC cell line Hep3B was obtained from Yitabio (Beijing,
China) and human normal liver LO2 cells were purchased
from Fuyubio (Shanghai, China). These cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco, Grand Island, NY, USA) containing 10% fetal
bovine serum (FBS; Gibco) and 1% penicillin/streptomycin
(Gibco) in a humidified atmosphere of 37°C with 5% carbon
dioxide (CO,).

HucMSC Preparation

The human umbilical cords were collected from full-term
cesarean section surgery in Nanjing Tongren Hospital (Nan-
jing, China). The protocol of this study was approved by
the Institutional Review Board of Nanjing Tongren Hospital
and was in accordance with the guidelines of the Declara-
tion of Helsinki. All patients had been priorly informed and
had consented to the donation. Then, the umbilical cord was
rinsed thrice with phosphate buffered saline (PBS; pH="7.4)
supplemented with 3% penicillin/streptomycin. The cord
was cut into small fragments (3 cm). After the vein, artery,
and membrane were removed, the Wharton’s jelly was peel
off, cut into 1 mm?® using a scissor and then put into culture
flasks. Afterwards, the samples were cultured in DMEM/
F12 (#41420ES76, Yeasen, Shanghai, China) contain-
ing 10% FBS at 37°C with 5% CO,. The culture medium
was replaced with fresh medium every three days. After
ten days, upon 80% cell confluence, the fibrous cells that
grew out from the tissues were detached and passaged using
0.25% trypsin. The well-grown cells from the third genera-
tion to the sixth generation were selected for the following
experiments.

Identification of HucMSCs

A microscope (Olympus, Tokyo, Japan) was used to observe
the adherence and morphology of hucMSCs. Surface mark-
ers of hueMSCs were detected using a flow cytometer (Bec-
ton, Dickinson and Company, NJ, USA). Briefly, hucMSCs
(2x10° cells/tube) in the third passage were subpackaged
into flow tubes and incubated with antibodies of CD105-flu-
orescein isothiocyanate (FITC), CD29-FITC, CD44-FITC,
HLA-DR-fluorescein isothiocyanate (FITC), CD14-FITC
and CD31-FITC in darkness for 30 min at 4°C. 1gG-FITC
served as an isotype control. All these antibodies were pur-
chased from Abcam (Cambridge, MA, USA).
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Identification of Exosomes

Western blotting was used to measure protein levels of exo-
somal markers. The protein was extracted from hucMSCs
or hucMSC-Exo using radioimmunoprecipitation lysis buf-
fer (#HY-K1001, Medchem Express, Monmouth Junction,
NIJ, USA). Protein concentration was determined using the
bicinchoninic acid method. Then, 20 pg protein samples
were subjected to SDS-polyacrylamide gel electrophoresis,
and then the samples were transferred onto PVDF mem-
branes. After the membranes were blocked in 5% non-fat
milk powder for 1 h, primary antibodies (Abcam) at the
dilution of 1:1,000 including anti-TSG101 (ab125011), anti-
CD63 (ab134045), and anti-Alix (ab275377) were incu-
bated with the membranes at 4°C overnight. The next day,
the membranes were washed five times with PBS + tween
(PBST) for five minutes each time and then incubated at
37°C with goat anti-Rabbit I[gG H&L secondary antibody
(#ab96899, Abcam) for 1 h. After PBST washing again,
enhanced chemiluminescent solution (#P0018A, Beyotime,
Beijing, China) was added for visualization of the bands,
and the signal intensity was quantified with ImageJ software
(National Institutes of Health, USA).

Nanoparticle Tracking Analysis (NTA)

The suspension of exosomes was resuspended and diluted
in PBS at the ratio of 1:10 at 4°C. Then, 0.1 ml exosome
suspension was plated in a cuvette and then was placed into
a particle size analyzer (Microtrac, USA) to measure the
particle size of the exosomes.

Exosome Uptake Assay

MHCC97L and MHCC97H cells were plated onto culture
plates (24-well, 3x 10 cells/well), and then hucMSC-Exo
pre-stained with 4 ul PKH67 were added into the plates [24,
25]. During co-culture of HCC cells and hucMSC-Exo, cell
slides were fixed with 4% paraformaldehyde for 20 min at
the timepoint of 0 and 48 h, followed by staining with 4',6-
diamidino-2-phenylindole 2hci (DAPI) for 1 h. The images
were captured using a laser confocal microscope (Olympus,
Tokyo, Japan).

Co-culture of hucMSC-Exo with MHCC97L and
MHCC97H Cells

To evaluate the effects of hucMSC-Exo and Exo-IncRNA
FAMO99B interference on HCC cell activities, MHCC97L
and MHCCO97H cells were divided into different groups as
follows and then subjected to hucMSC-Exo co-culture for
48 h. For Blank group, no treatment was done to HCC cells.

For Exo-vector group, Exo-FAM99B group, Exo-siRNA-
negative control (Exo-si-NC) group, and Exo-si-FAM99B
group, the hucMSC-Exo (200 pg) were first transfected
with empty pcDNA vectors, pcDNA-FAM99B vectors,
si-NC and si-FAM99B for 48 h, respectively; then huc-
MSC-Exo with indicated transfection were co-cultured with
MHCC97L and MHCC97H cells.

The above-mentioned plasmids were all synthesized by
Genepharma (Shanghai, China). The pcDNA-FAM99B
vectors contain the full sequence of FAM99B and were
used to overexpress FAM99B, with empty pcDNA vectors
as the control. The si-FAM99B refers to small interfering
RNA targeting FAM99B that can effectively knock down
FAMO99B expression.

Annexin V-FITC/Propidium lodide (PI) Double
Staining

After reaching 80% cell confluence, HCC cells were
detached using trypsin and then plated to culture plates
(6-well, 4x10* cells/well) for 72 h. After that, cells were
centrifuged at 200 Xg for 5 min and then washed twice with
pre-cooled PBS. Next, cells were suspended in binding buf-
fer (5,000 pl; 1% bovine serum albumin), and then Annexin
V-FITC (5 pl) and PI (5 pl) were added for 10 min of cell
incubation in the dark. Cell apoptosis was measured by a
flow cytometer (Becton, Dickinson and Company, USA).

Analysis of Cell Cycle Progression

The harvested cells were digested and fixed with 75% etha-
nol at 4°C for 4 h, and then the supernatant was disposed.
Next, the cells were incubated with RNase and PI for 10 min
before rinsed thrice with PBS, and cell cycle progression
was analyzed using a flow cytometry (Becton, Dickinson
and Company, USA).

Methyl Thiazolyl Tetrazolium (MTT) Assay

HCC cells were detached by trypsin (0.25%) upon reach-
ing 80% cell confluence. After HCC cells were seeded to
culture plates (24-well, 5 x 10° cells/well) and incubated for
24 h, 50 ml of MTT solution (1 mg/ml; M8180-1, Solar-
bio, Beijing, China) diluted in PBS was added for another
3 h of cell incubation. After supplementation of dimethyl
sulphoxide (150 ml), the formed formazan was solubilized,
and the absorbance was measured at 570 nm using a micro-
plate spectrophotometer (Thermo Fisher Scientific, USA).
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Transwell Assay

Transwell chambers (Millipore, MA, USA) pre-coated
with (for cell invasion assay) or without (for cell migration
assay) matrigel were put into 24-well plates. MHCC97L and
MHCC97H cell suspension (3 x 10° cells/ml) was appended
into the upper chamber at 200 pl/well, and the bottom cham-
ber was added with culture medium supplemented with 10%
FBS at 600 pl/well. After 48 h of incubation at 37°C with
5% CO,, 4% paraformaldehyde was used to fix the cham-
bers, and the migrated or invaded cells were stained with
crystal violet. The images of cells were captured and the
number of migrated or invaded cells was quantified using
Image]J software (National Institutes of Health, USA).

Establishment of Xenograft Tumor Models

All animal experiments were approved by the Animal Eth-
ics Committee of Southeast University (20,210,701,004)
and were performed in accordance with the Guide for the
Care and Use of Laboratory Animals (National Institutes of
Health, Bethesda, MA, USA). Animals were kept in stan-
dard cages (3 mice/cage), under controlled light (a 12 h/12 h
light/dark cycle) in a constant temperature (24°C + 1°C) and
humidity (40% + 5%). All mice were housed with ad /ibi-
tum access to food and water.

Eighteen BALB/c nude mice (male, 6-week-old,
20-23 g) that purchased from Vital River Laboratory Ani-
mal Technology (Beijing, China) were divided into three
groups (n=6/group): Blank group, Exo+vector group,
and Exo+FAM99B group. MHCC97L cells in the last
two groups were treated with indicated plasmids and then
co-cultured with hucMSC-Exo as mentioned above. Then,
indicated MHCCO97L cell suspension was mixed with Matri-
gel and adjusted to 1 x 10* cells/200 pl. After that, the mixed
solution was subcutaneously injected to the ventral side of
the nude mice. Tumor volume was measured every week
according to the formula: volume = lengthxwidth?/2. Four
weeks later, all mice were euthanized after injected with an
overdose of pentobarbital sodium (200 mg/kg). After eutha-
nasia, xenograft tumor tissues were collected for the follow-
ing Ki67 immunofluorescence staining.

RT-qPCR Analysis

TRIzol reagent (Invitrogen) was used for the extraction of
total RNA from HCC cells. The cDNA was synthesized
by reverse transcription of 200 ng extracted RNA using
ReverTra Ace qPCR RT Kit (Toyobo, Japan). GAPDH
was used as the internal control of IncRNA FAM99B.
PCR was performed using SYBR® qPCR Mix (Toyobo,
Japan) on a LightCycler 480 Real-Time PCR system
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(Roche, Shanghai, China). Relative expression of IncRNA
FAM99B was calculated using the 2722t method. Primer
sequences are shown as follows: IncRNA FAM99B (For-
ward:  5-ACAGTGACCGCCGAGACA-3', Reverse:
5'- AGATTTGGGATTTAGGGAAGG-3"); GAPDH (For-
ward: 5-TCAAGGCTGAGAACGGGAAG-3', Reverse:
5-TGGACTCCACGACGTACTCA-3").

Immunofluorescence Staining for the Proliferation
Marker Ki67

The collected xenograft tumor tissues were fixed with 4%
paraformaldehyde at 4°C overnight. Then, the samples were
embedded in paraffin and cut into 4 pm sections. After the
sections were dewaxed, antigen retrieval was achieved
using citric acid in high temperature (98°C) for 5 min. Next,
the sections were blocked using 5% normal goat serum
for 1 h at room temperature followed by incubation with
Ki67 antibody (#ab92742, 1:1000) at 4°C overnight. The
samples were subsequently washed in PBS and then treated
with anti-Rabbit IgG (#ab150081, 1:200). The nuclei were
stained with DAPI. A microscope (Leica, Germany) was
used to capture fluorescent images. The percentage of posi-
tive Ki67 cells was determined by the ratio of positive cells
and total cells.

Statistical Analysis

GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA,
USA) was used for statistical analysis. All data are shown
as the mean + standard deviation. The comparison between
two groups was evaluated using Student’s ¢-test, and mul-
tiple group comparison was performed using one-way
analysis of variance followed by Bonferroni test. A p value
less than 0.05 was deemed as the threshold for statistical
significance.

Results

Low Expression of IncRNA FAM99B is Associated
with Poor Outcomes in Patients with HCC

According to GEPIA database, IncRNA FAM99B is sig-
nificantly downregulated in liver hepatocellular carcinoma
(LIHC) tissues compared to that in healthy tissues (Fig. 1A).
Bioinformatics tools, GEPIA and Kaplan-Meier, were
used to analyze the correlation between IncRNA FAM99B
expression and the survival of patients diagnosed with
HCC. Bioinformatics results illustrated that low expres-
sion of IncRNA FAMO99B is correlated to a poor overall
survival rate in patients (Fig. 1B C) and is also associated
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with a low relapse-free survival probability in patients
with HCC (Fig. 1D). Then, we examined the expression of
IncRNA FAM99B in HCC cell lines (HepG2, MHCC97H,
MHCC97L, and Hep3B) and human normal liver LO2 cells.
RT-qPCR analysis revealed that IncRNA FAM99B expres-
sion was markedly decreased in HCC cells, especially in
MHCC97H and MHCCO97L cell lines (Fig. 1E). These
results suggested that IncRNA FAM99B is downregu-
lated in HCC cells and is correlated with poor survivals in
patients with HCC.

Identification of hucMSCs and Exosomes

To identify the extracted hucMSCs, 10% Exo-free DMEM/
F12 supplemented with FBS was used for hucMSC incu-
bation, and then cells were observed using a microscope.
After adherence, the cells were all in good morphology.
Cells in even long fusiform showed the shape of fibroblast
and grew in whirl manner with fewer impurity, clear nuclei
and abundant cytoplasm. Additionally, cells in other mor-
phology were not found (Fig. 2A). Surface markers of huc-
MSCs were detected using a flow cytometer, and the results
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Fig. 2 Identification of huceMSCs and exosomes. (A) The morphology
of hucMSCs was observed using a microscope. (B) Flow cytometry
was used to detect the surface markers of hucMSCs. (C) The protein
levels of exosomal markers in hueMSC-Exo were quantified by western
blotting. (D) Nanoparticle tracking analysis was performed to measure

manifested that CD105, CD29, and CD44 were positively
expressed while CD31, CD14, and HLA-DR were nega-
tively expressed (Fig. 2B). Protein levels of exosomal mark-
ers in hucMSC-Exo and hucMSC were quantified using
western blot analysis, and the positively expressed Alix,
CD63 and TSG101 were discovered (Fig. 2C). Moreover,
according to nanoparticle tracking analysis, the diameter of
exosomes was ranged from 80 to 150 nm and was mainly
concentrated at 94 nm (Fig. 2D). Moreover, Exo treatment
upregulated FAM99B expression in HCC cells compared to
that in the Blank group, and Exo-pcDNA-FAM99B vectors
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the particle size of hueMSC-Exo. (E) RT-qPCR analysis of FAM99B
expression in MHCC97L and MHCC97H cells of Blank group, Exo-
control groups (Exo, Exo-vector, Exo-si-NC), Exo-FAM99B group,
and Exo-si-FAM99B group. ~*p<0.01 versus Blank group, *p <0.01
versus Exo-vector group, ¥¥p <0.01 versus Exo-si-NC group

further amplified FAM99B level while Exo-si-FAM99B
successfully reduced FAM99B expression compared to that
in control groups (Fig. 2E).

Exosome-derived IncRNA FAM99B Induces Cell Cycle
Arrest and Cell Apoptosis

To validate the entry of hucMSC-Exo into MHCC97L and
MHCC97H cells, 4 ul PKH67 was used to pre-stain huc-
MSC-Exo, and then hucMSC-Exo were co-cultured with
MHCC97L and MHCC97H cells for 24 h. According to
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images captured by a fluorescence microscope, the enter-
ing of exosomes into MHCC97L and MHCC97H cells
was not found at 0 h compared to cell morphology in the
control group (HCC cells without Exo treatment). At 24 h,
exosomes entered HCC cells and gathered along the nuclear
membranes as evidenced by green fluorescence around the
nuclei (Fig. 3A). MTT assays were performed to evaluate
the effects of Exo treatment and Exo-IncRNA FAM99B on
the viability of MHCC97L and MHCC97H cells. Compared

Fig. 3 Exo-lncRNA FAM99B A DAPI
promotes cell cycle arrest and
cell apoptosis. (A) The uptake of
hucMSC-Exo in MHCC97L and
MHCC97H cells was imaged at

0 and 24 h, and the control group
was defined as HCC cells without
Exo treatment. (B-C) MTT
assays were performed to mea-
sure the viability of MHCC97L
and MHCC97H cells in blank
group, Exo-vector group, and
Exo-IncRNA FAM99B group.
(D-E) The effects of Exo-vector
and Exo-IncRNA FAM99B on B
HCC cell cycle progression was
evaluated using flow cytometry.
(F-G) HCC cell apoptosis in
Blank, Exo-vector and Exo-
IncRNA FAM99B groups was
measured by flow cytometry
analysis. “p<0.05 versus Blank
group; *p<0.05 versus Exo-
vector group
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with the Blank group, HCC cell viability was reduced by
Exo-vector treatment and was further decreased in Exo-
IncRNA FAM99B group (Fig. 3B C). Additionally, there
was a significant increase in cell proportion at GO/G1 phases
and a decrease in cell percentage at S and G2/M phases in
Exo groups, especially in Exo-IncRNA FAM99B group
(Fig. 3D and E). The finding suggested that Exo-IncRNA
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significant increases in HCC cell apoptosis rates (Fig. 3F
and G). Overall, exosome-derived IncRNA FAM99B con-
tributes to cell cycle arrest and cell apoptosis in HCC.

Exo-IncRNA FAM99B Inhibits HCC Cell Migration and
Invasion

HCC cell migration and invasion were measured by Tran-
swell assays. Our results manifested that Exo-vector sig-
nificantly reduced the number of migrated cells, and the
cell number was further decreased by overexpression of
Ex0-FAM99B (Fig. 4A C). Moreover, cell invasive ability
was suppressed in Exo groups, and the suppressive effect
was more prominent in Exo-lncRNA FAM99B group, as
evidenced by the least number of invaded cells after Exo-
IncRNA FAMO99B treatment (Fig. 4D F). These findings
suggested that the migratory and invasive capacities of
HCC cells are suppressed by Exo-IncRNA FAM99B.

Exosome Carrying si-FAM99B Inhibits HCC Cell Cycle Arrest
and Apoptosis

Subsequently, the influences of Exo-IncRNA FAM99B
depletion on cell cycle progression and apoptosis were
explored. As shown by Fig. 5SA-B, cell viability was reduced
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Fig. 4 Exo-IncRNA FAM99B restrains cell migratory and invasive
abilities in HCC. (A-C) HCC cell migration in Blank, Exo-vector and
Exo-IncRNA FAM99B groups was measured by Transwell assays. (D-
F) The number of invaded MHCC97L or MHCC97H cells in response
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in HCC cells co-cultured with hucMSC-Exo-si-NC, and
the alteration was reversed by Exo-IncRNA FAM99B defi-
ciency. In addition, HCC cell cycle arrest and cell apoptosis
enhanced by Exo treatment was partially countervailed by
Exo-si-FAM99B (Fig. 5C-F). These findings further con-
firmed the promoting effect of Exo-IncRNA FAM99B on
cell cycle arrest and cell apoptosis.

Exosome IncRNA FAM99B Suppresses the
Tumorigenesis of HCC

Finally, the role of Exo-IncRNA FAM99B in vivo was
investigated. After indicated treatments, MHCC97L cell
suspension were injected into nude mice for exploration
of tumorigenesis. Tumor volume was measured weekly.
It was found that Exo treatment decreased tumor growth
rate and tumor weight, and overexpression of Exo-IncRNA
FAMO99B enhanced the anti-tumor influence (Fig. 6A and
B). The xenograft tumor tissues were subjected to Ki67
immunofluorescence staining, and the results showed that
the percentage of Ki67-positive cells was reduced by Exo
treatment, and the change was amplified by Exo-IncRNA
FAMO99B overexpression (Fig. 6C and D). The schematic of
the in vitro cell treatment and animal experiments is shown
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Fig. 5 Exosome carrying si-FAM99B inhibits HCC cell cycle arrest
and apoptosis. (A-B) MTT assays were conducted to measure HCC
cell viability in Blank group, Exo-si-NC group, and Exo-si-FAM99B
group. (C-D) Flow cytometry analysis was performed to detect HCC

cell cycle progression in response to Exo treatment and Exo-IncRNA
FAM99B knockdown. (E-F) HCC cell apoptosis in three groups was
measured using flow cytometry analysis. *p<0.05 versus Blank group;
#p<0.05 versus Exo-si-NC group
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Fig. 6 Exosome IncRNA
FAMO99B suppresses the tumori-
genesis of HCC in vivo. (A)
The volume of xenografts was
measured and recorded weekly.
(B) The weight of xenografts
was measured on Week 4. (C-D)
Immunofluorescence staining
was performed to measure the
number of Ki67-positive cells in
xenograft tumor tissues. (E) A
schematic of in vitro cell treat-
ment and animal experiments.
n=6/group. *p<0.05 versus
Blank group; #p<0.05 versus
Exo-vector group
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in Fig. 6E. In summary, the animal experiments confirmed  Discussion
the anti-tumor role of Exo-IncRNA FAM99B in HCC.
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Substantial evidence shows that the aberrant expression of
IncRNA is implicated with the tumorigenesis and progres-
sion of human cancers [26]. The present study revealed that
IncRNA FAM99B is poorly expressed in HCC cell lines,
and its low expression is correlated with poor outcomes
in patients diagnosed with HCC. HucMSC-Exo treatment
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upregulated FAM99B expression and suppressed HCC cel-
lular process. Moreover, overexpression of Exo-IncRNA
FAM99B further impaired the viability, migration, and inva-
sion of HCC cells while enhancing cell cycle arrest and cell
apoptosis. Knockdown of Exo-IncRNA FAM99B exerted
the opposite effects on HCC cell activities.

LncRNA has been demonstrated to participate in tumor
recurrence, metastasis, and growth in HCC [27]. For
example, IncRNA ewing sarcoma associated transcript
1 (EWSATI, also known as LINC00277) shows a high
level in HCC tissues and contributes to HCC cell metas-
tasis and proliferation by activating the Src-YAP signaling
[28]. LINC00071 shows a high level in HCC cells, and its
silencing represses HCC cell migration and invasion by tar-
geting the miR-129-5p/ETV1 axis [29]. In this study, we
examined IncRNA FAM99B expression in HCC cell lines
HepG2, MHCC97H, MHCC97L. A reduction of IncRNA
FAM99B expression was observed in HCC cells, which was
consistent with its expression analysis in LIHC tissues using
bioinformatics tools. From the pathological aspect, the aber-
rantly expressed IncRNA has the potential to be a prog-
nostic maker [30]. Bioinformatics analysis revealed that
downregulation of IncRNA FAM99B predicts poor survival
outcomes in patients with HCC, suggesting that IncRNA
FAMO99B is involved in the regulation of HCC progression.

Recent studies have revealed that functional IncRNAs
can be transferred by exosomes [31]. RNA and protein
can be easily degraded outside the cells where exosomes
can protect biological compounds from degradation [32].
A study validates that exosomes can protect cells from
radiation injury via ingestion of survival proteins, thereby
promoting cell proliferation and metastatic potential [33].
Previously, IncRNA FAM138B was reported to be found in
the exosomes of HCC and show low expression in exosomes
and HCC tissues [34]. This study revealed that IncRNA
FAMO99B can be upregulated by hueMSC-Exo treatment. In
addition, FAM99B can be overexpressed in hucMSC-Exo
and then transferred into HCC cells. Functional experiments
verified that Exo-IncRNA FAM99B hampers the viability,
migration, and invasion of HCC cells while promoting cell
cycle arrest and cell apoptosis. Currently, exosomes are
used as targeted drug delivery methods in clinical trials.
The study not only confirms the inhibitory role of FAM99B
in regulating HCC cellular process but also highlights the
functions of Exo-IncRNA FAM99B in HCC cell progres-
sion and tumorigenesis.

Conclusion

Our study reveals that IncRNA FAM99B derived from
hucMSC-Exo inhibits HCC cellular process and tumori-
genesis. After Exo-IncRNA FAM99B overexpression, cell
cycle arrest and apoptosis are enhanced while cell viability,
migration, invasion, and tumor growth are inhibited. The
present study may provide a new biomarker for investiga-
tion of huceMSC-derived exosomes in cancer treatment.

Limitation

Because of the complexity of molecular mechanisms, the
upstream transcription factors regulating IncRNA FAM99B
or downstream genes regulated by IncRNA FAM99B are
not further explored in the present study, which could be
directions for future works.
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supplementary material available at https://doi.org/10.1007/s12033-
023-00795-y.
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