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Candidate genes responsible for lipid droplets
formation during adipogenesis simultaneously
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Abstract

Introduction. With cellular lipid storage varying, the balance between lipid intake and lipid degradation was
a must to keep healthy and determined the level of lipid droplets. Although lipid droplets accumulation had
been well demonstrated in adipocytes, gene expression profiling and gene function during adipogenesis and
osteoblastogenesis remain unknown.

Material and methods. Here, this work profiled gene transcriptional landscapes of lipid droplets formation
during adipogenesis from human mesenchymal stem cells (hMSCs) using RNA-Seq technique. By using RNA
interference (RNAI) we investigated the function of candidate genes during adipogenesis and osteoblastogenesis
using Oil Red/Alizarin Red/alkaline phosphatase (ALPL) staining and qRT-PCR (quantitative real-time PCR).
Results. Eleven differentially up-regulated genes associated with lipid droplets formation were identified at
3,5, 7,14, 21, and 28 days during adipogenesis. Unexpectedly, APOB per se inhibiting adipogenesis weakened
osteoblastogenesis and METTL7A facilitating adipogenesis negligibly inhibited osteoblastogenesis according
to the phenotypic characterization of adipocytes and osteoblasts and transcriptional condition of biomarkers
through lentivirus transfection assays.

Conclusions. The establishment of the gene transcriptional profiling of lipid droplets formation would provide
the molecular switches of hMSCs cell fate determination and the study targets for fat metabolic diseases. (Folia
Histochemica et Cytobiologica 2022, Vol. 60, No. 1, 89-100)
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Introduction

Thought to be multipotent cells, human mesenchymal
stem cells (hMSCs) in adult marrow could be in-
duced to differentiate exclusively into the adipocytes,
chondrocytes, or osteocytes [1]. With preadipocytes
differentiating into mature adipocytes, the giant and
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unilocular lipid droplets grew and expanded during
a complex differentiation process of adipogenesis [2].
Mechanistically, lipid droplets formation and adipo-
genesis were two different events. Interestingly, with
the cells maturing sequentially experiencing commit-
ted osteo-progenitors, pre-osteoblasts, and terminally
differentiated mature osteoblasts, osteoblastogenesis
was also associated with lipid droplets accumulation
which supplies energy substrates (fatty acids) required
by the differentiation process [3]. Clinically, the level
of lipid droplets accumulation was determined by the
balance between lipid intake and lipid degradation [4].

Lipid droplets, unique multi-functional intra-
cellular organelles that contain a neutral lipid core
covered with a phospholipid monolayer membrane
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[2], are specialized in assembling, storing, and
supplying lipids. Classically, neutral lipid droplets
predominantly containing triacylglycerolS (TAGs)
were stored as lipids in adipocytes. Lipid droplets
are involved in the regulation of lipid homeostasis
by providing the substrates for energy metabolism
[5-6], membrane synthesis [7], and production of
the essential lipid-derived molecules (lipoproteins,
bile salts, or hormones) [8-10]. Till now, the storage,
accumulation, and degradation of lipid droplets had
been relatively well defined in adipocytes [3, 11-12].
Meanwhile, the contribution of lipid droplets in osteo-
blasts’ formation had also been well established for the
utilization of fatty acids to provide ATP [3]. However,
little is known about gene transcriptional profiling of
lipid droplets formation during adipogenesis and gene
function during osteoblastogenesis.

Currently, the best-acknowledged lipid droplets
formation during adipogenesis from hMSCs had not
been fully elucidated due to the challenging metabolic
processes. In our previous study, we tried to establish
the relationship between miRNA (microRNA) and
lipid droplets formation at 7, 14, 21, 28 days during
adipogenesis of hMSCs [13]. Here, this work system-
ically explored the gene transcriptional profiling of
lipid droplets formation during adipogenesis using
RNA-Seq technique and confirmed gene function
of part of differentially expressed genes (DEGs) of
lipid droplets formation during adipogenesis. The
establishment of the comprehensive transcriptional
profiling for lipid droplets formation during adi-
pogenesis and gene function investigation during
adipogenesis and osteoblastogenesis would present
molecular switches for controlling hMSCs fate choices
and provide the clues for new treatment strategies in
fat metabolic diseases.

Material and methods

Isolation, identification, and culture of human mesenchymal
stem cells. Identified in the previous study [14], the hMSCs
were isolated following the protocols with slight modification
[15-16]. In detail, A(MSCs were obtained from the cellular
fraction of bone marrow after centrifugation at 4°C and
1800 rpm for 20 min. After washing twice with 1 mL of
phosphate-buffered saline (PBS, at 4°C and 1400 rpm for
10 min and at 4°C and 1200 rpm for 8 min, respectively), the
harvested hMSCs’re were cultured in 5 mL of a modified
Eagle medium (a-MEM) in 25 cm? flasks (Corning Inc.,
Corning, NY, USA). In amodel 3100 series Forma Series I1
Water Jacket CO, incubator (Thermo Fisher Scientific, OH,
USA), the hMSCs were cultured in 5.0 mL commercially
available hMSCs Basal Medium (Cyagen Biosciences, Inc.,
Santa Clara, CA, USA) containing 10% FBS (fetal bovine
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serum), 2% penicillin-streptomycin, and 1% L-glutamine
in 25 cm? flasks (Corning Inc., Corning, NY, USA) at 37°C
with 5% CO, and 95% humidity.

Differentiation of human mesenchymal stem cells. Adipo-
genic differentiation of hMSCs was carried out as previously
with slight modifications [17]. Expanded to passage 6, the
hMSCs were re-plated at a density of 5.0 x 10* cells/cm?
before adipogenic differentiation. With 80-90% of the final
confluence for h(MSCs, commercially-available adipogenic
cocktails of the hMSCs Basal Medium including 1.0 uM
dexamethasone, 0.5 mM 3-isobutyl-1-methyl-xanthine
(IBMX), and 0.01 mg/mL insulin (SigmaAldrich, St. Louis,
MO, USA) were used to stimulate adipogenic differenti-
ation [18]. Adipogenic potential of hMSCs was assessed
through Oil Red O (Cyagen Biosciences) staining assays
following the protocols [19-20]. Cell morphology and lipid
droplets formation in adipocytes were determined using
a fluorescence microscope (1X73, Olympus, Tokyo, Japan).
The staining assays were carried out in triplicates.

For osteoblastogenic differentiation, the hMSCs were
seeded at 10® cells/cm? and cultured to 70% confluence in
hMSCs Basal Medium (Cyagen Biosciences, Inc.). Commer-
cial osteoblastogenic differentiation medium supplemented
with ascorbic acid, dexamethasone, FBS, f-glycerophos-
phate, L-glutamine, penicillin, and streptomycin (SigmaAl-
drich), was used to stimulate osteoblastogenesis every third
day. Here, osteoblastogenic potential was assessed via
mineralization assays in vitro with Alizarin Red staining,
alkaline phosphatase (ALPL) staining, and ALPL enzyme
activity determination. Calcium-bound Alizarin Red for os-
teoblasts was eluted after cells were incubated with 100 mM
cetylpyridinium chloride for 1 h to quantify the matrix min-
eralization in a microplate reader (ELx800, Biotek) at the
wavelength of 570 nm [21]. The stained osteoblasts were
photographed after being washed twice with PBS (pH 8.0).
An ALPL staining kit (Jiancheng Bioengineering Institute,
Nanjing, China) was used to stain ALPL in a 6-well plate at
room temperature (RT) for 10 min after the cells were fixed
in cold ethanol for 10 min [22-23]. The photomicrographs
were captured with IX73 microscope (Olympus, Tokyo,
Japan). The freshly harvested osteoblasts centrifuged at
1000g for 10min at 4°C were used to determine ALPL
enzyme activity with an ALPL assay kit (Jiancheng Bioen-
gineering Institute) after the osteoblasts were lysed on ice
using 1.0% Triton-X100 for 40 min. The absorption value of
the reaction solution was determined at the wavelength of
520 nm in a microplate reader. All the staining assays were
carried out in triplicates.

RNA-Seq sequencing. Here, the total RNA was isolated
from the adipo-osteoblastogenic cultures at 0, 3, 5, 7, 14, 21,
and 28 days using miRNeasy Mini kit (Qiagen, Hilden, Ger-
many) following the manufacturer’s instructions. RNA-Seq
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Table 1. Primers used in this study
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Gene Product Forward primer (5'-3") Reverse primer (5'-3")

ACTB Actin beta CGAGGACTTTGATTGCACATTG AGAGAAGTGGGGTGGCTTTTAG

APOB Apolipoprotein B TATCAAAAGCCCAGCGTT GTGCCTACGGCTGGGGAG

LPL Lipoprotein lipase GGAAAACAGTCGATCAAGGG GGCACGATCATCTCTCTCAG

METTL7A Methyltransferase like 7A GAGCCCCTAAACATCAAGCAATCT | CTAACACTCGCTTTCAGAGGCACT

PPARG Peroxisome proliferator TGCAAGGGTTTCTTCCGG ATCCCCACTGCAAGGCAT
activated receptor gamma

sequencing performed by NovelBio Bio-Pharm Technology
Co., Ltd (Shanghai, China) was separately developed in
two batches, one for the samples of 0, 3, 5, and 7 days by
HTSeq (Illumina Inc., Towne Centre Drive, San Diego, CA,
USA) and the other for the ones of 0, 7, 14, 21, and 28 days
by Proton Sequencing (Life Technologies, Gaithersburg,
MD, USA).

For HTseq, as in our previous study [24], the freshly
isolated RNA with RIN (RNA Integrity Number) > 6.0
was utilized to construct rRNA depletion library using
NEBNext® Ultra™ Directional RNA Library Prep kit (New
England Biolabs, Ipswich, MA, USA) following the man-
ufacturer’s instructions. The sequencing data of the whole
transcriptome on Hiseq™ Sequencer was mapped to the
human genome after filtering the adaptor sequences includ-
ing reads with > 5% ambiguous bases and the low-quality
reads (more than 20 percent of bases with qualities of <
20). Gene counts of mRNA were calculated using HTSeq
[25]. We utilized DESeq to determine the differentially
expressed mRNA [26].

Proton Sequencing had been performed in our previ-
ous study [17]. The RNA (RIN > 8.0) was used for the
construction of cDNA library prepared with Ion Total
RNA-Seq Kit v2.0 (Life Technologies Inc., Gaithersburg,
MD, USA). cDNA libraries for single-end sequencing were
used to process on Proton Sequencing process following the
commercially available protocols.

We screened the documented genes associated with lipid
droplets formation and their PubMed Unique Identifier
(PMID) was listed in Fig. 3c. The visualized transcriptomic
heatmap was prepared according to the expression data
applicable at least at one sampling point. For data analysis,
we set an absolute value of log, ratio > 2.0 as the threshold
value of the differentially expressed gene (DEGs). Signif-
icant DEGs were defined by combining an absolute value
of log, ratio > 2.0 with FDR (false discovery rate) < 0.001.

qRT-PCR assays. To confirm the relative expression level
of the target genes, we carried out qRT-PCR (quantitative
real-time PCR) on a 7500 Real-Time PCR System (ABI,
Foster City, CA, USA) from Bio-Rad Laboratories (Hercu-
les, CA, USA). Oligonucleotide primers used in this study
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were synthesized commercially by Generay Biotech Co., Ltd
(Shanghai, China) and listed in Table 1. The cDNA synthesis
kit (Torobo Co., Osaka, Japan) was used to synthesize the
first strand of cDNA. With a SYBR Green Realtime PCR
Master Mix (Torobo), PCR amplification profile was as
follows: 94°C for 5 min, and then 35 cycles at 94°C for 2 min,
52°C for 30 s, and 72°C for 30 sec. ACTB encoding actin
beta was used as the internal control for data acquisition
and normalization [27]. qRT-PCR assays were carried out
in triplicates.

Cell transfection. To determine the function of lipid droplets
formation genes, we separately knocked down APOB and
METTL7A to investigate the gene function during adipo-
genesis and osteoblastogenesis through RNA interference
(RNAI). The sequences, 5’ — cgGAACTATCAACTCTA-
CAAA — 3 for APOB (NM_000384.3), 5" — atAGTGT-
GAGCTGGCAGTTAA— 3’ for METTL7A (NM_014033),
and 5’ - TTCTCCGAACGTGTCACGT - 3’ for the negative
control, synthesized commercially by Genechem Co., Ltd
(Shanghai, China), were constructed in pGV493-GFP
vector to establish the expressing plasmid for RNAi fol-
lowing the standard sub-cloning procedures [28, 29]. For
cell transfection assays, 4 uLL APOB-siRNA and 2.5 uL
METTTL7A-siRNA lentivirus (2 X 108 infectious units/mL;
MOI, multiplicity of infection = 10) were performed at 20%
confluence (approximately 3.2 X 10° cells) of hMSCs using
HitransG Transfection Reagent P (Genechem Inc., Shanghai,
China) at 37°C following the manufacturer’s instruction. Flu-
orescence intensity of GFP (green fluorescent protein) was
determined using a fluorescence microscope (IX73, Olym-
pus, Tokyo, Japan) after approximately 72 h of transfection.
Adipogenic and osteoblastogenic differentiation assays were
carried out at 72 h and 12 h after transfection, respectively.

Statistical analyses. Using SigmaPlot version 14 software
(Systat Software, Inc., San Jose, CA, USA), the significant
difference (p < 0.001) was derived from Student’s t-test
(or the Mann-Whitney Rank Sum Test) wherever an ap-
propriate depending normality test. A p-value of less than
0.05 (p < 0.05) was defined statistically significant with
n = 3 for each group.
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Figure 1. Adipo- and osteoblastogenic potential of hMSCs. Microphotographs (a—g) and (i-o0) separately indicate adipogenesis
(AD) by staining the differentiating hMSCs with Oil Red O, and osteoblastogenesis (OB) by staining with Alizarin Red O.
(h) and (p) indicated the quantification of light absorption by lipid droplets and the mineralized bone matrix, respectively,
as described in Methods. Scale bars: 20 um. Bars and whiskers indicate means = SD (standard deviation). *p < 0.05,n =3

for each group. OD — optical density.

Results

Adipo-osteoblastogenic potential of the hMSCs
Adipogenic potential of hMSCs was assessed through
lipid droplets staining using Oil Red O (Fig. 1).
Compared with the undifferentiated control group
at 0 day, lipid droplets were first visible at 3 days,
and the number and size of lipid droplets slowly
increased with the cell culture time prolonged from
0 days to 7 days (Fig. 1a—1d). Lipid droplets’ growth
and expansion were more and more apparent from
14 to 28 days (Fig. 1le—1g). The maximum amount of
lipid droplets formation appeared from 14 to 28 days
during adipogenesis (Fig. 1h).

For osteoblastogenesis, we visualized the morpho-
logical changes of the cultured cells that became more
rounded and cobblestone-like shape on the 3rd day
of culture. A lower fraction of osteoblasts was stained
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by Alizarin Red from 3 to 7 days, but an increased
secretion of mineralized bone matrix appeared
from 14 to 28 days (Fig. 1i-10). As Figs. 1h and 1p
showed, although the quantification of lipid droplets
formation from 3 to 7 days during adipogenesis was
more than that of matrix mineralization accumulation
during adipogenesis and adipo-osteoblastogenesis,
the maximum amount appeared from 14 to 28 days
during the two differentiated processes. Herein, these
results indicated that the hMSCs differentiated along
adipogenesis and osteoblastogenesis, respectively.

Gene expression profiling of lipid

droplets formation

RNA-Seq’s were performed to investigate gene ex-
pression profiling at 3, 5, 7, 14, 21, and 28 days during
adipogenesis from hMSCs. As Figs. 2a and 2b showed
that the gene expression level of adipogenic and os-
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teoblastogenic biomarkers corresponded with that of
the classic documented ones [30], and thus indicated
the deep-sequencing data were authentic. According
to statistical analysis, the significant biomarker genes
included ADIPOQ, CEBPA, FABP4,FASN, ID3, LPL,
PPARG, and SREBF1 for adipogenesis and ALPL,
SPPI1, and TWIST for osteoblastogenesis.

Among seventy-nine published genes of lipid
droplets formation process listed in Fig. 2c, fourteen
up- and one down-regulated DEGs were identified at
3,5, and 7 days of culture by HTSeq, and eleven differ-
entially up-regulated genes were screened at 7, 14, 21,
and 28 days of culturing hMSCs by Proton Sequenc-
ing. Eleven genes (ACACB, ACSL1, APOB, CESI,
CIDEC, G0S2, LIPE, METTL7A, PLINI1, PLIN4,
and STOM) were differentially up-regulated at 3, 5,
7, 14, 21, and 28 days during adipogenesis (Fig. 2c),
and thus suggesting that the target genes were respon-
sible for adipogenic differentiation.

Candidate genes simultaneously affected
adipo-osteoblastogenesis

To confirm the gene function of the DEGs associ-
ated with lipid droplets formation, both APOB and
METTL7A were subjected to additional validation ex-
periments. Fluorescence microscopy assays revealed
that the hMSCs were transfected successfully using
the negative, APOB-siRNA, and METTL7A-siRNA
lentiviruses (Fig. 3A). Moreover, more than 90% and
20% of transfection efficiency was the criterion of
adipogenic and osteoblastogenic differentiation, re-
spectively (Fig. 3B). It showed that APOB knockdown
promoted adipogenesis at 3 and 7 days, as indicated by
changes at the mRNA levels (Fig. 3C) and accumula-
tion of lipid droplets (Fig. 3D). METTL7A knockdown
weakened adipogenesis for the abasement of adipo-
genic biomarkers at gene transcriptional level and
decreased lipid droplets accumulation (Fig. 3A-3C).
Thus, we showed that APOB and METTL7A inhibited
and promoted adipogenesis, respectively. Among the
eleven screened genes, APOB and METTL7A were
the two of the randomly confirmed candidates for
lipid droplets formation during adipogenesis, thus
suggesting the other candidates listed in Fig. 2C would
be of the same importance for adipogenesis.

For the purpose of verification of the role played
by APOB and METTL7A during osteoblastogenesis,
we also profiled transcriptional landscapes of lipid
droplets formation genes during osteoblastogene-
sis. Fig. 2C illustrates that APOB was differentially
up-regulated 16.48, 15.84, 16.29, 12.13, 11.98, 12.37,
and 10.91 folds at 3, 5, 7, 7, 14, 21, and 28 days dur-
ing osteoblastogenesis, respectively, and METTL7A
was also up-regulated by 1.46, 1.54, 1.73, 1.04, 1.12,
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1.90, and 2.08 folds during osteoblastogenesis. With
APOB and METTL 74 knocked down, the expression
of ALPL was just increased separately at 7 days and
3 days during osteoblastogenesis (Fig. 3C), and the
mRNA level of RUNX2 was promoted at 3, 7, and
14 days during osteoblastogenesis.

Mineral deposits determination using Alizarin
red staining demonstrated that APOB knockdown
led to an increase at 7 and 14 days, and the latter
was improved a little more (Fig. 3E). It showed that
anegligible increase of matrix mineralization occurred
at 3 and 14 days after knocking down METTL7A
(Fig. 3E). Compared with the control, enzyme activ-
ity of ALPL was increased in cells with APOB and
METTL7A silencing (Fig. 3F). Thus, the lipid droplet
formation-related candidate genes during adipogen-
esis would play also simultaneously critical roles in
osteoblastogenesis with partly confirmed involvement
of APOB and METTL7A genes.

Discussion

Extracellular matrix (ECM) of MSCs not only de-
termines MSC lineage differentiation via multiple
mechanisms [30] but also predominantly contributes
to MSC heterogeneity [31]. As complex and dynamic
organelles, lipid droplets had been well documented
in many cell types particularly in disease states and
important biological processes like autophagy [32-33].
Here, to our best knowledge, we are the first to un-
cover the contribution of lipid droplets formation
genes to adipogenesis and osteoblastogenesis using
RNA-seq technique.

As we know, lipid droplets formation underwent
the formation of an oil lens, budding and nascent li-
pid droplets formation, and growth and expansion of
lipid droplets [2]. Lipid droplets grew and expanded
with the culture time prolonged from 3 to 28 days
during adipogenesis. In the present study, changes in
lipid droplets formation were just seen on days 3 and
7 but not day 14 during adipogenesis. The early stage
of differentiation was an important process for adipo-
genesis of h(MSCs. PPARG (peroxisome proliferation
activated receptor gamma) and CEBPA (CCAAT
enhancer-binding protein alpha) were considered
to regulate the early stage of adipogenesis, while
ADIPOQ (adiponectin, C1Q and collagen domain
containing) and FASN (fatty acid synthase) were
responsible for the mature adipocyte formation [32],
and thus the indicated days 3 and 7 of sampling time
point were the vital stages of lipid droplets formation.

Here, we used adipogenic cocktails including
dexamethasone, IBMX, and insulin, to stimulate
our adipogenesis from hMSCs. Although adipocytes
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Figure 2. Gene expression profiling of lipid droplets formation during adipo- and osteoblastogenesis of hMSCs. A. Expression
level of adipogenic biomarkers from RNA-Seq sequencing data. B. Expression level of osteoblastogenic biomarkers from
RNA-Seq sequencing data; C. Heat-map of lipid droplets formation genes for adipogenesis according to RNA-Seq sequencing.
The color scale in the upper right corner represents the expression level of the up- and down-regulated genes. The symbols #
and * indicate differentially expressed genes and significantly expressed genes (FDR < 0.001), respectively. The upper-case
AD indicates RNA-Seq sequencing by Proton Sequencing at 7, 14, 21, and 28 d, and the lower-case ad indicatea RNA-Seq
sequencing by HTSeq at 3, 5, and 7 d. NA — not applicable. PMID (pubMed unique identifier) indicates the gene resource
of lipid droplets formation. Eleven genes, including ACACB, ACSL1, APOB, CES1, CIDEC, G0S2, LIPE, METTL7A, PLINI,
PLIN4, and STOM were differentially expressed at 3, 5, 7, 14, 21, and 28 days during adipogenesis.
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increased in size (hypertrophy) and number (hyper-
plasia) for adipose tissue expansion [34], they could
not grow and accumulate lipids without restriction
but divided into two or more adipocytes after reach-
ing a certain size. It showed that cellular growth of
the differentiating pre-adipocytes was stopped after
reaching a certain confluence under standard culture
conditions. But, when a hormonal cocktail was added,
adipocytes were further divided before differentiation
program termination and development into mature
adipocytes.

In the present work, the eleven identified DEGs
during adipogenesis included ACACB, ACSLI,
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being involved with atherosclerotic disease [41], ath-
erogenic risk [42-44], and common dyslipoproteine-
mia [45-48]. CES1 encoding carboxylesterase 1 is an
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Figure 3. APOB and METTL7A regulate adipo-osteoblastogenesis from hMSCs. (a) Fluorescence intensity of
GFP (green fluorescent protein) indicating transfection efficiency after silencing by RNA interference (RNAi).
Scale bar: 50 um. (b) The relative expression level of APOB and METTL7A after RNAi silencing. (¢) The relative
expression level of the genes encoding biomarkers after silencing of APOB and METTL7A genes, such as PPARG
and LPL for adipogenesis, and ALPL and RUNX2 for osteoblastogenesis. (d) Evaluation of adipogenic potential
by Oil Red O staining after silencing of APOB and METTL7A genes. (e) Evaluation of osteoblastogenic poten-
tial by Alizarin Red staining after silencing of APOB and METTL7A genes. (f) Alkaline phosphatase (ALPL)
staining and enzyme’s activity in cell lysates after silencing of APOB and METTL7A genes were determined as
described in Methods. Scale bar: 20 um. Bars and error bars at (e-f) represent mean = SD. *p < 0.05 (n = 3).
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essential NF-xB-regulated lipase [49]. CIDEC (cell
death inducing DFFA like effector c) promotes lipid
droplets formation in adipocytes [50]. GOS2 (G0/G1
switch 2) is involved in adipogenic differentiation of
preadipocytes for its mRNA level up-regulated and
attenuated ATGL-mediated lipolysis [51-52]. LIPE
(lipase E, hormone-sensitive type) converts cholester-
ol esters from lipid droplets to free cholesterol [53].
As one of the targets for the non-coding RNA [15],
METTL7A (methyltransferase like 7A, also known as
AAM-B or AAMB) protein is located in lipid droplets
surface as a signaling factor and is tightly related with
lipid droplets formation [54-57]. Belonging to the
classical PAT family (perilipin (perilipin 1), adipo-
philin (perilipin 2), and TIP47 (perilipin 3)) of lipid
droplet proteins, PLIN1 (perilipin 1) also known as
adipose differentiation-related protein (ADRP) is
localized at the surface of lipid droplets and regulates
triglyceride storage and hydrolysis in adipocytes [58].
PLIN4 (perilipin 4) could cover a large lipid droplet
surface and could act as a substitute for phospholipids
[59]. STOM (stomatin) was targeted to cytoplasmic
lipid bodies [60]. Our omics data affirmatively pro-
vided the molecular evidence for the involvement of
lipid droplet formation-related genes in response to
adipogenic differentiation of bone marrow-derived
hMSCs.

The osteoblast progenitor cells and their commit-
ted osteoprogenitor cells always use lipid droplets as
an endogenous source of fatty acids [3]. In this work,
when the gene function of APOB and METTL7A
was confirmed, we tried to find out the contribution
of genes involved in lipid droplets formation to os-
teoblastogenesis. An intriguing relationship always
existed between fracture risk, bone mass, and mar-
row adiposity [59-60]. hMSCs pre-committed to one
mesenchyme cell lineage could transdifferentiate to
other cell types in response to inductive extracellular
cues [63-67]. Cell dedifferentiation and transdiffer-
entiation were important for the regulation of lineage
commitment. The multilineage differentiation poten-
tial of hMSCs is significant for tissue regeneration
in clinical utility. Control of cell-fate decisions for
hMSCs is tightly regulated by genes [68], growth fac-
tors/cytokines and their cognate receptors [69], and
melatonin [70]. In this work, we provided more cues
for the contribution of APOB and METTL7A to the
balance of hMSCs differentiation.

The present study has its limitation. First, for
sequencing data, RNA-Seq was separately carried
out in two batches using HTSeq and Proton Se-
quencing of two different sequencing platforms. So,
the sequencing data of two points at 7 days were not
completely consistent, although the expression trend
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of most genes was almost consistent. Second, for hM-
SCs culture, the medium and operation technology
directly affected the gene transcription and protein
translation. Here, although we cultured the hMSCs
for adipogenesis and osteoblastogenesis assays
together, we assessed adipogenic potential (QPCR
and Oil Red O staining for lipid droplets formation)
and osteoblastogenic potential (qPCR, Alizarin Red
staining for mineralization, ALPL staining, and ALPL
enzyme activity determination) in different batches
for the numerous experiments. Third, it is well es-
tablished that RUNX?2 is the classic biomarker for
osteoblastogenesis study [71]. Accidentally, we found
the expression level of RUNX2 was not differentially
expressed for all sampling time points. Perhaps, the
secreted calcium largely affected RNA harvest and
then the expression of osteblastogenic biomarkers.
Therefore, the further clue for the contribution of
lipid droplets formation genes to adipogenesis and
osteoblastogenesis would be put forward for the bal-
ance regulation of hMSCs differentiation.

In summary, this study represented one of the first
general reports of the gene transcriptional profiling
of lipid droplets formation during adipogenesis of
differentiating hMSCs. Interestingly, the DEGs would
be the potential molecular switches of hMSCs cell
fate determination with APOB and METTL7A con-
firmed. Establishing the gene transcriptional profiling
of lipid droplets formation might also lead to a novel
approach to study metabolic bone diseases.
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