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Transcriptome Analysis of C2C12 Cells Induced to Differentiate into Adipocytes
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Abstract To explore the key genes in the transdifferentiation of C2C12 cells into adipocytes, the medium
supplemented with IBMX, dexamethasone, insulin and rosiglitazone was used to induce C2C12 cells for six days.
The differentiation of cells before and after induction was identified by oil red O staining and immunofluorescence
staining. Transcriptome analysis and RT-qPCR (real-time fluorescence quantitative PCR) techniques were used to
evaluate the expression levels of differentially expressed genes; Western blot was employed to measure the pro-
tein levels; and ELISA (enzyme-linked immunosorbent assay) was applied to analyze the cell state. The results
showed that after six days of induction, a large number of lipid droplets appeared after oil red O staining of C2C12

cells, and a positive signal of FABP4 was detected by immunofluorescence staining. GO (Gene Ontology) analysis
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and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway analysis revealed that the expression levels of

genes related to viral response and immune system pathways were significantly upregulated. The Hub genes Isg/J5,
Ddx58, Ifit3, Irgm2, Eif2ak2, Irf9 and Statl were further screened. RT-qPCR verified the up-regulated expression of
Isgl5, Fabp4 and C/EBPa expression, and immunoblot confirmed the increase of FABP4 and IL-6 protein levels.

Upregulated expression of Ddx58, Ifit3, Irgm2, Eif2ak2, Irf9, and Statl genes were involved in the inflammatory

response to maintain cell survival. Taken together, this study revealed part of the molecular mechanism of myocyte-

to-adipocyte transformation, providing a basis for further understanding of myogenic adipogenesis.
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1.1 C2CL2émpRE R MBS Nk

1 FH 20 % 900K C2C 1241 i (i 2 A= R4
HIRA F)EEFRAE B 10%M6 4 M5 (fetal bovine serum,
FBS) (M MBI AIRAF ) 1% EHER -HHER
(GibcoA 7)) [FIDMEM i 1 7% 4 (Gibeo A 7)), F
37 °C. 5% COMHRFFFRFA 7. A ARIAF|
90% & FEIT, IR F g (Gibeo A H]) T-37 °CiH AL
402 min, DI S mLEFFRALZ B AL, £ 0L
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FEFR G 1) C2C 1240 e ff F DMEM$5 77 2k (%
10% FBS. 1% 8 % -85 2055 7%, 7 N4, X
H(CK)H - F4UT), AR EINEE, T37°C. 5%
COMEIRIEFRAE h 7% . CKUAMMPEE TR ER &L
FI90%H, WCAELNM . TZHAN M AF k& Bk 2 70% 0,
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HIIH (MCEA R, 1 pmol) #4357 2%, T e RS
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e BN B R IR AR IR R, WA T %%
FEGn IMLLOGL A, B4 (RNA sequenc-
ing, RNA-seq) 7T+ SEF 20 € 8 PCR. %ouy% BN
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1.3 RRARE
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2R HE 5| (4,6-diamidino-2-phenylindoledihydrochlo-
ride, DAPI) AR % i 4 1,15 min, MEEIFRAEE F .
1.4 FRENF R EFRIEEE(differential ex-
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W EE CKEH A Je 75T 6 % Jia 1) TAL4RM, A FH 41
PR HRR v, A 2H v AN B AR A T A R A
1104, $REURNA, 15 B3R AR A RHCA R
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1 (Mumina 2y 7))iEA7 SRR ; {8 NovaSeq Reagent
Kit NovaSegX Plus(Illumina 2 &) it 47 AL

EHESEEMESASERHA R (V2.2,
https://www.majorbio.com/) 47 £ K R IA 40 #fr, 73
T 5 CKAH Hh LA (1) 22 R IA 1 0L, TR DEGs. Fifi
J& , LRI A4 (Gene Ontology, GO)Z3 41 Al 5t #R
FE[H2H H B4 15 (Kyoto Encyclopedia of Gene and
Genomes, KEGG) 7 Hrfifi 2 ‘& S 1 = E BV 2= D)k
AUE S .
1.5 ZEHR-ZEBFRHEE{EA (protein-protein in-
teraction, PPI) 482 R AR 534

N Tt BRI DEGs 2[Rl AR BLAE L, A48
F 26 35 AR 250 1 s 4 5 40 W (V2.2) 3R EUPPIEL

P& 5, ¥ FH Cytoscape(V3.10.2) K ff (https://cytoscape.
org/) & PPIMIZ% . 5341, ffiH Cytoscapefdift Cyto-
scape MCODEfi it I B Dy g i PRI ABE e, 45 rl e /N e
B CE N2, AR BE R E N 0.2, T R0
WEN2.

1.6 HubZEAIiFiE

1§ Ff Cytoscape 14 i it Hub& K, AHff 781k ¢
6 5% (MCC. DMNC. MNC. Degree. EPC.
BottleNeck), £ H 3RHUHE A BT 3047 I FE A, B AT THUAS
SRR BA i B R SR L A
1.7 SRR A EEPCR(RT-gPCR)

FEELCKAAN A 2 S 6 K 5 THAI PRI RNA G
AT N E &, X TaKaRa Mini BEST Universal
RNA Extraction Kitiz7fl] & M4 - F2HUE RNA, 18
1L Do/ Do [EAG I RNAZE 5 A FH s 3 sl 7 & [ 28
VB (BB FRA 7] H mRNAT % 5 R
cDNA. RT-qPCR /% ¥ f§ H Hieff UNICON® Univer-
sal Blue gPCR SYBR Green Master Mixififl|[ 3% &4
PR (L ) Bt A IR A R, 7E9O6E B PCRE H]
JEE AT, BMEARG3INEE, UL GapdhBEIA
EANZ . 20 uLRFMAEZ: 10 uL TB Green. 1 pL
cDNA. 0.4 pL EJ#F51%9(10 pmol/L). 0.4 uL i
51%1(10 pmol/L), #MddH,OZE 20 pL. MR I
CFX Opus 961 #7971, 95 °CTiAZ 1410 min; 95 °C
10 s, 55 °CiB K35 s, 72 °CHEH60 s, 40N EH .
F T SER % 6 32 EPCR I 51 207 51 iR LT
1.8 GIZENEFZL3Z (Western blot, WB)

SR CKAR AN A K155 5 6K g TZE4M i, A
RO N S K SRR, ¥
5 J5 187 F BSA-VIR TR (%) = i 14 1.5 h, A S
B2 72 % FABP444A (Immunoway 2 @)(1:1 000). 4
PU/INR 2 5[ ISG1 5L (Immunoway A 7] )(1:1 000).
Tt/ B2 TR IL-6H0K (F5 M ERF I S 3 BARA TR
T )(1:1500) B-actin .7 FE Hi 44 (Proteintech 23 7] )
TR (1:20 000)7E 4 *CHAF T E LR ; /)5 H &t
Ui 2019 TrisZ R BEES ; 1 H % EDN R 4L =E 5T
IgG(H+L)HifA (Bio-Rad /A 7 )(1:5 000). BRI A4
BEEbRC A LU 2E 0 BUIgGHAL )P (Immunoway 23 7] )
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W RO CER UL RS AT
1.9 FEREX S &I MHXIE(ELISA)

{85 HI /)N B 48 B/ 3 -6 (interleukin-6, IL-6)
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Table 1 Primer sequences for real-time fluorescence quantitative PCR
514 SIFEFI(5—3)
Primer name Primer sequence (5'—3")
Irf3-F CAC CCT GCC CGATCCTGAG
Irf3-R CACAGT GCCAGCCCATTGC
Isgl5-F TCC TGG TGT CCG TGA CTAACT C
Isgl5-R AAG ACC GTC CTG GAG CAC TG
C/EBPa-F TCG GTG GAC AAG AACAGCAACG
C/EBPa-R CGG TCATTG TCA CTG GTC AAC TCC
Fabp4-F AAATCA CCG CAG ACG ACA GGAAG
Fabp4-R CAC CAC CAG CTT GTC ACCATC TC
Ppary-F GCC AAG GTG CTC CAGAAGATGAC
Ppary-R GTG AAG GCT CAT GTC TGT CTC TGT C
Gapdh-F CCCAGAAGACTGTGGATG G
Gapdh-R ACA CAT TGG GGG TAG GAA CA

ELISAKE 3G A7 & (VL Ir B br AR R E IR A ), ™
R IR B U W AR, B CKALE T4 i
INEYFEE, AN EE AT 3R E
8, A S48 FH Spectra Max IdSTFLAR S 2 5t 132
1.10 BIEGH 2

Rt TRk EEES R, HITHRZE
SRR AT, RIS PR R AR 22 R RIS I BRI, 22 57
M AT VDESeq2, fiiik R [log,FC| =1 HAZIEP
{£<0.05.

fii il Goatools# f(https://github.com/
tanghaibao/goatools) 1T GOE £ 40 ¥, 1 HH ik N
FisherA§ A i . 42 il v 55 1) B 14 28 A8 FH 4 Fh
% # K% /775 (Bonferroni. Holm. SidakAll false dis-
covery rate)%f PEH AT IE . {8 F Pythonscipy 3K £
i (https://github.com/scipy/scipy)i#f 17 KEGGIH 4 &
LM, A I Fisherks i S db AT 11 5. o dssiil v 45
PR, K BHT VLT 2 . PLP<0.0509
ZERA G E

i § GraphPad Prism 10%ff(https://www.
graphpad.com/) AT % AL AR Gt o i, KA
BRI R TT 22 40 et & AL TR B s AT Gk e R e, W
HIA] LR FH R 56, PAP<0.05 M ZE 558 Fiit 223 o

WB&E R f# i Image Lab(Bio-Rad 2 &) )3 /444
WM #-9K3E H B8 B 0 K BEE, 18 FH GraphPad Prism
1O BEAT 5. DL P<0.0S A ERA LRI ¥ =
o

2 HBRESH
2.1 C2C2ZAfiFESRUREE

18 5 SWOHE S C2C1240 1, 16 SR
T, C2C1240 M JE A5 a) (531, 36 5R o P ik 2, Hh
TR 3 Wh 9, 35853 A M R A R T (B LAY, 356 B 441 i Ak
T IRES, 73R8 7358 FEAR, PR - s B
B M L 2% B 107 G e 0, o 4 MR R T AT R
ST 0 11 I 5 A0 T2 B 5 VRO 40 B S B0 . v
ZLOYE J5 v] WA A P IR (1 B); 4o s 2 e e
0 J5 n DL T2H 40 K & 0k B i E 57 5 1 FABP4([&
1C).
2.2 FERANMF

M HARG T e 6 S W S, St
A3 40.17 GORUEERAR , R i AL £ s B 481k 2|
6.04 GbLA I, Q30 A H 4 LL £ 96.14% LA . 437l
W25 B i R A 5 e 1 S5 R T 7 8
ELXt, EEXTZE N 97.07%3197.64% A%, FKik T
AVR AT AT I 226 0524 FE K AT 7705 A
2.3 DEGs&#f

X C2C 1240 N5 F J5 1 C2C 1241 I [ RN A-seq
AT T 25 R ERIE ST, MR T AR, 55
HILRI T 1 16827 HE R, Hd 6194 EEEA
549 T IHFE . 6 C2C 12410 T4 5 CK 4L DEGs2: il
KL (B 2A), 1 10047 2 7 5 R4 T4H 5 CKZH A
Foik B 75 AR log.FC) KM (K12B) .
2.4 KEGGHMGOE&EN

I 7 B 15 22 5 225 R T KEGG 73 #t (1 2C),



AR 4R C2C 12401155 5 20 D i s 40 L ) e e 2L 0

781

(A)

100 um

100 pm

DAPI

100 pm

100 pm

A: C2C12A 5340 A6 R TS B B MZLO G4t C: FABPA s DO Y (L 1), AHIAZDAPIS (o (W (1), [HJWLET i
A: C2C12 cells were induced to differentiate and photographed before and after 6 days; B: oil red O staining; C: FABP4 immunofluorescence staining

(green), cell nucleus DAPI staining (blue), taken under the same field of view.

El C2C2fSoHEHEESER
Fig.1 Identification of C2C12 cells after induced differentiation

M THL EJFNT %) DEGs P & S s g, &Pk
H 10258 %, A B i /8 (influenza A). JR¥2 (mea-
sles). J&bIRI7 B9 -COVID-19(coronavirus disease-
COVID-19). P AT % (hepatitis C)Z5 {5 5 30 g AH < HE
Rl R K2 25 i 40 BA (cell cycle)s DNAK
fill(DNA replication)~ [ E 2 (homologous recombi-
nation). Fanconi?% Ifl.i& 4% (Fanconi anemia pathway)%%
5T A DGR R R IE KA 2 I

GO'E L M adE 3470 3. EA 1L % (bio-
logical process, BP)/r#H4, TZH A i) DEGs =5 &
LELENVE 7L B 1E 3% (positive regulation of myotube
differentiation) 17 4L 3% -1/ 2E (regulation

of interleukin-1 production) J% F: 1L F2 1) 41 4% (negative
regulation of viral process) A=)k FEH (KI3A); T4
o R ¥ DEGs 32 2L & S5 7 DNA%E 2L/ (DNA strand
elongation) PYE M FRAH H %1k (tetrahydrofolate inter-
conversion) 2253 Z4 YLt AR %% 5 (mitotic chromosome
condensation)§ A 42 1 2 1 (K13B).

TEZN B ZH %3 (cellular component, CC)Z#TH, T
M IR DEGs T 285 S AL 41 iU 2 1M (cell surface).
i g 71 =[] (extracellular space). 45 (cytoplasm)
S AR b (B 3C); T T (¥ DEGs - 2 & %
TERER Z %5 W) (condensin complex). AhE 224
(outer kinetochore). & iil]5> X (replication fork)Z54f
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WL -

£tk (EI3D).

TE5rF HiE (molecular function, MF)Zr#7+, T
Hrh EUR Y DEGs F %2 & £ /£ XUE RNASS & (double-
stranded RNA binding). A=K % (growth fac-
tor activity). 73T DIREI 1575 1% (molecular function
regulator activity)%§ 4> T IhaeH (B 3E); T+ i

() DEGs & % & 4 75 54 DN Af# e B 5 PE (single-
stranded DNA helicase activity). DNAE #il i fi 45
4 (DNA replication origin binding). & i 875 3
(microtubule motor activity)%5 431 I B 1 (EI3F).

2.5 PPIMEIGEFIER 4T

43 ) i 19 1 1E P<0.05 1 L A1 R i DEGs, #)
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A: THECKC2C1240 il [H)DEGs ¥k Ll B, 4Tt 3k i, ¥ (1 4R3% F1; B: TAH 5 CKLC2C 1241 i+ #7100 DEGs I #v&; C: TH 5 CKA

C2C 1241 [ DEGsIKEGG 7 Hr i I .

A: volcano plot of DEGs between C2C12 cells in T and CK groups, with red representing upregulation and blue representing downregulation; B: heat-
map of the top 100 DEGs between C2C12 cells in T and CK groups; C: KEGG analysis of DEGs between C2C12 cells in T and CK groups, presented

as bubble plots.

E2 C2C2éBfEif SRR RANTER

Fig.2 Transcriptome analysis results before and after induction of C2C12 cells
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A: _FIDEGsfIGO-BP4r#T; B: FIDEGsHIGO-BP4r#T; C: _EiADEGsIGO-CC43#T; D: FADEGsHIGO-CC43T; B: L IHDEGsIGO-MF 43 #T;

F: FADEGsHIGO-MF/3#T o

A: GO-BP analysis of upregulated DEGs; B: GO-BP analysis of downregulated DEGs; C: GO-CC analysis of upregulated DEGs; D: GO CC analysis
of downregulated DEGs; E: GO-MF analysis of upregulated DEGs; F: GO-MF analysis of downregulated DEGs.
B3 SAERRTESCKEAC2CI2AMIEIDEGSHIGOEELR
Fig.3 Bubble plot of the GO enrichment results for the DEGs between C2C12 cells in T group and CK group
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Fig.4 Transcriptome analysis of C2C12 cells before and after induction
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A: GO analysis of upregulated functional modules; B: GO analysis of downregulated functional modules; C: KEGG analysis of upregulated functional

modules; D: KEGG analysis of downregulated functional modules.
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Fig.5 GO and KEGG analyses of genes in upregulated and downregulated functional modules
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Table 2 The top 30 up-regulated Hub genes
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Table 3 The top 30 down-regulated Hub genes
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Maximal clique Density of maximum Maximum Degree Edge percolated Bottleneck
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Fig.6 Real-time fluorescence quantitative PCR results
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Fig.7 Results of Western blot for ISG15 and FABP4 proteins
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A: IL-6 protein content in cell culture medium; B: relative expression of IL-6 protein in cells before and after induction; C: immunofluorescence stain-

ing of IL-6 protein in cells before and after induction. **P<0.01.
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Fig.8 Verification results of cell inflammation status
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