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W . BHAAFYMkEy Vero 0G4 m L iE BARAiZ3g 0T B KR, A TIEFR Vero 2w
A REELERKGEZRE, KR Vero &iF (% 4 Vero-XF)A= Vero M AE 4n il (4% A
Vero-AD)#AT45 KL o#7, Tk BiF ARt maiod Keg £ F KR, F@idsrRiimE A K
[ F (epidermal growth factor, EGF)# % Vero-XF £ K. %R &%, 5 Vero-AD 28481k, Vero-XF 41
A 1376 MR F TAuE) £ F AR . 7w AL E 5 A F 4175 A4 F (Kyoto encyclopedia of genes and genomes,
KEGG)E En XN mit A&k AR AR E, %4F 1l NEFRZBRAR, #TENRAL
% PCR (quantitative real-time polymerase chain reaction, qRT-PCR)323E , /£ Vero-XF # ATG9B.WIPI2.
LAMP2. OPTN. Rab7a #= DEPTOR 2% Lifl, ATGAD 2% Fifl, LA R—%; #4
ATG101. ATG2A #= STX17 % L, NBRL | £ % 1~ 2 % . Western blotting 4 | Vero-XF 5 Vero-AD
F f AR E R A LC3 A2 P62 49 Rk, 3 F Vero-XF 69 LC3/IAZX E R i, P62 A2 2 F T,
KPS, RGBTSR A I EGF & Vero-XF "%, £ R &%, 10. 20. 30 ug/L 45 EGF 1&
#F Vero-XF A “2K-F 0 R8T 22.35%. 48.15%. 71.29%; A K& FHImT 15.48%. 33.33%.
57.14%; @A TR THET 2.84%. 15.46%. 16.23%., KR LR FBHTT Vero-XF A 4EMAH 49
MERFRAEAREEBOREZ—, HES Vero @ity BiFZH7IET A,
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Transcriptomic analysis of suspended Vero cells and reduction of
cellular autophagy by epidermal growth factor
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Abstract: The culture of suspended Vero cells is facing difficulties such as low cell viability
and long doubling time. To investigate the main reasons for the slow growth and low viability of
suspended Vero cells, this study conducted transcriptomic analysis of suspended Vero cells
(Vero-XF) and adherent Vero cells (Vero-AD) to screen the differentially expressed genes
(DEGs) affecting the growth of suspended cells. In addition, epidermal growth factor (EGF) was
supplemented to the culture system to improve the growth of Vero-XF. The results showed that
compared with the Vero-AD group, the Vero-XF group had 7 376 significant DEGs. Kyoto
encyclopedia of genes and genomes enrichment analysis revealed that the DEGs were mainly
enriched in the autophagy and mitophagy pathways. Eleven DEGs were selected and verified by
quantitative real-time PCR, which showed up-regulated expression of ATG9B, WIPI2, LAMP2,
OPTN, Rab7a, and DEPTOR and down-regulated expression of ATG4D, being consistent with
the results of transcriptomic analysis. In addition, the Vero-XF group showed significantly
up-regulated expression of ATG101l, ATG2A, and STX17 and insignificant change in the
expression of NBR1, compared with the Vero-AD group. The protein levels of LC3 and P62 in
Vero-XF and Vero-AD were determined by Western blotting, which showed up-regulated
expression of LC3II/I and down-regulated expression of P62 in Vero-XF, indicating a higher
level of autophagy. Finally, the exogenous supplementation of EGF at 10, 20, and 30 pg/L in the
culture system reduced the autophagy level of Vero-XF by 22.35%, 48.15%, and 71.29%,
increased the specific growth rate by 15.48%, 33.33%, and 57.14%, and decreased the apoptosis
rate by 2.84%, 15.46%, and 16.23%, respectively. The results of this study preliminarily reveal
that the activation of autophagy is one of the reasons for the slow growth of Vero-XF, which
provides reference for the subsequent culture of suspended Vero cells.

Keywords: Vero cells; suspended cell culture; transcriptomics; epidermal growth factor; autophagy

Vero 4 RS2t 5 DA 4021 (World Health  BEPEEE R A 7= oA 4n i 21, HH: 5 B
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A5y R A R E T 5T Vero i AR 7 AR I
JRRERE T & o A T ORIE RS SE 1 A= 7
SFFIRE Vero MMl 2B # T2, DSt
R IR AN . H H TR Vero 21 AT}
T I 5 22 PR, A 4 AR TS 2RI A% 3 I [R]
Y 45 A% 25 . Shen ZEPME I BERY Vero 411
M Aod 32 A WA IV 1 75 2K . THMO3 K 5%
5, HYMEER4IHLL 1.00%10° cells/mL %5
T 125 mL FIRAIEFR 96 h J5 4 %5 52 A BE #
. A5, Opti-MEM 1 Ultraculture SFM
REFRIANT U 1% 164 11175 (fetal bovine serum,
FBS)A RE4ERF B PR UL Vero 4345, HATY
AR, Bar, WA A=A
CRISPR/Cas9 £ AR rifk Vero 41k 1 SDC4,
HENT Ty TR R SR R T RR A R, (EL 9IRS Y 200
Lk 0.50x10° cells/mL 457 T+ 125 mL FEJH 1557
120 h J5 4l i 2% B A 35 5] 1.40%10° cells/mL, 4
M A KRS . TSRS T G, R
T Vero 4 AT A R0 IE W AE S IR, &
i R ST H G BE G 55 BB PR B g g R b i AR
Ak, AWEFT R RNA Il (RNA sequencing,
RNA-seq) AR M K- T8 Vero B 741 it
5 RE AR Y 22 S BRI, I a0 A 5 e 40 i A 4
218 1 I A

% 5% 21 % (transcriptome) 3 5 F 5% A= 1A
DA R DR S e FL RS, T 4 T L RS I A [
FEA I S AR, 2l e SR T Ry
Fikil, WK R i A KA1,
20 ZR T A RN B A P BRI T BE . 7R Vero
N R IR S SR, Logan PR 2.25 ¢/L
H TR IO S FR 58 CDM2 R340,
Bl S 2 2 0 AT Vero ST 20 i 55 W BE 41 fifg 2 i)
AL, LI PE A0 0 22 R0 . Mg
JACEFI DNA 2 i) 2 30 5 [R] IRk 40 e
PYFAOCEE N Rk M B3, HR2L0f Bcfr it

&: 010-64807509

FTEkE Vero RIFANME A WA DCHESY . AR
ZHRTIR & 6 g/L 75 % B8 10 S S 272 3L Vero-S
Y4k Vero 2, 38 1k % 540 3 Hr th & B Vero
BT AW o B (MR KR TTUE
W, TEASRIES 5 5504 F T 9L d) Vero & 17 40l
Bios i LA A g, HARRR IS R, T
LA S R R . WA PR R, 23
S5 5 ) 79 /) B ML 248 2 1 B 1 s S A A
PTG, S [ S AT RS BRUGE 44 it
MgET-P, Rk, B Vero BT ANMEE I,
A BRI WK T4 2 A 3 B

F 4 KK F(epidermal growth factor, EGF)
VE R —Fr AL O 4r 7, PR A . B
FEAN AL E HEAE N, W T B
AN LG A A KN TR, TEARR R
Ml S5 T R A 400 B g, R B SR T ek
AR R RIZE L BRI AR AR BT
Vero 2 7% 4L DL IE & S5 855 5% B o AR A
=, Ui aEsE Ak, ATRE R ERY)
. EGF il 5HAZREE S, (2 3F 40 M b e
fiff A= 5 BT E I, RIG I DNA &2 F0 4H g
W44 . Sobolewska 457 4= FLIR R AL A BIF 5T o
U EGF #7% mTOR &4, i [ wFn 4 i
TR, PRI R AnMuBg 5t . S A pFse
EGF 18 £ wER Al A Wi 1 Beclinl L
JCF R LC3 F1 ATGS 1R, 200 4 i i
I, DI 2 B 36 2 & 0 BB 40 i T
R, A5 28R EGF MR AR s il A 1
ANATE R, s I [ KT LA AR T4 B T

A PR RZH i SR 2 20 386 DL V5 1226 Vero
Ut BE 2 B (Vero- AD)EA T A P I MERE 37 , 48 232
ARG FR 25 GRS — RIS BT FR1Y Vero
4L, I 44K Vero-XF ; 4 1.00x10° cell/mL
KEFRIFISIN 2%:HT A= 4 1135 (newborn calf serum,
NBS), R RIEF B F 2.12x10° cell/mL, {540}
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] 76.93 h (M A KK). N TIRF Vero-XF EK
SN2, AR Vero-XF il Vero-AD it
1T RNA-seq 734, e CHE2 5, s
TEYIE S A A K g TR, JF oA
Vero 7217 55 57 19 38 A T A2 40 I bR S AL LS AR .
[F B, A58 AN A N EGF Sk 23 Vero-XF
HA5H , M Vero MMM ETEIE RIS

1 #RE5H*E
1.1 ZHpp5iEFHRE

N EERE FE7 Vero 4l fifl(adherent culture Vero,
Vero-AD)I [ & [E SR RE 29 398 7 Uy (American
Type Culture Collection, ATCC); & %1537 A
Vero 4l ffd (suspension culture Vero, Vero-XF)H
AS R 2 i 3 i it 3 B sk A B . M199
B A 2N EH REYEARGRA A Bk
2F |fiL 7 (newborn bovine serum, NBS) 1 0.25%]#
R 22N R A TRARA A
1.2 EFEZERFFE

TRIzol. Evo M-MLV J& % 5% iR #1774
Al qRT-PCR 57 & W A W g S AR ) TR A
FR/\F]; BCA Protein Quantification Kit, RIPA
SR H B HIH R 5xSDS-PAGE & H L
FEGE R I F AL R R R A PR A A 5
Sl LC3 Hilk. i P62 Hifk. FIE B-actin
il . BUE GAPDH Hufhk . R 4 1k it
(horseradish peroxidase, HRP)Fric 1 1L =EHT R
IgG 1 HRP FRic iy 1L =E4T B 1gG W A Bt 484
EYEARGIRA A,

1.3 YA RE K%M E

ARORAE R HIL A IR E 80%-90%HY
T B % 2 7 Vero M, 28 0.25% B F AN L
Je F & 5%NBS (1) M199 3735 35 i1 41 i 78,
2265 W W5 e 5 TG MO ER . o8 e i R AR 2
LSRR BN 2.00x10* cells/mL, fZFPZ 24 1L

http://journals.im.ac.cn/cjben

M, BALIN 1 mL. $E5)HCELE 37 °C. 5% CO,
BrFesarh i ge, ABE 24 h WAk 3 AL, TS

FFE, BUE KRS RIFEIER SR Vero
M, 1000 r/min &.0> S min, & FER,
& 2% NBS i Vero-S ¥k HEEMME, &
B Wy Y 0 J5 AT 6 A0 Vero-XF %
1.00x10° cells/mL FIWIHR% R & 125 mL £
T, BEFRARL 20 mL, $EAJCELE 100 r/min,
37°C. 5% CO, ¥R REF%, BER% 24 h B 100 pL
YA, AL

BIRE IR Vero 4IHE4% 0.50x10° cells/mL
WG AT 125 mL $830H, 48 4 4.
25 AL FIAME RN 10 pg/L. 20 pg/L. 30 pg/L
EGF Y5240l , H55-1K 20 mL. #&5)k #
7E 100 r/min., 37 °C. 5% CO, ¥R 137,
B 24 h B 100 pL 4HAE W, 114k, 2T Countstar
0 {53 BT AR L 25 B SR Y B TG A R R, T
AN L5 ) A L A R R 4B I ]
£ I ] =T/log, (Y/X), T 4G40 M55 352 ] ,
X AR M LA 1, Y AR R AN e (il — K
B AN 2 % . HEAE KR () p=In(Xn/Xn-1)/
(Tn=Tn-1), X AR HE, T AARMMEIEFF
BFE], noFD n-1 038 2 AN HURETHERF ] A5
1.4 #:3%%H RNA-seq JF

K H TRIzol $EHETERTFEH Vero il il
T BEEE ST Vero 4R S RNA, BJREEFRA
Vero ZfibRich XF1, XF2 I XF3; IBER: %
#l Vero ZUMEARICH AD1. AD2 fl AD3, %4
& ) RNA R i 28 A8 KT R 58 sl 5 T4 o
e, HA oligo dT MIMAERE £ H polyA
FEER mRNA, MABEHLEY N6 5|#ikfT %
K, B ) cDNA #E 1T R e 2 Fide Sk i 4%,
AR ERE Y2 PCR P # 57 mRNA SCJE,
B fdi Jl DNBSEQ &1l J¥ .

AT, o BRI T AR R0 A9 R LA BOE (raw
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reads), FHEF | k75 5L DA R TR FE N &
LR Y reads 2R, 193] clean reads. BJ5 LE
XPRIZH LN b, S THT R AT | A
IR 22 5% 40 BT (single nucleotide polymorphisms,
SNP)FI 22 5 By 4L LRI, 15 BB sk A, B
Jo 4 A A SV T R R s A A B 2 2%
RIS — A e S E ], IR
FE R IKKF o
1.5 ERERERIEKESHEINGEDHT
BT ARG sk I H R G R AR R 5
i, M R IEF X Vero-XF 5 Vero-AD 1) 2 5+
mRNA #1750H7, P P-value<0.05 H 2 554k
FC>2 VEbRi , 0 10 22 S 38 B PR -2 i AL
P Bt e R i e 1 ) 28 52 R R FE AR Bl KEGG
TERA R AT A WidE o 28 i, P A R G
& 1 phyper BREGHAT & 4 34T, P-value SR FH 45
TR & P (false discovery rate, FDR) /7 IEAZ I,
# Q-value<0.05 W45 W i M= 4 o
1.6 qRT-PCR #ZE % mRNA RiX
B, HACEERE YR R A A R A
BT IFE AR LA 51 (GR 1) TrdifiE K =
XPEGUIES, B 3.00x10° 44 1 000 r/min B0
5 min, FE4sL LI RO 0V B R IR 92 b AR v TR
(phosphate buffer saline, PBS)J& B4 2 ¥k, K
F TRIzol ¥ HUE RNA, Al RNA ¥, H
815 ODagonso FLIEAE 1.8-2.0 Z[0] o H2 4 460 3]
RNA Y%, B 1 pg it RNA R IEEZH DNA,
SR 2 M 5494 2 ul #) gDNA Clean Reaction
Mix, RNase free water M £ 10 uL; 42 °C/Z M
2min, BEJE, B850 —D 9 R BORIEAT R %
SRR B4k 4 pL B9 5xEvo M-MLV RT
Reaction Mix, 6 uL A RNase free water; 37 °C,
15 min; 85°C, 5s. fJa, ¥3RAHHY cDNA B
T PCR Y4, RWAKZR K : 10 puL 1 2xSYBR
Green Pro Taq HS Premix, 10 umol/L [#] Primerl

&: 010-64807509

A1 Primer2 451 pL, 2 pL i ¢cDNA, 6 pL )
RNase free water, < i 514} : 95 °C 30 53 95 °C
5's, 60 °C 30 s, 40 XfEH; 95 °C 15 s; 60 °C
60 s; 95 °C 15 s, UL GAPDH JNZ:, FIH] 27 44¢
A A A A0 25 5% mRNA AHXS Rk i

*®1 KRR

Table 1  Primers used in this study

Gene name Primer sequence (5'—3’)
ATGO9B F: TTCAGCGTGCGGAGGATGG
R: CAGAGGTGCCCAAGAAACTTAGAG
ATG101 F: GCTGGAGGTGTCGGTGGAG
R: TTCTTGTAGTGGAACTTGCCTGTG
ATG2A F: TTCACTCTGTCCAGCAACATCATC
R: AATCTCGCCGCAGGTCCAG
WIPI2 F: GAGACTTCAACCTGGAGTGGCTAC
R: ATCATGTCGGACACCTGGCTTG
LAMP2 F: CAATGATACTTGTCTGCTGGCTACC
R: CTGCCTGTGGAATGAGTTGTATTGG
OPTN F: CTGTTGGGCATTGTGTCTGAACTG
R: TTACTGACCCTTCTGCTTCTCCTTC
Rab7a F: GGACACAGCAGGACAGGAACG

R: GGGCAGTCACATCAAATACCAGAAC
DEPTOR F: ACTGATTGACTGGCTGATTGAACAC
R: AAAGCGGTAGAAGAGTTTGACATCC

STX17 F: AGAAGAAGCATCAGCAGCAACAG

R: CAACAGTCATGGATCTGGTCAAAGG
ATG4D F: CGAGGGTGACATACAGCGTTTC

R: CCAGCCACAGTCCGAGGTC
NBR1 F: GCCATATAGCCACGACACTAACC

R: CAGCAGGAAGACGAGGAGTAGAG
GAPDH F: TGCCAAATACGATGACATCAAGAAGG

R: TGTCGCTGTTGAAGTCAGAGGAG

1.7 Western blotting &0 B MR &
BB FRIE

T 20 A K =X ROPIE, B 3.00x10° 440
2 1 000 r/min &.0> 5 min, F& EERAHTE
1) PBS VLA 2 IR, JINA RIPA 2fEW, 24
I 52 VR Rl B A LB 1 i BCA B 1 e it
W EHITEAEE, A 5xSDS-PAGE 4 [
RELE IS B RE L 100 °CE R 10 min, B G,
FI I S BC i) 12%09 SDS-PAGE #Ei%, LIE

B<: cjb@im.ac.cn
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JE 80 V Mk AR, THE 120 V #I4r B L . bS5
DL 75 V IEEFEE 90 min, SR FH &k iE-20 fEh
1R = W Bz 5% 1w £8 1%5 W (tris buffered saline with
Tween-20, TBST)HC ] 5%/ RS 085 28 Ja 11 2.5 h
J& 435 LC3 Fl P62 $HL4(1:2 000 # Ff) T 4 °C
PEIRIF B . B, SR —40(1:5 000 5 B)
FTEEWFEF 70 min, H TBST PEAR 6 ¥k, HIK
5mino e, FIFH R IKEE IS LR R Ge kil &
%, It H Imagel-win64 47 K BEME 44T
1.8  ZHR AT Fn B HAE

%} Vero-XF 1 Vero-AD AT T-#: . 155
UM A K B B, B 1.00x10° 4~ 41 i
1 000 r/min . 5 min, A 1.5 mL #J Apoptosis
Positive Control Solution B &40, Tk FIFFE
30 min, ZHAH PBS LA MA 1.5 mL ¥
1xBinding Buffer, *F-¥J43 L 3 &, 4 500 pL.
1 EAERNZES AR, 54 2 EaRImA S uL iy
Annexin V-APC F1 10 pL ) 7-Z A % D
EHEME
Smine i, SR AIAL LRI 24T o

i Vero-XF Hl Vero-AD A= K 2 X403 i,
B 1.00x10° 4l 1 000 r/min £5.0> 5 min, 37
P, A0 PBS VRN 2 YA TR
R, Eae, A PBS il A 50 pg/mL Ay
AL TR BE (propidium iodide, P)HY TA/EW ; Bl)5 .
JIIA RNaseA #E4fE,37 °CHEYEIFF 30 min;
i, SR A0 SGHEA TR

2 BER54

2.1 Vero B FHHASNAEE B E 4TI
xR

R T HRFE Vero 4 I AE A2 77 R0 BE I A= <
RET HMIGFE RN AL, & 5% NBS B
M199 1% 3% HE 5% 75 I BE AN ML A1 % 2% NBS 1
Vero-S R5 57 e85 32 IR i, A:F% 24 h WLEL40

(7-aminoactinomycin D, 7-AAD),

http://journals.im.ac.cn/cjben

AR . anl&El 1A Ji7R, Vero W EE 4 ffd (i
%M Vero-AD) R “W LR A K5 Vero B IE 401
(#745 N Vero-XF)R AL, e BRI, K/
I, R MEE B REMLR, K Vero-AD 5
Vero-XF £ B Bt 197257 240 Jif 25 B 22 il AR R 42
WE 1B frs, 2 M ny K 2 Dy T IR |
SHEOWAITE G0, S2es”MA K, H Vero-XF &
Vero-AD 582218 . R 1T S HOMARST Vero 4 fifd
TER PR YL 5 40 B HG 58 iIR G, Ph Vero-AD 1)
AEREEE NS, A 2 A4 ARG B ]
MbAK# A, WK 1C. 1D Fi7R, Vero-XF
Y5 Vero-AD {3 I8 1] 73531 2 76.93 h #131.78 h,
oA K558 0.009 h' A1 0.021 h'y LU
Vero-AD fE XTI, YIMLIS Y Vero-XF {53 it
BIXEN T 1.42 £%. 281, Vero 47 &7 91k
Ji TG i A 4 G248 1Y) )
2.2 Vero 2 FHSMLEMpAE R EH
FIER KEGG BEENR
A TR Vero-XF A KM IREH, FIH

RNA-seq £ R X} Vero-XF Fll Vero-AD HJ mRNA
AT A, R E] 14 329 A2 F LN L AN
Kl 2A. 2B fi7n, 5 Vero-AD ALY, Vero-XF
AT 7376 DEED 225 W, Hoh 3 601 IR
WE LW, 3775 MR EE T, R EN
P17 KEGG i #7020 Hr,  H b 40 i oF 72
(cellular processes)ifi }% A 726 2= 5 HE P
MM AR MIET; AR 18 (metabolism
pathway )il }% 71 22 57 3L K 22 5 g B
WA . ok &AL L ae s
Y1k Z 8t (organismal systems)ifl & H A 180 4~

RN . BE¥ Vero-XF 5
Vero-AD ()22 5 £ [N 4T KEGG & LT,
P-value £t FDR HIERIE, ¥ Q-value<0.05 [
SRR W EYEE AL . WA 2C FioR, Vero-XF
5 Vero-AD %) 22 5 35 R 3= 22 5 52 78 20 M 1 s il
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A C 100 r —
=
L
E
=0
£
i)
=
<
Vero-AD Vero-XF
B3 25r ° D 0.03
;E) 20l ;E ok
8 15t 3 :5 0.02
Bl S =
¥ 10 X 0.01F —
2 5t g
5 1 . . 4 L . . 5 5 - . . 4 . : 0.00
g 0 24 48 72 96 120 144 g 0 24 48 72 96 120 144 {5 ?9
3 Time (h) 3 Time (h) 45@ Q"}d
Vero-AD Vero-XF

1 Vero ZBMI7ENGEE B FIEF FH THE KT

A: Vero-AD 5 Vero-XF B4 L2 ; B: Vero

B IEEA R R ih 2 s C: I D AR EER(n=3),

Figure 1

Growth characteristics of Vero under adherent and suspension culture conditions. A: Cell

morphology of Vero-AD vs. Vero-XF; B: Growth curves of Vero suspension versus adherent cells; C: Doubling

time; D: Specific growth rate (n=3). ***: P<0.001.

LR A WEIRTE IS 54 mTOR {5538 % |
AMPK {55 B RS BRI AR 45 . JE T it s 2
2pLEREN 5 Vero-AD FA, Vero-XF j=4:
TR AWK, ol RE R T K 18
R Z —, )5, BT IRFR S 5IMIE Vero-XF
B W ZRE R { WE LR, L) log, FC>1 AR M i
22 S AR AR o, R AR T AN B A2
B FI WG 82 Al 63 ANJLN2 I RISHAE
WKl 2D B, WA SCH Hl (autophagy-related
gene, ATG)Ull ATG101, ATG2A. ATG4D Al
ATGOB 22 5 0 25, DL K [ W37 B4 A DG A o i
LAMP2 il mTOR {5538 # ' DEPTOR 45 %k
R 25 o 3
23 EFEEFER qRT-PCR iiE

NI SR 2H 57 B A BE DA P i 11 2
SRR FWGEIRAR EE R, R b A DG SR
ATG101. ATGOB H1l WIPI2; [ I 4 it fi AH G 5L

&: 010-64807509

ATG2A il ATGAD; [ Wi <k K+ NBRL Fil
OPTN; LA K 3 B s g A4 A G B K STX17 . Rab7a
FLAMP2, JF 481145 5L K B AE X 3 BE log, FC
B8 M, SRR 2 B, BRIk 11 2%
SN PETT qRT-PCR Bk, & 3 s, 5
Vero-AD #t, Vero-XF H ATG9B., WIPI2,
LAMP2. OPTN. DEPTOR #il Rab7a ik
W LR, ATGAD MRk & T, 5412
453 ; ATG101, ATG2A il STX17 iy ik
WE F, NBRLIGRIAEERARE
2.4 Vero 2 F i EEIREE BRI
AT EIE Vero-XF BYBf =4 T 8= 00 H W
K-, i#id Western blotting ;] Vero-XF 5
Vero-AD H' H bR 1 LC3 Fll P62 MY3RIA . 4h
BE 4 o, 5 Vero-AD AL, Vero-XF i
LC3I/IE HRA R B3 LM, P62 KA
FT I 45 2] Vero-XF A H 5= 1Y A K-
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A Total IDs:14 329
300 .- :

E Significant

g 200 « Significant up (3 601)
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Figure 2 transcriptomic analysis of Vero-XF vs. Vero-AD. A: Volcano plot of Vero-XF vs. Vero-AD
differential genes; B: Differential gene KEGG pathway annotated histogram; C: Differential gene KEGG
pathway enriched bubble plot; D: Clustering heatmap of differential genes enriched in cellular autophagy and
mitochondrial autophagy.
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x2 BHERERFEER

Table 2 Results of partial differential genes screening

Gene symbol Relative abundance log, FC P-values

ADI1 AD2 AD3 XF1 XF2 XF3

FPKM FPKM FPKM FPKM FPKM FPKM
ATG101 16.72 18.05 18.55 3.42 4.90 3.50 -2.072 92 0.000 051
ATG2A 10.02 9.32 8.61 2.68 2.79 2.47 -1.656 41 0.002 502
ATG4D 10.78 10.37 10.28 1.91 2.47 2.26 -2.032 41 0.000 003
NBR1 27.01 27.30 29.99 57.23 54.23 52.91 1.266 50 0.000 128
ATGO9B 0.19 0.18 0.21 0.82 1.00 0.94 2.396 44 0.004 356
DEPTOR 0.38 0.38 0.43 14.16 13.10 12.67 5.22185 0.001 157
WIPI2 5.54 5.19 6.03 12.39 15.51 13.25 1.474 84 0.009 194
STX17 18.72 15.28 15.48 4.73 4.96 4.15 —1.656 81 0.006 651
LAMP2 20.28 22.25 19.67 55.21 48.57 53.14 1.408 73 0.001 321
OPTN 5.85 5.73 5.72 13.63 13.63 13.10 1.405 93 0.000 282
Rab7a 79.27 76.74 84.89 144.36 145.01 140.41 1.053 52 0.000 109
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3 qRT-PCR &l Vero-XF 5 Vero-AD F#E R HE R FRIE
Figure 3 qRT-PCR to detect the expression of partial differential genes in Vero-XF and Vero-AD. n=3;
*: P<0.05; **: P<0.01; ***: P<0.001; ns: P>0.05.
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4 Western blotting #&31 LC3 #1 P62 7£ Vero-XF 5 Vero-AD F3R1L(A) KR EX(B)
Figure 4 Western blotting detection of LC3 and P62 expression (A) and quantification (B) in Vero-XF and
Vero-AD. n=3; *: P<0.05; ***: P<0.001.
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Figure 5 Western blotting detection of LC3 and P62 expression (A) and quantification (B, C) in Vero
suspension cells after addition of EGF. n=3; *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 6 Growth characteristics of Vero suspension cells after addition of EGF. A: Growth curve of Vero
suspension cells after addition of EGF; B: Doubling time; C: Specific growth rate (n=3). *: P<0.05; ***: P<0.001.
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Figure 7 Cell cycle detection by flow cytometry. A: Cycle of Vero-AD and Vero-XF; B: Cycle of Vero-XF

after addition of EGF.
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Figure 8 Apoptosis rate detected by flow cytometry. A: Apoptosis rate of Vero-XF vs. Vero-AD; B:

Apoptosis rate of Vero-XF after addition of EGF.
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Figure 9 qRT-PCR to detect the expression of some differential genes by EGF. n=3; *: P<0.05; **: P<0.01;

**%: P<0.001; ns: P>0.05.

&: 010-64807509

B<: cjb@im.ac.cn

1685



1686 ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

RIL, MAH STX17 ik, fifs AWk S 7w
PRI RG22 BRI, BHLE T AH G B P10 A
AR HEE B SR Z (IGO0 T A HERG 5 . LAMP2
ST TR AR ) B AR A, A AR SR
it R il G, AR 2 200 L JST P AR TR A . >
LAMP2 Wik, W READIREAN [ Mgk 2352 20
HilU*, ATGAD &2 B &M & i, o A WA ¢
M, Liao ZEHI5E &3 il ATGAD ik i
R S A ANEAKOT (B A BRI R,
ATG4D WKk HIEAKF- 2 A, ATGAD
A/ ATGS8 2 1K, 75 ATG4D 2k 19 41 g
H ATGS 14 EIFER, e 4u i 8w/ M n) 8o
B0 qRT-PCR HiiF 45 Bt — B iEsL 75
Vero-AD #f Ht Vero-XF % A4 T4 i 1 H WK o
Ak, it KEGG & %43 i ik 11 OPTN FiI
STX17 ZFLMH, REA M=k Thae, &
AE S A ) W AR LG A, R e SR BT A
FEPR T #2 Vero 40 A #4 EEFR AL T B #l 5

& Vero A E YL AL FEH, Logan 45
T 3 20 24 A3 A I 20 A K AR I SRR, AT
B Vero J&L T 4 rv [ W AH DG R i R 1k K P
BETE . HI, 78 Vero 40 E A E 1YL A,
i DR 2 L 1) 1 W ) 28 G, X Vero-XF 5
Vero-AD )25 5 3N i 1T KEGG & 4 #7,
45 SR 540 B 1 W R Rk A A R AR 2 5
F4h, AMPK {553 f#% Fl mTOR {55 38 i 22 5+
WA BE . AMPK & —Fp 32 21 Bl 4 7 [
T HW5E KM, 24 AMP/ATP fil ADP/ATP It
BT, sk = AR, AMPK BIBERR{L/K
SETRED, BTG HERR 1L ATG1 SKi% -S40 0 [ me2Y
WIPI2 () B-BRJiE3F- 5 7F H Wl 2 b > AMPK
i [ ) B AR RO 5 i R SCME
B, Lu SFPWF5 3, WIPT % Al it
J435 STK11-AMPK-TSC2 {5530 %, M
B W MARYIE ., mTOR 1N & F-1LIReE,

http://journals.im.ac.cn/cjben

T J A B FRE IR AN A K TR 1 R R DI T A i
B, Ry, ME IR = il iE i
il mTORCI 714, FEAL mTOR 3 i 1 BR fk K
-, WS RIE ULKL 51 %4000 4 mY, DEPTOR
7 mTOR &%+ 2 mTORC1 fIRIRIMFIF] .
Wang 1% 31 DEPTOR )ik /K5 [ Wik
PERIEA X, 24 DEPTOR 7K F #2055 5
mTORC!1 [ EAE, 06 40 B B W %) & 2
ik, 5T KEGG HESME R /R, AMPK
Al mTOR 5 5@ MAE 2 AN P B &%
5, FEBX 2% 0 BEAE Vero-XF (1) H 1A
R E TR

J T RS E Vero-XF 1) [ 1K -
ST RERR TS A, IR AR,
FEVLER /NI b e A M5 S 0 1 e AR AR
Maynard ZP2V% B, ANEER AN EGE Al 41 40 g
H W g2/ Mg R AN 2 8. EGF 5321k
Ik SR AR5 6 5 WS S2 A, F AR i PI3K 1Y
WAL, JFR M AKT $H5E 4000, B
mTORC1 Fl mTORC2 E&W, M 5] & H T i
(ERERER e S B 2SI K El =03
AU S, EGF 5H 2R & 0] B L
AL A B WS 30 K7 Beclin-1, MU H W5/
TRAGIE BT, A o8 AN IR I EGF ks
Vero-XF 19 H WK, FfHH Western blotting
Kl LC3 F1 P62 (3RIA . 25 RFEW, AMEGR I
EGF Ji7 Vero-XF ) LC3II/IZ A % T, P62
Fiha W E L, RISMERIN EGF n] 4 &0k
S AWK . S RbEAS, AMEA N EGF 5
M5 Vero-XF F A% 54 i ] A1 B AR K 3 3 7
b, IR =i AR RS I SR S i EGF 5 X
HAPR TR, SRR, EGF Mgt
TANBE L AR AR, I RRAI T 4 A B ]
AT, Mk, SMEWHT EGF Al g Vero-XF
MYIEFE, TP TS



FRF F | ETEREAFZON Vero F MBI R REEKE FEMHMBEMAKT 1687

ik, W 10 Frs, AROFSE S RNA-seq  FH o (HASHFSE H O TE 40 94k 0 4 AR 28 1
SIMTRIZE AR T Vero-XF AL A R B 2 DB A R AL, RIETEAIEYI L
e FHHAEREEFENZ —, REIH SRR, JRSRRERBER Vero
Wiy 2 AN, N E IR RIL TR Vero AT EIR YL, SIS DIk A TR B B 1)
20 B A P PR TR A R, AMEVR I EGF FEAS, DRIEST AN AR I Ak A A A AR A8
K T Vero-XF BUAKOIRAS, JF(2st 74N fk, S Vero HMIAYEIFH SR M RTINS

Step 1 —— Vero-XF vs. Vero-AD
Growth curves Apoptosis rate Cell cycle
vvvvvvvvvv
~ ; i
1 Lo | 800 |
L Bope iy i | wDebris |
! Vi B | mAggredsies |
» ' 820 -/’4\‘ E b =Dip G2
s i i B
y' o 1 15 / 1 S‘ 5
y ! i -,
i ' g | %\ 104 R |
g i 1 E |
e | S T S T !
VerO"XF : 8 0 24 48 72 96 120 144 :: ! 0 50 100 150
: Time (h) e : FL2-A PE-A
__________________________ gy g S S S S
R e S R L SR R L R R SOy I e e e
) oo = L
3 5 25 i ' E 10° 50 e E !
- i o
! ¢ R -1
S - =N R T -
[ N - | - B g
> W g R : i &
@ =) 'E s i el T e '
‘m 1 -E . i ! § 10" iy Y " E §
I= 7 —— 1 108 108 [
Vero-AD '3 0 24 48 72 96 120 144 |, - y 0 50 100 150
Time () it Comp-FL1-A - FITC-AV-A ¥ oA PEA
.

Slow growth and low viability of Vero-XF

4

Step 2 [— Transcriptomic analysis
A
[
Volcano plot KEGG enrichment analysis Autophagy
Significant o
« Significant up (3 601) : 5;‘:
+ No difference (6 953) o

= Significant down (3 775)

o
Total 1Ds: 14 329 b e ki
300 T 3 . M

% »; - 204
2 200 * et
- orosignaling

T Amincacyl-tRINA biosynthesis |

o5 AMPK sigaling pathway .. a - x .

2 100 065 070 075 080

T Rach rati

0
10 -5 0 5 10
log, FC

Significant autophagy in Vero-XF

$

&: 010-64807509 B<: cjb@im.ac.cn




1688 ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

=

0 24 48 M
Time (h)

96 120

Step 3 messssd  EGF regulates autophagy
e © G
® @ e EGE
/ €
Phagophore Autophagosome  Autolysosome
®
o (o
L J
7 Lysosome
Initiation Elongation Closure Maturation Degradation
@.
Step 4 — Experimental vaildation
I L 1
Western Blot Growth curves Apoptosis rate Cell cycle
W . S ., A
r g r -« 0 pg/L EGF |
EGE ero- = 10 /L EGF
(gly 0 10 20 30 20 jg/L.EGF
Lot 16kDa T
P62 J x x 62kDa "

Propidium iodide

\
\
\
|
\
\
\
\
\
\
\
\

EGF increases Vero-XF viability by improving autophagy

10 #RLAF 547 Vero-XF 7 A EGF B EH BB F

Figure 10 Summary plot of transcriptomic analysis of Vero-XF and improvement of its autophagy with EGF.

B # Tk~ W

PFART TR LR MRS
VIR R R Jr ot RO B
S BI757 . SRBAE ERE. Bk
B ORMEAE; A RAHR .
/5. FrHEee; iR, HERES. W
PHE GBS PR BN E RO . R fF
RN e

16 # A 25 ¢ RATE 7 W

AN WA AT A] BE 23 R M AR SCIT R
TAERME A sl D AKR

http://journals.im.ac.cn/cjben

REFERENCES

[1] BARRETT PN, MUNDT W, KISTNER O, HOWARD
MK. Vero cell platform in vaccine production: moving
towards cell culture-based viral vaccines[J]. Expert
Review of Vaccines, 2009, 8(5): 607-618.

EMENY JM, MORGAN MJ. Regulation of the
interferon system: evidence that Vero cells have a
genetic defect in interferon production[J]. The Journal
of General Virology, 1979, 43(1): 247-252.

MERTEN OW, WU R, COUVE E, CRAINIC R.
Evaluation of the serum-free medium MDSS2 for the
production of poliovirus on Vero cells in bioreactors[J].
Cytotechnology, 1997, 25: 35-44.

OSADA N, KOHARA A, YAMAIJI T, HIRAYAMA N,
KASAI F, SEKIZUKA T, KURODA M, HANADA K.
The genome landscape of the African green monkey
kidney-derived Vero cell line[J]. DNA Research, 2014,
21(6): 673-683.

SHEN CF, GUILBAULT C, LI XL, ELAHI SM,
ANSORGE S, KAMEN A, GILBERT R. Development



SRT % | BTESELHH Vero BIZMIARLE KETHE MM E AT

[6]

[10]

[11]

[12]

[14]

[15]

[16]

of suspension adapted Vero cell culture process
technology for production of viral vaccines[J]. Vaccine,
2019, 37(47): 6996-7002.

LEE DK, PARK J, SEO DW. Suspension culture of
Vero cells for the production of adenovirus type 5[J].
Clinical and Experimental Vaccine Research, 2020,
9(1): 48-55.

TN SC. BT RS AR L A 240k 5 Vero 4
JRLZH B AR OC 3 7 B D RERI AP BEFE (D], 220 PEL
B K2, 2023.

ZHANG XW. Screening molecules related to Vero cell
adhesion based on transcriptomics and protein omics
and preliminary study on their functions[D]. Lanzhou:
Northwest Minzu University, 2023 (in Chinese).
LOGAN M, RINAS K, McCONKEY B, AUCOIN MG.
Vero cells gain renal tubule markers in low-calcium
and magnesium chemically defined media[J]. Scientific
Reports, 2022, 12: 6180.

GU J, WANG YW, LIU YM, SHI ML, YIN LD, HOU
YZ, ZHOU Y, CHU WONG CK, CHEN DF, GUO ZgG,
SHI HF. Inhibition of autophagy alleviates
cadmium-induced mouse spleen and human B cells
apoptosis[J]. Toxicological Sciences, 2019, 170(1):
109-122.

ZHOU GJ, LV XJ, ZHONG XR, YING W, LI WB,
FENG YC, XIA QH, LI JS, JIAN SH, LENG ZW.
Suspension culture strategies to enrich colon cancer
stem cells[J]. Oncology Letters, 2023, 25(3): 116.
FILOMENI G, de ZIO D, CECCONI F. Oxidative
stress and autophagy: the clash between damage and
metabolic needs[J]. Cell Death and Differentiation,
2015, 22(3): 377-388.

SOBOLEWSKA A, GAJEWSKA M, ZARZYNSKA J,
GAJKOWSKA B, MOTYL T. IGF-I, EGF, and sex
steroids regulate autophagy in bovine mammary
epithelial cells via the mTOR pathway[J]. European
Journal of Cell Biology, 2009, 88(2): 117-130.

L. EGF 5 IGF-1 X 4B 51 e 46 11 W K g 5+ O
HARIBHLMD]. =M HINA R, 2020.
MA R. Effects of EGF and IGF-1 on autophagy and
endocytosis-related protein expression in yak cumulus
cells[D]. Lanzhou: Gansu Agricultural University,
2020 (in Chinese).

SUZUKI H, KAIZUKA T, MIZUSHIMA N, NODA
NN. Structure of the Atgl01-Atgl3 complex reveals
essential roles of AtglOl in autophagy initiation[J].
Nature Structural & Molecular Biology, 2015, 22(7):
572-580.

REN JQ, LTANG RB, WANG WIJ, ZHANG DC, YU L,
FENG W. Multi-site-mediated entwining of the linear
WIR-motif around WIPI B-propellers for autophagy[J].
Nature Communications, 2020, 11(1): 2702.
PETRACCHINI S, HAMAOUI D, DOYE A,
ASNACIOS A, FAGE F, VITIELLO E, BALLAND M,
JANEL S, LAFONT F, GUPTA M, LADOUX B,
GILLERON J, MAIA TM, |IMPENS F,
GAGNOUX-PALACIOS L, DAUGAARD M,
SORENSEN PH, LEMICHEZ E, METTOUCHI A.
Optineurin links Hacel-dependent Rac ubiquitylation
to integrin-mediated mechanotransduction to control
bacterial invasion and cell division[J]. Nature

: 010-64807509

[17]

[18]

(21]

[22]

(23]

[25]

[27]

Communications, 2022, 13(1): 6059.

FENG H, LIU X, ZHOU CQ, GU QC, L1Y, CHEN JG,
TENG JL, ZHENG PL. CCDCI15 inhibits
autophagy-mediated degradation of YAP to promote
cell proliferation[J]. FEBS Letters, 2023, 597(5):
618-630.

GUO W, ZHONG W, HAO LY, DONG HB, SUN XG,
YUE RC, LI TJ, ZHOU ZX. Fatty acids inhibit
LAMP2-mediated autophagy flux via activating ER
stress pathway in alcohol-related liver disease[J].
Cellular and Molecular Gastroenterology and
Hepatology, 2021, 12(5): 1599-1615.

LIAO DL, WEI SJ, HU JZ. Inhibition of miR-542-3p
augments autophagy to promote diabetic corneal
wound healing[J]. Eye and Vision, 2024, 11(1): 3.
TAMARGO-GOMEZ I, MARTINEZ-GARCIA GG,
SUAREZ MF, REY V, FUEYO A, CODINA-
MARTINEZ H, BRETONES G, CARAVIA XM,
MOREL E, DUPONT N, CABO R, TOMAS-ZAPICO
C, SOUQUERE S, PIERRON G, CODOGNO P,
LOPEZ-OTIN C, FERNANDEZ AF, MARINO G.
ATGA4D is the main ATG8 delipidating enzyme in
mammalian cells and protects against cerebellar
neurodegeneration[J]. Cell Death and Differentiation,
2021, 28(9): 2651-2672.

PARK JM, LEE DH, KIM DH. Redefining the role of
AMPK in autophagy and the energy stress response[J].
Nature Communications, 2023, 14(1): 2994.

BAKULA D, MUELLER AJ, PROIKAS-CEZANNE T.
WIPI  B-propellers function as scaffolds for
STK11/LKB1-AMPK and AMPK-related kinase
signaling in autophagy[J]. Autophagy, 2018, 14(6):
1082-1083.

LU G, YI J, GUBAS A, WANG YT, WU YH, REN Y,
WU M, SHI'Y, OUYANG CX, TAN HWS, WANG TR,
WANG LM, YANG ND, DENG S, XIA DJ, CHEN RH,
TOOZE SA, SHEN HM. Suppression of autophagy
during mitosis via CUL4-RING ubiquitin ligases-
mediated WIPI2 polyubiquitination and proteasomal
degradation[J]. Autophagy, 2019, 15(11): 1917-1934.
KAMADA Y, FUNAKOSHI T, SHINTANI T,
NAGANO K, OHSUMI M, OHSUMI Y. Tor-mediated
induction of autophagy via an Apgl protein kinase
complex[J]. The Journal of Cell Biology, 2000, 150(6):
1507-1513.

WANG JZ, CHEN JM, QIU DB, ZENG ZY. Regulatory
role of DEPTOR-mediated cellularautophagy and
mitochondrial reactive oxygenspecies inangiogenesis
in multiple myeloma[J]. International Journal of
Molecular Medicine, 2020, 47(2): 643-658.
MAYNARD AA, DVORAK K, KHAILOVA L,
DOBRENEN H, ARGANBRIGHT KM, HALPERN
MD, KURUNDKAR AR, MAHESHWARI A,
DVORAK B. Epidermal growth factor reduces
autophagy in intestinal epithelium and in the rat model
of necrotizing enterocolitis[J]. American Journal of
Physiology Gastrointestinal and Liver Physiology,
2010, 299(3): G614-G622.

TAN XJ, THAPA N, SUN Y, ANDERSON RA. A
kinase-independent role for EGF receptor in autophagy
initiation[J]. Cell, 2015, 160(1): 145-160.

B<: cjb@im.ac.cn



