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Tl HPV16 E6/E7 RiA T fEHMAE Siha EiFRKEIH=E

HaT, Rk, DRIH
(FBRBEARXRFEE—WEEREHS, #i8 5EKF  830000)

(WZE] HMY B TE#IIREGE (H NMR) A 4 = ik 0 ] HPV16 E6/E7 3Rk, il F S Siha 404
2 S DL R M S B, DL DAL T G R HPV 16 ‘s S & Lk Y SEC IR R . J5id a8ad RNAL A BE
Bt Siha UM T E E6/E7 23k, 40 M IEH X BRAL (Siha M), 25204 (si-NON), si-E6 45 si-E7 4, FFHRIE
HAEE QR . FAH NMR AU 20 22 5 R 48 78 T30 Siha 41} b E6/E7 2355 B b Koy 22 AR 454
MetaboAnalyst 5.0 FEZ M, 58000 1) 22 SR AT C AR, 850 DOLENE BB WA 41 i od
JAFEFE; Western blotting Ml 45 R /R, 5 Siha A HE, si-E6 415 si-E7 41 E6/E7 F) &Rk IR (F=145.8,
P<0.001); TV E6/E7 KK, Al 13 Fpiess 2R, adhREK M (Isoleucine), AN (Leucine), 4
fi (Valine); MetaboAnalyst 5.0 ZELRME 45K, LI BRI £ R AR RNA LYk iuRie; B
RR . ZRARMBEARN ALY G GRTE; BERR . RN DL AR AE YA 6 5 10 R
518 HPV16 UL 5 i ok o8 i 2 A S R e A DA o 2 0 i HE R, Dy B S 1 B VR 4R L B AR AE .

(€431 HPVI16 E6/ET; & HU; Rid

[(RESZES] R737.33 [C#EtrEB] A [XEHS] 2095 -610X(2024)01 — 0022 - 06

Metabolomics of Siha Supernatant in Cervical Cancer Cells
with Down-regulated HPV16 E6/E7 Expression

XIAO Jinbao, ZHAO Junda, MA Junqi
(Dept. of Gynecology, The st Affiliated Hospital of Xinjiang Medical University ,
Urumgi Xinjiang 830000, China)

[Abstract] Objective To detecte the differential metabolites and related pathways in Siha cells of cervical
cancer by screening the inhibition of HPV16 E6/E7 expression based on 1H NMR metabolomics so as to identify the
key metabolic markers involved in the development of high—risk HPV16 cervical cancer. Methods Siha cells were
transfected with RNAi fragments to down-regulate the expression of E6/E7, which were divided into the normal
control group( Siha cells) , no-load group( si—-NON) , si—-E6 group and si-E7 group, and their transfection
efficiency was verified. 1H NMR metabolomics was used to reveal the differential metabolites involved in interfering
E6/E7 expression in Siha cells. Combined with MetaboAnalyst 5.0 online software, differential metabolites and
related metabolic pathways were obtained. Results  Fluorescence was observed by inverted fluorescence
microscope. Western blotting results showed that compared with Siha group, the expression of E6/E7 in si—-E6 group
and si—E7 group was decreased(F=145.8, P < 0.001). After down-regulating the expression of E6/E7, 13 common
differential metabolites, including Isoleucine, Leucine and valine, were detected. The results of MetaboAnalyst
5.0 online software analysis suggested that the above metabolites were mainly involved in the biochemical synthesis
pathway of aminoacyl-trNA, biochemical synthesis pathway of isoleucine, Leucine and valine; There were 10

metabolic pathways of tyrosine, phenylalanine and tryptophan biochemical synthesis. Conclusion Afier HPV16
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infection, changes of glucose and amino acid metabolism can promote the progression of cervical cancer, which

provide a theoretical basis for the prevention and treatment of cervical cancer.

[ Key words] HPV E6/E7; Cervical cancer; Metabolomics

T 5 F9E (cervical cancer, CC)VE bk E M
Mgz —, HRWFRMIET AL A H 2 AL
WAk, PRS2 Bz O, SR M
FEGERZ B SR AT RN TE HPVI6, 18 ALY
Froekdy, SEURRLN E6 M E7 AL, it
MW 2 55055 %%, (R A ir2a g, &
ZOEUCE U P BEFERYL, E6 I ET X 4
BEESIRITRR . mAERT I AAA —ER
SO, CE U AN LGB . R R BN TR e
Ates . I, ARSI HPV E6/ET H 1 193
158 U R R AU UCE YOG R, TR
FUE R A . IRYT . TR SRR R R SRR

1 RS

1.1 KIeda

1.1.1 ZHRE A JEE U Siha(HPV16+) 40 M, 14
SEF I Pricella A Rk A FRAF o

1.1.2 FEZiRF HPV16 E6 Hifk(sc—460), HPV16
E7 ED17 $T1& (sc—-6981) Il 3K T~ £ Santa Cruz
Biotechnology /A H] . FBS JG4FILTE . H-BERE & .
DMEM K3 35 3£ W 3L T BI A ), X—tremeGENE™
HP DNA %% Je 3285 & W 3K 1 Bk v A= Bk 22 A Al
B kL v LAY R B A R A A A,
RNAi F B 5, Wk 1.

#F 1 E6RNAI.E7 RNAi R E5I¥F 31

Tab. 1

Primer sequences of E6 RNAi and E7 RNAi fragments

HH# BlkZgdl

E6 RNAI % TGCTGATGTATAGTTGTTTGCAGCTCGTTTTGGCCACTGACTGACGAGCTGCACAACTATACAT
T CCTGATGTATAGTTGTGCAGCTCGTCAGTCAGTGGCCAAAACGAGCTGCAAACAACTATACATC

E7 RNAi ¥ TGCTGTTGTAATGGGCTCTGTCCGGTGTTTTGGCCACTGACTGACACCGGACAGCCCATTACAA

T CCTGTTGTAATGGGCTGTCCGGTGTCAGTCAGTGGCCAAAACACCGGACAGAGCCCATTACAAC

1.2 KWAHE

1.2.1 EIEHEMAM Siha B9 RNAI H kL

siRNA H Bt . X8 (si—-NON) ¥ £ T i 5 9L 3k R )
HABRAE (), A SR AR R 5028w AR 772 1)
JERE 2 e R (4 FR . X—tremeGENE HP DNA) i
B35, HE X http://www.powerful—transfection.com/
W5 I TEAERE S0P R, 1 S5, Siha 4
FRAS P 5 0 A0 M B AT e . HORE R
3 pL X—tremeGENE HP DNA Transfection Reagent
IANE 1 pg BB DNA/100ul, MEM 15 37 3 7 4 1
BIHEAT R Gy o 48 h 5 N 3R 9G8R
(Leica DMIL LED) M £¢ Siha 40 Mo 5% Y3 R , R
Western blot B&iE .

1.2.2 #BEEE3E  E 4R Siha B53: T DMEM 584
R, B8 10%FBS K 29%PS, 13T 37°C.
5% 11 CO, KiFRFAN .

123 #EERQNEE EFR  -80°C KA
WURAEM, MERTER IR T 4°C WKOKIR G Y h B
Wi s, WA TCHE EP A, JFINA 450 pl AR
A WS, I DSS G A 50 pl (L& L
. 0.045MNaH,PO,+0.045MK,HPO,inD,0), 7L

5 v N A SE S A #S Uk THNMR, 9 SR H
NOESYPRESAT-ID Jik ot 7 51 347 F 3% W N 1 &
TENRE, MARR DSS, BB 2 54 0 ppm.
T Jim R F 10U A S0tk — 2B il K e, LR R) i
B 2s, RFESECH 32k, %550 10 000 Hz,
PR A 126 I, RFERT ] 1.64 s,
W B A R (25°C)
124 REHEHT\HHAZX i 'HNMR 3575 2
Zoad A IR ZACIE , I YE R 28 0.5 Hz 1Y)
FAE PRBGHE T A0 B . B ] SIMCA-P+11 3 A
AT _FIH ISR 19 OPLS-DA 4307, 4% 41 41 ity
E 2= R A Y 7 24 5 OPLS-DA 4y
Br, FE8f M b A5 2 AR B R S5 (vari-
able importance in the projection, VIP ME, FR VIP
>1,
1.3 SitFEaE

ARSCITHS B LB a5 R 2 it 3 Y Sy S8
B 6 UE Je B3890 . GEdT 2440 Wi R F SPSS17.0 5k
PFo EREPRLL(+s) Fon, ZAEE R AXT
TR R R T 24500, #F— LW iR H
LSD-t K& 5. P< 0.05 W2EFA G- L.
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2.1 E6-RNAi #1 E7-RNAI i) ZH Rt BY 78 57
T8 1 ORI B AU X i Y HPV 16 4# % E6

A

si-E6

si-E7

si-NON

Siha

5 E7 R R0 R S RN AL B0 e 25000 20 Jfa 1F
1TSS, BRGSO WK 1A, Western blotting
AR A4 E6/E7T BRI E . 458 E8xR, 5
Siha 41 HL%:, si-E6 415 si-E7 417 E6/E7 3Rk
AR (F=145.8, P<0.001, [® 1B, & 1C).
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Fig. 1

The transfection efficiency of E6-RNAi and E7-RNAI in Siha cells was detected

A: RNAi 2 f s 70 A4 30 B 45 i /2 %2 (48 h); B: Western blot #1ll E6. E7 %A ; C: E6. E7 B AN A

;5 Siha HIHLE, “P<0.001,

2.2 E6.E7 EARIE T EHfE A _EiENK g

R A A

FIFHH-NMR G A 4t 35, 7E si-
E6. si-E7 Z0H Siha 41 34 22 A 13 F,
WK 2, FRAmR, AR, WAL, BEAR,
B-FRTHR, RNAM, HIRMEMR, o-HHbE,
B-Hi%IME, LR, ARNEM T E T (P<0.05);
AR, WA, PR LTH(P<0.05), W2,
2.3 E6.E7 HEFik T VAT % R 1518 2 A 2200

FIH] MetaboAnalyst 5.0 TEZ A 53 4, 15 2
5132 SR A S B 10 KR (P<
0.05), FZ5 MRS 2 FEMmACH 2 25, H
FIRICH E B (1) EBE-RNA £ &
W (MR . SEE RS E R i
RhiEte; Q) RNEmR . AR EZMmRN ALY
2t G BGEAR () RN A R (5) MR |
SRR G AR (6) RN M
wAR s () BRS-GBS B ff R s (8) 1z B FIEL
MG S -BR S A W 00 B k2 . BRI R &

b 12 6 | ‘ 7\ 8\ | 3 ‘
-
Ij | \1 / ) ‘,,L"W\ ,._,"\ljnll‘».\dmv'( N‘WAI‘/ ‘\l\,». 14 \\.)"\
13 P 8 5 4
C ‘ \ ) \m"\“”’vG.L_.Ww\AJl’/Mm

w

7\% s 11{ 2
J lgﬂl‘%bw 'w/

|
.‘7‘ Sl —

T b 65\ 5710 | 2 1
: / Lo ‘DQ”WKWV}LQ

85807570656055 04540353.025201.51.0
ppm

B 2 RNA F#if5F SiHa B L5 HNMR L &

Fig. 2 'HNMR spectra of SiHa suspention after RNAi
A: Siha ZH'HNMR % ; B: si-NON Z1'HNMR #%; C: si-
E6 4A'HNMR #%; D: si-E7 ZH'HNMR #%; (1) 5252 ;
()& ; QWA ; (HFM; SHNERK; (6) A
s (7) o —HIAHE; (8) p-HHM; (OHEE; (10) g -5
Ti; (1D (12)RNER; (13) HEHER.
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% 2 RNA FHASFEFHBA'HNMR £ 45T OPLS-DA M MHEBMEEEZERUR MR EHXRY

Tab.2 Otherness metabolites of different cell samples using OPLS-DA based on different normalization methods and its

correlation coefficients

KRB

¥ . FHiRg (mg/L |

v AU e/ (mg/L) HR si-NON/si-/E6 si-NON/si-/E6 Siha/si-E6 Siha/si-E7
1 FEER 0.93(t) 3-CH, -0.84 -0.74 -0.93 -0.77
2 SRR 0.95(d), 0.97(d) 3-CH,, 5-CH, ~0.88 —0.74 ~0.94 —0.83
3 AR 0.98(d), 1.04(d) CH,, CH,, o-CH, ~0.84 ~0.79 ~0.89 ~0.85
4 R 1.47(d), 3.76(q) CH;, a-CH 0.72 0.47 0.55 0.56

o 3.95(dd), 6.89(d),
5 fi% AR 718(d) CH,, o-CH, HyH;  -0.59 —0.69 -0.92 —0.83
e, 7.32(d), 7.37(m),
6 KRR 7 42(m) Hy/Hg, H,, Hy/Hj —0.59 —0.51 —-0.91 —0.84
7 PR 7.03(s), 7.74(s) H,, H, 0.65 0.45 0.96 0.91
o~ £ —U. —V. —VU. —V.
5.23(d), 3.84(ddd) C-H,
» 3.24(1), 3.40(t), CH,, CH.,
9 p-HAIHE  3.47(ddd), 3.70(dd), halfCH.—CH.. C.H 072 0.7 -0.81 ~0.68
3.90(dd), 4.64(d), e !

10 FLAR 1.33(d), 4.11(q) CH,, CH 0.59 0.58 0.66 0.53
11 LR 1.91(s) CH, -0.54 -0.94 —0.73 -0.69
12 H2 8.44(s) CH 0.49 0.41 0.91 0.63
13 B-BTE  1.18(1), 4.17(dd) y-CH; B-CH ~0.63 —0.67 —0.65

s BRI d: WUERIE; ¢ = FEI%; q PUEEIS; m: 22 E04; dd: XEE XCE 04, ddd: XSO RE XL E I

AR (1) WEREARRE S A4t s (2) WERRR YA
BhRAe, CREMM RMREHIUETE, WK 3,
%3

S5t
o WEBEA/ MR

a
>4 e R 12
E; O
| 3 )
° ()]
2F o
o
(-]
1+ 80
8 o, . . . .
0 0.2 0.4 0.6 0.8 1.0
BT

3 TV Siha 4R E6/E7 BB R 5B RE 9 47
Fig. 3 Analysis of down-regulated E6/E7 protein metabolic

pathways inSiha cells

3 itig

B SRS PRI RG22 A1, A

{E U B O L 23 1 I — 8 W T A . e
X e R MR LA R B, R R IE 2
AR B RS A R R R e A Y
N FL 3% 9% 7 (human papilloma virus, HPV)2a L)
R RRSEE R, Hoh R UL T HPV6 F1 18 f /%%
gebol - HALH g HPV /9 DNA 515 40/ 9 DNA
BA, WA SFEUREN E6. E7 FIVEEE 40
W E A ATEAR AR, EALAMny I8,
P T JORRIGTE , A Ry R A

A, A E A E N RIS 2 —, TR
AR 98 4 AT DA B H B K A RE R K
I 200 L %) S DA IR = B 3R B PR B AR AT L B SR
Wi, I A 13X 2855 37 W) TR 4 457 4 A4 5 )
KOFE . 20 R Y S A T RE B ) 2 BRAE - T
AR AR 00, X T IR R AH AT, R A A O
] FIHFER 2 e, R “Warburg effect” 12713
F, ARZ P AT e 5 e A O B 2 A
AR B R, AN AR Y R AR AL . AR
B AR BT A S AR ARk, O SRR AE SR
HApR NIRRT A o BB AT 0I5 e L 5
B OOREC, RIS S e S e

TEE SR e, 2 5 B AR o T v oG S g
W HK2 45 5 3k Rk, A #E 5 S0 40 M 0y A4 K
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% 3 T Siha 4ii8 E6/E7 E R 5 10 &£ XK @K
Tab.3 10 metabolic pathways associated with down-regulation of E6/E7 protein in SIHA cells

AR 1530 % 42 Bk Bk ® K OHHE JRLAPE ZREEC Holmfgxt  HRRK & A
ABE-RNAE YA AL 48 037161 6  0.00000051598 6.2874 0.000043342 0.000043342 0
WER . soE R

SRR A R 8 0.061935 3  0.000019458 47109 0.001615 0.000817 0
RNAMR . AR

(R B 4 0.030968 2  0.000327 3.4854  0.026817 0.009 157 1
WA S A= 26 020129 3 0.000835 3.0784 0.067623 0.017532 0.35714
RINER A IR 10 0.077419 2 0.00239 26216 0.19121 0.040153 0.02399
WA ., SAMRMT L EAREH 40 030968 3 0.002983 2.5254  0.23565 0.04176 0
AINERC R 22 017032 2 0.01165 1.9337  0.90873 0.1398 0.06065
NERmR G AE

LR AN 32024774 2 0.023961 1.6205 1 0.25159 0
TR

TR I 1 5 A 5 0.03871 1  0.038163 14184 1 035619

Z BN AL TR A A AR 9  0.069677 1  0.067728 1.1692 1 0.56891

R AR AEAT U PR R, TR A,
P03 s B AL 1 Cenolase 1, ENO1) 3% 325K 410 il 7
9 Hela 40 B & A= S0 | Rz — (8] i % 46 (epithe—
lialmesenchymal transition, EMT)EEHE S22 oAz 17
HBFSE & B RACK1 ji it IGF1R/Akt/mTOR {55
E [ TR T B T A R A A U U A R L 2
RS I 1A IR ALt LR AR
R WA . AR 1 R R RE
HIRY, AN AR AL R RE ORI . T
Te AN L 22 TR E O R SRR B ds IR X g Sk,
BB AR B0 b B KR R B iz 4R 1 2(sodium—
dependent neutral amino acid transporter 2, SNAT2) .
WHE TR -22 AR —F M &R iz #4112 (alanine—seri—
ne—cysteine transporter 2, ASCT2)¥% . i IAZIE 6
JX 51 14 (solute carrier family 6 member 14, SLLC6A14)
SRl R — LE S LR I e AB AR, B
HH s @R, 010 ol 55 FL A0 g 52 ATP fig i
AR .

HPV &[N 56 kA S A AR i 1, il ad
HHEP-E A B, TS e E A
VE R 1 & e vh R 45 R BE ik . E6/ET 14
i HE M W A OC B 2R B HK2 3R 35 Y, B HPV
E6/p53 1551 F175 5 ) miR-34a/LDHA Hili 44 &
HUfiE Warburg 50 Al HE IR 1 A= K AR 22122 il
1) HR-HPV [ UM I A K-t n] il oy e 330
PRI B A BORMS o WF5T Won, 2 BUFE 45 (Tt
Wi B ( transglutaminase 2, TG2) 5 & 251 ¥4 41 il N
HPV16-E6 i F IR BACFAAAER 1, nlEH
FLHR PR Y B S A DL S W TS 1Y E S 43 1
Ric® . ARRWESEE T 4 Siha 40 E6

E7 &EEJG, FIHH-NMR X5 5 5 0 4 75
PR AL T, e 13 Rt gt Atk
25y, Hh, AR, FrAlR, SER,
EEmR, B-ATM, RNAMR, MEAMK, o-#
EifE, -, LM, RNARS T,
A, NEAR, PRREE L. YRRy
W10 ZACHE RS, UWE 3 R 3. HEERm
IR A L S AR . 3R E6/ET I RIR
S 5B EER A A ZE LA AR A DG

Zr L ik, HPVI16 BT 30s s kbR —
MR, ARG REY, E6. E7THEMA
T VR A A R A AR DG P T
Hm, $Em HPV16 YL 540 . 23
MR 2 (AU AFTE 6 A L SR, BfE X E6/ET & H
755 HPV M O AE 19 73 T DL B 58 AN IR A
FERT BB S U I PR B SR T IR S . ARBIFSY
NREHX E6, E7 A . &R
PIPEEEHLEI ATSE , J5 St s S kst if R HAT
TE ) PR LS

(&% 30k ]
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