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Abstract; Objective To explore whether ethyl acetate extract of Liujunzi Decoction( EAELD) can regulate the energy metabo-
lism of TE —1 of esophageal cancer cells via the microRNA - 1 (miR - 1) /hypoxia inducible factor — 1a(HIF - 1) axis. Meth-
ods Stable transfection blocking miR — 1 expression cell lines(miR —1 inhibitor,IN) and blank controls(miR —1 NC,NC) have
been established in the preliminary experiments. The half maximal inhibitory concentration(ICs,) and 30% inhibitory concentra-
tion(IC;,) of EAELD on NC were obtained using MTT assay,and were used as the Liujunzi Decoction high and low concentra-
tions to compare their effects on IN and NC,respectively. The effect of EAELD on miR — 1 and HIF — 1o mRNA in TE -1 cells

was measured by quantitative real — time PCR(RT — qPCR). Dual - luciferase gene reporter assay was used to validate the targe-
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ting relationship of miR — 1 and HIF — 1. Then the experiments were divided into NC, Liujunzi Decoction low concentration, Li-
ujunzi Decoction high concentration, IN + Liujunzi Decoction low concentration and IN + Liujunzi Decoction high concentration
groups. Seahorse energy metabolism analysis system detected the mitochondrial pressure and glycolysis rate,and the protein ex-
pression level was detected by Western Blot. Results MTT results showed that EAELD could significantly inhibit the proliferation
of NC in a concentration gradient dependent manner. The low and high concentration groups were 20 pg/mL(ICy,) and 40 pg/
mL(ICy,) ,respectively. The RT — qPCR results showed that the EAELD high concentration group significantly promoted the gene
expression of miR — 1 (P <0.05) and HIF — 1o showed a downward trend , without statistically significant difference. Dual — lu-
ciferase gene reporter assay showed that the fluorescence intensity of wild type( WT) + mimics group was significantly lower than
that of WT + negative control( mimics NC) group(P <0.05) ,and there was no significant difference in the fluorescence intensity
of mutant( MUT) + mimics group compared with that of MUT + mimics NC group. When high and low concentrations of EAELD
were applied to IN,the MTT results showed that compared with that of NC group, the inhibitory effect of EAELD on IN group was
significantly reduced( P <0.05). Seahorse energy metabolism results showed that compared with those of NC group, the ratio of
mitochondrial oxygen consumption to glycolysis (P <0.01,P <0.05), glycolytic potential ( P <0.01 ) , basal respiration value,
proton leakage oxygen consumption( P <0.01,P <0.05) ,proton leakage oxygen consumption( P <0. 01 ,P <0.05) , mitochondri-
al maximum oxygen consumption capacity and spare respiratory capacity (P <0.01) were inhibited in the high and low concentra-
tion groups of Liujunzi Decoction. The high concentration group could inhibit basal glycolysis, compensate glycolysis, non — mito-
chondrial oxygen consumption and ATP synthesis oxygen consumption( P <0.01). Compared with those of NC + Liujunzi Decoc-
tion low concentration group,basal glycolysis, mitochondrial to basal glycolysis ratio, glycolytic potential (P <0.05) and oxygen
consumption for ATP synthesis( P <0.01) were significantly increased in IN + Liujunzi Decoction low concentration group. Com-
pared with those of NC + Liujunzi Decoction high concentration group,basal glycolysis, compensatory glycolysis( P <0. 05) ,basal
respiratory capacity , proton leakage oxygen consumption , maximum mitochondrial oxygen consumption and non — mitochondrial ox-
ygen consumption( P < 0.01) were significantly increased in IN + Liujunzi Decoction high concentration group. WB results
showed that compared with NC group, EAELD high and low concentration groups significantly decreased the protein relative ex-
pression levels of HK2 (P <0.01) ,GLUT1 (P <0.05,P <0.01) and MCT1(P <0.01,P <0.05). The relative protein expres-
sions of PKM2 (P <0.05) ,MCT2 and MCT4 (P <0.01) in the high concentration of EAELD group were significantly decreased.
Compared with those of NC + Liujunzi Decoction low concentration group, the expressions of HK2, GLUT1,PKM2 (P <0.01),
p - PKM2 ,MCT1 and MCT2(P <0.05) in IN + Liujunzi Decoction low concentration group were significantly increased. Com-
pared with those of NC + Liujunzi Decoction high concentration group, the expressions of HK2, GLUT1 ,PKM2 (P <0.01) ,p -
PKM2 ,MCTI and MCT2(P <0.05) in IN + Liujunzi Decoction low concentration group were significantly increased. IN + Liujunzi
Decoction high concentration group could significantly promote the expressions of HK2 ,GLUT1,PKM2 and MCT4 (P <0.05). Con-
clusion EAELD can inhibit the energy metabolism of esophageal cancer cell line TE — 1 by down — regulating the expressions of
GLUT1,PKM2,p - PKM2 ,HK2 ,MCT1,MCT2 and MCT4,and the mechanism is partly related to miR — 1/HIF - 1 axis.

Keywords:: ethyl acetate extract of Liujunzi Decoction( 77 F 1% ) ; esophageal cancer;energy metabolism;miR — 1/HIF —
la axis ;molecular mechanism
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0,10 .20 40 .60 .80 pg/mL. 3¢ i { JT] DMEM 25 £ 72 4

HATINZG AL, 4k 8215 57 48 h, fli4wifL N 253 ,90% DMEM +
10% MTT % LAEEFL 100 L ARBUIMA ARG 74 4 ~6 h,
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1 DL U6 HHZ:,HIF - la ) B —actin R, 2 429 a4
AEEELH H I mRNA M XF ik 5. 519)¥% 5 B GENEWIZ 24
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#1 519F5

W A5 -3
mR-1-RT  GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATACAT
mR-1-F AAGCGCCTTGGAATGTAAAGAA
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B-actin-R  GCTGATCCACATCTGCTGGAA
U6 -F CTCGCTTCGGCAGCACA
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2 EYTORT S
HFR J¥5]5-3°
miR -1 -3p 1E X UGGAAUGUAAAGAAGUAUGUAU
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2.7 BEARENEE(WB)RMNEERBEX ) TFEEERE
%
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FHALIMA 130 pL ZFA0A, BCA B35 i B2 e 100 e 45 41 2
FIHE R, 98 CAZPE 8 min, B 20 wg & A L AE, A 10% SDS -
PAGE B HLYK ,200 mA %5 60 min, 5% [ Jg 4 93 % i 31 4] 4
h,—41(1:1000)4 °C §%F & &, TBST Pk 3 W, —4i (1 -
1000) Z=RMFF 1 h, FFRIEDE 3 W, BLfil ECL 2B A2,
B, U a - EEA (a - Tublin) N2, f#i H “Im-
ageLab” Z3 AR 2 4501 PO A, LA H ) 4570 62 B AE/ N S
St G BEAE, T S AL F A Rh
2.8 SitE e

&S H B W 5 )5 SR Fi IBM SPSS Statistics 21 #E47 43
Br AR EDEL 3 W, HABIEMFGIESAMIEE 2
5%, L [EX bR I SE REAS ¢ R B, 54 B IE S A RS2 Ty
ZARFE, KA Dunnett T3 k3%, A AFFE LS540, R A
ESHH L, HEREF FH GraphPad Prism 8 22, 24P <0. 05
BN A ZES A G L.
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3k 3 7R, 5 NC 4, EAELD SR 4L (75 BB
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FFtmEad, 2R 52473 Lo EAELD Xt HIF - 1« () mR-
NAREAEME AR, ZF L5 E L J5 205k BRH H
miR — 1 PE17 5 1) 35 00E , ARE A sl -
3.3 WAt EEEAF AL miR -1 5 HIF - 1o 21

25 [ SCHR S A ] TargetScan 4. 2 S #EA7 9 it & B, miR - 1
5 HIF - 1o fFAERR R, WE 2 Bis , SEEE 28 B R 41k
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SIGEE R BN, 5 WT + B B (mimics NC) 414H Lb, WT +
mimics IR NI, 2R HAFIFE XL, 5 MUT + §]
5% i (mimics NC) 2146 LY, MUT + mimics 2¢ 5658 B TG i 22
o B miR - 1 mimics 7] LA S| HIF - 1o 8742 R %
GG, ST 22788 HIF — 1o JCH B 5200, JESE HIF - 1o iy
miR -1 fFEIE A, H miR -1 825 HIF - 1o 37 UTR
XI5 Aok P HIF - 1o B9FRIA
23 EAELD XJ TE -1 4/t miR — 1 HIF — 1o mRNA {520 (x +5)

21531 n miR -1 HIF - la
NC 4 3 1 1

VA il 3 1.63 =0.45 1.14 +0.25
e 3 2.81+0.4" 0.85 £0.06

1) 5 NC 4Lk, P <0.05,

Position 3466-3472 of HIF-1a 3'UTR  5-UAACCUCACGAUUAUCAUUCCA-3'

Hsa-miR-1-3p 3-UAUGUAUGAAGAAAUGUAAGGU-5'

HIF-1a 3'UTR WT 5-TAACCTCACGATTATCATTCCAA-3'
HIF-1a 3'UTR MUT 5'-TAACCTCACGATTATCAAGATCA-3'

ns *
1.5 | | o |
)
#® 1.0
=
R o.5
®
0.0
< ) < &
O O
& & &
<X R ,
S <

H:nsP >0.05; « P<0.05,
K2 miR -1 mimics/NC X} HIF — 1o HpAE |
GEAS NN W P )
3.4 MTT %40 A B % )JE 6 EAELD %t -F NC.IN 48 ft 3% 74 By
%

TERHAE miR - 1 (& B8 TE — 1 (IN) 41 A 7] ok B2
EAELD &, 5725 X BE 4 (NC) 4t , EAELD X 41 ftd 38 2 (1) 310
A FATSE E 25dk BE f) Jt =s  is , TfT IN ZEAH [F] EAELD
FEVERD R, X 20 it 338 5 A9 30 o £ AR T 25 A X IR 4L (P <
0.05) , FHI7ERRAF miR - 1 (5535 )5, EAELD %} TE - 1 40 Jifg
ERIIEIEHHE TR, k4,

4  EAELD %} F NC IN U454 00 50 (2 = 5)

e/ i F/ (% )
(pg/mL) " NC IN
20 4 40.44 +3.81 23.46 +5.22"
40 4 43.45 £5.49 33.60 +4.76")

TH:1) 5 NC AL, P <0.05,
#5 EAELD X[ TE - | 0SB IEAR B 150 (o £5)

) TR RMIHERS  AMEREER iR

(pmol/min)  FERIHEEE L (pmol/min) (pmol/min)
NC4l 4 466.35£155.77  0.12£0.03  684.48+140.71  54.42£5.92
A4 4 3721810125 0.07£0.01  476.58 £131.65  27.27 +9.57%
ARAL 4 180.78£109.322) 0.05£0.03%)  195.13£126.98%)  7.90 +5.28%

3:1) 5 NC 4Lk, P <0.05;2) 55 NC 4L, P <0.01,
3.5 EAELD xt &% TE — 1 20 it 64 8 =R 80 & v
3.5.1 RERE EAELD x5 & % TE - 1 29 J 48 B i ik 5 04
Fre 5 NC YA, 758 SSRA T LI SobiikfE A 5
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6 EAELD X (89 TE - 1 4RI RE 1Y R0 (x 2 5) HAA37 : pmol/min
20 5 n FERF A IR RRRERKFEERE)) S HTEES LR FE A ATP 5 IR AR
NC 4 4 69.16 +13.79 65.51 £13.10 89.70 +16. 68 20.53 +3.7 28.33 £3.59 3.65 £0.69
AR 4 39.33 +16.84" 37.72 £16.21" 49.93 £20.64% 10.60 +4.30% 16.41 +3.38 1.60 £0.65
AN 4 6.23 +6.84% 6.41 +5.59% 11.52 +9.82% 5.28 +3.09% 2.28 +3.83% 0.44 +0.88%
1) 5 NC 44451k, P <0.05;2) 5 NC 44451k, P <0.01,
7 EAELD X8 TE - 1 41 RE ARSI FaE A (v £ 5)
ZH 31 n HK2 GLUTI PKM2 p — PKM2 MCTI1 MCT2 MCT4
NC 41 3 0.93 £0.10 0.54 £0.03 0.96 £0.05 0.57 £0.05 0.68 £0.07 0.63 £0.02 0.39 £0.03
AR 3 0.38 +0.18% 0.33 +0.05% 0.98 +0.15 0.41 +0.22 0.45 £0.09" 0.30+0.15 0.10 £0. 14
N 3 0.13 +0.05% 0.38 +0.10" 0.75 +0.08" 0.47 £0.02 0.21 +0.12% 0.32 +0.02% 0.14 +0.03%
H:1) 5 NC 4141, P <0.05;2) 5 NC 414, P <0. 01,
WEREMRIY FLIE (P <0.01,P <0.05) MEREBIERE(P <0.01) , 7% 3.6.2 [H# miR -1 j& EAELD s+ &% % TE — 1 & /K48

TR AL IRVRE RT LA 2500 ) i Al o e e MM IR (P < 0..01)
LR 5 v XXX E 3,
3.5.2 KRR #kE EAELD s+ &% % TE — 1 e & 5k 4k 49
Hre 5 NC UM, 75K 7S i 2 A 25 Atk v I A 5T U B
S BRI R R AR RE ) A TANT AR ) AR ZRL AR FE 4L ATP
G BUFE I GG T2 Ve B B I 0l 2L , BR S ARZH A E Sobr (446
AT SR RSN, Z R BEE G E L. W3k 6 i
XXX & 4,
3.5.3 REKE EAELD 34 TE - 1 st 2K 4048 % 5 F &
aaFra 5 NCAHML, A& SRR HK2 (P <0.01)
GLUT1(P <0.05.P <0.01) MCTI(P<0.01.P<0.05), 5%
411 PKM2(P <0.05) MCT2 MCT4 (P <0.01) 4%} & 113
KRB ERE. WRT ES,

A B C

MCT4 — 49kDa
MCT2 53kDa
MCT1 55kDa
GLUT1 s e 55kDa
PKM2 - 60kDa
p-PKM2 60kDa

HK2 102kDa
a-Tublin — — — 52k Da

VAL NC 413B.ARAL C. AT AL
5 EAELD Y& TE - 1 1R HARHAR OGS T AR

3.6 [ miR -1 j5 EAELD 3f & &% TE - 1 20 g # & K%t
R

3.6.1 pa#f miR -1 j& EAELD 54/ %% TE - 1 29 o 4k 8% i
@AW H o 5 NC+ NIRAA L, IN + AR A S At B e A
SRR 5 K iR 1% A7 0 LU R OB IR AR 9 BB R T (P <
0.05) , #MHEREARA THR S 5 NC + NEAIHTEL, IN + 9%
10 LSBT A b B B A T S T R (P < 0..05) B I Mt
REATHRIEH . WA 8 T XXXIA 6.

w5 NC+ SR EL  IN + S 4 ATP & kA =
BB T (P <0.01)  SERHIFIR A8 ) I T IR 4 S 4 fe R
FERRE ) B HIMFIRE T A TS a5 NC + S d AL, IN
+ 75 R AL SRR PR BE 7 BT IRAR AE  BoR MR s KA U
LRRLAFEE W T E (P <0.01) . & FINFILHES] ATP 45 JlFE
AAETHE S, MR 9 FEITXXXE 7.
8 [PH#E miR -1 J§ EAELD X} &%54 TE - 1
T RO P32 A TR S (1 5] ()

15 TERRERER,  ARARERS  RMERERER  BERERNRY
(pmol/min)  FERUEEEMIL(E  (pmol/min) (pmol/min)

NC+AMR4L 4 372.18£101.25  0.07+0.01  476.58 +131.65  77.13 £34.01
IN+AMRA 4 565.70 £120.83%) 0.09 £0.03%) 783.70 £145.56  169.07 £52. 13
NC+AE4 4 180.78+109.32  0.05£0.03 195.13+126.98  6.4514.02
IN+AEH 4 363.63£54.995)  0.04£0.02  398.93 +82.96>) 20.45+23.85

TE:3) 5 NC + A IRAMIEL, P <0.0555) 55 NC + AL, P <0.05,

3.6.3 % miR -1 & EAELD st % % TE — 1 20 je sk 2 4%,
WAESF RGN B R 5 NC+ SR, IN + K4
HK2 .GLUT1 ,PKM2 (P < 0.01) .p — PKM2 ,MCT1 ,MCT2 (P <
0.05) (yFREH B , MCT4 T &%, 5 NC+5mdlH
H L IN + 7S 4L mT D 38 e ¢ HK2 (GLUT1 ,PKM2 \MCT4 ()3
K (P<0.05),p - PKM2 MCT1 MCT2 44 F+ i #a#h, W3 10,
K8 .E9,
4 itig

BERATE LB TR haE TR NE) %
BN 2, TR S5-LENG B &R  ARFE A K, Bl
R RSB, FESAR T, BB T . WA AR, B
Bo BB RNERZA SMAELZ I, B IGR - 255310 E
RHTEEEIGITT SAREWRE . SAETFHITEAEAS A
AR ARE HE BRE CEE 6 R, VIR T f g
ERI YA = e SRR e S SUNS i) =R e
B WE G A5 TIE , i PR 5 SR 93 22 B W S R AT S
REWE WA RIFITH . AN EE R EHRILATF W5
EAELD J&¥7 88 M &/ HLil . B TR EAELD X T2 %
FrA A ECO706 Yy REREACIHHEA W 2 30/ Y & B, i — 25
5T EAELD #iil g &AL 19 20 F L1 5 miR - 1/HIF - 1o )
RFR

miR -1 HIF - 1o 5 /8 40 M (9 BE 2 A0 D R &Y, AT
FEFAmIR — 1A 38 o T 42 0 ) W A RORE SR 8 32
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F9 B miR -1 J§ EAELD Xt &4 TE - 1 40iEZR AT AR ZM (x ) BA{3}  pmol/min
25 n FEAH T IR AE FIFIRAESE SRR RESERE ) A FIRGE S E[E2 @ TRZN ik ATP & BUFES
NC + K2 4 39.33 +16.84 37.72 +16.21 49.93 +20. 64 10.60 +4.30 16.41 +3.38 1.60 £0.65
IN + A4 4 61.48 +15.43 58.34 +14.42 76.60 +19.91 15.11 +4.61 23.43 +5.87 3.14 £1.06%
NC + N4l 4 6.23 £6.84 6.41 +5.59 11.52 £9.82 5.28 £3.09 2.28 £3.83 0.44 +0.88
IN + 754l 4 22.27 £9.54%) 22.15 +8.14% 34.38 £12.52% 12.10 £4.83 10.41 +4.59% 0.72 +1.04
H:3) 5 NC + ARAAHLL, P <0.0535) 5 NC + S mditf b, P <0. 05,
F10  PHAF miR - 1 J5 EAELD X498 TE - 1 4 fie A CAE 20 7 8 A2 (v £ 5)
25 n HK2 GLUTI PKM2 p - PKM2 MCT1 MCT2 MCT4
NC + 741 3 0.47 £0.18 0.37 +0.08 0.78 +0.12 0.11 +£0.05 0.25 +0.04 0.21 +0.13 0.19 +0.33
IN + 754l 3 1.09 £0.1% 1.30 £0.16Y  1.49+0.18"  0.30+0.10¥  1.00+0.41>  0.58 +0.14%>  0.39 +0.02
NC + 7S el 3 0.32 £0.09 0.53 £0.14 0.87 £0.13 0.40 £0.07 0.77 £0. 14 0.27 £0.07 0.48 £0.18
IN + 75541 3 0.60 +0.07  1.12+0.23>  1.27+0.17°  0.57 £0.12 1.19 £0.16 0.89 +0.41 0.82 +0.10%

1:3) 5 NC + A RAMALL, P <0.0534) 5 NC + AR, P <0.0135) 5 NC + <@L, P <0.05,

NC+AIEA  IN+/SIEAL

MCT4 ™= &S 49kDa
MCT2 — m— 53kDa
MCT1 e 55kDa
GLUT1 = e 55kDa
PKM2 e wse G60kDa
P-PKM2 s s G0kDa
HK2 e 102kDa

o-Tublin 52kDa

8 PFH#F miR -1 5 EAELD {IGik B2 X &4 TE - 1
i i Re R AR 5643 T B s I
NC+/AR4L  IN+ARA
MCT4 s g 49KkDa

MCT2 53kDa
MCT1 e  cw—— 55kDa
GLUT1 —  55KkDa
PKM2 s e G60kDa
P-PKM2 s < 60KkDa

HK2 e 102kDa
a-Tublin == 52kDa

[#9 BH#F miR -1 j5 EAELD ik B X249 TE - 1

24 L RE e AR AR O 2 T 2 A R
138

RIS R IS4 B(EreB) , KA HLC A LI R AR
AT 5 Smad3 AT 1A SR E A, DI fil 75 K 938 40 L 1
BEFEEME . HIF - 1o AT 4 GLUTL MCT1 S ik fif
AN R AR L HE miR - 1 A R HIF - 1o 36
AR b R A f B AR . MTT 45 5 R 7[R ok i
EAELD &4 9% TE — 1 405 0% 400 75 T 52 590 4 e B2 00t , O
EAT R miR — 1 3] HIF - Lo (3L 2235, M99 E
PRIRZIN SE 36 L ESE T miR - 1 5 HIF - 1o (UM R R, H
miR -1 FEZE@ 15 HIF - 1o 37 UTR X145 4 ok 835
HIF - la B335, RIS 2238 BT BEL#F miR — 1 #8477 EAELD i
R B E

Seahorse AEFEACIHT /M HT 2 G0 AT LAAR 55 37 35 19 pH {7281k
SEFIRT B AR BPIRAS o MBI TR AR 1S shie, &7 A K
wILRREEREE HE i, M40 B & A= B AL BE R AL S
SR CO, , 3 H AT 2040 it i b 1) 3% 3R 4L pH {H 4
A AR A, JH e TR O T R A 0 3 M T e VR R, SR T
M 25 FFIR BE 7. 2496 EAELD & AR 2 5 1E A
T NC i, 45 52 W] EAELD R L. 2540 b v g 40 i £ i e i
S8 LwmALAE Sy, M miR — 1 BF, EAELD #30 il £F F 4
Jr TR

GLUTY 1 A A 480 I A 14 5 BT 56, T LA s A S5 i
fift , S 2 T 98 4 M 14 3 b 6 2l 2 R B 0T PKM2 | L
V5 TR N T TN B R ( PEP) %4k Sk TN TR IR, 2 W T i 1) e 5 —
AP K2 S A AR 6 — Wl R 4 B S U5 R £ M
fift, I 0 ATP S A A R A I A g v
SR AR A 55 — A BRI B, MCTL MCT4 ] LA 3 b 953 41 g
o AR P A FLIR B 0 MCT2 X R R A 2 e
SR AN ST, AT L R Y B SR B, AR P 40 ) v
fippsE >0 =T LA S B R 0 LR T TR R Y 5 R
JHT A3 R 2 e Y RE A . WB 255 R EAELD RS
SRR AR AE AR AT 56 43 7 GLUTL PKM2 ,p — PKM2  HK2 |
MCT1 \MCT2 MCT4 f) 8 (335, I & & 400 TE - 1 f9fg
R, YUPHE miR - 1 B, EAELD X FRe B0 L 5 19 0
POk A B /)N, 5 RE AR 45 SR A — B, AV R L] 4 T
XXX & 10,

[RIRFIFFE i & B HIF - 1o B3R 3B WA, 28 R AH 56
TR, UCH HIF - 1o AR REH 7, 728 S A B P LT AR
ik, G S Bt — S AR R A B T 5 0F miR - 1 5 HIF -
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Lo FEE ) C 28 K EAELD 1) B4 40 M0 TE — 1 A9 RE AT
23T AL o
g5 b ik, EAELD n DLl o 9 455 68 it A A0 56 4 7

GLUT1 ,PKM2 ,p — PKM2 ,HK2 ,MCT1 ,MCT2 ,MCT4 {9 %&E H %

KA AR AN TE — 1 A RE R A, ARl 5 miR - 1/

HIF — Lo 145 56, (H EAELD 520 8 i AC I o i 72 S

YRR B A Fp it — 22 WS
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