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o-Hederin inhibits malignant transformation of intestinal epithelial cells by
regulating SNX10-mediated glutamine metabolism
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Abstract: Objective To investigate the effects of interfering sorting nexin 10 (SNX10) expression on proliferation and glutamine
metabolism of human normal intestinal epithelial cells FHC and NCM460 and molecular mechanism of regulation effect of a-hederin.
Methods FHC and NCM460 cells with SNX10 stably knockdown were constructed using transfection approach. qRT-PCR and
Western blotting were used to detect knockdown efficiency. CCK-8 and clone formation assays were used to detect cell proliferation
ability. MTT method was used to screen the experimental concentrations of a-hederin and detect its effects on SNX10 expression. The
intracellular content of GSH was detected. The expressions of SNX10, mammalian target of rapamycin complex 1 (mTORC1)/c-myc
signaling pathway-related proteins and downstream glutamine transporter protein SLC7AS were detected by Western blotting. Results
The proliferation of FHC and NCM460 cells was abnormally accelerated after SNX10 knockdown (P < 0.01), intracellular glutathione

content was abnormally increased (P < 0.01), mTORC1/c-myc pathway was activated, and expression of downstream SLC7AS was
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elevated, whereas after a-hederin intervention in SNX10 knockdown cell lines, both SNX10 gene and protein expression levels were

increased (P <0.05, 0.01) and the above changes were reversed and gradually tended to the empty vector group. Conclusion SNX10

is expected to be a new target for clinical diagnosis and prevention of colorectal cancer. a-Hederin can reverse the rapid proliferation,

activation of the mTORC1/c-myc signaling pathway and abnormal increase of glutamine metabolism of intestinal epithelial cells due

to SNX10 knockdown, thus inhibiting the malignant transformation of normal intestinal epithelial cells.

Key words: SNX10; intestinal epithelial cells; proliferation; glutamine metabolism; a-hederin; mammalian target of rapamycin complex 1/
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S1126071) WA FEAMEHE (Rl HRAF;
I R B A I IR B E AR (A5 20210622)
BB I ZEFERHCA R AR, SNX10 ik it
336AFA77) M H 3% E Invitrogen A 7 ; B-tubulin (it
5 343684). SLCTAS $ifk (L5 303865) JEH I
Abmart 23 7] ; mTOR $itf& (iS5 GR3207489-16).
Raptor /& (#t5 GR253791-12). p70S6K Hifk (it
5 GR53054-44) HZRIEEERIGH ¥ 4E 456 HE A 1
(eIF4E binding protein 1, 4EBP1) Fufk (Hit'5 4).
p-4EBP1 HUiAGHL S GR3387091-5) 1 EH J& [F Abcam
/vl p-mTOR Puffk (iS5 90 GBL Hitfk (L5 4).
c-myc Hifk (L5 5). PR 1gG Pidk Gits
36). WP 1gG Pifk (L5 300 WEERE CST
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R IR AT &1 qRT-PCR 514541 L 5
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1.3 {42&
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D A EZEN RS (G2 Invitrogen A R D;
Mg brA (3E[H Bio-Tek A H]); #OGE & PCR X (3%
Bio-Rad A #]); 5500 Bk R e sy (&

M RAERHE A RAFD.
2 ik
2.1 ZHREEESE

FHC. NCM460 #5375 FH 5 10%M6 45 135 «
100 U/mL X{PTH DMEM. RPMI 1640 £557%, &
T 37 C. 5% CO, B5 F- H 1 77
2.2 qRT-PCR 1M AIEFM £ MpaFNLE B RE
YHAfh SNX10 mRNA ik

PRENIEH 7 2 NCM460. FHC 2 g Fil A\ &5
H %% DLD-1. Caco-2. Lovo. SW480. HT-29 4
Ml RNA, 0 SNX10 mRNA FisTEM. 51457
FIWEE 1, UL B-actin ANZ, KR 278 EKIHH
mRNA X FRIE &,

%1 qRT-PCR 3|47
Table 1 Primer sequences for qRT-PCR

519 5 (5°-3")

SNX10 F: GCTGAGGCAGAGACTCCAAA
R: AAATCTTCCAGACCCTGGCG
SLC745 F: TTCTCATTTGAAGGCACCA
R: CCTCGGACGACAGCATCT
p-actin F: GAGCACAGAGCCTCGCCTTT

R: TCATCATCCATGGTGAGCTGG

2.3 SNXI10 SR 4R R RHE KR I IE

231 FHUEARRAE BT SNXT0 FEREH 3
% ShRNA HIFFHI 02 2. BUIE SCEERT S SUEEIR K,
TE 1% DNA XU o H R il ¥4 P V) il —BamHI. EcoRI
BT A #idAk pLVshRNA-EGFP (2A) Puro XU 1],
1% B JIE Rk e 1B 40 5 el e A9 e A S #idk . T4
DNA ZEFEBRR K AL BT 1S shSNX10-1.shSNX10-
2. shSNX10-3 B LML #A, AT 2
Y1 Stb13 B, UKIE 20 min, 42 C#L 1 min,
UK b 2 mine 4 IR AL BRI S i AT T [ A B G
PR E (100 pg/mL R EF&HR), 37 CHAEH
BFIIEFE 12~18 h J&, 23 APk 2 N TEBE RV &2
LB WA R: 25 (% 100 pg/mL 2 K HEH 5,37 C.

% 2 pLVshSNX10 3|41/57%
Table 2 Primer sequences of pLVshSNX10

shRNA

3 (5°-3")

shSNX10#1

F: GATCCCTGGCATTCTTACATTGACTACTTCCTGTCAGATAGTCAATGTAAGAATGCCAGTTTTTG

R: AATTCAAAAACTGGCATTCTTACATTGACTATCTGACAGGAAGTAGTCAATGTAAGAATGCCAGG

shSNX10#2

F: GATCCCATCCTGTGTGTACGAAGAAGATCTTCCTGTCAGAATCTTCTTCGTACACAGGATGTTTTTG

R: AATTCAAAAACATCCTGTGTGTACGAAGAAGATTCTGACAGGAAGATCTTCTTCGTACACAGGATGG

shSNX10#3

F: GATCCCCAAAGTAATGCGTTGCTGGTCTTCCTGTCAGAACCAGCAACGCATTACTTTGGTTTTTG

R: AATTCAAAAACCAAAGTAATGCGTTGCTGGTCTGACAGGAAGACCAGCAACGCATTACTTTGGG




« 2138«

FED 2023F 47 $54% B T8 Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

200 r/min I3 BB B o 150 BRI B B BRI SR X
BEMFRL, Ffr4 N shSNX10-1. shSNX10-2.
shSNX10-3, EJbH SR A YRR IR 2 =1l 7 .
2.3.2 ARG RS IGUE  BEM HEK-293T
YU 6 ecm QMBS IR, 7E 37 ‘C. 5% CO, H57%
FNEETRE 80%~90%h A I I Lipo8000 %
ek 57 43 ) % 7 2H ki shSNX10-1~ shSNX10-3
(sh1~sh3) K7 #fk pLVShRNA-EGFP (2A) Puro
A1 pMD2.G. psPAX2 Jiikitt4% 4t HEK-293T 4 /i,
48, 72 h e EHAIF EiE, 045 pm JEMELLIE S
I3 INTk 30%~40%% B 1] FHC. NCM460 41 i
o, ISR R R R L, 24 h JEE AT
SREFREL, A3 REMR 1K 2 ng/mL MERE R
BRIRAL, ik 2 A, RECT AR AN 4 4
&LRNA, 4% “2.27 TUF 4 WA S MG 4H
YA, G R RRRK LR, BCA J1IE B HIR
FE, HL20 pg AT SDS-PAGE BEIRHLK, #5E0
% PVDF B, M S%BARAEYY, Z=iREMA 2 hs i
A—¥i, 4 CHFHE 24h; AP, =ZEIFE 1h,
Wi, KA Image J 34T K EE 43 BT
2.4 SNX10 ik *t A% £ 5Z 40 Ra E5E A 5200
2.4.1 CCK-8 yEki4nfuyE /1 ¥ 258 (shNC)H .,
mifik (shSNX10) ZH4HAELL 3000 A/FLAHMIEFHT
96 fLIR, FfL 100 uL, FFAHW 6 NEFL. dHHNEE
Jait 1 d, BJE 1. 20 3. 4. 5d, &0 10 pL
CCK-8 V&, HF-FAMEENITE 2 h 5, KRANR
{72 450 nm AR (4D 1H.
2.4.2 SR RRLE K., B g DL A
7L 800 MNEEFIE 6 FLIR, 159% 14d A4, PBS¥E3
W, 4%Z BHEEE E, 2.5%48 e t, HFEHRT
B, FIRIFHEORT 50 AN4HI I va b 4.
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PR AR AANE RNA, RA qRT-
PCR F1 Western blotting £l SNX10. SLC745 %A
R AFRIAAKCT, 3 R0 60 10 B S I 4 i Py 3
JEVEB RS &
2.6 o-BEFEEEXT SNX10 AE AR
2.6.1 MTT EAG IR 3 1 i s O 04
KM SNX10 @Ram i, I o B 105 6% B
HANER, LL 8000 ANFLEERT 96 FLIR, AL
100 uL, MHEESS, RFAFLHFREEFRM, MO 100 L &
AW (0. 5. 10, 20, 40. 80 umol/L) o-% %
BT ES IR, 24 h J5EFLIIA 10 WL MTT 4k 4%

¥ g% 3h, RHMARGIE 490 nm &k 4 {H.

M TE R =A g/ A a
2.6.2 qRT-PCR #l Western blotting 4 il %+ SNX10
mRNA FEHFRIAM I S, @R
FhT 6 FLAR, 1X 60%~70%% ER;, FHC shl 45
5. 10, 15 umol/L o~ F 2 H, NCM460 sh2 257
8. 16+ 24 umol/L o-HHFBEEH . AH 24 h 5K
FHAMME RNA MR ERE, 1% “2.27 92327 UK
TiHRAE
2.6.3 A EBIEACENETER I YR “2.6.27
T AL, 2 k7)1 A 00 24 i R SR P
HIkE &
2.6.4 Western blotting V245 %} mTORC1/c-myc i
PEAHOCE RIS MR WEE “2.6.27 TiF4H,
R 9% 24 h JGUSCEEAI, % “2.3.27 TR ik ERAE.
27 FITFES

[ FH Graphpad Prism 9.0 #4-4i 7 #r S
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3.1 SNX10 7Ef7 LR RIRIEER RER
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2 Ja P e e AR A2 52 Rl FHC. NCM460 4
) SNX10 (& 1-B. C, P<<0.05. 0.01), FHC 41
1% FH R R B i1 sh1, NCM460 41 )35 sh2
BEAT JE 825256
3.2 SNXI10 $R&Extih b B {RAmIETE . e b2 Ak AE
EppAl

e 2 s, S2EgIEAHEL, SNXT0 mfik4
i R BTN (P<<0.01), HANYHMAE % TE AL
W58 (P<<0.01).
3.3 SNX10 Hrsxf2mpn & E R 57Kk FaI52 0

R, BEEZRe (e E S 5% 220,
U1K 3-AC JIi7s , FHC .NCM460 21 il 72 7 { SNX 10
JE R ARG T SLC7A5 SERAE AR ILRH
B (P<0.05), 1A 2L & A B H KA B
Kl BBCH IR B T 2 DO R AP E,
— BRI 2 AR 4 . SNX 10 i 240 i 38 J5 A 45 Joe H
JEEIE =, WK 3-B B, SNX10 mfil /& 40 ik 5t
RABEH LS ET S (P<0.01), XBRiFRETS MR
SNX10 FfISfa 4 M G ZE It T ISR
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A o B 157 FHC 4 151 NCMA460 4l
;%SJ ;
ﬁl.o < & 1.0 = ¥ 101
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Se SE ==
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SE0.5 5= 05 G572 051
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< Z E
é 0 % o LI g | o LM
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i 2] FHC 4112 i ] NCM460 481
5 0.81
c FHC 41} NCM460 4 = ;ﬁ - ;?é 061 .
SNX10 [ === s wwew] [Wmame == =]35x10* B & EE 4
: e =
B-tubulin e - - - 55X10° 7 502
ShNC shi sh2 sh3 shNC shl sh2 sh3 & , R ,
shNC shl  sh2 sh3 shNC shl  sh2 sh3

sh1~sh3-shSNX10 A4 S5 IEH B bR AR LS. #P<0.01: HZ#4 (shNC) H#k: "P<0.05 "P<0.01, K2, 3 [
sh1—sh3-shSNX10 knockdown group #P < 0.01 vs normal intestinal epithelial cells; “P < 0.05 *P < 0.01 vs empty vector group (shNC), same as fig. 2, 3

B 1 SNX10 7R LR RRIEER (A) REEREERIE B. C)(Xts,n=3)
Fig. 1 Expression of SNX10 in intestinal epithelial cells (A) and knock efficiency verification (B, C) (X £ s,n=3)

A < sANC ppcdifn e 1.5 shNC — NeM460 il

- shSNX10 - shSNX10

1.0 / *k
051 et

A450 nm
=)
n
A450 nm

shSNX10

FHC 41t

TERE B R

NCM460 #H il

FHC 4ifli  NCM460 il

2 FR{E SNX10 Xt FHC. NCM460 #HAf1IE%E (A) FASEPERRREEST (B) MOSLME (X +s,n=3)
Fig. 2 Effect of SNX10 knockdown on proliferation (A) and clone formation capacity (B) of FHC and NCM460 cells ( X + s, n =3)

A g 2.04em shne FHC 2 fif i 2.0qEm shNC NCM460 2 fif B - 20 = E=E shNC
; * T
ﬁ E |5 ]eR sh2 ' Eg |5 | o shSNX10
25%% £ O
% :, w2
1 B oo %z 0
SNX10 SLC745 SNX10 SLC74S FHC 412 NCM460 413
FHC 21l NCM460 4 2.0 Em shNC 3@ shNC )
€ SNXI0 s [ i 3.5 10¢ = fmmshl FHC 40 m@ emshy  NCM460 4l
o ® 1 o,
® ® *
SLCTAS M i — 5.5 % 10 = & P
= =1 b
— a o L
prubulin [N S S 5 <100 i 9

shNC shl shNC sh2 SNX10 SLC7A5 SNX10 SLC7A5

A-%2H SNXI10 1 SLC745 mRNA £iE  B-#F4LEFBMAMH IS E  C-%4 SNX10 M1 SLCTAS HEHRIE
A-SNX10 and SLC745 mRNA expressions in each group B-glutathione content in each group C-SNX10 and SLC7AS protein expressions in each group
3 AR SNX10 %f FHC. NCM460 A SRR ISR (X+s,n=3)
Fig. 3 Effect of SNX10 knockdown on amino acid metabolism of FHC and NCM460 cells (X £ s, n=3)
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34 o-EEHE2EY SNX10 AR MR EE A
SNX10 FIEHIFN

mE 3 Pn, o-FHHEBREE T FHC shl K&
NCM460sh224h J5, £ 20 40. 80 umol/L iKfE T
PHI IS /1 (P<<0.01), PEEIMHIKE Chalf
inhibitory concentration, 1Cso) {E %3 %] 4 18.80. 27.16
pumol/L, £ FHC shl "G4 5250k I o- i B2
FAK s IR 34 54 104 15 pmol/L, NCM460
sh2 M3 8. 16, 24 pmol/L. qRT-PCR Hl Western
blotting 5% (K 4) &R, a-HHEBEEETRI
SNX 10 R 440 SNXT0 mRNA Fl (A £IE K,

EFEMME (P<0.05. 0.01),

FHC 40/

A 15

SNX10
mRNA AN FRIE R

shNC shl 5 10 15
o~ 2/ (umol- L)
FHC 4

B SNX10 | W s s — 35X [0
B-tubulin | S D G QD W 5.5 10
L5

—
(=]

SNX10
HEAMNRIE R
=)

(=}

shNC shl 5 10 15
o~ i BT/ (umol- L)

35 o-EEFEEEX mTORCl/c-myc {5SBIKE
A SRR SRR

mTORCI1 15 FIE 2 4 N e L S, 5
YT PN RE AR T AN MO IG5 | B A RS AR,
L P R AT B K 2 B AR 0 1 R AR
mTOR. Raptor 1 GBL Jy mTORC1 15 5@ B 2H ple i
g5. WK S Fiw, S2EANE, SNX10 k4
- mTOR &AL G55 (P<<0.05), p-mTOR/mTOR .
Raptor. GBL & mTORC1 JEE#) p70S6K Fi Tt (P<
0.05), 4EBP1 Bff{biGs: (P<<0.05), p-4EBP1/
4EBP1 JHi5 (P<<0.05), i8] SNX10 mfiC)i= 48 A
mTORCI1 {55l MBS . RN KM c-myc Fl

R 3 o-BEREEX SNXI10 ARLERMEAEE SN
(Xxs,n=3)

Table 3 Effect of a-hederin on cell viability of SNX10
knockdown cell lines (X £ s, n=3)

5 R/ AHHAFIE /%

(umol-L™")  FHC shl NCM460 sh2
ot B 0 100.00£5.56  100.00+2.45
o-HHEET 5 93.30+17.75  99.23+6.32
10 84.47+5.92 91.65+4.83

20 36.29+4.57"  46.67+2.53"

40 23.19+2.11%  4535+2.94#

80 16.14+£1.26%  13.12+£0.21%

HxR4 i #P<<0.01

#P <0.01 vs control group

L5 NCM460 2

—

SNX10
mRNA FHX Fk &
S

(=]

shNC sh2 8 16 24
o-F B B/ (umol- L)
NCM460 411l

SNXI0 A e S e S 35 (04

L 1 T T 1 JEEPSl}

B-tubulin

SNX10
H AR RIAE

shNC sh2 8 16 24

o~ 7 i BT/ (umol-L )
HERMA (shNC) L "P<0.05 "P<0.01; 5 SNXI10 # {4l (FHC shl 2{ NCM460 sh2) LLE:: #P<<0.05 #P<0.01, FEF
“P<0.05""P<0.01 vs empty vector group (shNC); *P<0.05 *P<0.01 vs SNX10 knockdown group (FHC sh1 or NCM460 sh2), same as below figures

B4 oa-$EBEEHEN SNXI0 BURAER SNXI0 mRNA (A) REB (B) Fk
Fig. 4 Effect of o-hederin on SNX10 mRNA (A) and protein (B) expressions in SNX10 knockdown cell lines (X £ s, n =3)

Gl (X+s,n=3)

SLC7AS 7E SNX10 A dn e i RIET = (P<
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Fig.5 Effect of a-hederin on expressions of mTORC1/c-myc signaling pathway-related proteins (X + s, n =3)
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Fig. 6 Effect of a-hederin on content of glutathione in SNX10 knockdown cell lines (X £ s, n =3)
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