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Effect and underlying mechanism of glutamine on radiosensitivity of colon cancer

cells
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[ Abstract | Objective To observe the effect of different concentrations of glutamine ( Gln) on the
radiosensitivity of colorectal cancer HT-29 cells and explore the possible mechanism. Methods According to
different GIn concentrations, HT-29 cells at logarithmical growth were divided into control group (2 mmol/L,
as the basal medium concentration group) and experimental groups [, Il and Il (4, 6 and 8 mmol/L).
After a 2-hour pre-treatment, all groups were exposed to 8 Gy irradiation of a Co-60 radiation source. CCK-8
assay and clonal formation assay were used respectively to explore the effects of different GIn concentrations on
cell viability and cell radiosensitivity after irradiation. The level of reactive oxygen species (ROS) in each
group was measured in 24 h after irradiation, and the apoptotic rate was detected with flow cytometry in 48 h

after irradiation. The protein expression levels of Nrf2, HO-1, and cleaved-Caspase3 were determined by
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Western blotting. Results In 24 h after GIn intervention, the cell viability of experimental groups Il and Il
of non-irradiated HT-29 cells was significantly higher than that of the control group and of experimental group I
(P<0.05). In 24 h after radiation, the cell viability of each experimental group was significantly higher than
that of the control group (P<0.05). In 14 d after radiation, there were more clone formation in each experimental
group than the control group (P<0.05). The ROS level was significantly lower in each experimental group than
the control group in 24 h after radiation (P<0.05). After 48 h of radiation, the apoptotic rate was notably lower
in each experimental group than the control group (P<0.05). The expression level of Nrf2 in the experimental
group | was higher than that of the control group (P<0.05), those of Nrf2 and HO-1 in the experimental
groups [I and Il were higher than those of the control group and experimental group [ (P<0.05). While
the expression of cleaved-Caspase3 in the experimental groups Il and Il was lower than the control group and
experimental group [ (P<0.05), and it in the experimental group Il was lower than that of experimental
group Il (P<0.05). Conclusion Gln can significantly reduce the radiosensitivity of HT-29 cells, which is

associated with its reducing oxidative stress damage and reducing cell apoptosis. Our results suggest that Gln
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might be detrimental to radiation therapy in patients with colorectal cancer.
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PobggE R DA T A3 R i S SO AE SR T Y
BRI EPREEAEDTSEHLE (TARC) GE iU
71 :2020 445 190 27 151 CRC 87 A& W5 il F 93 J7 3L
i, it 2040 4F X —FolRr 28, HoRZ
Bk e NI R AR B (HDD) e i E 570 bl
HREFESLTR L, CRC L2881 5k b 1 P9
RO It EERN R —,

BEA BT BR80T 55 5 4l Bhia 7 T B
EBEUEWIA B0 17k AR 40 He R MR
g, H S 45 B W IR 0T U B IR OG . AR
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e (glutamine, GlIn) & AR F 5 1A 20 75 2 5k
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FE S A5l 10 T RS Bk A B AR TR . Gln
AR EUGE CRC R BRI R RS e it 8 5
EIREW A , WAt T4 B B i Jmohs
FEIT T I PR E T A A R W A E
0.3~0.4 g/kg, (A iHE 70 kg HFHAMFE 20 g WA
RS, M 2596 B S INTE L 1. 8 ~4. 8 mmol/L,
WFSE R L, AR e & S v, Gln 2 559 20 i 1 4801k
B JFOV-F KA1 AN A% A i R, X 2 e .
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(B FRIRYT , I RE 2 A 200 0 O B AN
WX R A A R AR VR . BRIk, Jnde] -7 CRC

B EIRIRYT N SRR IR YT Z IR 4R £5 02 H AT CRC
BT S ] SIS R, G CRCFR 3% 7 S A] 34 h Gln
(AR AR 75 B AIGOIT 197 8% CRC (B3 ful i) i A Gln
AN E TR IT SRR AR

R T ERFTHEIN Gln £ A& REARICT 17380, A<
F 9% LAZE s HT-29 40 g F4 g (A MR, W 2R A []
W BE Gln X HT-29 28 Jifd Ji S 80 () s i), 3w 20 4%
FEHAH AU, B 7R AL 0 1] b 733 48 M Gl A3
P B S IR B | S 45 BV g A T S TR R v
TR AR IS

1 #MRERE

L1 XA 5 B

XA« e B UK 250 HL (Thermo Scientific ) ,
Olympus 8% 5¢ 6 B35 ( Olympus ) , i 5 B5EE I A%
F 4t ((Acuronbio ) , 42 % K £ Iy fE W #5 {X ( Thermo
Scientific ) , Bio-Rad /= 3t F 3k 1% ( Bio-Rad ) , #8 75 B ##
ACCERIH BU57 ), 40 M Bobi (R e e ) o iR
L-B & Wil McCoy’ s SA B F ik (A3 Gln) (75 -4 XX
PURA W FBS R H B-EDTA ik (D53 ) ,
2 1 ] oA 0] B (I ZE4E IR ), PAGE B I P i
e AR & (VUK BLAE W) ) , CCK-8 17 & \BCA 2§
HE i aUh & RIPA 24 H EARZE Pl ECL fk
RGN & (R R 1 M AR I ) & (b
It Biosharp) , cleaved-Caspase3 —¥Hi ( |V 3 L B4
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45 H g HT-29 20 ) F s D0 v 38 A4 B 4L
ARRAFE],
1.3 iz i

5295 HT-29 41, 5 F-7E 5 10% FBS 1% WL HY
McCoy’s SA F5374k, 5T 5% CO, .37 CHiFZHMME -
2R BE IR 80% T, 0. 125% [REEHH AL 2 min, JE%E
AR 5x10%/mL, 4% 1:3%1X,
1.4 ey R T

W2 2% SCHR[ 13- 14 60 804 K ) HT-29
Y RS IR I & Gln YR EE 2 (35 R FLILREVEFE) (4.
6.8 mmol/L 43 A%t HAZH Sdn el 1 Scdedd 1T S
I, ZfEEeRy AL, FrAn s BE 12 h J5 , 3% 5250 50 40
B ERRIAREE Gln (A KB F7 28, WAL B 2 h J5 45
T 8 Gy "'/ (Co 60,0. 487 Gy/min) &4t 1 %, 4k
SEREFRHAT T — 2P
1.5 Gln 3¢ k34 HT-29 fafiis /64 %ok

B K 2 80% 1) HT-29 4 L 1x10*/mL ()45 i
FERF 96 FLAT, B FL 100 pL, B F 40 M85 FR 56 55 %
FRAMMEIGRE 12 h J5 , $e 5206 53 20 5 40 5 A [V B Gln
A KRR, 0 5 F 3.6.9.12 .24 h, ffi ] CCK-8 i
ARG 45 4 AN 35 77
1.6 Gln #3415 HT-29 @ i& A 6% h

He K = 80% 11 HT-29 4L 1x10°/mL ()% i
FERNTF 96 LA, B AL 100 pL, & F 240 M 85 55 46 55 5%
FRAHMIIGRE 12 h 5, #5250 43 20 91 40 5 R RV B2 Gln
AR B SR IE AL 2 h, TS 3.6.9.12 .24 h fif
FH CCK-8 a5 Al 45 2H 240 e 1% 77 o
1.7 HT-29 % g 5 F& Tk, 52 B

T25 B4 T30 B 40 M , 45 20 40 B s S5 )i 4k 22 15 57
24 h, BREGTHAL AN, 5 S WA T B A
Mk, F 6 FLAR th 3R 45 AL 4 i 600 4~/ FL, 4k Sk
FEE 14 d, iRt 3 d T A AR N 35 SR 5L 0T AR
MRS SERESE S, PBS YR 2 K, B LM A
1 mL 4% Z 5 W [ 5 30 min, PBS P 2 I BALIE
Ings G S g4 1 mL, 244 20 min; PBS YR AL 3 1K,
BT AR 7E O T X6 B = 10 /> 20 i 1) o o
FPVHEL, SERETE L3 v R 455 g L A2 R 10 248 L 1)
Fefh.
1.8 &HA.(ROS) %

12 FLAR I 5 240 A, A 45 2 20 B TS0 5 J5 24 h ROS
IKo #1:1 000 1) B A FH G IR 35 5% R B DCFH-
DA ZYREH 10 pumol/ L, Z3BRANMIRE TR, IAGE 24

AT H B J5 B9 DCFH-DA, 37 C i A ak St &
20 min, TG I 75 403G TR VE G 3 UK, F 0 L BR AR AT
DCFH-DA , Olympus {3 & 2¢ 6 iU s WA -4 Bic % .
JH Tmage J A% 9 G5 BE 247 704 o
1.9 A%k

T25 B0 & 40 M, 45 20 40 I 0 i Ak 2 85 %
48 h, WA AN IR B B0 A N TR Tk 4n e,
WA B A L R, AT i A U 240 A, PR s 4 3
BENL,500 g B0 5 min, PLEEANA. /N0 2Bk Lk
i STV 10 PBS S VEATI 2 1K, FK 500 .4 C 3.0
5 min ICEAIN, A 1 X Binding Buffer &4
JiL, PR A0 M e B 2 3% 10°/mL; B 100wl 42
JIA Annexin V-FITC I PI £ 5 wlL, %2 F21R%5), % 5
¢ 10 min, AT 1xBinding Buffer 400 ML,?F}:%
FE5), AL A B ASGHEA T AR
1.10 % §¥piE % (Western blot)

T25 B 0M00 & 40 M, 45 28 40 M i ab 2L 85 5%
24 h, BAHAMIET 1.5 mL BLOE P, R4
R, ] BCA o #ilf &l o
s, MAEHA EFEZ MW, 95 C &8 iA 10 min,
Western blot £l 2% 4 Nrf2 ,HO-1 . cleaved-Caspase3 [
HERIKKT . ] Image J AR F0 AT 5397
111 %t 5o

4t 1t 43 M i 5k SPSS 20. 0 Bk i AT,

GraphPad Prism 8 #FAE 1T BRI xxs R, T
A BAEIAT IS AR AN 7 2255 VAR S0 o 546 U
ZHIA] ORI ST REAS ¢ 56, 22 2H (8] LBk FHR A
R 201, P<0.05 AhZERA LG #a L.

2 %R

2.1 RERE Gln 3-fm i iE 71 % vh 64 iz

A HT-29 AfIAE Gln 95 24 h S25e2H 1T 5%
IO 2 A0 MayE B B s TXT IR, 2 HASI %R
X (P<0.05), WK 1A, HT-29 4055 6 h, 5256
A I A3 7 B S TR IR, 2 R A S 4R
S(P<0.05) ;R 912 F1 24 h, 505541 40 i3
B X R, 22 S B G2 L (P<0.05) . W,
1B,
2.2 #%4t)E 14 d RERE Gln xF HT-29 28 e 5214

A B B ek

25 L A S B TR B4 b e e B 1 DL LI 2, 118
LR BRIl I T4 ve R BB vl HE2H B
EIEIN(P<0.05) ; 5250l 11 | T 40 g v B T2 B 45 5
Bl 1T Wl (P<0. 05) ;55 I 2H 48 il 5o B TR AR
Sy T g i (P<0.05) , W& 1,
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B 554l 11 ab
O 52620 I
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3 6 9 12 24
Hfa)/h

A

0.8 mxtragt

sl 1

(mEREYN abe
0.64 Oszieg m

D(450)1H

i I/ B

a:P<0.05, 53 B4 ;b P<0. 05,5 520620 [ Hhdk ;e P<0.05, 5 523640 11 pbik
A RS EMHT Glo 3t HT-29 4007 51 % 9% Bk 44 T Gln 2f HT-29 @ jeni& 11 %

B 1 ARERE Gln XHMEHZMAILLE (n=5)

A xR 2E;B. 23 1 ;C.525%41;D. 254l

2 X HT-29 WREMS ER R ERAER

x1 BAMABTEMBELE (n=3,5ts)

] PR AL SEREIE R (%)
Xf B 148.0+17.7 24.742.9
g 1 246.79.2 41.11.5°
SR T 407.3+35.9 67.9+6.0"
SLHG 685.3+38. 1 114.2+6. 3"

a:P<0.05, 5 s B4tk & ;b P<0.05, 5 523040 | rbdg;
c:P<0.05,5 =54 I rbig

2.3 k424 h &8 HT-29 m o7& b .04 b4k

AV EMG S R SN, L5 dl 110 40
TEPE KO B30 BRZH T R (P<0. 05 ) 5 s 2l 1L T
Y MG PEEUKE R SEER 2 1T TR (P<0.05) 5 S25G20 T
A1 MG PR E KPR SE B0 2 1T R R (P<0.05) o LA 3,
2.4 )G 48 h RRERE Gln 3¢ HT-29 4 i A =49

A

TS R R segmdl [ LI A T

OO RRAL R (P<0. 05) 5 S 41 T1 4 8 1 38 55 50

H 1 AL S AN TR s 1L 1
Bl TR (P<0.05) . ULE 4,
2.5 %4t 24 h A48 HT-29 4w g Nef2 HO-1  cleaved-
Caspase3 #9%& & &k ik

Western blot 45 S L864H T Nif2 25 0% IR
LRI (P<0.05) s 2504 1T I Nef2 ZE 11 HO-1
B ARSI 1T R BN (P<0.05),
cleaved-Caspase3 8 A4 X BEAH FISL B0 41 T 1k 01 i
TR&E(P<0.05), 32854 I cleaved-Caspase3 i [ % 5K
B ed I KW T RE(P<0.05) . TLEL S,

3 it

FibTeR 14 5 A R AR T B AR PR 5 A 25 F
Mttt Ferp A B g e R 45 R 2 1 b
PR3 A B 25 A5 119 T L AR 23, Gl A E 44 P2 B
X IR A I RE BAT 2 E R . Gln 20 ff = A &
TR 240 PP i P R R R AR R W R AR 5
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XHRAL SRl 1 SR SRRl B

a:P<0.05, 53 L35 ;b P<0.05,5 523040 1 t3k; c:P<0.05,5 52 8nsa [l thix
A &40 ROSIRAT R % & ;B & mie-T 34 K AR E 5Tt

3 SIS 24 h &2 HT-29 4HAE ROS K HIRFFBLER(n=5)

X HRA

10°

10°

= 10*
10°
10% 4
107 10° 10* 10° 10°
Annexin V
106 SRl 1
EI @2

{1.08

139

PI

1 Q3

181. 3.67
. ey rrrey

10* 10° 10* 10° 10°

Annexin V

el |

10° 3
EfeY @2
Ja14 BRTY
10° '
= 10* 4
10° 4 _
Ja4 03
{778 _ 0.86
10% F—~rir Y ey Ty T
10? 10° 10* 10° 10°
Annexin V
S edi|

10° 10

10°

10°

Annexin V

A

LI T3 %

251

20

154

P

abc

XPRZE SEERfA 1 SEEeH I SEERdl B

a:P<0.05, 53 B4 48 ;b P<0.05,5 25040 | tb4k;c:P<0.05,5 £ 1T tbik
A &2 Annexin-V #= PT S F &40 ;B &40 20 8 = F 5t bt

& 4

AR & H HT-29 BEZERS 48 h [FHIAT R (n=3)
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XPRRAL SEHdE T Sesdlll Segndiil

3 e nd
cleaved-Caspase 3 (19x10°)— 6 i -—

GAPDH(36x10°)— | " S S

1.5 4

HO-1/GAPDH

InA

XML SERAL D SsRdlll SRl C

1.5 7
al) ab
i) et
g 1.0 1 a
=
=
3 .
“ 0.5
0 L] L] T T
XPHRZH B 1 SRgedl I eIl B

1.5 1
o e E-.
jam)
=
5 1.0 - ab
3 L
<}
[=9
Q abe
T 0.5 1
2
§

0

PR g 1o SCRdlll sl D

a:P<0.05, 5B a b4 ;b P<0.05, 5 523620 1 ¥b4k;¢:P<0.05, 5 23528 T rbdk
A;Western blot %M 25 & ;B~D: 4 %] 4 Nrf2 HO-1 cleaved-Caspase3 ¥ & & 5 #7

B 5 &AZHH Nrf2 HO-1 cleaved-Caspase3 EHFIEKELE (n=3)

KA R A e e A = RGeS
Syl kAR AERE R L Gln ZTEZFRREIR AP B
PEEAN ARG AE , Gln 3252410 i i Jed 4 2 K, B 42
PEANMLE T, 6 A0 s AE G, 99T L AR ER ST
WESE, 76 2~ 8 mmol/L [y I I P, HT-29 411 i % 1
B Gln vfe B 34 I Tt 55 , 2R AE VR BE Y Bl Y, Gln fig
B HT-29 41X e i kBt 1, T8 st =X A it R 245
R, Gln Ve i 34 T GE BH 2 B AR ST 5 HT-29 41 i
PR A v B S B0 — 25IE 52, Gln DA it 4R
(7 3G T HT-29 41 5o b T2 i 4, ax se 2 3%
HAYE 2~8 mmol/L ¥R EESE [l N, B Gln Y 38 Jn,
HT-29 4 i (1) 75 5 BURR A R AR

WFFE A, 7 T LA b 1 Jin i eg 41 i ROS /K-
M SR A g T . AR TS5 ROS B0
K, —EIKF-1 ROS Al e AN MRS, 24 ROS /K-
i B, 40 M2 ek & T A S, S i E 1)
T2 WRSEIESE, Gln AR SRR b A B 48 I H K
(GSH ) I e e fig W2 4 — 4% 17 BR W 1R (NADPH) 7] L)
AT IR 20 ML 1Y) ROS 7K, A LA i AR S,

PRAE R AN B A A7 Nef2 e — B B R A
FHEG SRR T, IR O T, Nef2 AR 35 9 2 A7 T 41 il
R FE AR IS TR, Nef2 2255 K5 FTF, R 5
Mt , 25 g A R 5L R 3456, 3L RS
B ROS™ ™ i 21 Zhn 4 -1 (HO-1) Je:—Fh 5 5 2%
1, RSN FIAR P9 8230 E 52 HO-1 493235 7K F- 7] By Nif2
T HEVR R 0T HO-1 AT 40 i ROS 977 4z
TR T peah, 40 TR AR T K
F1 7K fift Caspase 25k AU TS , H AP cleaved-Caspase3 i
WA T SR A R . ABFSE R W, ) Gln
WL 2 HT-29 A AE i i ROS 7K BT,
HA0 U8 T AERFAE R R KF-, T T Gln ¥ B2 RE LA
SO R J7 AR S HT-29 40 ) ROS K-F
PR TR #E— 2098 K BLTBUM JE K Gln ¥k 2 20
HT-29 7 Jig Nrf2 . HO-1 [ 3¢ 3K AH Xt 8 {I%, cleaved-
Caspase3 [1J KA 4000 s TG AN Gln VR ERER B |
P& Nrf2 \HO-1 g3k . T I cleaved-Caspase3 [t 3 ik,
X B HT-29 4 A= K FREE %) Gln w1 LA 1
fIk ROS 7K~ 45 HT-29 Hi 5846 BL AR A% Y BE 1, Ik
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AR R T, 3% 5 HT-29 20 4 75 S BURRPE 25 1)
HH o

25 LTI , ARF 5 R BAE 2~ 8 mmol/L 51N,
B Gln ¥R 1 32 25, HT-29 21 it (%) i St s vk B 5
FAAIG, Gl X755 IS 1 HT-29 40 i EA (5476 T, oL
il AT e SRR AIE ROS 7K -, Ul A 4804k 17 38468 44 , Uk 2D il
S$iE HT-29 ML TR G, IXA&REIMIFE Gln B
SRAT LB T 5 RS ) Bl s iy, HL AT BEFA IR CRC AR
TR, BRI CRC SR F G RIA YT IR IR R 25 o
L5 b ARHFSE IR R | CRC R E LR 7 0 8] 2 5 4 58
Gln, DL KB H A TEALE SRS BRI TS5 K35 . 2R
117 Gl 2 nfuf 3 2 40 A0 0 38 920 0 M T, Gl 7 o]
Bl FH AR et o] B Bl I BE A CRC ST (8 35 52 22
KA, BT EEIA TIRA M SE BRI BRI 5E

SE k-
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