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Effect of Different Oxygen Concentrations on the Ct Value of the House Keeping Genes

in Mice Precision-cut Intestinal Slices

YUN Shu,HAN Xu, HE Youyidong, Suriguga , Hasisurong"
(College of Veterinary Medicine, Inner Mongolia Agricultural University , Hohhot, 010011, China)

Abstract: This study aimed to investigate the impact of different oxygen concentrations (20% and 80%) during culture on the stabili-
ty of reference gene Ct values within mouse precision-cut intestinal slices (PCIS). PCIS were prepared and cultured under either
20% O3 (normoxia) or 80% O (hyperoxia) for 1, 3, 6, 12, and 24 hours. Total RNA was subsequently extracted, its quality and
concentration were assessed, followed by the RT-qPCR analysis to determine the Ct values of the candidate reference genes B-actin,
18S rRNA, Ywhaz, Gapdh, and Hpril. The results showed that, the RNA quality was confirmed to be acceptable (A260/280 absor-
bance ratios: 1.93-2.03), although the RNA concentration decreased with prolonged culture duration. RT-qPCR analysis revealed
that Ywhaz exhibited the highest stability under hyperoxic conditions (80% O, ), with Ct values ranging narrowly from 21. 50 to
22.67. B-actin also demonstrated relative stability under hyperoxia (Ct range: 15.44-17.74) but exhibited significant variations
under normoxic conditions. The genes 18S rRNA, Gapdh, and Hpril showed moderate stability under hyperoxia, but their Ct values
fluctuated considerably under normoxic conditions. In conclusion, Ywhaz is the most stable reference gene for PCIS cultured under
hyperoxic (80% 02 ) conditions. While B—actin may also be suitable under hyperoxia, its stability is compromised under normoxia.
The stability of 18S rRNA, Gapdh, and Hprtl is significantly influenced by the ambient oxygen concentration.
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Fig. 1 Flow chart of preparation of the precision-cut
intestinal slices
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Table 1 The main components of the culture medium
BBy S Sy
WME 55 353
500 mL
William’s Medium E
ikt
1.375¢
Glucose
KRR
25 mg
Gentamicin
1.25 mg
Amphotericin B
RN
S5 mL
GlutaMAX
1.3.3 & PCIS RNA # 3 A cDNA 4%,

i S RS D) ARl ) 2 B 0 e S ol
FH UE &L RNA /) 2 il 53070 & 647 50 RNA $2 1
i 3 fEAR A (SYNERGYIHT, BioTek) £ 260 nm il
280 nm Ab 4 W2 5 B K 1 1 RNA 1Y 5T o FlVR B o
5*HiFiScript RT Master Mix 4b BRAE AN REA (1 1 pg
RNA,42 CHFH 2 min, LA EBRIEEH A DNA TG L. f
F1 10¥gDNA Remover Mix 5 A% il 1 ¥ 7£ PCR 1%
(SCI1000-G, 3t 58 - ik BT A M RHE A RS 7)) v
F37 ‘CF 15 min, SRJ5 7 85 'C R H 5 s, FFEEME
HZE 4°C, ¥ cDNA FE S AF £ -20 °CF #E47 RT-
qPCR T,
1.3.4 RT-qPCR M A A% R

Fi HE I P2 RNA |, )55 5% J5 64T RT-qPCR
P35I M5 B LA 2, 908 ROV AR R 25 pL ik &
P47 : 12.5 pL 2xSuperStar Universal SYBR Master
Mix, 10 pL ddH,0, I R34 45 0. 75 pl. 1. 00 pL
cDNA. A IRGIRAGE Lo RIS ECH 95 C
A 305,95 “CAEPE 105,60 “CIB K 305,95 “CHEfH
15 s, #4739 MEH, 152 60 °C 1 min,95 °C 1 s,

F2 WHREEZPCRS|Y
Table 2 Real-time PCR primer

ElkZE2d SIFEI(s T —3 )
B-actin ¥ GTGACGTTGACATCCGTAAAGA
B-actin R GCCGGACTCATCGTACTCC
Ywhaz F TTACTTGGCCGAGGTTGCT
Ywhaz R TGCTGTGACTGGTCCACAAT
18S rRNA F CTGAGAAACGGCTACCACATC
18S rRNA R GCCTCGAAAGAGTCCTGTATTG
Gapdh F CCTCGTCCCGTAGACAAAATG
Gapdh R TGAGGTCAATGAAGGGGTCGT
Hprtl F GACTGATTATGGACAGGAC
Hprtl R ACAGTCATAGGAATGGATCT




555 = &,

JB, B4 AR, 45 < AN [ S8R B0/ U E RS 2 U0 e NS A6 TR CUlE Y52 3

2 #R

2.1 RNAWZES

W 2078 ,20% 0, 180% 0,45 41 RNA BEA 4l
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Fig. 2 RNA quality comparison chart
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K3 R, 20% O, 3 U RNA Mk B2 (R A 4)
TE 1 hist261 ng/nL,3 h 287 ng/nL,6 h i} 246 ng/nL,
12 h i 193 ng/pL, 24 h i 176 ng/pL; 80% O, 1B
RNA ¥ (B A )76 1 hif 365 ng/pl, 3 hif 310 ng/ul,
6 hi} 303 ng/pl., 12 h i} 217 ng/wl, 24 hi 179 ng/pl.
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Fig. 3 Comparison chart of RNA concentration

2.3 ASEECGE
2.3.1 AAKHE B-actiny Ctfh

mE 4 iR, 20% 0, 41 T B-actin 1Y Ct{H1E
18.43~21. 48 Z[0] , A7 — & Il 8y, JLIHLAE 24 h i % 5l
BOK, B R AR e AT R 25 . 80% O, %% T

B-actin ) CUETE 15. 44~17. 74 Z 8] B AKPE 54N,

TR AR T, /N SAREAR [ R 22 8/

25
- 20%0,

= 80% O,
201

CtE

15

10 1 1 1 1 1

1 3 6 12 24
HEFET ] /h

4 B-actin B CifE
Fig. 4 Ct value of B—actin

2.3.2 RMAKHE 185 rRNA# Ctfh

i 5 fr s 20% 0, 5514 18s rRNA 1) CHE 7F
15. 64~20. 15 Z [8] , P SR FEBOR , JUHAE 6~24 h i}
] B CofE B W T i, 18 25 AR K, BB s R
haE . 80% 0,514 F 18S rRNA ) Ct{EAE 12. 78~
15. 32 Z 0], BRI 385 20% 0,7

25
- 20%0,

= 80% O,
201

CtE

10 1 1 1 1 1

1 3 6 12 24
HEFRRT ] /h

B5 18 rRNAKICHE
Fig. 5 Ctvalue of 18s rRNA

2.3.3 RWAKHE Ywhaz#y Ct/h

WK 6 T 7R 20% O, 45 1 T Ywhaz 1 Ct {H 7E
23.20~25. 42 Z [a] , FE A% Sl B3/ A 7E 24 h i
W AT T i, 5 25 W A, 100 BH A AE — i I [0 4 i
B, FikfaEtE— . 80% 0,544 F Ywhaz 1) Ct{H
TE 21.50~22. 67 Z [i] , BAR YL /N iR 228N, R
B RSB
2.3.4 PWAKE Gapdh ) Ctlh

W E 7 BT 7R 20% 0, %% 4 & Gapdh ) Ct{E 7
22.85~25. 17 Z [al , F& A% Sl B 4/ 0N (A 7E 24 h
W AT T e, 1 25 W K, 100 LA AE — o I [ A 2 e
B, Kk ENE—M. 80% 0,514 F Gapdh 1) Ct{l
1£20.99~23. 81 2 ],
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Fig. 6 Ct value of Ywhaz
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Fig. 7 Ct value of Gapdh
2.3.5 WAIKW Hprel 89 Cefd

n 1# 8 B 7R 20% 0, % 4~ Hprel 19 Ct{H 7€
25.90~29. 47 Z [a] , AR Bl FE R, 1R 25 0% K
FikFaErE— M. 80% 0,414 F Hprel 1y CLAEAE
23.79~26. 15 Z[8], ik Fa e th—Mt o
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Fig. 8 Ct value of Hprtl
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O T EL 4 DA BE ol FEEURE SRS 5 B e 2 2 R
FERREAR (R DA 5 23RS 59 U0 136 7 4 R5 Bt ]
W JE 7 . PCIS 4 il % 5 K Hi De Kanter 55 5] A,
AT ARSI S IR M I K R I, T T
ER YR B, DR BUK B PCIS A1 ZUEF . A
5% S5 /0N BUIET g 20 22 18 3% IS0 r B IR A
FEH T LA RFFHLUE S T )5 42
¥15) B Rt b U Fr, SRR R I 4H 2R R B il
HHE A AR R ML L AT VIR 5 080 T U1 Rk
LI AE SR CRIE T D) R — 3K
AR TR e Tige . EEF
T« Byt i WL B A v e P A A 4, A IR 0 AT e o
PR, 3 B A AN B 3 e R b A, R
FEY R st 1 2 U 5 A3 5 1 A U S S )
Fy AR TR AR P 5 11 R BHIn A4 PBS 28 i i LA
PRUEZH s P

MRNA 3K F , A FEA Y 0D, /0D, fH
AF 1,935 2. 03, UL T RNA 4l i il & H T
Je B2 0 % S A RT-qPCR 5256 . RNA ¥ B 5 T , Fifl
B SR ] A A R R B A DU HLAE 24 h R I B
BeAR o 3 AT BE 5 20 ZUAR I 2 T s 555 5 4 L O 1
I 6. AR ST 45 5L R W, TR1zol 15 1 35 N W
CFHYE A MBS 75 10 —4E S 40) 25 5 RNA L [F Of B 78
KA B AR A 2> TR IE B RNA /33 . K I,
Stegmayr %" HFEEGH M EFIMAT
DNA 25525 5 (U DNase &b #) | I % U iZ A5 X F
ARAG R AR/ i ) RNA SR .

S SRS — A4 RNA #2406 1 B4 DNA (cDNA )
Had A, o T 5 22550 % & PCR(RT-qPCR)MMIER -
R, S S48 A B RNA JG , 0054 St 2
A RNA B A B X W Y cDNA . [AI2H cDNA Lt
RNARUEMRZ , Bt LU I G 5 22 10 2 Al A 2
17 . RT-qPCRFLARIE ST PCTS v 3[R 323k fe i
FHEI T . PCTS B9 5 RNA I8 5 18 o H A 454
TRIzol® (B8 HAth 0 ) vk HE . Bl 5, $EH
RNA Z 1t 2 5 545 i cDNA , 3f-3# 3 RT-qPCR #E47
H R EEH 0 2. BRI PCTS REAS IR (L
% Y RNA &, (B R 3/ A4 22 53 e B fae
P, K 2 00 58 i ) T 4R 24 PCTS #E AR 17
RNA 2B E250 47 . BT PCTS BEAR [V AE 11
BESRIGVEZE S BB RA R E N S I N (SRR
KA 2% 5L 1) XF RT-qPCR B i HE i 10— 4k
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ZOCHE N dR R B H 1l R AR T N
PSR I — A PR ok SR DR 114 658 10 B 1 B2 1Y
20 R A R E M, B mRNA A7 AN [) 3 56 4% 1F
CANAS IR (1 S0 M J3E R AL B 1] ) | 2 228 A A 3
R T RFF—B, HRIXFE S BAREERAR Y
R, 5 FH EE 346 24 18 {8 (comparative Ct, AACH) 55
JiESI T RT-qPCREUE I, — B A% 1Y N Sk ] 2
AT HETT BIREOR AR B TE TR AN [
ARIRIE (20% vs 80% 02) BEFR 54T, B FE N
5 (Gapdh, B-actin, 18S rRNA, Ywhaz, Hprtl )
5 PCIS HE Y v i) R AR E M o

Gapdh 4= F% T 10 -3- % 1R )i &0 1 (glyceralde-
hyde-3-phosphate dehydrogenase) , J& ¥ B% fif i 12
(glycolysis) H1 ) — > JC Rl o B AR Ak T I -3- 1
M2 (G3P)FeAb 1, 3- WM H MR (1, 3-BPG) 1Y 45
IR [ I NAD I8 58 NADH + H™5 0 ik, &
7 40 BE B A rh 4 TR O A €0, DR A W IR e 2
A IR 1 IR FE AR AR Z — , T LA Gapdh %
PRI T 24 R 2 50 L AN A 2P fp 2 RRUE | 7KKl
FIRU X R IR P A O T A ) S
b H s NS N 22— H Gapdh 3R
IRTEHE LA E 1 000 T W25 & A= 84k, 4 - 72 1BD A&
B I IE JAE R B Gapdh IR E T,
TXTEAR ST A A b 2 (8] e I s v A8 S P
Gapdh TEFALRLIL (A1 — A AL A NO) 6144 T 2 & 7k
B JE AE (An S-S A A0 T MR LA BN
FLER IR IR T AL AR ] fig & A AR AR . R 20%
O ML 487, (ELAE JE BE 35 400 pum Y PCIS 1
SR HICR AT BE S S SO (O LR X k)
T BRAL T REvE B ECRAS o BB e AR A B4R ) TR
BN 29%~8% 0,12 K51 20% 0,8 15 FAEFLKF
AP B = KA RGeS, TOVE T R BT R Y
By —Sa ko R AR R R T AR SR S
- HIF-lo, fill A T W sk B Y o FEBRERIF T,
HIF-1o BGE TF I L A1 2 22 Fobl 12 Ak AH DG B R A 26
5 A4 Gapdh2. HIF- 1ol o 454 5 B (R 1 )5 3
F DI, 3 i R SR g MR T L Gapdh 1) 3R
PN AN HIF- 1o i BEIE ik 94 42 A ) 2 44 A, (1]
FEFZ W0 Gapdh W% 1 , S5 20 B 7E B A R B8 v 9 BB
AT KR AR Gapdh 155 B 551 T 1 Ct
B B (JLHAE 24 h) , 5 HIF J0E 5 SO0 S35
SN AREPIR SR 2 A —H

Bactin(ACTB) Zw 5 241 il B 428 111 B-WLBh &

EAELERF MY 25 o S R0 P iz R R A A
F P e 22 B O A i v S v R B v RS
FIBT O AT R TR BRI 5 Al 5 A5
Hh 188 rRNA 321K A8 T A K 5 19 2 [ 3R 0 v e A
SEP ABTERIE RAE T, B-actin TEAEFEREIE R 4
Bz )RR A p s S EIRBFSE R,
B-actin WIS E L AT BEAKH T W Al R R . A
RWFFEH , B-actin 15 AN T RS EOR, mA A
PR RIBBREE , AT RE R BRI 5 19 ATP #E 3 %]
PRI (ROS SR I 20 M B 2R F A , 6] 325 2L B-ac-
tin B ZRIB I o

18S rRNA J& TAZHMEAR RNA 2 B A W R T
NI HE (A 2 RG5O T R R 3R R T
NS EE D o R R ST g LR XS P e B E 2
R FE o, 18S rRNA WA N SR8 R g A
ZEEH S HW A FEBT T /N R AL = AR
B B 21 A2 (0T B S8 O TR A R R 0k
FEAE, KB 188 rRNAFE/N e 0 3 K B WFE AN E
TRWESH LN AW, 18S rRNA 1A Al 4
HRPBE A P RIIABRE

Ywhaz (tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein zeta ) &= — ' 22 HiL (1
NS HEN, Fifit 14-3-30 5 1 IZEH S SRS
Il S L 0 S0 9 R 0 0 1 5 2 Rl il 4 L T
B TEGE B A AR R OR IR A2 R R4
GUREAR T, Yihaz TETI0 T R B IR A8 E MRS, BE
HEFAAE N RT-qPCR 23T Y N S BL R FER TR
AR RS D) R AR T AR R A
P 58 I R 200 i 384 58 A S 0 B, Yaohaz 1 0 NS 56
PRI H A SE R RIE . IXRIR Ywhaz TEA A 4R,
SRR AT LB SE , fTREE N 14-3-30 X
SRR R Y R KT W 2 SR TR ST R R 3T
i, o PR BRI IO 9 U S0 ) ) 2 S i 1o 3 1 4G
T, X S IA TP AR — 2

Hpre] 5% — i, €18 1R 5-BEMR 5L T 5- DR
- 1-FRWETR PRS2 SRARARE S e e AL L
T — WL LA SORT S e B A 0 15 T — WA IR ) S
Tl A T e R [ A gk A A R MR I A R 1Y) 2o
il G ORI . TR R ZHCA BTN T VB
Yo e AN 25 ) R 20 M 2 B0 v R R AT R A
DN E o AR 20 i AR B BT (A2 i 39
O AR LIRS ) R E . HAEN R IE
A RE TR 22
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4 Zig

AHNE (20% 0, vs 80% O,) XA % i 1B V) Fr
F2 LAY RNA 20 B F1 A RNA #e B8 LA A 520
80% O, Uk & 3% 37 B 1N 2 3 Al B-actin , Ywhaz 454
20% O, Ve B I 78 AH ) S0 B 45 10 F e M e
NS EER R Yhaz. TRIIEAR IS SCHEIE £ 80%
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