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Abstract ; This study was to establish a dual RT-¢qPCR method for quantitative detection of FoxP3 and IL-10 transcription. FoxP3 and IL-
10 amplification primers and fluorescent probes were designed and synthesized. Primer concentration and annealing temperature were opti-
mized. RT-qPCR method was established, and FoxP3 and IL-10 mRNA contents in peripheral Treg and immune organs infected with PCV2
were detected. Finally, Western blot was used to detect protein expression and verify the reliability of the method. The results were that the
established RT qPCR method presented an “S” type amplification curve, with R> =0.99. None of the TGF-B, IFN-vy, IL-2, IL-4,
IL-6, and IL-17 nucleic acid templates or the negative controls had any amplification curves, with a minimum detection concentration of 10’
copies/ L. The coefficients of variation within and between the batches were 0.87% and 1. 84%, respectively. The peripheral blood Treg
FoxP3 and IL-10 mRNA levels were both significantly increased in the PCV2 challenge group, with FoxP3 mRNA reaching its peak on 14
days of the experiment and IL-10 mRNA reaching its peak on 10 days. PCV2 infection resulted in an increase in FoxP3 and IL-10 transcrip-
tion in the thymus, lymph nodes, and spleen. The Western blot analysis showed that FoxP3 was significantly higher than that in the control

group on days 14 and 28, and IL-10 was significantly higher on days 10 and 14; which were consistent with the RT qPCR results. In this
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study, pig FoxP3 and IL-10 dual RT-qPCR had specificity, sensitivity, and stable and reliable detection points, which was of great signifi-

cance for evaluating the immune response level and immune homeostasis in pigs.

Keywords: FoxP3; IL-10; RT-qPCR; Treg activation; negative immune regulation
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ELWEZuH BSR40 M A B 41 A 55 22 Fh 50 2 40 53
Wh, TE Treg AN I 4= S e 40 i vh A 4 AR, A
5 Th1 1 Th2 B G N4 7R Bt
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KA G AEYBHA R A AR

PCV2 HUlst . PUARBUBATER 28 H W 3 12 5
FEAFHE 30 3k, HIILAREH A D RHE A IR A 7 525 3
YA,

YL RNA $2 AR & . PCR 774 ]
T B R AR AR A Oligo dT,
dNTP Mixture ., DL2000 DNA Marker, Rnase Inhibitor .
2 x One Step RT — PCR Buffer I, Ex Tag HS,
PrimeScript RT Enzyme Mix I . RNase Free dH, 0,
pMDI18-T K% [ TaKaRa 23w ; FURARBGAF] &
4 BioDev-Tech /NG KWtF i DHSo g B AL mt 4
B AW BARAGBRA T 3851 ik B 20 1 2 W
(200 mL/ %) MALET Solarbio RHE A BRA & 77 s
AT LIS 1 (KLH) W H Sigma
INF B CTREE SIS H Oxodi 24 F]; CD4'CD25*
P T 20 A 3 2 1508 & W H Miltenyi Biotee 23 Fl 5
RPMI 1640 5¢ 2532 M Gibeo 28 FIF= iy WAoo bl
anti—-CD3/CD28 JTIA Y 24 FLHIE T Invitrogen 2\ 7l ;
W=EHTE [eG-HRP 14 H bt T A2 S A M ER A IR
NS
1.2 5|4, REHEITTEEK

FRAE T 0 GenBank $% FoxP3 1 IL-10 J: K JF 51
i F Premier 5. 0 A4 AL E TagMan SEAS 5 G i
RT-PCR R4 S ES I A MIRET LS (£ 1), 5l
AT AY TR (L) REARLES MK, 3§
gAY TR (KiE) ARAFEG .

1.3 RN &

DU IBUIE 2 RNA SHBAR , Seit2¢ 6 &
PCR (RT-qPCR) ¥, [l 54lifk FoxP3 Y PCR
7Y, Xba 1 A1 Kpn 1 WEGV)IS , 4 pMD18-T £ 5%
PENLA, 44k DHSo B2 840, TR BHPE R, 42
U4 Bk FoxP3-T, [l zlifk 1L-10 B PCR =4
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10 B FRICER A AR . e EE A ORIV B, #6107 ~
1076 BEAG LURR BEAE bR R, —20 CARAE
1.4 RENGRSEFFIEMRK

PCR WA ZR . EAFL 30 wl, MKIKNNIA 2%O0ne
Step RT-PCR Buffer Il 15.0 L, Ex Tag HS 0.5 plL,
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PrimeScript RT Enzyme Mix II 0.5 pL, RNase Inhibitor
1.0 wL F1 RNA £ 3.0 pL, FoxP3-F/R Fl1IL-10-
F/R 435 Jm A 0.25, 0.5 Fl 1.0 wL 3 /> Bf B,
FoxP3-ZJ6HRET Al IL- 10 -7 64 443 BIMA 0.5,
0.75. 1.0, 1.25 f1 1.5 pL 5 I #:JF, RNase Free

dH,0 #ME 30.0 wL, BI¥AF 9 CHRE 0B R Lt 4y
B 2:3,1:3,2:9F 16, fkREERNAK
%, PCR WFEF: 42 °C 8 min; 94 C 30 s; 94 C
155, 54~62 C 10 s, 40 MG, #17iE kG E
k.

*£1 TWHEE PCRI|MEHFES
EIE % G 3 (5'—3") HHRE HEPH L/ bp KN/ bp
FoxP3-F GGCATCATCTGACAAGGGTT 816~835
AM999538. 1 165
FoxP3-R TTGTGAAAGAAATCTGGGAA 980~961
FoxP3-F GCTCTAGAGGCATCATCTGACAAGGG 815~834
AM999538. 1 181
FoxP3-R GGGGTACCTTGTGAAAGAAATCTGGGAA 980~961
IL-10-F GCGACTTGTTGCTGACCG 246 ~263
1.20001. 1 121
IL-10-R CCATCACTCTCTGCCTTC 365~348
FoxP3— 55 e454T FAM-GTATTGTAGCCACTGGCACC-TAMRA AM999538. 1 842 ~861 -
CY3-CTGCTGGAGGACTTTAAGG-TAMRA 1.20001. 1 268 ~286 -

IL-10-96HR4El

H: 1) FRICK B, WEIEESN Xba T FI Kpn 1 5 2) —FORTCHI,

1.5 FRAEf&E
A LR B BH 14 41 iR A5 2] 10" ~ 10° copies/pL
B 8 MEREEFRUER M, RNase Free dH,0 1E A FHPEXT
W, AL RUE RT-qPCR #EA7 474 | A i sh J12%
Mk, AT 1Y Co a2 B R, 23l
PRk .
1.6 ME RT-qPCR J5ikHy M aEFE 4R T

£ MR . ARHE GenBank $CHEZE &A1 TGF -
B. IFN—y, IL-2, IL-4, IL-6 FI IL-17 3K F41,
I BE RS R, B HALFRRIT A, ARAF X
PR R IR (£ 2) , AL A XE RT-qPCR J7
X S PR A D A% R A AR AT P4, R E Treg A
RNA N FHPEXT IR, RNase Free dH,0 S BHPEXIE
AFEGICE 3 ANEE, Rl O R

F2 BRI EFIZEBIERER

A BT L/ bp K/N/bp
TGF-B AF461808. 1 112~1 284 1173
IFN—y D(Q902588. 1 2~588 587

IL-2 EU249805. 1 1~465 465

IL-4 AB174765. 1 121~522 402

IL-6 AF518322. 1 1~639 639
IL-17 AB102693. 1 58~759 702
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i) FoxP3 Fl IL—10 X3 K 8 40 S RibR o fi AR AR EA T
WE RT-qPCR ¥4, BTN E 3 IREL,
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1.7.1 PCV2 &% 5%
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F56 30 S, Hirp 25 LR MCREA, 5 kb IR R
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A S 45 1 mL, RS 7 K, SREGETI T As AL
PR3 RV R ICAS 58 4 4k I 2L Ak B9 KLH, 0.2
mL/ Sk, MRS KA H 2 L5575 0.5 mL/ 3k,
WCHEES 10 KANEE 20 KPR I A 5 K 033 £ 1R
BigR3k 0.5 ml/ Sy a8 PO B AL 5 AR [R) 751 1 A 2
ok, HFAMRBEESE, WMEIGEARER ., 250 F XS
0, 4, 7, 14, 28 Fil 42 KuiEFHIKCRAEPTEELL
1.7.2 Treg 2884 % 5 FoxP3, IL-10 mRNA 4%
sl

FHANJE IR EL 40 M o B o3 25 A B2 ik 1
A0, AN 2 10°/mL, F CD4" CD25" I
WPk T Ao R &, SR B i M AR
FEEBE . 3RASHE Treg A0, Ui A0 AT Treg
o1 i 4l i Ko FLAE AR R L T 20 S B G A A e, 3K
210 Treg 40 My & T RPMI 1640 K535 %, DL 10°
A~/ mlL 4% B 32 A 10 S A B anti —CD3/CD28 Btk
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1.10 #HEFEFHITE D

K SPSS 18. 0 #4472 Mo b, I
HOPEERER” FR,

2 #R
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AE, FHEY E A BRI B O 537 ng/pl, #53 DNA
PEUL KN 1.28x10" copies/wL, [All}, DNA I ¢ 45
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Step RT-PCR Buffer Il 15.0 pL, Ex Tag HS 0.5 pL.
PrimeScript RT Enzyme Mix I 0.5 pL, 5 pmol/L
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wmol/L IL-10-%¢ Y68 % 1.0 pL, RNase Free dH, O
6.0 L. RNase Inhibitor 1.0 wL FTRNA ## 3.0 ulL,
RN FEFFAAL . 42 °C 8 min; 94 C 30 s; 94 C
15s, 62 °C 10 s, 40 NMEH,
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2.4 EBEIEARAET

PR PERGIAE A& 4 B, AUF FoxP3 Al IL-
10 BRRIASEA IR S Y W i £, H Co [H¥/N T
30, T HC A A R A RN BF I X HR 35 o4 14 il 2, B
P, RIS 2 A B R

HUBEZE R, 7E 30 WL KR HAIN 1wl &
TG 10 175 HERRBERY FoxP3 I IL—10 J [R5 26 JFORL 0
TARAS A AR R E R 10 copies/ L, FIHIAF & HEA
R URE . R AR 3 ps, W&t
R REN 0.87%, HtIAAE 7 R4 1. 84%, ¥I/NT
2%, HAKREEIN,

2.5 Treg MRALER T AT E S =/

AN JEITEEE i FE R 31 A0 B 1 46 T 0 ik
IRAFHE Treg ANAE, W4 ML {L 4l BERG I, Ho Treg
ALl A F) 90% L) F, i iR ) 4l i ok (F
5) o UaCARLACR I 25 2R 0L 3% 4 F1IEl 6, PCV2 M
2H Treg ANAEAE T AR E 0 & B AR E TEH
XHHRZE, HoA A 10, 14 K, PCV2 0840 2

BT EAXMBAH (P<0.01), WL 10 KEF, Treg
AW EE S N 7.55%, BE M TS HAM 3. 12%,
55 28 K Treg 47 A PTREAR, 5 35 Kuf 2 4] 2
SRR (P>0.05),

1.25
1.00
y
J;% 0.75 ya
2 /
# 050
1 2
0.25
/
/
- 3.8
0 _ — —
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TR

1. FoxP3 PHIEH 14, 2. IL-10 P, 3~8. 43514 TGF-B,
IFN-y. IL-2. IL-4., IL-6 FIl IL-17 ¥%BERBAYEY 14

4 FoxP3, IL-10 WEE RT-qPCR 45 R4

Rx3 EEHRNER (CtH)

R e g/ _— it iR AL
(copies - uL™") YA FRifE2E A5 R E % ¥ bRifE 2 A5 5 R E %
10° 3 21.22 0.08 0.38 21.92 0.37 1.69
10° 3 24.63 0.09 0.36 25.14 0.42 1. 67
10* 3 28.17 0.29 1.03 28.43 0.51 1.79
103 3 31.62 0.32 1.01 32.52 0.43 1.32
Q1-1 0.1
Q2-1 0.1
Q3-1 98.7
Q4-1 0.54
] g g
E 3
0 =
A
g
£z S
| E g
Anti-CD4
5 SMEMKBLR A Treg 4% 41 EH N 45 R
R4 SMNEIMA Treg AT E#HSETW 10°4~/mL
215 H5K #10 K ¥ 14K %528 K %35 K
Y =popid 2. 00£0. 52 3.12+1.02 5.23+1.31 6.41+1.42 8.78+1.24
PCV2 7 2.85+0. 48 7.55+0.89 " * 9.41%1.52" " 7.85+1.36" 9.12+1. 74

W PIdLAI AR, * R EREFH (P<0.05),” " FREFWEE (P<0.01),
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7 4MEIM Treg 4AEH FoxP3 mRNA &£

8 -
Ei Il pCV2Is R4
Y e . — [
g 67 ~ x
: T
s
iH 41
&
< -
Z
E 24
[=]
I
=

0«

5 10 14 28 35

WAl /d

E 8 5MEAM Treg ZHAEH IL-10 mRNA &=
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2.8 4MEIM Treg ZAAEH IL-10 7 FoxP3 Fik7KF

Western blot £ £5 5 ULIEl 11, PCV2 J&RYL R 5L
AL Treg braitE /> FoxP3 A1 FEIRER F IL-10
FEIRKEI R, Hod TL-10 7658 10, 14, 28 Ail
35 KEBEEMEMIE M (P<0.01 3F P<0.05),
FoxP3 F&IA7E4S 10, 14 F128 REMI B Ihw, 125

14 fi1 28 K i &= T4 (P<0.01), FoxP3 FllL-
10 7E Western blot £ 111 3% ik 7K 7 46 T 25 21 5 i A
mRNA 5 oKV AR RS —3, 2 BEA
IRIGHE T ) FoxP3 | IL-10 XU 5 & RT-qPCR J7 %
BT SEE

A i JE]/d
5 10 14 28 35
IL-10
FoxP3
B —action
B C
55 k% 3 . *E
w1 O wmea M 0 x4l
i 4d Bl PCV2#E 4 i W PCV2ucE4
* ®24
7 3 [l m =
z =
W 2] &
T %
- S
=1 =
0- 0-
5 10 14 28 35 5 10 14 28 35
16 /d fIE)/d

A. Western blot K258, ; B. IL-10 & H X FiLE; C. FoxP3 B AN FikE,

E 11 SMEIML Treg ZABE R IL-10, FoxP3 FKiA# LR

3 it

Treg VE R G T 40 A 7 HF 5 A I8 757 A4 4 b1 44
G- AU DI RE, el 32 S5 b B AR
, RPEE Ul s d L BFSEIESE Treg 5 £
FlvE B et . AVERBAE . MR LA G, AP
I JELAA () SR e ] PTG Treg SR8 R TT T BE IS, 7=k
TPE TS, B T EWUAR B s &40

BAE ST, &5 W H FMEE I IR Tm
(H2E SR 1Y RN ET A BP0 A5 ) R 52 M XL E
RT-qPCR #a il 45 R AEwf ) SCHE R &R, T LA 5| W
AT, OGRS T G I, S5 | R
B s DL R 5 | 0 S IE LU AR T A, B dedE
RVARZ A T, BT, DIARARMER iy &
K gs R ARWFSEIH e 2 45 1A 2 SHEEE, fefg
R A A A — FROBAR 2 b 2 AR H iy R Be,
M EZ A R A O, AARJE ) FoxP3 1 IL-10
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