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Effect of Mycobacterium phlei F.U.36 on balance of CD4°'CD25" regulatory T cells
and Th17 cells in asthmatic mice

YAO Bin, LI Min, PANG Ying. Department of Pediatrics, East Ward, Sichuan Academy of Medical Science & Sichuan
Provincial People's Hospital, Chengdu 610110, China (Li M, Email: Lmscsy@yahoo.com.cn)

Abstract: Objective To evaluate the effect of early intervention with Mycobacterium phlei F.U.36 injection on
the balance of CD4'CD25" regulatory T cells and Th17 cells in asthmatic mice, and to investigate the immunomodulatory
effect of Mycobacterium phlei F.U.36. Methods  Thirty female BALB/c mice were randomly divided into three
groups: normal control (n=10), asthma model (n=10) and Mycobacterium phlei F.U.36 treatment groups (n=10). A
mouse model of asthma was prepared by injection and aerosol inhalation of chicken ovalbumin in the asthma model
and Mycobacterium phlei F.U.36 treatment groups, while mice in the normal control group were given normal saline
instead. The treatment group was intraperitoneally injected with Mycobacterium phlei F.U.36 (0.57 ng, once every
other day) three times in the first two weeks after the first sensitization. All mice were sacrificed at 24 hours after the
last challenge. Left lung tissues of these mice were obtained and made into sections for observation of inflammatory
changes. The percentages of CD4'CD25" regulatory T cells and Th17 cells in CD4" T cells among splenic mononuclear
cells were determined by flow cytometry. The levels of interleukin (IL)-10 and IL-17 in serum and bronchoalveolar
lavage fluid were measured using ELISA. Results Compared with the normal control group, the asthma model
group had significantly decreased percentages of CD4'CD25" regulatory T cells and IL-10 levels (P<0.05) and
significantly increased percentages of Th17 cells and IL-17 levels (P<0.05). Compared with the asthma model group, the
Mycobacterium phlei F.U.36 treatment group had significantly increased percentages of CD4'CD25" regulatory T cells
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and IL-10 levels (P<0.05) and significantly decreased percentage of Th17 cells and IL-17 levels (P<0.05). Conclusions
Early intervention with Mycobacterium phlei F.U.36 can promote development of CD4 CD25" regulatory T cells and
production of IL-10 and inhibit generation of Th17 cells and production of IL-17 in asthmatic mice.

[Chin J Contemp Pediatr, 2013, 15(11): 1018-1022]

Key words: Asthma; CD4'CD25" regulatory T cell; Th17 cell; Mycobacterium phlei F.U.36; Mice

SCRE e Z2 R RAE AN (VB R MR
M. P EERLAN AN T AN AR ) SR S5 I
SPRIER PERAEVESNG . T AAH A% Sy R A e
Wiy I RAT KA B E BRI AR
FERBR Th1/Th2 P B TR B i AR B A7
FEJRRR ™, SEBR bR R AE Th1/Th2 S Jo i U
— Bl R MR, 2D A L AT A
XA R BRI SR BENR 32" SrH A SR pEERIET
. CDA'CD25" P T HE T 4 (regulatory T cells,
Treg ) Al Th17 2 2 ] F- # 2 6L O O AT 5T
I M S B AL A2 PR A B et 80 12 e R ) S
DIRE IS i ¥ 07 Wiy B Oy B A A T ) ASBIESE
i i 57 R /N BRSPS, PR CD4'CD25 Treg
5 Th17 A0 HIAERE i g v B AE AL, LSRN
FHARPEIR T 0 B BT F.U.36 A HAY52

1 HESHE

1.1 MRS E

Wi PE SPF 2% 7 J&1# BALB/e /NEL 30 2, fAE
21 24~25 g, WTF DU K2R R AL shW e, 1
FETFIINE NREBE LSS 5. KHBEVLECE
FEIEA R REAL | B RG AR AT B F.UL36 3R
P (VRYTA ) , 410 H, EESE, EAEA
e CGUEHNERS7RTY S
1.2 {UEEFAF

FE LIRS IR B0 AL (BRI
A RA TIPS AT 5 IRFHFEAWAL (5
TR R A FRA ] ) 5 CYTOMICSFCS00 i =0 4H
o A% ( 3% & BACK MAN COULTER /2% # ) ; SW-
CJ-2FD B TAEG (FINEfbidess) ) o FEA
R RS I (2 Sigma AT ) 3 AHK
g (ortiral, R Rtk 2=iR) ) 5 /DR
ELR o> B (K H: TDB B R &R )
Anti-Mouse CD4 PE-Cy5. Anti-Mouse CD25 FITC .
Anti-Mouse 1L-17 FITC M AHR [R5 %F R4, Y04 T
2 H eBio-science 2N T o
1.3 ThEEH &

2 WA FE R IE 45 P DL K Sakai 55 PV Y R

WS o 8 A o 5 2 i S RS RY  RIDRE 22 i 2 /)N Ry
BTS2 5 0 RFNEE 14 KRG TR HE A AL
FRIRAW 0.2 mL ( IR EE 100 pg, AAALE
2 mg) MEISIEST; 2 21 KPR, T L 2% X Op K
FARERA 30 min, HLE5AL 5 d ik Hil 4wz
WA A ARYTLH T 1 R BT 2 A v A
O RFF B F.U36 {5 ( SRR ) 0.57 ng, B
H 1k, 3%, REAELTRFEIEmGA; XA
W23 A PR AR B0 TIE s T B s 4k
1.4 FRARE

KIKFEARIG 24 h, £ HEBUN IR ER 3 Ik
M2y 1 mL, EOBEE/NRINE, —20°CHRF&H;
SRIG 51 AL FE /N, FH IR B B 76 <45 /N0 B
— YN, T E A Y, PBS &R
500 L #EPRPHUK, 5T A8 M R, B
YESEIMEVE R ( BALF) B0 Fig, BF
=20 CHRAFH S
1.5 = 4 A {4 Ml CD4"CD25 Treg 4H Bl &
Th17 4ApE

IS 2/ UM, B9 % 1~2 mm KN/ N
TN TR . 208, AN B E A0
O, VA R B 0 TR Ay S ) £ R A 2 A
AR, TN I 2% 4 CD4"CD25 Treg
YAt L) K Th17 405 CDAT 4R & 40%.
1.6 BHARREVTIFHH&

BUNRZEM, 4% ZRPREEREE2d, &
WK 5B | AEaHE | D1 R . JRAHKS - 4L (HE)
et BT LIS EEH B RAETE DL
1.7 IiEFN BALF By IL-10 & IL-17 B94&

Z R S BT,
1.8 GFHitEHH

K H SPSS 17.0 GEi -8 Bl i A T e t22 4
Mo Soxd 4 4 B0t VEAT IE S PEAS 56 A0 25 55 A
55, G E IR s 2550, TR TR
P + bR (x+s) Fon, Z4LIE BRI
HZE I 200, B LA T SNK-q K565
AFE ISR T 2857, 725G 5 7
AT 43T RN q K6, RUAE i (] 8 4 G 43 i
KB AR AT o P<0.05 HESAG 25 X,

-1019-



BISEE 1LY

E G AR JLA e & Vol.15 No.11
2013 4F 11 Chin J Contemp Pediatr Nov. 2013
o GH 2.3 &% CD4'CD25'Treg/Th17 AL AT 1L

21 EEmiREA R IhE L

/NERIE R ST OVA B, 248 OVA ki k
Jo R BLUTTR AN B0 B) | PO PREL 2 R R
MR, BARKE ., RWVBRH, fEREERA
PERE MG R AEREAR s IR97 4 LR RE R B R e XF
FEZ/INRUR DL S0 2R B i B U0 - e s o) R
ZH it H 2R A5 A TG T, JCCIE RAE R 27 i 2H 48
SCRAE B A TR LA AT UL DA E R R 20 A L ik
MR 22 R W RPEANIZ I, SRR JE,
EIEBEAE, W0 A S S8 b R A M 75 A o8
TRYT L AE RATE R Wi 2 I s . ULIAT 1,
2.2 £/ CD4'CD25'Treg & Th17 48 A i)
7KF

B i 2H /N KL CD4"CD25 Treg/CDA™T 41l fitd 1)
H o B X A B IR (P<0.05) 5 97 4/ B
CD4"CD25 Treg/CDA™T 4 L (1) 43 L 45 27 Mg 28 /)N B
HE (P<0.05) , 5% R4 £ RG24 L,
11 Th17 4 M 7E £5 20 7K 28 46 5 CD4'CD25 Treg
HMutA AR . WER 1, B 2~3,

£ 20 CD4"CD25" Tree/Th17 4 i L i %5 %) iR
HFEAL (P<0.05) 5 1A YT 41 CD4'CD25 Treg/Th17
A L (R R 2/ VRIS R (P<0.05) , SXTRRZE
e R st o Wk 1,
2.4 £ 4/ BALF #nniE & IL-10 F0 IL-17 &Y
SELE

B 2H/NE BALF LY 7 1L-10 3B K P-4
S IR /N B AR ( P<0.05) 5 1GY72H/NEL BALF
I3 H TL-10 FRIA 7K P i 41/ B =i P<0.05 ),
AT T % BB 2H ( P<0.05) ; T BALF. Ifil 5
IL-17 FEA- 2 2R IA K220 5 TL-10 f5 A . DL
2,
25 &4/ CD4'CD25Treg 5 Th17 A i1 &
Y A F X DT

220 /)N BRI 40 i 2 9 CD4TCD25 Treg 5 Th17
g Mo K R A S8 (.=-0.925, P<0.05) .
CD4°CD25"Treg/Th17 [ A 5 BALF J¢ Ifil 3% H /4
1L-10 FRIBIKFRIEAX (435 7=0.963. 0919, ¥
P<0.05) ; 5 BALF Al i 1L-17 SRk K2
M (439 r=—0.834, -0.849, ¥ P<0.05) .

Xt B

E1 ZEMARREYIR AR - YA, x100)

YR DL TR R A MU 5 0T AL AT R i 2 ) s

W Mg 21 (Eprgacl

X AR AR DL AR IO 5 1 g 2 240 S A B A T

3 3 3
10 1 [E2 ] 10 E] 10 E] E2
2146.3% 54% 135.7% 141.8% 4.9%
v 5 | v ] 'e) )
< 10 & 10 5 10
o 3
= _ £ g
2 10 = T 10 2102
S 3 &) o
10" F | (U = —
_47.9%; .4 Je1.
LBLELAALL | LELRALLLL | LELILRRLLL T LLLL ] LUBLELARLL ] RBLEULLALL | LBURRLLLL A LRLLLL
0 0o° 10 100 10° 0 10  10' 100 10° 100 10°
CD25 FITC CD25 FITC CD25 FITC
Xof B FALi |

B2 &ENRMAEEZHAM CD4'CD25 Treg 4R A 3 20 A 43 47 B

1020+



ERRECE AR ] FE LR ILA R E Vol.15 No.11
2013 4E 11 A Chin J Contemp Pediatr Nov. 2013
3 3 3
10 K1 k2 10 K1 k2 10 ER 2
7|97 8% 2.2% 195.7% 4.3% 7|97.4% 26%
‘2. 2 ‘2 2 2 >
& 10 & 10° &S 107 7
= ~ ~ ]
< < <
a a A E
&) &) (&) E
100";K3 : K4 10° _K3 "
5 0.0% 0.0% 3 0.0% 0.0%
ey e !’ oy i e ER] R} !’ oy i R ) e !’ oy i e
0 10 10' 100 10° 0 10° 10 100 10° 0 10° 10 100 10°
IL-17 FITC IL-17 FITC IL-17 FITC
papiicEa:| B g 2 HITA

3 HBRENRMEAERZMEME Th17 EERAE S TE

F1 BANMREEANZEHE CD4'CD25'Treg & Th17
WEMEHELER  (x+50=10)

ZH%  CD4*CD25°/CD4*  Th17/CD4*  CD4°CD25%/Th17
YR 4.98+0.36 2.56 +0.44 2.12 +0.67
NG 3.11 + 0.49° 4.20 +0.52" 0.68 + 0.06"
WWITH 5.10+£0.25 2.62+0.37" 1.94 +0.06"

FAH 86.076 50.56 84.90

P <0.05 <0.05 <0.05

a: ST, P<0.05, b: SmEHAHI, P<0.05,

AN

3 e

i
Treg 401 Th17 24k L IR . HhfH]
VR THIUR CDA'T YU RGBS, 78 12 Wi Aot 4
PSR ) % K S rp i R AR Y, %)
—H B E AR FHERFST, AR e A e s
SERLHIA T 2 A AU L

Treg 4 A 2 4 45 S &) G928 T 52 110 56 B A il
FEREAN T H FPURE TR GpEmit 52, 0] E R Y
K9 o CD4'CD25 Treg 4L H RTWFIE R 2 12,

T A3 WA P AR PR A A R 110, BB K
HF -B (TGF-B ) RAIEGIEAMEIER P, Ak
5% v /N BB BAS A% 4 L CD4ATCD25 Treg 20 fitd
T A0 B ZH U B A, 1l v T 4B I 1~ T-10
(3R I B RRAK, 5 AR A A R i o2 45
— B P E S T CD4'CD25 Treg 4 i 1 H:
YRR 7 1L-10 25 T BERg 9 & 5. Th17 40 &
H CD4" #1hh T AP LG B sk T
BB S A T 4 Bh AN AR 10 o L= AR ) 0 i L7 1L
17A., IL-17F. IL-22. IL-6 Dh R g SR sE I F - o
(TNF-« ) S57E A B e M ) & A kR ke
HARB EERIVEH . TL-17 38 1 ik 2 P40 i K 7
PIRERC, ATARMH T g 5= A 29 R RAE R
N, IS ATFESTE R MR N R R SR R R AN
HE— 2 2 Fh RRE A0 B CR PER 7, TInEE R

R 2 £4A/NE BALF FumiE IL-10, IL-17 K F
(x +s, pg/mL, n=10)

1% BALFIL-10 Ifi¥ IL-10 BALFIL-17 i3 IL-17
YR 507+£9.6 625+127 44209 97+13
WEmGZH 143 £33 14.6+£2.5 14.9+29° 244+35
VAT 25.0+1.3" 36.7+57" 84+22" 165+1.9"

F1{E 50.456 38.475 36.242 25.564

PAY <0.05 <0.05 <0.05 <0.05

a: SGXIRALILEL, P<0.05, b: SEEMGLALEL, P<0.05.
TH Y BH ZE AT R i O 7 ASIFSY K BRI A

T/ INER A 205 Th7 4005 CDA'T 4R G
YRR E TR, BALF., I iEH [L-17 ik
T B TE i, s Th17 40 K 43 b %) 240 it B
FIL-17 #1552 5 TG R REm e, HEE
F14) 358 00 R 200 B DR 1 e R T R R R kL K
s 2N )R 2 —
VT IHF 9T K B, CD4"CD25"Treg 5 Th17 4
M 2 B 7434k b B AR . 7E D RE LA E A4S,
) g FEHUAR IR S B A X Fa e, ALARLL T
B2 e AR . 164k CDA'T 4HHfLAE TGF- B
YEH T 3046 R HT R 1) CD4'CD25 Treg 41 i, 1 1E
TGF- B e B 1L-6 ABAFAE IR T WAk R {2
1 Th17 ZHAETITMH] CD4*CD25 Treg 40 /3K
[F]EF, CD4'CD25 Treg 4fi il i fig 38 i 43 W4 TGF- B
{2 Th17 i A&, FEB=ZSMEYE TGF-B Jf
£ 1L-6 FAERVIHAL T , CD4*CD25 Treg 4NAEA Byt
LRGSR Th17 4, =z, 0l Th17 40
PR TR HE CD4'CD25 Treg UM R T ™, A28y
K BAEE N /N B CD4"CD25 Treg 40 0850 M2 AH 5440
HL R F TL-10 52 35 FEAR A [RTBE, Th17 20 it &% 20 ffd
K1 1L-17 & 5, H CD4'CD25 Treg 1 Th17
2 i 22 8] 7 AE UFH DG 6 &R . CD4'CD25 Treg/Th17
FUAE 5 BALF K35 H Y TL-10 F3A K EA S,
5 BALF KUyt 1L-17 5K F2nAH56, 42

1021 -



ERRECE B IR ]
2013 4 11 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.15 No.11
Nov. 2013

7 BB /N BRUZE P B CD4*CD25 Treg 20 i %k 2 F1 2
BERO IR BL T Th17 20 i85 5 e k18 hn i) 5
RERAMPARAS o W12 UE T2/ BUEE Wity 2% A B4R DY A7 A
Y5 Th1/Th2 SR RATAHZEALR) CD4'CD25 Treg/Th17
G pEJ i, I FE CD4"CD25 Treg/Th17 41 i
22 ] Gy e At i S A R Wi i ) ER AL

TR F.U36 TS ( SRR ) E2
A S I PR ASATER , HABUF TA5 %50
FREE . IEAERAFTE RN, S RORT 1 Y 4 sl e e
AR ST Foxp3 ik, 55 CD4'CD25 Treg
MR EE TG AL ™, ] 1L-17 7= 1, 1
PRARIE 3G Th 2085 P, {23 Th 480653004 B
g2t RGeS Ry 1 o oS R N L S 3231 T s o
IR SR s 2D R ™ A= 1IL-2,
IL-4, TNF-o . y- THEZE (IFN-vy ) S4HHH -+,
PEE T 0I5 . orAk, B SR NK 40T PR A
T RILAA R S I A0 A i S g Y SRS K R
IFN-~y Fl IL-4 %F TGF-B 55 Th17 4 1953 kAL
PHIEH . IFN-y 5 IL-4 04§ TGF-B T U#EfF 5
P8 H Smad3 BERRIL, il Smad3 X} TGF-B 2k
(FE R BT, AAITADH] TGF- B yZaeE ', 74
TR A T 98 P ELUE S, 1 2 /) R
S REFTBRIG YT S BN T A CD4'CD25 Treg 41 i
) 3% 2 3E T CD4"CD25 Treg 40 M 1 Toll k£
K 4 (toll like receptor 4, TLR4 ) &k, MIMmHEss
HAp e ikl shge ", A G & B A BT I IR
Y7 2/ BUMLIIE Th17 /CDA™T 20 B 43 b S L 1L-17
1% 22 1K 35 W% Wi 2 B R B Ik, CD4°CD25"Treg/Th17
L1 A 22 g 28 B S 388 05, ORI 5 U B B
B [ RE AT LA i 194 CD4'CD25 Treg 4l Az 1L-10
Feik, a4 IFN-y FIL-4 K30 Th17 20
(K53 A K hBE, T T 98 Th17 4 i B K BRI
IL-17 193R35, KL IEHLUA CD4'CD25 Treg/Th17 (1)
B RE RIS

B Z, CD4'CD25'Treg 41 Jifd. Th17 Z0 M K
HAM KN T IL-10, 1L-17 25 7 B &K i 72,
CD4'CD25 Treg/Th17 1% H 25 2% A AT GE J2 X 7 Wi &
AL UL EE AN T . DRI —Fh faRE
PR, BT EUEE Y /N B, AT E a2 O

CD4"CD25"Treg/Th17 1 42 38 2 i DA T 140 35 122 g /)
SRR . H BRI 7E A J5 I IR TAE
Akr ELA R s v IXURS: PR 2 A L B A T )
G E T 100, T RE 2 ke 2] bk G 27 Wi 119 2 0 s s
EERGRER ) H

(& % x W]

[1] Rutkowski R, Moniuszko T, Stasiak-Barmuta A. CD80 and CD86
expression on LPS- stimulated monocytes and the effect of CD80
and CD86 blockade on 1L-4 and IFN- vy production in nonatopic
bronchial asthmalJ]. Arch Immunol Ther Exp, 2003, 51(6): 421-
428.

(2] JHBERE, TAMS ., XS k4, Bk, SRR SR . R
e EUEUFO /N B R AR A S N PR ()], R E
2011, 39(2): 121-125.

3] Sakai K, Yokoyama A, Kohno N, Hiwada K. Effect of different
sensitizing doses of antigen in a murine modle of atopic asthmalJ].
Clin Expimmune, 1999, 118(1): 9-15.

[4] Kay AB. Allergy and allergic diseases. First of two Parts[J]. N
Engl J Med, 2001, 344(1): 30-37.

[5]  ZRUERE, S . CDATCD2ST JANYE T 40 S AU I e Y
WFFE [, hAEEENE 23S | 2012, 6(4): 274-276.

(6] A, RN, SRARUE . PR . 225 MR IS0 B i s B
CD4"CD25" 8 45 1 T 40 i i 48 T (0] b B S AR LR 2R
2008, 10(4): 527-530.

7] Semik-Orzech A, Barczyk A, Pierzcha W. The role of interleukin
17A in inducing neutrophilic inflammation in the pulmonary
tract[J]. Pol Merkur Lekarski, 2007, 22(129): 163-168.

[8] Park H. Retinoic acid increases FoxP3" regulatory T cells
and inhibits development of Th17 cells by enhancing TGF- 3
driven Smad3 signaling and inhibiting [L-6 and 1L-23 receptor
expression|]J]. Nat Immunol, 2005, 6(11): 1133.

[9] Guyot-ReVol V, Innes JA, Hackforth S. Regulatory T cells are
expanded in blood alld disease sites in tuberculosis patients|J].
Am ] Respir Care Med, 2006, 173: 803-810.

[10]  Biflal , XIEM , XBEL T, RN, 20k, 4% OB Rl R
RIS S R /N U Th17 AH AN TL-17 B9S2 [1].
P ERSILRHSE | 2010, 12(8): 650-653.

(1] XUSCUE . L PAObR BT 0 52048 0 Mg )L 56 22 B3 B 119 52 1) 4 B
[J]. W E S EEZY | 2012, 7(30): 166-167.

[12]  Wahl SM, Wen J, Moutso P. TGF- B : amobile purveyor of immune
privilege[J]. Immunol Rev, 2006, 213(1): 213-217.

(13]  JEde , A, skt . Wouk . A RorT v xe e /N LA
T AL AT TLR4 123K B84m0 (1] EYARILERRR | 2011,
13(11): 917-920.

(A T )

1022 -





