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Abstract

AIM: To evaluate the function of T regulatory
(Treg) cells and determine the role of T cell
immunoglobulin and mucin domain-containing
protein 4 (TIM4) and TIM1 in modulating the
function of Treg cells in mice with food allergy.

METHODS: Thirty-two BALB/c mice fed an
ovalbumin (OVA)-free diet were randomly and
equally divided into four groups: normal saline
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(NS) group, staphylococcal enterotoxin B (SEB)
plus OVA group, anti-TIM1 antibody plus SEB
and OVA group, and anti-TIM4 antibody plus
SEB and OVA group. Mice in the four groups
were sensitized by intraperitoneal injections of
NS, SEB/OVA, anti-TIM1/SEB/OVA, and anti-
TIM4/SEB/OVA on days 0, 3 and 9, respec-
tively. All mice (except the NS group) were chal-
lenged by intraperitoneal injections of SEB/OVA
on days 7 and 14, respectively. The expression of
forkhead box P3 (FOXP3) mRNA in the jejunum
and spleen and TIM4 mRNA in the jejunum was
measured by reverse transcription-polymerase
chain reaction (RT-PCR). The levels of trans-
forming growth factor p1 (TGF-f1) and inter-
leukin-10 (IL-10) in the serum were analyzed by
enzyme-linked immunosorbent assay (ELISA).
The expression of TGF-B1 and IL-10 proteins in the
jejunum was detected by immunohistochemistry.

RESULTS: Compared with the NS group, the
expression levels of FOXP3 mRNA in the jeju-
num and spleen significantly decreased (0.401 +
0.145 vs 0.732 + 0.162 and 0.407 + 0.082 vs 0.691
+ 0.145, respectively; both P < 0.05), the expres-
sion level of TIM4 mRNA increased significantly
(P < 0.05), and the levels of TGF-B1 in the serum
and jejunum decreased significantly (7859.853
+126.704 ng/L vs 8342.814 + 488.461 ng/L and
108.834 + 9.634 ng/L vs 156.298 + 12.002 ng/L,
respectively; both P < 0.05) in the SEB/OVA
group. In contrast, the expression levels of
FOXP3 mRNA in the jejunum and spleen and
TGF-B1 in the serum and jejunum were signifi-
cantly higher in the anti-TIM1/SEB/OVA and
anti-TIM4/SEB/OVA groups than in the SEB/
OVA group (all P <0.05).

CONCLUSION: Treg cells in SEB/OVA-sensi-
tized mice are dysfunctional. Pretreatment with
anti-TIM1 or anti-TIM4 can restore the function
of Treg cells, suggesting that the TIM4-TIM1
pathway may play a key role in the develop-
ment of food allergy.
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ik, ZHTIM4A mRNAK A, ELISAZN 2
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HR: S5xgxEatat, SEB+OVAL R
F RS R B B REFoxp3 mRNA & ik 9]
2 F(0.401£0.145 vs 0.7321+0.162; 0.407
+0.082 vs 0.691+0.145, 3P<0.05), TIM4
mRNA % ik 8] %3 5(P<0.05), foikfo s 4k
JETGF-p1 & A 2 % B1%(7859.853 £ 126.704
ng/L vs 8342.814+488.461 ng/L; 108.834
+9.634 ng/L vs 156.298+12.002 ng/L, 3
P<0.05); 5SEB+OVAZLARIL, TIM1A=TIM4
FARTF IR R = A EFoxp3 mRNA
Bk A= A ETGF-BlLAA R EFHZH(H
P<0.05).
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F AT BE BRI Treg 20 M (1) Th B8 SCIRAS, BHA S i
VA, et A B L2 —. AWEUE
Pyt O Y, A I BOIRAS R Treg ) Dhfg, I
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SEB+OVAZL[FEIEHZH; 4: TIM4TTZH; 'P<0.05 vs 4

TIM4(3[E BioLegend 2> 1)), /N FRIL-10. TGF-B1
ELIS A &5 & (L vg AR A TR A
#]), BALB/c/N U -1l B 44 SE 56 s g

12 F ik

1.2.1 S #EA 25 o2l AR IFBALB/c/)
32, 6-8 wk, &, BENL/ M44l: 25 I R4l
(A). SEB+OVAZL[FfEHZ(B). TIMI T4l
(C)« TIMA4T-T4L(D), fF2H8. 4 SCHR[14] )7
PLHEAT A, B/ B SUBORE O I AR R
HYBALB/c/MR8 M, 250, 3. 9RAITHI10 pg SEB
J:20 pg OVA L AE# ER /K (NS)#50.2 mL ipidk
ITHEAEUR, 567, 14K 10 pg SEB20 pg
O VAT A= F EE /K (N S)# 0.2 mLXFBAL/
AT gk, 538/ ETIMUER R AL (B) @
= 8), AL LISAARZAEFL AR K, €. DL E4Lbifk
43 9T SEB+OVA ipMligfi30 min ip, 457157 5l
HAEEH50 pgy 50 pg 10 pg. LAIETE A3 o
bR, an RN AR I B S, IR
Wb B S 71N B 25 i 9 25, AT T IE 3 /N B &5
Jr R BRRE A, KRR SN T Bk TS 5
15 RALFE/N B, B AL AR AR

1.2.2 RT-PCR#- M Foxp3#2TIM4 mRNA & iA: JG
S o R, A= B 2R /K PPk, BATRIzoliZ:
FEMCEARNA, FX5) & U W 21T c DN A G il Al
PCRY B4, Foxp35I¥(_Liif: 5~AGGAGAAAG
CGGATACCA-3', Fiff: 5“~GAAGGACATACC
CAGAAGC-3', 55C, ¥ #/=4349 bp). TIM4
S EE: 5'-“AGGGTCCGCCTCACTAC-3', I
#: 5-TCCCGTCTTCATCATCCC-3', 55°C, 41
741404 bp). B-actin(_[-¥i7: 5-GAGACCTTCAA
CACCCCGC-3', Fif: 5-CCACAGGATTCCAT
CCCAA-3', 59°C, ¥ #4446 bp), PCR™ )
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IL-105K 3.

SRR SEI0 45 YR HISPSS13.040 ik
PEAL A Hr. 213 B b Ak FH . DR 35 5 22 40 A
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éﬁ%‘&%rﬂ il 0.6F a 0.6- BE4B4RFoxp3 mMRNAR
B RS Treg £ 1) B < a . A 73 B BRI 1
mieAF A%k, T =z 05 Z 0.5¢ el 9.
. v E c c c SEB+OV AL [ {F HI2H;
VA B o 3 2 ARk 0.4F 0.41 " 7
A, k@i S Q 2 FEH IR 30 TIMI
e X 0.3+ X 03¢ A PR )
Mg, O ) Tj‘ﬁéﬂ, 4: 28 T IR ZH
Pl it Ok AT 0.2+ 0.2+ 'P<0.05 vs SEB+OVAIL
Treg#) Zh ft, 5t A 0.1 0.1+ FEFA; P<0.05 vs §F
TIM 4= TIM4 4% 0.0 0.0 RO,

R TR, A TIM1 1 2 3 4 1 2 3 4

st Treg 4 % @ F=

FA 8 & J7 B 45

vt — IR R 1 METGF-B1. IL-108YFR3X (7 = 8, mean + SD)
pari:) TGF-B1(ng/L) IL-10(ng/L)
TENIRA 8342.814 + 488.461% 40.395 +6.319
S| 7859.853 + 126.704° 46.013 +5.661°
TIMTU)VIE) 8058.045 + 97.158° 42.663 +2.990
TIM1CRFHIE) 8356.972 + 222.288% 43.570 +5.069
TIM4(F350 ug) 8628.364 + 455.372% 43.327 +3.249

°P<0.05 vs SEY4H; ©P<0.05 vs EENIRA; °F<0.05 vs TIM1UFIE)AE.

R 2 TEFHETGF-B1. IL-1089RA (EIIRDIRNE)

4R TGF-B1(ng/L) IL-10(ng/L)
TENWIRA 156.298 + 12.002° 97.054 + 10.495
S| 108.834 +9.634° 148.204 + 10.009°
TIM1()VIE) 120.150 + 19.646° 143.911 + 13.405°
TIM1(KFIE) 142.888 + 6.343" 108.218 + 10.964°
TIM4(E 350 pg) 151.157 + 6.037°° 117.525 +9.280°

°P<0.05 vs SE4A; ©P<0.05 vs TEWIBL; °P<0.05 vs TIM1NFIE)ZAE.
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B 3 TIMIRTIMAFATRE/NEZATIMA mRNARIA. 1:
SEB+OVAZE[FVEIL; 2: TIMITHI4; 3: TIM4 T4 4:
23 IR *P<0.05 vs 23 PR IRZA.

TP AH LETGF-B TS (P = 0.001); 2% [ %) 4
IMAHEIL-107K°F440.39546.319 ng/L, SEB+OVA
SCRATL-1080 B 7F 5 (P<0.05), H4A+ 1A
IL-108& A T+, RG22 2 (K D).

2.3 EHFETGF-p1. IL-10&A SZIG 2/
TGF-B1 1A B Wydb, T4 Eou AL F 51
TZH(34P<0.05), 5 1f5E TGF-B1RIEAMLL, TIMI
TIRAT AR MPE(E4); 55234 AHEE, K/
FFETIMLT-1)5, TGF-B1HH 2T} 5 (34P<0.05),
KANFETIMIFFbE 2 RAT R A S =
(31P<0.05); 575 ORI AL LG, S50 41 K 1T
ZHIL-108] . T =1 (349P<0.05, 2).
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O BERE A MXC D4 CD25" Tregdi L (1) I AE 1
HH, IR R R 52 1) B R R L BAT I
IF AT Tre g4 M I Dy BE AN 4% B A7 72 R AUHL I,
SEB 5O VAL Il ] LME# D CITIM4 5 4%
A ARSI AR R SE TR — 4, TR IA I TIMA
A LGS TIMI, S 8(Tregdl R hfEA 4. T4l
KHISEB+O VAT B/ AR, 43 i FHTIM 1A
TIMAFURT T, AT T f5CD4'CD25" Treg4il
WIS fie, RITIMIURTIMAPUA T F)5, i
/NI Foxp3 S TGE-BIIAHH R &, RIS FATTH
ANFEFIETIMIPUAT I, KIFoxp3 5TGF-B1
P 5 TIMIBUR TR AT FIEAK M E, $2R
EFAT, TIMI PGS T LL S 3 Tre g4 f U e
B, 10 IA (I TIMA S TIM 1R H] 33 Tre g 41 i
hfie PR RS SEFAM EE RNz —.
ZWHE S WIFAR 1 A 8038, FA RS T
BB/ B o A A7 AR K S (R ML i R T v
20 W 55 9 E A0 W (B R ), AR T /s B
JEREAN AL IH kA, FIE 5 AL/ R,
PR T T A 200, AR TIMA-TIM i %

K I A E 8 B2 7 B0 gl R g 2
IR 0 R AR, BATTHT TR LS EBAE
FA S R 5 FEAE YT, SEBREMS I it it ik
DCHITIM4RKIA S &, HEA &MY, 1
TLR2. NODIZ5{ERDC TIMAKIES &, &
FISTIMAID CHg % e E Th2 41 i 43 4% J K ¥
B, THTIMI-TIMA/E F I g v B 12 1 A
Yang et a/’x i, SEB 5O VAL B A g i 2
EHEDCIMTIMAZR L, 1 Hfg W L EMHCIT
Iy FIRIE, T H A SEBRIOVA L [\ 45 I it ik
FARI A, AATT [ s A 000 JFG At J7y 168 40 w7 7 40 an

HIE W IKZHEATE HiZ R W EE R DC TIM4
kM VAT R W, B 6L & (cholera toxin,
CT)W AL HEDC TIMARK IS, (646 i ks g
th, A CT SR A 3L [ /E I nT {2 2 FA )
RAEPT IR e gt WP RIR NI AE Y S R AT
PRI FE O O R A BG4
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UL 18 Ja 2 R GEA 20 s R iz 6 [
AN R A I N, A IR 2R 2, IR
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DCHIHEEAER . CD4'CD25" Treg i i 44
S5 IR 2R DA SN 7 JENE B AP B IR 7 1
BN, T 3 se 3k 52 B AR, DC5 K s &
WIHT RN B0 T A R S AR, DCIEIE TLR
2R NODBZAR K A Wi/ FH AL #4111 7=, (i
HETIMA I3 2Rk 2[RI A s
ER B P, AL REH S5k E
TIM431k KD CHIRCGA G, %DC5CD4" T
N M B TIMA S TIM A BAE AR, — 710
PEIL i Th2 i i 734k, 55— 51, $0iiI Treg Foxp3
FIE K AN TR, e AT B D R A2, %
ST h240 i 1) v FE AR AL, BEIBCR SIL-4. IL-5.
IL-10 A IL-13%5 5 1, {25 M4 it R 18 14 Far 4
JL 3 22 FEAL, BEIBON R 2ORE R -, 3 B4 i K
Jih K HE 0, 7 AR T BORER. BAT T D C
T BT R S S BUF A B ol S (1 IR 22, B0 ik
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