B R R AW F RS 0342 HI18 B 2

o 174 - Journal of Pathogen Biology Feb. 2023, Vol.18.No. 2
N —
DOI:10. 13350/j. cjpb. 230210 - WwE -

R R HEM > W PTIE TPx & 3 W i 5k |
T 20 Rl U A 2 Pt S HAZ R K

{q)ﬁ’—?ﬁﬁ4%yi’l‘%%,§/ﬁiy}a%§%y *
G U B2 2 2B 24 RT3 BEMH 38 3L 563000)

Bey  7Ex) 55 R M HHE T 23 WA B IR Cexcretory secretory antigen, ESA) JE#5 i & (label-free quantification,
LFQ) & B 21 2% 43 A 1 3k ik - 0 6 F 36 UF L DR 45 T 20 i S % 100 28 ) B 19 A 460 34 28 11 3 4016 9 % (thioredoxin
peromdage,TPx)EH T TPx 4 F 1 36 K M Al Tﬂﬂﬂ’@h)ﬁﬁéﬁﬁl_ﬁﬁ&ﬁi& FiE XY ESA 2R
H#E 1T % AR R 38 (gene ontology, GO) & & Al L ¥ 2 P B FE Be, T i TPx & A . 2 HF A7 & W W I 3 AR (parallel
reaction monitoring, PRM)¥iF TPx i H . iz H Kyte & Doolittle 3 Hiill TPx & 1 By 3% /K ¥, 32 | Propred K 4 151 il
TPx EH T A Pr)R F A7, FKAHIELT PCR #iH G M (PCR-based accurate synthesis, PAS) 77 % . &£ N4 Wl TPx Bt 7 4
T L IE TU ke 2 peDNAS. 4 84, M B T 20 ikl pcDNAS. 4-TPx, B4t & HEK293 40 i, ik fzlifk TPx HEH., SR
WY GO B AER LY A IIREER . it h 2 5 Rk m ki TPx ., TPx HH% PRM Wik, LFQ A 4= 5
M EBAHEXN TPx HARBEESE —8, BZEANRKEER. B&F 20 g8 0L % T ik &40 M be e &£
i, HJFRL pcDNAS. 4-TPx ¥ 3 IE A , £ SDS-PAGE HLUk 5 #T fl Western blot % %F , 7€ 40 Mg 85 5% L 7% K45 AH X & F
BiR 2909 26 X10° 9 TPx B, HAaifbJ5H#74 His f%0 TPx H 4 H A et His BT H IR ., it s
BT KB RE R ) ESA B TPx 8 R % (B0 0E LT 40 M5 I 2% 46 B0 R A% 2636, ARk W TPx 8 FE A RN R M,
I AP — 2B e TR
B0 R 5 HE M DL 61 5 9 46 2B 1 e A 5 DB o T 5 S B0k
[CIEEPEID] R383.34 [CE VIO A 1673-5234(2023)02-0174-06

[Jowrnal of Pathogen Biology. 2023 Feb;18(2):174-179,184. ]
Screening, validation, T-cell antigenic epitopes prediction and eukaryotic expression of Cysticercus
cellulosae excretory-secretory antigen thioredoxin peroxidase protein

HE Wei, LI Li-zhu,SUN Xiao-qing, LUO Bo,ZHOU Bi-ying (Department of Parasitology s Zunyi Medical
University » Zunyi 563000,China) ™"

Objective Based on the label-free quantification (LFQ) proteomics analysis of Cysticercus cellulosae and
its excretory-secretory antigen (ESA), thioredoxin peroxidase ( TPx) protein with the function of regulating T cell
immune response was screened and verified. The hydrophilicity and T-cell antigenic epitopes of TPx protein were
predicted and expressed in eukaryotic cells.  Methods The gene ontology (GO) enrichment and biological function
annotation of Cysticercus cellulosae ESA differential proteins to screen the TPx protein. The TPx protein was verified by
parallel reaction monitoring (PRM). The hydrophilicity of TPx protein was predicted by the Kyte & Doolittle method,
and the T-cell antigenic epitopes of TPx protein was predicted by Propred software. The TPx antigen-encoding gene was
synthesized by PCR-based accurate synthesis (PAS),cloned into the pcDNA3. 4 vector to construct recombinant plasmid
pcDNAS3. 4-TPx, which was transfected into HEK293 cells to express and purify TPx protein.  Results According to
GO enrichment and biological function annotation, the highest differentially expressed TPx protein was screened. TPx
protein was validated by PRM, and the trend of TPx protein expression was consistent between LFQ proteomics and
targeted proteomics. The protein was predicted to be a hydrophilic protein and contained multiple possible predominant T
lymphocyte antigenic epitopes. The TPx protein with relative molecular weight of 26 X 10° was obtained in cell culture
supernatant by SDS-PAGE and Western blot identification,and the purified TPx recombinant protein with His tag could

be recognized by anti-His monoclonal antibody. Conclusion  The screening, verification, T-cell antigenic epitope
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prediction and eukaryotic expression of the TPx protein in Cysticercus cellulosae ESA have been successfully achieved,and

the expressed TPx protein had reactivity,laying a foundation for further study of the protein.

QGG Y Cysticercus cellulosae s excretory-secretory antigen; thioredoxin peroxidase; epitope prediction; eukaryotic

expression
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FIHCUCVE A 1+ 50 Wil (B L - 35 1 m/m) AR
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NCBI % 45 % 7 4 . TPx 4 A ¥ 7] (GenBank:
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FIA EcoRLI(GAATTC) Fl Bam HICGGATCC) il ]
AL s AR P B L SR JH 2 T PCR HE# & i (PCR-
based accurate synthesis, PAS) 1y 97 1, & 3 W &
% TPx.

2.5 pcDNA3. 4-TPx TA v s %2 ¥
TPx HE KL EcoR1 Ml Bam HI W EEY] J5 % # =
H A% K H AR pecDNAS. 4 v, Fy # & 4] Ok
pcDNA3. 4-TPx, i J5 #% b 2 KM 84 1 Topl0 32
AN, PRIBCPR P B R L b R BORE L AT D AN
YTE .

2.6 CHIL Y m I BE A R A kX HEK293 46
T XK, A K E (1. 8~2.2) X10° cells/ml,
G ST KT 95 % B 44 Bk DNA K 3R &0 W i e e
FUIM A G % vh i, 151,37 CHEE 15 min, Fifi )5 FF
W B BRI A HEK293 4 g, 37 ‘CRIRRE %, 7
Bege 24 h A FEAE KA T AR 5 6 d 2T AL
WL MRS TH B SE T, BB 5 000 r/min #§
L 15 min, 23 R AN 3G 57 BvE Al . JH PBS #
AN LT VE B 75 PSS S T MR b AN TTIE i it
SDS-PAGE 1l Western blot 4347 H (2 1 Rk L .
2.7 TPxE@Zaeysit i Ni HHBENLRMN
MBS LIS R E A 4 CEE 3~4 h 518
n A gtk =5 #£ /, H§ Washing Buffer (20 mmol/L Bf
M, 50 mmol/L Tris,300 mmol/L NaCl,pH 8. 0) Ll 1
mL/min JHE e 2R Age B Bk BRL W gk
FEJZ BT it 1 W R0 2% 2 VR W . ] Elution Buffer
(200 mmol/L Bk M, 50 mmol/L Tris, 300 mmol/L
NaCl,pH 8. 0) LA 1 ml/min N H W&, &
JG 17 SDS-PAGE, 4 Hr 34l (b AR

2.8 &Gy Western Blot 582 BB ELXEH
SDS-PAGE HLVK & (Y BE B LAfE JE 100 V #5271, 5
h, PBS ¥E#% 4 W, &K 5 min, & F 5% B Uk b
37 CHM 1 h; A 1+ 1000 FBE M His bR& P,

4 °Ci3# .37 °C PBST Bk 4 K, EK 5 min; IMA 1 ¢
5000 Fi B M £ 41 B HRP-1gG, 37 ‘CH% & 1 h,37 °C
PBST % 4 ¥R .4 5 min, ECL 2 5% REE L.

& R

1 TPx EATHIE
XSGR M) ESA 22 5 8 HEAT AR R T RE T RS
o & % & R 25 1 W R I 45 19 25 [ (tyrosine-protein
phosphatase domain-containing protein) . 2 9 i} 44 V.
#: B (proteasome subunit beta) . [ % IR ¥4 B % &
(receptor protein-tyrosine kinase) ., t-SNARE #& Hi 1
Jig [7) 95 25 #4 38k E H (t-SNARE coiled-coil homology
domain-containing protein) #1 TPx 3t 5 /M85 H HAG
T 0 M S0 5 0 225 D RE e 4% 22 S RIA K TPx 48
FICAOAORSWTL6) /N s A5 3 G2 (3% 1 M 1),
2.0

1.5

f?aﬂn n

Relative Abundance

=3 Cysticercus E3 ESA

ca AR B, P<<0. 05
1 BEAERREE

Note:a Comparison between groups, P<C0. 05
Fig. 1 Differential expression of proteins

1 REAEARETHARRENENENER

Table 1 Proteins with the function of regulating T cell immune response
Protein accession Protein description A A, A, B, B, B, FCy/p P value
AOAOR3WDBg L Yrosineprotein - phosphatase - domain o ;05,7909 (8065 1.3211 1.1908 1.2463 0.5965  0.00049870
conlalnlng proleln
AOAOR3VT49  Proteasome subunit beta 0.6016 .5615  0.5614  1.1370 1.1783 1.1601 0.4962 0.00001026
AOA158R9E3  Receptor protein-tyrosine kinase 0.5956 L8783  0.4806 1.4320 1.2638 1.3498 0.4831 0.01361241
A0AISSR8GE U ONVARE coiled-coil thomology domain= oo 7155 07038 1.4868 1.4914 15154  0.4687  0.00000027
Conlalnlng proleln
AOAOR3W7L6  Thioredoxin peroxidase 0.6023 .5306  0.5999 1.5996 1.5259 1.4416 0.3794 0.00004629

TEABERYBIERREY ESAFC,, 7 AMX T B & FRIE A LG, L EMATUEIE ESA Rk i Bim .

Notes: A Cysticercus cellulosae ;B Cysticercus cellulosae ESA;FC, 5 The ratio of change in A relative to B protein expression. The lower the

ratio, the higher the expression in ESA.
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2 TPx EHHWIE 4 EARHKL pcDNA3. 4-TPx HEEHIFNF £ &
R 2k 1) TPx & H R M A7 0 9 4 R A T B, pcDNA3. 4-TPx £ EcoRI Ml Bam HI

(parallel reaction monitoring, PRM) 3 47 % iiF , 45 3% XU U) I #EAT 1 90 Bht R W e e FL Uk L 345 6 011 bp (1)
mE 2, TPx EHMZERRB R LFQERARAYYS  pcDNA3. 4 & AK )5 Bt Fl 678 bp #Y TPx H#Y L A

#1242 (PRMD (28 Tk 3 — 2, Br SHUAARST . T 45 A WO ) TPx 5 Ky 5 i
AOAOR3W7L6 A7 He X}, DCE B 4 100 %, 3 41 i ki pcDNA3. 4-TPx
2.0 F e L) (# 5)
g 20 5 TPxEAZANRE AUMERE
= 1.54 , Ly
= 13 B 52 JTORL pcDNAS3. 4- TPx # ¢ %& HEK293 4i
=
2., Jil, 3R 255 6 d, 4 SDS-PAGE il Western blot 224t
< 1.07 N = >
) FIRE AN F R 2 26 X 10°, H R A7 T H
£ s LR Y N B T 15 I 6.8 7). AR
A JE T 44k )5 34T SDS-PAGE, & 75 Ml % 85— 119 26
0.0 ku ZFEH &M (K 8), 4 Western blot 43047, B /R % E
Al A2 A3 BL B2 B3 AT Anti-His 85 % 3063050, B4 B A 5 R 5 1
B PRM mmE LFQ (E 9)
M 1 2
EA MREYW B EEREY ESA bp bp
2 TPx EEAMRIE
Note: A Cysticercus cellulosae B Cysticercus cellulosae ESA lzggg
Fig. 2 Validation of TPx protein
6000 6011
. . 5000
3 TPx&E E ?i%ﬂ('l‘iﬂl T 25%?&@%&@53)”"] 4000
i3t Kyte & Doolittle 3% Chttp://organelledb. 3000
lsi. umich. edu) B TPx & F1 % 3k 1 28 F1 (1 3) s 2000
i@ 13 Propred # /4" Rothbard -Taylor Jy & i 43 1500
TPx % H H) 16-21.81-85.,120-125,134-137.152-162 1000
1 178-183 2 HER X B A LAY T ik T4l i be Ji 2= o7 750 678
(K 4, 500
ProtScale output for user-sequence 250
2.5
2.0
15 M DNAFREY 1 pcDNA3S. 4-TPx MY 2 pcDNAS. 4-TPx
’ 5 EARHK pcDNA3, 4-TPx B &
1.0 | ! M  DNA marker 1 pcDNAS3. 4-TPx double enzyme digestion
0.5 kA Yo 2 pcDNA3. 4-TPx
g o L. Fig. 5 Identification of recombinant plasmid pcDNA3. 4-TPx
R by enzyme digestion
-0.5
-1.0 1
-1.5 N
20 RS —F 22k m M AL T E
L A A L I i 8 B 5 2 P R R ) ESA
W 40 60 B0 100 120 140 160 180 SR TG AN A R B R 2 —, H Ok B
Positon FR# ESA T 5 5 E T 4G . itk 25
PR HREAE R ESA 5 SR T 4000 405 1 25 1 B
Fig. 3 Hydrophobicity prediction of TPx protein T ,z[_(;g/ﬁji%%%%&/ﬁ; ESA 19 LFQ & 5 4
—— SO HTAER L3RR B ESA 2% RE (AT GO i
e e e e SRRIEE IR RE, R BT 5 AR 1 ELA R
T T 200 0 e 2 107 24 1) D) e L O 0 3 ) 22 S 3R GA i iR ORI
4 X 4 L IR 3% A 100 .
Fig. 4 T-cell antigenic epitopes prediction of TPx protein TPx % E . TPx % E E :Fjj_ éﬁ ’ﬂﬁ % /iﬁ JZ_: ﬁ E] ﬁ %ﬁ%

A 2 A T AR A A KR R H BB L ESA
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st g A SOk B L AR TPx T B 5 A
15 EARPERNI S0 1 CDAT T 40 M BE 1k, 7 A=
ThiRAHBER N, W TPx 2 A 0T e MG %2
Wh ESA PR T 40 G R2E N A I BB R A 2 —,
PEHOZE AVE N S5 £

ku M 1 2 3 4 5 6

ku

116.0
66.2

45.0
350

25.0

18.4

14.4

M EABSTRERE 1 FORL A e o 1 2 &
FORLEE Je AN g 10 3 ﬁ*\l%%éﬂﬂﬂﬁ"ﬁ@?ﬁﬁ 4 FEYLFURL
PGS B 5 EADURFUAMMRA LI 6 BTk
Y 40 Jf0 2 A 0 VE
B 6 TPx EHEBRRIEMN SDS-PAGE 4 iff
M Protein marker 1 Culture supernatant of empty plasmid-
transformed cells 2 Lysate supernatant of empty plasmid-
transformed cells 3 Lysate precipitation of empty plasmid-
transformed cells 4  Culture supernatant of recombinant plasmid-
transformed cells 5  Lysate supernatant of recombinant plasmid-
transformed cells 6  Lysate precipitation of recombinant plasmid-
transformed cells

Fig. 6 SDS-PAGE analysis of TPx recombinant protein expression

ku M 1 2 3 4 5 6 ku

15

M EAEGFRERE 1 TR RMRESE LS 2
TR Qe AR R 1 3 SR AN AR I 4 E4 KL
MRS B 5 EANURF AR LW 6 BRI
Y 20 ity 2 i VT T

B 7 TPx EHE HRILH Western blot ¥ E

M  Protein marker 1 Culture supernatant of empty plasmid-

%3

transformed cells 2 Lysate supernatant of empty plasmid-

transformed cells 3 Lysate precipitation of empty plasmid-
transformed cells 4  Culture supernatant of recombinant plasmid-
transformed cells 5  Lysate supernatant of recombinant plasmid-
transformed cells 6  Lysate precipitation of recombinant plasmid-
transformed cells

Fig.7 Western blot identification of TPx recombinant protein expression

M 1 2 3 4

ku
116

66.2

ku

45

35

26
25

18.4

14.4

M EABFREARE 1 WK MM L 2
HEMR MW 3 HEAERKK 4 THREAERKK
B8 TPxEHZAMHAN
M  Protein marker 1  Culture supernatant of recombinant
plasmid-transformed cells 2 Column chromatography effluent 3
Heteroprotein eluate 4 Recombinant protein eluate

Fig. 8 Purification of TPx recombinant protein
M 1
ku

130
95
72

55
43

ku

34

26 26

17

M EAFREY 1 4ifbm TPx &A
B 9 &t TPx & A A Western blot £ E
M  Protein marker 1 Purified TPx protein
Fig. 9 Western blot identification of purified TPx protein

B T 2 R AR 2 HUAT B A B2 AR AT R

N7 FH o 8 ) 2 1 O 4 2 Rk — Rl R R Y B O i
TP PRMJE # 1) 28 (I 40 27 R0 R 4 1 B0
T3 T PR R A A BT S S I 0
3 6T H bR AR R R R R BCE AT B A DL AT
SCEL T B R B H bR K B YL L T
PRM HLA7 e i 1 e 52 78 52 2% 1) A ) R o v e 2 it
B PR A SO BAR K B T RS S
FEPR TP DX 43 T 5K DT $5 78 B30 o A A A
Y FRERE R M) I ESA i B 4% ALK iz Fl PRM
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AR TPx EAMATRIE., 45 R FMW.LFQ HE AR
42 S E B4l TPx B R ik 2 iy #—
. R TPx & I TE M % B W) K& ESA h ¥4 %
k.HMEREY ESAh TPx EAMN R LB R E ST
iE YR

% Kyte & Doolittle ¥ #iill TPx & b 3 K M
M, %4 5 ExPASy-PortPara ¥ T il 45 % —
F AR SR R A R S AR AE T A 5
b, ETFEAA S, TPx A B A W T
2 M G0 5 N S Y e L HL T 40 M IR 2 67 BB L
RTEIE T A e . Nt — 4 T TPx &
12 A5 % T 20 i LA G g2 38 19 09 T g L % L i 1 £
BT 41 Bt S 2% A HE AT U L 58 i Propred K4 1Y
Rothbard-Taylor 77 i1l TPx & A 6 AT HER
(o A N U g AR 31 = R S R T O NV
it 4 8 o 25 Y BE T

KM PCR Jr k25 W& il TPx $it 5t g i1 & B
T ZE peDNAS. 4 Z{K, #3# pcDNAS. 4-TPx 415
K7 I AN ) 8 RE 2% I HE 40 TR pcDNAS, 4-TPx 4
HIEH ., TPx HE AT Z 178 T S A E IR, 78
W L 20 W 4 R BOA% R GR R R AT R B B BB .
PRAF LA Y5 AR S A 2 1) peDNA3. 4-TPx H
W h e ge 2 5 T 35 5 7% QL K 5 9 HEK293 24
Ji . 2 SDS-PAGE 4 Hi & 8. TPx E41 B 1 £ %
FIE TR YL A5 35 5% 13 . B SDS-PAGE 43 #1 7
FEAR R SR 3R, N G E — 20 R R M ) Western
blot PA#f 2 AR T AR 5% LS wh . T3
ML S B Y TPx-His 2 & TC 15 5 Bk 10 i 2
R HA RROIT & 450 B nin RAREAD
AR RS DR I i AN M R 3R s o — A a4k
TPx HAHE M, 24 SDS-PAGE 437 fll Western blot %
FE LSRR G A M X TR AR 26 X10°, 5
S AT B b His AR %850 F 1 i 1 KN AT B
aifb iy TPx 8 A Al #% Anti-His #5 2 HU A2 510, B
T LA O JRE

AL WIS T R R R M) ESA H TPx HEH
PR B3 98 B E L 2% K 1k K G T 40 B it 3 Ao T8 00 R 3 A%
Fik CONIZE A IE— 5T 2 T Ak

(5% k]

[1]

Prodjinotho UF, Lema J, Lacorcia M, et al. Host immune

responses during Taenia solium neurocysticercosis infection and
treatment[ J]. PLoS Neg Trop Dis,2020,14(4) ;:e0008005.
[2] Dinh NN,John N,Kathleen B,et al. The epidemiology of porcine
cysticercosis in communities of the central
highlands in Vietnam[]]. Parasit Vectors,2018,11(1) :360.
(3] XUVLAK, SROREE B0, 55, MERYM —MEIRMSHS
AWV AEZAEL]] RSB, 2009,30(21) :170-173.

Taenia solium

[4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Zhang Y, Luo B, Liu MC,et al. Analysis of immune response in
BALB/c mice immunized with recombinant plasmids pMZ-X3-
Ts14-3-3. 3 and pMZ-X3-sp-Ts14-3-3. 3 of Taenia solium[]].
Acta Trop,2022(232):106517.

Zhou BY, Sun JC, Li X, et al. Analysis of immune responses in
mice orally immunized with recombinant pMG36e-SP-TSOL18/
Lactococcus lactis and pMG36e-TSOL18/ Lactococcus lactis
Vaccines of Taenia solium|[]J]. ] Immunol Res.2018(2018):
9262631.

Della BC, Benagiano M, De GM, et al. T-cell clones in human
trichinellosis: Evidence for a mixed Thl/Th2 response[]].
Parasit Immunol,2017,39(3) :el12412.

Junginger J,Raue K, Wolf K,et al. Zoonotic intestinal helminths
interact with the canine immune system by modulating T cell
responses and preventing dendritic cell maturation[]J]. Sci Rep,
2017,7(1) :10310.

Fan X,Zhang Y,Ouyang R,et al. Cysticercus cellulosae regulates
T-cell responses and interacts with the host immune system by

antigens [ J J. Front Cell Infect
Microbiol,2021(11) :728222.

AT, TR 5 A A I 50 A R ) A it S5 W BT )R LRRC15
AR T 400 e B A B2 (D], 38 3 38 LR R,
2022.

Xiong AS. Yao QH, Peng RH, et al.
synthesis of long DNA sequences[ J]. Nat Protoc,2006,1(2)
791-797.

excreting and secreting

PCR-based accurate

Wang H, Li J,Zhang C, et al. Echinococcus granulosus sensu

stricto: silencing of thioredoxin peroxidase impairs the

differentiation of protoscoleces into metacestodes[ J]. Parasite,

2018(25):57.

Dorey A, Cwiklinski K, Rooney J, et al. Autonomous non

antioxidant roles for Fasciola hepatica secreted thioredoxin-1

and peroxiredoxin-1 [ J]. Front Cell Infect Microbiol, 2021

(11):667272.

Sangpairoj K, Changklungmoa N, Vanichviriyakit R, et al.

Analysis of the expression and antioxidant activity of 2-Cys

peroxiredoxin protein in Fasciola gigantica[J]. Exp Parasitol,

2014(140) :24-32.

Asahi H, Stadecker MJ. Analysis of egg antigens inducing
hepatic lesions in schistosome infection[ J]. Parasitol Int,2003,
52(4):361-367.

Tian AL, Tian X,Chen D,et al. Modulation of the functions of
goat peripheral blood mononuclear cells by Fasciola gigantica
thioredoxin peroxidase in vitro[ J]. Pathogens, 2020, 9 (9):
758.

Anand SB, Rajagopal V,Kaliraj P. Brugia malayi thioredoxin
peroxidase as a potential vaccine candidate antigen for
lymphatic filariasis[ J]. Appl Biochem Biotechnol. 2012, 167
(5):1351-1364.

Williams DL, Asahi H, Botkin DJ, et al. Schistosome infection
stimulates host CD4 (+) T helper cell and B-cell responses
against a novel egg antigen, thioredoxin peroxidase[J]. Infect

Immun,2001,69(2) :1134-1141.

(T4 184 7))



. 184 -

PE R OR AW F R &
Journal of Pathogen Biology

202342 H 518 BE 2 )
Feb. 2023, Vol. 18.No. 2

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

epithelial cell alarmins in asthma [J]. Cells,2022,11(7) ;2-26.

Kool M, Willart MM, Van NM, et al. An unexpected role for
uric acid as an inducer of T helper 2 cell immunity to inhaled
antigens and inflammatory mediator of allergic asthma [ ]].
Immunity.2011,34(4) :527-40.

Hammad H, Chieppa M, Perros F, et al. House dust mite
allergen induces asthma via Toll-like receptor 4 triggering of
airway structural cells [J]. Nat Med,2009,15(4) :410-6.

Kim G, Hong M, Kashif A,et al. Der { 38 is a novel TLR4-
binding allergen related to allergy pathogenesis from
Dermatophagoides farinae [J]. Int ] Mol ,2021,22(16) :110507
Janulaityte I, Januskevicius A, Kalinauskaite-Zukauske V,et al.
Asthmatic eosinophils promote contractility and migration of
airway smooth muscle cells and pulmonary fibroblasts in wvitro
[JJ. Cells,2021,10(6):1389.

Zhu X,Wang X,Wang Y.et al. Exosomal long non-coding RNA
GAS5 suppresses Thl differentiation and promotes Th2
differentiation via downregulating EZH2 and T-bet in allergic
rhinitis - ScienceDirect [ J]. Mol Immunol,2020,118(12) :30-39.

Cho KA, Park M,Kim YH,et al. Thl7 cell-mediated immune
responses promote mast cell proliferation by triggering stem cell
factor in keratinocytes [ J]. Biochem Bioph Res Co, 2017, 487
(4):856-61.

Levings MK, Sangregorio R, Galbiati F,et al. TFN-o and 11.-10
induce the differentiation of human type 1 T regulatory cells
(1. J Immunol,2001,166(9) :5530-39.

Rezende RM. Cellular components and mechanisms of oral
tolerance induction [J7]. Crit Rev Immunol,2018,38(3) :207-31.
Sol P,Santamaria P. Re-programming autoreactive T cells into
T-regulatory type 1 cells for the treatment of autoimmunity [J].

Front Immunol,2021,12(4) :e684240.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Giovannini CL, Marcet B, Moreilhon C, et al. Distinct epithelial
gene expression phenotypes in childhood respiratory allergy [J].
Eur Respir,2012,39(5) :1197-205

Legaki E, Arsenis C, Taka S,et al. DNA methylation biomarkers
in asthma and rhinitis;: Are we there yet? [J]. Clin Transl
Allergy,2022,12(3) :el2131.

Kirstin J, Wirz OF, Willem V,et al. Loss of regulatory capacity
in Treg cells following rhinovirus infection [J]. J Allergy Clin
Immun,2021,148(4) :1016-29.

Tanwar S, Oguz C, Metidji A,et al. Type I IFN signaling in T
regulatory cells modulates chemokine production and myeloid
derived suppressor trafficking during EAE [J]. ]
Autoimmun,2020,115:e102525.

Yoon, Seok, Roh, et al. Toll-like receptor-7 ( TLR7) signaling

cells

promotes non-alcoholic steatohepatitis by inhibiting regulatory T
cells in mice [J]. AM J Pathol,2018,188(11) :2574-88.

Fk. DDX fif BERE 5 F D s i WF ok e (). o B o 2k
IR YT 2455 2020,27(10) :1162-69.

Xu XX, Wan H, Nie L,et al. RIG-I:a multifunctional protein
beyond a pattern recognition receptor [ J]. Protein Cell,2017,9
(2):8.

Li Y. Begovich AB. Unraveling the genetics of complex
diseases: susceptibility genes for rheumatoid arthritis and
psoriasis [ J]. Semin Immunol,2009,21(6) :318-27.
WL A NPE SR OGBS R i AR B [J].
Ao H B I Sk AP RL R R 2020, 55(5) 1 7.

Nejentsev S, Walker N, Riches D,et al. Rare variants of IFIHI1,
a gene implicated in antiviral responses, protect against type 1
diabetes [J]. Science,2009,324(5925) :387-89.

(R EHY 2022-09-08 [fEEABHY 2022-11-26

B N S e e Y N e e e e N e Y e N N Y Y Y N e e N N N N Y N N N N N N N L N N N N N N N N NN )

(k3179 70

(18]

[19]

L20]

[21]

[22]

Donnelly S, Stack CM, O'Neill SM, et al.
Th2

Helminth 2-Cys
peroxiredoxin drives responses through a mechanism
involving alternatively activated macrophages[]J]. FASEB J.
2008,22(11):4022-4032.

Jin QW, Zhang NZ. Li WH., et al.

Trichinella spiralis

thioredoxin peroxidase 2 regulates protective Th2 immune
response in mice by directly inducing alternatively activated
macrophages[ J]. Front Immunol,2020(11):2015.

ZEWAT, B P s, WG R A RAEM L] e
Hb 7 2% 2, 2021,40(8) 1 684-688.

Shi T, Song E,Nie S,et al. Advances in targeted proteomics and
applications to biomedical research[]]. Proteomics, 2016, 16
(15-16) :2160-2182.

Peterson AC, Russell JD, Bailey DJ, et al.

high

Parallel reaction

monitoring for resolution and high mass accuracy

quantitative, targeted proteomics [ J]. Mol Cell Proteomics.,

[23]

[24]

[25]

[26]

[27]

2012,11(11) :1475-1488.
Sobsey CA, Ibrahim S, Richard VR, et al. Targeted and
untargeted proteomics approaches in biomarker development
[J]. Proteomics,2020,20(9) :e1900029.
THA . AT G BB S8 TR 1 A A W Tl R DR A R R B LR

etk 2 A0, 2290 Hol el K2, 2014,

AR, m R T A TR R AT 7 ik s (D], &
B AR RHE R L 2012,
Thomas P, Smart TG. HEK293 cell line: a vehicle for the
expression of recombinant proteins [ J]. J Pharmacol Toxicol
Methods,2005,51(3) :187-200.
AR AT R, R MR S P IR LRRC1S R 1 H A R A

B eI LTI [T ], v [l W O Bl 3R 44 2022, 34(3) 1 286-
291,

[f&E HHIY 2022-12-26

[igF= B Y 2022-10-11



	2023-02

