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Effect of Trichinella spiralis calreticulin on immune function
of mouse macrophages and rat PBMC

ZHANG Zhaoying, WEN Zhaohai,ZHANG Yue, LI Yuan,XU Lixin,
LU Mingmin,SONG Xiaokai, LI Xiangrui, YAN Ruofeng "

(College of Veterinary Medicine ,Nanjing Agricultural University, Nanjing 210095, China)

Abstract : [ Objectives ] This paper was to study the effect of Trichinella spiralis calreticulin ( TsCRT) on host immune system.
[ Methods ] The recombinant calreticulin of 7. spiralis (fTsCRT) was expressed by prokaryotic expression and purified, which was
analysed by Western blot. Cells proliferation, apoptosis and NO releasing were detected after rTsCRT co-incubating with mouse
macrophage. The transcription factors and cytokines were detected after rTsCRT co-incubating with rat peripheral blood mononuclear
cells(PBMC). [ Results ] Western blot showed that rTsCRT could be recognized by the sera of rat infected with T. spiralis. Cell
proliferation and NO secretion of mouse macrophage were promoted. Mouse macrophage apoptosis was inhibited by rTsCRT. The
mRNA levels of T-bet, Gata-3 and PU. 1 were down-regulated in rat PBMC. Foxp3, Ahr, RORyt and Bcl-6 mRNA levels were
up-regulated. The mRNA levels of IFN-y,IL-17,1L-10,TGF-B,1L-9 and IL-22 mRNA levels were up-regulated in rat PBMC. IL-4
and IL-21 were down-regulated. [ Conclusions ] Th1,Th17,Treg, Th9 and Th22 immune responses of host were produced. Th2 and
Tth immunity were inhibited by 7. spiralis calreticulin. rTsCRT had a complex effect on host immune regulation.
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1 MRI5AZ®

1.1 iRIEwrat

1.1.1 R S HRE GEE RN R R T B AR, PR g 1958534, Ao A ML ROF O/ A7, 1t
JH 6 JEIE SPF ZifEtE SD KL (24 200 g) I H b s 4kl F A Se 56 s 48 )

1.1.2 FERAFEME KB E DH5a BL21 WA, pET-28a(+) ik, /N BUE WE 41 M R (RAW264.7) 1
P AR S0 28 (AT 5 R BRI EXL 40 43 B Y L R B 25 SR LA A R T 28 1 77 s DNA [BIGR T £ Omega
N H) P2 PrimeSTAR Max DNA Polymerase | SRl ¥ I VI ( EcoR 1 Xho 1) | Ligation mix A TaKaRa 23 ]
77 i s ToxinEraser™ N5 28 25 BRI & 0 & 15623 77 0 s RPMI- 1640 5537 3% N7 LA HHER E M
Pt HRP FRicHi KR [gG B4 1% (FBS) (RIPA 24# WA Thermo Fisher 23 ] 77 i ; & NO A5 U7 £
CCK-8 Hil izt 57) &0 A0 20 A T A 30 85 R 38 25 KN W) 7= i s RNA isolater  HiSeript TR 5% 585 . qPCR
& Bt MERE A W72 s DAB B B AR A 28 w17 s 5 19 v i A 08 WA

1.2 TsCRT EEMRESRE

1.2.1 SI¥gt5&K  MRHE NCBI H TsCRT 1Y CDS JF31 ( XM_003379455.1) #5149y, 5 % Y1) 157 5
EcoR 1 Fll Xho 1,510 N B, T RIZER 53 107 5 KRB VI7 £, CRT F/R:5'-CGGAATTCGAGGTTTA-
TTTGAAAGAAACGTTC-3'/5'-CCCTCGAGTTAAAGTTCGTCGTCAGCATG-3'

1.2.2 BMERMT EEREZRIERMMOEE MY TRzl 357 Ul B 4542 BUiE £ 2L &) 24 8
RNA B H 5% ¢DNA , B PCR &34 H A 42 BREBE A [RTGR5R) £ (OMEGA ) BBl 45 [l PCR
720, EcoR 1 Fl Xho 1 ¥4 P11 5 pET-28a( +) B 43 A AT UG, IFAE 25 °C KM S5 &4 )
FEY) IR R 30 min, BRI REEHIEE AL 2 K IBATE DHSa P, BT 37 CHEEIRFPRIFR 12~ 16 h JrEEH
B, TN 500 e, BRI R 44 A pET-28a-TsCRT

1.23 EAREDRFBMEBS(rTsCRT) BRIER WL ¥ pET-28a-TsCRT 554k = K F# BL21, Bk
7% 37 °C 180 r-min 'PRIHHEFRL 3 h, A IPTG & HZLWE N 1 mmol - L', ZkLL4R % 5595 5 h, 1 120
g L7 T SR R B N s TR G BRI L UK ( SDS-PAGE ) 43 BT 2R 1140 A 5 00 . TR AT 4l Ak T 4 2R 1, )
PEG20000 ¥ 4i 85 1, I A & LR E R

1.2.4 FREHBEMBFHGIE 7000 505EE RGN H L HEYE SD KR35 d G4 E Edhlick i It 7
R AL AP E 4 CRT & A («TsCRT) LI , 702 5 I5AE T-20 C & .

1.2.5 rTsCRT K Western blot 247  SDS-PAGE HL ik 5 ¥ H 41 8 # B PVDF, 7E 37 °C 21+ T JH 50
g L IR W B A 1 h, T 50 g« L' BEAS W34 1:100 (PR B ) H B — Pt (B Jie B R iy K BUML T 5
RIBEG KRBT ) ,4 CHFF IR INA 50 g« L7 WA U844 1:5 000 (RER L ) i B 4 1L 2EHT K B 1gG,
37 CHIEWFE 1 h, K ECL T PVDF B L, ff 4 A sh b2 kL EUR it RGEEEUE .

1.3 rTsCRT Xf/)\FR E I 20 B Ty B A9 52 i

1.3.1 rTsCRT X/NNREMGZHMIETARI RN KL AU IR0/ BUE W40 MR B2 I8 28 5x10°mL™, DLEE:
£L 100 L JA 96 FLARMIRE SRR, 43 5 1] B AL I AAS [ B2 1) +TsCRT(0.5.,10,20,40 .80 pg-mL™") , 55 1&
TERFEEM S HEL, BT 37 °C 5% CO, A FRA P hEFE 48 h, R4 CCK-8 KR it I A i mE 25 5L
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1.3.2 rTsCRT /MR EBEAE S NO BIREMm A% AR 357 09 /) BUE W 20 I vk B R 3858 1x10° mL™
Branpim A 24 FLARNIHNR , Bl 1 mL, AR A (TsCRT(5.10,20.40.80 wg-mL™") b B I 40 i ; [+
% PBS 284, HHK 3 MNEE, BT 37 C.5% CO, MM T/ PR 9% 48 h, WAL, 2 000
remin”' B0 10 min, WO FIE W, 72 BRUEL NO K & 025 BRI AR 2 Y NO 43 /K

1.3.3 rTsCRT X/NREMRZHA A TR B0 AL ACHE 37 00 /0N B W6 240 it o B2 R 1 10° mL™" K2
MafnA 24 FLATMEAR , BEFL 1 mL, FIASEMEE A9 fTsCRT(5.10,20.40 .80 pg-mL™") A0 BRI W40 M, [R] A4
PBS 5 M4, B TIFAANGEFR 24 h, A Z /03 AEE 0 AR A TG0 Sl I Al g8 g5 51 il gk
SR 3R,

1.4 rTsCRT X4 KR PBMC % R B F 14 b [ F 3 R K F B %20

1.4.1 rTsCRT XK PBMC REZEE Th @ X EBEREFERKEHRME &5 &5 500 KR
PBMC RiF57E 5 197 (BE) B ZAWLA 10% FBS ) RPMI-1640 1 ¥ FEEJH R 1x10° mL™", 4R J5 K 40 i
BT 12 FLANREE SRR, AL 2 mL, A3 BIIAAS VR BE (10,2040 #1180 pg-mL™") Y rTsCRT 1 PBS, & 41
W3INEE, BT 37 C.5% CO, AHEEFHF T 24 h, 24 h J5 6 TRIzol 143 542 B4 FL 40 i 24
RNA, 355 5% 5 B cDNA , FEHEFT 920 28658 B PCR(qPCR) , SR f i B0 25 SR F 27k 8, 20 b7 45 4 5%
KA mRNA [7KF2E4E . qPCR UMK FR :cDNA Bl 1 pL, b RS #45 0.2 pL,ROX Reference Dye
II 0.2 wL,2xGS AntiQ qPCR SYBR Master Mix 5 pL,ddH,0 3.4 pL, S S WAKF N 10 L, KWL 95 °C
1 min;95 °C 205,65 C 20 5,72 °C 30 5,40 MG S L AT .95 °C 155,60 C 60 5,95 C15 s, qPCR
ST 1,

#z1 AR qPCR ETASI
Table 1 The primers for qPCR in this test

FE[H Gene EiE7)E2il] Sequence of primers(5'—3") FE[H Gene 51491¥ %)) Primers of sequence(5'—3")
. CGTTGACATCCGTAAAGACCTC/ GGCAAAAGGACGGTAACACG/

P-actin TAGGAGCCAGGGCAGTAATCT IFN-y GTGCTGGATCTGTGGGTTGT

bt TCCACCCAGACTCCCCCAACA/ CAGGGTGCTTCGCAAATTTTAC/
GGCTCACCGTCATTCACCTCCA -4 CACCGAGAACCCCAGACTTG

ot TTCCTGTGCGAACTGTCAGACCA/ CCATGTGCCTGATGCTGTTG/
CCTTTTTGCACTTTTTCGATTTGCTA I-17 AGTTATTGGCCTCGGCGTTT

RORy: CTTTTGCCCACAGAGCCTTTT/ CACTCCCGTGGCTTCTAGTG/
AATCTTGAGCCTGGGGCCAT TGF-3 GGACTGGCGAGCCTTAGTTT

Fosp GCCCACACCTCCTCTICTTC/ GCCAAGCCTTGTCAGAAATGA/
CTGTCCTGGAGAAGTGCCTG 1L-10 TCCCAGGGAATTCAAATGCT

P GGAGATGGGAGAGACCCAGT/ TGCCTGCTAAGAGGACAGGAA/
TGCCTTTGTAGCGGAAGGAG 1L-21 GGAGCCATTTTAGTCTTTCAAGGA

UL TGGAGAAGCTGATGGCTTG/ GACGACCCATCATCAAAATGC/
CCTTGTGCTTGGACGAGAA 1L-9 CTGTGACATTCCCTCCTGGAA

A CTGGCAATGAATTTCCAAGGGAGG/ TTCTCCTCCCAGTTATCAGTTGT/
CTTTCTCCAGTCTTAATCATGCG 1L-22 GGTGCGGTTGACGATGTAT

¥ :B-actin; B~ E H FE K B-actin gebe; T-bet: T & T %% 5% K F 3£ [H T-boxtranscription factor bet gene; Gata-3; GATA 455 H 3 #[H
GATA binding protein 3 gene ; RORyt ; % 57 P T4 H R AR S ITAAZ 324K vyt FE K] Orphan nuclear receptor gamma t gene ; Foxp3 : XSk HEFE
M P3 JL[H Forkhead box P3 gene; Bel-6: B 4l Jifd bk 198 P 7 6 3L Al B-cell lymphoma factor 6 gene; PU. 1§55 Al F PU.1 3 A
Transcription factor PU. 1 gene;Ahr: FFIE AR T N Aryl hydrocarbon receptor gene; IFN-y . A5 T4 Z FE A Interferon gamma gene;
IL-4. FA40A % 4 F: A Interleukin 4 gene; [L-17: HF4iA & 17 F A Interleukin 17 gene; TGF-3; A A KT B FHH Transforming
growth factor-B gene; IL-10; 4RI 2 10 Z£[H Interleukin 10 gene; IL-21 ; 4NN 2 21 Z£H Interleukin 21 gene; IL-9: HANMENFK 9
HEIH Interleukin 9 gene; [L-22; A 2 22 F: A Interleukin 22 gene. N [A] The same as follows.

1.4.2 rTsCRT 3 KR PBMC M EFHERKFHENE  HASERR 1.4.1 77, L0258 & PCR 5]
YIFsl LR 1,
1.5 HEHLESSR

6 1] SPSS 22.0 G4 Akt , K FH One-way ANOVA ¥EXTEOHE HEFT 7 2540 47 1 22 53 b A6 56
(" P<0.05, " P<0.01, """ P<0.001) , & FH GraphPad Prism 8.0 Z:[%],
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pET-28a-CRT , 7EAH B 57 B 4 AL B 2 i 5 H A9 LR 415 (1 1-B) s A E A EE 04 T L (& 1-
C) , AR R4, X IR E 2k 46x10° (& 1-D)

bp M 1 bp M 1 M/100 M 1 2 M/I10 M 1
—_— 180 -
2000 10 000 180 = 130
7000 130 — 100 s
1 500
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55—
1000 55— [— ——
2000 40 -
750 40— 35
35—
500 1 000 5 [
25 -
250 500 |5 -
15—
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10 10—
C D

1 CRT ERMRERIZREBRRIEMAL
Fig.1 CRT gene cloning and expression and protein purification

A.CRT FE[H PCR ¥"1% ( M.DNA FRifi DL2000; 1.PCR 7#4)) ; B. pET-28a-CRT Y WU % %2 ( M.DNA #R1fE DL10000; 1. 7 41 Jfi ki 22
EcoR | Fl Xho | AUHEY)) ; C. AL CRT & A/ 50 (M. 2R FIARHE ; 1.CRT 76 LI 2041 ;2. CRT ZE AR 704 ) s D.FEAL &K 1T CRT
Lk (M. 4R ; 1. CRT UAEILES ) |

A. PCR amplification of CRT gene ( M. DNA Marker DL2000; 1. PCR product) ; B. Identification of pET-28a-CRT digested by restriction
endonuclease (M. DNA marker DL10000; 1. The recombinant plasmid was digested by EcoR I and Xho I ) ;C. Distribution of recombinant protein
CRT(M. Protein marker;1. Distribution of CRT in supernatant ;2. Distribution of CRT in inclusion bodies) ; D. Purification of recombinant proteins
CRT(M. Protein marker;1.Purification results of CRT).

2.2 rTsCRT #J Western blot 7%
Western blot 25 /R | ZEAIXT 0 F &0 46%10° A2 —Fe 27, i B PEXT IR Je 447 (/1 2)
ViIHIZ & B B0 S R M | REAS 9l R YL e B HUR R PH PR I 75 )

M0’ M | M0 M 2

180 180

130 130

100 100 | —
70

70

55 55 -

40 40 | —

35 35 -
25 -

25

B 15 —

2 EHEH CRT(rTsCRT) A Western blot 434
Fig.2 Western blot analysis of recombinant proteins CRT
M.ZE FIARER ; LoTsCRT 5 BUBATE LI ; 20 TsCRT 5K BB .
M. Protein marker;1. Recombinant proteins CRT with rat positive serum;2. Recombinant proteins CRT with rat negative serum.
2.3 rTsCRT %f/)\GR B 1 40 A 38 7 ) 4 i
A0 384 e 5 (3 WO (B X B OB AE) W 3 TR s kT IR L, 5.10,20,40, 80
pg-mL 1Y rTsCRT BIREAE AL/ ]N Bl L W 4 i Y 15 7
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2.4 rTsCRT Xt/)\5R E WA R 43 iih NO RIE2 00

MNP 4 ST 5523 UV IR, 5.10,20,40.,80 pg-ml ™ ) rTsCRT HIREAS A2 HE /N B 13 40 A 46
HfL53 W NO, HAE A2 P B2 10 A1 20 wg - mL™" B AR I 3
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% 257 I — 0r sk ok
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O
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p(rTsCRT)/(ug mL™") p(rTsCRT)/(ug-mL™)
3 rTsCRT Xf RAW264.7 40 Bt 5 #9240 4 rTsCRT X RAW264.7 4 NO 4339850
Fig.3 The impacts of rTsCRT on RAW264.7 Fig.4 The impacts of rTsCRT on RAW264.7 cells
cells proliferation NO production

*** P<0.001.The same below.
2.5 rTsCRT 3t/]iR B Ik 40 AU = B9 2 0
i A A0 AR Annexin V -FITC IR IE (PT) RUUL 5 A4 MOEA TR 25 SR anfE 5 R, Has
FUXTREZH AR Eb , AN TRV BE 1) v TsCRT Y EE 8 il /N RS W 4 it iy 1, I AF B4l 85 VR o 20 g - mL™!
B, SRR e
A
Blank 5 ug-mL™" rTsCRT 10 pg-mL™" rTsCRT
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g ! - s -~ a 15
5 . o -~ ° > -t : e ._ g
2 s
3 20 pgemL” rTsCRT 40 pg-mL” rTsCRT 80 pg-mL" rTSCRT # 101
s pg-mL™ rTs pg-mL™ rTs pg-mL™ rTs I
ﬂ?% {arapew) Q1RO 45%) {eripem) SR T2%) Jarpew) QIR 44%) B 5
B % E f M
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.| S |
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Anneexin V-FITCY4{ Anneexin V-FITC staining
5 rTsCRT Xt RAW264.7 4ARE -2 N7 A (A) FUBT-Z 54T (B)
Fig. 5 Flow cytometry detection( A)and apoptosis rate statistics( B) of the impacts of rTsCRT
on RAW264.7 cells apoptosis
2.6 AERE rTsCRT 3t AR PBMC AEEE Th X §5% REFREFRKENZMN
SEANE 6 B S EATEXT AL (TsCRT X} T-bet . Gata-3 . PU.1 #BEA B FMHI/EH (P<0.05) ,
HPFHEAWRERE 10 pg- mL ™ BT T-bet 1 Gata-3 WIINHISOER A B, 1% & FH BEWS 5.2 HIL Foxp3
Ahr(P<0.05) 3R35 , Foxd Ahr RO S o B B, SEALER FI7E 10 pg - mL ™' B BE R 003K RORy: Fl
Bel-6( P<0.05) [ 5%, A E 20,40 F1 80 wg - mL ™" Bt BT REALAH LU JC ) 35 22 572
2.7 AEIRE rTsCRT XA R PBMC 48 [ F 4% Rk F R #200
gESRANE 7 s . 5 BT BLHAA L TsCRT Xt IFN-y (IL-17 IL-10 IL-9 F IL-22 {3 iAH AT 1 3%
A (P<0.05) , Herboxd 1L-17 F1 IL-22 (R e B . S4B PR B 7E 20 140 pg - mL ™' HRE 2
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Fig. 6 Effects of rTsCRT on the transcription factor transcription levels in rat PBMC
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Fig.7 Effects of rTsCRT on the cytokines transcription levels in rat PBMC
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T BB AR AR AR AR T A R B R R h R R IR AU A R AR R
WFFE 25 FE BoR  rTsCRT 165/ R W 40 i L 005 75 5 RE A5 A ) 2 2 0F X4 BB T 6 S NO B BT, -0 il H:
PAT-ThRE, XEIIZE AR L 2R HLHIE Y F R i L T RE A A T HLAHE SR SERE B AL,

AP LR A AL ( PBMC ) S — 260 35 Uk 0 200 A | FPA% 0 PRI 2 4R 4 A AE T8 TR & P, e R
S EEAEA . PBMC WS /B R R )z i T 2 AR s op Y AR i 44
ROV RV CRT X/ EE W20 EAT — & 52 m, miie & AR s Ed e 2%, HZ M a2
S H A Pk R Bl PBMC 48248 5% CRT X H: 52 i RE A% 58 4 b A0 e B e e et B el R v oo 1 2
G RE R G R

4HE CD4™T AHHE A A AR The 48 R IO T3 22 PR R R 1) SR 2% A2 e A% 52 i 2 SR R - 11
FIB  PE T GHCRE G 9 AR, TS 40 B 79 A 7= . Thil WERERS 22 TL-12 Bl 17501k,
PR TFN-y VE R bR 4 i K 1, 3256 S DR 5 T-ber VAT, k200 B P 905 SR AR F e 2 AR T2, Th WP T 28
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