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PCR test of Helicobacter pylori and “ Helicobacter macacae”
infections in rhesus and cynomolgus monkey breading colonies

WANG Li-peng, LI Yong-wang, GUO Lian-xiang, SHI Chang-jun
(Suzhou Xishan Biotechnology Inc. , Suzhou Jiangsu 215123, China)

[ Abstract] Objective To investigate the status of Helicobacter pylori and “ Helicobacter macacae” infection in
rhesus and cynomolgus monkeys in China. Methods  With the use of 16S rRNA specific primers for Helicobacter spp and
Helicobacter pylori (HP) from published literatures, and new 16S rRNA specific primers designed for “ Helicobacter
macacae” (HM), we investigated the infection status of these two Helicobacter spps in both of 45 rhesus and 90
cynomolgus monkeys by qPCR or conventional PCR on stool samples. Results All three primer sets for 16S rRNA
exhibited excellently sensitivity and specificity. Both the infection rates of HP and HM were 100% among 45 young adult
rhesus monkeys. The infection rate of HP and HM in 90 young adult cynomolgus monkeys were 100% and 97.8% ,
respectively. Conclusions  Helicobacter pylori and “ Helicobacter macacae” are present in almost every artificially bred
adult rhesus and cynomolgus individuals which may adversely affect the health of laboratory monkeys and the accuracy of
related animal experiments.
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Warren A1 Marshall 7 1983 4E M\ 'E % B H B A
JESTE AR AR i R 0 85 A TSR AT TR (- Helicobacter
pylori ,HP) | I 5 LAiZ 40 B A AR SR 781 e 7 1 S8 AT 1
J&., HHTIZATREBE A 23 ARl IR,
EHE e S, 2 Y BIME, K 2 ~4 pum, HZ
0.4 wm, WIK—iH 4 KL . EARN, #T]
BT FEEE R TEHEME, S RBE RAE bt
%, WHO E0F 2o o B 058 — 280 717,
ARSI 5T 2 U 1 I SR KT TR X 22 F o AE R UK (H:
FEAR N I FH & S gs N RE 1 22 1 1 BT TR X T
AEREAYIME, 8 TR A R AR A ] R
FEBA 254 5 9% 1, TR B 98 1 kAR T B g
W e A | TR FT B R s A i E AT, A R
FAE N KT TP B 19 A SR 1 £,

1987 ~ 1990 4FEHi a1 5 FEwoE 5 W, 7E1H
A ( rhesus monkey ) F1Fg /5 K iM% (Southern pig-
tailed macaque ) HP 77 7E T REFT B 09 B SR BRI ; T
FE BB M7 ( cynomolgus monkey ) H1 I RE A & L B
ORI, N TR 1 I BT B R TR0, 1993
4F, Takahashi F9 1T BAFH A5 R FEC AT A0 052 A A [ ] 24T
PN TR B e, 25 S Uk PH 2 3 e vl DA N T )k
Y TR B, 1999 4R, Reindel 55 1 UK B
R MRAATAE AT TIBAT B A SRR Ha,
PIATHAS DL KT A bl T AR 7R 1 9K % e 17 100 1 A
T

2001 4F, Fox %523 MBI 45 115 41 41 43 B
BE AR R — PP A SERAT BT, B B A 24 O R R AT
( Helicobacter macacae) . “WRMEMRFF " | IR g 25
i, S Y PR, K 2 ~3 wm, A2 0.2 pum, B
RWGAA 1 AR EE KA T
i AT RE S S5 M R R A O, B RS IR |
R R R KR SEREIR L B AT P R A A
HE PR IEAT YL E DL T A A AR

AR ST FHIZAT # 8 16S rRNA 55 PE5 1 4 3%
i PCR 773k, X 3 B T2 F B AP b i iR
FERRATIE DL AT 20 U8 A, i DA BT TR 78 M
ARG S — 20 LU T TR AT T 16S rRNA FE 5%
PES W2 2SO0 E 7 PCR J5 ¥ (qPCR) X 7748 5 1H
TA]AE I 8 A 1 Wl 1) SR R RS e AT R A B X
“BRBEIR AT 7 16S TRNA R 5 M R 57 X B I 5
Yy, PCR J5 A 3R r e &2 B A b 2 5 A7
TE“BRBEMEAT B " B . i T “ Helicobacter macacae”
(C“BRBARFTE ) w0 AR B AR AE Y 4 R PR A 4

(1CSP) IEFCR A, IR A SCH S 15 AR LS Xl
1 I E

1.1 BRREEHEA

45 H02 ~4 2 (PR TE A0 90 TLE Ik 452
(1) 4 2 Fo A BB A 0 i S (S A A A3 SR AR F AN W]
SN T EE Y AR 8 ZANH], -20C
TRAEREH,

1.2 ZE{EHEZA DNA 2EL

BUTE ] A g 2 B A 1) ZE (A AR 200 mg, FHZE(H
LR ZH DNA $2BORAH) & (KRR, 57 5 #DP328 ) $2 1L
IR, A 20 SR e O & i I B ik 7, A H
100 L JCHEKYERL, —20°CHR-AFRF H .

1.3 I EAT R RS &

Helicobacter pylori #& ( ATCC 43504) , F & A Il
TGN 7% By i S5 0 25 AT TR B i B AR B 5
B TE 3T CHMTFR AR T 5%, Z 5 H IS HAR 2 6)
BB o 7% T BOF R B S 10° CFU/mL, 10 546 12
Pl % 10° CFU/mL, 4 PCR ili&,10° CFU/mL &
WA DNA Bt r]/E 4 PCR S Y BT R
1.4 Hh4HE DNA H&K

M 4 7 B A FCAT I8 CVCC3699 , K7 %4 [
P CMCC44102 , 18 fili I #8474 ATCC35149 , {45
¥ HE JR B CMCC53504, & HY v i M 85 3R &
CMCC32210, ifi R B EK B ATCC49619 , 2 2% [ 17
FFE CVCCA58 , 4 ¥5 {0 45 Bk 7 CMCC26003 , X
WYL B CVCCS28 , A G CMCCS1252, /Mg
S5 A6 R % G GIML. 265 K 25 i 25 il AF &
ATCC33291 HREUIEFN 4] DNA, T 3 Fhs |9 A0 4F
1.5 SI¥IRBRAER

SR BORL Y A 28 HR M E R AR W HOR
BRRAFA A E, BFFHJE 16S tRNA F5 50
FWE51 Y HSPP767 F. GGCTATGACGGGTATCCG
GC, T iif 51 % HSPP767 R: GCCGTGCAGCACCT
GTTTTC'"’ ; | THEAT T 16S rRNA Hi53 4t Bl 5 14
HP-P1 F:TTTGTTAGAGAAGATAATGACGGTATCTA
AC, F W% 31 % HP-PIR. CATAGGATTTCACACCT
GACTGACTATC™ ; “BRMEIEATH 7 16S rRNA 45 5744
51# H. M8F : GGGATGCTCTTAGAAATGC, H. M8R .
GCTCTTTACGCCCAGTGATT, K A 2 # i% itf.
HSPP767 F/HSPP767 R. HP-PIF/HP-PIR #l H.
MS8F/H. M8R 1 ¥ J¥ 51l N T. & W5 43 5l i 2 3|
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pUCS7 Ak I, B2 pel2 \pel6 Fl pe20.,
1.6 LB PCR KM

PCR 1%} Eppendorf 6321, FZ W & Z& 45 10
mM Tris-C1( pH 8.3) ,50 mM KCI 12 mM MgCl, ,4
A ANTP 45 0.2 mM, _F U5 |9)45 0. 4 uM,1U 1Taq
DNA B4 ( Takara, #KA201A ) ,5 pL ZE(EAEA R
HUH) DNA A5, BUARFN 25 wl, PCR KL 410
95°C T AEPE 5 min,95°C 28 H: 30 5,58°C iRk 30 s,
T2°CHEM 30 s, HEAT 35 DGR, Z )5 72°C HEAH 5
min, 2% HAGAHEBERC LUK, 5 V/em, 100 bp DNA
marker( KAR , #BSA22S1)4 pL, BEEHE A 0.01%
GeneRed ( 1#353k , #41003 — 0. 5 mL) {E N 7E6 YLk},
FHBEIE AR 43 BT A (I ¥ 3, Genosens1560 ) K 4
HLUKZE SR o BRI IC I v, 1158 8 R BH 1 % R A
M s 6 B e IR 2 AR 2 1K
1.7 ERRHEXEE PCR R

PCR 1Y} ABI 7500 Real-Time PCR System, JZ
MWAKZ J 20 pl, & 2 x Premix Ex Taq(SYBR) 10
wL,ROX (50 x )0.4 pL, FF#E514% 0.2 pM, b
TR 20 WL, S 4544 R 95°C i AS 14 30 s,
95°CAEME 5 5,60°C IR KIEA 31 s, RE(F S ,40 1E
;95C A 15 5,60°C IR K IEM 1 min,95CAEE 15
s,60°C 15 s il th £k, B e g rh, 4308 Bt
7 BH A X B RIS AR 25 11 % IR, e A3 T 41 3 2
2K,
1.8 ¥ E~=¥ilF 5Lt xt

53 PCR 7293k 28 7 M G MER A W B R A IR
ANFEIT . JFHI T 53 844 DNAMAN 6.0,

HR

[

2.1 PCR AixEsr
PAAS AR A FORE AR AR, 10 7" ~ 10 ™ fi R 471
FRIERGRE, T 3 Fh ol 9 i SR S 56, 45 R R 1

HSPP767 il H. M8 A48 PCR A FRR R 1 132 #5
01/5 wL,HP-P1 541 qPCR 10 R FR N 68 $2 1/
5 ulo 3 XGRS G FURIVD TG R
FCHR /N 45 1 B 2R AR B TR K 3% A QR 2
AT R SR AN A A TR, B 3 X5 ) TR R
BUZIRIY PCR FESPELS . X —EB A AR RN
2.2 BRERBITEEAFEKRN

L HSPP767 5| 49 Xt fi Yo A R £ 88 A 17%) 3% i 42
B DNA FEABEFT PCR 9748 | 45 {348 j] ik 26 fH RE A
PAMIEAT B FH M ;90 I BB AE AR b A 89 1y
SIEFT TR B A 1 A A AT R B . PR
BEARY R KNS B 958 BoAH R, 2 767 bp.
ZERILE 1 AE 2,
2.3 BRAME R TR AT R A

FH HP-P1 5| 4 8 J0] A F0 £ 8 A 1) 288 il $2 IR
DNA FEARFEAT qPCR K&, 135 153 R ) 26 4 FE AR
G N 235 S 4 Ay ) 1 MR TRT BH 1 | B BLAE B 3 13 B
A1 726 28 M0 T 9T 5 8 50 HEAT 4 BT L X
BINY 1 7= 35 WA IR B L PG ) LA R
K3,
2.4 BRARARCBRIRIEATE M

DL H. M8 5| 47 X o] A T 8 0 17 288 i 2 iR
DNA BEARPEST PCR 473,45 {3 i ] A 20 R A By
R BRAEIEAT R B ;90 (y EEREEA A 88 1y
R BRARIEAT B BHE 2 By B, BHEREA Y 3
YIRS B9 R BEMIE], A 493 bp, FEALEEHRL 3 )
PRk 2 My, 25 R Y 1 1 5075 =
AEARL, B Sy “ A AR AT TR 7 . 45 R ULIET 4 AT S,
TN K4 PR T X 5 #) LA Helicobacter pylori
B DNA R BAR IR, 47 38 45 5% BAPE Y, %51
YIAY™ 1w T TIRAT B, DAL 7S TOUAG 0 4 2R 4 Y A
W1,

R AEIRAN B R AT RS

Tab.1 Statistical analysis of Helicobacter pylori and Helicobacter macacae infection in rhesus and cynomolgus monkeys.

G5 H FHA4:% 1%L TS
Test items Positive Negative Infection rate
iET B2 Helicobacter spp 45 0 100. 0%
| El il 3 P . . .
4‘ HA T TUEAF B Helicobacter pylori 45 0 100. 0%
Macaca mulatta o
“BRAEMEAT I Helicobacter macacae 45 0 100. 0%
o BEFFHE Helicobacter spp 89 1 98.9%
. . HA T TUEAF B Helicobacter pylori 90 0 100. 0%
Macaca fascicularis o
“PRAGENEAT I Helicobacter macacae 88 2 97. 8%
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MBCBC 1 2 3 4 5 6

g€ 9 10 11 12 13 14 15 16 17 18

767 bp - - - - - T - — -

M 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

 ————— - g — -

M 39 40 41 42 43 4 45 pC

767 bp s - — - —

M:100 bp marker ladder; BC : AN &A% BRASAR Y25 1% BR AL
PC; P TR IR PC12 3 9K 1 ~ 45,y 45 M AR ZE M HEH DNA FEADY 3G =4
B 1 fERE 45 GRS SRR R A A 45 SR

M, 100 bp marker ladder; BC, blank control without nucleic acid template; PC, positive control

with plasmid PC12; Lane 1 =45, 45 DNA samples from feces of rhesus macaques.

Fig.1 PCR results of 45 rhesus macaques stool samples with HSPP767 primers for Helicobacter.

3 g

ARMFFTHES T PCR O ZE 5 A ARG I 512 46 1%
I TR B AN R EAT B B O Bk, IR IESE R E N T
BRI RN A v S 3 A A K P R R AT TR

FE TG A B A v SRRl [ TR AT P ) 3l
BN S R I B S A I R AR AR . P B R R L
B RHIELTBE | )2 R R A K LA 200 B 15 i 4 R E
S, ELA D025 46 P 1 6 m 1 R G R A 1988
4 Baskerville S57E 11 HAE ] 4% H L) 21 212246 5 Al
B R AE Y o B G AR AL A 6 N ke TR
FFTE Gy SR 54.5% 701990 4F | Arther 45 L)
R ARIRI AT A 34 H R R A R 12
TP B A SRR YL, IR YL RN 35.5% 51995 4F,
Dubios 45 ELISA A6 I il 7 rf 40 A T THRAF 512G
K HE 196 HORTRIAEIE B AR 37 7 28 (A 6 574 )
(R RE AT F R 1 55 T A0 (%) [ ] BT S e
REIKLF 50% L E 2 ~6 B IHEYL R Ky 80% 47,
FET ~10 % AR YL R f5e g, n ik 8] 90% A4

1997 4 Laurence 55 PCR &N T 23 H 1 ~3 %+
| S YRR T A ) B TR A L SRS oo 21 Hid
I THEURT B PH A, SR KR 91, 3% ;i [ B FH 8% 92 19
T5 A RAL 529% 7, X B SR I I 7 2 mk
PCR 75 6 I A 17 SER T AT 178 B0 P 32 v T 2 42
K A B AP 5 . A SCH 16S TRNA R 1514
X 45 FUE RIS FEA (Y i A R, 72 2 ~ 4 1Y
R T, W T TSR R 2R 100% , 4%
VB PCR AGI 2% (6 A A g T BT B 7 52 56 3h ) ik
R AV 7 P AT A T O R i A A g
TR PR SRR 114 o

HAT, X B B8 A% ok s 1w 1] 984T B 9 BF 5 AR
AU TR A IR A B I A AN T 3R A
AP 2R T N )z, R A e
Bk | R AR U SUE R A U W B SRk AT
AR 52 A R B B A R N 25 1 SR B e v 1] ST
A, AR A TR A AR AR e A0 VR ) e 1T BT R
IR A, Takahashi %E7E 1993 45 1 2y b
WP TIRFF PN TR T B ™" Reindel %
1999 FAHHGE T 5 Lk R kb 47 IR 2, k3t
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MBC1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

767 bp — - ) ) S — — —

— - - —-— ———— -

M PC 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

767 bp v Y  ———— ——— —

M 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

TOTDD oy s - - - - ——— - -

M PC 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 8 87 8% 8% 90

767 bp -------------------.

M:100 bp marker ladder; BC : AN & 4 RIS 25 1 X HR A
PC ; B SRR B8 pel2 ; 3KGE 1 ~ 90,90 13 &M 28 J2 B DNA FEAS
2 AR 90 1 REA VY BEAT RS 45

M, 100 bp marker ladder; BC, Blank control without nucleic acid template;

PC, positive control with plasmid pcl2; Lane 1 =90, 90 DNA samples from feces of cynomolgus monkeys.

Fig.2 PCR results of the HSPP767 primers for Helicobacter in 90 cynomolgus monkeys.

PC COGGCTAACTCOGTGCCAGC. AGCCGCGGTAATACGGAGG
14 -n-ag-t. —gaa-t-nt-tg-a

34 nnn---t .

35 n -

PC GTGCAAGCGTTACTCGGAATCACTGGGCGTAAAGAGCGCG
14 t-—
34

35

PC TAGGCGGGATAGTCAGTCAGGTGTGAAATCCTATG. . . . .
14 ¢ agaagg
34 an. . .
35 ad. ..

— BT ;. S EF S
3 fEAE 3 ANEEAR HP-PL P2 4% 51 e Xt
“——"". The identical sequence; “---.” . Absence of sequence.

Fig.3 The alignment results of 3 amplicons of
HP-P1F/ HP-PIR in rhesus macaques

AT L SRR T I R 63 H 2 ~4 %
A ET A D e 1] RERT TR BH P SR L SR 3K 69. 8% |, Ik

PR A AR e s A S e R AR E AT,
R ILA FH PCR 77 75 X B B A0 v il 1WA DB L 1
BLEITEA . AR SCE A 16S vRNA FEFES 415 90
SUMEMERS P10 4 2 B A 1Y) 2 AR AR A7 0 A
G, BE R R WA IR L 3250 100% , b DA [
HMRIE ARG AR, 5 AR S A R R g R
AR A S8R 53 25 15 % B 27 Jr v A 0 e [ 4
FF A AR AU 1 SR BR

Fox Z57E 2007 4F D\ — 13l F8 A5 Ji 9 114 5 Y] 6 [
o T 43 B L — i AT TR AR O 44 < R
WRFFEE" . R IZBIE ST A BRI A — R ) 26 B
B [ 45 1 4 fe ) 1) [0 B P 25 W A T 40 B 4 3%
Forof 21 BRI A A SR B P M 5 TR A X 35 Hik
A (8155 i 9 R ] A G I 2 BRARL A 20 BUOA IR 1R
BN AR AGR B T A BOREAR AT 16S
rRNA 4347, BRI 0 7 A5 02 A o < A AT 7
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MPC1 2 3 4 5 6 7 8B 9 1011 1213 14 15 16 17 18 19 20 21 22 23

- ———— L - - s 193 bp

M PC 24 25 26 27 28 20 30 31 32 33 34

35 36 37 38 39 40 41 42 43 44 45 BC

g---—------—---—--ﬁ----—- 493 bp

M PC 45 47 48 49 50 51 52 53 54 55 56 57 58 50 60 61 62 63 64 65 66 67 &8

- - - - - — - — — — - — - - — — 103 Dp

MPC 6 70 71 72 73 74 75 76 77 78 79 80 B1 B2 B3 B4 85 B6 B7 BR B9 &0 91

e — — —— g s s s s s b i e s — 103 D

M PC 92 93 94 95 96 97 O 90 100101 102 103 104 105 106 107 108 109 110111 112 113 114

T ek e Al AL DT T L -----.‘-.4931313

M PC 115116117 112119 120 121 122 123 124 125 126 127 128129 130 131 132 133 134 135 BC HP

g-.-----— -y - e - - 493 bp

M:100 bp marker ladder; BC : /N 3 AZ BRI AR 145 1 XT HREH 5 PC . AR BH X B pe20);
HP . H. pylori X} B8 JKiE 1 ~45 .45 e WA 2L DNA FEA ; JKIHE 46 ~ 135.90 MR DNA FEAR
B4 fEil A B A A T BRI IRFT I PCR 7 M) L UK 45
M, 100 bp marker ladder; BC, blank control without nucleic acid template;
PC, positive control with pc20; HP, H. pylori DNA; Lane 1 —45, 45 DNA

samples from feces of rhesus macaques; Lane 46 — 135, 90 DNA samples

from feces of cynomolgus monkeys

Fig.4 PCR results of the Helicobacter macacae in rhesue and cynomolgus monkeys.

TG SE PR . 4 R LA S A b R
WEFF A B R DG SR A8, SRR T B SR AT T
SR IR IR IR I IR O VA B sh i B
o ST BT 53 BB MRAT BRI M B RO, i TR
PR 2%, FLRBE BT B AR K IR BT R SRR AE 53k
b2 o SR AT A W R A E R R R e 3R
AVERXT“ BRAEAEFF A (9 7 ARG 16S TRNA JF
GHEAT X AT J5 , BT TR S 5 14, S5 56 3% W

ZBY R &, BRSSP, 5 5 ) R AT B
FEPIEORD F WL 38 TR JE 38 X, FRATTH B itk
TR A 25 3R 72 45 H 2 ~4 B [ TE A% b <k
RIS B 3R 100% 5 76 90 A A
88 UM “BREIBAT 1A FH I , B YL R ik 97. 8% , UF B
T RRATEE S BRI % B A PCR 7 ik B AT AT PR RN S
A SRR < TR A MEAT TR - Pk

FEARTEGE T, A 1 A B AT A (1 R AT 0 oy
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PC GCICTTTACGCCCAGTGATT CCGAGTAACGCTTGCACCCTCCGTATTACCGCGGCTI GCT GGCACGGAGTTAGCCG

—————————— Tg == g

e - U £ IR s 2
B 5 ik 3 kA H. M8 43 4 2R Lo

——: The Identical sequence;---. ; Absence of sequence.

Fig.5 The alignment result of the amplicon of H. M8 primers with 3 rhesue macaques samples.

SHES 1Y PCR K IZE S Ry B  (F A ] BT P A 55
PEGIY) qPCR K Z5 A BHPE, BT qPCR LB M
PCR R & 20 £5 L4 b, R iz 45 5 ) AR 756 1T
RESEAE Ik  URE M 22 R s, Rt —
ST BT R R EAT R (Y PCR RSl vk w] 4
S I R

HATRIBFR R, A A N R K2
FTIBAF R A AR s s 0 EAR KIS
NG R ZAH B% M TR EIE A RK 2T
WA F B J R, 251 & N R AR R 2 v
R, VA ST TIEAF AR A vh ) I A AR A AR IR Y
0L, SR N RS R A 5 1 1 R AT PR R A
5 B EOR LI | 24 ) 0 2 RN 1 T R I B A S0 56
> S — 5, T AT R R e AR
Ja, M E R B B T iRt R B,
FESCIMERE R T 12 A7 7E I e T TUR AT 1R V5 G, nT R
XA 3 N GORISIE 50 N 50 114 B A 5 it ol oy, PR b
IO R Bsf R 3 o3 S 6 0 v 1 AR RS 1 A T SR AT
B TS A R T MR A A Y R DA R
“PRAFEIEAT R 1 A (9125 B 4%, 7T g 2 X fiff i 2
BT AT A 2 5k e 2 ) 7 B A S v A T
AR E AT YA A AT T S0 A T BT B
TR ) W ESR | ELAG A B2 ST AN A AT A T R AT R
(1) SPF 2% S35 1y FH T AL 25 P R AT

S A ST AT X BT RS | 1 1T R TR R R
HEIEATFER 1) 16S vRNA 5 57-ME X I 37 19 PCR 7

T SN ST 98 A 2 Ao A A v ik 8 20 B LA S L B
ST AT A OLH 8 i o N T B A e R A R
Ak B BRAT P SR AR D 4] 25 8 A, 3 B S 6 A 3] Ak A
AT 70 VIR TR R0 BRI R AT R i

N

S 3k

(1] RS, ARG, skIRME, 45 WRFF TR 40 A9 2K F S 58
[J]. Bz mirmZess, 1999, 8(2) : 83 -88.

[ 2] Euler AR, Zurenko GE, Moe JB, et al. Evaluation of two
monkey species ( Macaca mulatta and Macaca fascicularis) as
possible models for human Helicobacter pylori disease [ J]. J Clin
Microbiol ,1990, 28 (10) : 2285 —2290.

[ 3] Dusl, Dobosz T, Manzin A, et al. Role of PCR in Helicobacter
pylori diagnostics and research—mew approaches for study of
coccoid and spiral forms of the bacteria [ J]. Postepy Hig Med
Dosw ( Online) , 2013, 67 261 —268.

[ 4] Roussel Y, Harris A, Lee MH, et al. Novel methods of
quantitative real-time PCR data analysis in a murine Helicobacter
pylori vaccine model [ J]. Vaccine, 2007, 25: 2919 —2929.

[ 5] Handt LK, Fox JG, Yan LL, et al. Diagnosis of Helicobacter
pylori infection in a colony of rhesus monkeys ( Macaca mulatta)
[J]. J Clin Microbiol, 1997, 35(1) ;: 165 —168.

[ 6] Newell DG, Hudson MJ, Baskerville A. Naturally occurring
gastritis associated with Campylobacter pylori infection in the
rthesus monkey [ J]. Lancet,1987, 2. 1338.

[ 71 Newell DG, Hudson MJ, Baskerville A. Isolation of a gastric
campylobacter-like organism from the stomach of four rhesus
monkeys, and identification as Campylobacter pylori [ J]. J Med
Microbiol ,1988, 27(1) : 41 —44.



68

rf [ LA R A 4Rk 2016 4F 10 H 4526 #5510 3] Chin J Comp Med, October 2016, Vol. 26. No. 10

[11]

[12]

[13]

Bronsdon MA, Schoenknecht FD. Campylobacter pylori isolated
from the stomach of the monkey, Macaca nemestrina [ J]. J Clin
Microbiol, 1988, 26(9) : 1725 - 1728.

Reed, KD, and Berridge BR. Campylobacter-like organisms in
the gastric mucosa of Rhesus monkeys [ J]. Lab Anim Sci,
1988, 38 329 -331.

Takahashi S, Igarashi H, Ishiyama N, et al. Serial change of
gastric mucosa after challenging with Helicobacter pylori in the
cynomolgus monkey [ J]. Zentralbl Bakteriol, 1993, 280. 51
-57.

Masubuchi N, Takahashi S, Nakano M, et al. Experimental
infection of the cynomolgus monkey with Helicobacter pylori []J].
Nippon Rinsho, 1993, 51, 3127 —3131.

Reindel JF, Fitzgerald AL, Breider MA, et al. An epizootic of
lymphoplasmacytic ~ gastritis  attributed to  Helicobacter pylori
infection in cynomolgus monkeys ( Macaca fascicularis) [J]. Vet
Pathol ,1999, 36(1): 1 -13.
Fox JG, Boutin SR, Handt LK, et al

Isolation and

[14]

[15]

[16]

characterization of a novel helicobacter species, " Helicobacter
macacae," from rhesus monkeys with and without chronic
idiopathic colitis [ J]. J Clin Microbiol ,2007, 45 (12) : 4061
—-4063.

Marini RP, Muthupalani S, Shen Z, et al. Persistent infection of
rhesus monkeys with ‘ Helicobacter macacae’ and its isolation
from an animal with intestinal adenocarcinoma [ J]. J Med
Microbiol ,2010, 59(8) : 961 —969.

Fatemeh Soghra Abdi, Shahram Jamshidi, Farhad Moosakhani,
et al. Detection of Helicobacter spp. DNA in the colonic biopsies
of stray dogs: molecular and histopathological investigations [ J].
Diagn Pathol 2014, 9 50.

Dubois A, Fiala N, Weichbrod RH, et al. Seroepizootiology of
Helicobacter pylori gastric infection in nonhuman primates housed
in social environments [ J]. J Clin Microbiol, 1995, 33 (6) .
1492 - 1495.

(1&[E BH#A)2016 —05 -09

(E#%35R)
5% 30k,

(1]

(2]

[5]

[7]

[8]

Abad C, Waschek JA.
PACAP in models of multiple sclerosis [ J]. Curr Pharm Des,
2011, 17(10) ; 1025 - 1035.

Immunomodulatory roles of VIP and

Delgado M, Pozo D, Ganea D. The significance of vasoactive
intestinal peptide in immunomodulation [ J]. Pharmacol Rev,
2004, 56(2) : 249 -290.

Domingues HS, Mues M, Lassmann H, et al. Functional and
pathogenic differences of Thl and Th17 cells in experimental
autoimmune encephalomyelitis [ J ]. PLoS One, 2010, 5
(11): el5531.

Kang 77, Altuntas CZ, Gulen MF, et al. Astrocyte-restricted
ablation of interleukin-17-induced Actl-mediated signaling
ameliorates autoimmune encephalomyelitis [ J]. Immunity, 2010,
32(3): 414 -425.

Jewell DP.

Geremia A, The 1IL-23 /IL-17 pathway in

inflammatory bowel diseases [ J]. Expert Rev Gastroenterol
Hepatol, 2012, 6( 2): 223 -237.

Vaudry D, Falluel-Morel A, Bourgault S, et al. Pituitary
adenylate cyclase-activating polypeptide and its receptors; 20
years after the discovery [ J]. Pharmacol Rev, 2009, 61 (3):
283 -357.

Delgodo M, Robledo D, Rueda B, et al. Genetic association of
vasoactive intestinal peptide receptor with rheumatoid arthritis
[J]. Arthritis Rheum, 2008, 58(4) . 1010 - 1019.

Waschek JA. VIP and PACAP: neuropeptide modulators of CNS
inflammation, injury, and repair [ J]. Br J Pharmacol, 2013,
169(3): 512 -523.

Jimeno R, Gomariz RP, Garin M, et al. The pathogenic Th profile
of human activated memory Th cells in early rheumatoid arthritis

can be modulated by VIP [ J]. J Mol Med ( Berl), 2015, 93

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(4) 457 -467.

Jimeno R, Leceta J, Garin M, et al. Th17 polarization of memory
Th cells in early arthritis: the vasoactive intestinal peptide effect
[J]. Leukoc Biol, 2015, 98(2) : 257 —269.

Patel DD, Kuchroo VK. Th17 cell pathway in human immunity:
lessons from genetics and therapeutic interventions [ J ].
Immunity, 2015, 43(6) : 1040 - 1051.

Sharma J, Balakrishnan L, Datta KK, et al. A knowledge base
resource for interleukin-17 family mediated signaling [ J]. J Cell
Commun Signal, 2015, 9(3) : 291 —296.

Kistic J, Obradovic H, Kukolj T,
interleukin-17A  and
interaction and signaling [ J]. Protein Pept Lett, 2015, 22(7) .
570 -578.

Waisman Al, Hauptmann J, Regen T. The role of IL-17 in CNS
diseases [ J]. Acta Neuropathol, 2015, 129(5) ; 625 —637.

Yang JF, Tao HQ, Liu YM, et al

et al. An overview of

interleukin-17  receptor A structure,

Characterization of the
interaction between astrocytes and encephalitogenic lymphocytes
during  the  development of experimental  autoimmune
encephalitomyelitis ( EAE) in mice [J]. Clin Exp Immunol,
2012, 170(3) : 254 -265.

Kang 7Z7Z, Altuntas CZ, Gulen MF, et al. Astrocyte-restricted
ablation of interleukin-17-induced Actl-mediated signaling
ameliorates autoimmune encephalomyelitis [ J]. Immunity, 2010,
32(3) . 414 -425.

Kang ZZ, Wang CH, Zepp J, et al. Actl mediates IL-17-induced
EAE pathogenesis selectively in NG2 + glial cells [ J]. Nat
Neurosci, 2013, 16(10) ; 1401 - 1408.

Yan YP, Ding XL, Li K, et al. CNS-specific therapy for ongoing
EAE by silencing IL-17 pathway in astrocytes [ J]. Mol Ther,
2012, 20(7) ; 1338 - 1348.

(& E B#A)2016 —05 - 06



