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THE INTESTINAL MUCOUS MEMBRANE BARRIER FUNCTION
LED BY IMMUNE RESPONSES:
ANALYSIS WITH AGASTROINTESTINAL NEMATODE MODEL

Kenji ISHIwATA

Department of Tropical Medicine

A mucous membrane of the intestinal tract absorbs nutrition and forms a barrier that prevents
colonization, multiplication, and invasion by pathogens. The barrier consists of a monolayer of epithelium
and viscous mucus, the elements of which are secreted from the epithelium; the balance of the barrier
components are controlled by immunity. Most intestinal parasites infect chronically and often re—infect.
However, in several experimental murine models of infection, worms undergo immune—mediated expulsion.
These models also confirm protection against re-infection. The mucous membrane barrier function analyzed
with a Nippostrongylus brasiliensis/rat system was further examined with mice that are available for various
immunological tools. In mice, helper T type 2 cell-derived interleukin 13 activated signal transducer and
activator of transcription 6 through interleukin 4 receptors on goblet cells, and the activation led to the up—
regulation of sialyltransferase expression, which resulted in the production of sialic acid-linked mucins. This
process was correlated with the expulsion of N. brasiliensis from the small intestine. Changes in mucus
mediated by the immune response of helper T type 2 cells, including the production of sialomucins, prevented
the colonization of N. brasiliensis onto the mucous membrane. However, the physiological effects of the
changed mucus on the worms will remain a future research subject. The immune-mediated elimination
performed by the mucous membrane barrier may not be perfect; however, the understanding of the barrier
function for worm expulsion achieved with murine models can be applied to other intestinal infections.

(Tokyo Jikeikai Medical Journal 2017;132:109-118)
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5. ORISR E R - (LFBEN SR
HELTWBET TR, HEKRDEKETOER -
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. BEZEEE Nippostrongylus
brasiliensis L B E DB RERS

MG T 5y —)LE L THNW ST
% Nippostrongylus brasiliensis (Travassos, 1914)
Lane 192313, #RHEOEWFITBNTHHESITH
BEFEETH S (Fig. 1A). N. brasiliensisid, 1914
12 Travassos IC LD TT I PN DU A T2 v %
4 O® K 7% X 3 Rattus norvegicus X 0 HL =&
Nzt BB 19204E127 AU W ERE ORIV F
EYDORTRAIKOMEL, 1922F 2132 DFE
HERREZZMICEIEZRL TW5Y, N. brasiliensis
13, BHRR TR R 72 ZXIO/NBITE@EICE SN
LBETH DY, LN TEBRIMELTT v
I R. norvegicus 23 WV 5 T E MY, 7 AT
HEIETELIMRNESN TSI TR ZHNT
BHINDZENEL 22729 BRENITIRAL
RGN HNZIeT U XTI AW &, il T
—[Efi R U= Ic&E 2 BT U CIHEE L D fkAA
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Jipz U TR AL, MR G4 5 HEE X D pE
9%, Tv FTIHETNORGY HERER% 14
HIZIE, BRHRIIEFELEINE L TUMNENSIE
EAEHBRENTLES. YUZRITBNTH, K
Qe s HEX D EI 2RO 5 A TREETH 573,
HERRIZ 9~ 10 A & Mg RHNCRD 2. 2 OHkRR
W OE T, W EIYFE T N. brasiliensis O FEq% A
HZAXLCHENRS D 2 EITRKNT 2 (e NS
%7,

XU R & AW R RN 5, N. brasiliensis O
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Fig.1. Nippostrongylus brasiliensis and its life cycle. (A) A pair
of adult N. brasiliensis worms, (B) Life cycle of N.
brasiliensis, (C) N. brasiliensis in the small intestine of a
rat 5 days postinfection.
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NGNS DHERRIZ D PiRICIKER TP, CDARGE
THIRLICHKET 2 2 &9, 2)Interleukin (IL) —4 52 %
1K DL NAZ =29 & Signal transducer and activator
of transcription 6 (Stat6) IZ K E<KHFEL T3 Z
0 ULind 3) lE M ZE R 2 M THRBl
UL TWABIL4ZFEMRICIL-I3NFEET 5 2 &
(IL-4 L IL-13 I IL4Z B R ZEZHFL TWD) 2
PRRICKVBEELTWE Z &2 s NS
NTWa, IL4, IL5BXPIL-1372 EDT A1 b
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DOMITDODWTIIHshEESNT I B> .

Il. N. brasiliensis BRZ(ZH T DR DENR

N. brasiliensis s H1Z, /N _E358 % 47 586 27 A AL
& UMEMIZ %bflﬂ% (Fig. 10). L= > T,
HOFTEREL TWDEDFZ, TOEEELX
EBHITRITFDHEEASZD. EE, T NNEM
5 @D N. brasiliensis DHEFRIE, HEFITI > THEL
T2 KRR DSURO MR & & BT 2 B H9A A T/h
bRl EDZLICEDEEILNTERY.
F R R IR N 5, PEBRIEIICEE 0 D
WAL LT o AT HMMaNE<R5 2 &
NMEINTND Y, AFIBHKERZATE
FUZEZEDOBEENFEA L TWAHEEET, BEa0
DaDyp TEZET S, a7EAE, U, X
LAZBEITO) D 2ELEDT I BNS
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B ESN DL OBOIRL R AL 22RO D
BT, I EFBALVAZ ERRECIN-TEF
WHS 27 b2 2 (GalNAC) BT 5 T ETO-
ZV Oy REEGRINEHZ R T 2. FESH & FF LAY

WL TG T 5 L 7 F 2 2 N TR
fRITS 5 &, PEBRIEINC 2 F > OBESE R IR 1T
MR S0, PEBRICN-7FIL I a3
> (GleNAc) DAFIN/REI G L T d Z &5 7
ZENEP, s Iy MK DRREERE A,

51T A % W TTRGR DFAT &2 8 7=,

R ZIZBNTH T v b EEEKITN. brasiliensis
D HEFRIF I KGR D &2 % 588 7= (Ishiwata et al. in
preparation). X AD/NBUIFICL T F 2 &K
X% &, N. brasiliensis 2 HERk 9 2 iz B 1 FREH
fN L F > NDLFA & UEA-1 D f & PEA TR L
7z (Table 1). GleNAcIZHE A9 % GS-L D& 1
IZiZ & A EBIT D > /2. LFA DFES HERIT
Fw hTHRDEN TS, LFAIZY 7 IVEE,
UBA-1I3 7 -2 &2 ZNZTNICEHBL THEET
HLIFCTHBIEND, RTATBNWTITA
F > OREERIGIC S T IR E 7 A—ANEFELET B
ZEDHEREBERT B EnRE NS, T T,
Ji~ ™ A CD4AE / 7 0 —F )L HilK (mAb) 2 5
L CCDARG MM 2 RES BT R, Fivw
A CD4mAbIEGICTMATY A EF > RYT R
IL-13 (r-mIL-13) ¢ 5. L = o 2B L NGEEH
IZ Stat6 & R 8 & ¥ /= (Staté KO) ¥ ™7 A & T
fRHT U 7= (Table 2). 9 5% &, N. brasiliensis @
FRICHB L 2 DX LFA O RS, bbb 7
IVEEDFB DA TH D, ZHUT Stat6 (REFMETH >
7. UBA-1 DfEGMHIZEETHEI N, o
NEICEEINRBRMN . 2D ENS, N
brasiliensis D HEFRIZ L F > ORESAR UG IC > 7 IVEE
DA ET 5 Z EAURE NIz

Lo F 3RO AR Z BEER L TS
TWa., P7IEBORRI AKX EZEMTLHL

Table 1. Lectin—binding profiles of villous goblet cells

Lectin Binding specificity

Day 8 postinfection

Griffonia simplicifolia agglutinin
Glycine max agglutinin

Limax flavus agglutinin

Sophora japonica agglutinin
Ulex europaeus agglutinin

sialic acid

«—fucose

« and 8 N-acetylglucosamine
« and 3 N-acetylgalactosamine

3 N-acetylgalactosamine

no change
no change
increased
no change
increased
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JF OGN EHFNS E, Galf1-4Gle® L <
13 Gal B1-4GleNAc IZa2-3 DI T 7 IVEE D3 &
T2 ENPEREMEAL 7= (Table 3). & 51T,
ST INBEDa2-3DETORGEMEST 227 IV
FEiRfslEE (Tabled) DO B, BEITHHHL S5
ST3Gal Il & IV OFEH 2B T L NIV TNz &
Z A, ST3Gal IV D3 a3k D 45 ASN. brasiliensis
@ HEBR & AHBH U 7= (Ishiwata et al. in preparation) .
F7z, ST3Gal IVZHBEMICRIBL YT A TIX
N. brasiliensis D HEFRAVELE U 7z, BLERZE N Z 21T,
MHIEE DL & > 7 VP L U ST3Gal TV D FE

%

I rmIL-13 D% 5770 THHEE I N, Stat6 K
BEHETH oz, BRI ZO/NBRT D> 7))
BEAEEOEESMICBWTD, rmll-131K
FHICSdadiFE O F B 2D 2. Z D SdaPilit
1%, GalB1-4GIcNAcIiZa2-3DETRALZTT
IV E WS PSS Z D H D TH S ™.

PLEDZ &5, Th2flifEdsk D IL-13 2 5E
TRICHIIT 2 IL-4 2 FK/Stat6 fF & 2 L T,
MHIRIZ BN T S 7 IV IR B 3R D FE T 2 3
WL, AF 2 OSRGOS T IVEERHINA Z
% Z EAIN. brasiliensis D PEFRICBE 59 % Z & AR

Table 2. Percentages of the lectin—binding villous goblet cells at day 8 postinfection

Mice Treatment Infection Expulsion Limax Ulex
flavus europaeus
agglutinin agglutinin

Wild type No No - + +

No Yes Yes A -

«®-CD4 mAb No - + +

a—CD4 mAb Yes No -+ -

«~CD4 mAb + r-mIL-13 Yes Yes +H+t++ -+
Stat6 KO No No - ++ +

No Yes No ++ +++

Percentage of the lectin-binding villous goblet cells: +, <10%; ++, 10%—19%; +++, 20%—-49%; ++++, 50%—69%; +++++, >70%.
Abbreviations: @ ~CD4 mAb, anti-mouse CD4 monoclonal antibody; r-mIL-13, recombinant mouse interleukin 13; Stat6 KO, signal

transducer and activator of transcription 6 knock—out

Table 3. Structural requirements for recognition by 3 sialic acid-binding lectins and the number of lectin-binding villous goblet cells

at day 8 postinfection

Underlvi Treatment

. . nderlying _

Lectin Linkage saccharide @-CD4 mAb «-CD4 mAb
+r-mIL-13

leax.flgvus All

agglutinin

Sambucus nigra @26 Gal or Gal NAc +t +++

agglutinin

Maack.la. amurensis 9-3 Gal31-4 Gl . -

agglutinin (NAc)

Number of lectin—binding villous goblet cells: +, <6; ++, 6-10; +++, 11-16.
Abbreviations: @ ~CD4 mAb, anti-mouse CD4 monoclonal antibody; r-mIL-13, recombinant mouse interleukin 13; Gal,
galactosamine; Gle, glucosamine; GalNAc, N-acetylgalactosamine; GlcNAc, N-acetylglucosamine

Table 4. Mouse [3 —galactoside « 2,3-sialytransferases

Enzyme Substrate Expression organs

ST3Gal I Gal 31,3GalNAc spleen, salivary gland

ST3Gal IT Gal 31,3GalNAc brain, spleen, heart, kidney, liver (embryonic stage)
ST3Gal 11T Gal31,3(4)GIcNAc all

ST3Gal IV Gal 5 1,4(3)GleNAc all

ST3Gal V lactosylceramide brain, liver

ST3Gal VI Gal 31,4(3)GIcNAc heart, placenta, liver

ST, sialyltransferase; Gal, galactosamine; GalNAc, N-acetylgalactosamine; GIcNAc, N-acetylglucosamine
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N/z (Fig. 2).
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WOBEENENT DI E2WENT LD, &
D k5N, brasiliensis D PERRIC & D & S I
Do TWBDREAD ) ? PR D~ 7 Z /NG N
N. brasiliensisiZ, Z v F/NBNTO X D ITHIKIC
WHAAENTHRTN TS XD ITIEAZ RN,
nJREMEE LT, HT®*Dﬂ%ZBht21)N
brasiliensis D /NBEENDEE ICEIT NN D 5,
2) N. brasiliensis ﬁ{if\@iﬁ'ﬁﬁ’]l‘% fEH. &0

IZ, AIEICDWTHRGETL 7z,
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Iz iﬁFﬁ?“bﬁW;bl G2 s HICBKEREE 28 5. L

QKB IEREH, SBITNEITEAL
T %), B AN/ N. brasiliensis1ZE#9  (Fig. 3).
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Fig.2. Diagram of the suggested pathway of immune-mediated
structural changes of mucins in goblet cells. The CD4-
positive T cell (T helper type 2 cell; Th2 cell) derived
interleukin (IL) 13 binds IL-4 receptor expressed on
goblet cells, and activates signal transducer and activator
of transcription 6 (Stat6). The signal up-regulates
transcription of sialyltransferases (ST3Gal III and IV) and
production of sialic acid-linked mucins that correlates
well with adult N. brasiliensis expulsion from the small
intestine in mice.

ATHiER TN,

R ZIREREEZI0OB I /NG 5N
brasiliensis 2 HEFR 9 %. Z ORFHI D /NFIE The i
B &> TALLMRICE > THEDN TV 5.
Z T, ZORMOT T Z/NGITHARICN
brasiliensis 2 A L 7z (Fig. 4). B A%, MY
IZNBNICEEE T S N. brasiliensis 232 % &, 6
KM ETIIH2BEORMEIN S N0, 120
MR I B AR L, 18SKFBICIXIEE AL
FIRE N7 <72-o7= (Fig. 5A). 18WFff% DL
YR CHAITED S AL F S Tn g
GhRBRIN=ENS, TORHICHEN.
brasiliensis SV B A L 72D, BHEBALL
N. brasiliensis DHERRIZERD 57> 7= (Fig. 6) 2
Z ORI, BICX o THEINTZLTF N
HENTWDIZHEMnH 5T, N. brasiliensis 23 E
BTCEDLIEERLTVWD, LnLAENS, 2Rl
55 2 kG & B 7= R U B C N brasiliensis D 7#7E
M Z2TND &, RERETT ZD/NNGIIBAITH
7z N. brasiliensis |35 A% 4 RE [ TRk R £ THE<

Day 10 = —|
Day 6 = —|
Naive = —I
J T 1
0 50 100 150

Number of worms recovered
Fig.3. Day 6 mucus is unable to expel implanted N. brasiliensis.
Infected mice were dewormed on days 5 and 9
postinfection and then underwent surgical implantation
of N. brasiliensis into the duodenum on days 6 and
10 postinfection, respectively. Implanted worms were
recovered 12 hours later. Bars indicate SD.

N. brasiliensis infection (s.c.)
-10 day \\PAduIt worm expulsion; -2 - 0 day

o — O -

- Immunologically armed mucus

O~

- Ready to expel

1-24hours
Adult worm recovery

0 hours
Adult worm implantation
; inject into the duodenum
surgically
Fig.4. Experimental design to examine effects of immune—
mediated structural changes of mucins on surgically
implanted N. brasiliensis.
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ADRAATHDDITHLT, BEEE10H DN
2B A X172 N. brasiliensis D2 < 1 g&pz, —
HIIME LICHEET 2 2 Ebho 7z (Fig. 7A,
B). DI &I, ®EBEITKo THEINHIE
AYN. brasiliensis D ENDEXEEFHIEL TWD Z
EERMT S, TIE, —MR7REN. brasiliensisid 6

i &

K> THEINEINDDTH A DN ? KWAIZ,
KR THBH/NEME T > 7)) (ZaF 2R/
VEBNEE T MR e e & U CIER 97 %)
T 5 E, ARERITIE & A EDN. brasiliensis
NG S HERRE NS (Fig. 8).
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Fig.5. Temporal colonization of surgically implanted N. brasiliensis in immunologically armed mucus. Recipient mice were infected
subcutaneously with N. brasiliensis 10 days earlier, and the worms were expelled from the small intestine at the time of
implantation. Adult worms were implanted when after the mice had been anesthetized with ketamine (A) or hydrochloric acid
medetomidine (B); they were then recovered at the indicated time. Ketamine is a short-acting drug, and hydrochloric acid

medetomidine is a long—acting drug. Bars indicate SD.

Implantaion
1st —> 2nd —> Recovery
18 h 4h
- + |_|
)
+ + |—|
+ PBS only :|—|
T T T T T 1
0 20 40 60 80 100 120

Number of worms recovered
Fig.6. Surgically implanted N. brasiliensis can colonize a small
intestine that discharges immunologically armed mucus.
To induce goblet cells to discharge immunologically
changed mucins, adult N. brasiliensis worms were
surgically implanted into the duodenum of mice that had
been infected with the same nematode 10 days earlier.
Eighteen hours later, the mice were again implanted with
adult N. brasiliensis. Implanted worms were recovered
and counted 4 hours later. Phosphate buffered saline (PBS)

was administered as a control. Bars indicate SD*.

)
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Fig.7. Implanted adult N. brasiliensis was received by a naive
small intestine in its crypts, but was refused by an immune
small intestine. Adult N. brasiliensis was implanted
surgically into a mouse’s small intestine. Four hours later,
the tissue was quickly frozen in liquid nitrogen, embedded
in OCT compound, frozen again in liquid nitrogen, and
cut with a cryostat. After fixation with Carnoy’s fixative,
the sections were reacted with periodic acid—Schiff and
counter—stained with hematoxylin. (A), a section of a
naive mouse; (B), a section of a mouse infected with N.
brasiliensis 10 days earlier; (C), a section of a mouse
infected with N. brasiliensis 10 days earlier and treated
with ana2-adrenoceptor agonist (medetomidine) just
after implantation.
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V. EENEEE DR

HEBICES TEIIRENTHELE T D N. brasiliensis
SRR ENBNDES S 2 HEANDIAEHY
BAD 7= DRRIG DIEFARFF N R WIE EE AR
MEL23Z & (Fig. 5A, B) 2kt > MZ, FREk
HOWFEEMANDEEE A I 5 — )L R - 1
WRIORI h—LEHWTHRH L. ERSDE
AT NI DL, BAOTEREOSE Ve2-7 R
LU 2 BAMEREE T, [RARECHIMmEZ N
78R - BURIER 2R 7. 2 OBIRMa2 fEEHHK
DOBGE T HEME, 1) >F 7AiM
507 FIay &, BT LZOMOIGEH
FRF A E DR & P /D & B TR S AT

S|
c
[}
R
2
5 21
®
()
E 1- —
'_
1 1 1 1 1
0 20 40 60 80 100

Number of worms recovered
Fig.8. Most N. brasiliensis are expelled by 4 hours after pyrantel
treatment. Pyrantel (2 mg/head) was orally administered
to mice infected with N. brasiliensis, and worms were
recovered from the small intestine after the indicated time.
Bars indicate SD.

Status; time of worm recovery

Immune; 8 hr -E.—{

HEETIEDLZEE, 2) BEAKEADONa L
RO W DMHD D %.

&G 1% 10 H @ /N~ @ N. brasiliensis £ A [H 4
IR b=V Z&5 L sRERIEZICHEINT 5 &, &
DOENIREL < T X D/NEM SEIREN D E1F
FERICTH o7/, R M=)V 5% 1502
HDT >F s 2 (ERMIEET T /S A =)L)
2RE595E, MNSND2EIBAERICY >F
Y O EBEMES LR EFEELN
(Ishiwata et al. in preparation). K3 h—)L %514
RFEI D N, brasiliensis DTFEER 28I T 5 &, ©
1202 < O N. brasiliensis 135 BT HFEEL, —E8
B DS R 7= (Fig. 7¢). N. brasiliensis
DIFEN iz ERILT 272012, RKRITHWE
NG Z ) SRR AR TR A K (PBS) T Tl
BT B N. brasiliensis 2 EIX L, Z D%
3TCTC2WFfMEFE L THMEBICKEADV TSN
brasiliensis Z [ L 7z. J&#et% 10 H D/NGEAN D
AT, 4R, SKErR#% & [EIUUN. brasiliensis
BOWDERDIN, BABARFMICEI h—))
WHY 5 &2 D aRFfE (B A 8IKIEE) DIEIX
BT R =)V U 2K ] (B A 4R &
FEAERUTH- (Fig. 9). N. brasiliensis D
BENDMTHD E, BABARBTIIEREIC
1/3, MEHMT2B3THo]M, TORFHTRI
N — VLR 217 > = 2 4RE R TIE, EEIC5/6,
WEHSICU6TH o/, RI b—)VULEER,
FITHE A DN TUZN. brasiliensis 13K 12 B

1 Lumen
I Villous

Immune; 8 hr (medetomidine at 4 hr) -El—{

20 40 60 80 100

Number of worms recovered

Fig.9. Medetomidine suppressed expulsion of implanted N. brasiliensis from the small intestine of immune mice but allowed the
worms to dislodge from the villi to the intestinal lumen. Adult N. brasiliensis worms were implanted surgically into duodenum
of mice. Medetomidine was administered 4 hours after implantation. The small intestine was opened longitudinally and washed
in phosphate buffered saline (PBS) at 37°C to collect worms from the lumen, then incubated at 37°C for 2 hours with the
Baermann apparatus to isolate worms from the mucosa (villi). Bars indicate SD.
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SEENEIRICBEIT 20, EREICh> THHRE
NIz, BREL TTUFIERZOEIN &>
EEZOGNS. ZOFEBRRZRTRI M—)VILHIZ
L2 EOEIER A E TS, BEICEKST
IFEET O TIENRD 5N, IHICZOILEN R
S hIVARIZ K S TRERIY A TOERIELT
FTHIHIEND Z EnNDh o 7z (Fig. 10A). £z,
BN DK RO iR I N~ (Fig. 10B).
INsDTENS, ERMa2FEED R h—
I E - TEBENANDKD G X N7z d

(A)

%

Wb 5 IR A E 1172 N. brasiliensis 1Z#%
HBONWTWEN SERRICHEEN, Lo
EEBHER OGN L > TIME S DR E 1T
WanZEMEZENT=.

R RORR L ELBS HIZ R M=) L &
L T9 HIZ/NEGNN. brasiliensis 2 [R[I{d 5 &, £
MEEKLIE G 2L72d0TI2iEFE A LR
NENBNDIZH LT, R =)V TIIZ<
@ N. brasiliensis 23EX X 1, Z D2 FEWEICHE
fELTWiz (Fig. 11). DL EOFERIEE, ®BEISNE

(B)

Immune + medetomidine ] '—{
Medetomidine - —I
Immune-] |—|
PBS - —|
Naive-]
T T T T 1 T T T 1
0 20 40 60 80 100 0.0 0.1 0.2 0.3 0.4

Percentage of charcoal attainment Mucus (g)

Fig.10. Medetomidine suppressed the peristaltic motion of the small intestine which was up-regulated by immune responses and the
amount of liquid materials expressed as mucus on the small intestine. (A) Mice underwent surgical implantation of adult N.
brasiliensis into the duodenum. Medetomidine was administered after implantation. Four hours later, charcoal suspension
was administered orally. After 20 minutes, mice were sacrificed, and the lengths of the small intestine and of the charcoal
attainment were measured. Data represent ratio of charcoal attainment to the small intestine. Bars indicate SD. (B) Four
hours after implantation, the amount of liquid materials (mucus) on the interior surface of the small intestine was measured.
Phosphate buffered saline (PBS) was administered as a control. Bars indicate SD.
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Fig.11.Medetomidine suppressed the expulsion of
subcutaneously infected N. brasiliensis from the small
intestine of mice. Mice that had been subcutaneously
infected with N. brasiliensis were treated with
medetomidine on day 8 postinfection, and adult worms
were recovered separately from the lumen and mucosa
on day 9 postinfection. Saline was used as a control. Bars
indicate SD.
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Fig.12. Adult N. brasiliensis dislodges from its preferred site
with intact energy metabolism activity. (A) The ATP
values of individual male worms obtained from the
small intestine of rats on day 12 postinfection. (B) Day
12 worms were obtained from the proximal mucosa
and distal lumen of donor rats and transferred to the
small intestine of naive rats. After 24 hours, the worms
recovered from each location indicated were assayed.
Bars indicate SD. * P < 0.05; ** P < 0.01*?.




A HURBIT RS 2 RIS TR EE DA RN Y 7 — 117

12 & > TEAL U 72 K588 O FFAE T TIEN. brasiliensis
IZHEANDOEEBENAESN, JLES N/ EHEHS)
X THREI NS Z &2 RIEL TN 5.

VI. Th2EICK > THREIN/-(RODN.
brasiliensis ~N\D 4B EE/ER

INBNDHBHIRE AEZRICBNWT, REEYY
ANDB AL 4R TIXIFE E A EDN. brasiliensis
WWHEESICESEL TWDH (Fig. 7TA), SHFRH
LIe D EERCHFET 2EGMEL TS5 (Fig
9. LoL7ans, BARKIS~24RMIE->TH
BRI Ny (Fig. 5). RIER< T AT, EhE
IIEREL THBIGEI CTHERR S NS 2 &id7an kD
THhb. Th2 B> THE I NI,
KERE A D 5E 5 BH /B F V2 A T N. brasiliensis H {&
NOAEBPEEEH O R B E 2 5.

NG EERREIRIZ EE S % N, brasiliensis 13, 58
FEDHENLIBIERNZ S D 72D TRV F— 24
HELTWD., AREEI IO RILF—EIC
KMINDEEZ, ATPEELUTOREMZ iR A7z 2.
ZDFERBRIZBNTIE, MEEEES XN LE
& FESTDN. brasiliensis D ATP & % H.fig 9 % I
THEETMOMHENKRELED Ty hEEEEL
THWz, BRZI2H BRI 0F v Mgk
WT, MEITEFE L TWDN. brasiliensis & & =1
F#1£ 9 % N. brasiliensis D ATP 13, /M E¥#F &
TP DS THREOHMAER KNS &
(Fig. 12A). /NI TEEETIE3/MEG RE#EDIZ
F75% & 78 o Tz, 235 DN. brasiliensis 2
KIERT v MNBAARNICEAT S E, EB5
B/ EIOMEBICTES L. £ 5 DATP &
1%, BARTO/NEG EEHEICES L TWRN.
brasiliensis D ATP & & 1T 1F [ % T dH - /= (Fig.
12B). N. brasiliensis i3 #f &1 T % )L F — 3 &
LTWa, [KEERBERMFTTEET S L, ATP
BEORF2RDL?. NG FERICHE#RE L 72N
brasiliensis ® ATP &K N 13/NMG T &8 D EE 52 E D
KZICHELTWDE LD THD., TNl En
5, /NG EEHED S OlEEEE TR )L F — S
HoEEICLISRWEEZ SN,

KO EENHROIERZRNS DI, Tv
& 2WIE T A DOPERRBIO/NMERIHK & & BITH

7% L 7= N. brasiliensis < 7 2 D/NEZ SV BHYIZ
ALTH, ZOEHRIILRDPBS LiEWITHS
N7eno iz, Th2REIT & - T S /- ki~
DB A B ORE RN 51, AR EITN.
brasiliensis D #§E~\ D E 3 Z2 W EANZ LI L T
BT EEE 212 W, BASIN/N. brasiliensis
13, EEZMHIESN DD EBERICH > T
WBEDITHADD, TDHTLNIIDANZX
LIS NIZTTE TR,

. 85 b YU [

FiL, ERERTT v PIT—-EITLEDN.
brasiliensis Z JlHe X & 2 & GE N EE X NERRA
EE20, T HIFELRT S, £, @
BOBGEHEHTT> THHPFRITE E T I, F
UTBNWTH, ZLIFHRENDBDD, FWH KD
HH A XDVNI WaHt s 4 E5 S N. brasiliensis 23
W52, IR, IFEANEDHED RTHRZXIITN.
brasiliensis D 27 A= Z 8D D2 HH S AR T 1T
5., HBRATEI R TR AT —EITLHEDRY
EZIT B &3 <, HEITOE 0 AR DG
ZZIF TS DT, N.brasiliensisiaHrEndic
FELET TNWEDOTHS. [NrdH] DIFE
TlE, EERIZES TAREERDBDIINDTD M
WEEBITHLEE T EWD FENAEERD T,
RN DD DOF EROFEIET T NIE EBZK T
BN LN b NOERKEGETIE HLU L
TRIAFRSZN Moo TIEMThsd. i
&, BEOWIEROERNOIERNREITHS )
20 DDH B, FWEED S ORI CTHRFBRENE
Fi, THICNDONDERKEDEGbHEIN
TW3Y, BERBIIEERE LF<MHEASZ
& THEBENY 7 —BEREZ T L T 5. ZFA Uk
LUzBVNTH DR TIERIZ RN, Dxo
ELT, DEROFEREGRIIEMICE > TREH
B, % KR Twahb LR, GERE
INEITEA TR E Lo, LT,
DEORPMIFFAMIN S LT, HE Gth) Bk
WO ZERDIEA DN ? MR, ZEERTER
PNHTWZIZHED S THRSFEI NN &
ThD. FEEEGTHENY 7 —HREZ AT L T
DL ZEMVDEDDIRRREIZTRTEDHO EH]



118 a

HLTWn5,

1))

2)

3)

4)

5)

6)

7

8)

9

10)

11)

12)

EEDFIRIER (conflict of interest : COI) BIR :
AL DOWFFRNAFITBE L CTReICH SR L

X 3

Kassai T. Handbook of Nippostrongylus brasiliensis
(Nematoda). Budapest: Akademiai Kiado; 1982. pp.257.
Travassos L. Trichostrongylideos brazileiros (3. nota
previa). Brazil Medico. 1914; 28: 325-327.

Yokogawa S. The development of Heligmosomum muris
Yokogawa, a nematode from the intestine of the wild rat.
Parasitology. 1922; 14: 127-166.

Haley AJ. Biology of the rat nematode Nippostrongylus
brasiliensis (Travassos, 1914). 1. Systematics, hosts and
geographic distribution. J Parasitol. 1961; 47: 727-732.
Ogilvie BM, Jones VE. Nippostrongylus brasiliensis: A
review of immunity and the host/parasite relationship in
the rat. Exp Parasitol. 1971; 29: 138-177.

Finkelman FD, Shea—Donohue T, Goldhill J, Sullivan CA,
Morris SC, Madden KB, et al. Cytokine regulation of host
defense against parasitic gastrointestinal nematodes:
Lessons from studies with rodent models. Annu Rev
Immunol. 1997; 15: 505-533.

Ishiwata K, Nakao H, Nakamura-Uchiyama F, Nawa Y.
Immune-mediated damage is not essential for the
expulsion of Nippostrongylus brasiliensis adult worms
from the small intestine of mice. Parasite Immunol. 2002;
24: 381-386.

Jacobson RH, Reed ND, Manning DD. Expulsion of
Nippostrongylus brasiliensis from mice lacking antibody
production potential. Immunology. 1977; 32: 867-874.
Katona IM, Urban JF Jr, Finkelman FD. The role of L3T4"
and L,—2" T cells in the IgE response and immunity to
Nippostrongylus brasiliensis. J Immunol. 1988; 140:
3206-3211.

Urban JF Jr, Noben—Trauth N, Donaldson DD, Madden
KB, Morris SC, Collins M et al. IL-13, IL4R « , and Stat6
are required for the expulsion of the gastrointestinal
nematode parasite Nippostrongylus brasiliensis. Immunity.
1998; 8: 255-264.

Urban JF Jr, Noben—Trauth N, Schopf L, Madden KB,
Finkelman FD. Cutting edge: IL-4 receptor expression by
non—-bone marrow—derived cells is required to expel
gastrointestinal nematode parasites. J Immunol. 2001; 167:
6078-6081.

Ramalingam TR, Pesce JT, Sheikh F, Cheever AW,
Mentink-Kane MM, Wilson MS, et al. Unique functions

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

of the type II interleukin 4 receptor identified in mice
lacking the interleukin 13 receptor @l chain. Nature
Immunol. 2008; 9: 25-33.

Finkelman FD, Wynn TA, Donaldson DD, Urban JF Jr.
The role of IL-13 in helminth-induced inflammation and
protective immunity against nematode infections. Curr Opi
Immunol. 1999; 11: 420-426.

Finkelman FD, Urban JF Jr. The other side of the coin: The
protective role of the Tuy2 cytokines. J Allery Clin
Immunol. 2001; 107: 772-780.

Miller HRP. Gastrointestinal mucus, a medium for survival
and for elimination of parasitic nematodes and protozoa.
Parasitology. 1987; 94: S77-S100.

Koninkx JFJG, Mirck MH, Hendriks GCJIM, Mouwen
JMVM, van Dijk JE. Nippostrongylus brasiliensis:
Histochemical changes in the composition of mucins in
goblet cells during infection in rats. Exp Parasitol. 1988;
65: 84-90.

Oinuma T, Abe T, Nawa Y, Kawano J, Suganuma T.
Glycoconjugates in rat small intestinal mucosa during
infection with the intestinal nematode Nippostrongylus
brasiliensis. In: Mestecky J, editor. Advances in Mucosal
Immunology. New York, Plenum Press; 1995. p. 975-978.
Ishiwata K, Uchiyama F, Maruyama H, Kobayashi T,
Kurokawa M, Nawa Y. Glycoconjugates and host—parasite
relationship in the mucosal defense against intestinal
nematodes. In: Ogra PL, Mestecky J, Lamm ME, Strober
W, Beinenstock J, McGhee JR. eds. Mucosal Immunology.
San Diego: Academic Press; 1999. p. 925-933.
Tsubokawa D, Ishiwata K, Goso Y, Nakamura T, Hatta T,
Ishihara K, et al. Interleukin—13/interleukin—4 receptor
pathway is crucial for production of Sd*-sialomucin in
mouse small intestinal mucosa by Nippostrongylus
brasiliensis infection. Parasitol Int. 2017; 66(6): 731-734.
Tsubokawa D, Goso Y, Kawashima R, Ota H, Nakamura T,
Nakamura K, et al. The monoclonal antibody HCM31
specifically recognises the Sd* tetrasaccharide in goblet
cell mucin. FEBS Open Bio. 2012; 2: 223-233.

Ishiwata K, Watanabe N. Primed mucins allow attainment
and adhesion, but prevent establishment of challenged
adult Nippostrongylus brasiliensis in the small intestine in
mice. 11™ International Congress of Parasitology — ICOPA
XI. Glasgow, August, 2006 Medimond International
Proceedings 453-456.

Ishiwata K, Watanabe N. Nippostrongylus brasiliensis:
Reversibility of reduced—energy status associated with the
course of expulsion from the small intestine in rats. Exp
Parasitol. 2007; 117: 80-86.

Honda K, Littman DR. The microbeta in adaptive immune
homeostasis and disease. Nature. 2016; 535: 75-84.



		2018-11-14T11:54:06+0900
	東京慈恵会医科大学




