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¥hNEE5FOBEE Development of assay systems for canine pancreatic dieaseses
using anti-trypsin monoclonal antibodies (4 X s Y > izxtd 5
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FUFXEE
" Cationic trypsin (CT) and anionic trypsin (AT) were purified from canine
pancreas and their structures were determined mostly from the results of SDS-
PAGE in reduced and non-reduced conditions. Thirty monoclonal antibodies
(mAD) to canine CT were obtained by the cell fusion (hybridoma) technique. Each
mAb showed different reaction to CT, AT and CT- @, protease inhibitor complex
(CT- «,PI), probably because of different epitopes.

Three assay systems for canine pancreatic diseases (ELISA, EPI (exocrine
pancreatic insufficiency) diagnosis kit, and pancreatitis diagnosis kit) were
developed using these mAbs. ELISA showed measurable range of trypsin like
immunoreactivity (TLI) substance from 1 to 100 ng/ml and showed high
performance of intra-assay, inter-assay, recovery, and correlation to RIA. The
mADbs detectected canine CT and canine CT- «,PI, but recognized little the canine
CT- a, macroglobulin complex, AT, porcine trypsin nor bovine trypsin. The EPI
diagnotis kit detected not only all the “EPI-positive” dogs but also “EPI-negative”
dogs with other diseases. The pancreatitis diagnosis kit detected only 3 dogs with
high TLI values out of 15 “pancreatitis” dogs, but also detected “non-pancreatitis”
dogs with high TLI values, suggesting that such “non-pancreatitis” dogs were
actually “pancreatitis.” .

We suggest that the clinical application of these mAb assay systems to
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pancreatitis and other diseases will provide us useful informations.

1. I

M) S RBEBTEEAINIBEERE I EERREEORVERTH D, ZOEBIEBEORK
B, FARESETET AR SEEINTAS. X M TSV REOSERAORARS 2 B
OV TI¥A T THBINFAZYIE (CT) &7=F=wIE (AT) HD. TOBRGTEINLY
2 ) EBRAIESHESNERSOTNS, EERMNITY)—FOONRKRTT I ) BERENDHINTE
BRO RN T iREBZHH. MUY ERNITY ) =S URIBERSORERIEZFDODT,
MEZERTIIENS 2 TERE LB T Trypsin like Immunoreactivity (TLI ; b U 73 U 4&k%
EBRIEWE) EMRATNS, 511X, 33, £ NETIIEERER, BE. FFre&Tidms TLI
MRERLTWBZE, —F., BEASBEERSE (EPD, BHERACH TS50 TL MEVWEZTR
LTWBZERBEINTVNS, ZOXDKEKBTEENAEN TLI OERHBEZHESHICT S
RS, AR PYTIIRMNTBZE yu—F )ik (mAb) ORIEHEEREL. EEECHURYE
RO OF 7 —¥A b EY—EOHEERICDODWTHLERARZELOTREYT 5. XBEKE
BT TLI 2REREIT22D0 ELISA R A/ 70X bS5 T74 —HICKBEEFy bEH
HL. TOHEKNEREEHBLEOTHRES 5.

2. AXBFA=w Y MY T UIHTBE) I O—F IV FitkOER & OERENT
LXBEBIOBEBTESX— b BBV EZTA

. Table.l The evaluation of mAb activiies against
wir. A rax k574 — 7742574 —20% canine cationic and anionic trypsin by ELISA®

KNS5 T4 — 2k DR ZTN,. CT 17mg & AT 20mg Gl T S | Bewim T Towdmi
LM, CORMBRTCT OB 1181 4%, AT [0 lut chan] & | &
13 82.3 fEIc ER L. COMMAX CT % BALB/C lome s = =
<RI EFE L. B 30 HOFA X CT mAb BANA e iion o8l T T
T R BT H Z EASTER (Table.1) AT T T
. . e 005-205 | 1gG;, xchain o +
D 30 EEDO mAb D> b 22 FEMN CT DHFEFH L. 005206 | 1gGy. rchain 3+ =
y 005-208 | IgG;, xchain 4+ -
8 MMM CT & AT O\ A ZFE KL=, /2 mAb DY [ 007202 | 1sG,, xchain S =
007-208 | IgG,. xchain 3 -
T2 5 A3 LEIZL T« TH D HEIX 20T G, 007-206 | 1gGy._chain 5 =
007-206 | IgM. xchain 3+ 3+
S $ X - .207 | 1gG,. xchain 3+ Z
THD, IgG,, EIgM M 1 BETOTH-> . zg_m o > =
. hd ~ x > 008-202 | IgG,. xchain 3+ -
ERAREBROYY TVERNT %YICED  Ham et =
SDS-PAGE %ffol. TOKE, HBBREGICHNE ﬁﬁiﬁjﬁ;_ - =
HRERLTHEU.CT & AT DA FRIZ28kDa.29.5kDa et e — -
009-202 G,. _xchain 4+ —
LEMEXN7 (FiglA). & 512 mAb 009-303 VY  oosm i mem & -
009204 | 1gG,. xchain & P
IRy >Tuviq4 Y (WB) Tid. BEY & 065305 | 1¢G, ~chain 3" =
009-206 |IgG,,. xchain 3+ -
S AEHHEY O IV TIEET/N Y REFEWA, B8 005207 | 1gGy, _xchain 3+ -
: 009-209 | IgG,. xchain 3+ +

BET 28 kDa fHEONY KM a7z (Fig.1B). sHere;—: 0-0.1, £:0.1.0.2, +:0.2-0.4, 2+:0.4-0.6,
3+: 0.6-0.8, 4+: 0.8-1.0, 5+>1.0
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De) 1 2 38 4 5 8 7 8 9 1011 Figl A:SDS-PAGE of each canine
trypsin during purification stages.

Each sample was subjected to a 15%
SDS-PAGE under reduced condition and
stained with CBB R-250. B: Immunoblot
analysis of anti-canine cationic trypsin
monoclonal antibody 009-303. The arrows
indicate the molecular weight (kDa)
corresponding to the bands of standard.
Lane 1, Molecular weight standards;
Lane 2 & 7, Homogenate sample; Lane 3
& 8, After salting-out sample; Lane 4 & 9,
After gel filtrate sample; Lane 5 & 10,
Cationic trypsin; Lane 6 & 11, Anionic
typsin

5T 28EO mAb I2XB Y FALy  Table2 E/HO-FLAH#AOHAGHERFER

.}&T@qi%é%%—g—& <. mAb 009-303 008-207 & 009-303 & 008-207 R U
YRS yF B URAyF 009-303 &
& mAb 008-207 ZEAWT, CT &Y FEG mAD RS mAD kb
N B REXX mAb
Rt v FTEBEBEDEERFLE. T S05208 Sod20s ot
009-207 4.2 -
2 & mAb 009-303 LERBIEN—T% 008-201 007.207 005.904
009-202 009-205
%95 mAb % 4 . mAb 008-207 008 204
LRABIY h—7ERET 5 mAb A% 15 o072
005-201
. mAD 009-303 & mAb 008-207 D 005206

HEERRHIY N—T2BHT D mAb ¥

5 fEiEH -7 (Table2), T DT ENSIBBELZR LI h—TIIBIE 3 FREETHIE
MRBENE, ESRAIIFAZv I NIV /) —F207 3 JBES%E N RIS 15 REBAT
THERBETOTELARTF REHFEELE ELISA XD, mAb OV h—7%2RBRRLE, T3 &
mAb 009-206 & 009-207 IZF 5T I /BB E 66~80 (-SEGGEQFINAAKIIR-) ZZBEL /=,

X 5ok bk e, 7OF7—F 1 > EY— (@,PD). CT RIAT % HW\T SDS-PAGE & mAb
kB3 WB 2757, B TO SDS-PAGE TiX CT & AT O4-F&1X 28 kDa & 29.5 kDa &
122308 (Fig.2A). IEBUTEHETIX CT #829.7 & 31.3 kDa. AT A%28.7. 29.7 R7X31.1 kDa i
HEEL. o, Pl DHTRIZ 63.8~74.7kDa THo %M. CT-o,PI ERETIE. 59.6, 71.6~91.9
®1N91.9kDa iZ, AT-o,PIEAETIL61.6 . 67.1 KT 78.2~91.9kDa IZ4EEL /= (Fig2 A).
EHIIE F—TARFEESN TS mAb 009-206. CT & AT OMAIZKET % mAb 004-301 X
mAb 009-206 &I TV h—7A Rz 5 mAb 008-207 D 3 FEiEZE WS- WB 2EEL - (Fig.2 B),
4% & mAb 009-206 2 AT & @, Pl IZIZREEF, CT @ 29.7, 31.3 K1X28.7 kDa ic KL, =
7= CT % o, PLICRIGE R/ >/ IVTIX 71.6~91.9. 91.9 kDa, 29.7 XX 31.3kDa IC R L. 59.6
kDa IZIERE LM 5% (Fig.2 B). —4. mAb 004-312 i3 AT & BERIE L. AT 0 29.7 & 31.1
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(kDi)l 2 3 456 2 3 4 5 6 2 3 4 5 6 2 838 4 5 86

l mAb 009-206 mAb 004-312 mADb 008-207 I

A B

Fig.2 A.SDS-PAGE of trypsin, ¢, protease inhibitor and their complex. Each sample was subjected to
12% SDS-PAGE under non-reduced condition and stained with CBB R-250. B: Immunoblot analysis of
anti-canine cationic trypsin monoclonal antibodies 009-206, 004-312 and 008-207. The arrows indicate
the molecular weight (kDa) corresponding to standard. Lane 1, Molecular weight standards; Lane 2,
Cationic trypsin ; Lane 3, Cationic trypsin - @ protease inhibitor complex ; Lane 4, «,protease
inhibitor; Lane 5, Anionic trypsin- ¢, protease inhibitor complex ; Lane 6, Anionic trypsin.

kDa oK L= 28.7 kDa KRS Ligdo 7z, S5 CT % o,PIICRBSBIY > TN TR
mAb 009-206 & F#IC CT @ 29.7 &£ 31.3 kDa ICRix L7z, CT-o,PIEAHETIE91.9kDa iZd
BREBELUE. LU AT-o,PI E&EICIIKIE Leho . £/ mAb 008-207 13 CT % U* CT- a,PI
BEEEICH L, mAb 004-312 L2 <ARORBEEZTRL .

5 FTORME YD mAb 009-303 7% CT- a,PI HEKDES FRDONY RKRETBDT, CT @
73 JBBE 66~80 28 CT- o Pl #AHICRD LS —MOBESNIREEINTNB EEX SNk,
ZOFENSYMEIEERTY I JBRTINVFO0T I JBES 80, 83, 107 RV 157 LUTCD
7 JBBE 97, 115, 147, 178, 208, 210. 216 KT 219 ® C RKATH D, YIHiahizny 3
JBRVNVEZCVOTIJBES 3 ESTRVUDPCOTI/BBES 51 & 770 CRUTHD,
ZOEFHF e Pl TREINTNDIEEZI SN, UMFERTYI /BZ2EEDDE, TIBRE
B 96~125, 159~188 KN 223~240 DEIEAS mAb DT b—THEH L L TEZX 51k (Fig 3).
XSO 3ERTOCT & AT 07 2 ) BEFHZ LB L, mAb 004-312 MEBF L TWHEFITR
EOV—OBNT I ) BES 90~105 FHEEEX SN, 5T AT TH T OREFIES M o Pl T
BBINTWDRETFREINE.

3. B r7uo—FhHkERAWES X N T OERRERRESE
MAb %\ /- ELISA BB &EAREBRED 0.5 ng/ml, sERBIEMED 1~100 ng/mL THo7
(Fig4). E7-IEHR 6 MFRE (n=6) ORIEANMZED CV fVE 1.8~6.1%, BIEREZED CV /&
1 5.1~9.8% Thofr. X HICEER 2 MiFICLS TLI OFMENUGGAERIX 103+£9% & 102+6% T
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Fig.3 Locations of epitope containing sequence of 2 monoclonal
antibodies (009-206, 009-207) on the standard topological model of canine
cationic trypsin(gray circles). Arrows indicate positions hydrolyzed by
trypsin. The position of Lys are amino acid numbers 8, 51, 77, 97, 115, 147,
178, 208, 210, 216 and 219. The positions of Arg are amino acid numbers
53, 57, 80, 83, 107 and 157. The one-letter amino acid codes are indicated.

1000

g 2+F ® ¥y =1.09x + 1.48 R=0.996
0 L 3 73 [ J
g 1 (]
w 2 100
8 5
]
3 2
g 01T
2 ? 50
0.011 o , ,
0.1 10 100 1000 0 2\&
TLI (ng/mL) 0 50 100 1000
Fig.4 The standard curve for canine TLI by a TLI values by ELISA ( ng/mL)

one-step sandwich ELISA. Purified DFP

Fig.5 Correlation of values for canine TLI

inactivated canine cationic trypsin (TLI) was between ELISA and RIA. Results were

quantitated using a combination of two mAbs;
mAb 008-207 for the solid phase and Fab’ of

obtained from 154 canine serum samples. The
coefficient of correlation was 0.996.

mAb 009-303 for conjugation with horseradish
peroxidase of the second antibody.

Hol. —H. SETOERBFETHS RIA & ELISA %= 154 D TLI BiE@2 847
Ow hL&EZ B, HERD y=1.09x+1.48 THEREA 0.996 THo= (Fig.5).

E5IEBLNE mAb A1 X CT PAD MU T ORI CT- 057 —E1 e Ey—EE 4%

BT DINED>NE ELISA THREFLE, T§2E0SMNITI2ETI MY TI D3 E<BETE
T, CT-a,vr7uu7Y E#eehl X AT BEEOCREHEBATIRRAETERNOT, EXICHK
BEENENo. FoA X CT-a,PIBAERA X CTIIMUT, ¥ T0%DERETH- = (Fig.6).

D EORELDBRE, B2, BEMRY RIA tOMHEBEEDBWVWOT, ELISA #BEEETE

HHEREAM L, £/ ELISAD TLIEEIECT & CT- o, PIESHEOEEHDETH o=
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Fig.6 Cross-reactivity of monoclinal
antibodies on ELISA with trypsin
complex, canine cationic, canine
anionic, bovine and porcine trypsins.
The x-axis represents trypsin
concentrations determined by the
protein assay kit for sample of trypsin
and trypsin complexes. @, canine
cationic trypsin;O, canine anionic
trypsin; A, canine cationic trypsin
complexed with &, protease inhibitor ;
A, canine cationic trypsin complexed
with &, macrogloblin; M, bovine
tryopsin ;[0, porcine trypsin.

ELISA Absorbance (OD45nm)

0.0

102 10! 1 10 100 108 10* 10° 106
Trypsin (ng/mL)

sample ’/ TLI sample line control line

\’ TLI

@ Gold colloid

% MabB

F Maba

4 Antimouse IgG Pab

I
Judgement window
Fig.7 Scheme of EPI diagnosis kit

4. BASUBETSEAEENERORR

BWmBsN CHEEI TLI 2REL. EPI 2BMTE3(L/ 7057+ —icks EPI
Bty FEBRLE Fig?). BRETIC T AFETBEH TN Ea> hO—b51>
D2 AR TEBELHEL, BEFI TLI BMEELARNEIS FO-ILS51 2 1 EOBIKE

BrTEMHEEHELE.
EPI 2% v FOEK EOABEEZERT D OICEERMTE 65 #l. BEXZEED 1 X 16 #il. EPI

EESAX 114, MNBRBEES T X 24 AIRVZTDMOKBEEED 1 X 40 FlOEE 166 EHIZ
AWT. BRI EEASHFY FOHEIRDWTRNLE (Fig8). TOER. EERTEET
MEEM L HETE, EPI & TRESHETELOTREIX 100%THo k. —F. BREED 16
FlD>5 2 #lT TLI EAME< BHEEEHETE, 6 HIT TLI EHMHERICHME (50ng/mL LLE) TH
ofr, EF/NBEBREES 24 fith 1 FINERETH Y. 4 HiT TLI EMNEETH o . THIIED
HMOEBELES 40 FlOS>H 1 FNRELHETE, 2 4T TLI NEETHo/. TDLSIZ EPI
2HiF v M EPI UADOKBEZE > TWAEHANS D EPI 2RIETES ZEWRBIhE, &5
o BES % 58S ST TLI EASEBNEETH V. TLI BELT—h— &R0 S 3RHEENEZI BN
7ze .
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- 1000 : Fig.8 Serum TLI values obtained by
’é Py the ELISA method from 65 clinically
= L | ° ® normal, 16 pancreatitis, 11 exocrine
g 100 Py pancreatic insufficiency (EPI) ,24
% : oy gastrointestinal disease (GID) and 40
5 m :..& & other disease having dogs. The dashed
= . 4 g: line indicates 5 ng/mL of serum TLI as
< 10 ' -® the cut off value determining a
2 o o o] diagnosis of EPI. Negative (O) and
% positive (@) results from the EPI
> 1 - diagriosis kit were from the same
g 8 . samples.
o
0 ) G\» X Q &
- o‘}‘\ g&;" @‘Q C;\' OQ‘Q
O‘;‘Si‘g& ‘ycf'
&%

5. BRAETAEERNEROREL

BB TEIC TLI 2L, BRZBYTES 1A/ 70X N5 T4 —HEick RS
Wity NERRELE (Fig9). B&HO TLI EA 75 ng/mL DL ETHB E51 > OBEIMNT TV
aXhO=NIA 0BT TN S IBRBORRIHE SN, TLI AT 25~75 ng/mL O
BBV ITINIGA2EQPO-NSA CORIBZAFE LR DERELHEEIN, TLI EA 25
ngmLUTTHBEH TN 2K0dba O SACNRBDBEEHETE:.

BLAZEFy FOBRKLOFAREERTENRL, EFER 66 ik, BREZES X 15 #l. EPI
EEST1X 9. MNERBERES X 196, FREES M X 9 HIRVEOMHMORBZEDS 1 X 31
FlDEE 148 EHZ AW TRKZH EERBEF Y POHEIZDOWTRHN L (Fig.10). £OH
B, EERTIX 65 #id 57 G, 8 FINSHHELHETE, BRAZED 154055 8 fikR
¥, 4 GIDEEE. 3FANBELHETE . EERERRBOFREZLRED 951055 8 FiERHE,
1B THo . —h. HEBRREBRO EPI 2585 9 flidRRE CHEIN, NERBEED 19
FIDSE 14 FINEKE. 4 SINSEHRE. 1 SINBELHETE L. & 5T DUDEBERES 31 41
d. 21 FIVEEME. 7 BB, 3 AINBETH . TOXDITHERZEFY FBETHNIT

Sample line Contral line

Complex of
1 Biotinated TLI and Avidin
Judgement window

Fig.9 Scheme of pancreatitis diagnosis kit



1000 ©

PFig.10 Serum TLI values obtained by
v _ the ELISA method from 65 clinically
’vg 100 % o normal, 15 pancreatitis, 9 exocrine
E} ® Q o oy pancreatic insufficiency (EPI) ,19
< 08 o 2 gastrointestinal disease (GID), 9
é ; i ﬁ s hepatitis and 31 others disease having
5 10 ] ¥® : dogs. Negative (@), plus-minus (@)
& and positive (O) results from the
g ¢ pancreatitis diagnosis kit are from the
'§ 1 same samples are also plotted.
: : |
o o2,
S @ & o
& & ¢ & F &
& & & Q®
< Qfo?

TL EXREEOEDREAZRBICEED TENTE, BREAETH > THH 20%DEFTRAZEZ
LTWBAEEEZRB TERDT, TOHFAEZHOSNITDIENTER.

6. £&% |

MADb BBERL TN BTAEEEZE LA CT DI Y F—7d 3 RBMEET 5 2 ENTFEIN, 2
D>5B 1 rHOHEMEINENEEZ SN, SERAETE . 2 BEO mAb A UEMEZRHLT
BV, ZOFHIE hydrophilic TH YV, helix BEZHTHIHREEOBNEI TH o7z,

FhA X CT & AT E3iICRIE 3 BEOREREGNEET S TEENTRR L, LA LB
FAERNREHES 3 RS 500, TORPORETRESIEET 20NIFRATE > 7.
WB TEZSIY h—7#BBML TS EEX 5Nz mAb % CT- o Pl & HICRES €5 & B
TEBNY RICENHEZOT. CT-o,Pl BAAHRBICIE h—THMAOBIED L < IIHEZ Lt
B o TWBTEERTEBREN, EEIVh—TEZ2 5N5EMIL 3~4 EBEELE. T 51C
CT- o ,PI1 EEE R AT- ¢ ,P1 #EEAD mAb ORKBHENRIZZDT, a,P1 AD CT & AT O#
SHRANRL B ARESRR I NS,

—F5, BRRERZ AW BEE v N OB FHEORN T, EPI 28+ v h© EPI 01T 100%
THol. E5ic EPI PAOESEZESEHHS S EPI 2R TELDT, BLERKED Y
UV VRBELTEABEEL TS, EERABN Y NEEATEE. BAORZ S TH
DEBEEE>TATH, TORICBATNSBAERIET S ENTEE, BRTRE—OKER
FEWNS T ERPEL, NSODDEBEHEL TVNHEENB N, BICRAITEREOBEN

ZNDT, HECERZRUETESDIREFBICERTHSLEX NS, LALERTRENSEK
BTTLI AEEERIRSBEVHD I EEZMHERD—DELTELZIAENTNS,

BEDORENS, PUT L RMNITL 22— e EY—EHEAOBEICHETIARAPEERD
BRGAIDODWTE OF®RER/DE I ENTEL (Figll). SROBERORRBICHFLEN.
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Fig.1l1 &8

o, IOFT ~EAEE S

a;xIRgaIs

EPIBE%vh 2323 0 SR

BARBMRETRE
(EPD

ARNFAZIRTOUIZHTRE/ID—F ARG EREL, — BT RAETE-.

. EB/9O0—FLRBEERNT, NITLURUNTL L —TOF 7B AUEE 8~ IS
2B 2HRE/IEMNTES,

3. ELISAYBIR., HREE. RIALOBRANBNIEEREELE,

4. BENSBBERSEZHSVMERL. BENGEREEEETE

5. BHZETyMBERL. ERNCABREERERTE,

N =

FAURNBEEREROEES

HRNRER, YOBETRERTEERHELE. NI U RBRBRTEEAINZIBERERDY N7 EMK
NRBERTHD, TOEHIEBOREZRBRL THD, KEENMSDEEBIND, EHEO NI T2
BERMICAREER M) T ) =S ONKRO T 7 I /BEREMYM SN TEL SN, AFIIEREDOE
BERISEEHDOT, TLI (Trypsin-like Immunoreactivity: U 7L S ERIEYE) SR TNS,

EHNIBHEE, 1XOBRBIOATFEBDaDAFA v - FUT 2 (D &, HFE29. 5kDa D
FoATw e RUTYL (D EEHEL, ThS XD X MU TLLRHTBE /2 O0—F )LHik (nAb)
I RBEFRLE, CORN, LERTOLEREL, SEHEIICT & AT 2RICRABTHT &%, ELISA &
Westernblotting THRRTHEHIZ, NS MbOIYE M—TRAER (T-a, 705 7 —FHEEH (o PD
BEEHEZIHTAREENS, nAb OREHAZREBLE., ElZ, IN50 nAb 2HWT, B¥RRATEH
BRE - SERANEOEMEICTLI 2HIEL, BASRBEARA2E (BPD Z4220H%k5 Pl 2+ y b, RO
BERTWFy hEFBERE (EBHICELISAKES) L, Zho0oFA%EHLMILE.

ARBHEOBEULOERIE, Ry FELTHEEEERMLEZ 5251 XOBKEBEBN T2 LT/
BERHRZERTALOTHD, BHEL (FEHE) IETS,
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