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Development of a biosensor for monitoring of immunosuppressant in blood for
optimal dosage
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The purpose of this research was to develop a sensor technology that allows
to monitor immunosuppressant in blood for minimum side effects and maximum medicinal efficacy. In
fiscal year 2018, a surface plasmon-enhanced fluorescence sensor was constructed for sensitive
measurement. Sensor characterization with fluorophore solution showed that sensor output is
dependent on the fluorophore concentrations. In fiscal year 2019, first, the surface
plasmon-enhanced fluorescence immunosensor was developed and characterized with mouse and
fluorophore-labeled anti-mouse antibodies. The dynamic range of 0.6-10000 ng/mL was achieved.
Afterwards, measurement of immunosuppressant, cyclosporine A, was demonstrated.
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1. MRS FI DTS R

ANy =a— U S, BB RE AT v A R EOREIMtiHIL, i ksic
BWTEEREEN Z R U N EROMFACHERE 2 111 2 5 AT, s BARRE S B O R
BIRRR STV TWD, Bl I THEFCHEM 13 HHREITOIL TV Dl B Tk, B
B OPREH IR T DSOS ZMZ DDA BN, 1T E A EDGEE, EJEICDZ 0 IRA LT
PR AT B 72\ S LR 8 OB IR EE AN ol & D & R RO B RE R E
JRYWE 2 EORIWERI RO B ARIBE 5 LHEMSUSAAE U D, A O PITIT I & 5 ITEH
D S55%IZEET D Lo #HiE S H % (Thong N, et al., The American Journal of Surgical Pathology, 2009) .
M2 T Z O A EE DB EREUIIR < | FNZ BEAEND D Z LD, HFEEITFERE DI
FE L2 R n 20, TOROREORRIZIT, nREWET =41 7 (therapeutic drug
monitoring, TDM) %17V, flfl & OB 12U U T P B A E & WIS A 2RI NI I & 2 ) e
RUBIEEZRE L TWVD2012F0OBZRAMSEIZ LD 1y =a— Y HfA]O tacrolimus

(TAC) LU cyclosporin (CyA) (2%, EHHEHIHE D mycophenolate mofetil (MMF) 7 ¢
- AR ) FTREZR TDM KF53EICMb Y | TDM OEEHEN T TRk S TW\5, TDM
TIEEEERTOMPIRE (FT 7H) . HEEORRLPRE (E—27H) B XOEAIZERY A
FINTIRHANEOFEAE & 72 D i R — R[] dh &R T i fE (area under the blood concentration time curve,
AUC) 2 EZFIHLTWD, 0 i AR E ORFFZ LG ®R . ER DR ILZ L TREIME
HOF/MEZFEBRT 2 ETIHEFEITANZLEEZ NS,

S BN O AR EEF RN A S W B v Tn 5 ik & LT, chemiluminescent immunoassay

(CLIA) < liquid chromatograph mass spectroscopy (LC/MS) 72 ER3d 5, LrL7e3 6, LC/MS
VREEE S KB CEAMENEHE & 72 0 BERR OB CRIM T 512130 L T\ 7e\n, Zickk L CLIA 1%
A CIId 578, MFEITIE L TRy FEHIITH Y | ERAREEZIT O 2 &IXTE R, £
DI OREREETIE, ML O IHIFIRE OB 25T =2 ) 745 2 LITNET
oY | BERIN 72T — B B RRNTE T AT TE L TE HEE I DWW CERAI R 2 AT 5 720 35
ERIWER DT U 20N D Y 227 NI %, LLLEOHENG, HilAIZ TAC 72 & O g
FMREE 2 JE U, FERME IS EE-S < IERMEZR 384 S i 23 rTRE 2R B 2SR O b TV %, FFIT, Bk &
7R IEHN A A B DR T BE ORI FFN I 1T D i AR E O R AIT R TH Y | £
=2V T EATO ZETHREREFMAOER L | ZTNIZE S ZRETHRRIBRIE~ L5
IMDFTADERBEIRTA~LIEHT 22 LN TE D,

2. WIFEDBE

AWFFEO B, BOSE O AN AIEE/R R 77 AE g (surface plasmon resonance, SPR)
NAFTH Y EZMND T L TMD IR L OGRERIEZ F28L L i H o> 52 B 7 B 2 dtfe i Ft
W HEe=2 VTV AT LAOBZRBEMEMWEST 52 L Thovz, BISHIRME 2V ik LA
Ly 1LY F o FITTHERD IR Losoitul CREier)) (S0l 23 e 2 & o - Bl & 4%
FEL . MR O @R R RGNS 5 2 5 AR TDM ~D B 277 5,

3. WrFED Sk

(1) BBEMHAFIE=2Y T AT L& FEET D712, RENEETHUE - JURORES -
BEDNFHE B VIR UATZDEIGHAZ S 572, SPRAA T oY 2 L-, &MEcEDbNL-
BULERIX, i % polyethylene glycol (PEG) T4 —/L & @&\ pH it 2 ROl & o /3 7 12 THES
THZ LT, IGHEICENFAEN TR Rm A Lo, o, EMmHIANLIER KRS 1

(MW~1 kDa) THh D728, BITERE(LIZIES < SPR A A& I K 2 IEEaRG AN R 72
EEZDNT, &I CEBERSERHD MG SN D Rm T 7 A€ HEEY (SPF) ot %
FHTE L) NFERONE - BEEX -T2,

(2) HESE U7~ SPF B S DMERER . v 7 R « T o F~ 7 ZAHUEZ W TEHE L, FEAE G m ]
Hl o TN ERET D R & FEFEIETE (SAW) 7 31 AT THEFR LT=, SPF & ¥ ioxt L Tid#k
HERE % U7 S e B I PR A B L~ 7 2 PR A EE(L LTS A T2 ERLL .
F D% 45T Alexa Fluor 647 (hex = 650 nm, Ml = 665 nm) TEM L= 7 v F~ 7 AHi{E % K
JSEA~ANT Lo, BEIXE YD A A XL O R ZFEE L, st ORMEZHE LT,
SAW T /34 2125 LC b RO RIERM 24T > 721 ZfHilF ch b7 v AR Y A(CyA)
xRS & LT LR Z EEL L, 0% CyA Z#fEe S H i,

4. WFIERk R

(1) IZUODIZSPF UV A2 LI, At Vi IR THh 5 E 633 nm @ HeNe L —
— HFATY XL, SPRTFv7, 7a—k)&Hii=T A b3A 7, #6H O Multi-Pixel
Photon Counter (MPPC) 7> Bk S5, SPR F v FIE, (X UDICH T AHM BicHEEE & LT
JEJER 3 nm DOF H > FEWT T T RE VLD 72 8 DFEIE 45 nm D4 % A8 Z 3512 T Rfg-4
HZETER LI, 2% AT AT R~y F U T HANEN L THES L, &KE~ PDMS
ET 7 UNBDT A4 " FICTHERL L7 — L &3S L, o PRI 7 e —tk L
~NEE LR I Lo THEIREN D, KUY TSRS T+ 2BIET 57291 SPE Z8H L
TEY, L=V =K %7V XL~SPR AIZTARNTEZILTCRE ST XELRT U btk s
R A SR REFE L, T OB T2 @RI 4 5, B Shiz®&ix7 4 b3



A T Lo TEBRIZEN S, MPPC IZTRIEEL S,

HESE14 12 Alexa Fluor 647 ¥AR & phosphate buffered saline (PBS) V&I % 28 HAZ RS D Z & T,
HOEH T OMERE & B ORI 21T o 72, = DOFEF. Alexa Fluor 647 T&IK D AMTIZLE 2 8 H
O E PBS IWIKIZ L 2 HADRENBIE S, 5 [EOM Y K LAEICEB T 2 28R (C.V)
1% 0.46% & ENT-BHHRENSE LN (K 1a), 2 3W T, SPF & ~FE 4 OIREE D Alexa Fluor
647 TRk A L URE 2 L2 & 2 A, 1.0-10000 nM OFiH CEENAIRETH -7 (K 1b),
PLEX VY, AKSPF LWL AT LDAA Gt oIS~ AHEMEDN R STz,

(a) BS Alexa Fluor 647 (100 nM) (b) R=0.9999
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X 1 (a) AlexaFluor 647 Ak % 5 EIF 0 K LHIE L7z & 2 o N E{LDE T, (b) Alexa
Fluor 647 IAIRIZ kT 5 &,

WIZ, ¥ 7 APk % [EE(L L7z SPF & %t L, Alexa Fluor 647 {&fifi L 77 > F~ 7 AHifk
AT AT VERICEIY, XA AP L L TORETMEAZIT 72, 7 F~ 7 ZHHEDOA
FHCPE D RN E . 74 N7V —F o 712 X DB 2B 3Bl &, 10 OfsE
GBI PBS IZE 2TV VAT B ETREIOT T~ AFURERE LTz, OO IR
EEUEMEOZ A I AF & LT, FrEZRHE L=, £72HERIX pH 1.0 OEEEELERZ
TT v F~ 0 AP Z Rl S8, BRISHOEAEZIT-72 (K 2a), Fx DEEDOT o F~ v Ah
REah L, BEAZEL7- L 2 A5 0.66-10% ng/ml OFPH TEENATRETH - 72,

BRI, RO RIEEMTE 2 SAW 7 /3 2N L SEMsHI Th %5 v 7 m 2R Y > A(CyA)
Zxfgeth 7 v & UTCHL CyA ik %z EE btk . CyA ORNEZ R RAT-, THED CyA 7215 Tl
FRINE L HABB LIRS, CyA DHMEHIC CyA & FFRICHEET 57 m 7
4 V> B (CypB) ZBLERICAR Lz, BHEZRHINIHE b2 o7- (X 2b), KR DERA
NEZ LD LMD, 51 CypB 213 UDICEE(LT 2 78 ERISE OiEZ M - T\,
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