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High-sensitive Total PSA Test Using Surface Plasmon Field-enhanced Fluorescence Spectroscopy (SPFS) for
Point-of-Care Testing (POCT)

oW B e
Takanori MURAYAMA

M i %
Jun OKADA

£5

RE, AIIBREOREEZEOBRICER I N TWSREIIL
BREFEMRIE, BIZERSFENUR (PSA: Prostate specific
antigen) #®EZFRDOICEBHIRNREINTWNWS, PSA
FERFEENERICEBVW ENS, BEZFICRITSH]
UREORBERR, RERETTAICHBEWEIERIN
TED, RERBARAINTWRERBY—H—D—DT
HB., £fe, MILVEVEE BREREE ARMELG
ELRIRBENEILINTWS Z & I REZEDR
HO—DoTHD, PSAREIF NS ZHFIAEMRE=S
YUV TPERHMOERSE U THEERAINTWS,

REHBEINTWBPSAKREIL, KA BFEREORE
RIGHBZHRET 3 ETYRTLAONER L PHAEFERS
DIERME, RERBEOEREERIRELTWVWS, LML,
FTIF7IRRI VT —RESNTVWSKREGEAES X
Th (FrTL) ERAFEERZERU/NEY T LR
BETHD, SBENATEENRAETND2EMYY
VZw o TO “ZDOHPSAKRE" OEELIE, QOLMAE
PEBMEEERRICEWTIHERICERTH S,

FITHRAIR, REVZXTVHIEMZERELD N
(SPFS: Surface Plasmon Field-enhanced Fluorescence
Spectroscopy) ZRRHRE &I 5/\B SPFSIMKRIGRE
VAT L (FEFS) OWMRBHEENOEMAZERLET
31, BERERBEOERLEBRRIEE Ebic, 77Uy
JETRERESIND " BERD &7 ICWT 2R EL X
II— - TYZARY IV ADER TIRGHRIEZEM U oo

K AT LADORRBRESMG TAT 10min (TAT: Turn
Around Time) TOE KRR IF, B EREH 0.0023
ng/mL, E{TREEN0.0054ng/mL (ZEHZ$20%), E
BHETHOFEICRBEWT A FI VI LY IHEETH
D, TAT29Min THZAFAMRRERAES AT ALAER
EFLEDODITEEEEEIR Ul BN REIER{K 54 4]
DIEBEIMRERICHE W TIFRS TRIFREREZER L
(R=0.99),

KIRTFTALICED, BRETEBEDSVWPSAKREN
AEE D, 7Y v IFICRTZEUH DAERLEE
ORI, QOLM Ev#ifcaERbERtRICER
TE52HDEWMFELTWS,

B B OBl Xk ok
Takefumi SATOH

® & & Bk
Takatoshi KAYA

Abstract

Cases of prostate cancer in Japan have increased rapidly
since around 2000. Currently in the diagnosis of prostate
cancer, needle biopsies are indicated chiefly by the results of
various examinations that determine prostate specific anti-
gen (PSA) values. Since PSA is highly organ specific, it is also
effective in predicting the early progression of the disease,
making it one of the most widely used tumor markers. A PSA
test is widely used as an indicator in prognostic monitoring
and recurrence judgment after various treatments. Currently,
PSA measurement must be performed with large apparatus,
for no compact system has existed that realizes the perfor-
mance of a large system. Such a compact system would ren-
der PSA tests more accessible at clinics and hospitals both in
Japan and abroad.

We have created a compact system using surface plasmon
field-enhanced fluorescence spectroscopy (SPFS), which mea-
sures PSA with high sensitivity by optimizing the reaction
protocol for PSA measurement. The system’s analytical sen-
sitivity is equivalent to the high sensitivity of existing sys-
tems, and measurements made with our SPFS system are in
strong agreement with conventional system measurements.
In addition, our system provides a wider dynamic range than
conventional systems.

Using this new system, clinics whose size and economics
previously rendered them unable can now conduct PSA
examinations and provide greater individualized medical
attention to an increasingly aging society.
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Fig. 1 PSA testing workflow in diagnosing prostate cancer.
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Fig. 2 Compact high-sensitivity PSA measurement system consisting of

Buffers and labeled antibody solution for SPFS immunoassay

Sample well

disposable reagent cartridges, disposable contamination-free
resin pipette tips, and a desktop measuring device.

The PSA reagent cartridge is mounted with an SPFS optical prism
chip on which an anti-PSA antibody is solidified, and is filled with
other reagents necessary for measurement (i.e. sample dilution
liquid, fluorescent labeled antibody liquid, and cleaning liquid).
The operator attaches the measurement reagent cartridge to the
desktop measuring device and dispenses the sample into the car-
tridge to start measurement.

Table 1 PSA SPFS system specifications.

sample type serum
sample volume 200 pL
Turnaround time (TAT) 10 minutes
Number of measurement slots 3
Temperature 15-30°C
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Table 2 Reagent handling performance of PSA SPFS system.
The PSA SPFS system achieves highly precise measurement repro-
ducibility with highly precise, automated reagent handling for
the dilution of samples.

Dilution rate 6 dilution * 0.22 dilution
Dispensing accuracy 150 yL + 6 pL
Dispensing repeatability (CV) 12%

Residual liquid volume <7uL
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Table 3 Analytical sensitivities and within-run imprecisions.
The PSA SPFS system exhibits LoB (limit of blank), LoD (limit of
detection), and LoQ (limit of quantification) equivalent to those
of the PSA CLEIA method, as well as low within-run imprecision
CV (coefficient of value) and wide measurement dynamic range.

Our PSA SPFS system PSA CLEIA method

LoB 0.0023 ng/mL 0.0016 ng/mL
LoD 0.0054 ng/mL 0.0030 ng/mL
LoQ (20%CV) 0.0055 ng/mL 0.0043 ng/mL
. 0.1 ng/mL 5.1% CV N.D.
m":::cirs”ig | 1.0 ng/mL 4.6% CV N.D.
P 70 ng/mL 5.2% CV N.D.

Measurement range  0.008—5,000 ng/mL 0.008-100 ng/mL
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Fig. 3 Calibration curves of total PSA in a standard antigens sample from
the SPFS system (@) and company X's CLEIA system (A).
The SPFS system has a wider measurement range.
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Fig.4 Correlative evaluation of SPFS system and company X's system.
Measurements were conducted on 48 serum samples whose con-
centrations were lower than 100 ng/mL total PSA.
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Fig. 5 Correlative evaluation of SPFS system and company X's system.
Measurements were conducted on 54 serum samples, including 6
cases whose total PSA concentration was over 100 ng/mL.
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Table 4 Contents of six automated immunoassay systems that perform
total PSA tests.

Size (mm)  Measurement
Instrument Company (W)x(D)x(H) range (ng/mL) TAT

Konicaminolta  450x490%x490 0.003-5000 10 min

ARCHITECT Abbott 1549x1245x1219  0.008-100 29 min

UniCel Beckman 1710x970x1700  0.008-150 20 min
cobas Roche 1200%730%800 0.002-100 >18 min
AlA Tosoh 1960x840%1360  0.003-100 18 min

POCube® Toyobo 280%x310x275 0.1-80 6 min
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Fig. 6 Rapid workflow of a high-sensitivity PSA immunoassay system in
diagnosing prostate cancer.

@&k

1) ESE3 AR v —  DIAKREE

2) RINIRRIERSIR T A B 94 >~ 2016 4E[R

3) Thomas, A. S., et al, J Urol, 152, 1515-1519 (1994)

4) iSRRG X v+ 7—% 727 be - PSA (KA SR
i IAEGE)

5) BV SAUE X v b 72k AN 7Y F v 2 PSA (k42
Wi BRI ASCE)

6) femif, RIS, GHENA, FAHEE, “Km77 At vt
S BRI TR HT 53 (SPFS) & H o 70 MUK EE S IE > A 7 &
DBHFE”, Konica Minolta Tech. Rep., Vol.9, 95-98 (2012)

7) SEHERES, KRAERT, MilE, HE—, “Rm7 7 A€
VIR HOE G (SPES) % V7234 A = — 7 — e $effi
DA ERE~DIEH”, Konica Minolta Tech. Rep., Vol.15,
8-11 (2018)

8) AL, MRS, INSEE, TSRS, JIHEE, ‘K7 7 A
E VbR R OGO (SPFS) RO~ — 2 — R Ik
2 SIS WIE D BAFE”, Konica Minolta Tech. Rep., Vol.13,
73-78 (2016)

108 KONICA MINOLTA TECHNOLOGY REPORT VOL.16 (2019)



