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Development of a Prostate Cancer Diagnostic System Based on Surface Plasmon Field-Enhanced Fluorescence Spectroscopy
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Abstract

With the ageing of society and the Westernization of di-
etary habits, incidences of prostate cancer (PC) have signifi-
cantly increased in the past few years. PC begins in a man'’s
prostate gland. Prostate specific antigen (PSA) screening helps
identify early-stage cancer, when treatment is most effective.
However, PSA lacks cancer specificity, as it can also be elevat-
ed in conditions such as benign prostatic hyperplasia (BPH)
and chronic prostatitis. Due to the low specificity of PSA
screening and the resultant high number of false positives, a
large number of unnecessary biopsies are performed each
year in order to obtain definite diagnoses.

Just such a cancer-specific marker may be the structural
change in carbohydrate chains produced by cell changes dur-
ing carcinogenesis. That same cancer-specific change was
also found on PSA, which was conventionally detected by us-
ing column chromatography combined with the ELISA meth-
od. This satisfies all specificity requirements for quantitative
analysis of a PSA-containing, cancer-specific carbohydrate
(LacdiNAc-PSA) in serum. However, it is impractical for clinical
use because it takes an excessive amount of time and labor.

We have developed an automated immunoassay system
employing surface plasmon field-enhanced fluorescence
spectroscopy (SPFS), one of the most sensitive fluorescence
detection technologies today. The performance of LacdiNAc-
PSA immunoassay with SPFS showed high sensitivity. Clinical
evaluation revealed that the level of LacdiNAc-PSA in serum
was significantly higher in cases of PC than in cases of BPH.
Further, the level of LacdiNAc-PSA in serum correlated posi-
tively with the progression of cancer. Thus, a PSA carbohy-
drate marker in serum may eliminate the need for a needle

biopsy in cases of suspected prostate cancer.
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Fig. 1 The principle of surface plasmon field-enhanced fluorescence
spectroscopy (SPFS).
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Fig. 2 The automatic SPFS immunoassay system with a disposable plas-
tic sensor chip.
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Fig. 3 (a) Schematic view of sandwich immunoassay on an SPFS chip
and ELISA plate, and (b) calibration curves of total PSA in female
serum derived from SPFS (@) and ELISA (A). The SPFS immunoas-
say has both higher sensitivity and a wider measurement range
than those of ELISA.
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Table 1 Performance of six automated immunoassay systems that per-
form total PSA tests.

Assay Measurement range

Instrument Company method (pg/ml)

— Konica Minolta SPFS 0.04 — 100000

ARCHITECT Abbott CLIA 8 -100000 °
Unicel Beckman CLIA 8-150000 ©
IMMULYZE Siemens CLEIA 5- 20000 7
ECLusys Roche ECLIA 2-100000 @&
AIA Tosoh FEIA 10— 100000

CLIA:chemiluminescence immunoassay
CLEIA:chemiluminescence enzyme immunoassay
ECLIA:electro chemiluminescence immunoassay
FEIA:fluorescence enzyme immunoassay
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Fig.4 (a) Lectin sandwich immunoassay with SPFS and (b) calibration
curves of LacdiNAc-PSA using lectin sandwich immunoassay with
SPFS (@) and with ELISA (A). The limit of detection (LOD) of
LacdiNAc-PSA using automated SPFS was 20.0 pg/ml. The LOD of
LacdiNAc-PSA using ELISA was 20 ng/ml. The automated SPFS im-
munoassay clearly had higher sensitivity than that of the ELISA
immunoassay.

2. 4 JEERIZETIEEE D FTE

7L — — v & E&trtotal PSA)34-20ng/mL o HEE %
XRIZ, SPFS H B2l 22 & 1< C 1L v o LacdiNAc-
PSADWE % 1T - 72, JaEHE 394, AiSZIIEARE 31 41
D BH I oM ERE R % Fig. 5 18T, total PSADET
IR R & ERIE BT CRET I R B A <
(P =0.8949) #HI¥ 2 2 LIZWEETH 2235, SPFSiLIC
CHIZE L 7z LacdiNAc-PSA Dl T3 B A REIC B LT
FIERERIN L CHEHAINICEETH 5 2 L DMERT
7= (P =0.00006), AFEDOFEEM 7N IX StatFlex
6.0 (k&7 —F v 7 http://www.statflex.net/) 12
THNM L 7o, SRR O HEB RT3 Mann-Whitney URZE

ZHOTPHEZRINL 72, PEINS VI ETRRH 0%
DEOMEHRTHL ZE2EL, —MINICHERAREL LT
0.05 (5%) $0.01 (1%) 2HV6L3,

22.0 300

(a) (b)
20.0 °
—~ 250
__ 180 R ° 2
E . £
> o
£ 160 . o T
P M g 20
@
o 140 ° % .
= < °
e ° ° =z .
12.0 T 150 o
k] oo o e
5 ° & g
= 100 8% o s %
© L4 o -
2 bd S 2 100 hos
< o O 5 °®
g 80 .l. 8 g e
5 o0 8o » .
o F3 w b
6.0 o 98B, & $ge 8
3 §oo 50 g0
i g ol
4.0
. 600
2.0 0 8
PC BPH PC BPH

Fig.5 (a) Measured values of total PSA using ELISA and (b) plot of the
measured values of LacdiNAc-PSA using lectin sandwich auto-
mated SPFS immunoassay for prostate cancer (PC) (N = 39) and
benign prostate hyperplasia (BPH) (N = 31) in the gray zone (total
PSA concentration: 4 - 20 ng/ml).
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Fig. 6 Receiver operating characteristic (ROC) curve analysis for LacdiNAc-
PSA (@) and total PSA (@). The area under the ROC curve for
LacdiNAc-PSA (0.823) was significantly greater than the area un-
der the total PSA curve (0.506).
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Table 2 Diagnostic serum marker performance. In the 4 to 10 ng/ml PSA
range at 90% and 95% sensitivity, both the specificity and the
area under the ROC curve (AUC) of the LacdiNAc-PSA exceeded
those of total PSA, %fPSA, and Phi. (AUCs LacdiNAc-PSA 0.866,
PSA 0.516, %fPSA 0.648 and Phi 0.708).

Markers 95% Sensitivity 90% Sensitivity ROC
analysis

Cutoff  %Specificity Cutoff  %Specificity AUC

LacdiNAc-PSA 27650 52.0 32800 66.0 0.866

total PSA 4.2 7.5 4.4 10.8 0.516

%fPSA 27.9 9.9 241 19.8 0.648

Phi 221 141 27.0 311 0.708
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Fig. 7 LacdiNAc-PSA serum levels correlated with tumor Gleason scores
(GS) of PC patients. The LacdiNAc-PSA serum levels were signifi-
cantly higher in PC (GS=7) serum than in PC (GS=6) serum
(P=0.0350): (a) Plot of the measured values of total-PSA using
ELISA and (b) plot of the measured values of LacdiNAc-PSA using
SPFS immunoassay for PC (GS=7 (N=14), GS=6 (N=10)), BPH
(N=14), and prostatitis (N=7) in the gray zone (total PSA concen-
tration: 4-20 ng/ml), healthy men control (HMC) (N=4).

BPH Prostatitis HMC
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