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A New Marker for Prostate Cancer
Seiichi Saito

Division of Urology, Department of Organ-oriented Medicine, Faculty of Medicine,
University of the Ryukyus

ABSTRACT

Prostate-specific antigen (PSA) has been widely used for detection and diagnosis
of early prostate cancer. However, PSA has problems with specificity and does not reflect
grade of malignancy. In addition, PSA has no cut-off value because the prevalence of
prostate cancer was reported to be 15% among men with PSA 4 ng/mL or less. There-
fore, a new serum marker to compensate for the problems of PSA is urgently required.

In an attempt to search a novel marker, we focused on the glycosyl epitope, j1,
4-GalNAcDSLc,, to which monoclonal antibody (mAb) RM2 was established using renal
cell carcinoma cell line, based on the assumption that the hybrid structure of the glycosyl
epotope is associated with the nature of prostate cancer. By immunohistochemistry
using radical prostatectomy specimens,we found RM2 reacted to prostate cancer cells,
reflecting grade of malignancy, whereas RM2 had no reactivity to benign prostatic
hyperplasia. RM2 showed preferential reactivity toward haptoglobin-beta chain derived
from prostate cancer than that from benign prostatic diseases. Haptoglobin-beta chain
defined by RM2 (Hp-beta-RM2) in serum had sensitivity of 87% and specificity of 84%
for detecting early prostate cancer among men with PSA value < 10 ng/mL. Hp-beta-
RM2 is a novel serum marker that may be useful for detection of early prostate cancer.
Furthermore, serum level of Hp-beta-RM2 may predict PSA failure after radical

prostatectomy, although the number of patients examined is small.
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HIMERDSADIME~Y - — & LTHEFLHIN TS
SA (prostate-specific antigen) i, AIVIRASADER
WA - BEZE, RENERRORIFEF v 7,
EITRIARAS AR B R IVE VB EOBERAD
EZF ) IR TWh, L2 LEH S, PSAIX
TRICHFRITH 5%, BRI AHR R~ — 71—
SRV, HIZREXAE (BPH) RETAZERED &
VR BUEREBETH PSAEIZERTAYY. F0/28, B
EEDRADME PSA H4-10ng/mL O IZHB W T
JPH & PSA fEWS* —/X—F v 7L, [l PSA {E4-10
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ng/mL OBEIZBIT HEETFHIE (RFIZARERIZL 5
FEOMINE) 13825%TH 1, HEHRIITHT0%DH X
RUERERESZITAI LIRS, 512, EREBONE
IZEEVIENE TR V2RI ERS BT A, PSA
BT 5% ) —o0/EIE, PSA B TILREENR
HFPRHETELRNI ETHBHY. PSA LAV, EH
DL LHEHEET 5, Tabb 5 {UEICR DI
MadH 72 o PSA EEEENHAY 7k, BPHD
ARICHA L TPSANERTAZ Ehs, FRICIIME
PSA A% 1#7 (4-10ng/mL) Ti, 3L oW
BILTPSABRERTEbITTCIELZVWI &L 5. ERD
OMLREBD»S, B L TEWEFEELET LI LY
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Table 1 I PSA L~ < 4.0 ng/mL OBHEIZ BT BHILIRATADREEE

PSA (ng/mL) No. of men

No. of men with PCa

foho [
(prevalence rate: %) high-grade PCa (%)

< 05 486 32 (6.6) 4/32 (12.5)
0.5 - 1.0 791 80 (10.1) 8/80 (10.0)
1.0 - 2.0 998 170 (17.0) 20/170 (11.8)
2.0 - 3.0 482 115 (23.9) 22/115 (19.1)
3.0 - 4.0 193 52 (26.9) 13/52 (25.0)

2950 449 (15.2) 67/449 (14.9)

high-grade: Gleason score > 7

mAb
Monosialosyl globopentaosylceramide (MSGbS or SSEA-4)
Gglﬁl—>3GalNAcﬁl—>3Galal—>4Gal|31—>4Gch1—>1Cer RM1
T Ref. 11
NeuAca2
Disialosyl globopentaosylceramide (DSGbS)
GalB1—3GalNAcf1—-3Galal—4Galpl1—4Glcpl—1Cer 5F3
3 6
T ) Ref. 10, 11
NeuAco2 NeuAca?2
GalNAc disialosyl lactotetraosylceramide (GalNAcDSLc4)
GalNAcB1—4Galp1—3GlcNAcS1—3Galp1—4Glepl—1Cer RM2
3 6
1 [
NeuAca2  NeuAca2 Ref. 11,12

Fig. 1 BEIORE LT 7)Y FEE, 70— F VK

T=H=ANRD LN TV, 851220044, Thompson
5124 Y, phase 3 PCPT (Prostate Cancer Prevention
Trial) @ placebo T, PSA DA v b+ 7L &N
4.0 ng/mL LT OBED % A & 15% I HIZIRA A B
HEhitw)ayFrrhfEs%n s (Table
1), iLw=—7 =I5 2BEICE 5 ITHEF,
ol

FLuv—h =k s aEEle LTid, 5L
BHRBZHHNTELZETHY, TNIZLYIFENL
Ag )=y IHUREE D, S50, EEEICHAIL
TLNUHEL A L) a~v—h—DdbiuL, HEEH
TR ER TN EZ bND. DLEOS&KH
W72 HhEME, Y- —DME L ORI AE
R L COEWES FR2IEL TO A PENIIID-o
Twh,

EPCA-2

RIEER SN TWwAME~—5 —I2 EPCA-2 (early
prostate cancer antigen-2) & \»9 nuclear matrix

protein 7% 5 7. MIRGIELE TIX, Y4%DEIZBWV
T EPCA O FBMiE®H 51, Gleason pattern %
stage & OEEYHEE L, BIVIRPARERHOESLE
ZoNTWwasY, EPCA ®»9 5T, EPCA-213H[
RSAHERETH ), RIIFRASARBIZBNT,
TKEEY4%, FFEER2% L VO EENLERVERE SN
727, Sk, ZEUERNC X AR RIS OB
BT BEFMED e S S, BERIICER R~ —H—
WA REMN D 5.

BESRRIZED 5 15 5 N 7= kR

EZAT, RBHIILAATL Y, WEEEIL & WIRERRE
DEERBERICOVWTIIELTCEAZLdH Y, Lo
£ 9 7% PSA ORI S5, BALKFERIRHEIR &
DHESHOBR S SH v — =R NG whE
R E )1 72, 2 TAHANITHRCIHA SN TV AR
R 7= — L LTHE&AZ DI, HILEAED CA
19-9%3H H, ZThIdbESH (sialyl Lewis a) THhHI &
W0, PESEASHISIIRASA DT —H — 2 AR D # 2
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Fig. 3 ¥ElgH L %4

bNAE., 2T, NI TOMETREL TE/HEHED
HTMPRIHEZF ) DRI RETAZ &L,
BIROMERREMZEOF 55 Bl L T & 70 (Fig. 1)

DEMT, ) 70—F VP (mAb) SF3DFEHET
% DSGb5 (DSGb5-5F3) I w kI BIT A 54 % R
Tha &, EARME, MHE, I7a2)7, HESH
THH (Fig.2)", DSGb5-5F3 &1ty 7 IIVERDAHINAL
B R 5 DSGb5IX, B, ARMERIZHHA L TW5.
INHEERT S L A1k, DSGb5IERIEH kDM
KEHLTWA L W) ZETHhA. HEREDOEHRERIL,
lacto- (neolacto-), globo-, ganglios-series & K % <
3o ENSD, LIEiL D ganglios-series X,

MAHRRAICEEICEEHETLIZ LMo TEY, JMIRsE
EOBEDPHER XN, lacto-series (ZTHLEDOREERIZ
AT A CA19-9MER I NDHRIC, WIRZE L ORFEDS
EZoNDL., bbb T CELEEEDLET, ¥
N ERFZEDH TR S N7, WETRE A D 3 D%
BX 3MEICRIE L TV AR H L E V) HDTH
% (Fig.3).

BN S —h—

bivbhh, BREHED SR THID TR L 728
F2FEEH BHS, FDIELD 1 DTHAH GalNAcDSLe,
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GaINAcB1—>4GalB1—3GIcNAcB1—3Galp1—R
3 6
T T
NeuAca2 NeuAca2
Fig. 4 RM2 #1E (8 1,4-GalNAc-disialyl-Lc4)

Fig. 6 RM2 2 & % 594 fl: benign prostatic hyperplasia

pattern 4 B pattern 4

pattern 3
Fig. 7 RM2iZ & 2 %EG& 5] Gleason patterns 3&4MD%tik

W, BRIE 7 a—F Pk (RM2) 2ER SN TH  SRFAER, IRE (NIRE) BskThh 2hss, EWE
S THEBIHEESHBA L TH LAY, FEEIC B D EMRNSWFEE IMEE) 2H05h L
WEWZ AT ganglio-series & lacto-series W) 2EOWKEEET L. KIFEORFIZERD L &,

DNAT) v MR L oTwb (Fig.4). —7%, Bi  RM2AREET AMEHONA 7 v P&, £ SI2H
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PSAE#: > 0.1ng/mL
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ISR

9 10 1 12 13

PSA 62 84 72 71 73 30 92 95 93 66 52 56 99

{ng/mL)
Rit: RIEATILAREE

Fig. 9a BHEME TS RM2RIEH : 201

i3 ARSE

PSA
{ng/mL}

4.0

36 28 46 49 31

46 85 43 47

Fig. 9b BEMFICN S RM2EULH 1 D 2

MR ADOWIEERSE (lacto-series) TH Y LA b,
IIEEH % (ganglio-series) DEE % H N5 L9 2
EOUBIHIELTWA L HIZER LN 22T, #i
IRERMIC L WV BRONLENIRPAEREE ) 70—
FVHUR RM21Z & ) ShiEgets LT A7z,

FOER, BIZBRASAMILD Gleason pattern 41
GBI NDDs, BEREREEI WD, 555
man/ (Fig.5)Y. MEBFHTVRFELEEINTY
f. —7, BB RE12EIHI2FE HIRE LR SO
B E b ICRE SN0 (Fig. 6). MERGEE
BOHFTH o & HHEIKFEVEIRIX, Gleason pattern 4
TIEFRVAS, pattern 3TIXFFL, B4 ML L TS

BENLZETHAS (Fig. 7). #I T, BIMBRERHAT
2T ER O RM2UR LNV PSA JEBEEERZ
I12E A, RM2RUBE LAVERE, RL~VERICHE
8 LT PSA FERENFREIEL o7 (Fig.8).
RIZBRM2RSGF25, ME~Y—H =22 ) 50H
PEMET L7z, MRRRERET, MR SAEBORE
12 RM2IEASH 5 &) 2 &3, AR SBE
1 RM2 ST 25 & T A 2k S A 1T gE
MhdHsH. T2, RM2ZE WA RREBINS DS,
BPH i3 &z, Mk TRIBEEINS LT
X, 2SA L BHREBRHAITE A EENSHSH. £2T,
MECH L TE// 70—F VHMERM2ZE Y TR ¥
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3 100 ROC curve
»x 2.5 20.90 gt 1
G £0.80 e
2 7 “ 070 !
Ig”‘ i g'ff' AT
LI } osod)
o s mm—y 0.304 )4
H 0.5 ; {_ o
07 + . 0.10
0.00 ey .
BHRTRRER RILARAA .00 .10.20 30 .40 .50 .60.70 .80 .90
1-specificity
0.35 £ 0.32 0.96 + 0.43: p<0.0001 AUC : 0.89

Fig.

a TLC immunostaining by RM2

Arrow: GalNAcDSLc4

B 87%. FRREE: 84%.

10 BRI RASAREIC BT B [GPX I/ 2 RM2KUR LNV OB Bk

b Western bot of DU145 cell lysate by
RM2 before and after hemoglobin column

Fig. 11 BIZIRDSAMALIZ BT 5 RM2RUESF

Polyclonal anti-Hpt Ab
BIERIIIRES

FIALiRE RUEFNIRER

PSA
{ng/mL)
Hpt: haptoglobin

26 43 39 27 7.0 9.0

Fig. 12 BIZBRA" A B EH%E D haptoglobin- 8 #5124 5 RM29DRIRW e

YTy T A YT ERAT L, MEIERNE, RIRRARR
W& DA (n=62) EMEEREE (n=43) »OZW» %
EN7-PSA < 10 ng/mL OBHTH 5. FOKE,

RS A & BRI IRIRE & DL, #940kDa D
WER (GPX LRFF) ko RM2RUGOEW & L THE
ga3n/ (Fig.9a & b)". Scion image & T
GPX (289 5 RM2IUS %2 DA & B E TRIZRE L X
WV DT5kDa 12K % UL THEE{LT 5 L, PALENE
ETHOLPLRRIBLANVOEFBE SN, ROC

(receiver operating characteristic) curve %< &,
AUC (the area under the ROC curve) I, 0.89¢ %5
<, #Y) Ay b+ 71 (sensitivity - (1-specificity)
WKL % A1) &5 & RM2RG ORI R ERA
ARERUZ BT B IRBEIE8T%, FFIFRAEII84% & BRI & W
fETH o7 (Fig.10)”., 7u 7+ I 7 ALY, 40kDa
DGPX AT LR, NTF/nerR—35Tdh
BIENHL, 7YV Y MEOS T A IEFICE
BIHEETAEHZWAEL, MELEAIIBELT 5.
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RM2DFUSHIZ EEICHFET A EATEAICH S 2 &
b, 2XITEXKEITERML, RM2RISA K
NEGIDH L, FIVBIEL, TAARZ bR XA—F—|C
YOOI LIz, RIF R =T v A% T—FR—RA LR
LLELEER, @TORTF NI =7 AENT
FOE Y RN=F AR TH L Z LD broT.

ZZC, HIMIRDSAMIFEIZ BT B RM2EUGST- 13T
ThohEHEt Lz 25, 3EEOMIEKIIBVLTIE
RM2APRIST A4 7Y F ¥ F (GalNAcDSLcd) @
BHRIIEBEIN L o7 (Fig.1lla)™. —k, DUL45D
cell lysate /N7 b 7O ¥V IZHEEAEER H T 5 hemo-
globin column 0’4 YFaNX—hMNL7ZELZ A, RM2AF
RIS 5/57 FIZIZIZRE I NS Z L0 s, HSAHRA
O RM2RSE L i1\7 P N—FELEZ bR
7z (Fig.11b). 50kDa IZFE LNy KBHALNEH, B
FHLAINENT MO R—FEET LT 7HD
complex & Ebh 5.

FRTik, RM2iZ, filioN7T F7ae iy 5
PR ERTLE )R DOPRET L2 25, RM2ET
B b DI THIVIEAFABEHEDONT P raE
N=FZ I T HEIREPL VBN EDbhI o7
(Fig.12). & 512, RM2& 3875 b iR OPuRIZ Rk
FREEICBWTOESEL ML T ko7 (Fig.
RS9,

DX, M L OV & A R 6ABI R R A
ﬁm%ﬁﬁtmm IDWnT ,A7F7DE/« 5 5

126 A RM2BUE L XV PSA JERSSE 2 7.
RM2J§U“ LVAOVSSERE (0.96) & D EWHMEW T
2B A, FHELYEVE (n=13) T,
BWEE (n=11) 2L T, AE#AIZIE L PSA EF%E
EPMEA - 72 (2-y PSA failure free rate: 44% vs.
92%, p=0.0527) (Fig.l3m&79). 2T &Hh 5, RM2
DEIRT ANT h 7O =% 1L, BA»BEI%
ST A, EEBOBRETENS O LD TR
’EENn.

BUfE, MiBICBTANT M rav s X—-5H0ME7 v
A VAT LOREE, FNORIIRAS AMILICBIT 54
PRI E], MOMREERDVALBIIA - —E LT

Eetk, RIZEH RM2% w7z BEEZE o feric
DWTHIZEHF TH 5.
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