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Fig. 1. Biomarkers in tumor diagnostics. Center for Cancer Control and Information Services, National Cancer Center, Japan.
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Table 1. Biomarkers in tumor diagnostics. Center for Cancer Control and Information Services, National Cancer Center, Japan.
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Fig. 2. Cancer Registry and Statistics. Center for Cancer Control and Information Services, National Cancer Center, Japan.
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Fig. 3. Structure of RM2 antigen. 1: ganglio-series structure. 2: disialyl lacto-series type 1 structure. (Saito S. et al Int |

Cancer, 115, 105—113, 2005)
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Fig. 4. Contrast of immunoreactivity of RM2 antigen between Gleason patterns 3 and 4. In most cases, iImmunoreactivity
of RMZ2 antigen was higher in Gleason pattern 4 than in Gleason pattern 3, as shown here. Strong to moderate
immunoreactivity was observed in Gleason pattern 4, while negative to weak immunoreactivity was observed in Gleason
pattern 3. Magnification 100x. (Saito S. et al. Int J Cancer, 115, 105—113, 2005)
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Fig. 5. PSA failure-free survival in 75 patients who underwent radical prostatectomy; 5-year PSA failure-free survival
was 88.9% in the lower expression group and 36.6% in the higher expression group. The difference was statistically
significant by the log-rank test (p=0.00093). (Saito S. et al Int J Cancer, 115, 105—113, 2005)
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Fig. 6. Western blot analysis of prostate cancer cell lines by RM2. A total of 10 mg of cancer cells was applied in each
lane. Left panel: immunostaining by mouse IgM. Right panel: immunostaining by RM2. PC3: prostate cancer cell lines.
LNCap: prostate cancer cell lines. M: size marker. RM2 detected a 40 kDa glycoprotein as the major band in LNCap and
PC3. (Saito S. et al. Int J Cancer, 115, 105—113, 2005)
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Fig. 7. Examples of serum Western blotting by mAb RM2. Rectal Ca: rectal cancer. PCa: prostate cancer. BPH: benign
prostatic hyperplasia. LN: prostate cancer cell lines. PC: prostate cancer cell lines. IgM: immunoglobulin M. GPX:
increased level of RM2 reactivity to glycoprotein X. M: size marker. PSA level for each case was indicated at bottom.

(Saito S. et al. Int J Cancer, 123, 633 — 640, 2008)
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Fig. 8. Comparison of RM2 reactivity to GPX between
BPD and PCa. Large bars: standard deviation, Small
bars: standard error of the mean. (Saito S. et al Int J
Cancer, 123, 633 — 640, 2008)
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Fig. 9. ROC curve of RM2 reactivity to GPX. The area
under the ROC curve was 0.89. The difference between
sensitivity and 1-specificity was highest at sensitivity of
87%. (Saito S. et al. Int J Cancer, 123, 633 — 640, 2008)
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Fig. 10. Identification of GPX as haptoglobin-b chain. PCa/CBB and BPH/CBB: Protein components separated by 2D SDS-
PAGE. Staining by Coomassie Brilliant Blue (CBB). Agilent column-adsorbed fractions from PCa (prostate cancer) serum
and from BPH (benign prostatic hyperplasia) serum were analyzed by 2D SDS-PAGE. Upper: The pattern from serum
of PCa. Lower: The pattern from serum of BPH. Horizontal direction: isoelectric focusing (IEF). Vertical direction; SDS-
PAGE. Area circled by dotted line on both left and right: GPX. Note that PCa has higher CBB staining than BPH. For each
sample, GPX is separated into four contiguous spots with different IEF, termed 1, 2, 3 and 4 as indicated. PCa/RM2 and
BPH/RM2: Protein components separated by 2D SDS-PAGE. Staining by mAb RM2. Note that RMZ2-stained bands are
clearly seen for sample PCa/RM2 but not for BPH/RM2. (Saito S. et al. Int J Cancer, 123, 633 — 640, 2008)
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Fig. 11. LC/MS chromatogram of spot 2 on the 2D SDS-PAGE in PCa/CBB after in gel trypsin digestion and extraction
of the tryptic peptides. Abscissa: LC retention time. Ordinate: MS1 of total ion chromatogram. (Saito S. et al Int J

Cancer, 123, 633 - 640, 2008)
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Fig. 12. MS/MS spectrum of a doubly charged precursor ion ([M+2HI?* ion) at m/z 680 identifying SC (PAM)
AVAEYGVYVK peptide with annotated amino acid sequence. The amino acid sequences correspond to the residues
380-391 of the haptoglobin precursor. (Saito S. et al Int J Cancer, 123, 633 — 640, 2008)
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Table 2. Detection of peptide sequences in haptoglobin
by LC/MS/MS. (Saito S. et al. Int J Cancer, 123,
633 — 640, 2008)
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Fig 13. MALDI-TOF spectra showing differences in N-linked glycans of haptoglobin f-chain from sera of prostate cancer,
benign prostate hyperplasia, and normal subjects. Glycans were released by PNGase-F, methylesterified at the carboxyl
group of sialic acid (s), and derivatized with aoWR. Keys are given in the box and correspond to Consortium for Functional
Glycomics symbols (http://www .functionalglycomics. org/fg/). (Fujimura T. et al Int J Cancer, 122, 39— 49, 2008)
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A. Tryptic glycopeptide-1
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Fig. 14. Variation in N-linked glycan structures in tryptic glycopeptides from haptoglobin f-chain. MALDI-TOF spectra
of “tryptic glycopeptide-1" (including N-linked glycans present at N207 and N211), “tryptic glycopeptide-2” (including
N-linked glycans present at N241), and “tryptic glycopeptide-3” (including N-linked glycans present at N184) are shown
in a, b and c, respectively. Upper panels: haptoglobin f-chain of sera from prostate cancer patients. Lower panels:
haptoglobin f-chain of sera from benign prostate disease. (Fujimura T. et al Int J Cancer, 122, 39 —49, 2008)

Table 3. Putative glycan structures from haptoglobin f-chain, m/z values, and relative abundance. (Fujimura T. et al. Int
J Cancer, 122, 39 —49, 2008)

Relative sbondance

Peak No m/z Glycan structure Prostse Benign Normal
cncer prostate  subject
A: NLFLNHSENATAK(203-215)"
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L]
8 65973 =170 [NeuAc2Hex3HexNAc3-+Man3GkNAc2] :§-3,“ :§=3"' 44 33 66
+ [NeuAc2Hex3HexNAc3+Man3GleNAc2) n n
$0mo Son0g.,
9 66632=180 [NeuAc2Hex3HexNAc3+Man3GkNAc2] oneomE gowe 73 41 ND
+ [NeuAc2Hex3HexNAc3+Man3GkNAc2 + Fuc] on
10 6891.6=180 [NeuAc2Hex3HexNAC3+Man3GkNAC2)] :§=3.__ ignﬂ- 73 34 ND
+ [NevAc3Hex3HexNAc3+Man3GleNAc2) = oo
0,
11 70346 =170 [NeuAc2Hex3HexNAc3+Man3GlcNAc2] fé::m zEEo"' 45 41 ND
+ [NeuAc3Hex3HexNAc3+Man3GleNAc2 + Fuc) <
O L]
12 71824200 [NeuAc3Hex3HexNAC3+Man3GkNAC2] iglzﬂ' ;g,:u- 63 ND ND
+ [NeuAc3Hex3HexNAc3+Man3GleNAc2) -
0,
13 73289=200 [NeuAc3Hex3HexNAC3+Man3GkNAC2] ;g::ﬂ- xEEo’“ 42 ND ND
+ [NeuAc3Hex3HexNAc3+Man3GleNAc2 + Fuc] u <
) 100.0 1000 1000
B. VVLHPNYSQVDIGLIK (236-251)
1’ 36117=90  [NevAclHex2HexNAc2+Man3GkNAc2] 88 112 ND
- 98 (N-terminal Val residue?)
1 37114%90  [NeuAclHex2HexNAc2+Man3GkNAc2) 106 80 ND
2’ 39062%90  [NeuAc2Hex2HexNAc2-+Man3GkNAc2] 284 259 ND
- 98 (N-terminal Val residue?)
2 40046=90  [NeuAc2Hex2HexNAc2+Man3GkNAc2) 355 300 ND
2% 41325=150 [NeuAc2Hex2HexNAc2+Man3GlkNAc2] +128 45 116 ND
2% 42789 =150 [NeuAc2Hex2HexNAc2+Man3GkNAc2] 21 86 ND
+128 + 146 (Fuc?)
3’ 45548 =180  [NeuAc3Hex3HexNAc3+Man3GkNAc2) 55 47 ND
- 102 (N-terminal Val residue?)
3 4657.1 =180 [NeuAc3Hex3HexNAc3+Man3GlNAc2] 46 ND ND
100.0 100.0
C: MVSHHNLTTGATLINEQWLLTTAK(179-202)
1 46418=90  [NeuAclHex2HexNAc2+Man3GkNAc2)] 142 165 ND
2 4783.1 =150 [NeuAclHex2HexNAc2+Man3GIcNAc2 + Fuc] 211 275 ND
3 49319=170 [NeuAc2Hex2HexNAc2+Man3GleNAc2] 647 560
100 100

ND: not determined, due to limited sample availability.
IN-207 & 211, MW1458.735.-°N-24 1, MW 1795.01 12.->N- 184, MW2679.3923.
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EAHEOMEBENT M 7Oy oll&EFTnsb
PSS % LB L 7245 R % Fig 131k L7z, B
AR R N L I L €, AR A RE
HRDONT N 7a v 3% { ofiEn» S % % M
Bz I Twiz. $hbb, 2NAfLLAZZ &I
LT hruvroEgBifiodEarE L L
AL TwW7.

NTRTBREYIE, a{EBHEHEEATEYD,
BE D4 DD N-71) a2 VALERAL (Asnl84,
Asn207, Asn21l B X OF Asn241) 24 OffirE %
BT LRSS Lz, Wy vy ETH 5.
NE TCOMZERERICESHWTIENT 7o v
BEHOBEH DR Z AR, ZORE, NT T
OV BHITA PO NMAEERMEHEZAE L TVWEHZ

-
—

& HIVREDYA L BYERIV IR E L OB THNT b
FaY Y BHEOBEHEIEND D DL I LDy ho 7.
WAL L7222k 0T N 7a ey pEioEH
BaiA 7 a2 ik, ¥ 7 IVgILB L 0Lz %
L {%&ZFCTw/z (Fig 14, Table 3). %2, RIZHR
DA EE THESIEMiSIHE CTh o 72, Asn207 &
Asn211 ODEEGHTOFER % Fig. 15 1R L7z,

7. RIEHYAL bH1>OEE ™0

M OBEE R A e~ 07 7 — V% UL AIL
ROBEEBZY, A ML UAEES NS, T
LS HTIERERRBHEOA TR, EEMLIC D
HIMERZ DX FLELT A "L R T7ENA VI8
HDHIENbho TE Iz 920 BB AT

¥k, ~rzwu7y—v, HIK BIKHEEZL EDETE
L. Ihoofiidnr SilttmkE, & > 37 55
F,OMBEEEBR TR0 A4 b A Y

(interleukin-7 (IL-7), interleukin-8 (IL-8), etc.),

100 4
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2793.0 © Galoctose (Gal)
B N-ocetyiglucosamine (GIcNAC)
3603.4 € N-ocetyinewraminic acid [NeuAc)
=
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R 37777
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Fig. 15. MALDI-TOF spectra of prostate cancer haptoglobin N-glycans. Glycans were released by PNGase-F,
permethylated, and subjected to Sep-Pak cleanup. Data from one of the fractions collected upon SepPak cleanup are
shown. Cartoon assignments are based on the precise fit between composition calculations and the m/z (z=1) ratio of
the molecular ions detected. These cartoons represent the most likely structures taking into account the biosynthetic
pathways and, when available, MALDI TOF/TOF MS/MS data. Each of the major peaks presents a minor peak distant
by 14 mass units that corresponds to an under-methylated species. Ions labeled with a cross correspond to permethylation

artifacts. (Fujimura T. et al. Int J Cancer, 122, 39 — 49,

2008)
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Fig. 16. Box graphs of (interleukin, IL) IL-7, IL-8,and tumor necrosis factor (TNF)-a concentrations in serum samples
determined by Luminex 200 multiplex beads assay. The small open square represents an average. The horizontal line
in the box represents the median value (Cancer: n=17, Benign: n=17, Normal: n=5). *P < 0.05, *P < 0.01. (Kazuno

S. et al. Cancer Med, 5, 137 — 1146, 2016)

tumornecrosis factor-a (TNF-a) % Interferons
(IFNs) & EZERI L TW5. 22 Wi7EstEd 2o
NCHIEEME 2 S SN B KD A b7 A
Y, TERNA R ERDPAMBIZOFEL, M
W2 O CYBEHEIHEAG > TE 72, B85 22T,
HISZIRASAN BT 2 KIEMWET A S 74 v OG5 %
WEt L7 (Fig. 16). < VFFL vy 7 A7 vt A
Fy beHWT, b -HA ML TEDA
> 41 FEEE A R ER L CHE L 72
EYERZ R B N & i L ¢, B atA
BEIMER RO L7, 1L-8, B XU TNF-a 2MEAL
I EFA LTz, B A BT SHEEY A
A YD EANEG L Tn5 I EATREINT.

8. XLHEEE

E/ 7u—FUPUARM2 X, £b2bY YT
YT A T RIS L TR S, B PR
( f14-GalNAc-disialyl Lc4) % #2354 2 & 3B
L7z RWZEIZB VT, TAIERM2AY, NT 7
OV Y R#MICLInTAZER RWAELE &5

(2, RM2FHIVZ IS A BRGSO T~ 71
Y BEHIC X D BIRWICKIE L2, NT hroE
v BERD B AL 2 TR 72 Z2 AL AYET R
AL BYERDRRE L ORIZB T 5 RM2 KU D

BEREVORIMTH L Z EARBI NI R
T, MFENT b 7oy foOREHEO IR Z
MR, FOME, NT Moy piHIE4oD
NEGRIBEHOM, TR0 OREREINEHE
HLTWwaZ L, QIS A L BRI R &
DETNT M r7raer fEHOMEHIGENDH S 2
ERHWZL, LA LaD S, RM21I2 XD R
SN LHESHEPUE (RM2PUE - B 14-GalNAc-disialyl
Led) &, N7 hrav s 8o NiEa RS 12
I SN o7z, BIRBAICBITANT N7
O Y BHOMERIEHiOZE L EADO A =X nk
LTUTOL) Rz e Ex N5 (Fig 17). @
HEWT A= (BALE) 227256, RIED
SVER Y 5 o2 L LT, acute
phase protein (APP: &M & /37 &) 25H 1,
t b Tix, CRP (C-reactive protein), SAA
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Fig. 17. Haptoglobin (Hpt) changes in inflammation and malignant diseases. The serum levels of Hpt are modified as a
response to several body disturbances that initiate the acute- phase response. The released inflammatory cytokines also
modify the glycosylation machinery of hepatocytes and several glycosyltransferases may alter their expression levels,
which lead to changes in Hpt glycosylation. Encircled Hpt can modify their glycosylation in inflammation and malignant
diseases. Tumour-associated glycan changes were fucosylation, sialidation, bi-antennary and tri-antennary. (Peracaula

R. et al. Proteomics Clin Appl, 4, 426 —431, 2010)

(serum amyloid A) 2% b SEBUIZ S L, 12 B
DIz my 5. W<, 747 /=7
Y,NThNruery, ql-7yFMN)TTY, al-
7 FFEMNY S, ASP (acid soluble
glycoprotein) % & EH L, RRENLTELVO Y
FAI Y, R CIVEALTL 5. MikoBE G
hrHl~xrua7 7 —THOICHIMERORESB
O, A ML ERBENLIESESY v H
WEAEING., Tho A Mo A R EEEER
F (TNF) & T-cell OiFMEAL, FE % ED4WF
PGB L, FFlEE Rl L < APP 25584 5.
APP X, BERMICHR O A S, %E, EWEE
e EOMBIEG A X - THRBEOFE, REOEE
B, WBER, FROHER SICHWSNS, H
SRR AT BT RM2 ufhA%5E < UG L7207k
rury B, BACE D EA SN SEMEY
A M A VI E IR L T @5 KT O EEL)
NT PR Y OEEDNFEIN, TR
MR ER ORI L DT 7o e s pEHORE
BEBEi O L A2bDTHEEEZOND. £
NEIRRT DAERE LT, HEFHOMBITIZLD
NThravey o7 a7 IVEE LB
L OZ bR S 7z (Fig. 13, 14, 15, Table
3). AW TH W/ EFIMEIL, PSA fE <10
ng/mL DBEWETH L. NThr7avy BEONEHE

BfiOMBEALZ EIZ 7L == b
% 4—10 ng/mL ORIZBEAS A BE & YRR LR
BAEXBTEDWREELY RS, bbb, AR
BADIMEEE~—H—L L TNTvZaE g
BHOBESE T O 28R 12§ 5 2 &%, BEH
WHNTW S PSAEZHSET HE~— 71— & L
TR S NS,

INT ST Y Y OFESISEINC BT B G~ — T —
DU EEMEE, MOPATLHRESINTEY, ~NT b
ruvyoEgEsiie sy -7y e T AERE Y —
=L LCOIRDN) O ReMEZ R L TWwg, 78

S ARHEIL 2016 4F 10 A 29 H 2B S
7o RALE RS R R A EHE #HE R BT 4
NEO—iBx T LD LDTHA.
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