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5 LB ESHTT — & 1% Proteome
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AL T
SwissProt 7 — & X— Rk LTH
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W CH 5, Enzyme Name = Trypsin,
Precursor Mass Tolerance = 5 ppm,
Fragment Mass Tolerance = 0.8 Da,

Dynamic Modification = Oxidation (Met),
and Static Modification =

Carbamidomethyl (Cys).
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Statistical analysis on Expressionist
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L7c b D% LT OFEFHENT I AV 5 &cié
7R &2 T BENERE E L,

4G oo ; g 2008

- 1800

-

[

=
g

- 1808

-
©
k=S

=
E]
i

BBE ot - 1200

.

Protein concentration (mg/ml)
o
8

Exosome ELISA{OD 450 nm

o4
-
©
pre
2
o

0400

- $.200

0.00

: 0.000
i 8 8 10 1 12 83
Fraction numbers

B3 EV-Second 7 T LAOBEHMET A

Fo CDI9-CD9 = VY —hH v RA v F

ELISA HI7EfE (0D = 450 nm), Bradford

T e A PIEME (ng/ml) ZMSZL7Z 64K
DA T KTEHA LT,

CD9 FHEEMEHKD 621 =7 Y Y —
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FEEE SHICEERLE= VY —A
EREEMBSCEBYICERET S & b AR
Th 5D,

T E DEVERE & IRV ILAMED B

AH T BEGL YA = ARSI T A
TUALTHERENDZ ERRELE
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AR¥EVBREEDEE L RoTWVD, £
DIFERIZY TN OBHEMRICH L TEE
SEHBEROAX Y VA — FREL AR
WS, XTTF RERD RS+ F
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Yusuke Nakamura, Ryuji Hamamoto
Nature Communications

2014; 5; 5691-56

3. Antibody—coupled monolithic silica
microtips for highthroughput
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Koji Ueda, Nobuhisa Ishikawa, Ayako
Tatsuguchi, Naomi Saichi, Risa Fujii,
Hidewaki Nakagawa

Scientific Reports

2014; 4; 6232.

4. SMYD2-dependent HSP90 methylation
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Ryuji  Hamamoto, Gouji Toyokawa,
Makoto Nakakido, Koji Ueda, Yusuke



Nakamura
Cancer Letters
2014; 351(1):126-33.

5. Identification of a nuclear protein,

LRRC42, involved in lung
carcinogenesis.

Takashi Fujitomo, Yataro Daigo,
Koichi Matsuda, Koji Ueda, Yusuke

Nakamura
International Journal of Oncology
2014; 45(1) :147-56.
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K. Ueda
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2. Proteome-wide profiling of serum
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Tatsuguchi, Naomi Saichi, Risa Fujii,
Hisahiro Matsubara, and Sumio Sugano
13th Human Proteome Organization
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Koji Ueda, Isamu Hoshino, Naomi Saichi,
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Risa Fujii, Hisahiro Matsubara,

Sumio Sugano
% 73 [B H B ESENR S
25/Sep/2014 (K1)

2. Development of Exosomal Biomarkers
for Scirrhous Gastric Cancer.

Koji Ueda, Risa Fujii, Naomi Saichi,
Isamu Hoshino, Hisahiro Matsubara,
Sumio Sugano

HA T3 — A4 2014 £
15/Jul/2014 (-><i3)

3. Comprehensive proteome profiling
of circulating extracellular vesicles
for development of cancer biomarkers.
K. Ueda

F—E B AN MaFs (JSEV) &
27/Aug/2014 (/K E)

4, Proteome—wide  Profiling  of

Circulating Exosomes: For Cancer
Diagnosis, Treatment, and DDS.

K. Ueda

H—E b5 RFI 7 ABFES

5/Dec/2014 (i)
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Sugano
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Naomi
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leukemia virus-1 | Natsumi Neurology
associated myelopathy | Araya, Tomoo
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Ueda
Critical role of lysine | Kenbun Sone, | Nature 12/2014 E 4k
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DNA repair. Koji Ueda,
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Jenuwein,
Yusuke
Nakamura,
Ryuji
Hamamoto
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monolithic silica | Nobuhisa
microtips for | Ishikawa,
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regulating the | Makoto
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Introduction

Abstract

Objective: Human T-cell leukemnia virus-1 (HTLV-1) associated myelopathy/
tropic spastic paraparesis (HAM/TSP) is induced by chronic inflammation in
spinal cord due to HTLV-1 infection. Cerebrospinal fluid (CSF) neopterin or
proviral load are clinically measured as disease grading biomarkers, however,
they are not exactly specific to HAM/TSP. Therefore, we aimed to identify
HAM/TSP-specific biomarker molecules and establish a novel less-invasive
plasma diagnostic model for HAM/TSP. Methods: Proteome-wide quantitative
profiling of CSFs from six asymptomatic HTLV-1 carriers {AC) and 51 HAM/
TSP patients was performed. Fourteen severity grade biomarker proteins were
further examined plasma enzyme-linked immunosorbent assay (ELISA) assays
(n=71). Finally, we constructed three-factor logistic regression model and
evaluated the diagnostic power using 105 plasma samples. Results: Quantitative
analysis for 1871 nonredundant CSF proteins identified from 57 individuals
defined 14 CSF proteins showing significant correlation with Osame’s motor
disability score (OMDS). Subsequent ELISA experiments using 71 plasma speci-
mens confirmed secreted protein acidic and rich in cysteine (SPARC) and
vascular cell adhesion molecule-1 (VCAM-1) demonstrated the same correla-
tions in plasma (R = —0.373 and R = 0.431, respectively). In this training set,
we constructed a HAM/TSP diagnostic model using SPARC, VCAMI, and viral
load. Sensitivity and specificity to diagnose HAM/TSP patients from AC (AC
vs. OMDS 1-11) were 85.3% and 81.1%, respectively. Importantly, this model
could be also useful for determination of therapeutic intervention point
(OMDS 1-3 + AC vs. OMDS 4-11), exhibiting 80.0% sensitivity and 82.9%
specificity. Interpretation: We propose a novel less-invasive diagnostic model
for early detection and clinical stratification of HAM/TSP.

gait impairment, or urination disorder.’ However, no
curative therapy for HAM/TSP has been developed except

The RNA retrovirus human T-cell leukemia virus-1
(HTLV-1) is endemic in Japan, Caribbean basin, Iran,
Africa, South America, and the Melanesian islands.'
Number of infected individuals is currently estimated at
around 30 million worldwide,” in which 5% of virus
carriers develop HTLV-1 associated myelopathy/tropic
spastic paraparesis (HAM/TSP) or aduit T-cell leukemia
(ATL) after asymptomatic phase of typically over
30 years. Inflammation of spinal cord is a principal symp-
tom of HAM/TSP patients, causing progressive scelotyrbe,

for anti-inflammatory treatments by INF-x or steroids,’
whereas excessive or long-term use of these drugs can
increase the risk of adverse events.”® Hence, the treatment
regimens should be carefully managed based on a thor-
ough assessment of disease stage and activity. As for the
severity grading of HAM/TSP, Osame’s motor disability
score (OMDS) is widely used to define disease stages and
estimate the rate of disease progression.” Although this
scale is helpful to evaluate consequential impairment

of motor functions, development of molecular-based

©® 2015 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, inc on behalf of American Neurological Association. 1
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Novel Severity Grade Markers for HAM/TSP

diagnostics has been a major challenge for early detection
and adequate therapeutic intervention of HAM/TSP.

To identify HAM/TSP-specific biomarkers, a variety of
genomtic or proteomic analyses were performed for infected
T cells and plasma samples,®® however, comprehensive
investigation for cerebrospinal fluid (CSF) has not been
launched in spite of the most fundamental site of HAM/
TSP lesion. Therefore, we intended to acquire the first pro-
teome-wide view of CSFs reflecting HAM/TSP-associated
alteration of spinal cord microenvironment. Following the
statistical identification of severity grade biomarkers from
CSFs, we attempted to construct a HAM/TSP diagnostic
model using less-invasive plasma specimens.

Subjects and Methods

Participants

CSF specimens (from 51 HAM/TSP patients and six
asymptomatic carriers [ACs]) and plasma specimens
(from 50 HAM/TSP patients and 55 ACs) were collected
in St. Marianna University School of Medicine and kept
frozen at —80°C until just before use. The research proce-
dure was explained and written informed consent was
obtained from all the patients. This study was approved
by the Ethical Committee of the University of Tokyo
(approval code 14-1) and the Ethical Committee of St.
Marianna University School of Medicine.

LC/MS/MS analysis

The 20 ul. each of CSFs was lyophilized and dissolved in
8 mol/L Urea (GE Healthcare, Buckinghamshire, UK) in
50 mmol/L. ammonium bicarbonate {Sigma-Aldrich, St.
Louis, MO). After reduction with 5 mmol/L tris(2-carb-
oxyethyl)phosphine (Sigma-Aldrich) at 37°C for 30 min,
proteins were alkylated with 25 mmol/L Ilodoacetamide
(Sigma-Aldrich) at ambient temperature for 45 min. Fol-
lowing fourfold dilution with 50 mmol/L ammonium
bicarbonate, proteins were digested with immobilized
trypsin (Thermo Scientific, Bremen, Germany) at 37°C
for 6 h. Digested samples were then desalted by Oasis
HLB pElution plate (Waters, Milford, MA) and analyzed
by liquid chromatography - tandem mass spectrometry
(LC/MS/MS). The peptides were separated on Ultimate
3000 RSLC nano-HPLC system (Thermo Scientific)
equipped with 0.075 x 150 mm Cy; tip-column (Nikkyo
Technos, Tokyo, Japan) using two-step linear gradient
comprising 2-35% acetonitrile for 95 min and 35-95%
acetonitrile for 15 min in 0.1% formic acid at the flow
rate of 250 nL/min. The eluates were analyzed with LTQ
Orbitrap Velos mass spectrometer (Thermo Scientific).
Spectra were collected using full MS scan mode over the

M. Ishihara et af.

mass-to-charge (m/z) range 400-1600. MS/MS was
performed on the top 20 jons in each MS scan using the

data-dependent acquisition mode with dynamic exclusion
enabled.

2D-LC/MS/MS analysis

CSF tryptic digests were resolved in 10 mmol/L ammo-
nium formate (Sigma-Aldrich) in 25% acetonitrile and
fractionated with 0.2 x 250 mm strong cation exchange
monolith column (GL Science, Tokyo, Japan). The sam-
ples were eluted with the gradient from 10 mmol/L to
1 mol/L of ammonium formate in curve = 3 mode within
70 min using Prominence HPLC system (Shimadzu Cor-
poration, Kyoto, Japan). The eluate was separated into 11
fractions and analyzed by LC/MS/MS.

Protein/peptide identification

MS/MS spectra were searched against SwissProt database
version 2012_06 (20,232 human protein sequences) using
SEQUEST algorithm on ProteomeDiscoverer 1.3 software
(Thermo Scientific). Proteins satisfying the false discovery
rate (FDR) <1% by Peptide Validator FDR estimation
algorithm on ProteomeDiscoverer was accepted. Gene
ontology (GO) term analysis was performed using
DAVID Bioinformatics Resources 6.7 (http://david.abcc.n-
ciferf.gov/).

Label-free quantification analysis

The LC/MS/MS data from 57 CSF samples were imported
on the Expressionist server (Genedata AG, Basel, Swiss)
and processed along the workflow shown in Figure S1.
The four-step Chromatogram Chemical Noise Subtraction
was performed, composed of (1) RT structure removal =
true, minimum RT length = 2 scans, (2} m/z structure
removal = true, minimum #1/z length = 6 scans, (3) RT
window = 501 scans, quantile subtraction = 90%, and (4)
RT structural removal = true, minimum RT length = 2
scans. Data points with intensity <500 were clipped to
zero. Again, Chromatogram Chemical Noise Subtraction
was performed using chromatogram smoothing = true,
RT windows = 5 scans, and estimator = Moving average.
After applying Chromatogram Grid with a distance of
scan counts = 10, RT variety among 57 samples was
normalized by Chromatogram RT Alignment: m/z
windows = 11 points, RT windows = 11 scans, gap
penalty = 1, RT search interval =2 min, alignment
scheme = pairwise alignment based tree. Peaks were
detected by Chromatogram Summed Peak Detection:
summation window = 20 scans, overlap = 10, minimum
peak size = 6 scans, maximum merge distance = 1 point,

2 © 2015 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periadicals, Inc on behalf of American Neurological Association.
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