70 : 362

f. CMT4F Periaxin(PRX)

Dejerine-Sottas type ¥ 72 iZCMT4FDER & L
TR ¥ LR ORI 5T 5 PRX (periaxin)
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20m/secT, FEFHICEEL, FEZMITIIEE L
ML MOIWREERK, S0+t T
EReBOTwE, BEFEMETIIEBYI
) ¥ DFEEAL, 7, tomacula®focally folded
myelin?*58% 54, paranodeT I =) ¥ Lz
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g CMT4H— Frabin(FGD4)——— -
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W5, AJEIE, RhoGTPase 7'+ 1) v 7 DEE
eUERITIEICLY, Schwannfifad I Ty
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h. CMT4J(FIG4)
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BRILA /¥ b= DREE VS HTIHCMTYB &
DRFEL{BRAOH L. MBEATOERL O
BEOBEFEZOLNTVE, BEERIIST Y
TTHDLY, BEBRDHHETORITIZE N,
EEDFENHMLH B, LEOMCVH19~50m/
sec LHEATAC, REZNICHBEED R I
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3. BREFELEEHROuBBEEECOMT
(CMT2) (X 6)

CMT2ORREET - BHI3, SELHS D&
BT EbHY, hereditary motor neuropathy
(HMN) @ X 3 7 motor neuron disease & J& [ A<
A=N=F 9 7LTw2bDb%w. BRI,
—#EYIC I EMEEIR I X B dominant negative %
toxic2ER b H ), BREACEERTF KT
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2=a-UT747 37 NEEDEH S H 2%,
WEEDR &) LAVWEAVSCHEET 5.

a. CMT2A1  KIF1B(Kinesin family member

1B)

b. CMT2A2 MFN2(mitofusin 2)
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c. CMT2B  RAB7(RAS-associated protein

RAB7)

CMT2BDFEHE & L Tvesicular transport & mem-
brane trafficking DFREHEEE % b DRAB7DSEIE &
NI, LY R =L E5 49— LD
BS54 B LEILNTVA, 20~30BATREL,
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Neurol. Med. Apr. 2009

d. CMT2D GARS(glycyl tRNA synthetase)
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e. CMT2E/CMT1iF NEFL(neurofilament

light chain)
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f. CMT2F HSPB1(HSP27)
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tubule D network & B3 5 GANI (gigaxonin) 2°
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potassium-chloride cotransporter T& % KCC32*
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BESINTWS, PRERALE) EEE=2—
O F—3HHTH 525, EAOH/AOAIB I TF
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GJBI(gap junction protein, beta-1 ; connexin32 ;
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ribosyl pyrophosphate synthetase 1) 25 & #1
Twa,

a. CMTX1(GJBY)
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b. CMTX5(PRPS1)

PRPS1(phosphoribosyl pyrophosphate syn-
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c. Intermediate type MCMT
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mediate type A), 19q12/2E 8T 5 b DIXCMT
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DIB, 1p34-p35/2:E443 2 $ O 1ICMT DIC & %
JiFbh, CMTDIBOERE: L TDNM2H s
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d. DI-CMT type B

Dynamin 2(DNM2) i3GTPase® —>C, i
RIS TROMEELZ DO LEL LR TVWESD, /-
DNM2iactin& #5415 Z L HREN, actin-
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e. DI-CMT type C Tyrosyl-tRNA synthetase

(YARS)
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FIZEY, LY EEFCEEFNNBEEING 2
EBBVIHEEILETSH S, & 5iZinterme-
diate formDCMT b HEY &1, ERFRAEIRIC L B8
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Clinical and genetic characterization of 16g-linked
autosomal dominant spinocerebellar ataxia in South

Kyushu, Japan

Ryuki Hirano!, Hiroshi Takashima!, Ryuichi Okubo!, Yuji Okamoto!, Yoshimitsu Maki?, Shimon Ishida3,
Masahito Suehara?, Youichi Hokezu? and Kimiyoshi Arimura!

164-ADCA (OMIM no. 117210) is an autosomal dominant spinocerebellar ataxia (AD-SCA) characterized by late-onset pure
cerebellar ataxia and —16C> T substitution of the puratrophin-1 gene. Recently, a series of single-nucleotide polymorphisms
(haplotype block) were found to be specific to 16q-ADCA. We screened patients with ataxia and found 62 patients, including
four homozygotes who carry the C-T substitution of the puratrophin-1 gene. By further analysis of the patients with the
haplotype block, we observed a single-founder effect for 16q-ADCA, even in patients who are supposed to be sporadic late
cortical cerebellar atrophy (LCCA). We also observed slippage mutations of microsatellite markers, GATAO1 and 17msm, in the
pedigrees. We compared the clinical course of 164-ADCA in heterozygotes and homozygotes with the haplotype block and
observed no apparent gene dosage effect. 16q-ADCA accounts for 27% of AD-SCAs and is the most frequent AD-SCA in South

Kyushu, Japan.
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INTRODUCTION
Autosomal dominant cerebellar ataxias (ADCAs) are clinically classi-
fied into three subtypes, and ADCA type III was defined as pure
cerebellar ataxia with late onset.! Until date, 16 genes and 10 addi-
tional loci are reported to cause ADCAs.2? SCA4 belongs to ADCA
type I, characterized by cerebellar ataxia with sensory axonal neuro-
pathy.* Its locus was originally mapped to 16q22.1 in a family from
Utah and was confirmed in SCA4 families from Germany.* The 16q-
ADCA from six Japanese families was mapped to the same region as
SCA4;® however, it was categorized as ADCA type Il on the basis of
clinical features.>® A single-nucleotide substitution (~16C>T) in the
5'-untranslated region of the puratrophin-1 gene is strongly associated
with 16q-ADCA ® However, three patients from families having 16q-
ADCA (—16C>T) did not have the substitution.!®12 Haplotype
analysis suggested that the mutation was in a region centromeric to
the —16C> T substitution.10-12

We had reported that this disease locus was telomeric to the
puratrophin-1 gene.® To clarify the disease locus in these patients, we
reexamined the disease haplotype using microsatellite markers and a
series of single-nucleotide polymorphisms (SNPs) specific to 16q-
ADCA. Moreover, we reported the clinical features of 49 patients,
including four homozygous patients, and described the frequency of
16g-ADCA in South Kyushu, Japan.

MATERIALS AND METHODS

We studied 147 patients with a family history of ataxia and 331 patients with
sporadic ataxias, referred to our department (Department of Neurology and
Geriatrics, Kagoshima University Graduate School of Medical and Dental
Sciences) from South Kyushu (Kagoshima, Miyazaki and Oita) and Okinawa

Island during the past decade until January 2008. All patients were referred by

their primary physicians or neurologists and signed informed consents were
obtained from the patients. The study was approved by the Institutional Review
Board of Kagoshima University. Genomic DNA was extracted from peripheral
blood leukocytes. We screened for the expansion of triplet repeats associated
with SCAs (SCAL, -2, -3, -6, -7, -8, SCA12, -17 and DRPLA) by standard PCR
methods and GeneScan analysis software using an ABI Prism 377 DNA
sequencer (Foster City, CA, USA) as described earlier® We used PCR-direct
sequencing or PCR-restriction fragment length polymorphism to examine the
C-T substitution of puratrophin-1 and the Gerstmann-Striussler-Scheinker
syndrome (GSS) mutation.*? For patients who had a C-T substitution of the
puratrophin-1 gene, PCR product sizes of the microsatellite markers, GATA01
and 17msm, were determined using the ABI Prism 377 Genetic Analyzer,
(Foster City, CA, USA).% Using PCR-direct sequencing, we typed SNP02, -04, -
05 and -06, which are highly specific to the diseased chromosome.!2 The SCAS5,
SCA10, SCA14 and FGF mutations were not analyzed in this study. Expert
neurologists provided information on the clinical features of the 16¢-ADCA
patients. The Kaplan-Meier method was used to draw the curve of clinical
severity for puratrophin-1 alteration of 43 heterozygotes and four homozygotes,
with the end point being wheelchair bound. The log-rank test was used for
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comparison between the two groups because of the small number of homo-
zygotes. Patient data were statistically processed using StatView version 5.0.

RESULTS

Of the 478 patients, 62 carried the puratrophin-1 C-T substitution. Of
the 62 affected individuals, 43 patients were from 17 families with an
autosomal dominant inheritance. Eleven patients were from seven
families who had no proof of autosomal dominant inheritance, but
their siblings had similar neurological symptoms. Eight patients had
either sporadic ataxias or unclear family histories. We examined all the
patients with puratrophin-1 alteration to determine whether they had
a haplotype block (SNP05 and SNP06, highly specific to the 16q-
ADCA allele), but neither of the SNPs was identified in 200 control
chromosomes.!2 All patients had changes in SNP05 (G-A) and SNP06
(A-G), whereas none of the 96 controls had the haplotype block
(Table 1).

The average age of onset of ataxia for the 49 patients with the C-T
change was 59 years (range, 4380 years), and the oldest asympto-
matic carrier (K01 pedigree) was 80 years old (Table 2).

The initial symptoms of ADCA are gait ataxia or dysarthria. On
neurological examination, all individuals were affected with truncal
and limb ataxia. Although deep-tendon reflexes were generally

Table 1 Haplotype analysis with SNPs and microsatellite markers

increased, spasticities or pathological reflexes were rare. Hearing
impairment and dementia were poorly represented in our cohort.
Brain magnetic resonance imaging revealed that 97% of the affected
individuals had cerebellar atrophy, especially in the vermis.

We compared the clinical features between the four homozygous
and 45 heterozygous patients. One homozygous patient had a clear
family history, and both his parents, who were maternal/paternal
cousins of each other, had medical histories of ataxia. Three siblings
homozygous for the substitution were found by our genetic analysis.
The mother of these patients reported a history of ataxia, but their
father did not have ataxic symptoms and died of old age at 82 years.
Similar to the heterozygous patients, the mean age of the four
homozygous patients at the time of onset was 59.3 years (range, 50—
63 years). However, within each family, the disease onset of the
homeozygotes tended to be earlier than that of the heterozygotes.
The duration of the period until being wheelchair bound was
determined for four homozygotes and 43 heterozygotes by the
Kaplan—Meier method. There was no clinical difference between the
two groups (P=0.9689) (Figure 1).

The results of the family-based study in 116 families diagnosed by
gene tests for all patients revealed that 16q-ADCA (27%) was the most
prevalent ADCA in South Kyushu and Okinawa, followed by SCA6

Haplotype analysis with SNPs and microsatellite markers in families with 16q-ADCA

Family no.
Common
haplotype Freguency in Large families

SNP/ on 16q- 192 control

marker ADCA chromosomes M1 M2 M3 M4 M5 KO1 KOZ KO3 KO4 M6 M7 M8

SNPO2 c 21.4% C CA A CA CA C A CA CA CA A CA

SNPO4 T 28.7% T T c T T T c T T C T

SNPO5 A 0.5% A A A A A A A A AG AG AG

SNPO6 G 0.0% G G G G G G G G GA GA GA

GATAD1 158 34.9% 158 158 158 158 158 162 154/ 158/ 154/ 158/ 158/ 158/

162 16.7% 162 154 162 146 162 158

Puratro- T 0.0% T T T T T T T T T TIC T

phin-1

17msm 189 2.1% 191 191 191 191 191 189 189/ 191/ 191/ 191/ 15V 18U/

191 8.9% 197 195 195 195 193 195
Family no.
Small families or sporadic cases

MS M10 M1l MI12 M13 KO5 KO6 KO7 KO8 KOS9 KIO K11 K12 K13 K14 01 02 03 04 05
CA A CA CA CA CA C C CA CA CA C C CA C CA A CA CA CA
¢ c TC T T TICOT T T T T T T T T T ¢C 1 TC T
AG AMG AG AG AG AG AG AG NG AG AMG AG AG AG AMG AG AG AG AG AG
G/A GA GA GA GA GA GA GA GA GA GA GA GA GA GA GA GA GA GA GA
158/ 158/ 154/ 158/ 154/ 162/ 158/ 158/ 154/ 158/ 158/ 158/ 162/ 154/ 158/ 158/ 162/ 154/ 154/ 158/
158 162 158 158 162 158 158 154 162 154 158 158 162 158 162 166 162 162 158 154
T e T T Te Te Te T Te TC TCe W T T T T T T T T
181/ 191/ 191/ 191/ 193/ 189/ 191/ 191/ 191/ 191/ 191/ 191/ 189/ 191/ 191/ 191/ 191/ 191/ 191/ 19V/
191 193 195 195 197 198 203 195 195 191 181 193 207 195 205 193 195 185 193 195

Abbreviation: SNP, single-nucleotide polymorphism.
The number of microsatellite markers represents the size of the PCR products. All families carried the haplotype block, A-G-T {SNPOS5-SNPO6-puratrophin-1[C/T]), which is highly specific to 16q-
ADCA. Note that compared with most pedigrees, KO1, KO5 and -02 have a differently sized molecular GATAOL marker that is between SNPO6 and the puratrophin C~T change. In addition,
pedigrees KC1 and K05 have a differently sized 17msm marker that is at the telomeric side of the puratrophin C-T change. A single allele of SNPs or sizes of microsatellite markers represents

disease-associated alleje. Two alleles represent that the alleles cannot be determined to be associated with the disease because of the limited number of the family members.
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Table 2 Comparison between homozygous and heterozygous patients

(a) Clinical features of patients with 16q-ADCA

Patients examined (N) 45 4
Puratrophin-1 C/T change cT m

Age at examination (years) 71+8.7 (range, 54-91) 72.3+6.7 (range, 67-82)
Age at onset (years) 58.9+7.7 (range, 43-80) 59.3+6.2 (range, 50-63)
Disease duration (years) 11.9+7.6 (range, 1-41) 12.5%6.5 (range, 6-19)

Initial symptoms (%)
Unsteadiness of gait 84 50
Dysarthtia 16 50

Clinical features (%)

Ataxic gait 100 100
Dysarthria 96 100
Spasticity 9 0
Brisk DTRs 67 75
Decreased vibration sense 82 100
Hearing impairment 12 0

(b) Brain MRI findings of patients with 16q-ADCA
Patients examined (N) 32 4

Brain MRI findings (%)

Cerebellar atrophy 97 100
Leukoaraiosis 6 0
Cerebral atrophy 9 0

Abbreviation: DTR, deep tendon reflexes; MRI, magnetic resonance imaging.

(21%), MJD/SCA3 (15%), DRPLA (9%) and GSS (9%). The results of
the patient-based study also revealed that 16q-ADCA was the most
prevalent ADCA. The 16q-ADCA accounted for 65% of the ADCAs in
Miyazaki Prefecture and was the most frequent ADCA in Kagoshima
Prefecture (Figure 2). Characteristically, GSS accounted for 17.5% of
ADCAs in Kagoshima Prefecture. In Oita Prefecture, SCA6 was the most
frequent ADCA, followed by 16q-ADCA. DRPLA and SCA2 consisted
mostly of ADCAs, and 16q-ADCA was not found in Okinawa Prefecture.

DISCUSSION

The 16q-ADCA has been mapped to 16q22.1.5% It has been reported
that the —16C>T substitution of the puratrophin-1 gene makes it
possible to genetically diagnose 16q-ADCA.? 16q-ADCA families have
been reported from various parts of Japan after the discovery of
puratrophin-1 alteration, and it is one of the most common ataxic
diseases in Japan!®L14-17 Although the pathogenicity of the
—16C>T substitution is controversial because of the discovery of
two patients from families having 16q-ADCA, who did not have the
—16C> T substitution,'®!! it remains useful for the screening of 16g-
ADCA in Japanese patients, as the —16C> T substitution has never
been seen in Japanese controls thus far.1?

We found 32 pedigrees within 62 affected individuals who carried
the —16C>T substitution of puratrophin-1. Nineteen patients were
believed to be recessive for SCA or sporadic LCCA, but we revealed
that all 19 had the haplotype block (SNP05-SNP06-—16C>T sub-
stitution of puratrophin-1), which is highly specific to 16q-ADCA.
This indicates that all of our 16q-ADCA patients originated from a
single founder. Therefore, these sporadic patients are not de novo in
origin, but their diagnoses might be because of limited ancestral
information. 16q-ADCA patients diagnosed by the puratrophin-1
alteration among sporadic LCCA have also been reported in earlier
studies.!*1® We agree with their proposal that screening for the
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Figure 1 Comparison of the disease duration until wheelchair bound
between homozygotes and heterozygotes by the Kaplan-Meier method. The
log-rank test revealed no significant difference between the two groups
(P=0.9689).

—16C > T substitution of puratrophin-1 should be considered for SCA
diagnosis, even in cases believed to be sporadic LCCA.!416

Earlier, we excluded a region centromeric to 17msm as critical for
16q-ADCA, because, compared with other pedigrees, patients with the
K01 pedigree have a differently sized marker at GATAO1 and 17msm on
both sides of the —16C>T substitution.® Nevertheless, the K01
pedigree has the haplotype block specific to 16q-ADCA. The disease
haplotype of pedigree K01 is A-G-162-T-189 at SNPO05-SNP06-
GATAO1-puratrophin-1-17msm. Conversely, most pedigrees have the
haplotype, A-G-158-T-191. If the human genome sequence is correct in
this critical region, the difference in microsatellite marker size is
interpretable as being either multiple recombinations among SNP06,
GATAO1, puratrophin-1 and 17msm, or a slippage mutation of the
microsatellite markers; however, multiple recombinations are less likely
to be based on the limited distance (approximately 0.75Mb) from
SNP06 to 17msm. As there is only a single-repeat unit difference
between GATAOl and 17msm, a slippage mutation might have
occurred. Microsatellite slippage mutations in GATAO1, D165397 and
GGAALI0 were also reported in 16q-ADCA families.'? When the point
mutation rate was 1078 per nucleotide per generation, the slippage
mutation rates ranged from 1077 to 107213 It might be better to use
SNPs for 16g-ADCA mapping rather than microsatellite markers, as
there are three disease-specific SNPs, which suggests a greater occur-
rence of slippage mutations around the SNPs. On the basis of haplotype
analysis with these SNPs, we reassign SNP04 to its centromeric border
and the puratrophin-1 alteration to its telomeric border. The chromo-
somal position should be from 64982677 to 65871433 on chromo-
some 16 of the human genome sequence (NCBI Build 36.1) (Figure 3).

In agreement with other studies, the clinical features of our 16q-
ADCA patients were late-onset pure cerebellar ataxia and brisk deep-
tendon reflex.!+17 We found that hearing impairment, dementia
and leukoaraiosis varied on the basis of patient location, suggesting
that environmental factors or genetic backgrounds other than
puratrophin-1 mutations are responsible for 16q-ADCA symptoms.

In an earlier study, four patients from one pedigree showed
homozygosity for the puratrophin-1 C-T substitution, and their
mean age at onset was earlier than that of heterozygotes within
the same pedigree.!* In this study, we found four homozygotes
from two pedigrees and compared their phenotypic severity
with that of heterozygotes over several years. We did not find
differences between homozygotes and heterozygotes with regard to
age at onset or phenotypic severity. The four homozygotes had
the A-G-T haplotype at SNP05-SNP06-puratrophin-1, indicating

Journal of Human Genetics
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Figure 2 Relative frequency of ADCAs in the prefectures of South Kyushu, Japan. For Kagoshima, patients were referred from the whole area of Kagoshima,
hence the cohort represents Kagoshima Prefecture. On the other hand, the data for Miyazaki, Oita and Okinawa prefectures were collected from a limited
number of hospitals; therefore, these data may not represent the exact frequency of the disease in each prefecture.

homozygosity for the 16q-ADCA mutation. The gene dosage effect for
AD-SCAs varies by gene. If the mechanism of 16q-ADCA is haploin-
sufficiency caused by the total or partial loss of function
of a single allele, then a homozygote should show a severe phenotype.
As we found no homozygotic patients with severe phenotypes, this
suggests an alternative mechanism. Homozygotes with triplet-repeat
expansions of SCA2, SCA3 or SCA6 showed modified or severe
phenotypes.1>24 Conversely, homozygotes of SCA3, SCA6, SCAS
and SCAI12 did not have severe clinical phenotypes compared
with heterozygotes.!”?>28 On the basis of our results, there does
not seem to be a strong gene dosage effect in 16q-ADCA. As some
homozygotes with SCAs caused by gain-of-function mutations did
not always show as severe a phenotype as the heterozygote, it is
reasonable to suggest that 16q-ADCA operates through a gain-of-
function mechanism.

The 16q-ADCA prevalence in Miyazaki and Kagoshima districts
was higher than the average prevalence in Japan. The GSS syndrome
(Prion protein (PRNP) Prol02Leu mutation) accounted for 18% of
the AD-SCAs in Kagoshima Prefecture. Although the inclusion of GSS
as an AD-SCA might be controversial, we included it on the basis of
prominent cerebellar ataxia that has led physicians to recognize it as an
ADCA. This epidemiological study should help neurologists gain an
understanding of the frequency of ADCAs in the district.
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ARTICLE INFO SUMMARY

Human serum contains thousands of proteolytically derived low-molecular-weight peptide fragments
(serum peptidome). The concept of utilizing the serum peptidome for cancer diagnosis has been devel-
oped. A pathological serum peptidome appears when the homeostatic balance between proteases and
protease inhibitors is disrupted. We hypothesize if analyses of the serum peptidome are of diagnostic
value as information on which molecules are disrupted, and the pathological course it will take in
unknown pathological conditions and disseminated intravascular coagulation (DIC). We analyzed the
serum peptidome in 3 stages (early stage, pre-DIC and DIC stages) in one patient with POEMS (polyneu-
ropathy, organomegaly, endocrinopathy, M protein and skin changes) syndrome, an intractable disease
with unknown pathology, using a 1-dimensional gel electrophoresis/matrix-assisted laser desorption/
ionization-mass spectrometry (1-DE/MS)-based rapid quantitative approach. A very large number of
peptide fragments appeared in the DIC stage, compared to pre-DIC. In addition, we identified fragments
of transthyretin (ALGISPFHEHAEVVFTANDSGPR, m/z 2451.18) and o1-antitrypsin (EDPQGDAAQKTDT-
SHHDQDHPTEN, m/z 2691.02) that significantly increased in the DIC stage, compared to those in the
pre-DIC stage. Rapid analyses of the serum peptidome may lead to a diagnostic method that can predict
on-going protease activated pathological conditions and help to decide on multilateral strategies includ-
ing nutritional support and drug therapy.
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Introduction

It has been well established that human serum contains thou-
sands of proteolytically derived peptides (serum peptidome) [1-
4], yet it remains unclear to date whether this complex peptidome
shows a robust correlation with some biological events occurring
in the entire organism [4]. An attempt to utilize peptide fragments
that specifically appear in the serum of cancer patients as patho-
logical information for the diagnosis has been reported by Petricoin
et al. [5], who utilized it for the diagnosis of early-stage ovarian
cancer. Villanueva et al. [4] also reported the possibility of the early
diagnosis of breast, prostate, and urinary bladder cancers based on
the same concept. Broadening the concept above, we formed a
hypothesis that, by analyzing the peptidome, information on
which molecules are disrupted and the pathological course it will
take would be available. To investigate the hypothesis, we ana-

* Corresponding author. Tel.: +81 99 275 5437; fax: +81 99 275 2629,
E-mail address: terutoha@m3.kufm.kagoshima-u.ac.jp (T. Hashiguchi).
1 These authors contributed equally to this work.

0306-9877/§ - see front matter © 2009 Elsevier Ltd. All rights reserved.
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lyzed peptide fragments that appeared in serum in the early, pre-
DIC (disseminated intravascular coagulation), and DIC stages in a
patient with an intractable disease and a poor prognosis, POEMS
(polyneuropathy, organomegaly, endocrinopathy, M protein and
skin changes) syndrome, using a 1-DE/MS-based rapid quantitative
approach [6]. A very large number of peptide fragments appeared
in the circulation with diverse pathological conditions, showing a
characteristic pattern of pathology, which may be utilized for early
multilateral decisions regarding nutritional support and the thera-
peutic policy, in addition to the diagnosis.

POEMS syndrome (hereafter, POEMS) is a rare multisystemic
disorder usually associated with plasma cell dyscrasia and charac-
terized by the combination of polyneuropathy, organomegaly,
endocrinopathy, M protein and skin changes. POEMS is an intracta-
ble disease with a mean life expectancy of 33 months (6 months-
7 years) [7-9). We previously reported that the serum VEGF-A
level was markedly elevated from the early pathological stage in
this syndrome, being involved in the pathology [10-13]. However,
the essential pathogenesis of POEMS is still unclear.

High-abundance serum carrier proteins such as albumin may
act to sequester low-molecular-weight peptide fragments in the
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Table 1
Clinical data of platelet number, blood coagulation and fibrinolysis of the patient with POEMS syndrome.
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Fig. 1. Differential profiling of the patient with POEMS syndrome at the stages of early, pre-DIC and DIC. Each spectrum is the average of four independent experiments. Two

identified jons; transthyretin fragment (m/z 2451.18) and o1-antitrypsin fragment (m/z 2691.02), are indicated by arrows. Black line: early stage, Blue line: pre-DIC stage, Red
line: DIC stage.
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Fig. 2 (continued)

blood. Such sequestered peptides may provide a potentially rich
source of candidate disease-associated or diagnostic biomarkers
for subsequent clinical validation, and provide a new opportunity
to expand the knowledge base regarding the molecular composi-
tion of the circulation [14]. The peptidome analytical method em-
ployed in this study does not require the removal of albumin from
serum or serum digestion by trypsin [6].

The hypothesis

We hypothesized herein that serum peptidome analyses may be
useful not only for cancer diagnosis but also providing various
pathological information, including that on tissue damage, DIC,
and organ failure, leading to an early optimum therapeutic
strategies.

Empirical data
Serum peptidome analyses

The research protocol and consent form were approved by the
Institutional Review Board of Kagoshima University. Serum pepti-
dome was analyzed by employing a 1-dimensional gel electrophore-
sis/matrix-assisted laser desorption/ionization-mass spectrometry
(1-DE/MS)-based rapid quantitative approach, as previously re-
ported [6] in 3 stages (early stage, six days before DIC (pre-DIC)

and DIC stages) in one patient with POEMS who showed a subacute
course, progressed to the DIC stage, and died 178 days after serum
sampling in the early stage [13]. Clinical data on blood coagulation,
fibrinolysis, and the platelet number of the patient in each stage
are summarized in Table 1.

Serum peptidome in early stage, pre-DIC and DIC stages

The peptide fragments showed dynamic patterns characteristic
of the three pathological stages: early stage, pre-DIC and DIC stages.
Much larger numbers of peptide fragments were observed in the DIC
compared to the pre-DIC stage. Differential profiling between the
pre-DIC and DIC stages is shown in Fig. 1, in which transthyretin (AL-
GISPFHEHAEVVFTANDSGPR, m/z 2451.18) and ol-antitrypsin
(EDPQGDAAQKTDTSHHDQDHPTFN, m/z 2691.02) fragments that
appeared in the DIC stage were identified (Fig. 2A and B).

Evaluation of the hypothesis

On the application of peptidome analysis in this study, many
peptide fragments that appear in the circulation with diverse path-
ological conditions including pre-DIC and DIC showed a character-
istic pathological pattern, reflecting a multitude of enzymatic and
proteinase activities, and its analysis may contribute to the multi-
lateral diagnosis of not only cancers but also various pathological
conditions that will develop. Although some dismissed the pepti-
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dome as “noise”, “biological trash” or too small and unstable to be
biologically relevant, others have proposed that peptidome might
contain a rich, untapped source of disease-specific diagnostic infor-
mation [4,15,16]. A transthyretin fragment, ALGISPFHEHAEVVF-
TANDSGPR (m/z 2451.18), and a ol-antitrypsin fragment,
EDPQGDAAQKTDTSHHDQDHPTFN (m/z 2691.02), were identified
in the DIC stage. Transthyretin is important, being involved in
homeostasis via thyroid hormone, and so is «1-antitrypsin, in-
volved in the control of lung inflammation. The degradation of
these molecules was thought to be associated with the breakdown
of homeostatic regulation in the body. The serum level of transthy-
retin fragment (m/z 2451.18) was previously reported to be signif-
icantly elevated in early breast cancer [4], suggesting a similar
mechanism in protease activation in the tumor microenvironment
of breast cancer to the DIC pathology. The tumor microenvironment
consists of tumor, immune, stromal, and inflammatory cells which
produce cytokines, growth factors, and adhesion molecules that
promote tumor progression and metastasis [17]. DIC is diagnosed
based on the elevation of blood levels of fibrinogen/fibrin degrada-
tion products induced by the activation of coagulation factors, and
multiple organ failure (MOF) is diagnosed as a result of organ dys-
function. Both DIC and MOF are states showing a marked activation
of proteases, and their onsets may be predicted very early by apply-
ing peptidome analyses to the DIC/MOF pathological conditions.
In summary, peptidome analyses shows characteristic patterns
“in not only the early diagnosis of cancer but also various patholog-
ical conditions, suggesting that it may develop into a diagnostic
method sensitive to homeostatic abnormalities.
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Abstract
Aim To identify the relationship between vascular endothelial growth factor (VEGF) and diabetic polyneuropathy (DPN).

_. Methods Two hundred and twenty diabetic patients participated, 113 with DPN and 107 without DPN. All patients were also
classified according to the four stages of DPN (no neuropathy: stage 0; asymptomatic neuropathy: stage 1; symptomatic
neuropathy: stage 2; disabling neuropathy: stage 3). Serum VEGF concentration was measured using an enzyme-linked
immunosorbent assay (ELISA) and levels between the patients with and without DPN and also between the different stages of
DPN, were compared.

Results The mean serum VEGF level in all patients was 264.6 = 218.8 pg/ml. The mean serum VEGF level was higher in
patients with DPN (310.1 = 224.3 pg/ml) than in the patients without DPN (216.5 + 204.0 pg/ml, P = 0.0014). Serum VEGF
was higher in the ‘symptomatic’ stage (stage 2, 364.8 = 225.9 pg/ml) in comparison with the ‘asymptomatic’ (stage 1,
256.7 = 224.4 pg/ml, P = 0.015) and ‘disabling’ (stage 3, 180.3 = 109.4 pg/ml, P = 0.042) stages. The mean serum VEGF
level in patients with diabetic retinopathy (261.1 =210.6 pg/ml) and in patients with diabetic nephropathy
(241.5 = 185.7 pg/ml) was not increased.

Conclusions The serum VEGEF level is increased in patients with DPN, particularly in patients in the neurologically active
‘symptomatic’ stage.
Diabet. Med. 26, 247-252 (2009)

Keywords diabetes, neuropathy, vascular endothelial growth factor

Abbreviations DPN, diabetic polyneuropathy; HbA,, glycated haemoglobin; VEGF, vascular endothelial growth factor

mellitus such as retinopathy [7,8] and nephropathy [9-11].

ntroduction g r s o . .
hk cx In diabetic retinopathy, VEGF is increased in the vitreous

Vascular endothelial growth factor (VEGF)-A is one of the potent
angiogenic and vascular permeability factors induced in
ischaemic organs [1]. As VEGF production is stimulated by
hypoxia [2], hyperglycaemia, advanced glycation end products
and oxidative stress [3-6], VEGF has been recognized as a key
cytokine related to the development of complications of diabetes
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and aqueous fluids [7] and a recent report has shown that VEGF
in the aqueous fluid is increased in both pre-proliferative and
proliferative diabetic retinopathy [12]. In nephropathy, urinary
VEGF excretion rates are increased and recent reports have
focused on the relationship between VEGF and the stage of
diabetic nephropathy [9,13,14]. As other reports have identified
a significant correlation between VEGF and diabetic
microangiopathy [14,15], one might predict a close
relationship between VEGF and diabetic polyneuropathy
(DPN). There is, however, little clinical evidence available
regarding the potential role of VEGF in DPN [16,17].

247



DIABETICMedicine

Moreover, there are no reports regarding the relationship
between VEGF and the stages of DPN. This study, therefore,
examined serum VEGF in diabetic polyneuropathy and
investigated how it relates to the status of neuropathy.

Patients and methods

Two hundred and twenty diabetic patients (105 men, 115
women, mean age 63.5 = 12.6 years, 11 with Type 1 and 209
with Type 2 diabetes) were enrolled. All of the patients attended
the diabetes outpatient clinic of Kagoshima University hospital
and at the Southern-Region hospital from 2001 to 2005. The
mean duration of diabetes was 10.4 = 9.2 years and mean
glycated haemoglobin (HbA;.) 8.0 = 2.1%. One hundred and
twenty-one patients had diabetic retinopathy and 99 patients had
overt proteinuria. All patients gave their informed consent to
participate in this study.

Diagnosis and staging of DPN

The criteria for the diagnosis and staging of DPN were previously
proposed by Dyck [18]. Recently in Japan, a new approach to
establish abbreviated diagnostic criteria and staging for diabetic
polyneuropathy has been developed for daily practice [19]. Thus
we modified Dyck’s criteria by using the Japanese abbreviated
criteria and all patients were classified into four stages; stage 0
(no neuropathy), stage 1 (asymptomatic neuropathy), stage 2
(symptomatic neuropathy) or stage 3 (disabling neuropathy).
For the staging of DPN, each patient completed a detailed
questionnaire and neurological evaluation. These included
inquiries about subjective symptoms and determination of
presence or absence of muscle weakness, ankle jerk, vibratory
sensation, sensory disturbance, autonomic neuropathy and
disorders affecting quality of life. Other causes of neuropathy
were excluded by measuring vitamin B12, thyroid-stimulating
hormone, anti-nuclear antibody and
electrophoresis. Individuals with a family history of neuropathy
or a disease known to cause neuropathy were excluded by taking
a detailed history. Laboratory investigations, spinal X-rays and
diagnostic imaging systems such as magnetic resonance imaging
were performed where appropriate. In addition, patients with
diseases known to affect serum VEGF, such as cancer,
inflammatory diseases and peripheral vascular disease, were
also excluded. The effect of age was taken into consideration
when examining elderly patients and symptoms and deficits from
entrapment neuropathies or mononeuropathies were not staged.
All examinations and questionnaires were performed by two
neurologists certified by the Japanese Society of Neurology.

serum  protein

Measurement of serum VEGF

Early morning fasting serum was obtained from each patient.
Serum was rapidly cryopreserved. VEGF concentrations were
measured in duplicate using a commercial enzyme-linked
immunoabsorbent assay (ELISA) kit (R&D Systems, Minnea-
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polis, MN, USA) that recognizes the soluble isoforms VEGF;,,
and VEGF;; as previously described [20,21]. The assay system
used is sensitive to 15.6 pg/ml VEGF and does not cross-react
with platelet-derived growth factor (PDGF) or other
homologous cytokines. The optical density at 450 nm was
measured on the ImmunoMini NJ-2300 (Nippon Inter Med,
Tokyo, Japan) and the VEGF concentration was determined by
linear regression from a standard curve using the VEGF supplied
with the kit as a standard.

Statistical analysis

All data are presented as mean = SD unless otherwise indicated.
Differences between data sets were assessed by analysis of
variance (ANOVA), with the Scheffe test post hoc. Paired data were
compared by paired Student’s #-test. All statistical analyses were
carried out using the STATVIEW J-5.0 software program (SAS
Institute, Cary, NC, USA) for Windows; P-value < 0.05 was
considered to be statistically significant.

Results

Characteristics of subjects

By the diagnostic criteria and staging of DPN [18,19], 113 of the
220 patients had DPN (males 51, females 62, mean age
65.4 = 11.3 years, mean duration of diabetes 11.6 + 7.7 years,
mean HbA ;. 8.2 = 2.0%) while 107 did not (males 54, females
53, mean age 61.5 = 13.6 years, mean duration of diabetes
9.1 + 10.4 years, mean HbA;. 7.7 = 2.2%). Patients without
DPN were included in stage 0. One hundred and thirteen DPN
patients were included in stages 1-3. Thirty-five patients were
classified as stage 1, 65 patients were stage 2 and 13 patients
were stage 3 and the characteristics of patients in each stage of
DPN are shown in Table 1. There was a significant correlation
between the stages of DPN and the duration of diabetes,
however, no significant correlation was found between the
severity of DPN and age or HbA;..

The number and characteristics of patients with or without
other diabetic complications are shown in Table 2. One hundred
and twenty of the 211 patients had diabetic retinopathy and 99 of
the 211 patients had overt proteinuria. The incidence of diabetic
microvascular complications, paticularly retinopathy and
nephropathy, significantly increased with age and duration of
diabetes; however, there was no relationship with HbA ..

Comparison of serum VEGF level

There was a significantly higher level of serum VEGF in patients
with DPN (310.1 = 224.3 pg/ml) in comparison with those
without DPN (216.5 + 204.0 pg/ml) (P = 0.0014). In contrast,
no significant difference in serum VEGF was found between
patients with diabetic retinopathy (261.1 = 210.6 pg/ml) and
those without diabetic retinopathy (268.1 = 237.3 pg/ml)
(P =0.82). In addition, in the patients with diabetic
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Table 1 The characteristics of diabetic patients in each stage of diabetic polyneuropathy
DPN (-) DPN (+)
Stage 0 Stage 1 Stage 2 Stage 3
n 107 35 65 13
Age (years) 61.5 £ 13.6 66.4 = 12.1 655 +11.3 62.3+8.2
Sex (male) 54 (50.7) 18 (51.4) 24 (36.9) 7 (53.8)
Duration of diabetes (years) 9.1+ 10.4* 8.4 +5.21 11978 14.9 = 12.9%,t
HbA; (%) 7.7 +2.2 7821 8.3+2.0 8.5=+15
Neuropathy (%)1 0 100 100 100
Subjective symptoms of DPN (%)§ 17.8 0 100 100
ATR (-)/(=) (%) 15.0 100 64.6 100
Vibration { (%) 14.8 100 61.7 84.6
Autonomicy 7.8 5.7 38.8 921
Motor** 0.2 0.2 Tl 100
Retinopathy (%) 34.6 51.4 66.2 84.6
Nephropathy (%) 18.7 34.3 523 84.6

Data are the means = SD or number or per cent, unless otherwise indicated. There was a significant dierence in duration of diabetes between
stage 0 and stage 3* (P = 0.008) and between stage 1 and stage 3t (P = 0.013). There was no significant dierence in HbA ;. by stage of DPN

(Schee’s post hoc test with ANOVA). ;
1Meets the abbreviated diagnostic criteria for DPN.

§Bilateral numbness, spontaneous pain, paraesthesia, decreased sensation, etc.
{Orthostatic hypotension, abnormal sweating, severe diarrhoea and constipation, etc.

**Weakness and/or atrophy.

ANOVA, analysis of variance; ATR, Achilles tendon reflex; DPN, diabetic polyneuropathy; HbA;., glycated haemoglobin; sp, standard

deviation.

Table 2 The number and the characteristics of patients with diabetic retinopathy and nephropathy

Retinopathy Nephropathy
(=) (+) P (=) (+) ; P
n 91 ; 120 112 99
Age (years) 61.6 = 14.6 65.0 = 10.6 0.048 61.0 = 13.5 66.3 = 10.9 0.0023
Duration of diabetes (years) 6.9 =59 13.0 = 10.3 .~ < 0.0001 85+6.9 12.7 « 11.1 0.0013
HbA;. (%) 78«25 8.1+138 0.29 7.8=+23 8.2=+1.9 0.25

Data are the means = SD.

The incidence of diabetic retinopathy and diabetic nephropathy increased with age and the duration of diabetes.
There was no significant correlation between diabetic microangiopathies and HbA;..

HbA ., glycated haemoglobin; sp, standard deviation.

nephropathy, there was no significant difference of serum
VEGF level between patients with overt proteinuria
(241.5 = 185.7 pg/ml) and those without overt proteinuria
(284.1 = 248.8 pg/ml) (P = 0.16; Fig. 1).

Serum VEGF level was 216.5 + 204.0 pg/ml in the ‘no
neuropathy’ stage 0, 256.7 = 224.4 pg/ml in the ‘asymptomatic’
stage 1, 364.8 = 225.9 pg/ml in the ‘symptomatic’ stage 2 and
180.3 = 109.4 pg/ml in the ‘disabling’ stage 3. The serum
VEGEF level in stage 2 was higher than in stage 0 (P = 0.0002)
and stage 3 (P = 0.04; Fig. 2).

Discussion

In the present study, serum VEGF levels in the patients with DPN
were significantly higher than in the patients without DPN.
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FIGURE 1 Serum vascular endothelial growth factor (VEGF) levels in
patients with and without diabetic retinopathy (DR), diabetic nephropathy
(DN) and overt proteinuria (DPN).
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