Table 2 Subject characteristics

SNPs in endothelin genes related to atherosclerosis
H Yasuda et af

All (n=630) Male (n = 340) Female (n = 290) P-value
Age (years] 64.6 +10.6 63.3+11.3 66.04-9.6 0.0015
Height (cm) 160.0+8.7 165.8+6.4 153.1+5.5 <0.0001
Weight (kg] 62.9+11.6 68.5+10.6 56.4+9.1 <0.0001
Heart rate (b.p.m.) 64.0+10.7 62.0+9.4 66.24+11.8 <0.0001
Systolic blood pressure (mm Hg) 138.8417.1 137.0+15.8 140.9+18.3 0.0042
Diastolic blood pressure (mm Hg) 82.7+10.3 83.2+10.2 82.1+10.5 0.1799
Mean IMT (mm) 0.8310.16 0.83+0.16 0.84+0.17 0.4634
Plaque score 3.13+4.76 3.57+5.18 2.61+4.17 0.0131
baPWV (cm/s) 1786.2+309.1 1755.7+297.7 1822.0+318.8 0.0071
ABI 1.1240.08 1.13+0.09 1.11+0.07 0.0018
CRP (mg/d]) 0.15+0.28 0.17+0.20 0.1440.30 0.1728
HbA . (%) 5.63+0.80 5.66+0.77 5.5840.83 0.2259
Total cholesterol (mg/dl) 203.0+35.2 196.7 +30.4 210.4+39.0 <0.0001
Triglyceride (mg/dl) 138.3+125.3 152.4+149.7 121.5+85.3 0.0020
HDL-cholesterol (mg/dl) 52.7+15.2 48.7+13.0 57.4+16.3 <0.0001
Smoking (current/past/never) 69/211/339 59/183/89 10/28/250 <0.0001
Anti-hypertensive medication (%) 570/630 (90.5%) 308/340 (90.6%) 262/290 (90.3%) 0.9174

Abbreviations: ABI, ankle brachial index; baPWV, brachial-ankle pulse wave velocity; CRP, C-reactive protein; HbA,.,

density lipoprotein; Mean IMT, mean intima-media thickness.
Values are expressed as the means +s.d. P ; Student’s t-test (male vs female).

Table 3a Comparison between SNPs of ET-1 genes and baPWV in male subjects

hemoglobin A, HDL, high-

Genes SNPs Allele1/Allele2 n baPWV (cm/s) P-dominamt P-additive P-recessive
EDN1 A201- (4A/3A) 3A/4A 3A3A 251 1763.8+301.0 0.4250 0.6509 0.7682
3A4A 81 1730.3+291.5
4A4A 5 1795.3+271.3
rs2070699 T/G TT 104 1768.1+341.2 0.6029 0.3509 0.2902
TG 158 1731.8+265.6
GG 76 1787.3+297.1
rs5370 G[Lys)/T(Asrl) GG 182 1759.64-308.5 0.8425 0.8318 0.5438
GT 134 1758.84+286.2
TT 23 1720.2+284.5
EDNRA 185333 T/C TT 182 1746.8+307.0 0.5958 0.4479 0.2086
TC 130 1752.54269.4
CcC 23 1830.1+369.9
EDNRB 15 5351 A/G AA 107 1706.6 +285.1 0.0409 (0.4499)* 0.0004 (0.0044)* 0.0001 (0.0011)*
AG 162 1736.1+277.7
GG 65 1882.2+332.7
rs3818416 G/T GG 305 1759.9+301.1 0.2393 0.3593 0.2593
GT 28 1708.0+260.2
TT 3 1560.51+241.2
ECE1 15212526 CI/IT CC 247 1746.94+294.9 0.4798 0.7583 0.9557
CT 82 1775.14298.4
TT 7 1747.6+415.2
1s212528 T/C TT 198 1724.6+292.4 0.0311 (0.3421)* 0.0246 0.3099
TC 122 1810.84-298.3
cC 16 1679.9+308.2
15213045 G/T GG 102 1732.0+282.7 0.3865 0.3293 0.3737
GT 174 1776.5+305.3
TT 59 1722.0+301.3
r$2038089 A/G AA 153 1773.4+300.4 0.3051 0.0821 0.0262 (0.2882)*
AG 138 1764.3+304.3
GG 43 1661.1+253.9
ECE2 rs2272471 C/T cC 94 1778.0+303.1 0.3573 0.6116 0.9717
CT 164 1739.84+282.3
TT 76 1755.1+324.4

Abbreviations: baPWV, brachial-ankle pulse wave velocity; SNPs, single nucleotide polymorphisms.

P-value (dominant), major vs hetero+minor; P-value (additive), major vs heterozygote vs minor; P-value (recessive),

*Bonferroni correction ( x 11).

minor+hetero vs major.
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Table 3b Comparisons between ET-1 gene SNPs and baPWYV in female subjects

Genes - SNPs Allele1/Allele2 n baPWV (cm/s} P-dominant P-additive P-recessive
EDN1 A201- (4A/3A) 3A/4A 3A3A 198 1831.0+329.4 0.4510 0.7278 0.9152
3A4A 84 1798.0+305.9
4A4A 5 1836.6+199.9
rs2070699 T/G TT 80 1845.0+367.1 0.4673 0.7631 0.7183
TG 139 1816.2+305.3
GG 69 1810.8+289.1
rs5370 G (Lys]/T(Asn] GG 147 1843.9+321.8 0.2519 0.4711 0.5298
GT 116 1795.2+316.4
TT 26 1825.8+319.9
EDNRA rs5333 T/C TT 153 1796.2+306.1 0.1163 0.1601 0.5298
TC 116 1867.4+331.3
CC 17 1776.6+342.9
EDNRB rs 5351 A/G AA 85 1859.2+315.1 0.2257 0.3921 0.3211
AG 145 1817.94339.8
GG 56 1785.8+268.3
rs3818416 G/T GG 2585 1822.44+325.2 0.8168 0.3676 (=)
GT 29 1821.6 +270.6
TT 1 2277.0
ECE1 15212526 C/T CcC 208 1827.0+308.5 0.7909 0.4074 0.1873
CT 67 1835.0+360.3
TT 11 1698.1+257.9 A
rs212528 T/C TT 184 1833.1+320.8 0.5150 0.4206 0.3855
TC 86 1791.7 +307.6
CC 16 1891.4+371.4
r1s213045 G/T GG 93 1834.6 +369.1 0.6899 0.4138 0.2837
GT 142 1801.0+281.4
TT 50 1867.8+326.9
152038089 AIG AA 124 1821.2+322.9 0.8902 0.9691 0.8109
AG 131 1824.3+321.9 '
GG 24 1839.2+323.7
ECE2 152272471 C/T CC 73 1795.8+343.4 0.3612 0.5926 0.4611
CT 144 1828.5+314.6
TT 68 1850.3+304.4

Abbreviations: baPWYV, brachial-ankle pulse wave velocity; SNPs, single nucleotide polymorphisms.
P-value (dominant); major vs hetero+minor, P-value (additive); major vs heterozygote vs minor, P-value (recessive); minor+hetero vs major.

Screening of genetic variations in EDN1 EDNRA,
EDNRB, ECE1 and ECE2

We isolated genomic DNA from the peripheral blood
leukocytes of 630 subjects and directly sequenced
the entire coding region of the endothelin-1 gene
(EDN1). The results of the EDN1 screening are
shown in Table 1. Finally, we selected three SNPs
in the EDN1. We selected SNPs of the endothelin
type A receptor gene (EDNRA rs5333), endothelin type
B receptor gene (EDNRB rs5351, rs3818416), endothelin
converting enzyme-1 gene (ECE1 rs212526, rs212528,
15213045, 1s2038089) and endothelin converting
enzyme-2 gene (ECE2 1s2272471) from a public
database (dbSNP http://www.ncbi.nlm.nih.gov/
SNP/). SNPs with a minor allele frequency of greater
than 5% were genotyped using the TagMan-PCR
method described previously.?® The representative
SNPs were genotyped when they were linkage
disequilibrium (LD: r* over 0.5). The LD was
calculated between each SNP. The primers and
probes used in the TagMan-PCR system are available
upon request.

Statistical analysis
Values are expressed as means +s.d. and were
analyzed using a Student’s t-test and a y*-test where
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appropriate. Hardy—Weinberg equilibrium was as-
sessed by y*analysis, and we considered P-values
less than 0.05 to be statistically significant. The
levels of the P-values were adjusted by Bonferroni
correction). The LD between each SNP was checked
using Haploview version 4 (http://www.broad.mit.
edu/mpg/haploview/). The association of genotypes
with blood pressure, IMT and PS of carotid arteries
and baPWV was examined by simple regression
analysis and then investigated using a logistic
regression model that adjusted for confounding
factors. The distribution of plaque score (PS) was
not normal, so we compared the prevalence of
severe PS (=10.1)" for each allele. All statistical
analyses were performed using Stat-View version
5.0 {SAS Institute Inc., Cary, NC, USA).

Results

Patient Characteristics and the Correlation between
baPWYV and Clinical Parameters

The characteristics of the subjects at baseline are
summarized in Table 2. Significant differences were
apparent between men and women in age, height,
weight, heart rate (HR), systolic blood pressure
(SBP), plaque score (PS), baPWV and ABI and lipid
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Table 4a Comparisons between ET-1 gene SNPs and mean IMT in male subjects
Genes SNPs Allele1/Allele2 n Mean IMT P-dominant P-additive P-recessive
EDN1 A201- (4A/3A) 3A/4A 3A3A 250 0.82440.160 0.7936 0.1199 0.0400 (0.4400)*
3A4A 81 0.8214+0.152
4A4A 5 0.970+0.148
rs2070699 T/G TT 104 0.81540.143 0.3957 0.6548 0.5235
TG 157 0.82940.163
GG 76 0.837+0.170
rs5370 G (Lys)/T(Asn) GG 181 0.8321+0.154 0.4286 0.5953 0.7007
GT 134 0.815+0.162
TT 23 0.83840.174
EDNRA rs5333 T/C TT 181 0.8211+0.160 0.4330 0.0023 (0.0253)* 0.0005 (0.0055)*
TC 130 0.816 +0.146
cC 23 0.937+0.179
EDNRB rs 5351 AlG AA 107 0.83040.164 0.8131 0.0104 (0.1144)* 0.0059 (0.0649)*
AG 161 0.80540.147
GG 65 0.875+0.168
rs3818416 G/T GG 304 0.828+0.161 0.5352 0.7307 0.5119
GT 28 0.81410.130
TT 3 0.76740.161
ECE1 rs212526 C/T CC 246 0.832+0.161 0.3202 0.5493 0.4919
CT 82 0.786+0.157
TT 7 0.81440.152
rs212528 T/C TT 198 0.826+0.156 0.9406 0.9714 0.8410
TC 121 0.828+0.165
CC 16 0.81940.153
rs213045 G/T GG 102 0.831+0.179 0.7299 0.6596 0.3631
GT 174 0.8291+0.154
TT 58 0.809+0.134
rs2038089 AlG AA 152 0.83010.161 0.7842 0.8860 0.6774
AG 138 0.828+0.144
GG 43 0.81640.195
ECE2 rs2272471 C/T CC 93 0.820+0.160 0.6244 0.8500 0.9127
CT 164 0.8321+0.161
TT 76 0.826+0.153

Abbreviations: SNPs, single nucleotide polymorphisms; IMT, intima-media thickness.

P-value (dominant}, major vs hetero+minor; P-value (additive), major
*Bonferroni correction ( x 11).

profiles. Almost all subjects were treated with anti-
hypertensive agents such that the ratio of treated
patients did not differ between males and females.

We analyzed the correlations between baPWV,
mean IMT, max IMT, PS of carotid arteries and the
clinical parameters of male and female patients.
BaPWV significantly correlated with age, height,
weight, SBP, DBP, mean BP, HR and HbA,.. In
contrast, baPWV was not associated with serum
creatinine, C-reactive protein, or ABL. The mean
IMT and PS of carotid arteries significantly corre-
lated with age, height, HbA,. and HDL-Chol. All
indices of atherosclerosis strongly associated with
age, height and BP. Among these indices, IMT and
PS showed weaker association with weight and BP
than baPWV.

Correlation between baPWV and SNPs in ET-1 family
enes

‘%Ve studied 11 SNPs in total, including three of

EDN1, one of EDNRA, two of EDNRB, four of ECE1

and one of ECE2. We found no tight LD between the

11 analyzed SNPs. We analyzed the association of

baPWV with ET-1 SNPs in all subjects, both male

vs heterozygote vs minor; P-value (recessive), minor+hetero vs major.

and female. As shown in Table 3a, we detected
significant differences in baPWV in comparing
additive, dominant, or recessive models in EDNREB-
rs5351 (exon 6), ECE1- 1rs212528 (intron 3) and
rs2038089 (intron 17) in male subjects. Finally, only
EDNRB -1s5351 positively associated with baPWV
after performing a Bonferroni correction. No SNPs
were significantly associated with baPWV in female
subjects (Table 3b).

Mean IMT, max IMT, plaque score of carotid arteries
and ET-1 SNPs

The results of comparing additive, dominant, or
recessive models for mean IMT in each SNP are
shown in Tables 4a and 4b. Only EDNRA-1s5333
positively associated with mean IMT after perform-
ing a Bonferroni correction, and this association
was only apparent in male subjects. With regard to
max-IMT, EDNRA-rs5333, EDNRB -rs5351 and
ECE1- rs2038089 showed a positive association,
but the association was not significant after Bonferroni
correction (data not shown). In comparing the
prevalence of severe PS (>10.1) for each allele, no
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Table 4b Comparisons between ET-1 gene SNPs and mean IMT in female subjects

Genes " SNPs Allele1/Allele2 n Mean IMT P-dominant P-additive -P-recessive
EDN1 A201- (4A/3A) 3A/4A 3A3A 196 0.841+0.175 0.6400 0.1625 0.0706
3A4A 83 0.828+0.152
4A4A 5 0.70040.079 .
rs2070699 T/G TT 79 0.839i8.170 0.8018 0.1429 0.0546
TG 137 0.849+0.174
GG 69 0.801+0.152
rs5370 G (Lys]/T(Asn) GG 144 0.835+0.168 0.9802 0.3176 0.1531
GT 116 0.846+0.172
TT 26 0.835+0.168
EDNRA 155333 T/C TT 152 0.826+0.156 0.3386 0.0463 (0.5093)* 0.1527
TC 115 0.858+0.182 :
CcC 17 0.759+0.139
EDNRB rs 5351 AlG AA 84 0.836+0.152 0.9740 0.9909 0.9095
AG 144 0.834+0.171
GG 56 0.837+0.186
rs3818416 G/T GG 253 0.830+0.167 0.1547 0.2753 (=)
GT 29 0.872+0.178
TT 1 1.000
ECE1 rs212526 C/T CcC 206 0.834+0.168 0.9034 0.6696 0.4238
CT 67 0.844+0.169
_ TT 11 0.795+0.159
15212528 T/C TT 183 0.831+0.158 0.5586 0.5997 0.5508
TC 86 0.849+0.182
CC 15 0.810+0.205
15213045 G/T GG 92 0.826+0.162 0.5215 0.7194 0.4975
GT 141 0.836+0.162
TT 50 0.850+0.196
rs2038089 AlG AA 126 0.818+0.166 0.1171 0.2132 0.2300
AG 130 0.845+0.170
GG 24 0.875+0.174
ECE2 r$2272471 C/T CC 71 0.847+0.186 0.5061 0.0360 (0.3960)* 0.0327 (0.3597)*
CT 144 0.812+0.154
TT 68 0.874+0.171

Abbreviations: SNPs, single nucleotide polymorphisms; IMT, intima-media thickness.

P-value (dominant), major vs hetero+minor; P-value (additive), major vs heterozygote vs minor, P-value (recessive), minor+hetero vs major.

*Bonferroni correction ( x 11).

SNPs were positive in either male or female subjects
after Bonferroni correction (Table 5). :

Association of SNPs in ET-1 family genes with severe
atherosclerosis

We have compared the atherosclerosis parameters
and the background of each genotype of EDNRA-
rs5333, EDNRB-rs5351, ECE1-1s212528 and
rs2038089. These four SNPs showed significant
association with atherosclerotic indices, including
baPWYV, PS and IMT. They had no association with
atherosclerotic risk factors, such as HbA1lc, TG,
HDL-chol, except EDNRA-rs5333 which showed
association with TG.

We divided the male subjects in three ways: a
rapid or slow group based on the average baPWV
(rapid: >1756cm/s, slow: <1756 cm/s), averaged
mean-IMT (severe: >0.86 mm, mild: <0.86 mm) and
a severe or mild atherosclerotic group using plaque
scores (severe: >10.1, mild: <10.1). We performed
logistic regression analysis on the progression of
baPWYV, mean-IMT and PS. Multiple logistic regres-
sion analysis indicated that GG in EDNRB -1s5351,
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with higher baPWV and PS, was an independent risk
factor in male subjects (Tables 6a—c).

Discussion

The human ET-1 gene was cloned and sequenced in
1989 by Inoue et al.’® Recent studies have examined
the relationship between polymorphisms of
ET-1 and BP. Tiret et al.*® indicated that a G/T
polymorphism with an amino acid substitution (Lys —
Asn) at codon 198 in exon 5 of ET-1 was associated
with BP in overweight Europeans, and similar
results were obtained in Japanese subjects.?**!

In this study, we evaluated the association of 11
SNPs of ET-1 family genes with atherosclerosis in
hypertensive patients. We found a significant corre-
lation between baPWV and EDNRB-rs5351 and
between mean IMT of carotid arteries and EDNRA-
rs5333 in male, but not female hypertensive patients
after Bonferroni correction; however, EDNRA-
rs5333 was not significantly associated with severe
IMT thickening after multiple logistic regression
analysis. Thus, EDNRB-rs5351 was the most suscep-
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Table 5 Genotype distribution among the subjects with severe (>10.1) or mild atherosclerosis (by plaque scores)

Male Female
Genes  SNPs Allele (major/minor) Genotype Mild Severe  x* P-value Mild Severe y*  P-value
EDN1 A201- (4A/3A) 3A/4A 3A3A 223 22 0.970 0.6156 184 11 2.668 0.2635
3A4A 71 9 80 3
4A4A 4 1 4 1
rs2070699 T/G TT 92 10 0.275 0.8714 74 4 1.660 0.4361
TG 143 14 131 6
GG 64 8 63 6
rs5370 G (Lys)/T(Asn) GG 161 18 0.082 0.9600 136 7 1.733  0.4205
GT 120 12 109 7
TT 19 2 23 3
EDNRA 1rs5333 T/C TT 160 19 0.906 0.6357 145 7 1.733 0.4204
TC 116 10 106 . 8
CC 20 3 15 2
EDNRB r1s 5351 A/G AA 99 4 9.898 0.0071 (0.0781)* 79 4 2.740 0.2541
AG 144 16 137 7
GG 52 12 50 6
rs3818416 G/T GG 269 29 0.354 0.8376 237 15 0.105 0.9487
GT 25 3 27 2
TT 3 0 1 0
ECE1 5212526 C/T cC 217 23 0.171 0.9179 192 13 0.744 0.6894
CT 74 8 63 4
TT 6 1 11 0
rs212528 T/C TT 180 16 1.354 0.5082 171 11 1.102 0.5763
TC 103 14 80 6
CC 14 2 15 0
rs213045 G/T GG 92 8 1.447 0.4851 88 4 1.569 0.4564
: GT 154 16 130 11
TT 50 8 47 2
rs2038089 A/G AA 126 23 9.901 0.0071 (0.0781)* 121 4 3.383 0.1843
AG 130 7 119 11
GG 39 2 23 1
ECE2 152272471 C/T cC 82 7 4.258 0.1190 66 5 1.914 0.3840
CT 150 13 137 6
TT 63 12 62 6

Abbreviation: SNPs, single nucleotide polymorphisms.
Men and women were divided into three groups for each genotype.
*Bonferroni correction ( x 11).

tible endothelin-related SNP associated with ather-
osclerosis in male hypertensives. With regard to the
gender differences between baPWV and/or arterio-
sclerosis and ET-1 family gene polymorphisms, one
possible explanation is that the effect of ET-1
on vasoconstriction and atherosclerosis may differ
between males and females. Tatchum-Talom et al.??
described the vasoconstrictive effect of ET-1 as
much greater in male rats than in female rats.
Alternatively, oestrogen may reduce the vasocon-
striction induced by ET-1.* Our current findings
indicate that there are differences in the progression
of atherosclerotic changes among hypertensive
patients that depend on the genotypes of ET-1
family genes. Therefore, our findings provide im-
portant information regarding the use of hyperten-
sive agents. Hypertensive agents should perhaps
be prescribed after taking the polymorphisms in
specific patients into consideration.

Lajemi et al.** showed that the EDNRA -231A/G
and EDNRB 30G/A gene polymorphisms influence
PWYV in women, and the EDNRB 30G/A genotype

related to the level of radial artery parameters in
men. They suggested that these genes were involved
in arterial stiffness. Funalot et al.*® showed that ECE
1B C338A and EDN1 Lys198Asn work together to
modulate BP levels in women. Of the three SNPs
tested in this study, only EDNRB-rs5351 was
associated with baPWV and PS. This may be because
baPWYV reveals a more functional change, while PS
indicates a more structural change.

In this study, most patients were treated with
antihypertensive agents, some of which might affect
PWYV either directly or indirectly. We did not have
detailed information on the drugs being taken by
each subject, which could be seen as a limitation on
our study. However, it has been reported that
evaluations of PWV for monitoring arterial stiffness
and in developing risk assessment strategies for
hypertensive patients are useful.?

It will be important to determine serum ET-1
levels in patients to examine whether the cause.
of differences in baPWV or carotid arterioscle-
rosis between genotypes is dependent on only the
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Table 6a Logistic regression analysis of baPWV and ET-1 gene polymorphisms adjusting for clinical parameters in male patients

Odds ratio 95% CI P-value Odds ratio 95% CI P-value
EDNRB- 155351 (AA-AG) 0.99 (0.544-~1.804) 0.9747 _ — —_—
(AA-GG) 2.353 (1.110-4.989) 0.0256 —_ — —
ECE1- rs212528 (TT-TC) — —_— — 1.833 (1.058-3.176) 0.0307
(TT-CC) — — — 0.541 (0.146-2.003) 0.3575
Age 1.105 (1.070-1.142) <0.0001 1.11 (1.075-1.147) <0.0001
Height 0.937 (0.889-0.986) 0.0132 0.936 (0.889-0.985) 0.0118
Weight 1.006 (0.975-1.038) 0.7156 1.002 (0.970-1.034) 0.9137
Mean BP 1.071 (1.042-1.101) <0.0001 1.071 (1.042-1.100) <0.0001
HR 1.022 (0.993-1.052) 0.1323 1.023 (0.995-1.052) 0.1032

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BP, blood pressure; ET-1, endothelin-1; HR, heart rate.
The average baPWV of male patients was 1756 cm/s. Rapid group, >baPWV 1756 cm/s; slow group, <1756 cm/s.

Table 6b Logistic regression analysis of plaque scores and ET-1 gene polymorphisms adjusting for clinical parameters in male patients

Odds ratio 95% CI P-value Odds ratio 95% CI P-value
EDNRB- 1s5351 (AA-AG) 3.255 (0.898-11.802) 0.0725 — — —
(AA-GG) 5.017 (1.308-19.239) 0.0187 — — —
ECE1- rs2038089 (AA-AG) — — —_— 0.334 (0.132—-0.844) 0.0205
(AA-GG) — — —_ 0.356 (0.076-1.666) 0.1895
Age 1.09 (1.032-1.152) 0.0020 1.097 (1.038-1.160) 0.0010
Height 0.984 (0.907-1.068) 0.7006 0.988 (0.912-1.071) 0.7748
Weight 0.962 (0.906—1.021) 0.2047 0.956 (0.901-1.014) 0.1333
DBP 1.031 (0.986-1.077) 0.1843 1.039 (0.994-1.086) 0.0911

Abbreviations: DBP, diastolic blood pressure; ET-1, endothelin-1.

The severe atherosclerotic group of male patients refers to PS>10.1. Rapid group, >PS 10.1; slow group, <10.1.

Table 6¢c Logistic regression analysis of mean-IMT and ET-1 gene polymorphisms adjusting for clinical parameters in male patients

Odds ratio 95% CI P-value Odds ratio 95% CI P-value
EDNRA- rs5333 (TT-TC) 1.066 (0.655~-1.737) 0.7966 — — —
(TT-CC) 2.328 (0.846—6.406) 0.1018 —_ — —
EDNRB- 1s5351 (AA-AG) — — —_ 0.770 (0.449-1.319) 0.3409
(AA-GG) — — — 1.349 (0.686-2.653) 0.3861
Age 1.049 (1.022-1.076) 0.0003 1.052 (1.025-1.081) 0.0002
Height 1.008 {0.969-1.048) 0.6995 1.008 (0.969~1.049) 0.6853
DBP 0.989 (0.965-1.014) 0.3835 0.992 (0.967~1.017) 0.5110
HbA,. 1.188 (0.872-1.619) 0.2735 1.270 (0.932-1.730) 0.1301
HDL-CHOL 0.976 (0.958-0.995) 0.0115 0.979 (0.959-0.996) 0.0150
Abbreviations: ET-1, endothelin-1; IMT, intima-media thickness. )
The average mean-IMT in male patients was 0.86 mm. Severe group, >mean-IMT 0.86 mm; mild-group, <0.86 mm.
ET-1 level or on the interaction of several hormonal Any synergetic effects of polymorphisms

systems. The negative vascular effects of ET-1
may contribute to the pathogenesis of hypertension
and its complications in black patients.*” Un-
fortunately, we did not have enough data regarding
serum ET-1 levels to analyze the relation-
ship between serum levels and ET-1 family gene
polymorphisms.

It is also important to examine the influence of
menopause on atherosclerosis in female subjects.
However, most female subjects in the present study
were older than 60 years, so it was impossible to
clarify the influence of menopause in this study.
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on baPWV and PS should also be evaluated.
In male subjects, baPWV values were slower in
those with TT than with TC+CC of ECE1-T/
C-rs212528, and were also slower in those with
AA than with AG+ GG of EDNRB-A/G-1s5351. We
therefore compared baPWVs of subjects with both
TT of ECE1-rs212528 and AA of EDNRB-rs5351 to
those of subjects with both CC of ECE1-rs212528 and
GG of EDNRB-1s5351. However, we did not obtain a
stronger correlation for combined gene types than
single genotypes (data not shown). We obtained
similar results by analyzing IMT and PS.
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What is known about this topic
®ET-1 is thought to play important roles in the development
of atherosclerosis through endothelial dysfunction and
proliferation of vascular smooth muscle cells.
o There have been various studies of the relationship between
polymorphisms of ET-1 and BP.

What this study adds
®EDNRB-rs5351 in exon6 might contribute to the progression
of atherosclerosis in male patients with EHT.
oIn future, an evaluation of these polymorphisms may be
valuable for the treatment of hypertensive and/or
atherosclerotic patients.

Abbreviations: ET-1, endothelin-1; BP, blood pressure; EHT, essential
hypertension.
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We report here a 16-year-old male with primitive neuroectodermal tumor (PNET)-associated
probable microangiopathy with multiple bone metastases. Laboratory findings excluded the
possibility of amegakaryocytic or immune thrombocytopenia and/or disseminated intravascu-
lar coagulation. He was first treated with plasma-exchange (PE), followed by platelet transfu-
sions, steroid pulse therapy and combined chemotherapy. PE and steroid pulse therapy
reduced his plasma CRP level. Combined chemotherapy drastically increased his platelet
count until it had almost normalized without further transfusion. The plasma level of von
Willebrand factor-cleaving protease (ADAMTS13) activity measured before PE was not
severely deficient (48% of normal) and an unusually large von Willebrand factor multimer
(UL-VWFM) was detected. We consider that this therapeutic strategy has the following
benefits: (1) reduction of plasma levels of factors that are harmful to both platelet activation
and endothelial cell injury; and (2) the safe transfusion of platelet concentrate in thrombotic
microangiopathy. This strategy should be confirmed in further cases.

Key words: PNET — microangiopathy — chemotherapy — ADAMTS13 — UL-VWFM

INTRODUCTION

Malignancy-associated thrombotic microangiopathy (TMA),
characterized by thrombocytopenia and microangiopathic
hemolytic anemia, is a rare but life-threatening complication
of sarcoma and its treatment remains controversial. Recent
studies, however, have indicated that such patients usually
have normal plasma von Willebrand factor-cleaving protease
(ADAMTS13) activity (1,2), and that platelet transfusions are
generally contra-indicated in these patients because transfu-
sions have been associated with disease exacerbation (3,4).
We report here a case of PNET-associated probable TMA that
was successfully treated by platelet transfusion after extensive
plasmapheresis (PE) followed by chemotherapy.

CASE REPORT

The patient was a 16-year-old male (body weight, 60 kg)
who had complained of a high fever and fatigue beginning

For reprints and all correspondence: Toru Morishita, Department of
Orthopedic Surgery, National Hospital Organization Nara Medical Center,
2-789 Shichijo, Nara, Nara 630-8053: Japan. E-mail: morishit@wnara.hosp.
gojp

in June 2002. He was admitted to a nearby hospital on
14 June and received penicillin injections for three days.
Suspicion of meningitis, sepsis, viral infection and immu-
nologic diseases was excluded by negative results of leuco-
cytosis in the cerebrospinal fluid, culture of blood and
cerebrospinal fluid and antibodies against certain viruses and
nucleus. A lytic area in the right eighth rib was then noted
on radiography. Bone scintigraphy showed multiple hot
lesions on 18 June. Bone marrow examination performed on
19 June was normal without invasion of malignant cells.
Pathological examination using biopsy specimens together
with the demonstration of EWS-FLII translocation con-
firmed a diagnosis of a PNET (Fig. 1). On 25 June, he
developed slight bilirubinemia (1.2 mg/dl) and thrombocyto-
penia (94 x 109/1), which then rapidly progressed together
with hemolytic signs consisting of rouleaux formation and
poikilocytosis of erythrocytes in the peripheral blood, and
microscopic hematuria. Normoblasts and immature myeloid
cells in the peripheral blood were also found as leucoerythro-
blastic features. Because of this complex clinical picture, he
was transferred to our hospital on 8 July. On admission, he
had anemia (Hb 105 g/1) (normal range: 135—176), throm-
bocytopenia (26 x 10°/1), and high serum levels of CRP

@© 2006 Foundation for Promotion of Cancer Research
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Figure 1. Results of clinical and diagnostic images. Plain radiograph (A) and CT (B) showing a lytic lesion and large expansive tumor in the right eighth rib.
Bone scintigram (C) showing multiple areas of abnormal uptake in the skull, spine, pelvis, ribs, shoulders and knees. Histology of the biopsy specimen
(D) was compatible with primitive neuroectodermal tumor. Demonstration of EWS-FLII translocation (E) by reverse transcription of polymerase chain reac-
tion; ¢, positive control; p, patient. Bone scintigram, 10 months after diagnosis (F), did not show any abnormal uptake. Assay of plasma VWF-cp activity
before and after plasma exchange (PE) on 8 July 2002 (G). Detection of unusually large von Willebrand factor multimers (UL-VWF) and VWF antigen level
in the patient plasma before and after PE on 8 July 2002 (H). Note that the plasma VWF antigen level decreased after PE.

(251 mg/1), LDH (1787 U/1) (normal range: 106—211 U/l),
GOT (49 U/l) (normal range: 12-32 U/L), and ALP
(2,100 U/1) (normal range: 200—760 U/1). Other laboratory
findings were as follows: BUN 6.78 pmol/1 (normal range:
2.85-7.12 pwmol/1), creatinine 53.04 pmol/1 (normal range:
26.52—79.56 pmol/l), and total bilirubin 18.8 pmol/1
(normal range: 5.1—18.8 pmol/1). His blood type was
O-Rho (D) positive and both direct and indirect
Coombs tests were negative. Antiplatelet antibody deter-
mined by mixed passive hemaglutination assay was negative.
He had never previously undergone chemotherapy or
blood transfusion. Coagulation screening tests including the
levels of antithrombin (86%) and fibrinogen (5.91 g/1) were
within normal ranges; however, his serum FDP level had
increased slightly to 43.7 wg/ml. Plasma ADAMTSI!3
activity determined by the multimer assay was not
immediately available. Based on these clinical and
laboratory findings, we suspected that the patient had
PNET-associated TMA rather than immune thrombocytope-
nia or disseminated intravascular coagulation (DIC).
Because of his extremely poor general condition, surgical
and/or chemotherapeutic approaches were thought to be
inadvisable.

.Thus, we prepared a protocol consisting an initial plasma
exchange (PE) followed by transfusion of a single-donor
platelet concentrate (PC) supplied by the Japan Red Cross
Blood Center. This regimen was repeated for five consecu-
tive days, together with steroid pulse therapy (methyl
prednisolone 1 g/d for 3 days). Using this approach, PC was
transfused without any appreciable adverse reactions. The

expected rise in platelet count was identified 1 h after each
infusion. It then decreased to the pre-infusion level
(23—33 x 10°/1) over the next few days. Bone marrow
examination on the fourth hospital day (11 July) demon-
strated a normal nuclear cell count (137 x 10°/1), of which
malignant cells accounted for 29.5%. Meanwhile, the mega-
karyocyte count was normal or had increased slightly (200/
ul), supporting the concept of enhanced consumption of
newly-produced platelets. After sequential PE, a marked
decrease in the CRP level was observed, and the general con-
dition of the patient appeared to improve. However, the LDH
level remained elevated and even increased slightly while the
anemia worsened, indicating invasive expansion of tumor cells.
Thus, on 13 July, we started combined chemotherapy,
consisting of vincristine (VCR), adriamycin (ADR), and
cyclophosphamide (CPA), that resulted in a dramatic
increase in the platelet count with a concomitant decrease in
LDH. Furthermore, the anemia ceased to progress, with no red
blood cell transfusion required throughout this clinical course.
Partial response was confirmed by resection of the right eighth
rib after chemotherapy. Total body and local irradiation was
performed after the Hi-MEC regimen, resulting in an absence
of abnormal accumulation on bone scintigraphy 10 months
after diagnosis. However, 13 months after diagnosis,
recurrences in the right hip joint and orbit were detected
and the patient died of disease. Survival after diagnosis was
23 months.

Before PE, his plasma VWF antigen level was elevated
(298%) and an unusually-large VWF multimer (UL-VWFM)
was present (Fig. 2).



68 Treatment of PNET associated probable TMA
PE(3OU) O00O00O00O
PC (10U} EEENRS
mprstg SO0 003081418
1.0 0.5 0.25 0.125
VCR (2mg) 8 8
ADR (50mg) 13
CPA (1000mg) 49
160 = 40
g 23 A
§ 1woq g€ ¥
£ 55 27
504 ®@ &
10+
+ o ++ . -0
LI T T r T T T
J 3000 — 2004
=) s
20001 %
1004
10004 *
OJ 0 T | BN S NN SN B B BN S B B S
- 300
= o
g5
£3 200 -
o g
C =
©C o 100
+ + 0 Y 1
1421 28 4
June July 2002
PT (sec) 145 126 111 110 104 10.2
APTT (sec) 411 369 321 317 30.5 51.0
Fibrinogen (grvL) 72 591 360 171 2.11 3.40
FDP (mg/mi) . 437 262 244 20.0 200
AT (%) 86 97 109 116

Figure 2. Time course of laboratory parameters and therapeutic regimen. PE, plasma exchange; PC, platelet concentration; m-psl, methyl prednisolone; VCR,
vincristing; ADR, adriamycin; CPA, cyclophosphamide; Hb, hemoglobin; BUN, blood urea nitrogen; T.Bil, total bilirubin; LDH, lactate dehydrogenase; GPT,
glutamic-pyruvic transaminase; CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial thromboplastin time, FDP; fibrinogen degradation

products; AT, antithrombin.

DISCUSSION

The diagnosis of TMA was based on schistocytosis and evi-
dence of hemolysis. In our case, an elevated level of LDH
was evident; however, schistocytosis was not tested in our
hospital.

Thrombocytopenia occurred as a result of low platelet pro-
duction and/or increased breakdown. In our case, a normal
or slight increase in the production of platelets in the bone
marrow was confirmed during hospitalization, Therefore, the
increased breakdown of platelets was assumed. Spherocytes
in the peripheral blood, which are characteristic in immune
and hereditary hemolysis, were not found before transition.
Considering these data along with the negative results on
direct and indirect Coombs tests, the possibility of immune

hemolysis was considered highly improbable and DIC was
also excluded by the absence of signs indicating decreased
ATIIL

Though a high CRP value persisted, severe infection,
including meningitis, sepsis and viral infection were
excluded by intensive examination. High fever and leucocy-
tosis were thus considered characteristic symptoms of PNET
and not owing to infection. Splenomegaly as a sign of
increased breakdown of platelets was not confirmed by CT.
There was no history of blood transfusion.

Invasion of malignant cells as confirmed by bone marrow
examination occurred between 11 June and 19 July, and
thrombocytopenia with hemolytic anemia occurred concomi-
tant with this invasion, though multiple bone metastases had

1.



already been confirmed by bone scintigraphy. Therefore the
formation of bone metastases is insufficient to explain
thrombocytopenia in this case. We consider that thrombocy-
topenia was probably as a result of malignant tumot-
associated TMA.

Detection of UL-VWFM, released from endothelial cells
and cleaved by ADAMTS13, and subnormal activity of
ADAMTS13, reported as a marker to differentiate between
TTP and HUS (3), were also confirmed later. Detection of
UL-VWFM suggests injury of the endothelial cells or
obstruction of cleavage by ADAMTSI13. In our case,
ADAMTSI3 activity was subnormal, which agreed with the
findings in the majority of TMA reported (1). Therefore,
detection of UL-VWFM suggested injury of endothelial cells
(2). Invasion of malignant cells, synchronously occurring,
may have caused endothelial cell injury. Histological exam-
ination may help clarify the mechanism.

Cytokines have recently been reported to mediate
UL-VWFM release from vascular endothelial cells (5).
Furthermore, it was proposed that cytokines that injure vas-
cular endothelial cells may interfere with the efficient supply
of ADAMTS13 (5). Thus, cytokines may be another cause
of TMA.

Systemic chemotherapy is usually indicated except in
cases of chemotherapy-induced TMA. However, low platelet
count made the initiation of this therapy inadvisable. Thus,
transfusion of platelets was performed after PE to prevent
adverse reaction. It has been proposed that PC transfusion is
contra-indicated in TMA because uncleaved UL-VWFM
induces platelet aggregation under high shear stress and
exacerbates thrombosis (3). However, after removal of
factors including UL-VWFM and cytokines from the circula-
tion by PE, PC transfusion was performed safely and quickly
resulted in raising the platelet count over the short time.
However, the basic conditions, for example, expansion of
tumor cells, may gradually lower the platelet count again,
Thus, treatment of the tumor itself is necessary. Combined
chemotherapy after PE dramatically improved TMA in our
case. This also supports the hypothesis that malignant cells

Jpn J Clin Oncol 2007,37(1) 69

were related to injury of the endothelial cells. Prognosis of
TMA depends on the chemosensitivity of the tumor itself,
Further experience is necessary to confirm this regimen.

The present findings may improve our understanding the
reason why malignancy-associated TMA responds poorly to
PE therapy alone, as has been commonly accepted.
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Abstract The ADAMTS13 (a disintegrin and metalloprotease with thrombospondin
type | domain 13) activity was measured by a fluorescence resonance energy transfer
(FRET) assay in the plasma of healthy volunteers and thrombotic thrombocytopenic
purpura (TTP) patients to examine its usefulness in the diagnosis of TTP.

The plasma levels of the ADAMTS13 activity did not show a normal distribution. Its
median value was 107% (range: 55—170%) in healthy volunteers, but was significantly
lower in patients with TTP (acquired or familial) and in patients with hematopoietic
stem cell transplantation. However, it was not significantly lower in patients with
antiphospholipid syndrome (APS). The ADAMTS13 activity by a FRET assay was closely
correlated with that by the ADAMTS13 multimer method (r=0.816; p<0.001). In 18
patients with tess than 10% of ADAMTS13 activity by FRET assay, less than 10% of that by
multimer assay was 16, thus suggesting a good correlation for a low level of ADAMTS13.

These findings suggest that the ADAMTS13 FRET assay correlates well with the
ADAMTS13 multimer method and it is therefore useful for making a diagnosis of TTP.
© 2006 Elsevier Ltd. All rights reserved.
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Introduction

Thrombotic thrombocytopenic purpura (TTP) is a
life-threatening syndrome characterized by throm-
bocytopenia and microangiopathic hemolytic ane-
mia, and is often associated with neurological
dysfunction, renal failure, and fever [1,2]. Unusu-
ally large von Willebrand factor (VWF) multimers
produced in and then quickly released from vascu-
lar endothelial cells, have often been found in
patients plasma in familial and nonfamilial TTP
[3,4]. VWF is a large glycoprotein which is essential
for high-shear stress associated platelet adhesion
and aggregation [5]. These large VWF multimers
have been thought to interact with circulating
platelets, thus resulting in platelet clumping due
to an elevated shear stress [3]. Furlan et al. [6] and
Tsai [7] independently showed the plasma vWF to
be physiologically cleaved by specific metallopro-
tease. Thereafter, metalloprotease was purified,
and cDNA sequencing identified the enzyme as
ADAMTS13 (a disintegrin and metalloprotease with
thrombospondin type | domain 13) is a metal-
loprotease, that specifically cleaves the multimeric
VWF [8—12].

A severely deficient ADAMTS13 activity (less than
5% of that in normal plasma) is caused by either a
mutation of the ADAMTS13 gene [9,13] or by
inhibitory antibodies against ADAMTS13 [14—16].
Although measuring the ADAMTS13 activity is
important in the TTP diagnosis, the existing meth-
ods require time and skill. Kokame et al. [17]
developed a synthetic 73-amino-acid peptide, the
FRETS-VWF73, and cleavage of this substrate
between two modified residues relieves the fluo-
rescence quenching in the intact peptide. Kokame
developed a fluorescence resonance energy trans-
fer (FRET) assay for ADAMTS13 activity [17]. This
assay is very easy to perform and it is not time
consuming, thus suggesting that it is useful for
clinical application.

In this study, we measured the ADAMTS13
activity by a FRET assay in the plasma of healthy
volunteers and TTP patients and thus examined the
usefulness of a diagnosis of TTP.

Materials and methods

The ADAMTS13 activity was measured in 68 healthy
volunteers (19 females and 49 males; median age,
33 years; range, 20-54 years). The ADAMTS13
activity was also measured in 38 patients with
TTP (21 females and 17 males; median age 46
years; range 1-84 years), in 8 patients from a
congenital TTP family (5 females and 3 males;

median age 54 years; range 24—78 years), in 24
patients with antiphospholipid antibody syndrome
(APS) (19 females and 5 males; median age 52
years; range 25—69 years), and in 29 patients after
hematopoietic stem cell transplantation (HSCT) (13
females and 16 males; median age 36 years; range
17-52 years).

The diagnosis of TTP was made on thrombocy-
topenia due to the consumption, microangiopathic
hemolytic anemia, neurological abnormalities, re-
nal function impairment and high fever [16]. APS
was diagnosed based on the Sapporo criteria [18].
The study protocol was approved by the Human
Ethics Review Committee of Mie University School
of Medicine and a signed consent form was
obtained from each subject.

Whole blood was collected in tubes containing 1/
10 volume of 3.8% sodium citrate as an anti-
coagulant. Plasma was obtained by centrifugation
at 3000xg at 4 °C for 15 min.

Fluorescent assay to measure the ADAMTS13
activity

The fluorogenic substrate, FRETS-VWF73, was
chemically synthesized by the Peptide Institute,
Inc. (Osaka, Japan) [17]. It was dissolved in 25%
dimethlsulfoxide/water to prepare the 100 pmol/
L stock solution. The assay was performed according
to the method of Kokame et al. [17].

Briefly, pooled human plasma (a range of 0—8 pl
as a standard) or 4 ul of each test plasma were
diluted in 100 pi of assay buffer (5 mmol/l Bis—Tris,
25 mmol/l CaCl,, 0.005% Tween-20, pH 6.0) in the
well of a 96-well white plate (Thermo Elecron
Corporation; Waltham, USA). Next, 100 ul of 4
umol/l FRETS-VWF73 in the assay buffer was added
to each well. Fluorescence was measured at 30 °C
in a Fluoroskan Ascent FL (Thermo Elecron Corpo-
ration; Waltham, USA) equipped with a 340 nm
excitation filter and a 450 nm emission filter.
Fluorescence was measured every 5 min. The

Table 1  Subjects
Number Sex Age (range)
(f:m)
Healthy volunteers 68 19:49 36 (20-54)
TTP 38 21:17 46 (1—84)
Acquired 32 18:14 46 (16—84)
Famitial 6 3:3 26 (1-55)
(3 families)
TTP famity (3 families) 8 5:3 54 (24-78)
Antiphospholipid 24 19:5 52 (25—69)
syndrome
Hematopoietic stem 29 13:16 36 (17-52)

cell transplantation
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Figure 1  ADAMTS13 activity in healthy volunteers.

reaction rate was calculated by a linear regression
analysis of fluorescence over time from 0 to 60 min
using a Prism software package (GraphPad Soft-
ware, San Diego, USA).

The ADAMTS13 activity was determined by the
multimetric method which was performed accord-
ing to the method of Furlan et al. [19,20].

Statistical analysis

The data were expressed as the mean + standard
deviation (S.D.). The differences between the
groups were examined for statistical significance
using the Mann—Whitney’s U-test while the corre-
lation between the two variables was tested by
Pearson’s correlation analysis. A P value of less
than 0.05 denoted the presence of a statistically
significant difference (Table 1).

Results

In healthy volunteers, the plasma levels of the
ADAMTS13 activity by FRETS-VWF did not show a

Table 2 TTP patients

No. Sex Age TTP/HUS FRET Muttimer Inhibitor Outcome
1 F 45 TP 3% > 3% > (+) Survive
2 F 17 TTP 3% > 3% > (+) Survive
3 F 34 TTP 3% > 3% > (+) Survive
4 F 16 TTP 3% > 3% > +) Survive
5 M 38 TTP 3% > 3% > (+) Survive
6 M 75 TP 3% > 3% > (+) Survive
7 F 64 TTP 3% > 3% > (+) Survive
8 F 17 TTP 3% > 3% > (+) Survive
9 F 46 TTP 3% > 3% > (+) Survive
10 M 41 TTP 3% > 3% > (+) Survive
1 F 45 TTP due to collagen D 3% > 3% > (+) Survive
12 F 34 TTP 3% > 3% > (+) Survive
13 F 43 TTP 3% > 3% > (+) Survive
14 M 55 TP 3% > 6% (+) Survive
15 M 59 TP 3% > 12% +) Survive
16 M 72 TTP 3% > 3% > +) Death
17 M 79 TP 3% > 4% ND Survive
18 F 50 TTP 14% 28% ND Survive
19 M 67 TTP after transplantation 13% 26% (-) Death
20 F 7 TTP 28% 60% (-) Death
21 F 51 TTP 39% 24% (-) Death
22 F 72 TP 34% 25% (-) Death
23 M 17 TP 49% 70% (-) Death
24 F 68 TTP 48% 48% (-) Survive
25 F 68 TTP 48 28 (-) Survive
26 M 48 TTP 58% 28% (-) Death
27 M 28 TTP due to collagen D 79 84 (-) Death
28 F 84 TTP due to drug 80% 52% (-) Survive
29 M 69 TTP 97% 70% (-) Survive
30 M 44 TP 100% 26% ND Death
31 F 17 TTP with relapse 144% ND (-) Survive
32 F 49 TTP 144% 100% (-) Survive
33 M 51 Familial TTP (Family A) 3%> 3%> (-) Death
34 F 24 Familiat TTP (Family B) 83% 26% {(-) Survive
35 M 26 Familial TTP (Family B) 113% 42% (-) Survive
36 M 1 Familial TTP (Family B) 119% 4% (-) Survive
37 F 55 Familial TTP (Family C) 110% 118% (-) Survive
38 F 30 Familial TTP (Family C) 120% 150% (-) Survive
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Figure 2 ADAMTS13 activities in TTP, TTP family, HSCT,
APS and HV HSCT; hematopoietic stem cell transplanta-
tion, APS; antiphospholipid syndrome, HV; healthy vol-
unteer. **p<0.01.

normal distribution, and its median value was
106.6% (minimum—maximum; 55—-170%) (Fig. 1).
In 38 patients with TTP, 6 had familial TTP while 32
had acquired TTP. Ten patients with TTP died within
3 months, while 28 patients had a complete
remission. The ADAMTS13 activity of 18 patients
(47%) with TTP was less than 5% by FRET assay and
the inhibitor for ADAMTS13 was measured in 17 of
these patients. 16 patients had an inhibitor for
ADAMTS13 and one had familial TTP (Table 2). The
ADAMTS13 activity was significantly lower in the
patients with TTP (median 13.1%; interquartile
range 0-78.5%, p<0.01), TTP family (49.4%;
36.2—-75.0%, p<0.01) and patients with hemato-
poietic stem cell transplantation (70.0%; 48.4—
86.6%, p<0.01) than in healthy volunteers
(106.7%; 93.7—123.7%). There was no significant
difference in the ADAMTS13 activity between
patients with APS (70.0%; 48.4—86.6%) and healthy

160

140 4

120 1

100 A

60 A

40

ACTIVITY BY FRETS-VWF73(%)

20

—— 77— 71—
16 0 10 20 30 40 50 60 70 80 90 100 110 120
ACTIVITY BY MULTIMER ASSAY (%)

Figure 3 Correlation of ADAMTS13 activity between
the FRET assay and multimer assay.

Table 3 Comparison of the ADAMTS13 activity
between by the findings of the FRETS-VWF73 and
multimer method

Multimer method

0-20%  20-50%  50%<
FRET method  0—20% 18(1) 2 0
20-50% 0 4 2
>50% 0 5(3) 6(2)

( ) shows familial TTP.

The ADAMTS13 level by a multimer assay in one case was not
measured.

volunteers (Fig. 2). There were 3 families with TTP.
The mutation of the ADAMTS13 gene was detected
in family A [21] but was not found in the other 2
families. The ADAMTS13 activity by FRETS-VWF73
was more than 50% but according to a multimer
assay, it was less than 50% in the family B members.
The ADAMTS 13 activity in the members of family C
was more than 50%. Marked reduction (less than 3%)
of the ADAMTS13 activity was not observed in TTP
family, HSCT and APS. The ADAMTS13 activity by
FRETS-VWF73 was closely correlated with that
determined by the multimer method (Y=7.913823+
0.967015X, r=0.816; p<0.001) (Fig. 3). Twenty TTP
patients showed less than 20% of ADAMTS13 activity
by FRET assay, while 18 showed less than 20% of that
by a multimer assay and 2 patients showed 20—50%. In
more than 50% of the ADAMTS13 activity by FRET
assay, 5 patients showed 20—-50% of that by a mutti-
mer assay, while 6 showed more than 50% (Table 3).

Discussion

ADAMTS13 was recently identified to be a new
hemostatic factor, previously called VWF cleaving
protease. Neither the congenital or acquired
defects of the enzymatic activity lead to throm-
botic thrombocytopenic purpura (TTP). ADAMTS13
specifically cleaves a peptidyl bond between Y1605
and M1606 in the A2 domain of VWF which helps to
determine the minimal region which was recog-
nized as a specific substrate by ADAMTS13 [22].

In healthy volunteers, normal range of plasma
ADAMTS13 activity by FRETS-VWF ranged from 55%
to 170%. The plasma levels of ADAMTS13 did not
show a normal distribution, probably because the
ADAMTS13 levels were affected by the production
in-the liver or consumption [3]. The VWF levels
decreased in persons with blood type “0” [23].

The ADAMTS13 activity was significantly lower in
the patients with TTP and the TTP family, thus
indicating that ADAMTS13 plays an important role in
the onset of TTP. However, 6 patients had an
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ADAMTS13 activity of more than 60%, thus suggest-
ing that the TTP in these patients may have been
caused by abnormalities of other factors such as
Factor H [24] and CD46 [25]. The activity of
ADAMTS13 was low in patients with hematopoietic
stem cell transplantation. A decreased activity was
reported in patients with hepatic veno-occlusive
disease (VOD) after stem cell transplantation [26].
These findings suggest that a reduced amount
ADAMTS13 may be a risk factor for the onset of
VOD.

The ADAMTS13 activity determined by FRETS-
VWF73 was closely correlated with that determined
by the multimer method. Especially, in less than
10% of ADAMTS13 activity, these two assays closely
correlate. As almost all patients with acquired TTP
and showing less than 10% of ADAMTS13 activity had
an inhibitor, this FRETS-VWF73 assay may thus be
especially useful for TTP patients with an inhibitor.
However, there are several discrepancies between
the FRET assay and a multimer assay. In 5 cases (3
cases were familial TTP; family B), the ADAMTS13
activity by FRET assay was within the normal range
but based on a multimer assay, it was low. This is
because a FRET assay can detect the cleaving
activity only between Y1605 and M1606 in the A2
domain of VWF, while a multimer assay can detect
the cleaving activity of whole VWF. These findings
suggest that a FRET assay may miss a few patients
with TTP, while a FRET assay may be more sensitive
than a multimer assay in some patients.

In TTP patients without an inhibitor, the differ-
ence between the two assays may provide impor-
tant information for a further analysis of
ADAMTS13. In addition, an analysis of ADAMTS13
including antigen will thus play an important role in
examining various thrombotic diseases.
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Upshaw-Schulman syndrome (USS) was originally
reported as a disease complex, characterized by
chronic thrombocytopenia and hemolytic anemia,
that was dramatically improved by infusions of fresh
frozen plasma (FFP) [1~6]. USS is now known to be a
hereditary deficiency in the activity of von Will-
ebrand factor-cleaving protease (VWF-CP), also
known as ADAMTS13 (a disintegrin-like and metallo-
proteinase with thrombospondin type 1 motifs 13),
and lacks ADAMTS13 autoantibodies (inhibitors) [7].
In contrast, acquired deficiency of ADAMTS13
activity caused by inhibitors is defined as thrombotic
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thrombocytopenic purpura (TTP), a life-threatening
generalized disease characterized by Moschcowitz's
pentad [8,9]. Thus, USS is alternatively called
congenital TTP, and genetic analysis of ADAMTS73
has revealed that its mutations are present across
the entire gene and not in hot spots [7,10-15]. The
ADAMTS13 gene is located on chromosome 9q34
and USS is a recessive disease, so most USS patients
are genetically compound heterozygotes or homo-
zygotes. When expressed in mammalian cells, the
ADAMTS13 gene mutants found in USS patients
showed deficient ADAMTS13 activity (ADAMTS13:
ACT) that was induced by disturbing the synthesis
and/or secretion of the protease. However, these
results were left unchecked in the patient plasmas.
It was recently shown that the normal plasma level
of ADAMTS13 antigen (ADAMTS13:AGN) is approxi-
mately 1 ug/ml, according to a sandwich enzyme-
tinked immunosorbent assay (ELISA) using polyclonal
or monoclonal antibodies (mAbs) against ADAMTS13.
USS patients exhibit severely reduced levels of
ADAMTS13:AGN, resulting in reduced levels of
ADAMTS13:ACT [16,17]. However, the investigation
of the ADAMTS 13 molecules in these patients has not
yet been perfomed in vivo.

0049-3848/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
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We therefore analyzed plasma ADAMTS13:AGN in
9 USS patients and their 25 family members, in
whom ADAMTS 13 gene mutations were identified by
Western blot (WB) using an anti-ADAMTS13 mAb,
WH2-11-1. The epitope of this mAb resides on the
4th thrombospondin-1 domain and is reactive by WB
under both reducing and non-reducing conditions
[18].

Materials and methods

Assays for ADAMTS13:ACT and ADAMTS13
inhibitors

ADAMTS13:ACT and titers of ADAMTS13 inhibitors
(ADAMTS13:INH) were assayed by a novel, highly-
sensitive ELISA using a murine mAb (N10-146)
specifically recognizing Tyr1605 residue of VWF-A2
domain, generated by ADAMTS13 cleavage, and a
recombinant GST-VWF73-His polypeptide as a sub-
strate [19,20]. This ELISA had a limit of detection of
0.5% of the normal ADAMTS13:ACT level in normal
pooled plasma, and the average plasma level of
ADAMTS13:ACTwas 99.1+43.0% (mean=2SD). Inhib-
itor titers were expressed as Bethesda units (BU),
where one inhibitor unit is defined as the amount
necessary to reduce ADAMTS13:ACT levels to 50% of
the normal levels. Titers of >0.1 BU/ml, as measured
by the novel ELISA, were considered significant [20].

Patients

Nine patients from 9 different families (Families A-)
with histories of USS were enrolled in our study. For
each family, diagnoses were confirmed by identify-
ing the ADAMTS13 gene mutations responsible for
the disease, as previously described [10,14,15,21].
Of the 25 USS relatives we tested, 23 were definite
carriers and 2 were normal subjects.

Citrated plasma samples taken from USS patients
were frozen in aliquots at —80 °C until use. For
controls, normal citrated plasma was obtained from
60 healthy individuals (30 females and 30 males,
aged 20-40 years) and kept in aliquots at —80 °C.
Pootled normal plasma was used as the control
standard for this study. These studies were con-
ducted with the approval of the Nara Medical
University ethics committee.

Characterization of the murine
anti-ADAMTS13 mAb WH2-11-1

A murine anti-ADAMTS13 mAb, termed WH2-11-1
(IgG1-k), was produced by the Chemo-Sero-Thera-
peutic Research Institute (Kumamoto, Japan) using

recombinant (r) full-lengh ADAMTS13 as the immu-
nogen [18]. Monoclonal IgGs were purified on a
Protein A column (Amersham Biosciences, NJ, USA)
according to the manufacturer's instructions. WH2-
11-1 recognizes an epitope on the 4th thrombospon-
din-1 domain, and this was verified using C-terminal
truncated rADAMTS13. This mAb detected plasma
ADAMTS13:AGN as a 170-kD band by WB under non-
reducing conditions and a single 190-kD band under
reducing conditions. However, this mAb showed no
significant inhibition of ADAMTS13:ACT. In some WB
analyses under non-reducing conditions, another
anti-ADAMTS13 mAb with an epitope on the disin-
tegrin domain, A10, was also used [22].

Analysis of plasma ADAMTS13:AGN

We quantified plasma ADAMTS13:AGN by WB. Two
microliters of undiluted or diluted plasma samples
per lane were analyzed after treatment with sample
buffer containing SDS and B-mercaptoethanol,
followed by separation by reducing 5% SDS poly-
acrylamide gel electrophoresis (SDS-PAGE). After
electrophoresis, proteins were blotted onto poly-
vinylidene difluoride (PVDF) microporous mem-
branes (Immobilon-P, Millipore, MA, USA) using
cyclohexylaminopropanesulfonic acid (CAPS)-NaOH
buffer (pH11) [23]. We probed the blots for
ADAMTS13:AGN with WH2-11-1 as the primary
mADb, followed by secondary staining with horserad-
ish peroxidase (HRP)-conjugated goat anti-mouse
IgG (Kirkegaaed and Perry Lab, Gaithersburg, MO).
After incubation with Western Lighting Chemilumi-
nescence Reagent (PerkinElmer Life Sciences, Shel-
ton, CT), the blots were exposed to X-ray film.
Densitometric analysis of ADAMTS13:AGN was per-
formed for the 190-kD band using NIH image)
(developed by the National Institutes of Health,
http://rsb. Info.nih.gov/nih-image/).

Results

When diluted normal plasma was analyzed by WB
under reducing conditions, WH2-11-1 detected a
single 190-kD band of ADAMTS13:AGN, and the
detection limit was determined to be 3% of the
normal controls (Fig. 1, top). Densitometric analysis
of the 190-kD band showed a nearly straight line on
a semi-logarithmic graph (data not shown). Using
this assay, the normal range of ADAMTS13:AGN in 60
healthy Japanese subjects (30 females and 30
males, aged 20—40 years) was determined to be
101.6+49.4% (mean+2SD).

Next, plasma from 9 USS patients and 25 of their
relatives (23 definite carriers and 2 normal sub-
jects), whose ADAMTS13 gene mutations had been



