(2/2)

NSC92-2113-M-039-003-
92 08 01 93 07 31

93 12 6



FRERTSFELR §H2 LIP3 3

AR Ry 7B BT R AR PR E 4B AP AT Y22 A X

My AR 2 EERY (22)

sy BuARE O FLAyE
2+4 %8 I NSC  92—2113—M—039 —003—
A 2003 % 080 01 p 2004 07% 31p

ok LR EE
ERAFEAENECELSE TR
PR EE AR

SEFEFA(REFPUFIERTAY) M FRE M= gEHRL

A RARE ST R FE
ARG LAY S FEL -
Di«%hﬁuiﬂpﬂmHﬁA—@
(IR REE Mg R BERE 2 F L2672
D@%@WPQ?%W*Pfﬁéﬁ—@
FJRZ G AR ATV R CRIAFHINE AARTFLE
ﬂ?“iiTﬂFWﬁﬂ’@+%2%§%

(%2 EfIf B EpatE (- #2387 2B 43

e
|
3,

REFH



1-‘,:-; ......................................................
Zgﬂ;igm ......................................................

L% B e

B. B B BT 24 24

(\2:) A M S B D T RRTTPETRRD

TR R 2 A R T A

I1
I1



(=) P& T HR

Mt dEF AL R AR K AT- TR R TR AT 28R B R 4

A G OP L BN F A R K- R T T AN B2 R - PR
RIFTA 28 RS (97 36 ul k) LEH G EF CEHADAR B0 e
LR S % 7 2 g (Adrenoleukodystrophy, ALD), #& & 5 % * A %
(adrenomyelinoneuropathy, AMN), i ¥ it fi= %8 4 = 4 [ (peroxisomal biogenesis defects,
PBD), & * %4 <% (Refsum disease)) - i ¥ F &4k 487 Wspe ek B A0 #7502 12
WwE CpEMAARE R g E o 4ol - L v 2L v Ly 2 o L2 2EE (elcosanoic,
docosanoic, tetracosanoic and hexacosanoic acids) # ¥ P #ii§ ¥ i fF 4 % 34 chehig i) = 3¢ & 38
FI* FARR AT F AR AT T HF R RPN PR R AR AR B E G RATRZE B - LB 2
BEE R g HIMEWRE p R TR 2L F R - MRSy 7
AT SR L AR AR K AT - TR TR A MBI EE > T PR
B® 3R SRR AT RRR R A A AN AR Y LA AL BT A X
AtrP GRS KR o FIptApETBAS 2 > R A PiEF A AR RS 2 RE
LB, e GARE I o P AR REFRBRADEATIT TR R R g AR - AR
Fhg R 1752 =@ % 0ATE ST B R HE m 2 B

(=) PHEF R

Keywords: peroxisomal disorder, high performance liquid chromatography/electrospray
ionization tandem mass spectrometry (LC-ESI/MS/MS), newborn screening, very long chain
fatty acid

In this study, our most important goal was to provide a high throughput and specific
method with potential to screen for many of the peroxisomal disorders (ex.
adrenleukodystrophy (ALD), adrenomyelinoneuropathy (AMN), peroxisomal biogenesis
defects (PBD), Refsum disease and etc.) with a 3-mm blood spot (~3.6 ul blood impregnated
on filter paper) from newborns using high performance liquid chromatography/electrospray
ionization tandem mass spectrometry (LC-ESI/MS/MS). Several very long chain fatty acids
(VLCFA) - eicosanoic (C20:0), docosanoic (C22:0), tetracosanoic (C24:0) and hexacosanoic
(C26:0) acids are the most important plasma parameters for the diagnosis and monitoring of
the peroximal disorders in newborns. Currently, neonatal screening procedures for the
peroximal disorders are based on its determination by gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS). Analyses of VLCFA by GC and GC/MS
methods, while highly sensitive and specific, is still slow and difficult to automate.
LC-ESI/MS/MS is known for its high throughput, high specificity, low detection limit and
abundant structure information and is applied to the determination of VLCFA of infants in this
study. It is practicable to detect all VLCFA at a time related to peroxisomal disorders in
blood using LC/MS/MS. Compare with traditional screening method, this new method
should be fast, reliable, reproducible and relatively cheap. Currently, the amino acids,
acylcarnitine and 17-hydroxyprogesterone profiling of dry blood specimens using LC/MS/MS
has been developed and recognized as a useful tool for screening inherited metabolic defects
of newborns in our laboratory.
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2. P3P

Currently, the amino acids, acylcarnitine and 17-hydroxyprogesterone profiling of dry
blood specimens using LC/MS/MS has been developed and recognized as a useful tool for
screening inherited metabolic defects of newborns in our laboratory. In this study, our most
important goal was to provide a high throughput and specific method with potential to screen
for many of the peroxisomal disorders (ex. adrenleukodystrophy (ALD),
adrenomyelinoneuropathy (AMN), peroxisomal biogenesis defects (PBD), Refsum disease and
etc.) with a 3-mm blood spot (~3.6 ul blood impregnated on filter paper) from newborns using
high performance liquid chromatography/electrospray ionization tandem mass spectrometry
(LC-ESI/MS/MS).

3. = prdFst

There is considerable pressure to expand universal newborn screening programmes to cover
a broader range of inborn errors of metabolism. Peroxisomes catalyze the p-oxidation of fatty
acids and related substrates. The specificity of peroximal B-oxidation overlaps that of
mitochondrial p-oxidation.  Substrates that are preferentially or exclusively oxidized in
peroxisomes include very long chain fatty acids (VLCFA), polyunsatured fatty acids,
dicarboxylic fatty acid, prostaglandins and the side chain of cholesterol. Peroxisomal disorders
are a heterogeneous collection of inherited disorders characterized by impaired, reduced or total
absence of peroxisomes in cells'. Patients with these disorders can be detected by an
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accumulation of VLCFA such as eicosanoic (C20:0), docosanoic (C22:0), tetracosanoic (C24:0)
and hexacosanoic (C26:0) acids in their red blood cells, plasma or cultured skin fibroblasts.
Zellweger syndrome? is the most severe of this group of disorders. It is apparent at birth and
results in death within the first year. Neonatal adrenoleukodystrophy (ALD)® and infantile
Refsum disease* and hyperpipecolic acidemia® are less severe, and some patients are in stable
condition in the third or forth decade, albeit with deficits in vision, hearing, and cognitive
function. They demonstrate similar, although generally milder, symptoms and biochemical
abnormalities. Death often occurs in childhood. Other inborn errors appear to be caused by
single peroximal enzyme defects. Some them mimic the disorders of peroxisome biogenesis to
a considerable extent but the underlying cause is entirely different. Rhizomelic
chondrodysplasia punctata appears to be an intermediate case with deficiency of a subset of
peroximal enzymes.

Currently, neonatal screening procedures for the peroximal disorders are based on its
determination of VLCFA by gas chromatography (GC) and gas chromatography/mass
spectrometry (GC/MS). Quantification of VLCFA by GC®' or GC/MS®® takes 1-2 days.
Elevated ratios of C26:0/C22:0 and C24:0/C22:0 indicate a peroximal disorder. The GC/MS
method has been applied to the analysis of large blood spots containing 50-100 pl of blood'®*,
An elevated C26:0/C22:0 ratio has been observed in blood spots obtained from Guthrie cards
collected at birth from Zellweger syndrome patients** and in cord blood of X-linked ALD™?*,
This gives justtification to developing a rapid, reliable method for screening for peroximal
disorders on a sample size as small as that contained in a 3-mm neonatal blood spot. Analyses
of VLCFA by GC and GC/MS methods, while highly sensitive and specific, is still slow and
difficult to automate.

Recently, electrospray ionization (ESI)* has rapidly emerged as a very promising technique
for the analysis of compounds with medium or high polarity. Similar to atmospheric pressure
chemical ionization (APCI), ESI produces ions at atmospheric pressure, but without the need of
high temperature that could decompose labile compounds. Because of its low detection limit,
high specificity, soft ionization and more importantly, abundant structural information,
electrospray mass spectrometry (ESI-MS) and its related techniques have been considered one of
the ideal devices for drug and screening analysis.

Today, tandem mass spectrometry (MS/MS) has already emerged as a powerful analytical
tool in clinical biochemical genetics'™. MS/MS was developed as a technique for expanding the
scope and efficiency of newborn screening for inherited metabolic disorders'®*®. Liquid
chromatography  coupled  with  electrospray/multidimensional ~ mass  spectrometry
(LC-ESI/MSn)**? represents a powerful alternative combining rapidly, easy process, high

throughput, accuracy, specificity and sensitivity. One advantage of using MS instead of UV as
2



the detector is that baseline separation may not be needed for a clear identification, and the
relative concentration of each compound can be calculated based on their peak areas. A few
publications have proposed the detection of very long chain fatty acids using liquid
chromatography/tandem mass spectrometry (LC/MS/MS)?*%.  An faster LC/MS/MS can be
used to replace the slow GC and GC/MS assays. The strategy developed was to liberate all of
the VLCFA from the dried blood sample and to derivatize them if possible. An LC/MS/MS
assay was suitable for measuring VLCFA in a 3-mm blood spot (~3.6 ul blood). The amino
acid, acylcarnitine and 17-hydroxyprogesterone profiling of dry blood specimens using
LC/MS/MS has been recognized as a useful tool for screening inherited metabolic defects of
newborns in our laboratory®*?®. A LC/MS/MS coupled with the microtiter plate technology to
perform lower-sample volume screening for peroximal disorders in the newborn filter-paper
blood specimens was designed in this study. We have sought the first development of an
alternative method for the determination of VLCFA in newborn that takes advantage of the
analytical versatility, specificity, and high throughput unique to the combination of HPLC and
MS/MS.
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5. B3 32

Chemicals

Glacial acetic acid, very long chain fatty acids (VLCFA) and related compounds were

purchased from Sigma (St. Louis, MO, U.S.A.). HPLC grade methanol and acetonitrile were

obtained from LAB-SCAN Analytical Science (Labscan Ltd. Dublin, Ireland). Deionized

(18MQY) water (Milli-Q water system, Millipore Inc., Bedford, MA, U.S.A.) was used in the

preparation of the samples and buffer solution. Prior to use, the mobile phase was filtered

through a 0.45 um membrane filter (Gelman Sciences, Michigan, U.S.A.). Blank human whole

blood samples were obtained from China Medical College Hospital, Taichung, Taiwan.

Standard solutions

Standard stock solutions were prepared at the concentration of 0.1 mg/ml in ethanol and kept
4



in the dark at -20°C when not in use. For the calibration, standard samples containing VLCFA

were prepared at 500, 300, 250, 200, 150, 100, 50 and 30 ng/ml. 30 pl of a blank sample
(mobile phase), and of each standard, were loaded on to newborn screening cards. All newborn
screening cards for calibration were dried at room temperature for at least three hours, and then
stored in polypropylene bags at room temperature until analyzed.
Collection of filter-paper blood specimens

Standardized filter-paper forms (Standardized Schleicher & Schull filter-paper S&S 903,

Dassel, Germany), impregnated with whole capillary blood from peroximal disorder patients or
2-5-day-old infants, were collected from the Department of Genetics, China Medical College
Hospital, Taichung, Taiwan. We collected blood spot samples from these patients in order to
establish corresponding abnormal VLCFA profiles. All filter papers containing blood samples
were dried at room temperature for at least three hours, and then stored in polypropylene bags at

room temperature until analyzed.

Sample extraction

One 1/8-inch circles from each blood spot (equivalent to 3.6 ul of whole blood) were
excised from a 0.5-inch (12.7mm)-diameter dried blood spot and placed into a flat bottom 96 well
block (individual 250ul wells, Corning Incorporated, USA) using an automated Wallac DELFIA
DBS puncher (Turku, Finland). A stock solution containing a known concentration of internal
standard (100 umol/L, margaric acid) in ethanol was prepared and added to each well (3.6 pl).
Internal standard margaric acid was only used in this extraction step. Acetonitrile (180 ul) and
5N hydrochloric acid (20 ul) were added to each well. The wells were sealed, shaked and

heated at 85 °C for 50 minutes. Subsequently, using a multi-channel pipette, the extracts were

transferred into a clean V-bottomed 96 well microplate (individual 220ul wells, Corning
Incorporated, USA). Each 96-well microplate was placed in an evaporator (SPEDry-96, JONES
CHROMATOGRAPHY Ltd, U.K.) and the solutions evaporated to dryness under a gentle stream
of dry nitrogen.

Derivatization of VLCFA

Oxalyl chloride (50 ul) was added to the residue, then it was sealed and heated at 50°C for
5 min. The volatile material was evaporated to dryness under a gentle stream of dry nitrogen
and several derivatizing agents (dimethylaminoethanol, 2-amino-2-methyl-1-propanol and

choline, 50 ul) were added for testing. After 5 min at 20°C, the volatile material was evaporated

under a gentle stream of dry nitrogen. The derivatized VLCFA were reconstituted in 50ul of
acetonitrile/ water/ acetic acid (70:30:0.2) solution. The plate was covered with aluminum foil
and placed on an autosampler tray for HPLC/ESI-MS/MS or other analysis.

5



HPLC system

The HPLC separation was performed on a Surveyor LC system (Thermo-Finnigan, San Jose,
CA). HPLC analysis was performed on a 5 um C-18 microbore column (50><2.0 mm 1.D.),
operated at ambient temperature. A guard column (C-8 cartridge) was used to prolong the life
of the HPLC column. The mobile phase was acetonitrile/ water/ acetic acid=70:30:0.2 (v/v) and
the flow rate was 200 pl/min. At the end of each series, the column was thoroughly rinsed with
a mixture of acetonitrile-deionized water (30:70, v/v) at a flow rate of 200 pl/min for 2 hours, and
stored. The autosampler was fitted with a 10 pul loop and equipped with a 96 well sample plate
stack. The HPLC and autosampler systems were all synchronized via the PC P4 workstation
(Xcalibrate 1.3 software).
Electrospray and Mass Spectrometry (ESI-MS)

A Finnigan LCQ Deca XP quadrupole ion trap mass spectrometer (Finnigan Corp., San
Jose, CA, U.S.A)), equipped with a pneumatically assisted electrospray ionization source, was
used. The mass spectrometer was operated in the positive ion mode by applying a voltage of 4.5
kV to the ESI needle. The temperature of the heated capillary in the ESI source was set at 280

‘C. To avoid space charge effects, the number of ions stored in the trap was regulated by the
automatic gain control, which was set at 1 > 10° ions for full scan mode, 5 > 10’ for MS/MS
mode, and 2 > 10’ for ZoomScan mode. The flow rate of the sheath gas of nitrogen was set at

45 (arbitrary units). Helium was used as the damping gas at a pressure of 107 torr. Voltages
across the capillary and the octapole lenses were tuned by an automated procedure to maximize

signal for the ion of interest.

In MS/MS analysis, typical values for the relative collision energy (peak-to-peak amplitude
of the resonance excitation) ranged from 0.4 to 0.8 eV. Mass spectra collected in full-mass scan
mode were obtained by scanning over the range m/z 95 to 500. The maximum ion collection
time was 0.3 s for each step and 3 scans were added for each spectrum.

Matrix assisted laser desorption ionization-quadrupole-time of flight (MALDI-O-TOF)

mass spectrometry
MALDI-Q-TOF was performed with a hybrid quadrupole-time of flight (Q-TOF) mass
spectrometer (Qstar XL hybrid Quadrupole TOF system, Applied Biosystems-MDS Sciex).
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2§ 8 4 %] & 50 £ 5 ppm 2 hexacosanoic acid (C26) ‘5 DMAE #74 it 2 MALDI-TOF & ¥
Bl >+ 5 ppm pE2 S/N 1t iw 4 128 >+ 500 ppb pFiv 7 | F] C26 2 3L (AEE7) > B4k
JACR I 2T AP AEEL T Y R o 4k gk 1% MALDI-TOF £ 247 i

EF 2 ®ATRB > R AML G Y VLCFA 2 T30k & ¥ % *% 1000ppm 2 dcdy » 2 i #red

¥ PR EA ML 7 VICFAZ RA L &iteifs “pslAR b F P @
PR A2 G T F T8 LC/IMS/IMS Ap iz Bk 0 g 2 Bcdpt BHER 2
i %%bf%a@ei o83 f7rgt o
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Data: phytanate ester 200 ppmO0o1 .01 2 Dec 2004 1730 Cal: 2 Dec 2004 1703

Kratos PC Axima CFRplus V2 .3.0. Mode 04101 5reflectron, Power: 104, Blanked, P.Ext. @& 1200 {hin 89)
Yalnt. 248 mVy[sum= 69632 mYv] Profiles 1-200 Unsmoothed

384.16 {Sn11364}

100] ,\

904 C20-DMAE

80
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40]

301 385.16 inzssr}

20 384.35 {sn2053}

10 356.1 sn1242}

0] Ll : .
200 400 00 800 1000 €
hlass/ Charge

® 3. % DMAE fip i* 2 &£ 4475 %54 phytanic acid 22 MALDI-TOF 5 3% & > 7k & 500 ppm >

4 % : DHB -
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Data: phytanate ester S0 ppmO003 02 2 Dec 2004 17:29 Cal: 2 Dec 2004 1703

kKratos PC Axima CFRplus ¥2.3.0: Mode 04101 5reflectron, Power: 104, Blanked, P.Ext. @ 1200 (bin 89)
Salnt. 43 my[sum= 8242 mVv] Profiles 1-200 Unsmoothed

384.16 {sn1394}
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il oL Ll ke m ol ek am

F00 750

P NP Y T NV T NPT IO P UPN N PP e Py
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®l 4. %5 DMAE fip i* 2 & & 4877 "5 & phytanic acid 2z MALDI-TOF 5 3% & - )k & : 50 ppm >
/i & DHB -
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Data: C22 ester 200 ppm0O003 A7 2 Dec 2004 17:18 Cal: 2 Dec 2004 17:03
Kratos PC Axima CFRplus ¥2.3.0: Mode 041015reflectron, Power: 104, Blanked, P.Ext. @ 1200 (bin 82)
Yalnt. 69 mV[sum= 13830 mV] Profiles 1-200 Unsmoothed
) 412.14 {sn2257}
100
a0 4
20 4
70 4 C22-DMAE
60
50 4
40
412.34 {sn590}
20 413.18 {sn638}
20
412.76 {sn337}
10 3.91 n175} 573.74 {sn152}
O .
400 450 500 550 500 650 700 750 800 850 ooo°l9
MWass/Charge

B 5. 5 DMAE fig it 2 #& & 4#&%3 %5 f& docosanoic acid 2 MALDI-TOF ’F‘r;% B>k & :200 ppm>
A & DHB -
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Data: ©24 ester S0 ppm00032 B10 2 Dec 2004 17:14 Cal: 2 Dec 2004 17:03

kratos PC Axima CFRplus ¥2.2.0 Mode 041015reflectron, FPower: 104, Blanked, P.Ext. & 1200 (bin 89)
Salnt. T mysum= 1422 m¥] Profiles 1-200 Unsmoothed

440.19 {sn232}
440.08 {sn212}

100 ]

a0 4

a0 4

70

i C24-DMAE

SOl

50 4

40 A

440.39|{sn71}
1 372.05 {sn65

30 {sn65} 517.89 {sn58}
364.96 {sn48

201 | 424.87 (sndsy | 481.94 {sn39

0 1 ‘I [ A R h. Y I PO R IO (OO EU T PO N | AP
360 380 400 420 440 460 480 500 520 540 560 580 6007

Mass/Charge

573.88 {sn32}

104

Bl 6. 5 DMAE fig it 2 #& & 487, ¥ % tetracosanoic acid 22 MALDI-TOF F 3% ® » k& : 50
ppm » /i & : DHB -
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Data: 26 ester 50 ppmO002.012 2 Dec 2004 17:03 Cal: 2 Dec 2004 17:03

kratos PC Axima CFRplus W2 3.0 Mode 041015reflectron, Power: 104, Blanked, P.Ext. @ 4000 (bin 163)
Salnt. B4 mysum= 12738 mv] Profiles 1-200 Unsmoothed

3.49 {SN2087}
100

Qa0
80

70

607 C26-DMAE

20

4017.49 [[sn762}
20 1 468.56 {snp08}

20

10 4

O_

Mass/Charge

Bl 7. 35 DMAE fip i* 2 &% 4875 "5 & hexacosanoic acids 2 MALDI-TOF #:# % » )k & : 50
ppm » /i & : DHB -
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Data: 26 ester 5 ppmO001.013 2 Dec 2004 1706 Cal. 2 Dec 2004 1703

Kratos PC Axima CFRplus V2.2.0: Mode 041015reflectron, Fower: 104, Blanked, P.Ext. & 1000 (bin 81}

Qalnt. 40 my[sum= 8058 mYv] Profiles 1-200 Unsmoothed
17 {sn1260}
100
90
80 ]
70 ]
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507 C26-DMAE
a0]
30 ]
7.19 |{sn282}
20 ]
.75 Isn184} 414.95 {sn193}
10 ] 377.97 {sn93}
O M| X N T Y NITYY L.tk ™ 1.l N L1 ks I Y NN L I P OOy ] | ol PR Yy L le T S o FTAPY | PRV T Wy iy
360 380 400 420 440 460 480 500 520 540 Ol
Mass/Charge

® 8. % DMAE fip i* 2 & & 443 %54 hexacosanoic acids 2 MALDI-TOF F @ > Jk& : 5
ppm » /i & : DHB -
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i =
L]+ ¢ %l GE: P E 01
PR LA R/ BT RE R PHRE 4 AR ATE 2
AR P CEEA R GE R
5] 4L i3 vh 2L
ﬁ]f gﬂ'a—-— 7 % RPN :é’;i’_%é»‘
FE %% CNSC  92—2113—M—039 —003— & M4p5 @ M4
R B R G LA R
s/ plie g Ly U RERATREIS B SRR B e E
F@ Al ies [
J 2
ﬂ\F’”" IwﬂF\ = 1 * LC/MS/MS 2 MALDI-TOF s %k

L

xS 1‘%/?']%“ PELRAKRSY (97 36ul i)
ﬁ# CREAD AR (W ed TR LORE A
(Adrenoleukodystrophy, ALD), %% & F % Bﬁt g s
(adrenomyelinoneuropathy, AMN), & ¥ it f= 48 4 = .
(peroxisomal biogenesis defects, PBD), & # % 4 =< 7 % (Refsum
disease)) o # AN ek X PHiFE CEEREA RS BT A AT
Pl iR Dk o FIUL AR B A 2 5 ATk X HiF Y AR A
AR By i SR Fg? g o

# < @ In this study, we provide a high throughput and specific
method with potential to screen for many of the peroxisomal
disorders (ex. adrenleukodystrophy (ALD),
adrenomyelinoneuropathy (AMN), peroxisomal biogenesis defects
(PBD), Refsum disease and etc.) with a 3-mm blood spot (~3.6 pl
blood impregnated on filter paper) from newborns using LC/MS/MS
and MALDI-TOF. It is practicable to detect all VLCFA at a time
related to peroxisomal disorders in blood using MS. Compare with
traditional screening method, this new method should be fast,
reliable, reproducible and relatively cheap. Currently, the amino
acids, acylcarnitine and 17-hydroxyprogesterone profiling of dry
blood specimens using LC/MS/MS has been developed and
recognized as a useful tool for screening inherited metabolic defects
of newborns in our laboratory.

gl

=
-
[

T

)
K
At

E)
s

WF\@—&%&%‘S&M‘% W2 éF e 7R P ORATH




Flpb 4 @S E 0 ATk X BB AR L R e 2
FE it A ]
FiFBL

AR BE P AR ] T OE RPN T ATE QEF b
LA MBS A DR

fHRZEr R E

MOLFAFPELEGFHEB-F P - PESEFLIEHRRE - FHEE
g AR E > (oo d o )o

M OLAEFPESEEFT A GEN FHIBBTEHFEZALNG o

MO AAFAERY P FRERY o

15



