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Abstract— An accurate and rapid assay of cardiac nerve
growth factor (NGF) levels in blood can provide physicians
with critical information regarding myocardial injury and
neural remodeling in cardiac tissues to identify patients at risk
of impending heart attack, thereby enabling them to receive
appropriate lifesaving treatment more quickly. Currently used
assay methods, such as enzyme-linked immunosorbent assay
(ELISA), are usually time-consuming (hours to days),
expensive and technically complicated. In this paper, we
described the development and clinical study of a rapid and
sensitive method for detection and quantification of NGF in
human blood plasma. This method utilizes a fiber-optic,
immuno-biosensing system which performs a fluorophore-
mediated sandwich immunoassay on the surface of an optical
fiber. Physiological concentrations of NGF could be quantified
in both buffer and human blood plasma samples within 5
minutes. The NGF concentrations determined by the fiber-
optic sensor were comparable to those by the gold standard,
ELISA. Preliminary study of NGF assay in cardiac patient
plasma samples showed a great potential of the fiber-optic
sensor as a rapid diagnostic and prognostic tool in clinical
applications.

I. INTRODUCTION

Cardiac nerve sprouting and sympathetic
hyperinnervation were demonstrated to play important
roles in arrhythmogenesis and sudden cardiac death after
myocardial infarction (MI) [1-4]. It was reported that a
rapid and persistent up-regulation of nerve growth factor
(NGF) expression, along with growth associated protein 43
(GAP43), at the infracted site underlies the mechanisms of
cardiac nerve sprouting after MI [5]. Therefore, NGF levels
in blood can be used as an indicative of cardiac nerve
sprouting. Moreover, monitoring of NGF profile in cardiac
patients is very valuable for diagnosis and prognosis of
potential arrhythmia and cardiac sudden death which
accounts for 300,000 to 400,000 deaths annually in the US
[6-7].

NGF is a neurotrophin that supports the survival and
differentiation of sympathetic neurons and enhances target
innervation [8-9]. NGF also regulates the synthesis of

Manuscript received April 3, 2006.

L Tang, H Li, PS Chen, and SF Lin are with Division of Cardiology,
Department of Medicine, Cedars-Sinai Medical Center, Los Angeles, CA
90048 USA (phone: 310-423-7618, fax: 310-423-0299; e-mail:
liang.tang@cshs.org).

YM Cha is with Division of Cardiovascular Diseases, Department of
Medicine, Mayo Clinic College of Medicine, Rochester, MN 55905 USA
(e-mail: cha.yongmei@mayo.edu).

1-4244-0033-3/06/$20.00 ©2006 IEEE.

811

neurofilament and tubulin proteins, modulates synaptic
transmission between sympathetic neurons and cardiac
myocytes, and increases the half-life GAP43 [10]. The
physiological NGF concentration in normal subjects is in the
order of 10 ng/ml. Peripheral nerve injury results in
increased local NGF expression with the concentration as
high as 200 ng/ml. Therefore, the target sensing range for
the NGF sensor development was determined to be 1~200
ng/ml.

Due to the extremely low sensing levels, the assay method
needs to be highly sensitive. In addition, the presence of
other structurally similar biomolecules in blood samples
requires a high specific assay. Many of the tests currently
used for determination of NGF involves enzyme-linked
immunosorbent assay (ELISA). Although very accurate, it
is time-consuming (hours to days), expensive, and
technically complicated. Most of the patient samples have
to be sent to the hospital central labs for NGF analysis. The
need for an accurate, rapid, and cost-effective disease
diagnosis and prognosis has been the motivation for
developing a fluorophore-mediated, fiber-optic immuno-
biosensing system. Compared to the conventional analytical
methods such as DNA analysis, polymerase chain reaction,
high performance liquid chromatography, and ELISA, the
immuno-optical biosensor has the advantages of rapid
response time, user-friendliness, and cost-effectiveness [11].
By performing a fluorophore mediated sandwich
immunoassay within the evanescent wave field on the
surface of an optical fiber [12], this technology has been a
successful story for rapid clinical diagnostics [13-16]. A
simultaneous assay of four cardiac-specific biomarkers in
blood plasma can be completed within 10 minutes to provide
physicians with critical information for rapid diagnosis and
prognosis of cardiovascular diseases [17]. Here we describe
the development of the fiber-optic immuno-biosensing
system for the quantification of NGF concentrations in
blood plasma of clinical samples. This assay is rapid (~ 5
minutes), user-friendly, and is comparable in sensitivity and
accuracy to standard ELISA methods.

II. METHODOLOGY

A. Materials

Human nerve growth factor (NGF) and pooled control
human plasma were purchased from Sigma (St. Louis, MO)
and two different murine, monoclonal IgG against human
NGF, from Exalpha Biologicals (Watertown, MA). ELISA



kits for NGF assay were from Promega (Madison, WI).
Alexa Fluor 647 reactive dye (AF647; the maximum
excitation and emission at 650 and 668 nm, respectively) for
conjugation with the second antibody (AF647-2° Mab) was
obtained from Molecular Probes (Eugene, OR). Plastic
waveguides (600 pum core diameter, 3 cm long) were
purchased from Research International, Inc. (Monroe, WA).

B. Methods

Pooled control plasmas (human) were reconstituted and
fast frozen and stored at -20°C, according to the
manufacturer’s instructions. Immediately prior to use,
aliquots were thawed at room temperature and centrifuged at
2000 x g for 20 minutes to remove cryoprecipitate. Known
amounts of NGF in the target sensing range (1-200 ng/ml)
were spiked into the pooled control plasmas to generate the
standard curve for NGF sensing in physiological plasma
samples.

The development of the fiber-optic NGF sensor was based
on the sensing mechanism previously described for the
anticoagulants and cardiac markers sensors [18-21]. Instead
of quartz optic fiber, plastic waveguide was used as the
sensing platform because it was more cost-effective and
easier for the sensor preparation. Briefly, the NGF sensor
preparation was started with coating the first anti-NGF on
the plastic waveguide by incubation in the antibody solution
(100 pg/ml) at 4°C overnight. The coated antibody was
used to specifically capture the target analyte, NGF
molecules, in samples for detection. The antibody-coated
waveguides were then assembled into the sample incubation
cuvette and connected to the fluorometer, Analyte 2000™
(Research International; Monroe, WA) through waveguide
adapters, following the manufacturer’s instructions. The
fiber-optic sensing system performs a fluorophore mediated
sandwich immunoassay within the evanescent wave field on
the surface of an optical fiber [12]. During an assay, the
procedures were performed as described by Spiker, et al.
and Spiker and Kang, unless otherwise specified [18,19].
The assay procedures are briefly described as follows:

¢ Step 1. Sample injection and incubation;

¢ Step 2. Washing the sensor to remove excessive
molecules;

¢ Step 3.
incubation;

¢ Step 4. Washing the sensor to remove excessive
AF647-2° Mab;

¢ Step 5. Regenerating the sensor
regeneration buffer for a next assay cycle.

At the end of steps 2 and 4, readings were taken using the
Analyte 2000™, where optical signal is converted to
photocurrent (pA). The difference in the signal intensity
between these two steps (ApA) is a direct measure of the
fluorescence produced by the 1° Mab/NGF/AF647-2° Mab
complex on the sensor surface, which is correlated with the
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Fig. 1. Quantification of NGF sensing in buffer (experimental
conditions: NGF between 1 and 200 ng/ml spiked in PBS buffers;
1 and 2 min incubation for the sample and second antibody).

target NGF concentration in the sample. Currently, the total
sample volume for an assay is approximately 400 pl and the
assay time was approximately 5 minutes.

III. RESULTS AND DISCUSSION

It should be noted that each data point is presented with
the mean value and standard deviation of multiple
measurements (> 3) on at least three different NGF sensors.

A. NGF Quantification in Buffer

A feasibility study was performed with NGF at various
concentrations in the target sensing range of 1-200ng/ml
spiked in PBS buffer. Fig. 1 shows the signal intensity as a
function of the NGF concentration. The incubation times
for the sample and the AF647-2° Mab were 1 and 2 minutes,
respectively. The signal intensity was in linear relationship
with the NGF concentrations in the sensing range
(r’=0.9981), at an average signal-to-noise ratio (S/N) of 6.

B. Standard Curve of NGF Quantification in Human
Blood Plasma

To evaluate NGF concentrations in cardiac patients, a
standard curve was constructed by spiking known amounts
of NGF in pooled control plasmas. This standard curve,
against which the signal intensities from patient sample
assays are compared, will be used to extrapolate the
unknown NGF concentrations in patients. As shown in Fig.
2, the signal intensity is linear with the NGF concentrations
in the target sensing range (+’=0.9983). This curve does not
intersect the ordinate at the origin, indicating a presence of
the endogenous NGF in low concentrations in normal
plasma samples. Compared to NGF in buffers, the signal
intensity was decreased by approximately 70%. One of the
main causes is the reduced analyte mass transport rate to the
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Fig. 2. Standard curve of NGF sensing in blood plasma (experimental
conditions: NGF between 1 and 200 ng/ml spiked in pooled control
plasmas ; 1 and 2 min incubation for the sample and second antibody).

sensor surface for reaction with the capture antibody, due to
the high viscosity of blood plasma. Application of
convection during the incubation times can enhance the
sensing performance significantly by improving the mass
transport [16,20,21]. Despite the signal reduction, the NGF
sensor was capable of clearly differentiating the NGF
concentration in the sensing range (S/N: 6). This result
shows that the NGF sensor can accurately assess the NGF
concentrations in human blood samples within 5 minutes.

C. Preliminary Study of the NGF Sensor in Clinical

Application

To assess the accuracy and reliability of the NGF sensor
in clinical environments, a preliminary study of NGF assay
in patient blood plasma was performed and results were
compared with the gold standard, ELISA, for data
validation.

Plasma samples were obtained from a patient with
congestive heart failure who went through biventricular
pacing. Samples were collected at baseline and before and
after pacing from coronary sinus. A follow-up study was
also performed to collect blood samples after a 3-month
treatment. Each sample was assayed by both ELISA and the
NGF sensor. The assay time was 5 minutes for one sample
using the fiber-optic sensor and 3 days by ELISA (96 wells),
following the manufacturer’s protocol. At least three
measurements for each sample were performed using the
fiber-optic sensor and the NGF concentrations were
interpolated by fitting the signal intensities to the equation
determined for the standard curve in pooled control plasmas
(Fig. 2). NGF concentrations assayed from the fiber-optic
sensor (ordinate) showed a high degree of correlation with
those from the ELISA (abscissa; Fig. 3). For both assay
methods, the NGF levels in plasma samples were similar at
baseline and after pacing. A significant increase in NGF
concentration was recorded after 3 months, by both fiber-
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Fig. 3. Correlation between ELISA and fiber-optic sensor
for patient plasma samples.

optic sensor and ELISA. This result shows that the NGF
assay by fiber-optic sensor is comparable to ELISA, yet
more rapid and user-friendly. Although still in early stage
of its development as a diagnostic tool, the fiber optic sensor
has been demonstrated to be very promising as an alternative
assay method to ELISA for rapid and reliable risk
stratification among cardiac patients by NGF quantification
in blood. Additional studies are under way to more
accurately evaluate the potential value of this technology in
clinical environments.

IV. CONCLUSION

A fiber-optic, immuno-biosensor was developed to
rapidly (~ 5 min) detect and quantify the NGF concentration
in blood plasma samples for clinical applications, e.g.
identifying patients at risk of impending heart attack. The
sensor was capable of accurately assessing the NGF
concentrations in the clinically significant sensing rage. The
assay by the fiber-optic sensor was highly correlated with
that from ELISA, demonstrating a promising potential use in
clinical settings as a rapid diagnostic tool, especially in
emergency room.

ACKNOWLEDGMENT

The authors would like to thank Elaine Lebowitz, Avile
McCullen, and Lei Lin for their assistance.

REFERENCES

[17 J. M. Cao, M. C. Fishbein, J. B. Han, W. W. Lai, A. C. Lai, T. J. Wu
P-S Chen, L. S. Chen, “Relationship between regional cardiac
hyperinnervation and ventricular arrthythmia,” Circulation, vol. 101,
pp. 1960-1969, 2000.

[2] J.M. Cao, L. S. Chen, B. H. KenKnight, T. Ohara, M. H. Lee, J. Tsai,
W. W. Lai, H. S. Karagueuzian, P. L. Wolf, M. C. Fishbein, P. S.

813



Chen, “Nerve sprouting and sudden cardiac death,” Circ Res., vol. 86,
pp. 816821, 2000.

[31 Y. Miyauchi, S. Zhou, Y. Okuyama, M. Miyauchi, H. Hayashi, A.
Hamabe, M. C. Fishbein, W. J. Mandel, L. S. Chen, P. S. Chen, H. S.
Karagueuzian, “Altered atrial electrical restitution and heterogeneous
sympathetic hyperinnervation in hearts with chronic left ventricular
myocardial infarction: implications for atrial fibrillation,” Circulation,
vol. 108, pp. 360-366, 2003.

[4] P.S.Chen,L.S. Chen,J. M. Cao, B. Sharifi, H. S. Karagueuzian, M.
C. Fishbein, “Sympathetic nerve sprouting, electrical remodeling and
the mechanisms of sudden cardiac death,” Cardiovasc Res., vol. 50,
Pp. 409-416, 2001.

[51 S.Zhou, L. S. Chen, M. Yasushi, M. Mizuho, K. Saibal, K. Simon, M.
C. Fishbein, S. Behrooz, P. S. Chen, “Mechanisms of Cardiac Nerve
Sprouting After Myocardial Infarction in Dogs,” Circ. Res., vol. 95,
Pp. 76-83, 2004.

[6] E.D. Engelstein, D. P. Zipes, “Sudden cardiac death,” in The heart,
Arteries, and Veins, R. W. Alexander, R. C. Schlant, V. Fuster, eds.
New York, NY: McGraw-Hill, 1998, pp. 1081-1112.

[71 R.J.Myerburg, A. Castellanos, “Cardiac arrest and sudden death,” in
Heart deisease: A Textbook of Cardiovascular Medicine, E,
Braunwald, ed. Philadelphia, PA: WB Saunders, 1997, pp. 742-779.

[8] R.Levi-Montalcini, “The nerve growth factor: its role in growth,
differentiation and function of the sympathetic adrenergic neuron,”
Progress in Brain Research., vol. 45, pp. 235-258, 1976.

[9]1 R.H.Edwards, W. J. Rutter, D. Hanahan, “Directed expression of
NGF to pancreatic beta cells in transgenic mice leads to selective
hyperinnervation of the islets,” Cell, vol. 58, pp. 161-170, 1989.

[10] N.I. Perrone-Bizzozero, V. V. Cansino, D. T. Kohn,
“Posttranscriptional regulation of GAP-43 gene expression in PC12
cells through protein kinase C-dependent stabilization of the mRNA,”
J. Cell Biol., vol. 120, pp. 1263-1270, 1993.

[11] P.B. Luppa, L. J. Sokoll, D. W. Chan, “Immunosensors-principles and
applications to clinical chemistry,” Clinica Chimica Acta, vol. 314,
pp. 1-26 2001.

[12] F.S. Ligler, J. P. Golden, L. C. Shriver-Lake, R. A. Ogert, D.
Wijesuria, G. P. Anderson, “Fiber-optic biosensor for the detection of
hazardous materials,” Immunomethods, vol. 3, pp. 122-127, 1993.

[13] P. B. Daniels, J. E. Fletcher, P. M. O’Neill, C. G. Stafford, T.
Bacarese-Hamilton, G. A. Robinson, “A comparison of three
fluorophores for use in an optical biosensor for the measurement of
prostate-specific antigen in whole blood,” Sens Actuators, vol. B 26-
27, pp. 447-451, 1995.

[14] J. O. Spiker, K. A. Kang, W. N. Drohan, D. F. Bruley, “Protein C
detection via fluorophore mediated immuno-optical biosensor,” Adv
Exp Med Biol., vol. 428, pp. 621-627, 1997.

[15] K. Schult, A. Katerkamp, D. Trau, F. Grawe, K. Cammann, M.
Meusel, “Disposable optical sensor chip for medical diagnostics: new
ways in bioanalysis,” Anal Chem., vol. 71, pp. 5430-5435, 1999.

[16] H.I. Balcer, H. J. Kwon, K. A. Kang, “Assay optimization of a rapid,
reusable protein C immunosensor for physiological samples,” Annals
of Biomedical Engineering, vol. 30, pp. 141-147,2002.

[17] L. Tang, Y. Ren, B. Hong, K. A. Kang, “A fluorophore-mediated,
fiber-optic, multi-analyte, immuno-sensing system for rapid diagnosis
and prognosis of cardiovascular diseases,” J. Biomed. Optics., in
press.

[18] J. O. Spiker, K. A. Kang, W. N. Drohan, D. F. Bruley, “Preliminary
study of biosensor optimization for the detection of protein C,” Adv
Exp Med Biol., vol. 454, pp. 681-688, 1998.

[19] J. O. Spiker and K. A. Kang, “Preliminary study of real-time fiber
optic based protein C biosensor,” Biotech Bioeng., vol. 66, pp. 158-
163, 1999.

[20] H.J. Kwon, H. L. Balcer, K. A. Kang, “Sensing performance of protein
C immuno-biosensor for biological samples and sensor minimization,”
Comp. Biochem. and Physiol., vol. Part A 132, pp. 231-238, 2002.

[21] L. Tang, H. J. Kwon, K. A. Kang, “Theoretical and experimental
analysis of analyte transport in a fiber optic, protein C immuno-
biosensor,” Biotech. Bioeng., vol. 88, pp. 869-879, 2004.

814



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


