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Overview

Hitachi High-Technologies and Vironova AB,
Stockholm, Sweden, have initiated a research
collaboration to explore opportunities where the
two companies’ core competencies can comple-
ment each other to contribute to the efficient
development of new biological drugs (biologics)
in the pharmaceutical and life science markets.



Hitachi High-Technologies holds a strong posi-
tion in transmission electron microscopy (TEM)
and, with an increasing need for new analytical
methods in the pharmaceutical industry, new
opportunities are arising.

Vironova is an established provider of elec-
tron microscopy to the pharmaceutical industry
and has developed proprietary software forTEM
system control. Vironova's specialty is the auto-
mation of microscope operation together with
innovative image analysis using, for example,
artificial intelligence (Al) and machine learning.

In the highly-regulated development of biolog-
ics, objective, automated image analysis is vital
for the future of electron microscopy. Accuracy of
results and deep, meaningful data will ultimately
speed up development time and save costs.

There is exciting potential in combining Hitachi
High-Technologies’ instrument expertise and
Vironova's automation solutions to help solve
growing healthcare needs.

Healthcare Revolution on the Horizon

One of the greatest challenges currently facing
humankind is the need to combat health prob-
lems associated with an increasing and aging
population (cancer, dementia, and the spread of
infections due to overcrowding and travel) and
the rising prevalence of multi-antibiotic-resistant
bacterial strains.

At the same time, pharmaceutical develop-
ment is undergoing a revolution with the use of
biological substances as therapeutics.

Biological drugs employ a wide range of sub-
stances of biological origin. They include gene
therapies, vaccines, recombinant antibodies, and
biological molecules such as nucleic acids and so
on. They also have in common the fact that the
drugs themselves are large molecules, far larger

than the small chemicals traditionally used. They
can thus be examined using an electron micro-
scope, allowing for direct and detailed analysis
of many characteristics.

Biological products often represent the cut-
ting-edge of biomedical research and may even-
tually offer the most effective means to treat
medical conditions with no alternative treatment.
They are slowly moving into the mainstream of
drug development and one particular class of
biologics, gene therapies, is currently receiving
much attention for its advances and successes.

Vironova specializes in gene therapy applica-
tions and this area is of particular interest in the
collaboration with Hitachi High-Technologies. An
initial collaborative project has demonstrated a
viable technical solution that could be attractive
to the pharmaceutical industry and help solve
analytical bottlenecks in the development of bio-
logical drugs.

Gene Therapy Making a Splash

After decades of research, the first gene therapy
products were recently approved by the U.S.
Food and Drug Administration (FDA)". The FDA
is regulating these products as biologics, giving
them twelve-year non-patent exclusivity.

The first two treat certain forms of cancer:
Novartis” Kymriah™ (tisagenlecleucel), for chil-
dren and young adults with a form of acute lym-
phoblastic leukemia (ALL), was approved in
August 2017, and Gilead Sciences’ Yescarta™
(axicabtagene ciloleucel), for a form of lym-
phoma, was approved in October 2017 These
two therapies are examples of adoptive immu-
notherapy with chimeric antigen receptorT cells
(CAR-T).

*1 Kymriah is a registered trademark of Novartis AG.
*2 YESCARTA is a trademark of KITE Pharma, Inc.
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CAR T-cell therapies are combined gene
therapies and immunotherapies. CAR-T takes
immune cells, called T cells, from a patient and
genetically engineers them to express chime-
ric antigen receptors (CARs) that recognize the
patient’s cancer cells. Cells are then introduced
back into the patient’'s bloodstream where they
target and kill the cancer cells. With many early
successes in clinical trials using CAR-T, there is
great hope it can be used to treat a wide variety
of blood and solid tumor cancers. The American
Society of Clinical Oncology's (ASCO) Clinical
Cancer Advances 2018 report recently named
CAR-T as the most important clinical cancer
advance of the year.

Cancer is by far the largest group of diseases
(65%) being investigated in gene therapy clini-
cal trials. The second largest group (11.1%) is
inherited monogenetic diseases. Gene therapy
is unique in this area, as it has the potential to
correct inherited gene disorders by delivering
the missing or damaged gene®.

In late 2017, Spark’s Luxturna™ was approved
to treat children and adults with an inherited dis-
ease of the eye. A one-time gene therapy treat-
ment in each eye restores the visual cycle by
delivering the corrected gene.

To date, approximately 2,600 clinical trials and
16 gene therapy products have been approved
in various countries?: ©,

The recent clinical success and subsequent
increased investment from the market have cre-
ated an upsurge in innovative companies looking
toward manufacturing and commercialization of
their gene therapy products.

Gene therapies represent a new medical para-
digm, but even before they reach the patient
and medical profession they give rise to a large
number of issues in their development and
manufacturing.

The need to develop suitable analytical tools
for gene therapy products has become increas-
ingly evident. Because of their intended use
in patients, they must meet rigorous safety
guidelines.

*3 LUXTURNA is a trademark of Spark Therapeutics, Inc.

The FDA introduced the Process Analytical
Technology (PAT) initiative in 2004 for biophar
maceutical manufacturing to emphasize the
importance of in-depth analysis throughout the
whole production process instead of the more
limited traditional approach of process valida-
tion and then extensive end product testing.
Pharmaceutical companies have begun to inves-
tigate new analytical technologies to measure
critical quality attributes and allow for better
understanding and control during the manufac-
turing process®.

Vector Critical in Gene Therapy

Gene therapy introduces genetic material into
cells to compensate for abnormal genes or to pro-
duce a beneficial protein. In some forms of gene
therapy, a carrier, or vector, is genetically engi-
neered to deliver the gene. Certain viruses are
often used as vectors because they can deliver
the new gene by infecting the cell, the viruses
being modified so they cannot cause disease.

The vector used to introduce the gene of inter
est is a critical aspect of any gene therapy. Most
commonly, viral vectors, derived from lentivirus
(LV), adenovirus (AV), or adeno-associated virus
(AVV) are used. One of the challenges for the
characterization and quality control of viral vec-
tors is their degree of complexity. Even recom-
binant adenovirus associated virus (rAAV), the
least complex recombinant viral vector, has a
structure more complex than the most complex
recombinant proteins.

Key to the development of large-scale, opti-
mized production for viral vectors is access to
accurate and reproducible analytical tools to
monitor quality attributes that ensure a safe,
high-quality, consistent, and efficacious product.

The critical quality attributes in monitoring viral
vector manufacturing for gene therapy include
viral potency, identity, quantity, purity, aggrega-
tion, empty viruses, protein content, and product
safety. There are currently various characteriza-
tion assays available and their relevance depends
on the virus as well as the expression system.



Figure 11 Sample TEM Images

The figure shows examples of the structural expression in transmission electron microscope (TEM) images of contaminants
that may appear in, for example, adeno-associated virus samples.
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(B) Small impurities (C) Aggregates (D) Residual DNA impurities, 2nm
(2-15nm) thickness

(A) Lage impurities (4pm)

Figure 2| Automated Purity Analysis of Two Samples Using Morphology Classification to Differentiate
between Primary Particle and Debris

The box-plot shows purity measurements for the two samples calculated as the ratio of the total area of debris to that of

adenovirus particles.
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Complexity and Challenge of Monitoring
Biologics

In general, biological substances and structures
are difficult to handle because they are complex
and sensitive mixtures that are not easily purified,
characterized, or analyzed. They tend to aggre-
gate, break down, and become contaminated.
Furthermore, the path to a pharmaceuti-
cal product is a complex one, from discovery,
through development of robust processes, to
quality control in routine manufacturing. There
are many parameters to track and control so as
to avoid undesired issues that could negatively
impact the pharmaceutical product. For example,

Sample 2

characteristics such as purity (see Figure 1 and

Figure 2) and integrity (see Figure 3) can often
be directly correlated to the efficacy of the final
pharmaceutical product and these are areas
in which electron microscopy can contribute
significantly.

Vital Role of Electron Microscopy in
Monitoring Biologics

Electron microscopy imaging is one of the most
powerful tools for investigating complex biologi-
cal systems. It provides a combination of visual
proof and metric values that is not achievable
from the indirect methods currently used for
monitoring pharmaceutical processes.
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Figure 31 nsTEM for Revealing Particles with Disrupted Capsid Structure

TEM analysis of negatively stained AAV samples (nsTEM) is a reproducible method for revealing particles with
disrupted capsid structure. Disrupted particles take in stain and can therefore be identified by their darker centers.

Adenovirus

However, it is essential to automate pro-
cesses and analyses in order to render electron
microscopy suitable for use in the pharmaceuti-
cal industry. Automation provides robustness,
lower variability, higher reproducibility, and
higher throughput. Faster access to informative
analytical data leads to better informed decisions
and earlier optimization of processes.

Vironova's specialty is the automation of
microscope operation together with innova-
tive image analysis using, for example, Al and
machine learning. This may be seen to be part of
a larger movement in the pharmaceutical indus-
try to improve the efficiency of manufacturing
via the implementation of digital technologies,
sometimes known as “Industry 4.0

Initial Collaborative Study Looking at
Viruses in Gene Therapy

In the first feasibility study carried out using the
Hitachi 120kVTEM system HT7800 and Vironova
automation software, analysis of viruses in gene
therapy was exemplified by studying a new type
of gene therapy vector called phage therapy.

The practice of phage therapy, which uses
bacterial viruses (bacteriophages, or phages) to
treat bacterial infections, has been around for
almost a century but the universal decline in the
effectiveness of antibiotics has renewed interest
in this practice®.

The results of the study provided a useful solu-
tion that gave detailed data on sample quality
and significantly reduced the learning time for
performing the study, thanks to the automation
of several key microscope operating steps, such
as beam alignment that only required 10 % of
the usual time.

Additionally, the sample analysis itself was
significantly less operatorintensive thanks to
automated screening of the sample grid (see
Figure 4 and Figure 5). Arguably the most pow-
erful aspect of this solution is the attainment
of quantitative data due to the image analysis
in which critical quality attributes of the bacte-
riophages could be confirmed and deviations
quantified.



Figure 41 TEM Images of Bacteriophages

The Myoviridae Coliphage samples shown here were isolated by the Brouns lab, Kavku Ubstutyte- BN/TU Delft.

Figure 5| Features of Automation of Microscope Operation and Image Analysis

Enabled by the Vironova Software

The automation of some tasks shortened the measurement process.
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Opportunity on Front Line of Future
Therapeutics

Gene therapy, along with biologics in general, is
a young field where the establishment of produc-
tion protocols is still in its infancy. Understanding
of the parameters affecting gene therapy patient
safety is still evolving and the needs of the field
are diverse. As more projects move into clinical
phases, and as manufacturers develop scaled-
up commercial processes, there are further
challenges.

Optimizing process steps to ensure final
product quality and patient safety can be a
daunting task. Having access to a combination
of data from reliable analytical solutions is key
to success. TEM provides images of the actual

content of the sample, and subsequent auto-
mated image analysis converts the images into
accurate metrics that reflect sample quality.

The particular challenges of gene therapy
development represent an opportunity to com-
bine the existing Hitachi High-Technologies elec-
tron microscopy and Vironova automated image
analysis platforms into a new offering that can
lead the field from the start and contribute sig-
nificantly to developing the potential of this excit-
ing new area.

This is a good example of integrating cyber
technology with the physical world of electron
microscopy for the ultimate purpose of helping
to solve growing healthcare needs. We all have a
vested interested in ensuring the safest product
possible can be manufactured for these new
therapies.

Hitachi Review Vol. 68, No. 1 3233

33



34

References
1) Nina Forsberg, et al., “Key Considerations in Gene

2

3

4

5

)

)

Authors

Therapy Manufacturing for Commercialization,”
https://cellculturedish.com/GeneTherapyBook/

Kramberger, et al., “Downstream Processing and
Chromatography Based Analytical Methods for
Production of Vaccines, Gene Therapy Vectors,
and Bacteriophages,” Hum. Vaccin. Immunother,
\Vol. 11, No. 4, pp. 1010-1021 (2015).

U.S. Food and Drug Administration, “Approved
Cellular and Gene Therapy Products,”
https://www.fda.gov/biologicsbloodvaccines/
cellulargenetherapyproducts/approvedproducts/
default.htm

James Strachan, “Towards Industry 4.0," (Sep.
2018), https://themedicinemaker.com/issues/0918/
towards-industry-40/

D. M. Lin,et al., “Phage Therapy: An Alternative

to Antibiotics in the Age of Multi-drug Resistance,”
World Journal of Gastrointestinal Pharmacology
and Therapeutics, Vol. 8, pp. 162-173 (Aug. 2017),
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5547374/

Martin Ryner

Vironova AB, Sweden. Current work and
research: Data mining, machine learning,
and measurement of virus expression

Jonathan Royce
Vironova AB, Sweden. Current work and
research: Measurement systems

Rhiannon Sanders
Vironova AB, Sweden. Current work and
research: Corporate communications

Mats Eriksson

Hitachi High-Technologies Europe
GmbH, Sweden. Current work and
research: Electron microscope sales

Toshihide Agemura

Electron Microscopy Systems Design
1st Department, Science Systems
Product Division, Science & Medical
Systems Business Group, Hitachi High-
Technologies Corporation. Current work
and research: Development of solutions
that use electron microscopes

Hiromi Mise

Electron Microscopy Solution System
Design Department, Science Systems
Product Division, Science & Medical
Systems Business Group, Hitachi High-
Technologies Corporation. Current work
and research: Development of software for
HT7700 and HT7800 electron microscopes

Takashi Kubo

Electron Microscopy Systems Design
2nd Department, Science Systems
Product Division, Science & Medical
Systems Business Group, Hitachi High-
Technologies Corporation. Current work
and research: Development and design
of electron microscopes




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice


