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Background
Chinese hamster ovary (CHO) cells are the most widely
used host for large scale production of recombinant
therapeutic proteins exhibiting high productivities in the
gram per liter range. Although these cells have been
extensively characterized and optimized, a demand to
further increase the performance towards higher pro-
ductivity and clonal stability exists. Up to date, the
clone selection process is mainly based on phenotypic
screens like titer measurements and growth data instead
of more reliable biomarkers. Recently, the genomes of
Chinese hamster as well as of different CHO cell lines
were sequenced, assembled and annotated [1-3]. This
new information gives the opportunity for functional
analysis of the transcriptome and allows rational designs
for the identification of biomarkers for clone selection
and targets for cell line engineering.

Material and methods
CHO-K1a and CHO-C8DEL cell lines were cultivated in
shake flasks in a non-humidified shaker cabinet at 150
rpm, 10% CO2 at 36.5°C in suspension in proprietary,
chemically defined culture media. Cell viabilities and
growth rates were monitored by means of an automated
system (ViCell, Beckman Coulter).
For transient expression plasmid DNA and polyethyle-

nimine “Max” (Polysciences, Eppelheim, Germany) were
diluted into OptiMEM medium (Life Technologies) and
added to the cells after complex formation. The titer of
the model protein in the supernatant was measured by
Protein A HPLC on day 3 and day 6 post transfection.
Cells were stably transfected by electroporation

(Amaxa Nucleofection system, Lonza, Germany) with an

expression plasmid encoding for a human monoclonal
antibody according to the manufacturer’s instructions.
48 h after transfection, selection was started by addition
of geneticin (G418). As soon as cells recovered to a via-
bility of above 80%, a second selection step was applied
by passaging the cells into G418-free medium contain-
ing 1 µM methotrexate (MTX). When the cells resumed
logarithmic growth, cell cultivation was continued in
MTX-containing medium throughout single cell sorting,
screening and productivity assessments. Cells were
stained using a FITC-labeled mouse IgG-anti-human
IgG (BD Pharmingen) and single cell sorting was per-
formed using a FACS-Aria II instrument (Becton Dick-
inson). The 5% most strongly fluorescent cells were
gated and sorted as single cells into 96-well plates. Volu-
metric productivities of G418 and MTX selected pools
and clones were determined by Protein A HPLC in cell
culture supernatants.

Results
Analysis of gene expression profiles of 5-7 high and 5-7
low monoclonal antibody producing CHO-K1a clones of
three different monoclonal antibody projects surprisingly
revealed that the telomeric region of chromosome 8
including several genes is often lost in transfected, high
antibody producing CHO-K1a derived clones. Likewise
surprisingly, a high correlation between the loss of this
telomeric region and increased productivity as well as
clonal stability could be identified in CHO-K1a clones.
The aim of this study was to develop a new parental cell

line lacking this telomeric region. Three of such clones
could be isolated and were named CHO-C8DEL 1-3. The
capability of these isolated, new parental cell lines for cell
line development and protein production was subse-
quently evaluated in depth: Volumetric pool productivities
are significantly increased after transient (Figure 1A) and
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stable transfections (Figure 1C) in the three newly gener-
ated CHO-C8DEL parental cell lines. Additionally, the
drop of cell viability during MTX selection is less pro-
nounced and cells recovered 7-8 days faster from crisis
(Figure 1B). Moreover, significantly more high and stable
producing clones were retrieved after single cell sorting
(Figure 1D), facilitating the screening efforts in order to
obtain a comparable number of high and stable produc-
tion clones. Also, the volumetric productivity(Figure 1E)
as well as stable production over a period of 12 weeks of
the CHO-C8DEL clones is increased (Figure 1F, clones
were classified as stable if they were losing not more than
25% of productivity).

Conclusions
With our study we contribute to the knowledge of how
the recently published CHO genomes [1-3] can be used
to meet the growing demand of industry to further
develop CHO cell lines and to increase their perfor-
mance for the production of new therapeutic proteins in
short time periods.
We compared gene expression profiles of high and

low antibody producing CHO-K1a clones and identified
a subset of genes, localized at the telomeric region of
chromosome 8, which have a role regarding productivity

and production stability. These genes can be used as
biomarkers for selecting high and stable producing cell
lines. In addition, we generated and characterized a new
parental CHO cell line lacking this telomeric region,
which displays several advantageous characteristics for
cell line development and manufacturing.
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Figure 1 (a): Comparison of productivities of an Fc-fusion protein after transient transfection. Average of 3 pools ± STDev.(b): Viabilities
after transfection (day 0) and during selection for three CHO-C8DEL cell lines (green) compared to the CHO-K1a cell line (blue) expressing a
monoclonal antibody. Average of 4 pools ± STDev. (c): After both selection steps a massive increase of productivity of a monoclonal antibody
could be detected for all three CHO-C8DEL lines (green) compared to the CHO-K1a cell line (blue). Average of 4 pools ± STDev.(d): After single
cell cloning of high producing pools of CHO-C8DEL 3 and CHO-K1a, significantly more high producing cells were isolated for the CHO-C8DEL
3 cell line. E: Productivity of 45 best producing CHO-K1a and CHO-C8DEL 3 clones. F: Comparison of stability of 45 best producing CHO-C8DEL
3 clones compared to 37 best producing CHO-K1a clones over a cultivation period of 12 weeks.

Ritter et al. BMC Proceedings 2015, 9(Suppl 9):P13
http://www.biomedcentral.com/1753-6561/9/S9/P13

Page 2 of 2


	Background
	Material and methods
	Results
	Conclusions
	Authors’ details
	References


<<
  /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
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /CreateJDFFile 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 reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


