
—NOTE—

Further Development of an Equine Cell Line that can be
Propagated over 100 Times

Kiyohiko ANDOH1, Kazushige KAI1, Tomio MATSUMURA2 and Ken MAEDA1*
1Laboratory of Veterinary Microbiology, Faculty of Agriculture, Yamaguchi University, 1677–1 Yoshida,
Yamaguchi 753-8515, 2Molecular Biology Division, Epizootic Research Center, Equine Research Institute,
Japan Racing Association, Shimotsuke, Tochigi 329-0412, Japan

J. Equine Sci.
Vol. 20, No. 2
pp. 11–14, 2009

Cell lines originating from horses are necessary for isolation and propagation of equine
herpesviruses (EHV).  Although we established an equine-derived cell line, FHK-Tcl3,
propagation ceased after fewer than 40 passages.  In this study, FHK-Tcl3 cell propagation
continued beyond 40 passages, achieving over 100 passages.  FHK-Tcl3 cells were then
cloned by limiting dilution at the 100th passage.  Cloned cells were termed FHK-Tcl3.1.
FHK-Tcl3.1 cells grew well and were propagated every 3 to 4 days by splitting 1:5.  In
addition, EHV-1, -2 and -4 showed a clear cytopathic effect (CPE) in FHK-Tcl3.1 cells, and
this CPE was very similar to those seen in parental FHK-Tcl3 and primary fetal horse kidney
cells.  FHK-Tcl3.1 cells continue to propagate and the current passage record is over 100
times after cloning.  Therefore, this cell appears to have been immortalized.  FHK-Tcl3.1
cells have potential for growth and diagnosis of various equine viruses, including equine
herpesviruses.
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Equine herpesvirus (EHV) type 1 (EHV-1) can grow
well in various cell lines, including equine-, rabbit- and
bovine-derived cell lines.  However, it has been
reported that EHV-1 propagated in non-equine cells
possesses a mutation in the glycoprotein C (gC) gene,
and is more susceptible to heparin [10].  On the other
hand, EHV type 4 (EHV-4) has more restricted host-
specificity and grows well only in cells derived from
horses, such as primary fetal horse kidney (FHK) cells.
Furthermore, EHV-4 adapted to Madin-Darby bovine
kidney (MDBK) cells possesses mutations in the gB
gene, and is more susceptible to heparin (unpublished
data).  Therefore, cell lines originating from horses are
necessary for mutation-free isolation and propagation
of equine herpesviruses.

As cell lines originated from equine are very rare,
EHV-4 propagation, isolation and diagnosis are
difficult to achieve in a laboratory.  Recently, a new
equine cell line, FHK-Tcl3, was established at our

laboratory [6].  The FHK-Tcl3 cell line is able to
support viral growth of EHV-1 and EHV-4, as well as
primary FHK cells, and was found to be useful for
isolation of EHV type 2 (EHV-2) and EHV-4.  EHV type
3 (EHV-3) could also grow in FHK-Tcl3 cells.  However,
in three experimental trials, it was found that the cells
could not be propagated beyond 40 passages.

In this study, we succeeded in propagating FHK-Tcl3
cells beyond 100 passages and found that the cloned
cell line, FHK-Tcl3.1, could support the growth of EHV-
1, -2 and -4.

FHK-Tcl3 cells were established by transfection of
primary FHK cells with plasmid pLNCLT (kindly
provided by Dr. S. Yasumoto of the Kanagawa Cancer
Institute, Yokohama, Japan) and were maintained in
Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen, Carlsbad, CA) supplemented with 10%
heat-inactivated fetal calf serum (FCS), 100 units of
penicillin and 100 μg of streptomycin per milliliter [6].
Although FHK-Tcl3 cells were transformed with the
simian virus 40 (SV40) large T antigen, propagation
ceased after fewer than 40 passages in propagation
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attempts prior to this study.  Despite repeated efforts (3
trials), no immortalized cell line could be obtained.  At
the fourth trial, FHK-Tcl3 cells kept growing after 40
passages and were propagated 100 times.  In the 100th
passage, FHK-Tcl3 cells were cloned by the limiting
dilution method.  Briefly, cells were dispensed into a
96-well multiplate (Sumitomo Bakelite, Tokyo, Japan)
at a concentration of 0.1 to 10 cells per well.  After
limiting dilution, three cell clones, termed FHK-Tcl3.1,
FHK-Tcl3.2 and FHK-Tcl3.3, were selected, expanded
and maintained.

For comparison of cell growth, approximately 2.5 ×
105 of each cloned cell line were seeded in 35-mm
dishes and cells were collected by treatment with 0.2%
trypsin (Nacalai Tesque, Kyoto, Japan) and 0.02%
ethylenediamine tetraacetic acid (EDTA) (Wako,
Osaka, Japan) every 24 hr.  The number of cells was
counted using a Burker-Turk hemocytometer after
staining with Trypan blue.  FHK-Tcl3.1 and FHK-Tcl3.2
cells grew well and their cell numbers (approximately
1.7 × 106) plateaued at 120 hr.  FHK-Tcl3.3 cells grew
more slowly than the other two lines (Fig. 1).  For
further studies, FHK-Tcl3.1 cells were randomly
selected and propagated every 3 to 4 days by splitting
1:5.  After cloning, our established FHK-Tcl3.1 cells
grew well and cell growth was similar to that of parental
FHK-Tcl3 cells [6].  FHK-Tcl3.1 cells continue to grow

at a passage record of 100 times after cloning.
There fore ,  the se  ce l l s  appear  to  have  been
immortalized.  Although it is unknown why the FHK-
Tcl3 cells continued to grow after the 40th passage, this
is a novel report of equine cells being propagated over
200 times.

Previous studies have shown that FHK-Tcl3 cells can
support the growth of EHV-1, -2 -3 and -4, and EHV-2
and -4 can be isolated from horses by using FHK-Tcl3
cells [6].  Therefore, the sensitivity of FHK-Tcl3.1 cells
to EHVs was also examined.  FHK-Tcl3.1 cells were
infected with EHV-1 strain 89c25p [4, 7, 8] or EHV-4
strain TH20p [5, 9] at 100 plaque forming units, 200 μl
of EHV-3 strain E51129 [6] viral solution or only
medium.  Cells were observed every day and CPE was
recorded using Motic Images plus Ver. 2.1 (Shimazu-
rika, Tokyo, Japan).  EHV-1, -2 and -4 showed a clear
cytopathic effect (CPE) in FHK-Tcl3.1 cells (Fig. 2).
This CPE was very similar to those seen in parental
FHK-Tcl3 cells and primary FHK cells.  These results
indicate that the immortalization and cloning of the
cells did not change the characteristics of the FHK-Tcl3
cells.  Although the ability of FHK-Tcl3.1 cells to
support the growth of the other equine herpesviruses,
EHV-3 and EHV-5, was not investigated in this study, it
is believed that FHK-Tcl3.1 cells will support the growth
of EHV-3, as EHV-3 is able to grow in parental FHK-
Tcl3 cells.  In addition, EHV-5 is likely to grow in FHK-
Tcl3.1 cells, as EHV-2 and -5 are closely related
gammaherpesviruses [1–3, 11].

In conclusion, the novel equine cell line, FHK-
Tcl3.1, which was propagated over 100 times, has
successfully been established and can be used for the
propagation of equine herpesviruses.  In the future,
FHK-Tcl3.1 cells may be useful for propagation,
diagnosis and research of numerous equine viruses,
including equine herpesviruses.
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Fig. 1. Growth of cloned cells. Vertical error bars indicate
standard deviation of means.



13FURTHER DEVELOPMENT OF EQUINE CELL LINE

References

  1. Agius, C.T., Crabb, B.S., Telford, E.A., Davison,
A.J., and Studdert, M.J. 1994. Comparative studies
of the structural proteins and glycoproteins of
equine herpesviruses 2 and 5. J. Gen. Virol. 75:
2707–2717.

  2. Browning, G.F., and Studdert, M.J. 1987a.
Epidemiology of equine herpesvirus 2 (equine
cytomegalovirus). J. Clin. Microbiol. 25: 13–16.

  3. Browning, G.F., and Studdert, M.J. 1987b.
Genomic  he terogene i t y  o f  equine
betaherpesviruses. J. Gen. Virol. 68: 1441–1447.

  4. Damiani, A.M., Matsumura, T., Yokoyama, N.,
Mikami, T., and Takahashi, E. 2000. A deletion in
the gI and gE genes of equine herpesvirus type 4
reduces viral virulence in the natural host and
affects virus transmission during cell-to-cell
spread. Virus Res. 67: 189–202.

  5. Kawakami, Y., Kaji, T., Ishizaki, R., Shimizu, T.,
and Matsumoto, M. 1962. Etiologic study on an
outbreak of acute respiratory disease among colts
due to equine rhinopneumonitis virus. Jpn. J. Exp.

Med. 32: 211–229.
  6. Maeda, K., Yasumoto, S., Tsuruda, A., Andoh, K.,

Kai, K., Otoi, T., and Matsumura, T. 2007.
Establishment of a novel equine cell line for
i so la t ion  and propagat ion  o f  equine
herpesviruses. J. Vet. Med. Sci. 69: 989–991.

  7. Matsumura, T., Sugiura, T., Imagawa, H.,
Fukunaga ,  Y . ,  and  Kamada ,  M.  1992 .
Epizootiological aspects of type 1 and type 4
equine herpesvirus infections among horse
populations. J. Vet. Med. Sci. 54: 207–211.

  8. Matsumura, T., Yokota, S., Imagawa, H., Sugiura,
T., Wada, R., Kanemaru, T., Nanbu, M., Kirisawa,
R., and Kamada, M. 1994. Sero- and molecular-
epizootioligical studies on equine herpesvirus type
1 (EHV-1) infection among race horses: an
occurrence of respiratory disease with nervous
disorders. J. Equine Sci. 5: 59–67.

  9. Matsumura, T., Kondo, T., Sugita, S., Damiani, A.
M., O’Callaghan, D.J., and Imagawa, H. 1998. An
equine herpesvirus type 1 recombinant with a
deletion in the gE and gI genes is avirulent in
young horses. Virology 242: 68–79.

Fig. 2. CPE in FHK-Tcl3.1 cells after infection with EHV-1, -2 and -4.  FHK-Tcl3.1 cells were infected with
EHV-1 (A), EHV-4 (B), EHV-2 (C) or only medium (D).  Cytopathic morphological changes were
observed after 32 hr (EHV-1), 72 hr (EHV-4) and 153 hr (EHV-2).



K. ANDOH, K, KAI, T. MATSUMURA ET AL.14

10. Sugahara, Y., Matsumura, T., Kono, Y., Honda, E.,
Kida, H., and Okazaki, K. 1997. Adaptation of
equine herpesvirus 1 to unnatural host led to
mutation of the gC resulting in increased
susceptibility of the virus to heparin. Arch. Virol.

142: 1849–1856.
11. Telford, E.A., Studdert, M.J., Agius, C.T., Watson,

M.S., Aird, H.C., and Davison, A.J. 1993. Equine
herpesviruses 2 and 5 are gammaherpesviruses.
Virology 195: 492–499.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


