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gδ T-cells contribute importantly to tumor immunosur-
veillance and are activated by phosphoantigen inter-
mediates of the mevalonate pathway that are commonly
over-produced in cancer cells. To potentiate this, phos-
phoantigen levels can be boosted using zoledronic acid
(ZA). However, in vivo delivery of ZA to the tumour is
inefficient owing to its poor pharmacokinetic properties.
Here, we set out to develop a gδ T-cell immunotherapy
for epithelial ovarian cancer (EOC) using folate-targeted
liposomal ZA (FT-L-ZA) to improve drug delivery to
tumor cells. Folate receptor-a is over-expressed in EOC.
Peripheral blood mononuclear cells isolated from
healthy donors (n=21) and EOC patients (n=13) were
cultured with ZA, IL-2 and IL-15 for two weeks. gδ T-
cells expanded reproducibly from healthy donors and
patients, the latter having on average a 97-fold expan-
sion. The expanded gδ T-cells expressed low levels of L-
selectin, accompanied by CD45RO, CD27, CD70 and
NKG2D, consistent with a combined central-memory
and effector-memory phenotype, similarly to healthy
controls. To evaluate whether ex-vivo cultured gδ T-
cells from patients with EOC are functionally compe-
tent, we developed an autologous co-cultivation assay
whereby patient-derived gδ T-cells were incubated in-
vitro with primary EOC “tumorspheres”. Twenty-four
hours after incubation of tumorspheres with ZA, L-ZA
or FT-L-ZA, ex-vivo expanded gδ T-cells were added at
a 1:100 ratio. When alone, gδ T-cells destroyed 24.5% of
spheres. Addition of 1µg/ml free ZA sensitized tumor-
spheres to destruction by gδ T-cells (96.2%), but was
relatively ineffective at 0.1µg/ml (26.8%). By contrast,

FT-L-ZA was highly effective at 0.1µg/ml (92.6%) while
non-targeted L-ZA was no better than gδ T-cells only.
Destruction of ZA-sensitized tumorspheres by autolo-
gous gδ T-cells was accompanied by their activation and
production IFN−g (≈ 2000 pg/mL). In the absence of gδ
T-cells, none of these formulations exerted any toxic
effect upon tumorspheres. To model EOC in vivo, SCID
Beige mice were injected intraperitoneally (IP) with luci-
ferase-expressing SKOV-3 cells. Mice (n=5 per group)
were treated IP with 5μg ZA, FT-L-ZA or PBS, followed
by 10E7 ex-vivo expanded gδ T-cells from healthy con-
trols or PBS. Tumour growth was monitored by biolu-
minescence. One week after treatment, mice treated
with gδ T-cells or gδ T-cells and free ZA showed a
tumour reduction of approximately 20%. By contrast,
mice treated with FT-L-ZA followed by gδ T-cells
achieved a tumour reduction of 60-70%. Drugs alone
had no therapeutic effect. We show here proof of con-
cept for a synergistic immunotherapy for EOC whereby
FT-L-ZA can be used to sensitize tumors to gδ T-cells.

Authors’ details
1Kings College London, London, UK. 2Shaare Zedek Medical Center,
Jerusalem, Israel. 3Imperial College London, London, UK.

Published: 7 November 2013

doi:10.1186/2051-1426-1-S1-P28
Cite this article as: Pereira et al.: Synergy between liposomal zoledronic
acid and gδ T-cells in the treatment of epithelial ovarian cancer. Journal
for ImmunoTherapy of Cancer 2013 1(Suppl 1):P28.

1Kings College London, London, UK
Full list of author information is available at the end of the article

Pereira et al. Journal for ImmunoTherapy of Cancer 2013, 1(Suppl 1):P28
http://www.immunotherapyofcancer.org/content/1/S1/P28

© 2013 Pereira et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://creativecommons.org/licenses/by/2.0

	Authors’ details


<<
  /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


