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Background
Retroviral based biopharmaceuticals are used in numer-
ous therapeutic applications, from gene therapy to vacci-
nation [1-3]. Nonetheless, retroviruses are known to
incorporate proteins from the host cell which may
increase the vector immunotoxicity [4]. CD81, a mem-
brane protein belonging to the tetraspanin superfamily
has been recently identified as one of the host cell pro-
teins majorly incorporated into Moloney Murine Leuke-
mia Virus (MoMLV) derived vectors[5]. Therefore,
CD81 was chosen as a target for studying the effects of
host cell protein incorporation in the immunotoxic pro-
file of retroviral vectors (RV). A human cell line,
293rVLP, producing retrovirus like particles (rVLPs) was
used to prove the concept of customizing RV composi-
tion by manipulating cellular protein content, using the
CD81 tetraspanin as a case study. rVLPs will be used as
candidate vaccines for hepatitis C by displaying HCV-
E1/E2 proteins.

Materials and methods
Cell lines and culture media: 293rVLP is a HEK 293
(ATCC CRL-1573) based cell line established by stable
transfection of pCeB plasmid [6] driving MoMLV gag-
pol expression as described in [7]. 293T cells (ATCC
CRL-11268) were used for producing and titer shRNA
lentiviral vector stocks. All cells were maintained in Dul-
becco’s modified Eagle’s medium (DMEM) (Gibco) 10%
(v/v) Foetal Bovine Serum (FBS) (Gibco).
Plasmids and lentivirus production: Short hairpin (sh)

RNA lentiviral vectors based on pLKO.1-puro [8]

containing a puromycin resistance gene and targeting
five different sequences on the human CD81 mRNA or
a non-target (nt) shRNA vector were purchased from
Sigma Mission® RNAi (Sigma). The lentiviral vector
stocks were produced by transient co-transfection of
293T cells with pSPAX2, pMD2G (Addgene) and the
respective pLKO.1-puro-shRNA.
Flow cytometry for CD81 detection: The presence of

CD81 on the cell membrane was detected by flow cyto-
metry using mouse monoclonal antibody against human
CD81 and an Alexa FluorR 488 dye conjugated second-
ary antibody (Invitrogen).
Oxidative stress induction and cell viability: The sus-

ceptibility to oxidative stress injury was assessed by ana-
lyzing tert-butyl hydroperoxide induced death. Cell
viability was quantified by the percentage of cells stain-
ing negative for PI (by flow cytometry).
RT activity: To determine MoMLV reverse transcrip-

tase (RT) activity the RetroSys C-Type RT activity kit
(Innovagen) was used.
Further details on Materials and Methods are in [9].

Results and discussion
293rVLP cells producing rVLPs were used to evaluate
the possibility of customizing vector composition by
manipulating host protein content. CD81 tetraspanin
was chosen to be down-regulated by shRNA, given that
it is significantly incorporated into RV particles, confer-
ring them a strong immunogenic character in mice.
Each cell population, shCD81 8 to 12, as well as the
non-target control, were analyzed for the presence of
CD81 by flow cytometry (Table 1). CD81 down-regula-
tion efficiency varied considerably among the five
shRNA sequences, ranging from negligible in the case of
shCD81 11 to a very strong silencing effect in shCD81
10 cell population, with more than 90% of cells being
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negative for CD81. ntshRNA population stained almost
totally positive (94%) for CD81. To increase CD81
down-regulation, the shCD81 10 cell population was
doubly infected with shCD81 9 and 12 (Table 1). Only
1.5% of the resulting cells were positive for CD81 which,
considering the background values for the ntshRNA
control (approx. 6%), suggested a totally CD81 silenced
population.
shCD81 9+10+12 cell population was cloned by limit-

ing dilution and 30 clones were isolated. Four of those,
#14, #19, #22 and #30 were chosen as representatives of
the highest CD81 silencing (≥85%) and #9 as a represen-
tative of intermediate CD81 silencing. The rVLP pro-
duction was analyzed by reverse transcriptase (RT)
quantification in the supernatant; the cellular response
to CD81 down-regulation and/or RNAi pathway activa-
tion was assessed by evaluating cell growth and cell
death susceptibility under oxidative stress conditions
(Table I). Cell population ntshRNA was used as negative
control to distinguish CD81 silencing from RNAi path-
way activation effects. The results were compared to the
parental cell line, 293rVLP. With the exception of clone
#14, all silenced clones presented lower cell growth.
This effect, seemed to be attributed to CD81 down-reg-
ulation, as it was not detected in the ntshRNA control.
Indeed, CD81 has been previously described to be impli-
cated in proliferation and cytostasis of various cell types,
including lymphocytes, fibroblasts, epithelial cells and
astrocytes [10-13]. Lower half maximal inhibitory con-
centration values (IC50) under oxidative stress were
observed for silenced cells, including the ntshRNA
population, suggesting that the activation of RNAi

pathway played a role in injury induced death suscept-
ibility. From a bioprocessing point of view, increased
susceptibility to stressful conditions, oxidative or other,
should be a drawback. However, RNAi is faster and sim-
pler than a knockout, and undeniably useful in prelimin-
ary stages. Additionally, for certain vital proteins, a total
knock-out may not be possible.
To assess rVLP productivity in shCD81 clones the RT

in the viral supernatant was quantified. Three of the five
clones presented lower RT productivities, whereas
clones #14 and #22 showed identical values to the non-
target silenced control or the parental cell line. This
suggested that CD81 down-regulation does not affect
viral particles production. Finally, rVLP shCD81 #14,
was used to produce rVLPs, which were concentrated,
purified and analyzed for the presence of CD81 by Wes-
tern blotting. The rVLPs were shown to be absent of
CD81 demonstrating that it could be eliminated. These
results suggest that, although naturally incorporated on
RV, CD81 is not essential for the assembly or secretion
of fully functional particles. Hepatitis C envelope pro-
teins E1/E2 were successfully expressed in CD81
silenced cells and incorporated in rVLPs.

Conclusions
In this work it was demonstrated that is possible to
manipulate the composition of the host cell proteins
incorporated into rVLPs. rVLps can be used as a epitope
display platform and used in vaccine development there-
fore, CD81 was chosen since it is strongly immunogenic
in mice. The results herein presented support that is
possible to manipulate cellular protein expression, CD81

Table 1 CD81 down-regulation in 293rVLP cells

CD81- cells
(%)

sh populations ntshRNA 5.8

shCD81 8 20.4

shCD81 9 88.4

shCD81 10 92.8

shCD81 11 10.0

shCD81 12 31.0

shCD81 9+10
+12

98.5

CD81- cells
(%)

Specific cell growth
(h-1)

IC50 (µM tert-butyl
hydroperoxide)

Specific RT productivity (10-6 ng/
cell.h)

293 rVLP 2.1 0.0201 ± 0.0002 3.3 ± 1.1 1.7 ± 0.3

ntshRNA 0.8 0.020 ± 0.002 9.2 ± 1.4 2.3 ± 0.4

shCD81 9+10+12
clones

shCD81 #9 86.4 0.0124 ± 0.0004 15.4 ± 1.0 0.9 ± 0.2

shCD81 #14 97.1 0.021 ± 0.002 4.5 ± 1.1 2.0 ± 0.4

shCD81 #19 92.9 0.015 ± 0.001 6.5 ± 1.1 1.2 ± 0.2

shCD81 #22 88.9 0.018 ± 0.001 6.0 ± 1.1 1.8 ± 0.4

shCD81 #30 82.3 0.017 ± 0.001 5.6 ±1.0 1.4 ± 0.2
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or others, as a tool to control RV composition and their
immunogenic profile. Additionally, for gene therapy pur-
poses, the removal immunotoxic proteins in the produ-
cer cell may improve the in vivo efficacy of retrovirus,
lentivirus or other enveloped virus.

Acknowledgements
The authors acknowledge the financial support received from the European
Commission (Clinigene: LSHB-CT2006-018933) and from Fundação para a
Ciência e a Tecnologia (FCT)—Portugal (PTDC/EBB-BIO/102649/2008 and
PTDC/EBB-BIO/100491/2008). A.F. Rodrigues acknowledge FCT for her PhD
grant (SFRH/BD/48393/2008).

Author details
1Instituto de Biologia Experimental e Tecnológica/Instituto de Tecnologia
Química e Biológica (IBET/ITQB-UNL), Apartado 12, P-2781-901 Oeiras,
Portugal. 2EPIXIS SA, 5 rue des Wallons, 75013 Paris, France. 3AP-HP, Hôpital
Pitié-Salpêtrière, Biotherapy, F-75013 Paris, France. 4Faculdade de Ciências e
Tecnologia/Universidade Nova de Lisboa (FCT/UNL), P-2825 Monte da
Caparica, Portugal.

Published: 22 November 2011

References
1. Dalba C, Bellier B, Kasahara N, Klatzmann D: Replication-competent vectors

and empty virus-like particles: new retroviral vector designs for cancer
gene therapy or vaccines. Mol Ther 2007, 15:457-466.

2. Dalba C, Klatzmann D, Logg CR, Kasahara N: Beyond oncolytic virotherapy:
replication-competent retrovirus vectors for selective and stable
transduction of tumors. Curr Gene Ther 2005, 5:655-667.

3. Edelstein ML, Abedi MR, Wixon J: Gene therapy clinical trials worldwide to
2007–an update. J Gene Med 2007, 9:833-842.

4. Arthur LO, Bess JW Jr., Urban RG, Strominger JL, Morton WR, et al:
Macaques immunized with HLA-DR are protected from challenge with
simian immunodeficiency virus. J Virol 1995, 69:3117-3124.

5. Segura MM, Garnier A, Di Falco MR, Whissell G, Meneses-Acosta A, et al:
Identification of host proteins associated with retroviral vector particles
by proteomic analysis of highly purified vector preparations. J Virol 2008,
82:1107-1117.

6. Danos O, Mulligan RC: Safe and efficient generation of recombinant
retroviruses with amphotropic and ecotropic host ranges. Proc Natl Acad
Sci U S A 1988, 85:6460-6464.

7. Cosset FL, Takeuchi Y, Battini JL, Weiss RA, Collins MK: High-titer packaging
cells producing recombinant retroviruses resistant to human serum. J
Virol 1995, 69:7430-7436.

8. Moffat J, Grueneberg DA, Yang X, Kim SY, Kloepfer AM, et al: A lentiviral
RNAi library for human and mouse genes applied to an arrayed viral
high-content screen. Cell 2006, 124:1283-1298.

9. Rodrigues AF, Guerreiro MR, Santiago VM, Dalba C, Klatzmann D, et al:
Down-regulation of CD81 tetraspanin in human cells producing
retroviral-based particles: tailoring vector composition. Biotechnol Bioeng
2011, 108(11):2623-2633.

10. Geisert EE Jr., Abel HJ, Fan L, Geisert GR: Retinal pigment epithelium of
the rat express CD81, the target of the anti-proliferative antibody
(TAPA). Invest Ophthalmol Vis Sci 2002, 43:274-280.

11. Geisert EE Jr., Yang L, Irwin MH: Astrocyte growth, reactivity, and the
target of the antiproliferative antibody, TAPA. J Neurosci 1996,
16:5478-5487.

12. Oren R, Takahashi S, Doss C, Levy R, Levy S: TAPA-1, the target of an
antiproliferative antibody, defines a new family of transmembrane
proteins. Mol Cell Biol 1990, 10:4007-4015.

13. Toledo MS, Suzuki E, Handa K, Hakomori S: Cell growth regulation through
GM3-enriched microdomain (glycosynapse) in human lung embryonal
fibroblast WI38 and its oncogenic transformant VA13. J Biol Chem 2004,
279:34655-34664.

doi:10.1186/1753-6561-5-S8-P72
Cite this article as: Rodrigues et al.: Down-regulation of CD81 in human
cells producing HCV-E1/E2 retroVLPs. BMC Proceedings 2011 5(Suppl 8):
P72.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rodrigues et al. BMC Proceedings 2011, 5(Suppl 8):P72
http://www.biomedcentral.com/1753-6561/5/S8/P72

Page 3 of 3

http://www.ncbi.nlm.nih.gov/pubmed/17245356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17245356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17245356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16457654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16457654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16457654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17721874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17721874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7707540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7707540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18032515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18032515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3413107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3413107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7494248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7494248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21656710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21656710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11773042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11773042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11773042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8757260?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8757260?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1695320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1695320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1695320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15143068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15143068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15143068?dopt=Abstract

	Background
	Materials and methods
	Results and discussion
	Conclusions
	Acknowledgements
	Author 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


