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ABSTRACT
Background: Importance of human immune system is needed to be evaluated early in preclinical relevant model in various therapeutic areas as cancer biology, 
hematopoiesis, innate and adaptive immunity, autoimmunity, allergy, infection diseases, vaccine development and transplantation. Humanized mice, i.e. immunodeficient
mice engrafted with human hematopoietic cells, could be an appropriated powerful tool. However, the “optimal” humanized mouse is not fully defined and many parameters 
such as mouse strain, preconditioning treatment and human cell selection are of importance for quality and relevance of this preclinical model. We mainly focused on 
humanized mice in cancer therapy area and on the development of this tool as relevant model for preclinical evaluation of antibody and in particular as a way to highlight 
the in vivo antibody-dependent cell-mediated cytotoxicity (ADCC). Aims of this study were first to define optimal conditions for the engraftment of human NK cells in 
immunodeficient mice and second to validate a tumor-bearing humanized mouse model.
Methods: Various SCID background, patent-free strains of mice (CB17-SCID, NOD-SCID, SCID-Bg), various preconditioning regimens (whole body irradiation, mouse NK 
cell-depleting antibody), various route of transplantation (IP, IV) as well as various criteria to select human immune cells (PBMCs, Stem cells, FcγRIIIa 158 V/V) were 
tested. Absolute circulating human cell number using multicolor flow cytometry as well as quantification of human IgG by ELISA were performed on mouse blood and used 
as endpoint to validate the mouse humanization. Human BT-474 breast subcutaneous (SC) tumor-bearing NOD-SCID humanized mice were developed using trastuzumab
(Herceptin®) as therapeutic antibody.
Results and conclusions: When preconditioned, i.e. whole-body irradiated and treated with mouse NK cell-depleting antibody, NOD-SCID mouse is a suitable mouse 
background. Both IV and IP transplantations of human PBMCs, selected based on NK proportion and/or phenotype are appropriated. Engraftment of human cells is more 
rapidly achieved by the IV route and as a consequence graft-versus-host disease appeared also more rapidly. Source of human hematopoietic cells, method of selection as 
well as phenotype of human cells were key factors for the humanization process. Growth of BT-474 SC tumor was validated in humanized NOD-SCID mice whatever 
phenotype of human PBMCs donor. Herceptin® antitumor activity was improved according to the FcγRIIIa phenotype i.e. FcγRIIIa V/V NK cells being more potent than F/F.

Selection of PBMCs donors
based on the CD16 (FcγRIII) polymorphism

PRELIMINARY REQUIRED

CONDITIONS
Whole body irradiated NOD-SCID mice
Estradiol supplementation in drinking water
Tumor cells:BT-474 SC (matrigel)
Randomisation parameters: TV, circulating hNKs, circulating hu IgG...
First treatment:100-200 mm3

hPBMCs IP:5x107 cells/500 µl/mouse (V/V or F/F)
Herceptin® / IgG:0.1, 1 and 10 mg/kg/inj
Treatment Schedule:(Q3Dx2)x3

Humanized mouse model for in vivo antibody-dependent cell-mediated cytotoxicity evaluation
J.F. Mirjolet, C. Mignard, M. Hillairet de Boisferon, O. Duchamp, F. Bichat,  P. Genne

Oncodesign Biotechnology, Dijon, France

Animal experiments were performed
according to ethical guidelines of 
animal experimentation and the 
English guidelines for welfare of 
animals in experimental neoplasia. 
All procedures with animals were
submitted to the Animal Care and 
Use Committee of Pharmacy and 
Medicine University (Dijon)
(1) 2008 AACR poster #1039, 
Oncodesign/UCB-Celltech

I
M
M
U
N
O
D
E
F
I
C
I
E
N
C
Y

NudeMouse
Athymic -No T cells
Humoral immunity intact
High NK cell activity

CB17-SCID Mouse
No T cells or B cells
Moderate NK cell activity
Radiosensitive

NOD-SCID Mouse
Defects in Innate Immunity
Reduced NK cell function
Impaired macrophage activation
Defective DC maturation
Lack of hemolytic complement

NOG / NSG Mouse
Defects in Innate & Adaptative Immunity
No NK cell function
Impaired macrophage activation
Lack of hemolytic complement

IgG Herceptin

BT-474 tumor cells
expressing Her-2

SC BT-474 tumor
expressing Her-2

Target Expression

In vitro ADCC- mediated activity
of antibody (51Cr release)

Raji + Rituximab + Purified IL-2 activated hNKs
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Selection of PBMCs donors
based on the huNK level

% CD56+CD16+    from 4.1 to 18.9 %     mean 8.3 ± 4.3%    (n=11)

4.1% 12.5% 18.9%

NK (CD16)
3G8MEM-154

F/F

V/F

V/V

The latest developments in antibody engineering are allowed the generation of superior antibody therapeutics, with strategies ranging 
from complement-mediated and ADCC enhancement. Consequently, the development of a small animal model, with a human immune 
system, is needed for evaluating these agents.

Host mouse strain, PBMC source, selection of human donor cells, irradiation, tumor expressing target are several factors to consider.
Based on our experience, we optimized a panel of experimental conditions and acceptance criteria to succeed in the preclinical

evaluation of these new therapeutics antibodies.

CONCLUSIONS

Choice of suboptimal dose of 
Herceptin® in BT-474 tumor model
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No effect of PBMCs on BT-474 
tumor growth
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Selection of humanized mice
based on the huIgG level

12%

12%
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76%

Donor #1
n=34

11% 0%

78%

11%

Donor #2
n=25

12%

12%

76%

0%

0 µg/ml < 100 µg/ml between 100 and 700 µg/ml > 700 µg/ml

Donor #3
n=20

hCD3-

hCD3-hCD56+hCD16+
hNK cells

Selection of humanized mice based on the huNK level
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Humanization of mice proportional to 
huNK level in original PBMCs (1)

PBMC from 3 different donors (D1, D2 and D3)
and sacrifice at day 18 or day 25 after irradiation.
aOne dead mouse per group. bOne mouse discarded per group.
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In vivo proof of concept

median range - range + median range - range + median range - range +
F/F (n=4) 1.031 0.789 1.754 0.043 0.030 0.055 0.041 0.024 0.057
V/F (n=5) 1.188 0.467 1.318 0.476 0.406 0.589 0.447 0.381 0.529
V/V (n=1) 0.901 - - 0.719 - - 0.798 - -

Granulocytes NK NK corrected
ratio MFI FITC MEM-154/3G8

Mouse Strain

0.4

0.6

0.8

1.0

1.2

27 28 31 34 39 42 46

Time post tumor cell injection (days)

H
er

ce
pt

in
vs

 Ig
G

re
la

tiv
e 

tu
m

or
vo

lu
m

e 
ra

tio hNK Phe/Phe phenotype

hNK Val/Val phenotype



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 /OK
  /DownsampleColorImages false
  /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 false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


