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1. Lentivirus System for shRNA based RNAi
Optimized selection of transduced RAW264.7
using different lentivirus vectors:

a) UGIP    = GFP/IRES1/puromycin
b) UGI2P  = GFP/IRES2/puromycin
c) UGIH   = GFP/IRES1/hygromycin

Lentiviral-transduction of RAW264.7 cells for stable shRNA-mediated RNAi
Tamara Roach†, Bob Rebres† and Iain Fraser‡

†Macrophage Biology Lab., San Francisco and ‡ Molecular Biology Lab., Pasadena

RNA Interference (RNAi)
RNAi is a powerful technology for the post-transcriptional manipulation of gene expression that

has revolutionized the analysis of gene function in lower organisms. Stable ‘gene silencing’ or 
‘knock-down’ of target proteins in mammalian cells has been developed in multiple labs by utilizing 
small hairpin dsRNAs or shRNAs. In mammalian cells, these short dsRNA fragments evade 
antiviral resonses, such as the production of interferon, that are seen with longer dsRNA
fragments.

Advantages of target knock-down using shRNA-mediated RNAi:
• shRNA sequences (carried on plasmids) can be stably expressed
• Transduced cells can be selected by using antibiotics or sorting, 

resulting in populations of >95% carrying vector sequences
• Lines can be expanded for extensive experimentation
• Lines can be frozen and thawed
• Replicate lines can be used to verify phenotypes
• Multiple knock downs can be achieved in the same line

A disadvantage of using stable shRNA-mediated RNA:
Selection of populations can result in outgrowth of ‘abnormal’ cells. Hence phenotypes
require verification by testing replicate lines transduced with shRNA against the same
target.  We also tested selection conditions to maximize survival of transduced cells.

AIMS: 1. Optimize lentivirus systems to maximize selection of transduced cells

Results 1: Optimization of antibiotic selection of transduced RAW264.7 Results 2: Phenotypes for shRNA expressing RAW264.7

Conclusion and summary:

Approaches to validation of RNAi phenotypes:
293TVSVG-envelope plasmid

Vector plasmid
(carries shRNA, markers, selection)

Gag/pol/rev plasmid

Replication-deficient lentivirus
carrying target shRNA sequences

Select/sort transduced cells
(GFP, hCD4, FLAG-CD7)

Infect RAW264.7

Production of lentiviruses carrying shRNAs
Initial targets for the testing of shRNA-based 
RNAi were selected using the AfCS ‘parts list’
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shRNA-mediated RNAi:  multiple phenotypes for C5a 
and IgG2a, fewer for UDP

No. Target line # C5a
UDP or 
UTP(‡) IgG2a C5a

UDP or 
UTP(‡) IgG2a

Receptors 1 C5aR 1 0.41  1.01‡ (not done) 0.0001 ns (not done)
2 0.42   0.94‡ 0.82 0.0001 ns ns

2 CD64 1 1.27 1.33 0.44 ns 0.0002 0.0001
3 P2Y2R 1 1.51   0.80* 1.21 0.0008 0.0066 ns

G-proteins 4 Gα i2 1 2.41   1.04‡ 1.34 0.0001 ns ns
and related 2 2.10 1.33 0.98 0.0001 ns ns

5 Gα i3 1 0.91 1.08 1.48 ns ns 0.0163
6 Gαq 1 1.17 0.56 1.98 ns 0.0001 0.0001
7 Gβ1 1 0.91  1.03‡ 0.49 ns ns 0.0101
8 Gβ2 1 0.48  0.85‡ 0.24 0.0064 ns 0.0001

2 0.02  0.82‡ 0.87 0.0001 0.0128 ns
3 0.49 1.21 0.61 0.0015 ns 0.0015

9 Gβ4 1 1.11 1.28 1.71 ns 0.0012 0.0009
10 Gβ5 1 1.50 1.04 1.58 0.0002 ns 0.0002
11 GRK2 1 2.11 0.76 1.49 0.0013 0.0003 0.0041
12 Arr3 1 1.33 1.00 1.14 0.0157 ns ns

PI Metabolism 13 PTEN 1 3.31 0.71 0.89 0.0003 0.0001 ns
2 1.45 0.99 1.03 0.0158 ns ns

14 SHIP1 1 1.33 1.03 1.75 0.0251 ns 0.0001
15 PI3K p85α 1 0.98 1.14 0.48 ns ns 0.0001
16 PI3K p85β 1 0.44 0.98 0.35 0.0001 ns 0.0001
17 PI3K p110α 1 0.46 0.76 0.66 0.0270 0.0105 0.0028
18 PI3K p101 1 1.40 1.44 2.10 ns 0.0022 0.0006
19 PI3K p110γ (hp1) 1 0.90 1.01 1.19 ns ns ns

PI3K p110γ (hp2) 2 1.87 1.40 1.02 0.0485 0.0142 ns
20 PDK1 1 1.01 0.92 1.00 ns ns ns
21 PLCβ2 1 0.78 0.94 1.94 ns ns 0.0083
22 PLCβ3 1 0.58 1.01 0.87 0.0085 ns ns
23 IP3R1 1 0.81 0.86 1.21 ns ns ns
24 IP3R2 1 1.15 1.02 1.95 ns ns 0.0001
25 IP3R3 1 0.90 1.13 1.16 ns ns ns
26 SERCA2 1 1.16 0.86 0.75 ns ns ns

Tyrosine Kinases/ 27 Tec 1 1.79 1.26 1.93 0.0001 0.0004 0.0276
   docking proteins 28 Btk 1 0.82 1.10 0.98 ns ns ns

29 Lyn 1 2.70 1.33 2.60 0.0001 0.0143 0.0003
30 Hck 1 0.34 0.98 0.51 0.0001 ns 0.0001
31 Gab2 1 0.53 0.92 0.8 0.0001 ns 0.0409

Decreased = <0.7 Decreased
Peak Ca2+                    

(fraction of control)
p-values                      

(2-tailed t-test)

Significant Phenotypes (t-test)
Elevated = >1.5 Elevated

No change = 0.7 - 1.4 No change (p>0.05 (ns))

Estimated Phenotype Cutoffs

[Ca2+]i flux
P-proteins (WB)

293T transfected

~48 hrs

Centricon™

10cm

Virus supernatants collected
(titers 2 to 10 x 106/ml)

100x

Viruses concentrated, titered
aliquoted and frozen

Infect 106 RAW (MOI 5-10) 

Production of stable shRNA-transduced RAW264.7 
lines takes < three weeks

After 1 to 2 weeks of drug 
selection or sorting (x2)
>90% Transduced RAW

Check target knock-down 
(RNA/ protein)

Freeze cells

Function assays (over 2 weeks)

C5a, UDP 
IgG2a+IgG

1.5 weeks

1.5 weeks

• Cells surviving selection <<GFP+ fraction
• Must optimize survival of GFP+’s to minimize clonality & maximize throughput

• Narrow range of conditions between too little/too much selection pressure
• 5-10% of GFP+ cells survived initial selections
• 20-100% of GFP+ cells survive refined selection conditions (variable)

Selection Parameter Selection Pressure
[Puro] (ug/ml) 1 2 4

none moderate strong

Cell Density 0.5 1-1.5 2-4
(plating, x106/10ml) strong moderate none

IRES-Puro / IRES2-Puro ∆ amount of Puro-R gene translation?
(Caltech)

Puromycin vectors (made with IRES1 or 2) did not 
confer robust resistance in RAW264.7

Proportions of the transduced RAW264.7 cells surviving 
antibiotic selections varied with lentiviral vectors.

Hygromycin had the best survival rate for transduced cells
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Production of shRNA-transduced RAW264.7 lines

Virus production Replicate assays
Freeze lines

Current production is 4 experimental shRNA-
transduced RAW264.7 lines per week

• Each of four different shRNAs is simultaneously 
produced and tested together with a vector control

• Initiation of 4 lines every week (+control) allows the 
production and assay of ~16 shRNA transduced lines 
per month.

Week 1 2 53 4

Week 1 2 53 4

Week 1 2 53 4

2. Interruption of cell signaling using RNAi
• Chose 3 ligands: C5a, UDP and IgG2a
• Focused on signaling pathways proximal to Ca2+

and PIP3 generation.
• Assayed [Ca2+]i flux as an output for interruption

of signaling
• Used lentivirus transduction of shRNA-based

RNAi to achieve target knock-down

AIMS: 2. Obtain an initial dataset using RNAi against FXM target proteins

BACKGROUND

Resistance Antibiotic [ ] Cell Density
Puromycin <0.5 0.5
Hygromycin B        4 8

Fold change in variable which 
could be tolerated by transduced cells

• Replicate lines with different shRNAis

• Alternate KD strategy (antisense, siRNA)

• Microarrays to look for off-target effects

• Knockdown reversal

• Test (and confirm) a likely hypothesis 
(e.g., with a 2nd knockdown)

• Using prescreened shRNA sequences, target knock-down was
>80% in almost all transduced lines, >90% in two-thirds, and
>99% in one third

• 37 Lines have been studied, covering 31 targets (more in the
pipeline, at rate of 4/week)           

• Apart from receptor knock-downs, alterations in signaling 
were observed in:   
Half of responses to IgG2a
One-third of responses to C5a
Only one response to UDP (more supported statistically)

• Expected phenotypes are usually (but not always) detected;
Unexpected phenotypes were frequent.

• Results could be replicated

RNAi can be efficiently used in RAW264.7 cells



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2592.000 1296.000]
>> setpagedevice


