
Antibodies 
The following monoclonal antibodies were used for fluorescence activated cell sorting For 
immunoprecipitation and western blotting experiments, anti–β3 integrin (N-20 and C-20, Santa 
Cruz Biotechnology, Santa Cruz, CA), anti–c-SrcPY418 (100F9, Cell Signaling Technology, 
Danvers, MA), Syk (N-19, Santa Cruz Biotechnology), anti-pTyr (PY99, Santa Cruz 
Biotechnology) and anti-β3PY747 (Biosource International, Camarillo, CA) antibodies were used. 
Peroxidase-conjugated secondary antibody (GE healthcare science, Arlington Heights, IL) was 
used for western blotting. 
 
Induction of outside-in signaling via integrin β3 by anti-mouse β3 integrin antibody, 
2C9.G2, in platelets 
Washed platelets were prepared from C57/BL6 mice as described previously.1 Platelets were 
incubated with 2C9.G2 or hamster IgG in Tyrode-Hepes buffer (137 mM NaCl, 12.1 mM 
NaHCO3, 2.7 mM KCl, 5 mM HEPES, BSA 0.1%, D-glucose 0.1%, 0.5 mM CaCl2, 1 mM 
MgCl2, pH7.4) for 15 min at room temperature. After incubation, the platelets lysed in lysis 
buffer (50 mM Tris-HCl (pH7.4), 150 mM NaCl, 1% Nonidet P-40, 0.5 mM EDTA, 0.1 mM 
PMSF, 10 µg/ml Leupeptin and 10 µg/ml aprotinin), and the lysates were subjected to 
immunoprecipitation with specific antibody and protein A or G Sepharose (Amersham 
Biosciences, Arlington Heights, IL) for 3 h at 4°C. Immunoprecipitated proteins were used for 
western blotting as described previously.1 
 
Whole transcriptome analysis using a SOLiD system 
After sorting 1,000–1,500 CD34−KSL cells, total RNA was extracted as previously described,2 
and first strand cDNA were synthesized using a SMARTer Pico cDNA amplification kit 
(Clonetech, Mountain View, CA). Double-stranded cDNA was then amplified by 20 cycles of 
PCR. The amplified cDNA was sheared into small fragments (80–130 bp) using a Covaris S2 
system (Covaris, Inc., Woburn MA), which was followed by the repair and subsequent ligation 
of SOLiD P1 and P2 adaptors to the ends of target DNAs. To amplify a pool of cDNA fragments, 
the ligated fractions were subjected to limited rounds of PCR using primers complementary to 
the P1 and P2 adaptor sequences. After purification of the cDNA fragments, emulsion PCR was 
run using 1-μm–diameter beads with P1 primers covalently attached to their surfaces. We then 
sequenced ~120,000,000 beads on a SOLiD sequencer (Applied Biosystems). All of these 
procedures were carried out according to the manufacturer’s instructions. After SOLiD 
sequencing, we analyzed the raw data using Applied Biosystems’ whole transcriptome software 
(http://www.solidsoftwaretools.com/). In addition, the expression signals were normalized by 
dividing the tag number of each gene by the total tag number. The whole transcriptomes obtained 
through SOLiD sequencing were analyzed using GeneSpring (Agilent Technologies). Following 
filtration based on p<0.05 and >2-fold change, the selected genes were subjected to hierarchical 
cluster analysis. In addition, whole transcriptomes were subjected to gene set enrichment 
analysis using GSEA v2.06 software available from the Broad Institute 
(http://www.broad.mit.edu/gsea). Changed gene sets were selected based on a threshold set at a 
p-value <0.05 and FDR (q-value) <0.25. 
 

 



DNA microarray analysis 
After CD34−KSL cells were cultured with 2C9.G2 or control IgG for 5 days in S-Clone SF-03 
medium supplemented with 50 ng/ml SCF and/or 50 ng/ml TPO, total RNA was extracted as 
described previously2 from 5,000 sorted CD48−KSL cells, a population containing putative HSCs 
after culture.3 Using the extracted total RNA, fluorescently-labeled cRNA was prepared with a 
ULS aRNA Fluorescent Labeling Kit (Kreatech, Amsterdam, The Netherlands), after which the 
cRNA was amplified using an OvationTM Aminoallyl System (NuGEN Technologies, San 
Carlos, CA). The prepared cRNA was then hybridized into Whole Mouse Genome (4 × 44K) 
arrays (Agilent Technologies, Santa Clara, CA). After washing with a Gene Expression Wash 
Pack (Agilent Technologies), the microarrays were scanned using an Agilent MicroArray 
Scanner (Agilent Technologies). All of these procedures were carried out according to the 
manufacturer’s instructions. The distribution of remaining average intensities for each chip was 
normalized to the quantile value for all chips, and the signal values for genes were normalized to 
the median value for all genes. The expression value (signal) and detection call (Present or 
Absent) for each probe set were calculated using Feature Extraction Ver.9.5.3 (Agilent 
Technologies). All experiments were performed in duplicate or triplicate using sorted cells that 
were independently prepared in separate experiments. To analyze the data, we first removed the 
probe sets that were used for quality control and consistently yielded high negative values, 
resulting in extraction of 35,791 genes. Additionally, all values less than 1 were set to 1 when 
addressing fold changes. To identify differentially expressed genes, we selected probe sets that 
showed more than a 1.4-fold upregulation or downregulation upon addition of 2C9.G2 to HSCs 
in the presence of TPO (Fig. S2). Genes from 2C9.G2-treated HSCs that showed more than a 
1.0-fold upregulation or downregulation only in the presence of SCF were filtered out of the 
selected probe sets so as to clearly identify the effects of the combination of TPO and outside-in 
signaling from β3 integrin (Fig. S2). Gene ontology analysis was performed using Onto-Express 
on the Onto-tools website (http://vortex.cs.wayne.edu/projects.htm). 
 
Single cell culture 
Single CD34−KSL cells were clonally sorted into the wells of 96-well U bottom plates (BD 
falcon, Franklin Lakes, NJ) and cultured with 2C9.G2 or hamster IgG for 5 days in the indicated 
medium. After 5 days, the total cell number was counted in the individual wells using a 
phase-contrast microscope. 
 
BrdU uptake assay 
To determine cell cycle rates in vivo, BrdU (100 mg/kg; BD Biosciences) was intraperitoneally 
injected into Wt and Y747A mice. Two hours after administration, the % BrdU+ cells were 
determined in individual mice using a BrdU Flow Kit (BD Biosciences). Following the 
manufacturer’s instructions, whole BMCs were stained with antibodies to detect CD34−KSL or 
CD34+KSL cells, and were examined individually. The cells were treated with DNase I for 1 h at 
37°C, stained with anti-BrdU antibody (BD Biosciences) and assayed using flow cytometry. 

 

http://vortex.cs.wayne.edu/projects.htm
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Table S1. Gene sets upregulated in Wt CD34−KSL cells, as compared to Y747A cells 
The whole transcriptomes of wild-type and Y747A HSCs were subjected to gene set enrichment analysis (GSEA), and the threshold 
was set at p-value <0.05 and FDR (q value) <0.25. The normalized enrichment score (NES) reflects the degree to which a gene set is 
overrepresented at the top or bottom of a ranked list of genes. Bold indicates the gene sets in which p<0.01 and q<0.1. 
 



 



 
 
 
Table S2. Integrin β3-mediated signaling contributes to successful ex vivo expansion of 
HSCs without loss of LTR activity per single HSC 
The results obtained with single-cell transplantation were used to determine HSC frequency 
among fresh CD34−KSL cells (Fig. 5D). HSC numbers were calculated from the total cell 
number and HSC frequency. Repopulation unit (RU) values reflect that ability in HSCs (see 
Materials and Methods). 
 

 



 

Table S3. Genes upregulated in 2C9.G2-treated HSCs cultured in the presence of TPO 
The values are the fold changes in 2C9.G2-treated vs. IgG-treated cells under the indicated conditions. A and P represent the 
detection calls “Absence” and “Presence,” respectively. 
 



 



 
  



 

Table S4. Genes downregulated in 2C9.G2-treated HSCs cultured in the presence of TPO 
The values are fold changes in 2C9.G2-treated vs. IgG-treated cells under the indicated conditions. A and P represent detection the 
calls “Absence” and “Presence,” respectively. 
 



 



 



 



 
 
 
 
 
Figure S1. 2C9.G2 induces phosphorylation of Tyr747 (pY747) of β3 integrin in mouse 
platelets 
Washed platelets were incubated for 15 min in the presence of 2C9.G2 or IgG, after which cell 
lysates were prepared. After immunoprecipitation using anti-β3 integrin or anti-Syk antibodies, 
western blotting was carried out with the indicated antibodies. 
 

 



 
 
 
 
Figure S2. TPO did not enhanced expression of β3 integrin on HSCs 
One thousand sorted Wt CD34−KSL cells were cultured for 5 days in the presence SCF or TPO. 
Following the culture, the level of integrin β3 expression was determined by flow cytometry. 
“Fresh” indicates uncultured CD34−KSL cells. The histograms depict expression of integrin β3; 
the graphs depict the relative mean fluorescence intensity (MFI). Data are means ± S.D 
(*p<0.01). 
 

 



 
 
 
Figure S3. Natural ligands have little effect on HSC expansion 
One thousand sorted Wt CD34−KSL cells were cultured for 5 days on plates coated with the 
indicated ligand, with or without Mn2+ in the presence of TPO. (A) The percentages of KSL and 
CD48−KSL cells were determined by flow cytometry after culture. The values in the dot plots are 
means ± S.D. (B) After the culture, total cell numbers were also counted. The graphs show the 
fold-increase of total cell number after 5 days of culture. Data are means ± S.D. 
 

 



 
 
 
 
Figure S4. 2C9.G2 suppresses cell division during ex vivo expansion of HSC 
Single CD34−KSL cells were cultured with 2C9.G2 or IgG in 96-well plates. The Y-axis shows 
the % observed wells among the 96 wells in each plate, and the X-axis shows the number of cells 
derived from the single cells in the individual wells after 5 days of culture. Data are means ± S.D 
(**p<0.05, *p<0.01, n=6 of independent experiments). 
 
 

 



 
 
 
 
Figure S5. Y747A mutation has little effect on the cell cycle state of HSCs in vivo 
The frequency of BrdU+ cells among BMCs was examined using flow cytometry 2 h after 
administration of BrdU. The graphs depict the % BrdU+ cells among the indicated populations. 
Data are presented as means ± S.D. (*p<0.01, n>3). 

 


