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Figure S1. Schematic representation of the two-step evaluation 

A, First evaluation in a model system. The constructs that express MAGE-A4-specific 

codon-optimized-TCR α/β and siRNAs for rsGFP (5’-GGAGTTGTCCCAATTCTTG-3’) 

and DsRed-express (5’-GTAATGCAGAAGAAGACTA-3’) were transduced to SupT1 cells 

or SupT1/DsRed-rsGFP cells that express two different fluorescent proteins, rsGFP and 

DsRed-express. Expression level of the introduced TCR was estimated by anti-TCR α/β 

mAb staining. Gene knockdown effects of siRNAs were evaluated based on the MFI of 

DsRed-express and rsGFP. B, Further evaluation in the experimental PBMC system. 

The selected constructs that express MAGE-A4-specific codon-optimized-TCR and 

siRNAs specific for endogenous TCR α/β (siRNA-a04 and siRNA-b03) were transduced 

into PBMCs. Expression level of the ectopic TCR was determined by MAGE-A4143-151 

tetramer staining. Endogenous TCR α/β RNA were quantified.  

 

Figure S2. Selection by a model system  

A, Eighteen retroviral vectors expressing a MAGE-A4-specific codon-optimized TCR 

and siRNAs against two fluorescent proteins (rsGFP and DsRed-express) were 



constructed as indicated in Fig. 1. Two cell lines (SupT1 and SupT1/DsRed-rsGFP) were 

transduced with these retroviral vectors. The same volume of 10-fold diluted 

retroviruses were used. To compare the expression level of the introduced TCR, SupT1 

cells were stained with a PE-conjugated anti-TCR α/β mAb and analyzed using flow 

cytometry three days after transduction. On the same day, to compare the effects of the 

siRNAs, rsGFP and DsRed-express MFIs were measured by the flow cytometric 

analysis of the SupT1/DsRed-rsGFP cells. The MFIs were calculated as the percentages 

of the C-optiTCR-transduced cells. Vectors utilizing internal CMV promoter and 

utilizing splicing donor and acceptor showed little TCR expression without any siRNA 

inhibitory effect (PM01-PM06, PM09, PM10), series of shRNA constructs driven by pol 

III promoters (SH01-SH08) inhibited the expression of two fluorescent proteins with 

highest TCR expression levels, while vectors utilizing LTR promoter activity constructs 

(PM07 and PM08) showed slight siRNA effect and moderate TCR expression. These 

experiments were performed three times with similar results. Vectors with * were 

selected for further analysis. B, Eleven additional vectors were constructed that express 

the codon-optimized MAGE-A4-specific TCR and siRNAs against rsGFP and 

DsRed-express. SupT1 cells and SupT1/DsRed-rsGFP cells were transduced with the 

newly produced retroviral vectors along with SH03, SH07, and PM07 selected from the 



screening in A. The same volume of 20-fold diluted retroviruses were used. Three days 

after transduction, the SupT1 cells were stained with a PE-conjugated anti-TCR α/β 

mAb and the percentage of positive cells was measured using flow cytometry. The MFIs 

were calculated as the percentages of the C-optiTCR-transduced cells. SH11, SH14, and 

SH17 vectors which contains pol III promoters, could express siRNAs, whereas the 

expression level of TCR αβ were very low. These experiments were performed three 

times with similar results. Vectors with * were selected for further analysis. Some 

constructs of the pri-miRNA series, such as PM07 and PM11, exhibited only marginal 

inhibitory effects, but they were adopted for further analysis because there may be 

differences between the pri-miRNA processing abilities of SupT1 and PBMCs. 

 

Figure S3. Selection in the experimental PBMC system  

GALV-pseudotyped retroviruses were produced from the siTCR vectors selected in Fig. 

S2. These vectors expressed the codon-optimized MAGE-A4-specific TCR and siRNAs 

specific for the endogenous TCR α and β chains. Stimulated PMBCs were transduced 

with the siTCR vectors or a control C-optiTCR vector. A, Four days after transduction, 

PBMCs were stained with a FITC-conjugated anti-CD8 mAb and the PE-conjugated 

MAGE-A4143-151/HLA-A*2402 tetramer. The percentage of tetramer-positive cells among 



CD8-positive cells is shown. B and C, qRT-PCR was performed to quantify endogenous 

TCR α (B) and TCR β expression (C). The TCR RNA expression level was calculated as 

the percentage of C-optiTCR-transduced PBMCs. Results are representative of three 

independent experiments. These experiments were performed using three donor’s 

PBMCs with similar results. Vectors with * were selected for further analysis. 

 

Construction of TCR gene expression retroviral vectors 

    The sequence of the TCR α and β cDNAs from the HLA-A*2402-restricted 

MAGE-A4-specific CD8+ CTL clone 2-28 (26, 27) were codon-optimized by GeneArt Inc. 

(Regensburg, Germany). After codon-optimization of the MAGE-A4143-151-specific TCR α 

and β genes at GeneArt Inc. using their GeneOptimizer technology, more than 95% 

codons altered to most often used codon in human. The average GC content was 

changed from 48 to 60% and from 58 to 65% in TCR α and β respectively. Splice donor 

site and RNA instability motif were deleted. We designed the siRNAs sequence in 

TCR-Cα and -Cβ to be miss-matched to codon-optimized sequences. The ecotropic- and 

VSVG-pseudotyped retroviruses were transiently obtained by conventional methods 

using 293T cells. PG13 cells were transduced with transiently produced ecotropic 

retroviruses to produce GaLV-pseudotyped retroviruses.  


