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Abstract
A novel α/β T-cell clone with broad reactivity against human clear cell renal cell carcinomas
(RCC) was generated from a patient with renal cancer. The T-cell receptor (TCR) from this clone
recognizes soluble TNF-related apoptosis inducing ligand bound to death receptor 4, a complex
found on the surface of nearly all RCC. In this study, we modified this novel TCR by introducing
amino acid (AA) substitutions in its complementarity determining region 2 (CDR2) and CDR3
regions of both chains, to increase its activity. We demonstrated that tumor recognition by PBL,
retrovirally-transduced with these TCRs, was decreased or unchanged by substitutions in the TCR
beta chain, and in the CDR2α region. Yet some AA substitutions in the CDR3α region at positions
109 and 112 could augment tumor recognition. Specifically, substituting phenylalanine for
tyrosine at AA109 (109Y-F) and alanine or lysine for serine at AA112 (112S-K or 112 S-A)
augmented tumor recognition. Increased benefit was seen on combining both AA substitutions and
a retrovirus encoding the modified TCR 109Y-F/112S-K conferred the best tumor recognition to
transduced PBL. This modified TCR retained the recognition pattern of parental clone HC/2G-1
against RCC lines, other tumors and normal tissues. These results document that CDR3α plays an
important role in the interaction of the HC/2G-1 TCR and its novel ligand. A phase I/II clinical
trial, adoptively transferring autologous PBL transduced with this modified TCR has just begun in
patients with metastatic RCC.
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1. Introduction
Adoptive transfer of tumor-reactive T cells created by introducing a tumor-reactive T cell
receptor (TCR) into PBL has induced major objective responses in patients with metastatic
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melanoma and synovial cell sarcoma ((Hughes et al., 2005; Morgan et al., 2006; Johnson et
al., 2009) and preliminary findings). Finding new TCRs recognizing antigens in non-
melanoma tumors could greatly extend this new therapeutic approach. Although renal cell
carcinoma (RCC) has been considered as immunogenic as melanoma based on its response
to IL-2 therapy, identifying T-cells that recognize human RCC has been very difficult
(Brossart et al., 1998; Flad et al., 1998; Gaudin et al., 1999; Ronsin et al., 1999; Vissers et
al., 1999; Hanada et al., 2001).

We established a method of generating renal tumor-reactive T cells by stimulating PBL from
metastatic RCC patients with dendritic cells presenting UV-irradiated apoptotic tumor cells
with completely autologous reagents (Wang et al., 2005). Both CD8 and CD4 T cells
recognizing RCC tumors in the context of MHC class I or II were generated. In addition, we
identified a CD4+ T cell clone (HC/2G-1) that possessed several unique characteristics with
advantages for immunotherapy (Wang et al., 2008). First, HC/2G-1 had broad reactivity
against nearly all human clear cell renal tumors, and tumor recognition was not restricted by
MHC haplotype (Wang et al., 2008). These features made it potentially applicable to nearly
all RCC patients. Second, tumor recognition was TCRα/β mediated, as introducing the TCR
α (TRAV14/DV4*02/J50*01) and β (TRBV20-1/J1-1*01) chains isolated from clone HC/
2G-1 into allogeneic lymphocytes conferred reactivity against renal tumors(Wang et al.,
2008). Subsequent studies revealed that HC/2G-1 recognized soluble TNF-related apoptosis
inducing ligand (TRAIL) bound to its receptor, death receptor 4 (DR4 or TRAIL-R1;
submitted for publication). Renal tumors not only express DR4 on their surface but also
have a cell-surface protease which releases membrane-bound TRAIL from the T-cell surface
(i.e. matrix metallopeptidase 14; MMP14). These features, combined with the ability to
confer tumor recognition by retroviral transduction of the TCR made the HC/2G-1 TCR an
attractive candidate for gene-transfer and T-cell therapy. However, PBL transduced with this
TCR were not as active as the parental clone. In order to enhance its function, we modified
the complementarity determining regions (CDRs) of HC/2G-1 TCR, as has been done for
conventional MHC-restricted TCRs (Manning et al., 1998; Robbins et al., 2008). These
modifications were not only directed at developing a vector for clinical studies, but also
were important in understanding the nature of the structural basis of TCR interaction with
this unprecedented ligand. It was not clear if the ligand-TCR interaction was more similar to
binding of an MHC-peptide moiety or like the binding of a superantigen to constatnt region
of the TCR-β. The mutation-sensitive domains of the TCR of HC/2G-1 could yield clues as
to the nature of this unique recognition mechanism.

2. Materials and Methods
2.1. Cell lines and primary human cell cultures

Tumor lines from RCC patients were established as previously described (Wang et al.,
2005). RCC lines were maintained in DMEM (Invitrogen) including 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA), 10% Tryptose phosphate (Sigma, St. Louis, MO), 1x
Insulin-Transferrin-Selenium (Invitrogen) and 1 x sodium pyruvate (Invitrogen). Tumor
lines and normal human primary cultures including fibroblasts, endothelial cells and
melanocytes used as controls in experiments were obtained from Surgery Branch
Laboratories (National Cancer Institute, Bethesda, MD), and maintained in RPMI 1640
(Invitrogen) with 10%FBS. Human primary renal epithelial cells were purchased from
Lonza Group Ltd. (Walkerrsville, MD) and cultured in the medium provided by the
manufacturer. HLA types of HC/2G-1 sensitive tumor lines were listed in Table 1.
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2.2. Generation of retroviral constructs encoding the native HC/2G-1 TCR
cDNAs encoding HC/2G-1 TCR α (TRAV14/DV4*02/J50*01) and β (TRBV20-1/J1-1*01)
chains were cloned into the pMSGV1 plasmid, which is a derivative of the murine stem cell
virus-based splice-gag vector (pMSGV), as described in previous publications with some
modifications (Zhao et al., 2005). Briefly, TCR α and β chain cDNAs were amplified by
PCR using the following pairs of oligonucleotide primers: TCR α forward 5′-
TCTAGCCATGGCACTTTCTAGCCTGC-3′ and reverse 5′-
ATAGCGGCCGCTCAGCTGGACCACAG-3′; TCR β primer forward 5′-
ATCTACTCGAGATGCTGCTGCTTCTGCTGCTGCTTCTG-3′ and reverse 5′-
TCTGCAGAATTCGGCTTCAGAAATCCTTTCTCTTG-3′ to introduce appropriate
restriction enzyme sites for subcloning. The complete vector was assembled by ligation of
four DNA fragments: pMSGV1 (NcoI/EcoRI), TCR-α cDNA (NcoI/NotI), internal
ribosomal entry site (IRES) (NotI/XhoI), and TCR-β cDNA (XhoI/EcoRI) (Figure 1A).

2.3. Genetic modification of the native TCR by mutagenesis
The native TCR was used as the template for genetic modification. Mutagenesis was
performed using Stratagene QuickChange site-directed mutagenesis kit (Stratagene,
Wilmington, DE). The mutagenic primers were designed based on the recommendations
from the manufacturer, where two complimentary oligonucleotides were synthesized
containing the desired mutation flanked by an even number of unmodified nucleotide
sequence. PCR reactions were then performed using pfuUltra II Fusion HS DNA
polymerase (Stratagene) to prevent mutations in the backbone of the vector. After PCR, 1μl
of the Dpn I restriction enzyme was added to each amplification reaction to digest the
parental supercoiled dsDNA. The PCR product was then used to transform Top10 competent
cells, and 8 colonies from each product were picked for verification by sequencing.

Retroviral supernatants were generated by co-transfection of 293GP cells with the retroviral
vector and an envelope protein (RD114) using lipofectamine 2000 (Invitrogen) as described
previously (Robbins et al., 2008). The supernatants were harvested after 48 hours and used
for transducing anti-CD3 stimulated PBL.

2.4. Retroviral transduction of anti-CD3 stimulated PBL
PBL from allogeneic donors were stimulated with soluble OKT-3 (50ng/ml) and IL-2 (300
IU/ml) for 2 days before transduction was performed. The stimulated cells were added to 24-
well plates initially coated with RetroNectin (10μg/well in 400μl of PBS; Takara Shuzo,
Japan) and subsequently pre-coated with retrovirus by spinoculation (2000xg, 32°C, 2hrs) or
incubation at 37°C for 4hr at 5 × 105/ml. The plates were then centrifuged at 1000 × g for 10
min and incubated overnight at 37° C in a 5% CO2 incubator. This procedure was repeated
the next day and cells were split as necessary to maintain cell density between 0.5 and 1 ×
106 cells/ml. Transduction efficiency was determining by analyzing Vβ2 expression of
retrovirally-transduced cells.

2.5. FACS analysis and Cytokine release assay
Immunophenotypes of retrovirally-transduced cells were assessed using FITC- or APC-
conjugated Ab against CD3 (BD Biosciences, San Jose, CA), and PE- or FITC- conjugated
Ab against Vβ2 on a FACScanto II flow cytometer (BD Biosciences).

Functional analysis of genetically-modified T cells was performed using an IFN-γ
production assay as described previously with some modifications (Wang et al., 2008).
Briefly, retrovirally-transduced cells (1 × 105) were co-cultured with 5 × 104 cultured renal
tumor cells or control cell lines at 37°C, 5% CO2 overnight and tested for IFN-γ secretion.
For parental clone HC/2G-1, 1× 104 effector cells were used in the co-culture assay.
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3. Results
3.1. Evaluation of alanine substitutions in CDR2 and CDR3 of HC/2G-1 TCR

To make modifications of HC/2G-1 TCR, we first isolated the native α (TRAV14/DV4*02/
J50*01) and β (TRBV20-1/J1-1*01) chains from clone HC/2G-1 and constructed a
pMSGV-1-based retroviral vector according to the schematic shown in Figure 1A. To
confirm its function, anti-CD3 stimulated allogeneic PBL were transduced with the
retrovirus encoding the native HC/2G-1 TCR and tested for reactivity against renal tumors.
As shown in Figure 1B, in an IFN-γ release assay, retrovirally-transduced PBL recognized
all renal tumor lines except for RCC #11, similar to the HC/2G-1 T-cell clone. None of the
melanoma lines were significantly recognized. Because TCR avidity appears important in
the adoptive therapy of metastatic melanoma patients (Johnson et al., 2009), we tried to
modify HC/2G-1 TCR to identify a better TCR for immunotherapy. We first introduced
alanine substitutions by mutagenesis at each position of the CDR2 and CDR3 regions of the
α and β chains using the retroviral vector encoding the native TCR as the template. If
alanine was the native amino acid, no substations was made. In total, 28 modified retroviral
vectors were tested; 7 from CDR2α (position 56 to 62), 8 from CDR3α (position 107 to
115), 6 from CDR2β (position 56 to 61), and 7 from CDR3β (position 107 to 115) (Figure
1C). Retroviral supernatants of each modified TCR were collected for transducing anti-CD3
stimulated allogeneic PBL. Both Vβ2 expression and tumor recognition of retrovirally-
transduced PBL for each modified TCR as well as the native TCR were assessed. All
transduced PBL showed distinct and similar Vβ2 expression (approximately 28–43% of
anti-CD3 stimulated cells expressed Vβ2) except for one vector which failed to express Vβ2
(position 58 of CDR2α; data not shown). After several unsuccessful attempts, this variant
was not pursued further. The reactivity of PBL transduced with the remaining 27 vectors
were further tested and compared to the native TCR by IFN-γ production (Figure 2).
Introducing alanine substitutions in CDR2α, CDR2β or CDR3β had either no impact or
reduced T cell reactivity. No enhancement of recognition was seen in any of these regions.
Alanine substitutions in CDR3α could elicit either reductions or improvement in function at
different positions, in that an alanine substitution at position 112 (112S-A) resulted in
moderate enhancement of IFN-γ production against HC/2G-1-sensitive RCC lines #6, 7, 8
and 10 compared to the native TCR without altering the reactivity against control lines such
as RCC#11 and melanoma lines 624, 938 and 1300, whereas modifications at the other six
positions reduced or eliminated T cell reactivity.

3.2. Effect of single AA Substitution in CDR3α
After discovering the potential for the CDR3α region to enhance TCR recognition, we
looked at other AA substitutions that might be more effective. Conservative substitutions
were tried at positions where alanine reduced activity and non-conservative substitutions
were introduced at position 112 where serine apparently had a detrimental effect. We made
13 additional retroviral vectors introducing single AA substitutions at positions 108 (E-Q or
E-D), 109 (Y-F or Y-W), 112 (S-T, S-Y, or S-K), 113 (Y-F or Y-W), 114 (D-E or D-Q), and
115 (K-R or K-H) (Figure 3) (Numbering of AA in CDRs is by consensus, so not all TCRs
contain all AA positions). Similar to the alanine substituted vectors, Vβ2 expression of
retrovirally-transduced PBL was comparable between the modified vectors (50~56% Vβ2+;
Data not shown). However, tumor recognition by these transduced PBL varied widely
among these vectors. As shown in Figure 3, conservative substitutions at position 113 had
minimal impact compared to the native TCR, whereas all modifications at positions 108,
114 and 115 reduced or eliminated function, as demonstrated by IFN-γ production by
retrovirally-transduced PBL co-cultured with multiple HC/2G-1-sensitive and resistant
tumor lines. In contrast to these findings, different AA substitutions at positions 109 and 112
generated divergent patterns of tumor recognition, in that 109Y-F and 112S-K augmented
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while 109Y-W and 112S-Y or 112S-T reduced reactivity compared to the native TCR. In all
cases, PBL transduced with reactive modified TCRs showed recognition patterns very
similar to parental clone HC/2G-1 and the wildtype TCR, and no significant increases in
recognition of negative control tumors were observed.

3.3. Effect of dual AA substitutions in CDR3α
Since 109Y-F, 112S-A and 112S-K augmented tumor recognition of retrovirally-transduced
PBL, they were tested in combination. Two modified TCRs were constructed, combining
109Y-F with either 112S-A or 112S-K (109Y-F/112S-A or 109Y-F/112S-K). Again, both
vectors were highly expressed with no difference in Vβ2 expression (Data not shown).
However, consistent differences in tumor recognition by multiple-donor PBL transduced
with these modified TCR were observed (one representative donor shown in Figure 4). The
improvements form single AA substitutions were again observed; and combining 109Y-F
with 112S-A produced only a small improvement over 109Y-F alone. However, 109Y-F
combined with 112S-K was consistently much more reactive than all other modifications,
with no significant increase in background reactivity by IFN-γ release assay. Thus, the
CDR3α 109Y-F/112S-K modified TCR was chosen for further optimization and clinical
retroviral supernatant production.

3.4. Evaluation of clinical-grade HC/2G-1 TCR (109Y-F/112S-K)
We next tested different “self-cleaving” 2A peptides as linkers between the TCR α and β
chains. These 2A peptides mediate a complete cleavage between proteins transcribed from a
single RNA sequence (Szymczak et al., 2004; Robbins et al., 2008; Johnson et al., 2009).
We also codon-optimized the modified TCRs (GENEART), to determine if this enhanced
expression or function as seen with other TCRs (Scholten et al., 2006). All of these variants
functioned well and no significant differences were detected in Vβ2 expression or tumor
recognition by PBL from multiple donors transduced with these retroviruses (Data not
shown). Therefore, a final retroviral vector design was selected based on other retroviral
vectors used in clinical trials at the Surgery Branch, NCI, consisting of a pMSGV-1
backbone, codon-optimized α chain with dual AA substitutions (109Y-F/112S-K) and β
chain separated by the T2A self-cleaving peptide from the insect virus Thosea asigna.

Clinical-grade supernatant was generated and tested for expression and function (Figure 5).
As shown in Figure 5A, high-level Vβ2 expression was detected in over 50% of CD3+ T
cells in transduced PBL. PBL transduced with clinical-grade retrovirus was tested against a
panel of renal tumor lines, melanoma lines, adenocarcinoma lines, as well as normal tissues
including fibroblasts, human renal epithelial cells (HRE), human endothelial cells, and
human melanocytes (Figure 5B). Similar to our previous findings with clone HC/2G-1,
retrovirally-transduced PBL recognized all renal tumors except for RCC#11which is HC/
2G-1 resistant. It had no reactivity against melanomas, but showed recognition of two breast
tumor lines (MDA231 and MDA386) and a non-small cell lung cancer line (H2087)
compared to untransduced PBL. No reactivity to normal tissue lines were seen except for
very weak reactivity against human renal epithelium. Since DR4, TRAIL and MMP14 are
three important components in HC/2G-1 recognition (submitted for publication), we
checked expression of DR4, TRAIL and MMP14 on MDA231, MDA386 and H2087 by
flow cytometry. All of the tumors expressed MMP14, but not membrane-bound TRAIL
(data not shown). Expression of DR4 could be detected on MDA231, which is the best
recognized non-RCC tumor. No clear and consistent expression of DR4 on MDA386 or
H2087 was detected by antibody staining, implying T-cell recognition may be a more
sensitive assay (data not shown). Furthermore, expression analysis of DR4 showed that it
was absent on all normal tissues examined, except for UND8, which had weak expression
(data not shown). These results indicate that this functionally-enhanced TCR derived from
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the native HC/2G-1 T-cell clone confers broad recognition of human renal cancers,
irrespective of MHC haplotype and preserve the specificity of the parental clone. Thus, PBL
retrovirally transduced with this TCR may have applicability in adoptive cell transfer trials
to nearly all patients with clear cell RCC.

4. Discussion
RCC has been shown to respond to immunotherapy with a 20% response rate following
administration of high-dose IL-2 and a 5–7% cure rate seen in selected patients with
metastatic disease (Yang et al., 2003). In patients with melanoma, a cancer with similar
responses to IL-2, additional progress has been achieved by transferring large numbers of in
vitro expanded tumor-reactive T-cells to patients (Dudley et al., 2002; Dudley et al., 2005;
Dudley et al., 2008). However, there has been little progress in treating metastatic RCC
patients with adoptive T-cell transfer due to difficulties in obtaining T-cells which recognize
RCC. The primary source of tumor-reactive T cells in patients with melanoma has been
from tumor infiltrating lymphocytes (TIL) where simple culture of resected tumors in IL-2
will produce outgrowth of T-cells with tumor reactivity in the majority of patients. When
these expanded TIL are transferred to patients with metastatic melanoma in conjunction with
preparative lymphodepletion and systemic IL-2, response rates of 49–72% are seen with
some durable and complete responses (Dudley et al., 2002; Dudley et al., 2005; Dudley et
al., 2008). However, this treatment cannot be applied to metastatic RCC patients because
RCC TILs rarely show tumor-reactivity. In patients with melanoma, an alternative strategy
has been developed where PBL, genetically modified with melanoma-reactive TCRs cloned
from TIL, are substituted for native TIL in adoptive transfer. This approach has produced
objective clinical responses with response rates as high as 30% (Hughes et al., 2005;
Morgan et al., 2006; Johnson et al., 2009). In addition, preliminary trials in other
malignancies which fortuitously express antigens targeted in patients with melanoma (e.g.
NY-ESO 1 in synovial cell sarcoma) produced a high rate of objective clinical responses.
This development led to a major effort to identify and clone even rare T-cells reactive with
human RCC (Wang et al., 2005). One of the candidate T-cell clones identified was HC/
2G-1. Elucidation of its TCR ligand led to a new paradigm in TCR recognition. Most TCR
α/β recognize an MHC-related structure, presenting a peptide or other small moieties.
Several investigators have identified canonical amino acid residues in nearly all TCR-β
chains that interact with conserved residues on most MHC-like molecules, leading to the
hypothesis that MHC-restriction is “hard-wired” into α/β TCRs (Marrack et al., 2008). The
ligand identified for HC/2G-1 bears no similarity to any MHC family, and the Vβ of the HC/
2G-1 TCR is one of the few Vβ families that lack the canonical AA residues thought to
engage MHC. In addition, the ligand moiety contains the macromolecular entity, TRAIL,
which is thought to bind to its receptor, TRAIL-R1 (DR4), as a trimer (Submitted for
publication). Although there is no way to know if the physiologic or exclusive ligand for the
HC/2G-1 TCR is TRAIL bound to DR4, that does not necessarily constrain the potential to
utilize this TCR to genetically engineer RCC-reactive T-cells for use in adoptive transfer.

Recently, several approaches have been applied to increase TCR avidity against known
tumor antigens. One approach is to immunize HLA-A2 transgenic mice with human tumor
antigens to circumvent central tolerance (Kuball et al., 2005). A high-avidity TCR against
human gp100 with mouse constant region has been generated and used to treat metastatic
melanoma patients with 19% objective clinical responses (Johnson et al., 2009). Other
approaches include modifying constant regions of TCR the α and β chains, introducing a
second disulfide bond to avoid α and β chain mispairing, or to remove conserved N-
glycosylation site to reduce TCR activation threshold (Cohen et al., 2007; Kuball et al.,
2009). A third approach is to enhance TCR avidity by introducing modifications in CDR3α
of TCRs against the cancer-testis antigen NY-ESO-1 or MART-1 (Robbins et al., 2008).
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Surprisingly, such AA substitutions in this domain, critical to epitope binding, frequently
enhance reactivity instead of destroying it. This latter approach can be useful not only to
potentially increase TCR avidity, but also to study the interaction between the TCR and its
ligand. In this investigation, such modifications demonstrated the critical role of the CDR3α
in engaging the TRAIL-DR4 complex present on most RCC. Ultimately, it is expected that
crystallographic studies of the HC/2G-1 TCR and the TRAIL-DR4 complex will elucidate
this interaction.

A phase I/II clinical trial using T cells transduced with retrovirus encoding the modified
TCR (109Y-F/112S-K) has been approved for patients with metastatic RCC. The broad
reactivity of this TCR against renal tumors and the lack of MHC restriction are major
advantages for this TCR compared to conventional TCR transduction protocols in that
nearly all patients with RCC will be eligible. On the other hand, the multicomponent nature
of the known ligands makes anticipation of possible normal tissue toxicity virtually
impossible. Not only is the mechanism for generating the TRAIL-DR4 complex
complicated, but co-receptors such as CD2-CD58 are needed and multiple other TRAIL
receptors can function as decoy receptors blocking recognition by competing for soluble
TRAIL (Submitted for publication). Therefore, the clinical protocol is designed with a
careful dose-escalation in cell numbers to empirically assess collateral toxicity from this
TCR.
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Figure 1.
Evaluation of the retrovirus encoding the native HC/2G-1 TCR. A. Schematic of retroviral
vector containing HC/2G-1 TCR α and β chains separated by internal ribosomal entry site
(IRES). NcoI, NotI, XhoI and EcoRI are the restriction endonuclease sites. B. IFN-γ
production by PBL transduced with the HC/2G-1 TCR. Allogeneic PBL were stimulated
with anti-CD3 (50ng/ml) for 2 days and transduced twice with retrovirus encoding HC/2G-1
TCR at 0.5 × 106 cells/well in a 24-well plate. PBL retrovirally transduced with green
fluorescence protein (GFP) was used as the control. 3 days after transduction, transduced
cells (1 × 105) were co-cultured with 5 x104 renal tumor cells (RCC #1, 6, 7. 8, 10 and 11)
or melanoma cells (624mel, 938mel and 1300mel). After overnight incubation, the
supernatant was harvested and IFN-γ production was measured. GFP-transduced and
untransduced PBL were used as controls. The clone HC/2G-1 (1 x104/well) was also

Wang et al. Page 10

J Immunol Methods. Author manuscript; available in PMC 2012 March 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



included in the experiment. C. Primary structure of the HC/2G-1 TCR α and β chains with
CDRs (complementarity determining region) noted. Numbered AA positions are noted to
identify subsequent amino acid (AA) substitutions (Note: not all consensus CDR aa
positions are present after TCR recombination).
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Figure 2.
Function of modified TCRs after individual alanine substitutions in either CDR2 or CDR3
of α or β chain. Anti-CD3 stimulated PBL were transduced with each modified TCR, co-
cultured with RCC and melanoma lines and tested for IFN-γ production as described in
Figure 1B. WT represents the native unmodified TCR.
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Figure 3.
Effect of alternative, non-alanine substitutions in the CDR3α of the HC/2G-1 TCR.
Retroviral transduction, co-culture and IFN-γ assay was done as in Figure 1 and 2. WT is the
native TCR and parental T-cell clone HC/2Tg-1 was also tested as a positive control. These
studies identified AA positions 109 and 112 as loci with augmenting effects on function of
this TCR.
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Figure 4.
Effects of combining enhancing AA substitutions at positions 109 and 112 in CDR3α. Dual
AA substitutions were introduced into new retroviral vectors at positions 109 and 112.
Transduction, co-culture and assay for IFN-γ production were same as previously described.
The native TCR, GFP-transduced, and untransduced PBL were included as controls. The
HC/2G-1 T-cell clone was also included in the assay. Repeated experiments were performed
with multiple allogeneic PBL and gave similar results.

Wang et al. Page 14

J Immunol Methods. Author manuscript; available in PMC 2012 March 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Evaluation of clinical-grade retroviral supernatant derived from the modified TCR (109Y-F/
112S-K). A. Vβ2 expression on PBL transduced with clinical-grade retrovirus encoding the
modified TCR (109Y-F/112S-K). Retrovirally-transduced PBL were labeled with FITC-
conjugated anti-CD3 and PE-conjugated anti-Vβ2 antibodies, and analyzed 3~4 days after
transduction on a FACScanto II flow cytometer. Untransduced PBL were used to determine
endogenous Vβ2 expression. B. Functional analysis of clinical-grade retrovirus encoding the
modified TCR (109Y-F/112S-K). Retrovirally-transduced PBL were co-cultured with a
panel of tumor lines and normal tissues and tested for IFN-γ production. RCC: renal tumor
lines, mel: melanoma lines; MDA and SK-BR3: human breast cancer lines; CEM/CCL-19:
leukemia; H2087: human non-small cell lung cancer line; TC71: Ewing’s sarcoma cell line;
SKN-AS: human neuroblastoma cell line; Fibro: human fibroblasts; HUVEC and HMVEC-
A: human endothelium; UND: human renal epithelium; NHEM: primary human
melanocytes. Untransduced PBL and clone HC/2G-1 were included as controls.
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