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Building a virus-specific T cell receptor library
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Optimizing virus-specific TCR expression in primary human T cells

Figure 1 | Optimization strategies to increase TCR
expression. (A) Frequency of CD8+, multimer+ T cells
following transduction with the different formats of
TCR gene cassettes: α + β (separate vectors), α-β-
Opt (P2A linked, optimized, single vector), α- βcys-
Opt (P2A linked, optimized, non-native disulfide,
single vector). (B) Dot plots of 3 TCRs showing
expression differences between TCRs without and
with the additional disulphid bond. Values in upper
right quadrant is mean fluorescence intensity of
CD8+ multimer+ T cells. Experiments were performed
at least twice for each TCR.
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Orientation of the TCR gene cassette significantly impacts expression

Figure 2 | Orientation of the alpha and beta genes
within the cassettes impacts expression. (A)
Diagram describing the different orientations of the
TCR cassette. (B) Representative dot plots using
HBV env 171-80 TCR showing difference in TCR
beta staining with each orientation. (C) Summary
of Vbeta staining from both orientations for all
TCRs (D) Mean frequency of Vbeta+ CD8+ T cells
when TCRs were grouped according to their
postive (higher) and negative (lower) expression.
(E) Representative dot plots using HBV env 171-
80 TCR showing difference in HLA tetramer
staining with each orientation. (F) Summary of
HLA-multimer staining from both orientations for all
TCRs (G) Mean frequency of HLA-
multimer+ CD8+ T cells when TCRs were grouped
according to their postive (higher) and negative
(lower) expression. There was a statistically
significant difference in expression between the
positive and negative orientation using the paired t
test.
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TCR cassette orientation and T cell function

Figure 3 | TCR orientation significantly
impacts T cell function. (A)
Representative dot plots showing the
difference in IFN-γ+ CD8+ T cell
frequency using the HBV env 183-91
TCR in both orientations. (B) Frequency
of IFN-γ+ CD8+ T cells for each TCR in
both orientations. (C) Mean frequency of
IFN-γ+ CD8+ T cells when TCRs were
grouped according to their postive
(higher) and negative (lower)
expression. There was a statistically
significant difference in IFN-γ+ T cells
between the positive and negative
orientation determined by paired t test.
Positive orientation of the TCR
increased the production of (D) TNF-
α and (E) IL-2 in the transduced T cell
population.
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Enhancing the functionality of engineered T cells using synthetic TLR 
agonists

Figure 4 | TLR ligands increase functionality of
transduced T cells. (A) Pentamer staining
following transduction of T cells activated in the
presence of IL-2 alone or IL-2 + TLR ligands.
(B) Frequency of pentamer1 CD8+ T cells after
activation in different conditions. (C) Frequency
of IFN-γ+ CD8+ T cells after activation in
different conditions. (D) Percent increase in
IFN-γ+ CD8+ T cells compared to T cells
activated in IL-2 alone. (E) Frequency of
pentamer+ CD4+ T cells after activation in
different conditions. (F) Frequency of IFN-
γ+ CD4+ T cells after activation in different
conditions. (G) Percent increase in IFN-
γ+ CD4+ T cells compared to T cells activated
in IL-2 alone. Experiment is representative of 3
separate donors.
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Addition of TLR agonists promotes Th1 polarization

Figure 5 | Cytokines in culture supernatant during T cell activation in the presence of TLR ligands. (A)
Immunoregulatory/Th2 cyotkines in the culture medium 48 h after T cell activation. (B) Inflammatory/Th1
cytokines in the culture medium 48 h after T cell activation.
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Addition of TLR agonists promotes Th1 polarization

Figure 6 | IFN-γ production and cytotoxic
function of TCR1 T cells. (A) Frequency of HLA-
pentamer+ CD8+ T cells following transduction
of T cells activated in the presence of IL-2 alone
or IL-2 1 polyI:C or ssRNA40. Mock cells are
untransduced T cells as negative control (B)
Frequency of IFN-γ+ T cells in each
transduction condition. Bars show total
frequency of IFN-γ+ CD8+ T cells. Black portion
constitutes the IFN-γ+/pentamer+ T cell fraction.
(C) Dot plots showing pentamer vs. IFN-
γ staining on CD8+ T cells transduced under
different conditions. (D) Frequency of TCR
beta+ CD8+ T cells following transduction of T
cells activated in the presence of IL-2 alone or
IL-2 1 polyI:C or ssRNA40. (E) Frequency of
IFN-γ+ T cells in each transduction condition.
Bars show total frequency of IFN-γ+ CD8+ T
cells. (F) Dot plots showing TCR beta vs. IFN-
γ staining on CD8+ T cells transduced under
different conditions. (G) Specific lysis of
hepatocyte cell lines expressing HBV antigens
with sorted HBV core18–27 TCR, V
beta+ CD8+ transduced T cells cultured under
different conditions. HG2sAg expresses
irrelevant antigen as negative control and
HG2cAg expresses HBV core antigen.


