
Figure 4. Further analysis of peptide X-scan data confirming the 
superior specificity of the c796 MAGE-A10–specific TCR over c756

Illustration of the superior specificity of TCR c796 (red) over c756 (blue) at any response threshold 
value; numbers of theoretical unique human peptide matches identified in silico are plotted against 
the response threshold value. Solid lines represent the median number of matches (triplicate 
wells) and shaded areas represent the range between the lowest and highest matches
The identified X-scan motif is used to search in silico for theoretical unique hits in the human 
proteome; it does not screen using real peptides via tandem mass spectroscopy or in vitro 
cellular assays
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Introduction
• Adoptive transfer of effector T-cells with enhanced tumor antigen 

recognition properties is a promising strategy for cancer immunotherapy
• Naturally occurring tumor-reactive T-cells have undergone thymic 

selection to eliminate those with high affinity to self-antigens
 - Circulating anti-tumor T-cells often recognize tumor antigens with 
significantly lower affinity than pathogen-specific T-cells, limiting 
their efficacy1 

• Engineering tumor-specific T-cell receptors (TCRs) with enhanced 
affinity can improve tumor cell recognition and killing in vitro and 
in vivo2;  treatment with affinity-optimized tumor-specific TCRs has 
improved clinical responses3 

• Immune-mediated toxicities are a significant challenge to the 
clinical success of adoptive T-cell therapies, and improved 
preclinical screening tools are required to reduce the risk of  
“off-target” toxicity

• Glycine/alanine (G/A) scans have been used to probe the specificity 
of engineered TCRs 
 - G/A scans tend to produce a greater number of false positives, 
but can also fail to identify a cross-reactive target

• A carefully designed mutational peptide scan is proposed for 
early selection of candidate TCRs to allow more comprehensive 
functional testing of TCRs with lower “off-target” toxicity profiles

Objectives
• Generate and systematically test affinity-

enhanced TCRs that recognize an HLA-A*02 
restricted epitope from the melanoma-
associated antigen-A10 (MAGE-A10) cancer/
testis (CT) antigen

• Develop an extensive in vitro testing strategy 
to characterize and reduce the risk of TCR 
cross-reactivity, including a novel approach 
for generating peptide specificity profiles for 
candidate TCRs – the peptide X-scan

Results
Generation of multiple parental TCRs and affinity enhancement
• 21 parental TCRs recognizing the HLA-A*0201-restricted MAGE-A10 

peptide GLYDGMEHL254-262 (MAGE-A10254-262) epitope were 
characterized using surface plasmon resonance (SPR)  

• 10 parental TCRs representing a range of affinities and TCR chain 
pairings were cloned into a lentiviral vector and transduced into 
primary human T-cells, and screened for recognition of natively 
processed antigen using MAGE-A10–positive and –negative cell 
lines and primary cells as targets 

• 3 parental TCRs (c728, c740, and c672) were selected for  
affinity enhancement
 - The complementarity-determining regions (CDRs) of their α- and 
β-chains were mutated, and the resulting TCRs were tested in 
SPR and IFN-γ enzyme-linked immunospot (ELISpot) assays for 
affinity and specificity

 - SPR affinity ratios of parental to mutant TCRs indicated a 
range of enhanced affinities (up to >15-fold) for HLA-A*0201/
MAGE-A10254-262 (Figure 1A–C)

Figure 1. Characterization of 3 affinity-enhanced TCR panels 
arising from the c728, c740, and c672 parental TCRs

Figure 2. Extended specificity and potency testing of final TCR 
candidates arising from the c672 and c728 parental TCRs

Magnitude and kinetics of the killing of MAGE-A10–positive HLA-A*0201-transduced SK-Mel-28 
cells were similar for the 2 TCRs; each line represents the kinetics of an independent target cell 
culture challenged with T-cells

Each curve represents a different culture of T-cells from 3 different donors, transduced with 
either c756 (blue) or c796 (red), and average EC50 was 10-8.9 M for c756 and 10-9.1 M for c796 as 
assessed by ELISpot

• Enhanced affinity led to greater functional potency
 - Affinity-enhanced daughter TCRs responded to lower 
concentrations of peptide than their parent TCRs (data not shown)

 - T-cells transduced with enhanced-affinity daughter TCRs 
demonstrated elevated responses to MAGE-A10–positive cells and/
or responded to a greater number of MAGE-A10–positive cell lines 
than T-cells transduced with their parental TCR  (Figure 1A–C)

• TCRs c799 and all TCRs of the c740 panel that conferred increased 
cross-reactivity toward MAGE A10-negative target cells were 
excluded from further testing
 - 5 TCRs were selected for more rigorous in vitro characterization 

• Clones c756 and c796 demonstrated similar potency for target cell 
recognition and killing, highly similar affinities, and comparable 
recognition of peptide-pulsed targets (Figure 2A–B) 

• Neither TCR showed cross-reactivity when tested against an 
extensive panel of MAGE-A10–negative tumor cell lines and 
primary cells (data not shown)

Peptide X-scan differentiates between engineered TCRs that are 
otherwise functionally indistinguishable
• To identify TCR candidates for further preclinical testing each 

residue of the MAGE-A10254-262 antigenic peptide sequence was 
substituted with all natural amino acids to generate a peptide 
specificity profile (X-scan; Figure 3) 
 - T2 cells were incubated with each of the 172 substituted peptides 
and used as targets in an ELISpot assay for T-cells expressing 
either c756 or c796 

 - A substitution was “tolerated” if the number of responding T-cells 
exceeded a threshold of 10% relative to the index peptide 

 - At most peptide positions, c756 showed higher average 
responses and tolerated a wider range of side chain properties 
than c796 

• Consensus degenerate peptide recognition motifs were compiled 
for each TCR (Figure 3) and used in an in silico analysis of the 
human proteome for peptides that might be recognized by the 
candidate TCRs
 - Recognition motifs with a range of response thresholds were 
screened by database searches; fewer theoretical matches were 
identified for TCR c796 than c756 at any response threshold, in 
line with the less degenerate recognition motif of c796 (Figure 4) 

 - The c796 motif space represents more uncommon amino acid 
sequences (not shown), indicating that c796 exhibits a lesser 
chance of displaying off-target reactivity and confirming that  
in silico proteome searches can reveal subtle differences in  
cross-reactivity risk 

Schematic overview of the workflow for selecting an HLA-A*0201 MAGE-A10254-262-specific 
TCR candidate to progress to comprehensive preclinical testing

Figure 3. Peptide X-scan analysis to assess specificity of the c756 and c796 MAGE-A10–specific TCRsa

aNumber and diversity of amino acids tolerated at individual residue positions by the final candidate TCRs; this example shows search motifs for the 10%-of-index threshold

 - The present data demonstrate cross-reactivity that would 
have been missed in a mutational scan involving only alanine 
substitutions (Ala scan)

• To further confirm whether c796 was a suitable candidate to 
progress to preclinical testing, 8 unique human peptides whose 
sequences matched the predicted consensus motif for c796 at a 
10% threshold were tested
 - T2 cells pulsed with these peptides elicited no detectable IFN-γ 
release by c796 transduced T-cells (not shown)
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Conclusions
• Adaptimmune has developed an affinity-

enhanced TCR with high specificity and potency 
against cells expressing HLA-A*0201 and the 
cancer antigen MAGE-A10

 - After generating TCR mutants with diverse 
germline and CDR loop sequences, the optimal 
candidate for preclinical testing was identified 
by applying a novel comprehensive specificity 
screen (X-scan)

 - Together with other key developments in 
preclinical safety and potency assessments, 
this strategy is expected to mitigate the risk 
of unexpected off-target cross-reactivity and 
resulting clinical toxicities

• The MAGE-A10 c796 TCR was selected for 
extensive further preclinical and clinical safety 
testing that will be published elsewhere

 - MAGE-A10 SPEAR T-cells are currently 
being studied in Phase I clinical trials to treat 
HLA-A2+ patients with non-small cell lung cancer 
(NCT02592577), urothelial cancers, melanoma, 
or head and neck cancers (NCT02989064)
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Rows for each peptide position are divided to show residues tolerated by TCRs c756 and c796; index residues are indicated at the top of each column and total number of tolerated residues are shown at 
the bottom of each column

3A. Pie areas are proportional to the number of tolerated amino acids including the index 

2A. Potency testing of final candidate TCRs c756 and c796 using 
a real-time killing assay

3B. X-scan search motifs for the final candidate TCRs at a response threshold of 10%

2B. Peptide titrations to determine functional avidity 

Index G 1 L 2 Y 3 D 4 G 5 M 6 E 7 H 8 L 9

Negative c756 D, E D E
c796 D, E D E

Positive c756 H, K, R H H, R
c796 H, K, R H, R

Polar c756 N, Q, S, T, C N, Q, S, T, C N, C S, T Q N, Q, S, T, C T, C
c796 N, Q, S, T, C N, Q, S, T, C C S, T Q Q, C Q, T, C

Small, c756 P, G, A G, A P, G, A P, G P, G, A
nonpolar c796 P, G, A G, A G, A P A
Aromatic, c756 Y, W, F Y Y, F F
uncharged c796 Y, W, F F Y, F Y F
Aliphatic c756 M, L, V, I M, L, V, I M L, I M, L M, L, V, I M, L, V, I

c796 M, L, V, I M, L, V, I M M, L, V M, L, V, I
TCR c756 c796 c756 c796 c756 c796 c756 c796 c756 c796 c756 c796 c756 c796 c756 c796 c756 c796
No. tolerated 20 20 11 12 1 2 4 2 8 4 4 2 2 2 16 8 7 9

Pie segments represent tolerated amino acids (in groups with similar physicochemical properties). The area within the inner circle corresponds to the number of amino acids (out of 20 screened at each 
position) tolerated at a 10% threshold; the color of the outer circle indicates the index amino acid group
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TCRs EXPERIMENTAL PROCEDURE(S)NUMBERS PROPERTIES
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Recognize exogenous MAGE-A10
peptide presented by HLA-A*0201

Selection representing a range of
affinities and chain pairings

Selection representing a range of
affinities/functional avidities

Affinity-enhanced mutants from 3
mutant panels

Selection representing strong
efficacy/specificity profiles 

Selection of optimally enhanced
mutants; indistinguishable in all
previous assays   

Affinity determination by SPR analysis (1–50 μM)

Testing against peptide-pulsed target cells and
MAGE–A10–positive/–negative cell lines    

CDR engineering for affinity enhancement

Affinity determination by SPR; testing against 
peptide-pulsed target cells, and MAGE-A10–
positive/–negative cell lines (Figure 1A–C)    

Testing against extended MAGE-A10–negative 
cell screen

Potency testing by Incucyte and ELISpot 
(Figure 2A) 
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TCR c796
Highest potency and specificity;
selected for comprehensive
preclinical testing   

Peptide X-scan (Figure 3) 

TCR KD (µM) KD (parent)
KD (daughter)

c728 2.2 NA

c793 1.5 1.4

c794 0.98 2.2

c795 0.88 2.4

c796 0.37 5.8

c797 0.32 6.8

c798 0.25 8.7

c799 0.14 15.3

c740 21.9 NA

c764 19.9 1.1

c763 16.8 1.3

c762 14.8 1.5

c760 11.4 1.9

c761 4.7 4.6

c672 9.1 NA

c753 6.3 1.0

c754 3.4 1.9

c755 0.82 7.7

c756 0.61 10.3

A)

B)

C)

Scan here for an 
enhanced view 
of the preclinical 
screening process


