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Supplementary Figure 1 

Predicted affinities of HLA-bound peptides. 

In silico prediction of peptides eluted from HLA molecules. 



 

Supplementary Figure 2 

Presence of empty HLA molecules at the surface of tumor cell lines that can be loaded with exogenous CMV peptide with tumor cell 
cytotoxicity. 

(a) Ten tumor cell lines labelled with antibodies specific for peptide-loaded HLA (red line) and empty HLA molecules (blue line) 
compared with control stained cells (black line).   Percentages shown are percentage cells positive for empty HLA molecules (HC10) 
staining.  All cell lines tested were 100% positive for peptide-loaded HLA (W6/32). Staining was repeated (n=3) in selected cell lines. (b) 
Five HLA-A2+ cell lines lysed by peptide-specific CMV-CTL and no lysis of HLA-A2- cell line (Caki-2) (n=3 independent samples). Data 
represented as mean and error bars represent standard error of the mean. 



 

Supplementary Figure 3 

Assessment of peptide antibody ratio conjugation. 

The number of peptides conjugated to each antibody was assessed by high pressure liquid chromatography (HPLC). Data from single 
experiment. 
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Supplementary Figure 4 

Screening 96 APECs in multiple tumor cell lines. 

Eight tumor cell lines are labelled with cAPECs and cytokine release by peptide-specific T cells assayed. 



 

Supplementary Figure 5 

Peptide specificity of ex vivo cultured T cell lines. 

Flow cytometric analysis of ex vivo cultured T cell lines used for in vitro assays using HLA-peptide tetramers.  Cell lines were cultured at 
various times and each cell line was analyzed for tetramer positive T cells once. 



 

Supplementary Figure 6 

Analysis of empty MHC molecules using HC10 antibody staining.   

Colo205 Tumor cells were assayed for the presence and decrease in the amount of empty MHC molecules at the cell surface by HC10 
staining.  Cells were acid-stripped to remove peptides from surface MHC molecules, lightly fixed or left untreated and incubated with 
either peptide or APEC before HC10 staining. 



 

Supplementary Figure 7 

APEC binding to tumor cell surface essential for T cell recognition. 

(a) Flow cytometric analysis of EGF-R and CD20 expression on MDA-MB-231 and JY tumor cell lines. Staining was repeated n=3.   (b) 
Surface binding of APEC is required for antigenic reprogramming and can be inhibited by the pre-treatment with unconjugated antibody 
(n=3 independent samples). Data represented as mean and error bars represent standard error of the mean.   (c) CD20+ tumor cells 
labelled with cAPEC or rAPEC (350nM) and demonstrating T cell activation only when bound by the anti-CD20 rAPEC.  Peptide loaded 
(1μM) target cells were used to determine efficacy of T cells (n=3 independent samples). Data represented as mean and error bars 
represent standard error of the mean. 



 

Supplementary Figure 8 

Flow cytometric analysis of T cell proliferation and regulatory T cells. 

(a) Flow cytometric staining to allow analysis of T cell proliferation after treatment with free peptide (black), phytohaemagglutinin (PHA, 
red) or untreated T cells (blue) (data from single experiment).   (b) Flow cytometric staining to allow analysis of CD4+ CD45RO FoxP3+ 
regulatory T cells (data from single experiment). 



 

Supplementary Figure 9 

Expanding APEC to include peptides that bind to other HLA alleles. 

APECs conjugated with CMV epitopes covering multiple HLA alleles are able to activate and trigger cytokine release of peptide-specific 
CMV-CTL(n=3 independent samples). Data represented as mean and error bars represent standard error of the mean. 



 

Supplementary Figure 10 

Construction of APECs containing multiple T-cell epitopes (polytopes). 



We tested whether it was possible to generate APECs that contained multiple T-cell epitope peptide payloads. (a) The initial 
concatemer design utilized linear peptides with tandem T-cell epitopes (NLV and RPH) juxtaposed by proteolytic cleavage sequences (-
x-). Using T-cells against each epitope, both epitopes elicited T-cell responses (n=3 independent samples). Data represented as mean 
and error bars represent standard error of the mean.  A second method (b) involved the mixed conjugation of peptides to antibodies. In 
this case the peptide payloads were the same as original APEC design, but two different peptides (with 7-different ratios) were 
conjugated onto a single APEC.  These mixed APECs were able to activate the two different T-cell populations (NLV or RPH) but with 
varying potency. In a separate experiment three different ratios were tested against two different epitopes (NLV and ELK) which gave 
concordant results (n=3 independent samples). Data represented as mean and error bars represent standard error of the mean..  
Lastly, we created a single APEC species that was conjugated to a branched peptide that contained multiple different cleavable 
peptides (c). These branched peptides were able to activate T-cell populations (n=3 independent samples). Data represented as mean 
and error bars represent standard error of the mean. 



 

Supplementary Figure 11 

EBV-specific T cells can be re-directed to target tumor cells using APEC and CMV-CTL activation using different proteases to cleave 
APECs. 

(a) Tumor cells treated with APEC conjugated with EBV-derived epitopes are recognised by EBV-specific T cells (n=3 independent 
samples). Data represented as mean and error bars represent standard error of the mean. Significance was determined by unpaired 
two-tailed t-test.  (b) Multiple tumor types can be recognized by peptide-specific T cells after treatment with cAPEC containing 
ADAM28, MMP2, MMP9 or MMP14 cleavable peptides (n=3 independent samples). Data represented as mean and error bars 
represent standard error of the mean. 



 

Supplementary Figure 12 

Tumor penetration of APEC in orthotopic breast cancer model. 

Tumor-bearing NOD/SCID mice (n=5) were injected with either PBS or MMP14-cAPEC and tumors resected at timepoints up to 24h.  
Tumors were taken for immunofluorescence to stain for the presence of APEC. 



 

Supplementary Figure 13 

In vivo T cell activation by APEC in orthotopic breast cancer model and the presence of peptide-specific T cells within tumors. 

Breast cancer tumor-bearing mice were injected intratumorally with freshly isolated peptide-specific CMV-CTL and 24h post-injection, 
tumors were resected and T cells isolated.  Flow cytometric analysis of intratumoral CD3

+
 T cells was undertaken for the presence of T 

cell activation markers (a) CD38 (n=2 independent samples) and (b) CD25 (n=2 independent samples). Data represented as mean and 
error bars represent standard error of the mean. (c) Gating strategy to select human T cells from the excised tumor sample.  Firstly, 
CD45+ was used to gate human lymphocytes before live cells were gated using forward and side scatter.  T cells were then gated 
using CD3. (d) Peptide-specific T cells were labelled using HLA-peptide tetramer complexes conjugated to phycoerythrin (PE) and the 
cells were co-labeled with CD8 APC (data from single experiment). 



 

Supplementary Figure 14 

Generation of the anti-murine EGFR D1D4J APEC which has no effect on survival compared to control IgG as single agent therapy. 

(a) Flow cytometry analysis of the murine colorectal cell line SL-4 demonstrates cells positive for both EGF receptor (D1D4J antibody) 
and the MHC class I molecule H2-k

b
 (MHC I allele which presents the SIINFEKL peptide) (data from single experiment).  (b) T cell 

function assay demonstrating the production and detection of lacZ by the activated B3Z T cell hybridoma after recognizing SL-4 cells 
exogenously labelled with SIINFEKL peptide (n=3 independent samples). Data represented as mean and error bars represent standard 
error of the mean. (c) SL-4 cell line labelled with a library of 35 D1D4J-APECs and lacZ production by B3Z T cells assayed.  (d) 
Immunocompetent mice used in the SL4 colorectal cancer model treated with single agent D1D4J-APEC therapy demonstrated no 
difference in survival compared with mice treated with control IgG (n=10). Significance was determined by Mantel Cox test (two-sided). 



 

Supplementary Figure 15 

APEC mechanism of action. 

Proposed mechanism of action for APEC with antibody attachment to target antigen (1), release of virus-derived epitope at the cell 
surface (2).  Released peptide loads into empty MHC class I molecule at the cell surface (3) and T cell lysis by the re-directed anti-viral 
immune response. 

 



Protein Sequence Position HLA restriction

pp65 YSEHPTFTSQY 363–373 HLA-A1

pp50 VTEHDTLLY 245–253 HLA-A1

IE1 YILEETSVM 315–323 HLA-A2

pp65 NLVPMVATV 495–503 HLA-A2

IE1 VLEETSVML 316–324 HLA-A2

pp50 TVRSHCVSK 52–60 HLA-A3

pp65 TPRVTGGGAM 417–426 HLA-B7

pp65 RPHERNGFTVL 265–275 HLA-B7

IE-1 QIKVRVDMV 88-96 HLA-B8

IE1 ELRRKMMYM 199–207 HLA-B8

IE1 ELKRKMIYM 199–207 HLA-B8

Table S1. CMV peptides used for tetramer staining and their HLA restriction.

Table S1



Peptide Sequence Protease Peptid
e

Sequence Protease Peptid
e

Sequence Protease

A1 YLGRSYKVNLVPMVATV C1s C9 HPVGLLARNLVPMVATV MMP2 F5 RNLVPMVATV Trypsin

A2 FKNLVPMVATV Cathepsin B C10 KGPLGVRGNLVPMVATV MMP2 F6 RNLVPMVATV Trypsin

A3 GGGGFNLVPMVATV Cathepsin B C11 PLGLAGNLVPMVATV MMP2 F7 GGSGRSANANLVPMVATV uPA

A4 PRSFFRLGKNLVPMVATV Cathepsin D C12 PLGLWANLVPMVATV MMP2 F8 SGRSANAKNLVPMVATV uPA

A5 EVLLSWAVNLVPMVATV Cathepsin G D1 PLGVRGNLVPMVATV MMP2 F9 SGRSANLVPMVATV uPA

A6 PVSLSYRCNLVPMVATV Cathepsin G D2 AIPVSLRNLVPMVATV MMP2 F10 SRRRVNSLNLVPMVATV uPA

A7 AAPVNLVPMVATV Elastase 2 D3 PQGIAMGNLVPMVATV MMP2 F11 CPGRVVGGNLVPMVATV uPa / tPA

A8 TSQVNGLNNLVPMVATV Elastase 2 D4 CGLDDNLVPMVATV MMP2/9 F12 PRGMASNLVPMVATV MMP9

A9 TPEHVVPYNLVPMVATV Endothelin-converting enzyme 1 D5 GPLGIAGQNLVPMVATV MMP2/9 G1 PLGVRGNLVPMVATV MMP2/9

A10 PQGRIVGGNLVPMVATV Hepsin D6 GPLGMLSQNLVPMVATV MMP2/9 G2 PLGLAGNLVPMVATV MMP2/9

A11 PRFKIIGGNLVPMVATV Hepsin D7 PLGLNLVPMVATV MMP2/9 G3 PQGLAGNLVPMVATV MMP9

A12 GKAFRRLNLVPMVATV Hk2 D8 PVGLIGNLVPMVATV MMP2/9 G4 GPQGARGQNLVPMVATV MMP9

B1 AANLNLVPMVATV Legumain D9 GPQGIWGQNLVPMVATV MMP2/9, MT1-MMP G5 PLGLYLNLVPMVATV MMP2/9

B2 SLGRKIQINLVPMVATV MASP2 D10 QPVGINTSNLVPMVATV MMP3 (stromelysin-1) G6 PLGLYALNLVPMVATV MMP2/9

B3 APPPVVLLNLVPMVATV Matrilysin (MMP7) D11 STAVIVSANLVPMVATV MMP3 (stromelysin-1) G7 AAALGNVAPNLVPMVATV MMP9

B4 IPENFFGVNLVPMVATV Matrilysin (MMP7) D12 VASSSTAVNLVPMVATV MMP3 (stromelysin-1) G8 GTQFFNLVPMVATV Cathepsin D

B5 LRELHLDNNLVPMVATV Matrilysin (MMP7) E1 GPLGLARKNLVPMVATV MMP7 G9 GSTFFNLVPMVATV Cathepsin D

B6 MLEDEASGNLVPMVATV Matrilysin (MMP7) E2 RPLALWRSNLVPMVATV MMP7 G10 QVVAGNLVPMVATV Cathepsin B

B7 KQSRKFVPNLVPMVATV Matriptase(ST14) E3 NKSRLGLGNLVPMVATV MMP7/ Cathpsin B G11 TYSRSRYLNLVPMVATV uPA

B8 RQARVVGGNLVPMVATV Matriptase2 /Hepsin E4 GPQGIAGQRNLVPMVATV MMP9 G12 NSGRAVTYNLVPMVATV uPA

B9 GPLGLWAQNLVPMVATV MMP (esp 2/9) E5 KPVSLSYRNLVPMVATV MMP9 H1 PSSRRRVNNLVPMVATV uPA

B10 PVSLRNLVPMVATV MMP1 E6 PLGMTSNLVPMVATV MMP9 H2 PMKRLTLGNLVPMVATV Cathepsin B

B11 AAATSIAMNLVPMVATV MMP11 (stromelysin-3) E7 PRALMNLVPMVATV MMP9 H3 DDDKIVGGNLVPMVATV Cathepsin B

B12 AAGAMFLENLVPMVATV MMP11 (stromelysin-3) E8 GPLPLRNLVPMVATV MT1-MMP H4 HLVEALYLNLVPMVATV Cathepsin B

C1 EAAAATSINLVPMVATV MMP11 (stromelysin-3) E9 KQLRVVNGNLVPMVATV MT-SP1 / ST14/ uPA / 
Hepsin

H5 EVDLLIGSNLVPMVATV Cathepsin B

C2 PRHLRNLVPMVATV MMP14 E10 PLGLYANLVPMVATV Pan-MMP H6 PRFKIIGGNLVPMVATV Cathepsin B

C3 PRGLRKNLVPMVATV MMP14 E11 AFKNLVPMVATV Plasmin H7 AVRWLLTANLVPMVATV MMP9

C4 PRGLRPNLVPMVATV MMP15/16/24/25 E12 GGRNLVPMVATV Plasmin / TMPRSS2 H8 RPLALWRSNLVPMVATV MMP7

C5 PRHLRNNLVPMVATV MMP15/16/24/25 F1 HSSKLQLNLVPMVATV PSA H9 PVGLIGNLVPMVATV MMP2/9

C6 PRWLRSNLVPMVATV MMP15/16/24/25 F2 SSKYQNLVPMVATV PSA H10 GGGRRNLVPMVATV uPA

C7 GPLGLWAGGNLVPMVAT
V

MMP2 F3 LVPRGSNLVPMVATV Thrombin H11 GGGGGNLVPMVATV Control

C8 GPLGVRGKNLVPMVATV MMP2 F4 RNLVPMVATV Trypsin H12 V{Cit}GSV{Cit}NLVPMVATV Cathepsin B

Table S2. Peptide sequences used for 96 APEC screening and the protease previously published to cleave 

the peptide.

Table S2



Peptide Sequence Protease Reference from Table 
S2

FRET1 PRSFFRLGK Cathepsin D A4
FRET2 KPVSLSYR MMP9 E5
FRET3 AANL Legumain B1
FRET4 YLGRSYKV C1s A1
FRET5 PRHLR MMP14 C2
FRET6 GPLGVRGK MMP2 C8
FRET7 GPLGLWAQ MMP (esp2/9) B9
FRET8 PLGLYL MMP2/9 G5
FRET9 PRGLRK MMP15/16/24/25 C3

FRET10 GPQGIAGQR MMP9 E4
FRET11 GPLGIAGQ MMP2/9 D5
FRET12 GGFRGG Cathepsin B -
FRET13 FRFRFR Cathepsin B -
FRET14 GGGGGG Uncleavable H11
FRET15 AIPVSLR MMP2 D2
FRET16 KPAKFFRL ADAM28 -
FRET17 PRSAKELR MMP14 -

Table S3. Peptide sequences used for the FRET assay and the protease suggested to cleave the peptide. 

Table S3



Table S4. Peptide sequences incorporating the ovalbumin-derived SIINFEKL peptide used for APEC 

screening of the murine colorectal cell line SL-4.

Peptid
e

Sequence Protease Peptid
e

Sequence Protease

#14 CIPENFFGVSIINFEKL Matrilysin (MMP7) #42 CPVGLIGSIINFEKL MMP2/9

#15 CLRELHLDNSIINFEKL Matrilysin (MMP7) #43 CGPQGIWGQSIINFEKL MMP2/9, MT1-MMP

#19 CGPLGLWAQSIINFEKL MMP (esp 2/9) #44 CQPVGINTSSIINFEKL MMP3 (stromelysin-1)

#20 CPLGLLGSIINFEKL MMP1 #45 CSTAVIVSASIINFEKL MMP3 (stromelysin-1)

#21 CAAATSIAMSIINFEKL MMP11 (stromelysin-3) #46 CVASSSTAVSIINFEKL MMP3 (stromelysin-1)

#22 CAAGAMFLESIINFEKL MMP11 (stromelysin-3) #47 CGPLGLARKSIINFEKL MMP7

#26 CPRGLRPSIINFEKL MMP15/16/24/25 #48 CRPLALWRSSIINFEKL MMP7

#27 CPRHLRNSIINFEKL MMP15/16/24/25 #50 CGPQGIAGQRSIINFEKL MMP9

#30 CGPLGVRGKSIINFEKL MMP2 #51 CKPVSLSYRSIINFEKL MMP9

#31 CHPVGLLARSIINFEKL MMP2 #52 CPLGMTSSIINFEKL MMP9

#32 CKGPLGVRGSIINFEKL MMP2 #53 CPRALMSIINFEKL MMP9

#33 CPLGLAGSIINFEKL MMP2 #54 CGPLPLRSIINFEKL MT1-MMP

#34 CPLGLWASIINFEKL MMP2 #59 CGPQGARGQSIINFEKL MMP9

#35 CPLGVRGSIINFEKL MMP2 #60 CPLGLYLSIINFEKL MMP2/9

#36 CAIPVSLRSIINFEKL MMP2 #61 CPLGLYALSIINFEKL MMP2/9

#38 CSGLDDSIINFEKL MMP2/9 #67 CGGGGGSIINFEKL Control

#40 CGPLGMLSQSIINFEKL MMP2/9 #68 CV{Cit}GSV{Cit}SIINFEKL Cathepsin B

#41 CPLGLSIINFEKL MMP2/9 MMP14 CPRSAKELRSIINFEKL MMP14

Table S4
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