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Figure S1. Peptide sequence validation of matching tandem mass spectra of eluted (top) and

synthetically (bottom) generated peptides. Two examples of matching tandem mass spectra of (A) the

YVGKEHMF peptide presented in HLA-A*24:02 and (B) the SMLGDGHSMPK peptide presented in HLA-

A*03:01. Both depicted peptides are derived from MAGE-A9.

150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

m/z

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

235.14388

136.07568
748.34412

583.26483

452.22482
505.30206 847.41315

434.18521
714.35773263.13882

686.36237563.22900297.12668

374.67566

206.11768 601.27478

166.08615

795.37598 896.42578 1009.88336

136.07579
235.14433

748.34552

583.26630

452.22568

847.41437714.35803385.20364263.13934 507.26804

563.22870

682.33502297.12701 601.27740166.08653
357.68271 654.33966 863.40967829.40021

769.39764
206.11804

NL: 4.18E5

L2173175b#12725  RT: 
50.81  AV: 1 T: FTMS + c 
NSI d Full ms2 
505.7418@hcd32.00 
[110.0000-1022.0000] 

NL: 1.30E8

l20182000752a#5825  
RT: 22.63  AV: 1 T: FTMS 
+ c NSI d Full ms2 
505.7424@hcd32.00 
[110.0000-1022.0000] 

200 300 400 500 600 700 800 900 1000 1100

m/z

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

143.0816

191.0851

244.1657

828.3674

585.2090

567.1988

656.3193462.2385414.6872
509.2106328.6630 771.3459698.2935599.3707

282.1197

810.3572

941.4521712.4540 854.7653

143.0816

191.0850

244.1657

828.3673

585.2086
414.6873

567.1985
656.3185454.1678

328.6632 771.3451509.2101 698.2927

282.1196 386.1762

599.2959

811.3582

753.3288 941.4545 1044.3501

NL: 1.27E6

L2173104a#19700  RT: 
47.24  AV: 1 T: FTMS + c 
NSI d Full ms2 
387.1788@hcd32.00 
[110.0000-1172.0000] 

NL: 7.34E7

l20182000747a#5828  
RT: 21.39  AV: 1 T: FTMS 
+ c NSI d Full ms2 
387.1790@hcd32.00 
[110.0000-1172.0000] 

YVGKEHMF MAGE-A9

SMLGDGHSMPK MAGE-A9

A

B

R
e

la
ti

ve
 a

b
u

n
d

an
ce

R
e

la
ti

ve
 a

b
u

n
d

an
ce

1



Figure S2. Target gene expression levels of MAGE-A1, MAGE-A3/A6 and MAGE-A9 mRNA

levels. The expression levels were measured by qPCR for multiple cell lines with different origin

including; multiple myeloma (MM), melanoma (MEL), prostate carcinoma (PC), fibroblast (FC),

Burkitt lymphoma (BL), renal cell carcinoma (RCC), ovarium carcinoma (OVCA), colon carcinoma

(CC), cervical carcinoma (CER, pulmonary carcinoma (PUL), leukemic T-cell lymphoblast (LT), bile

duct carcinoma (BILE), osteosarcoma (OST), acute myeloid leukaemia (AML), chronic myeloid

leukaemia (CML) cell lines and mammary carcinoma (MAM). Gene expression >0.01 is depicted in

the graph relative to housekeeping genes (HKG). Values <0.01 relative gene expression are not

depicted. MAGE-A3 and MAGE-A6 gene expression could not be discriminated from each other by

qPCR.
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Figure S3. EBV-LCL panels to determine off-target reactivity against other peptide-HLA complexes. T cell

clones were overnight stimulated with multiple EBV-LCLs. These EBV-LCL panels comprised of different EBV-

LCLs expressing all HLA alleles with a prevalence of >1% in the Caucasian population. Peptide loaded HLA Td

Raji cells were included as positive control (Ct) for T-cell function. The 4A2 clone (MAGE-A1 KVL/A2)

demonstrated reactivity against 2 EBV-LCLs, the HLA restriction of this reactivity could not be identified, and

therefore this T cell clone was excluded from further analyses. The 3G2 clone (MAGE-A1 RVR/B7) demonstrated

reactivity against the HLA-A*68:02 positive EBV-LCLs. Values and error bars represent mean and standard

deviations of technical duplicates.

4



Figure S4. Positive and negative controls included for each target in the cytotoxicity assays. CMV

TCR-T cell was included as a negative control (red) and an allo-HLA reactive T cell clone against the

HLA of interest as a positive control (green). The tumor cell lines included were; Multiple myeloma (MM),

melanoma (MEL), osteosarcoma (OST), prostate carcinoma (PC), and mammary carcinoma (MAM).

Transduced HLA alleles are depicted in the graphs and naturally expressed HLA alleles are depicted

between brackets. Cytotoxicity was assessed by an 6-hour 51Cr-release assay with E:T ratio 9:1 and 1:1.

Technical triplicates are depicted in the graph and the values are a representatives of at least two

independent experiments.
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Figure S5. MAGE-A1, MAGE-A3/A6 and MAGE-A9 mRNA expression levels of early passage

melanomas (passage ≤10) as measured by qPCR. MAGE-A3 and MAGE-A6 gene expression could

not be discriminated from each other by qPCR. Gene expression >0.001% is depicted in the graph.
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Figure S6. Reactivity of the 6G4 (MAGE-A1 LTQ/A1) TCR-T cells against tumor cell lines. (A) The 6G4

(MAGE-A1 LTQ/A1) TCR-T cell were overnight stimulated with MAGE-A1 expressing tumor cell lines of

different origin including; melanoma (MEL), multiple myeloma (MM), cervical carcinoma (CER) and

osteosarcoma (OST) cell lines. An allo-HLA reactive T cell clone was included to confirm proper HLA

expression and recognition capacity of the targets. MAGE-A1 gene expression levels, measured by qPCR,

are depicted between brackets as percentage relative to housekeeping genes. Recognition was determined

by IFN-γ production as measured by ELISA. Values and error bars represent mean and standard deviations

of technical duplicates. (B) Cytotoxicity was assessed by a 6-hour 51Cr-release assay at E:T ratio 9:1 and 1:1.

Technical triplicates are depicted in the graph and the values are a representatives of at least two

independent experiments.
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Table S1. Peptide-HLA complexes and selected MAGE-specific T cell clones

Recognition pattern 

identified T cell clones

Target peptide

HLA-

restrictio

n Target gene Eluted from NetMHCA

Td 

geneB

Poten

t & 

safeC FinalD

ALIEVGPDHFC A*02:01 MAGE-C2 OvaL10 7206 - -

ALKDVEERV A*02:01 MAGE-C2 - 470 1 -

ALKLKVAEL B*08:01 MAGE-A9 RPMI8226 +B8 71 - -

ALREEEEGV A*02:01 MAGE-A1 U266, C4-2B4, 

OvaL11 

825 1 -

EADPTGHSY A*01:01 MAGE-A1 - 42 2 -

EVDPIGHLY A*01:01/

B*35:01

MAGE-A3 -

-

11

297

7

6

-

3

-

1(2H9)

FPSLREAAL B*07:02 MAGE-A1 U266 and OvaL11 9 2 -

FVYGEPREL A*02:01 MAGE-C2 U266 512 3 -

GLLGDNQIMPK A*03:01 MAGE-

A1/A3/A6

U266, RPMI8226 

+A3

206 3 -

GVYAGREHFV A*02:01 MAGE-C2 U266 975 2 -

GVYDGREHTV A*02:01 MAGE-A4 U266, UM9 +A2, 

OvaL10

1752 1 -

IMPKAGLLII A*24:02 MAGE-A3 OvaL1 413 - -

IVLGVILTK A*03:01 MAGE-A9 RPMI8226 +A3 27 - -

KIWEELSVLEV A*02:01 MAGE-

A3/A6

U266 87 - -

KVLEFLAKL A*02:01 MAGE-C2 U266 25 3 -

KVLEYVIKV A*02:01 MAGE-A1 U266 7 18 3 1 (4F7)

LTQDLVQEKYLEY A*01:01 MAGE-A1 RPMI8226 +A1 126 1 1 1 (6G4)

LVFGIELMEV A*02:01 MAGE-A3 - 41 6 -

RCFPVIFGK A*03:01 MAGE-A4 U266, UM9 +A3 217 - -

RPADLTRVIM B*07:02 MAGE-A11 Oval10 9 - -

RVRFFFPSL B*07:02 MAGE-A1 U266 75 61 3 1 (3G2)

RVRFFFPSLR A*03:01 MAGE-A1 Prediction 46 - -

RVRIAYPSL B*07:02 MAGE-A4 U266 53 - -

RVRIAYPSLR A*03:01 MAGE-A4 U266 120 7 -

SLFRAVITK A*03:01 MAGE-A1 U266 14 39 2 1 (3H4)

SMLGDGHSMPK A*03:01 MAGE-A9 RPMI8226 +A3 68 - -

SVMGVYVGK A*03:01 MAGE-A9 RPMI8226+A3 29 - -

TLDEKVAEL A*02:01 MAGE-C2 U266 19 2 -

TQDLVQEKY A*01:01 MAGE-

A1/B1/B4

RPMI8226 +A1 562 - -

VAELVHFLL A*24:02 MAGE-A3 - 7689 1 -

VIWEVLNAV A*02:01 MAGE-C2 - 11 5 -

VLGEEQEGV A*02:01 MAGE-A9 RPMI8226 +A2 167 - -

VRFFFPSL C*07:01/

C*07:02

MAGE-A1
Prediction/

U266 

8807

5858

2

13

-

1

-

1(10C1

)

YPSLREAAL B*07:02 MAGE-A4 U266, UM9 7 - -

YVGKEHMF A*24:02 MAGE-A9 RPMI8226 +A24 3852 - -

YVGKEHMFY A*01:01 MAGE-A9 RPMI8226 +A1 341 1 1 1 (2D8)

MAGE specific peptides were identified form multiple myeloma cell lines U266, UM9 and RPMI8226; prostate 

cancer cell line C4-2B4, and primary ovarium carcinoma samples OvaL1, OVal10, and Oval11.
APredicted NetMHC 4.0 affinity (nM)
BT cell clones produce IFN-γ after stimulation with MAGE-gene transduced Raji cell. 
CT cell clones that show potent and strict recognition against Tumor cell line panels, EBV-LCL panel and 

MAGE-A panel. 
DThe final selection of most promising T cell clones for TCR gene therapy
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Table S2. HLA-typing of EBV-LCLs used in EBV-LCL screenings

EBV-LCL HLA-A HLA-B HLA-C

55 01 – 68 08 – 53 04 - 07

1854 02:01 - 30:02 15:01 - 39:01 03:03 - 12:03

2065 01:01 - 02:01 37:01 - 39:01 06:02 - 07:02

2631 02:01 - 03:01 44:02 - 57:01 06:02 - 07:04

3281 01:01 - 32:01 08:01 - 45:01 06:02 - 07:01

3480 26:01 - 01:01 38:01 - 18:01 12:03 - 07:01

3516 03:01 - 26:01 07:02 - 14:01 07:02 - 08:02

3829 01:01 - 68:01 44:02 05:01 - 07:04

4084 03:01- 30:01 07:02 - 38:01 07:02 - 12:03

4582 01 - 30:01 08:01 -40:01 03:04 - 07:01

4803 03:01 - 33:01 07:02 - 14:02 07:02 - 08:02

4991 26:01 - 31:01 14:01 - 49:01 07:01 - 08:02

5171 02:01 - 66:01 40:01 - 41:02 03:04 - 17

5283 24:02 - 66:01 14:02 - 39:06 07:02 - 08:02

5524 02:01 - 31:01 15:01 - 15:17 03:04 - 07:01

5439 03:01 - 25:01 15:17 - 18:01 07:01 - 12:03

5696 02:05 58:01 unknown

5702 32:01 - 68:01 35:03 - 52:01 12:02 - 12:03

5769 02:01 - 68:01 35:03 - 37:01 04:01 - 06:02

5857 30:04 - 68:02 38:01 - 55:01 03:03 - 12:03

5866 02:01 - 11:01 35:01 - 51:01 04:01 - 14:02

5989 11:01 -68:01 38:01 - 39:01 07:02 - 12:03

6023 03:01 - 11:01 40:02 - 56:01 01:02 - 02:02

6268 02:01 - 24:02 35:02 - 44:02 04:01 - 05:01

6316 29:02 - 30:01 13:02 - 44:03 06:02 - 16:01

6461 02:01 40:02 02:02

6463 02:01 57:01 06:02

6945 03:01 - 25:01 18:01 - 35:01 04:01 - 12:03

6978 02:01 - 02:05 15:01 - 45:01 01:02 - 06:02

7007 02:05 - 29:02 27:05 - 44:03 01:02 - 16:01

7159 02:01 13:02 - 44:02 05:01 - 06:02

7394 01:01 - 32:01 35:08 04:01

7590 24:02 - 31:01 07:02 - 35:08 04:01 - 07:02

7613 01:01 - 24:02 15:01 - 37:01 03:03 - 06:02

7929 01:01 35:02- 52:01 04:01 - 12:02

8419 02:01 - 01:01 50:01 - 07:02 07:02 - 06:02

8425 23:01 - 02:01 41:01 - 40:01 17:01 - 03:04

8428 11:01 - 01:01 57:01 - 35:01 06:02 - 04:01

8463 11:01 - 01:01 51:01 - 50:01 15:02 - 06:02

8466 23:01 51:01 - 41:01 17:01 - 15:02

9210 02:01 15:01 - 51:01 03:03 - 15:02

9271 33:01 - 66:01 58:01 - 58:02 03:02- 06:02

9619 01:01 - 33:03 44:03 - 51:01 07:06 - 14:02

9877 01:01 - 23:01 08:01 - 41:02 07:01 - 17:03

9779 02:01 - 03:01 08:01 - 50:01 06:02 - 07:01

10120 02:01 - 24:02 07:02 - 40:02 02:02 - 07:02

10299 02:01 - 11:01 44:05 - 51:01 02:02 - 14:02

12425 23:01 - 36:01 15:03 - 53:01 02:10 - 04:01
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Table S3. Primers included in the RT-qPCR experiments

Gene Forward primer Reverse primer

MAGE-A1 GAGTCCTTGTTCCGAGCAGT GGCTCCCTGGCTCGATATTT

MAGE-A3/A6 CCTGAGCAACGAGCGACG TCAGAACCTTGCCTCCTCACC

MAGE-A9 GATCCTGCGCACTACGAGTT ATGGGTAGCAGATGGGCTCT

GUSB ACTGAACAGTCACCGACGAG GGAACGCTGCACTTTTTGGT

PSMB4 GTTTCCGCAACATCTCTCGC CATCAATCACCATCTGGCCG

VPS29 TGAGAGGAGACTTCGATGAGAATC TCTGCAACAGGGCTAAGCTG
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