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Supplementary Figure 1. Melanoma fractions resistant to antigen-specific T cells. a) Quantification of colony formation assays of indicated 
parental cell lines and their T cell- resistant (TR) counterparts, treated with control (Ctrl) or MART-1 T cells for 24 hours in a 1:1 ratio. Afterwards, T 
cells were washed away and plates were stained with crystal violet after 3 days and quantified. Error bars represent S.D. of four independent 
replicates. Statistical analysis by Mann-Whitney test; * p<0.05, ** p<0.01, ns = not significant. (b) Flow cytometry of HLA-A2 expression in 
matched cell lines. (c) Gating strategy of flow cytometry experiments. (d) Quantification of cell viability after T cell attack in D10 cells using two 
different TCRs (CDKR24C and NY-ESO-1 reactive). Cells were loaded with respective peptides for 3 hours at room temperature and sequentially 
subjected to T cells for 24 hours. Error bars represent S.D. of three technical replicates of one experiment (which was repeated in two biological 
replicates and can be found in Source data). (e) IL-2 abundance measured by flow cytometry in supernatant of experiment in Fig. 1e. Error bars 
represent S.D. of three independent replicates. Statistical testing by Mann-Whitney, ns = not significant. (f) Flow cytometry of NGFR expression in 
matched cell lines. (g) Flow cytometry of NGFR high fractions in matched cell lines. Pooled data of five or six (SkMel-23) independent replicates. 
Statistical analysis by Mann-Whitney test; * p<0.05, ** p<0.01. (h) mRNA expression levels of SOX10 in parental versus TR cell lines. Pooled data 
of six independent cell line pairs, lines indicate each paired parental and TR cell line. One experiment is shown; the data is produced in two 
independent replicates (which can be found in Source data). (i) Immunohistochemistry quantification of NGFR expression on human melanoma. (j) 
mRNA expression levels of MLANA and NGFR in sorted cell lines, seven days after sorting. Error bars represent S.D. of four independent 
replicates.  Source data are provided as a Source Data file.

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y ** ns

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y ** ns

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y * ns

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y



Supplementary Figure 2
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Supplementary Figure 2. NGFRhi melanomas are resistant to multiple therapies. (a) Quantification of colony forma-
tion assays of M009R.X1.CL parental cell line and their T cell-resistant (TR) counterpart, treated with indicated cytokines 
for seven days. Medium was refreshed on day 4. Error bars represent S.D. Statistical analysis by unpaired t-test; ** 
p<0.01, * p<0.05. (b) Proliferation speed of three parental and TR cell lines. Error bars represent S.D. of three technical 
replicates; experiment was performed in two independent replicates (which can be found in Source data). Statistical 
analysis by Mann-Whitney test; * p<0.05, ns = not significant. (c) Cytotoxicity assay in SkMel-23 parental versus TR cells 
for DTIC (dacarbazine). Error bars represent S.D. of three technical replicates. Quantification in Supplementary Fig 2d. 
(d) Relative viability of TR cells compared to their parental counterparts at a concentration of 200 μg/ml DTIC or 4 Gy of 
irradiation. Error bars represent S.D. of three independent replicates with two technical replicates. Statistical analysis by 
Mann-Whitney test; ** p<0.01. Source data are provided as a Source Data file.
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Supplementary Figure 3. Pre-existing NGFRhi cells display a stable phenotype. (a) Relative MFI of NGFR and AXL as assessed by flow cytometry for 
parental cell lines after a 24 hour co-culture with MART-1 T cells in a 1:8 ratio. After 24 hours, T cells were washed away and the medium was refreshed every 3 
days. Cells were subjected to flow cytometry at the indicated timepoints. Error bars represent S.D. of three independent experiments. (b) Relative MFI of NGFR 
as assessed by flow cytometry for sorted NGFRhi versus NGFRlow cells, after the indicated time since sorting (1-4 weeks). Error bars represent S.D. from two 
independent replicates. (c) Fraction of NGFR-high tumor cells as assessed by flow cytometry, in D10 parental and TR clones. Average of two independent 
replicates. (d) Graphic overview of serial transplantations of D10 tumor cells. First, in vivo D10 tumors were subjected to either Ctrl or MART-1 T cells, and tumors 
were harvested at endpoint (when they reached 1000 mm3), single cell-dissociated and passaged for 3-4 passages in vitro. After expansion, they were injected 
into a new next cohort of mice, which were sequentially treated with either Ctrl or MART-1 T cells. (e) Comparison of MART-1 T cell response in D10 tumors that 
were derived from a previous group of Ctrl T cell treatment, versus D10 tumors that were derived from cells that had acquired resistance to MART-1 T cells. All 
n=7 per group except for D10 Ctrl, which was n=5. Error bars represent S.D. Statistical analysis by Kruskal-Wallis test; * p<0.05, ns = not significant. (f) Flow 
cytometry of NGFR expression in indicated cell lines. D10 M#1 and M#2 cell lines were both derived from a previously MART-1 T cell treated mouse; Ctrl cell line 
was derived from a Ctrl T cell treated mouse. Source data are provided as a Source Data file.
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Supplementary Figure 4. NGFR predicts immunotherapy resistance in melanoma patients.��D��1*)5�H[SUHVVLRQ�OHYHOV�LQ�
LQGLFDWHG�VDPSOHV��(UURU�EDUV�UHSUHVHQW�6�'��6WDWLVWLFDO�DQDO\VLV�E\�0DQQ�:KLWQH\�WHVW��
S��������E��'LIIHUHQWLDO�JHQH�H[SUHV-
VLRQ�LQ�PHODQRPD�3';�FRPSDULQJ�1*)5KL�YV��1*)5ORZ�WXPRU�VDPSOHV��*HQHV�!�ORJ���)'5���ZHUH�FRQVLGHUHG�VLJQLILFDQWO\�
GLIIHUHQWLDOO\�H[SUHVVHG��JUH\�OLQH���7KHVH�JHQHV�ZHUH�XVHG�WR�FUHDWH�WKH�WXPRU�LQWULQVLF�1*)5�VLJQDWXUH���F��1*)5�LPPXQRKLV-
WRFKHPLVWU\�RQ�D�VHW�RI�SDWLHQWV�WKDW�KDG�FOLQLFDO�EHQHILW�RU�QR�FOLQLFDO�EHQHILW�WR�DQWL�3'��WKHUDS\��3DWLHQWV�ZHUH�VFRUHG�IRU�
1*)5�H[SUHVVLRQ�LQ�WXPRU�FHOOV�VSHFLILFDOO\��DQG�ZHUH�FRQVLGHUHG�SRVLWLYH�ZKHQ�DW�OHDVW�����RI�WXPRU�FHOOV�ZDV�SRVLWLYH��
6WDWLVWLFDO�DQDO\VLV�E\�&KL�VTXDUHG�WHVW��
S�������6RXUFH�GDWD�DUH�SURYLGHG�DV�D�6RXUFH�'DWD�ILOH�



a

Supplementary Figure 5

b

SkMel-23-TR
shNGFR: C 1 4

NGFR

vinculin

c

sh
Ctrl

sh
NGFR1

sh
NGFR4

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y 
af

te
r T

 c
el

l a
tta

ck

D10

ns

ns

sh
Ctrl

sh
NGFR1

sh
NGFR4

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y 
af

te
r T

 c
el

l a
tta

ck
M009R.X1.CL

ns
ns

sh
Ctrl

sh
NGFR1

sh
NGFR4

0.0

0.5

1.0

R
el

at
iv

e 
vi

ab
ilit

y 
af

te
r T

 c
el

l a
tta

ck

SkMel-23

ns
ns

R
el

at
iv

e 
vi

ab
ilit

y 
af

te
r T

 c
el

l a
tta

ck

0 5 10 15 20
0

2

4

6

Hours after T cell exposure

R
el

at
iv

e 
ca

sp
as

e 
po

si
tiv

e 
ce

lls

D10-TR

shCtrl

shNGFR1

shNGFR4
**

*

0 5 10 15 20
0

2

4

6

Hours after T cell exposure

R
el

at
iv

e 
ca

sp
as

e 
po

si
tiv

e 
ce

lls

M009R.X1.CL-TR

shCtrl

shNGFR1

shNGFR4

*
*

d

sgCtrl sgNGFR

0 5 10 15
0

5

10

15

20

Hours after T cell exposure

sgCtrl
sgNGFR

****

e
Sorted

R
el

at
iv

e 
ca

sp
as

e 
po

si
tiv

e 
ce

lls

sh
Ctrl

sh
NGFR1

sh
NGFR4

0.0

0.5

1.0

D10-TR HLA-A2 MART O.E.

***
*

sh
Ctrl

sh
NGFR1

sh
NGFR4

0.0

0.5

1.0

SkMel-23-TR

**
*

R
el

at
iv

e 
vi

ab
ilit

y 
af

te
r T

 c
el

l a
tta

ck

f g

sh
Ctrl

sh
BDNF2

sh
BDNF3

0.0

0.5

1.0

re
la

tiv
e 

m
R

N
A 

ex
pr

es
si

on

BDNF

Supplementary Figure 5. Genetic perturbation of NGFR modulates T cell sensitivity. (a) Western Blot analysis of 
SkMel-23-TR cells after knockdown of NGFR. Vinculin was used as a loading control. One blot of two independent experi-
ments is shown (the other can be found in the Source data). (b) Quantification of MART-1 T cell cytotoxicity in TR cell lines 
relative to Ctrl T cells (1:1 ratio tumor : T cell) in the presence of absence of shNGFR. Cells were loaded with MART-1 
peptide prior to the assay, and cytotoxicity was normalized to shCtrl cell survival after MART-1 T cell attack. Error bars 
represent S.D. of six independent experiments. Statistical analysis by Mann-Whitney test; ** p<0.01, **** p<0.001. (c) 
Quantification of MART-1 T cell cytotoxicity in TR cell lines relative to Ctrl T cells (1:1 ratio tumor : T cell) in the presence of 
absence of shNGFR. Viability was normalized to shCtrl cell survival after MART-1 T cell attack. Error bars represent S.D. of 
three independent experiments with two replicates each. Statistical analysis by Kruskal-Wallis test; ** p<0.01, **** p<0.001. 
(d) Quantification of caspase-positive cells after T cell attack in shCtrl and shNGFR cells, as measured by Incucyte. Error 
bars represent S.D. of three independent replicates. Statistical analysis by Mann-Whitney test, * p<0.05, ** p< 0.01. (e) Flow 
cytometry-based sort of sgNGFR D10-TR cells, which were then used for Extended Data Fig. 5f. (f) Quantification of 
caspase-positive cells after T cell attack in sgCtrl or sgNGFR cells (sorted for purity as in panel E). Error bars represent S.D. 
from three independent replicates. Statistical analysis by Mann-Whitney test; **** p<0.0001. (g) mRNA levels of BDNF in 
M009R.X1.CL-TR cells expressing either shCtrl or shBDNF. Pooled data of two independent replicates. Source data are 
provided as a Source Data file.
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Supplementary Figure 6. Pharmacological reversal of the NGFRhi state restores T cell sensitivity. (a) Viability of TR 
cells upon AG-879 treatment. Cells were treated for three days. Error bars represent S.D. of three independent replicates. (b) 
Quantification of MART-1 T cell cytotoxicity in TR cell lines relative to T cell-mediated killing alone (1:1 ratio tumor : T cell) in 
the presence of absence of shNGFR and presence or absence of AG-879. Cells were loaded with MART-1 peptide prior to 
the assay, and cytotoxicity was normalized to shCtrl cell survival after MART-1 T cell attack. Error bars represent S.D. of three 
independent experiments. Statistical analysis by unpaired t-test; **** p<0.001. (c) Quantification of NGFR expression by flow 
cytometry after 3 days of 250 µM ganetespib treatment in vitro. Error bars represent S.D. of five independent experiments. 
Statistical analysis by Mann-Whitney, ** p< 0.01. (d) Colony formation assay of D10-TR cells treated with control (Ctrl) or 
MART-1 T cells in a 1:1 ratio for 72 hours with or without 0.025 mg/ml 17-AAG. Afterwards, plates were washed and stained 
with crystal violet. Quantification in Extended Data Fig. 6e. (e) Relative viability of indicated cell lines, calculated based on the 
additive effect of 17-AAG upon MART-1 T cell killing. Error bars represent S.D. from three independent replicates. Statistical 
analysis by Mann-Whitney test; *** p<0.001, **** p<0.0001. (f) Quantification of MART-1 T cell cytotoxicity in TR cell lines 
relative to T cell-mediated killing alone (1:1 ratio tumor : T cell) in the presence of absence of shNGFR and presence or 
absence of HSP90 inhibitor ganetespib (5 nM). Cells were loaded with MART-1 peptide prior to the assay, and cytotoxicity 
was normalized to shCtrl cell survival after MART-1 T cell attack. Error bars represent S.D. of three independent experiments. 
Statistical analysis by unpaired t-test; *** p<0.01, * p<0.05. Source data are provided as a Source Data file.



Supplementary Table 1. Primer sequences used in this study. 

Gene Primer sequence 

NGFR F: TCATCCCTGTCTATTGCTCCA 

R: TGTTCTGCTTGCAGCTGTTC 

SOX10 F: CTTTCTTGTGCTGCATACGG 

R: AGCTCAGCAAGACGCTGG 

MLANA F: GCTCACTTCATCTATGGTTACCC 

R: GACTCCCAGGATCACTGTCAG 

RPL13  F: GAGACAGTTCTGCTGAAGAACTGAA 

R: TCCGGACGGGCATGAC 

BDNF F: AGCCTTTTCCTCCTGCTGTG 

R: CCTGGTGGAACTGGGGGTA 

 


