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Tumor Cell Killing by Cytotoxic CD8* T Cells
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Clinical History of Patient Ma-Mel-86
Patient Ma-Mel-86

orimary year 2001, November: primary melanoma diagnosed
2001 :
melanoma 2002, January: | stage Il
(Nov.) 5665 2002, September:  stage IV
2003 2002/2003: multiple brain metastases, regression upon irradiation
2004 — 2005: colon metastases
2 2005 2005-2008: clinically disease-free interval
a0 2006 —
g 2009: recurrent metastases, death
2007 - _
Long-term survivor !
2008 —
Death 2009 Immunotherapy: IFNa, peptide-based vaccine,
(April) tumor lysate-loaded DC vaccine

Zhao et al., Cancer Res 2016
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Clinical History of Patient Ma-Mel-86
Patient Ma-Mel-86

orimary year 2001, November: primary melanoma diagnosed
2001 :
vssa 2002 Jaman gl
(Nov) == ""3002 | Jan. ' >eP ' J
2003 2002/2003: multiple brain metastases, regression upon irradiation
_2004-| Ma-Mel-86b 2005: colon metastases
LN
Feb.
2 N 2005~ 2005-2008: clinically disease-free interval
= N
& 2006 —
+ 2009: recurrent metastases, death
0 Ma-Mel-86¢
2007 -
May Long-term survivor !
2008 —
Death LN™""5609 Ma-Mel-86f Immunotherapy: IFNa, peptide-based vaccmez
(April) Dec. tumor lysate-loaded DC vaccine

Zhao et al., Cancer Res 2016
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Heterogenous HLA Class | expression

Patient Ma-Mel-86 HLA class |

_ year
primary 2001 .
melanoma Ma-Mel-86a = HMB-45 HLA class |
T ERE WY P B T 4 PYRRP 8 PR T
(Nov.) IN-—-2002-4 [Jan. “ﬂ%{,ﬁﬁ‘g‘?‘g gh' TabgrS THE TrplNs ga
Fre. % _\.’.,: !;,‘"gi‘ k- 4 : P b ;..‘.ﬂ_.v"..} -:3& I B e
2003 PEs 35?'*15 hlie 4 e AA
_| ot T2 AR T 3 y 3 e
o 3 "' - E ;?- b &
2004-|  Ma-Mel-86b .. :

Feb. .
> 2005 e
o LN |
?'P 2006 —
H 0,64
@ Ma-Mel-86¢ ..
2007 — May J M,
2008 —
—
LN""5860" -
Death 2009 Ma-Mel-86f
(April) Dec.

Zhao et al., Cancer Res 2016
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Detection of Neoantigen-specific CD8* T cells (Tc)
Patient Ma-Mel-86

j HLAclass | neoantigen HLA restriction Expression
ear
orimary 23(’)01_ PRDM10 S1050F HLA-A*24:02 86a
melanoma Ma-Mel-86a ™ HERPUD1 G161s HLA-B*15:01 86a, 86¢C
Nov. _
(Nov) = 2002 | an. INSIG S238F HLA-A*24:02 86a, 86b, 86¢
2003 — : MMS22| S437F HLA-A*24:02 86a, 86b, 86c¢, 86f
Thomas Wolfel (University Mainz, Germany)
LN______gQQ_L}:ﬂMe|-86b
Feb.
> 2005
()] LN~ ]
& 2006 —
) 0
n Ma-Mel-86¢ |
2007 May /o
2008 —
LN~"5565° 4 N
Death ALY Ma-Mel-86f
(April) Dec.

Schrdrs et al., Oncotarget 2017
Zhao et al., Cancer Res 2016
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Detection of Neoantigen-specific CD8* T cells (Tc)
Patient Ma-Mel-86

j HLAclass | neoantigen HLA restriction Expression
ear
orimary 23(’)01_ PRDM10 S1050F HLA-A*24:02 86a
melanoma Ma-Mel-86a ™ HERPUD1 G161s HLA-B*15:01 86a, 86¢C
Nov. _
(Nov) = 2002 | an. INSIG S238F HLA-A*24:02 86a, 86b, 86¢
2003 ' MMS221 S437F HLA-A*24:02 86a, 86b, 86¢, 86f
Thomas Wolfel (University Mainz, Germany)
2004—  Ma-Mel-86b ..
LN . Feb -
€b. U HERPUD16161S_gpecific Tc
> 2005 — ' '
()] LN~ ] T | \
© 2006 — cony !
v Ma-Mel-86¢ | /; 3‘3\ 2N
— L2 TR RS
20079 May EER AN Tc + 862\ )
2008 —
Tc +86¢C |
N0 = X )
Death ALY Ma-Mel-86f
(April) Dec.

Schrdrs et al., Oncotarget 2017
Zhao et al., Cancer Res 2016
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Detection of Neoantigen-specific CD8* T cells (Tc)
Patient Ma-Mel-86

j HLAclass | neoantigen HLA restriction Expression
ear
orimary 23(’)01_ PRDM10 S1050F HLA-A*24:02 86a
melanoma Ma-Mel-86a HERPUD1 G161S HLA-B*15:01 86a, 86¢
Nov. _
(Nov) = 2002 | an. INSIG S238F HLA-A*24:02 86a, 86b, 86¢
2003 ] MMS22| S437F HLA-A*24:02 86a, 86b, 86c, 86f
Thomas Wolfel (University Mainz, Germany)
2004 — Ma-Mel-86b ..
LN~ " Feb
. G161S_ ifi
> — U HERPUD1 | sPeC|f|c TC HLA class |
()] LN ] T | \
?;_f 2006 — c only ; 1 86c
% Ma-Mel-86¢ 7 N\
e e xea # '
20077 May Tc+86a ') S0 M 86a
o - A >\ 3“ o’ / H /
2008 | e
Tc +86¢C | I
LN“5555" B N I
Death ALoe Ma-Mel-86f -
(April) Dec.

Schrdrs et al., Oncotarget 2017
Zhao et al., Cancer Res 2016
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HLA Haplotype Loss Protects from Neoantigen-specific Tc
Patient Ma-Mel-86

j HLAclass | neoantigen HLA restriction Expression
ear
orimary 23(’)01_ PRDM10 S1050F HLA-A*24:02 86a
melanoma Ma-Mel-86a HERPUD1 G161S HLA-B*15:01 86a, 86¢C
Nov. _
(Nov) = 2002 ] Jan, INSIG S238F HLA-A*24:02 86a, 86b, 86¢
2003 1 MMS221 S437F HLA-A*24:02 86a, 86b, 86¢, 86f
Thomas Wolfel (University Mainz, Germany)
2004 — Ma-Mel-86b ..
LN e -
- — €b. S HERPUD16161S-gpecific Tc Ma-Mel-86a
= LN ‘7 ' 07— HLA-A  *01:01/*24:02
¥ 2006 - Te only (/! HLA-B  *08:01/*15:01
Z Ma-Mel-86¢ . [\ HLA-Cw *07:01/*03:03
2007 May Tc+86a = Ma-Mel-86
L NS a-Mel-86¢
2008 — - *01: -
‘7 Te + 86 | HLA-A *01.01 /
LN s s ns HLA-B 08:01/ -
Death 20097 |Ma-Mel-86f HLA-Cw *07:01/ -
(April) Dec.

Schrdrs et al., Oncotarget 2017
Zhao et al., Cancer Res 2016
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Patient Ma-Mel-86
| HLAclass | neoantigen HLA restriction Expression
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Schrdrs et al., Oncotarget 2017
Zhao et al., Cancer Res 2016



Patient Ma-Mel-86
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HLA Haplotype Loss Protects from Neoantigen-specific Tc

j HLAclass | neoantigen HLA restriction Expression
ear
orimary 23(’)01_ PRDM10 S1050F HLA-A*24:02 86a
melanoma Ma-Mel-86a HERPUD1 G161S HLA-B*15:01 86a, 86¢
Nov. _
(Nov) = 2002 | an. INSIG S238F HLA-A*24:02 86a, 86b, 86¢
2003 — MMS22| S437F HLA-A*24:02 86a, 86b, 86¢c, 86f
Thomas Wolfel (University Mainz, Germany)
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T Cell Resistance by Acquired B2M Deficiency
Patient Ma-Mel-86

HLA class |
. year j HLA class l-antigen
primary 2001 — |
melanoma Ma-Mel-86a complex
(Nov) == "1 """2602 | Jan.
2003
2004-|  Ma-Mel-86b . Ma-Mel-86
LN T Feb
o . : S 86a 86b 86c 86f
o - l B2M - —
oo -
© 2006 - - GAPDH SSE——
) Ma-Mel-86¢ ..
2007— May
2008 —
LN-5556 - X
Death 2009 Ma-Mel-86f
(April) Dec.

Zhao et al., Cancer Res 2016
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T Cell Resistance by Acquired B2M Deficiency
Patient Ma-Mel-86
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Zhao et al., Cancer Res 2016
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T Cell Resistance by Acquired B2M Deficiency
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Patient Ma-Mel-86

primary
melanoma

year
2001 —

(Nov.)

stage IV

Death

HLA class |

Ma-Mel-86a

- lJan.

Ma-Mel-86b _|
Feb.

(April)

Ma-Mel-86f
Dec.

Ma-Mel-86¢ |
May fo,

Evolution of T Cell Resistance

paired homologous

chromosomes
- e - -
Chri15g21.1
B2M —» = = - BOM-»
(W) (del.)
T cell
recognition yes yes no

Similar evolution in two additional patient models
(Sucker et al., Clin Cancer Res. 2014)

Zhao et al., Cancer Res 2016
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Multiple Acquired Resistance Mechanisms in Ma-Mel-86
Patient Ma-Mel-86

ear . . i
primary 23(/)01_ * Resistance to neoantigen-specific T cells by HLA haplotype loss due to
melanoma Ma-Mel-86a h 60 ab f
Nov. - chromosome 6p aberrations
(Nov) == "1 """2602 | Jan.
2057 « T cell resistance due to acquired B2M deficiency caused by shared
L2004 '\QZEJMe"SGb chromosome 159 aberrations and independent B2M gene deletions
> 2005 —
()] LN~
g 2006
n Ma-Mel-86¢
2007 — May
2008 —
LN"""5509" -
Death 2009 Ma-Mel-86f

(April) Dec.
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Multiple Acquired Resistance Mechanisms in Ma-Mel-86
Patient Ma-Mel-86

primary ;clfjr_ * Resistance to neoantigen-specific T cells by HLA haplotype loss due to
melanoma Ma-Mel-86a h 60 ab :
(Nov.) a0z [Jan. chromosome 6p aberrations
S T cell resistance due to acquired B2M deficiency caused by shared
LN AQZ;JMe"SGb chromosome 15q aberrations and independent B2M gene deletions
> 2005 —
= LN —
» p— Ma-Mel-86b S w/o IFNy
2 Ma-Mel-86¢ / IFNy_50
2077 May / — IFNy_500
2008 HLA class | loss protects from
---------------- bystander killing by IFNy !
Death WNTT2009 7 | va-Miel-86f y g by IFNy

(April) Dec.
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Cytoplasm

HAT STAT1

i (p) (p) Primary response
dephosphorylation Hvis IRF1
SR o
DO’ 1 Secondary
Nucleus GAS IRF1 | response genes

DR’
IRF1 binding site

© 2011 American Association for Cancer Research

CCR Molecular Pathways A‘K{

Zaidi & Merlino, Clin Cancer Res 2011

IFNy Signaling Pathway

» enhanced antigen presentation
» proliferation arrest

* apoptosis

anti-tumorigenic

pro-tumorigenic

Pathway genes

IFNGR1
IFNGR2
JAK1
JAK2
STAT1
IRF1

« checkpoint ligand upregulation (e.g. PD-L1)
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Cytoplasm

STAT1

() (P
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Primary response

dephosphorylation LLVLS ,_' IRF1
PR |

Secondary
Nucleus GAS IRF1 response genes
PP
IRF1 binding site
© 2011 American Association for Cancer Research
CCR Molecular Pathways AR

Zaidi & Merlino, Clin Cancer Res 2011

overall survival

overall survival

Society for Immunotherapy of Cancer

IFNy Signaling Impacts on Patient Survival

1.0 e
0.8 STAT1_high p<0.0001
median: NA
0.6
04
0.2 STAT1 low
median: 620d
0.0_ p=1
n=45
p<0.0001

0.0]

IRF1_high
median: NA

IRF1_low
median: 387 d

0

1000 2000 3000 4000 5000
Survival Time (Days)

Pathway genes

IFNGR1
IFNGR2
JAK1
JAK2
STAT1
IRF1

Sucker et al., Nat Comm 2017
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Patient Ma-Mel-61 .. _ _
year _ 11/02 cut met Clinical History of Patient Ma-Mel-61

12/02-03/03 —————— unknown primary melanoma
dacarbacine / IFNa. 2003 —

—— 02/03 LN met

04/03-01/05 IENo.  — —— ——— —03/03 LN mets 2002, November: stage IV melanoma diganosed
03/03 cut met

2003-2005: multiple visceral metastases
——07/03 bone mets
2005, November: death
11/03 radiatio —--—-———-— —11/03 LN mets
2004 — 11/03 adrenal met
Immunotherapy
| 04/04 cns met 2002, Dec. - 2005, Jan: IFNo

stage IV

2005 —
———01/05 lung mets

01/05 cns met
02/05-04/05

dacarbacine

—05/05 cut met
—06/05 lung met

L 08-10/05 —07/05 cut met
gemcitabine / treosulfan

_11/05 death
Sucker et al., Nat Comm 2017
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Patient Ma-Mel-61

12/02-03/03

dacarbacine / IFNa 2003 —]

04/03-01/05 IFNa

11/03 radiatio

stage IV

02/05-04/05
dacarbacine

08-10/05
gemcitabine / treosulfan

ear __ 11/02 cut met

2005 —

unknown primary melanoma
—— 02/03 LN met

——03/03 LN mets — Ma-Mel-61a 2002, November:
03/03 cutmet — Ma-Mel-61b
2003-2005:

2005, November:

——07/03 bone mets

. 11/03 LN mets —» Ma-Mel-61c

11/03 adrenal met
Immunotherapy

——01/05 lung mets — Ma-Mel-61e
01/05 cns met

—05/05 cut met —» Ma-Mel-61g
—06/05 lung met

|
[ 07/05 cutmet. — Ma-Mel-61h } no response to IFNy !

_11/05 death

_04/04 cns met 2002, Dec. - 2005, Jan:

Clinical History of Patient Ma-Mel-61

stage IV melanoma diganosed
multiple visceral metastases

death

IFNo

Sucker et al., Nat Comm 2017
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Patient Ma-Mel-61

year __11/02 cut met JAK1 Mutation in Ma-Mel-61g cells
12/02-03/03 —————— unknown primary melanoma
dacarbacine / IFNa. 2003 —
e ,Ma-Mel-61b  -61g
—— 02/03 LN met
04/03-01/05 [FNot  —————— [ o s = Ma-Mel-61a
cut met Ma-Mel-61b - IFNy
——07/03 bone mets *g
11/03 radiatio —---——- . 11/03 LN mets — Ma-Mel-61c
+
2004 — 11/03 adrenal met IFNy
> 04/04 ]
a — cns met
g
7 61b 619
-+ -+ |FNy
2005 —
——01/05 lung mets — Ma-Mel-61e — - | pSTAT1
01/05 cns met
02/05-04/05 T . e~ | STAT1
dacarbacine —05/05 cut met  —» \a-Mel-61g — | IrRF1
—06/05 lung met
o osdolos —07/05 cut met  —> Ma-Mel-61h —— e w5 \PDH
gemcitabine / treosulfan
| 11/05 death

Sucker et al., Nat Comm 2017
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Patient Ma-Mel-61

year __11/02 cut met JAK1 Mutation in Ma-Mel-61g cells
12/02-03/03 —————— unknown primary melanoma
dacarbacine / IFNa. 2003 —
* Ma-Mel-61b  -61g
A
—— 02/03 LN met o J6AP§133 3
. r.1:6531331
04/03-01/05 IFNo, —————— ——03/03 LN mets —» Ma'Me|'61a hglg CECTCCCACAATA
03/03 cut met  — Ma-Mel-61b - IFNy ggg'_rggiagwﬂa
——07/03 bone mets *g Ma-Mel-61g cSocTocarcanTs
o GB0OW  EEETEERACAATA
11/03 radiatio 11/03 LN mets —» M ® CLT98GT GG TCCAAGAAT A
—————— — a-Mel-61c (99%) SSGTCCAAGAATA
ciENe | 7Y gsercec NG AATA
2004 —|  11/03 adrenal met PNy LS AL
975 ;;;—-:-:i-;--—-
> >
- ——04/04 cns met - I
Q GGGTCCCAGAATA
=t cEElEERLELAIS
i 61b 619 §§§T_E§§A§AA1_’A
-+ - + IFN GEETCCCAGAAT A
A = ! GGGTCCCAGAATA
- 01/05 lung mets — Ma-Mel-61e — __|PSTAT1 Ma-Mel-61b cccrcccacanaTs
01/05 cns met CCCTOOCACAATA
02050005 ~ = |STAT W sesressaeaany
dacarbacine _ 05/05 cut met —» Ma-Mel-61g e, , IRF1 GGGTCGOAGAATA
L GGGTCCCAGAATA
08-10/05 06/05 lung met 846 GGGTCCCAGAATA
. . VIV — 07/05 cut met —> Ma-MeI-Glh —— S g == S APDH reads ]
gemcitabine / treosulfan
| 11/05 death

Sucker et al., Nat Comm 2017
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Patient Ma-Mel-61

year __11/02 cut met JAK1 Mutation in Ma-Mel-61g cells
12/02-03/03 —————— unknown primary melanoma
dacarbacine / IFNa. 2003 —
Ma-Mel-61
—— 02/03 LN met +g JAKL ) JAK1
-+ - Chr.1:65313316
04/03-01/05 IFNo, —————— ——03/03 LN mets —» Ma'Me|'61a ) ) + 4+ ”:N’Y hglg CECTCCCACAATA
03/03 cut met  —> Ma-Mel-61b ) GGGTCCAAGAATA
4 STAT1 ceaTo M AGARTA
——07/03 bone mets P Ma-Mel-61g GGGTCCAAGAAT A
e STAT1 G600W  CEETECAAEAATA
» ~ C.AT9BGST [ Ol CAiin
11/03 radiatio -——-—-— _11/03 LN mets —» Ma-Mel-61c H I IRF1 (99%) 999I§§"~ AGAATA
2004 — 11/03 adrenal met ‘ 222;??"*_E:Tj
W GAPDH 975 GGGTCCAAGAATA
= 1
- —04/04 cns met -
Q GGGTCCCAGAATA
% 9§9I999f9ﬁ-f—I-§-
7 61b _61g
-+ -+ IFNy CTECEASAATA
AU — GGGTCCCAGAAT A
—01/05 lung mets — \a-Mel-61e == |PSTATL Ma-Mel-61b cccrcccacanrs
01/05 cns met COCTOOOAGAAT A
02/05-04/05 R w—— — | STAT1 WT CCTEEEACAATA
dacarbacine CCGTCCCAGAAT A
—05/05 cut met —» Ma-Mel-61g — ; IRF1 GGGTCCCAGAATA
——06/05 lung met 846 GGGTCCCAGAATA
- 081005 —07/05 cut met — Ma-Mel-61h —— e === GAPDH reads 1
gemcitabine / treosulfan
| 11/05 death

Sucker et al., Nat Comm 2017
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Patient Ma-Mel-61

12/02-03/03

dacarbacine / IFNa 2003 —]

04/03-01/05 IFNa

11/03 radiatio

stage IV

02/05-04/05
dacarbacine

08-10/05
gemcitabine / treosulfan

2005 —

~11/02 cut met
unknown primary melanoma

—— 02/03 LN met

—03/03 LN mets — Ma-Mel-61a
03/03 cutmet — Ma-Mel-61b

——07/03 bone mets

. 11/03 LN mets —» Ma-Mel-61c

11/03 adrenal met

L 04/04 cns met

——01/05 lung mets — Ma-Mel-61e
01/05 cns met

—05/05 cut met
—06/05 lung met
—07/05 cut met

— Ma-Mel-61g
— Ma-Mel-61h

_11/05 death

Society for Immunotherapy of Cancer

Evolution of JAK1 Deficiency

Allelic distribution
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How to restore HLA class | antigen

presentation in Ma-Mel-61h?



S |TC 2 1 7 November 8-12 « NATIONAL HARBOR, MD

Society for Immunotherapy of Cancer

¢ . RNAVirus

L 2 ! RIG-I (retinoic acid inducible gene |)

/, 0 /9'\* IPS i
CUEGY,

Mitochondrion °

@n '

TANK NAPI NEMO

‘ IKKa kKB

v

IxB
g N F;}ﬁ

(RF3) IRF7 NFixB!

adapted from
http://www.invivogen.com/review-rlr

Ubiquitious innate cytosolic pattern recognition receptor
RNA helicase binds short double-stranded viral pppRNA

RIG-I activation in tumor cells by transfection with synthetic 3pRNA
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Multiple Acquired Resistance Mechanisms in Ma-Mel-61 and Ma-Mel-54

 Acquired IFNy resistance due to chromosomal aberrations and concomitant

inactivation of JAK1/2 genes
« T cell resistance due to silencing of genes involved in antigen presentation

* RIG-I activation in tumor cells overcomes silencing of antigen presentation genes in

IFN-resistant melanoma cells and re-sensitizes tumor cells to autologous CD8* T cells
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Sharma et al., Cell 2017

Resistance mechanisms

IFNy pathway mutations
Zaretsky et al., NEJM 2016

Gao et al., Cell 2016

Shin et al., Cancer Discov 2017
Sucker et al., Nat Commun 2017

Loss of neoantigen expression
Anagnostou et al., Cancer Discov 2017

HLA haplotype loss
McGranahan et al., Cell 2017
Zhao et al., Cancer Res 2016

B2M deficiency

Zaretsky et al. NEJM 2016

Gettinger et al., Cancer Discov 2017
Sade-Feldman et al., Nat Commun 2017
Zhao et al., Cancer Res 2016

Sucker et al., Clin Cancer Res 2014
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Melanoma — non-ICB
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Take home messaqge

« Early chromosomal aberrations predispose to acquired [FNy

resistance and T cell resistance in melanoma

 Screening of patient metastases for chromosomal aberration and
gene mutations prior to immunotherapy to define the risk of

resistance development
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