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Supplementary Figure 1 | Overview of the experimental and computational
workflow for this study. Major analysis steps are shown in gray boxes. Names

of software used for each step are shown in light blue.
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Supplementary Figure 2 | The cancer cell fraction (CCFs) of most known
melanoma drivers did not change significantly over time in tumor biopsies.
Panels display CCF values for known melanoma drivers in 12 patients out of 17.

No known melanoma related drivers were detected in Pat155, Pat62, Pat51,
Pat99 and Pat131.
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Supplementary Figure 3 | Summary of all nucleotide and copy number
variants found in our dataset. (a) Overall survival of patients treated with CPB
within our cohort whose tumors responded (n=5), did not respond (n=10) or
relapsed after an initial response (n=5). Log-rank p-value is shown (b) Stacked
bar plot summarizing the total number of nucleotide variants per patient. Different
colors represent different types of nucleotie variants. (¢) Patient information. First
row (white text on black background) indicate patient classification as either
nonresponder, responder, or resistance. Second row (white text on black
background) are patient IDs. Third row (white text on orange or blue
backgrounds) indicate time points at which biopsies were taken from each
patient. Orange, biopsy was taken prior to or during progression; blue, biopsy
was taken prior to or during regression. (d) Summary of nucleotide and copy
number variations. Each rectangular region indicates a chromosome.
Amplifications and deletions are shown as red and blue, respectively. The
chromosomal location of each nucleotide variant is shown on the verticle axis.
The cancer cell fraction of the variant is shown on the horizontal axis, with left
indicating frequency of 0 and right indicating 1. (e) Boxplot of mutation load in
baseline samples from patients who did (blue) or did not (orange) show initial
response to CPB. (f) Boxplot of mutation load in samples prior to or after
treatment. If multiple samples were available post-treatment for a single patient,
the mutation load was calculated as the union of the sets of mutations found in
post-treatment samples. (g) Boxplot of mutation load in samples taken during
disease progression (orange) or regression (blue). If multiple samples were
available from a single patient during either progression or regression, the
mutation load was calculated as the union of the sets of mutations found in each

sample.
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Supplementary Figure 4 | Neoantigen load in patients treated with CPB.
Each plot displays the neoantigen load over time per patient. For each patient, in
the top row, CCF values for genes that contributed at least one neoantigen were
summed. In the second row, CCF values for each predicted antigenic peptide
was summed, such that genes contributing multiple neoantigens would be
represented multiple times. In the third row, the number of clonal genes that
contributed at least one neoantigen was calculated. In the last row, the number of
subclonal genes that contributed at least one neoantigen was calculated. Red

lines indicate strong binders, blue lines indicate weak binders.
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Supplementary Figure 5 | Summary of neoantigen loads in our dataset.
Boxplots of predicted strong binders and weak binders are shown for various
sample groups (columns) and neoantigen load metrics (rows). Rows show, from
top to bottom: the sum of CCF values for genes that contributed at least one
neoantigen (first row); sum of CCF values for each predicted antigenic peptide,
such that genes contributing multiple neoantigens would be represented multiple
times (second row); the number of clonal genes that contributed at least one
neoantigen (third row); and the number of subclonal genes that contributed at
least one neoantigen (fourth row). Columns show, from left to right: neoantigen
load between pre and post-treatment samples (first and second columns);
baseline samples from responders and nonresponders (third and fourth
columns); and samples taken during disease progression and regression (fifth
and sixth columns). If multiple samples from a single patient were available for
any grouping, the neoantigen load was calculated from the union of the sets of

mutations found in each sample.
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Supplementary Figure 6 | Summary of nucleotide and copy number
variants found in the HLA presentation pathway. (a) Stacked bar plot
summarizing the total number of nucleotide variants with cancer cell fraction =
0.5 found in the HLA pathway sets per patient. Colors indicate different types of
nucleotide variants. (b) Stacked bar plot summarizing the total number of copy
number variants found in the HLA pathway per patient. Red line, amplification;
blue line, deletion. (c¢) Stacked bar plot summarizing the total number of LOH
found in the HLA pathway per patient. (d) Patient information. First row (white
text on black background) indicate patient classification as either nonresponder,
responder, or resistance. Second row (white text on black background) are
patient IDs. Third row (white text on orange or blue backgrounds) indicate time
points at which biopsies were taken from each patient. Orange, biopsy was taken
prior to or during progression; blue, biopsy was taken prior to or during
regression. (e) Summary of nucleotide and copy number variants in the HLA
pathway per sample. Nucleotide variants are displayed as fill colors. Only
nucleotide variants with cancer cell fraction = 0.5 are shown. Copy number
variants are displayed as lines. Colors are defined as in a and b. (f) Boxplot of
nucleotide and copy number variants in baseline samples from patients who did
(blue) or did not (orange) show initial response to CPB. (g) Boxplot of nucleotide
and copy number variants in samples prior to or after treatment. If multiple
samples were available post-treatment for a single patient, the mutation load was
calculated as the union of the sets of mutations found in post-treatment samples.
(h) Boxplot of nucleotide and copy number variants in samples taken during
disease progression (orange) or regression (blue). If multiple samples were
available from a single patient during either progression or regression, the
mutation load was calculated as the union of the sets of mutations found in each

sample.
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Supplementary Figure 7 | Summary of nucleotide and copy number
variants found in the interferon-gamma pathway. (a) Stacked bar plot
summarizing the total number of nucleotide variants with cancer cell fraction =
0.5 found in the interferon-gamma pathway sets per patient. Colors indicate
different types of nucleotide variants. (b) Stacked bar plot summarizing the total
number of copy number variants found in the interferon-gamma pathway per
patient. Red line, amplification; blue line, deletion. (c) Stacked bar plot
summarizing the total number of LOH found in the interferon-gamma pathway
per patient. (d) Patient information. First row (white text on black background)
indicate patient classification as either nonresponder, responder, or resistance.
Second row (white text on black background) are patient IDs. Third row (white
text on orange or blue backgrounds) indicate time points at which biopsies were
taken from each patient. Orange, biopsy was taken prior to or during progression;
blue, biopsy was taken prior to or during regression. (e) Summary of nucleotide
and copy number variants in the interferon-gamma pathway per sample.
Nucleotide variants are displayed as fill colors. Only nucleotide variants with
cancer cell fraction = 0.5 are shown. Copy number variants are displayed as
lines. Colors are defined as in a and b. (f) Boxplot of nucleotide and copy number
variants in baseline samples from patients who did (blue) or did not (orange)
show initial response to CPB. (g) Boxplot of nucleotide and copy number variants
in samples prior to or after treatment. If multiple samples were available post-
treatment for a single patient, the mutation load was calculated as the union of
the sets of mutations found in post-treatment samples. (h) Boxplot of nucleotide
and copy number variants in samples taken during disease progression (orange)
or regression (blue). If multiple samples were available from a single patient
during either progression or regression, the mutation load was calculated as the

union of the sets of mutations found in each sample.

13



Treatment [[tTaeS

Clinical Response

Daysaﬂertreatmentt 1 60 120 150 253 300 1 360 420 480

Biopsy Location ( [

}\‘ A
RIRR I LA WA
| | AL [
| I \ I \/
{ | | | { | I\
VUV UV UV ey /‘ik“ ] M‘\,‘u/w\w\
AN ALY e A b el AL LS ey L /
WI Tcrcic clwrrcrcrcarc wr crcrcic AV AL
delTc crcrec ce Wr Wricoicoc c
delTTCT T c T C T C € G CG WewTers c 1 C 1 C cGcalldettcrcTc cGclldettcTCc T C cGc
Pre Tx Post Tx Post Tx II 1 Post Tx I 2 Post Tx Il Post Tx IV

Supplementary Figure 8 | Identification of B2M mutations by Sanger
sequencing. Sanger sequencing of the region surrounding the identified B2M
mutations was performed for six biopsies taken from Pat208. Regression
biopsies are outlined in blue, and progression biopsies are outlined in orange.
Regions where reads support mutations are colored in light red. Ipilimumab- anti-
CTLA4, Pembrolizumab- anti-PD1.
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Supplementary Figure 9 | IGV plot of Pat208. BAM files containing sequencing
data from Pat208 biopsies were viewed in the Integrated Genome Browser (IGV).
The region of chr15:45,003,761-45,003,800, containing the two frameshift
mutations in B2M, is shown. Black bars indicate reads supporting deletions.
Reads are sorted by the base in between the black vertical lines at the center of
the screenshot, thus all reads supporting deletions are shown at top. Biopsy
names are shown on the left. The inset shows an expanded view of reads in Post
Tx Il 2 biopsy, highlighting the coexistence of the reads in both p.Leu13fs and
p.Ser14fs. No reads support both mutations.
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Supplementary Figure 10 | Inferred evolutionary history of tumor
populations found in Pat208. (a) The subclonal composition of each biopsy
from Pat208 as inferred by phyloWGS (described in Methods). Each color
indicates a separate population in the tumor. (b) The phylogenetic relationships

between populations shown in a.
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Supplementary Figure 11 | Imnmunohistochemical staining of MHC class | in
patients with B2M aberration. (a-c) Samples during disease regression or
progression form Pat208 (a), Pat99 (b) and Pat25 (c¢) were stained with an
antibody cocktail for melanoma cells (melanoma cocktail) using anti-melanosome
(HMB45), anti-MART-1/melan A and anti-Tyrosinase, to discern melanoma cells
from normal cells; or with a pan-MHC class | antibody. Panels show lack of MHC
class | localization to the outer cells membrane of melanoma positive cells only
during disease progression when B2M expression was lost (as seen in Figures
1d and Figure 3 b-c). Boxes areas in the upper panels (melanoma cocktail,
original magnification X200) are shown at higher magnification (X400) in the
lower panels (MHC class I). Dashed lines show areas that do not contain tumor

cells.
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Supplementary Figure 12 | B2M mutational hotspot seen in TCGA data lie
within 4X dinucleotide repeats. Long blue rectangles indicate exons of B2M.
(a) The number of B2M mutations found in TCGA along B2M exons. A hotspot at
p.Leu15 and p.Leu14 is labeled. (b) B2M mutations found in Pat208 and PatT33.
Insets display the DNA sequence and amino acids at boxed locations, showing

4x dinucleotide repeats.
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Supplementary Figure 13 | Immunohistochemical staining of CD4 and CD8
in Pat99. Samples for each time point from Pat99 were stained with specific
antibodies against CD8 or CD4 and were quantified using the cell counter
function in Fiji (described in Methods). Boxes areas in the upper panels (CD4
and CD8, original magnification X40) are shown at higher magnification (X100) in
the lower panels (melanoma coacktial and B2M). Colored boxes indicate B2M
expression scores: B2M scoring was estimated by using 4 different levels of
expression in the tumor fraction: Minimal- 0-10%; Low- 10-50%; Intermediate-
50-80%; and High- 80-100%, B2M expression in the tumor fraction. A timeline of

treatment, clinical response, and biopsy locations is shown at the top.
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Supplementary Figure 14 | Total Copy Number from Biopsies Taken From
non-responders shows a deletion overlapping the B2M locus. (a-b) Results
from ReCapSeg of pre-CPB and post-CPB biopsies from two non-responders,
Pat25 (a) and Pat115 (b), are shown. The horizontal axis indicates position on
chromosome 15. The vertical axis indicates the total copy number ratio of
targets. Each dot indicates a target region used to calculate copy ratio
information. Solid red horizontal lines are segments inferred by the ReCapSeg
algorithm. Dashed red lines indicate copy ratio corresponding to a total copy
number of two, as inferred by ABSOLUTE.

22



a Pat99

B2M

Copy Number (log2 ratio)

aulj@seq Jaye syjuow GGl
VNQaio

Total Copy Ratio
o

auljeseqg
Asdoig

b Pat208

Months
after baseline

24.3

50

Chr 15 location (Mb)

Target
NRAS p.Q61R
B2M p.L13fs

75

MUT
events

44
17

WT
events

2508
1281

100

Abundance
(%)
1.7241

1.310

23



Supplementary Figure 15 | Detection of B2M mutation and LOH in cfDNA.
(a) cfDNA was isolated from a blood biopsy taken from Pat99 15.5 months after
initiation of CPB therapy when the patient was progressing (see Methods).
Results from ReCapSeg of cfDNA (upper panels) and baseline biopsy (lower
panel) are shown after performing WES on cfDNA sample. The vertical axis
indicates position on chromosome 15. The horizontal axis indicates the total copy
number ratio of targets. Each dot indicates a target region used to calculate copy
ratio information. Solid red horizontal lines are segments inferred by the
ReCapSeg algorithm. Dashed red lines indicate copy ratio corresponding to a
total copy number of two, as inferred by ABSOLUTE. (b) cfDNA was isolated
from a blood biopsy from Pat208 24.3 months after the baseline sample was
taken. Results show the abundances of both NRAS p.Q61R mutation (used as
positive control) and B2M p.L13fs, using specific probes and ddPCR (described
in Methods).
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Supplementary Figure 16 | Clinical relevance of LOH in genes related to the

interferon-gamma and antigen presentation pathways in two independent

cohorts. Kaplan-Meier curves for patients with (red) and without (black) LOH in

genes related to the interferon-gamma and antigen presentation machinery in the

Van Allen dataset (a) or the Hugo dataset (b). Log-rank p-values are shown next

to gene names in each subplot title. The numbers of patients with and without

LOH are indicated. (c-d) A summary showing histograms for the log-rank p-value

of genes with LOH that are related to the interferon-gamma and antigen

presentation pathways within the Van Allen dataset (¢) and Hugo data set (d).

colored bars indicate the p-values that were obtained for the respective genes,

heights are randomly staggered to enable the reading of the gene names.
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Supplementary Figure 17 | NK cells control the expansion of melanoma
tumor cells lacking B2M. (a) A schematic illustration showing the vectors and
sequence of the guides used to generate the two cell lines clones:
BPCasH+CFP+B2M  gnd  BPCasOtCFPHTWII+B2MYY  (described in  Methods). (b)
Evaluation of the total B2M and cell surface expression of Thy1.1 and MHC-I
expression by flow cytometry after infecting the cells with the different lentivirus
vectors. (c) Schematic illustration of the experimental procedure. BP©as9+CFP+B2M-~
and BPCasotCFPHTII+B2MY 11 5nes were mixed in a 1:1 ratio and injected into the
right flank of mice. On day +2 and +5 post transplantation one group of mice was
treated with anti-NK1.1 to deplete NK cells. On day +7 mice were sacrificed,
tumors were dissociated and the ratio between the two clones was evaluated
with flow cytometry by gating on GFP*Thy1.1* (B2M™*) or GFP*Thy1.1" (B2M™)
cells (described in methods). (d) The percentage change for each clone from
baseline was evaluated in the presence or absence of NK cells. Changes in
frequencies were normalized to the baseline ratio of each clone. Results are
representative of three independent experiments (error bars show SD, n=5 per
group). ***p<0.0005 (t-test).
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