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T cell immunity provides significant therapeutic benefit to cancer patients
treated with checkpoint inhibitors, however a very small fraction of
patients typically respond to checkpoint inhibitors, and a smaller fraction
of them have any long-term benefit. This can be attributed to the lack of
prognostic and predictive biomarkers. The infiltration levels of CD8 T cell
in tumors is often used as a characteristic biomarker and can be
correlated with response, but recent studies have shown that examining
the functional state of the T cells and other immune cell types in the
tumor, and the immunogenic neoantigen burden and the TCR repertoire
clonality, might give a more appropriate representation of what might be
going on in the tumors and hence can be used as predictive biomarkers
for response. At MedGenome we have built a suite of tools that can be
utilized to: a) Study the tumor microenvironment using the
OncoPeptTUME  analysis pipeline, b) Predict and validate the
immunogenic neoantigens using OncoPeptVAC & OncoPeptSCRN, and c)
A suite of workflows to analyze the TCR repertoire from a wide range of
sample types using bulk and single cell approaches. Here we present the
data highlighting the applications of TCR repertoire as a biomarker for
immunotherapy and also present our capabilities of providing these
solutions as a service.
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Figure 1:Shows an overview of the complex interplay between the tumor cell and the
immune cell types that can be in the tumor, and the cell extrinsic and intrinsic factors in a
patient’s tumor that can be important in determining success to immunotherapy or
not. On the left here are some of the tumor intrinsic molecular features : for instance if
atumor carries certain germline mutations that result in genomic instability, leading to
high tumor mutational load and some of those mutations leading to expression of
neoantigens in the tumor, if those neoantigens are then presented on the surface of the
cell by HLA presentation, and presented via an APC, then cells in the microenvironment
such as a CD8 T cell can be attracted to that target and induce tumor killing. However,
they need to have the appropriate TCR repertoire to recognize the HLA bound peptide
antigens to induce downstream si ing and mount an anti-t There are
other immune cell types in the tumor such as MDSCs and T-regs that can be suppressive
for inducing tumor killing mechanisms. Therefore, by studying the immune infiltration in
the tumor, and identifying potential immunogenic neoantigens, and looking at the TCR
repertoire can all be informative biomarkers for immunotherapy.

MedGenome'’s tools to enable to biomarker

discovery for Inmunotherapy

Table 1: Summary of the biomarker discovery services at MedGenome
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Overview of the workflow for OncoPeptVAC

y/d TCR repertoire Profiling as a biomarker &

pipeline and TCRrepertoire analysis
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Figure 2: Workflow of i pr and ing The

OncoPeptVAC pipeline takes whole exome sequencing and RNA-sequencing data
from are performed using the genomic DNA from blood and tumor and RNA
from the patient's tumor. All mutant peptides are passed through the
OncoPeptVAC pipeline. The potential immunogenic peptides are predicted
based on a series of prioritization steps i ing peptide pre i peptide TAP
binding, HLA binding and TCR binding. Finalized peptides are then subjected to
OncoPeptSCRN wherein peptides are tested for CD8 T cell activation assay in
presence of antigen loaded APCs. Functional TCR cell response is assessed by IFNy
production by flow cytometry, TCR repertoire sequencing and single cell gene
expression analysis. The TCR repertoire and single cell gene expression analysis are
performed to reveal the clonality and the functional T-cell states of the amplified T-
cells.

TCR repertoire sequencing combinedwith single
cell gene expression analysis reveals the clonal

amplification and functional T-cell states
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Figure 4: TCR repertoire analysis from FFPE tissue : A) Tapestatton profiles of the RNA
from PBMC and an FFPE sample and the corresponding TCR a/ libraries generated
from each of the samples. The expected TCR libraries from good quality RNA is 500-
700bp, and with FFPE a skewing of the peaks between 200-500bp is observed. B)
Table shows the top clonotypes identified from the three different FFPE samples. We
show that for all the samples regardless of DV200, we identify over a 100 clonotypes. In
addition to that, we observed that multiple samples from patients treated with the same
vaccine show a shared clonotype among the top clonotypes observed. The FFPE TCR
assay was performed using 10ng of total RNA, and a workflow developed by
MedGenome using the SMARTer TCR o/ Profiling Kit ( Takara Bio USA) , and
sequencing was performed using the lllumina MiSeq and analysis was performed
using the MixCR pipeline (MiLabs).
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Figure 3: TCR repertoire and single cell gene expression analysis to identify antigen
specific TCR repertoire clonal expansion: A) TCR repertoire analysis of PBMCs screened
using the neoantigen vaccine candidates shows that compared to their wildtype
counterparts, mutant forms of the peptide candidates show TCR a/f clonotype
frequency changes between 20%-50%. We also observed that while some vaccine
candidates mount a monoclonal response, others induce a polyclonal response. The
TCR repertoire libraries were generated using the SMARTer TCR a/B Profiling Kit
(Takara Bio USA), and sequencing was performed using the lllumina MiSeq platform,
and repertoire analysis was performed using the MixCR pipeline. B&C) Single cell
TCR repertoire analysis of the PBMCs (with positive responses to the peptide,
assayed by IFNy production) identified over 4000 TCR clonotypes, with the t-SNE
plots showing the top 3 clonotypes and the frequencies are listed below. Single cell
gene expression of the amplified T cells reveal that there is varying levels of IFNy in
T-cells that are clonally expanded, and that this information can provide insights on the
functional state of the expanded T-cell clones. The single cell TCR and gene
expression experiment was performed using the 10x Genomics Immune profiling
solution & sequencing was performed using the lllumina Novaseq 6000, and 10x Cell
Ranger analysis was performeddownstream.

Figure 5: TCR repertoire analysis from y/5 Repertoire: A) Cartoon representation of the
v/5 TCR compared to the a/B TCR, where in contrast to MHC-presentation of antigens,
y/5 T cells are able to recognize stress antigens without MHC-presentation, making
them for cancer i . They can have a CTL phenotype via
engagement with CD8 T cells. B) Shows workflow for testing specificity of y/& TCR
assay using 10ng of total RNA from PBMCs and CD3 enriched T cells. C) Table shows
proof of concept data showing that in TCR libraries where y/5 primers were added
we see specific enrichment of y/d chains versus alpha beta and similarly in TCR a/p
libraries we see specific amplification of TCR a/B chains. This assay is performed using
10ng of total RNA from PBMCs and CD3 sorted cells, and y/d primers designed and
optimized by MedGenome using the SMARTer Takara TCR a/f Profiling Kit, and
sequencing was performed using the lllumina MiSeq , and analysis was done using
MixCR..

Summary of the TCR sequencingservices at

MedGenome

Table 4 : Summary of the for TCR repertoire Table 5: Summary of the
sequencing at MedGenome sample types for TCR
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