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Acquired Resistance has Substantial Clinical Impact

Acquired Resistance Is Challenging to Study

Adoptive cellular tx trials offer a window into interactions 
between T cells, Tumor, Microenvironment 
• Defined antigen/epitope & trackable T cell populations

• Thousands of antigens/mutations, often “private epitopes”
• Multiple relevant cell populations in the microenvironment
• Multiple mechanisms of resistance 

Review: Sharma et al, Cell, 2017
Challenges of AR study: Riaz et al, Cell, 2017
Trackable T cells:  Chapuis et al, Sci Immunol 2017



Merkel Cell Cancer: Ideal to Study Immunotherapy
Highly metastatic skin cancer

• More aggressive than melanoma

• 2500 cases/year in US

• Biopsiable skin/node mets

Clinical Image: Nghiem P et al, merkelcell.org
Incidence: Paulson KG et al JAAD 2017
CD8 Infiltration: Paulson KG et al JCO 2011
Pembrolizumab: Nghiem P et al NEJM 2016
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Merkel Cell Polyomavirus Causes 80% of MCCs

• MCPyV Oncoproteins Exemplary Target 
Antigens:

• Necessary for growth & Highly Expressed 

• Tumor Specific & Non-Human

• Conserved between patients

• MCPyV+ MCCs have few non-viral 
NeoantigensDiscovered 2008 by U. 

Pitt team led by Drs. 
Chang and Moore 
(image: post-gazette) 
Feng et al, Science, 2008

MCC tumor
expressing
viral 
oncoproteins
(brown)



Autologous MCPyV-Specific T cells for MCC

• Endogenous autologous MCPyV specific T cells

• Expanded ex vivo from peripheral blood and reinfused
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Case Study: Acquired Resistance After HLA-B 
Restricted Endogenous MCPyV-Specific CD8+s

HLA
Upreg

CD8s Persistence (>25% CD8s)

Pembrolizumab (anti PD-1)

Ipilimumab (anti-CTLA4)
59 y/o M w/widely metastatic MCC refractory to 
multiple prior tx’s including pembrolizumabPre-

Rx
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.
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Acquired Resistance Mechanism Unclear by 
Comprehensive Standard Approaches

• Infused T cells persisted 

• Tumor expressed class I MHC

• Tumor expressed viral antigens and epitope 
sequence unmutated

• Exome sequencing unrevealing

CD8+ 

M
C

P
yV

Te
tr

am
e

r 


Before

Acquired 
Resistance

Epidermis

H&E anti-HLA-ABC anti-MCPyV-LTAgH&E
Epidermis

MCC

A. B.

H&E anti-HLA-ABC anti-CD8

Pre-

Treatment

Tumor

Tumor at

time of  Response

to T cells and

PD-1/CTLA4 

Blockade

Tumor at Time

of  Progression

despite T cell

Persistence in

Blood

C.
⍺-HLA-ABC



Single Cell Transcriptomics by scRNAseq

Viably frozen single cell product:
Mixed tumor, TIL, and stromal 

populations

Cell labelling
(up to 10K cells/sample)

Transcript 
ID

Sequence
(100-200nt 3’)

Cell ID
Sample 

ID

Oligo dT based RT & Library Prep Sequencing

Dr. Jason Bielas

Daniel Hunter
Zheng G.X. et al., Nat. 

Communications. 2016



ScRNAseq: Data Analysis

💻
1. Normalization

(corrects for library size)
2. Gene filtering

(ID most variable genes)
3. Principal Component

Analysis 
(clusters cells by like gene 

expression)

4. tSNE
(visualization)

Satija R. et al., Nat. Biotech. 2015

Finak et al, Genome Biol, 2015 Dr R.  Gottardo Dr V.  Voillet



PBMC: What Cells Mediated Immune Response?

N=11,021 cells

CD3 GZMA

CD16CD20



Activated CD8+s: Mediators of Immune Response

Red activated cluster: CD8+ T cells 
overexpressed activation, cell division, & 

glycolysis genes

CD8+ CTL Cluster:
Red Light Blue

% 
CD8+s 
in red 
cluster:

7 2 15 2

Pre-treatment Early post-rx
(D+27)

Responding
(D+376)

Acquired Resistance
(D+614)



Activated CD8+s Infiltrated Regressing Tumor

Pre-Rx Responding Acquired Resistance

2/mm2 328/mm2

P = 0.01
56/mm2
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Arrows 
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Tumor Cells Drive Acquired Resistance

- TILs, TAMs, fibroblasts, endothelial cells 
superimposable pre-RX and AR

- NOT drivers of acquired resistance

- Instead, huge expression shifts were 
seen in tumor cells



Mechanism 1: HLA-B Loss under T Cell Pressure

• Patient received 
HLA-B*3502 
restricted CD8s 
targeting MCPyV



HLA-B Loss is Specific, Reproducible & ReversibleEpidermis
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Mechanism 2: HLA-E Upregulation to avoid NKs

- HLA-E Suppresses NK cells via NKG2A 

- MCC tumor highly expressed HLA-E pre-treatment and further 
overexpressed this at relapse
- This suggests a mechanism of NK resistance

Braud et al, Nature 1998



Lessons and Take Home Messages

• Cellular therapy trials offer insight into mechanisms of acquired 
resistance through defined antigen/T cell interactions

• scRNAseq on small specimens provides simultaneous information on 
thousands of cells from tumor, TIL, microenvironment. It is thus 
poised to maximize yield from immunotherapy studies.

• Data from our lab and others provide strong rationale for transfer of T 
cells of multiple specificities
• Tran et al NEJM 2016
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