
Identification of Therapeutic Targets in Human Cancers



• Cancer patients are living longer

• Surgery can be “curative” 

• But in some cancers- of ‘high 

unmet clinical need” there are no 

therapeutic benefits of biologic or 

chemotherapies

RCT with n=802. Cisplatin + 5-FU pre-operatively vs. surgery alone. 

Adeno data above Allum W H et al. JCO 2009;27:5062-5067



We are focusing on two therapeutic 

paths; receptor-target discovery 

and/or development of neoantigen

therapeutics in specific cancers of 

unmet clinical need

Four common cancers of “high unmet 

clinical need” include:

Brain

Oesophagus

Pancreas

Lung



Scientific questions in the ICCVS

• Where do neoantigens come from in cancer 

cells?

• What genes regulate the MHC I class landscape 

in cancers? 

• What is the nature of the immune-cancer 

synapse in cancers of unmet clinical need?

• Can this R&D drive therapeutic developments 

that exploit the proteogenomic landscape of that exploit the proteogenomic landscape of 

cancers?

• Robin Fahraeus: neoantigen science

• Natalia Marek-Trzonkowska: cancer immunology

• Irena Dapic: Proteogenomics platforms in GBM

• Javier Alfaro: Computational Science

• Dave Goodlett: Mass Spectrometry and Lipidomics

• Ted Hupp: Biologics and Therapeutics

• Maciej Parys & David Argyle: veterinary cancer models

• Sylwia Rodzewicz-Motowidło: chemical biology



Scientific questions in the ICCVS

• Where do neoantigens come from?

• What oncogenes regulate the MHC 

• class landscape? 

• What is the nature of the immune-cancer

• synapse in cancers of unmet clinical need?

• Can this R&D drive therapeutic developments

• related to proteogenomic landscape of cancers?

Today’s review: 

• The genomic landscape of oesophageal adenocarcinoma

• The proteomic landscape of oesophageal adenocarcinoma

• Identification of  the IFITM1 receptor as a regulator of MHC Class I protein synthesis



Risk Factors for SCC and ACC of the Oesophagus
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Metaplasia-Dysplasia-Adenocarcinoma Sequence

Normal metaplasia/dysplasia OAC

Translational Research Priorities in Oesophageal Adenocarcinoma

Early detection

• Identify patients with Barrett’s from the whole population
a) Non-endoscopic screening (cytosponge) & Imaging tools for endoscopic surveillance

b) Plasma biomarker development

c) Steroids impacts as risk factors

Effective Treatment

• Identify new therapeutic targets in patients with adenocarcinoma

a) Define therapeutic targets based on existing knowledge; for chemotherapies or antibody therapies

b) Incorporate whole-genome, transcriptome and proteome data-sets to uncover cancer-specific mutant 
proteins; neoantigen therapies



2014



2015





EGFR inhibition is ineffective in OAC

NGS tools have not identified a druggable target in OAC



Proteomic approaches to define key features of the Oesophageal 

Adenocarcinoma Progression Sequence

Metaplasia-Dysplasia-Adenocarcinoma Sequence

Normal metaplasia/dysplasia OAC

Progression mechanisms

• Identify gene products implicated in bile acid reflux responses in normal tissue 

and Barretts epithelial cells

Effective Treatments

• Identify & validate oncogenic pathways as potential therapeutic targets OAC



Production of steroids implicated in OAC progression



From Darragh et al., 

Bile signatures in >300 patients



c

Novel stress genes are expressed in normal oesophageal squamous 

tissue  that protect from bile acid steroid-induced death 

Normal

Con           L1    L2
ex-vivo  exposure in organ culture 

70 

53

human

porcine

chimp

SEP53 is one of the most rapidly evolving 

genes in mammals with a Ka/Ks ratio of 4.1 



The sep53 gene can reduce bile acid induced cell death



Metaplasia-Dysplasia-Adenocarcinoma Sequence

Bile steroids are risk factors for carcinogenesis and the OAC-bile network 

Forms a system to understand how stress responses effect cancer development

Bile acids

1. An novel “stress” response system exists in squamous cells.

2. What pathways might be bile acid responses in Barrett’s?

Normal metaplasia/dysplasia Cancer



FACS

Western blot

Sequencing

Immunofluorescence 

after X-irradiation

200

57

12

2

Development of isogenic P53 null Barrett’s cell lines using 

CRISPR/Cas gene editing

+

GFP 

CP-A cells

Sequencing 2



Effect of bile acids on P53 dependent cell cycle checkpoints

Summary: P53 loss sensitizes to LCA-induced cell death



Proteomics screens identify SMAD4 as a target

Summary: 

LCA induces SAMD4 

LCA induces p53



Proteomic approaches to define key features of the Oesophageal 

Adenocarcinoma Progression Sequence

Metaplasia-Dysplasia-Adenocarcinoma Sequence

Normal metaplasia/dysplasia OAC

Progression mechanisms

• Identify gene products  implicated in bile acid reflux responses in normal tissue 

and Barretts epithelial cells

Effective Treatments

• Identify & validate oncogenic pathways as potential therapeutic targets OAC



Strategy for Target Discovery in OAC

OAC biopsy section for proteomic analysis Bioinformatics 

Compared to adjacent normal 

oesophageal and gastric tissue biopsies



Pt Exp Sex Age Loc NA 
Rx 

Diff LVI VnI NI R T No. 
+ve 
Node 

Total 
Nodes 

ICGC Surv 
(All) 

Surv 
(DSS
) 

15 Tmt M 61 I 1xC
F 

Poor Y Y Y 1 T3 17 29 X 20 20 

17 Tmt M 63 I 2xC
F 

Poor Y Y Y 1 T3 0 19 x 18 18 

23 P M 57 I 2xC
F 

Mod Y Y N 0 T2 0 43 12 18.9 18.9 

26 P M 53 I 2xC
F 

Poor N N Y 1 T3 2 14 14 4.4 4.4 

27 P M 60 OLT 2xC
F 

Poor Y N N 1 T3 7 20 15 17.9 17.9 

32 P M 57 I 2xC
F 

Poor Y Y Y 1 T3 7 19 No 19.5 18 

45 P M 78 I Nil Poor Y Y Y 1 T3 6 16 7 9 8.9 

Strategy for Target Discovery in OAC

44 Tmt M 59 I 2xC
F 

Mod Y N N 0 T2 2 27 6 12.2 12.2 

46 Tmt M 67 I 2xC
F 

Poor Y N Y 1 T4a 8 18 8 12.7 12.7 

48 Tmt M 65 II 2xC
F 

Poor Y N Y 1 T3 16 28 8 10.2 10.2 

50 Tmt M 59 II 2xC
F 

Mod Y Y Y 0 T3 0 39 11 11.5 11.5 

51 Tmt M 41 I 2xC

F 

Poor Y Y Y 1 T3 7 28 16 7.3 7.3 

53 Tmt F 52 I 2xC
F 

Poor N N N 0 T3 1 23 17 5.9 5.9 

60 Tmt M 60 OLT 2xC

F 

Poor Y Y Y 0 T3 7 21 21 7.7 7.7 

61 Tmt M 58 I 2xC
F 

Poor Y N Y 0 T3 3 27 No 5.5 5.5 

~ 3000 protein identified/patient; ~ 6000 protein total/~60 mutant proteins



Bioinformatics: Network Analysis of the expressed cancer genome

O’Neill et al; Molecular & Cellular Proteomics 2017 Jun;16(6):1138-1150
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Bioinformatics: Identification of a subset of ISG proteins over-represented in OAC verse normal 

oesophagus and gastric tissue
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Interferon-Stimulated Genes (ISG) Proteins as a 

therapeutic target)

Cheon H1 et al. EMBO J. 2013 Oct 16. IFNβ-
dependent increases in STAT1, STAT2, and IRF9
mediate resistance to viruses and DNA damage.

Cheon et al. Semin Oncol. 2014



• The IFITM1 protein the only ‘oncogenic’ receptor in the IRDS
pathway

Genesymbol Alternative symbols Entrez GeneName

Association with
radio/chemoresistence

Association
with
oncogenesis

2negitnalleclamortsworramenobnirehtet2TSB + +
1Anilcyc1ANCC + +

CXCL1 GRO1; GROA; SCYB1 chemokine (C-X-C motif) ligand1 + +
CXCL10 IP10; SCYB10; INP10 chemokine (C-X-C motif) ligand10 + +
EIF2AK2 PRKR; PKR; p68 KINASE eukaryotic translation initiation factor 2-alpha kinase 2 (PKR) + +

6DLRdnaniamodtceh173602JLF6CREH +

ISG protein subset: Interferon Related 

DNA-damage Resistance Signature (IRDS)

6DLRdnaniamodtceh173602JLF6CREH +
t HLA-B SPDA1; MHCClass I HLA heavychain major histocompatibility complex, class I, B +
t HLA-G TCA; HLA-6.0; HLA60 major histocompatibility complex, class I, G +

72nietorpelbicudni-ahpla,norefretni21GSI72IFI + +
53nietorpdecudni-norefretni53PFI53IFI + +
44nietorpdecudni-norefretni44p44IFI + +

ekil-44nietorpdecudni-norefretni92fro1CL44IFI + +
6nietorpelbicudni-ahpla,norefretni3P1G6IFI + +

1niamodCesacilehhtiwdecudninorefretni5ADM1HIFI +
IFIT1 IFI56; G10P1; ISG56 interferon-induced protein with tetratricopeptide repeats 1 + +
IFIT3 RIGG; IFI60 3staepereditpepocirtartethtiwnietorpdecudni-norefretni + +

t IFITM1 IFI17; leu13; fragilis; 9-27 interferon induced transmembrane protein 1 + +
7rotcafyrotalugernorefretniA7FRI7FRI + +
reifidomekil-nitiuqibu51GSI51IFI;2P1G51GSI + +

3nietorpenarbmemdetaicossa-lamososylPMALCD3PMAL
LGALS3BP MAC2BP; L3 ANTIGEN lectin, galactoside-binding, soluble, 3 binding protein +

Esucol,xelpmoc6negitnaetycohpmyl1AST;EGIRE6YL
)detaler-2LCB(1ecneuqesaimekuelllecdioleym3L2LCB1LCM + +

1ecnatsiser)surivazneulfni(surivoxymAxM;87IFI1XM + +
2ecnatsiser)surivazneulfni(surivoxymBxM2XM

aDk64/04,1esatehtnysetalynedaogilo-'5,'2SAIO1SAO + +
aDk001,3esatehtnysetalynedaogilo-'5-'2001p3SAO

ekil-esatehtnysetalynedaogilo-'5-'2LSAO95p;41PIRTLSAO
1esalbmarcsdipilohpsohpB1ARTMM1RCSLP

aDk19,1noitpircsnartforotavitcadnarecudsnartlangis19TATS1TATS + +
81esaditpepcificepsnitiuqibu34PBU81PSU + +



Viral  Infection

Current knowledge of IFITM1 function and 

regulation

Abraham L. Brass et al. Cell. 2009 December 24; 139(7): 1243–1254. IFITM Proteins Mediate
the Innate Immune Response to Influenza A H1N1 Virus, West Nile Virus and Dengue
Virus



Cancer

Current knowledge of IFITM1 function and 

regulation



What pathways are being driven by IFITM1?

Deplete using siRNA in IFITM1-positive cell lines

Process cell pellets for differential protein determination using SWATH-MS

Define pathway clusters using bioinformatics

Reduction of IFITM1 reduces components of the IFN and IRDS system



Potential Targets in the IRDS/ ISG pathway 

IFITM1 (Interferon Inducible Transmembrane Protein-1) expression in OAC

In a TMA of 115 OAC patient

samples, approximately 

60% of patients

express IFITM1 with 30% 

showing strong membrane staining

100 micronsA. IFITM1 membrane localization:primary
B. IFITM1 membrane localization

showing strong membrane staining

Metastatic lymph node

show positivity

D. IFITM1 cancer negativeC. IFITM1 membrane localization:lymph



The IRDS in OAC: 

Interferon Interferon-induced transmembrane protein 1 (IFITM1)

• What are the IFITM1 driven signalling pathways that might be important for

oncogenic functions?

• Is IFITM1 a key upstream signalling receptor in the IRDS pathway in human 

cancers?cancers?



Production of an ifitm1-ifitm3 double null 

cell line model

ifitm1-ifitm3 double nullifitm1 null

Isogenic cell models for a control to measuring IFITM1-dependencies in cells



Pulse SILAC; can we identify dominant proteins whose synthesis is 

attenuated after IFN treatment in ifitm1-ifitm3 double null cells?



Wild type

Ifitm1 single null

Ifitm1/3 double null

Ifitm1/3 double null +IFNg

wt

Wt +IFNg

Ifitm1 single null

Ifitm1 single null +IFNg

Ifitm1/3 double null



HLAB                                                     IFITM1
Immunohistochemistry to  

determine whether 

IFITM1 & HLA-B 

co-express in OAC
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MMHC HC class I Hclass I HLALA--AA//--BB//--C C can impact can impact 

on immunotherapieson immunotherapies

Loss of MHC class I expression is 

observed abudantly in many types of 

cancer

MHC class I loss is correlated negatively MHC class I loss is correlated negatively 

with cancer survival prognosis

In order to work cancer immunotherpies 

require a functional antigen processing 

and presenting machinery

The heterozygosity at HLA-I loci affect

response to checkpoint inhibitor 

immunotherapies (Chowell et al. 2017)

Frequency of HLA-I loss in different types of cancer



A model that rationalizes IFITM1 as an IFNg responsive translation factor for HLA-B



Metaplasia-Dysplasia-Adenocarcinoma Sequence

Normal metaplasia/dysplasia OAC

Cancer progression mechanisms 

• What is the role of steroids like LCA as risk factors?

• How might LCA drive selection pressures for loss of p53 and SMAD4?• How might LCA drive selection pressures for loss of p53 and SMAD4?

Therapeutics

• What is the role of IFITM1 in tumour intrinsic INF signalling and/or    

chemoresistance?

• How might IFITM1 loss impact on MHC class I presentation and immune 

escape?

• Can we develop vaccine or therapeutic programmes that exploit IFITM1 + or -

phenotypes?
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