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Ø 161,790 cases of melanoma in 2017 

(American Academy of Dermatology)

Ø Estimated 65,000 people die every 

year (World Health Organization)

Ø $8.1 billion on treatments annually 

(Guy et al., 2015)

Ø Immunotherapy, an antibody based 

therapy

Ø Bispecific antibodies can lead T cells 

to find tumor cells and kill them.

– CD3+receptor on T cells

– Tumor antigens on cancer cells



Human Leukocyte Antigens Complex as 
Melanoma Tumor Antigens

https://www.thermofisher.com/us/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-
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– 10% of potential targets (e)

Ø Membrane antigens/protein (Parham et al., 1996)
Ø Limitations (Ebert et al., 2009) 

– Not expressed in all tumor types
– 10% of potential targets (Immunocore)

Ø Human Leukocyte Antigen (HLA)
– Presents proteasome processed peptides 

on cell surface
– Opens the window to the other 90% of 

targets
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Bispecific Formats for Peptide In Groove Antibodies 

•  The anti-human CD3 ScFv (7195P) has been produced in both VL-linker-VH and VH-linker-VL formats for our 
EGFRv3 program. These constructs are currently getting purified. Post purification we will choose which format    
(VL-linker-VH or VH-linker-VL) to use in the above constructs. 

•  The anti-HLA-A2 HPV 11-19 ScFv 17363N (VK-G4Sx3-VH) is ready 

Avidity Driven Formats 

Formats with Reduced Flexibility 
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Ø MAGE-A3
– Expressed in 60-70% of melanoma 

patients (Jia et al, 2011)

– Myeloma, lung, and gastric cancer 
(Rammensee et al., 2013)

Challenges
Ø Thousands of other  intracellular proteins.
Ø Only a fraction of the proteosome processed 

peptides are presented by HLA. 
Ø The rules for peptide generation and 

presentation remain elusive (Darow et al., 1989)

Ø 1 HLA complex in every 50,000-100,000 HLA 
complexes contain a tumor antigen (Reinherz et 
al., 2015).

Ø Determine peptide sequence of tumor antigen 
for cancer immunotherapy
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Melanoma-Associated Antigen 3 (MAGE-A3)

N-linked glycan adducts of the TCR complex (Fig. 2B) help guide
pMHC ligands to the TCR recognition surface, reducing entropic
penalties by directing binding to the exposed, glycan-free com-
plementarity-determining region loops at the top of the structure.
Given that CD3z has only a 9-amino acid–long ectosegment, it is
omitted from Fig. 2 as are the connecting peptides (CP). This
rendering incorporates the consequences of several known TCR
characteristics: (i) putative transmembrane charge pairs involving
TCR subunit chain association (Fig. 2A) with CD3e-CD3d-TCRa-
CD3z-CD3z as one cluster and CD3e-CD3g-TCRb as a second
cluster (38, 39); (ii) extracellular domain associations involving
other in vitro chain association data (40–42); and (iii) proximity
of one CD3e subunit to the TCR Cb FG loop (designated by an
asterisk (!) in Fig. 2; ref. 43). Evident in Fig 2A and B is the central
position of the TCRab heterodimer with a vertical dimension of
80Å projecting from the cell membrane, flanked on either side by
the shorter (40Å) CD3 heterodimers, CD3ed on the "left" TCRa
side and CD3eg on the "right" TCRb side. The width of the CD3ed
and CD3eg components, 50 Å and 55 Å, respectively, is compa-
rable in size with that of the TCRab heterodimer (58 Å), and
together (excluding glycans) span "160 Å. These flanking CD3
ectodomain components will likely impede lateral movement of
the TCRab heterodimer upon pMHC binding. The 5– to 10–
amino acid squat and rigid CD3 CP segments (44) contrast
sharply with the long (19–26aa) and flexible TCR a and b CP
linking their respective constant domains to the transmembrane
segments (Fig. 2A).

This contrasting array suggested that the ab TCR heterodimer
may bend and extend relative to the squat and rigid CD3 hetero-
dimers. For example, if as shown in Fig. 2C (from right to left), the

pMHC on the APC is first ligated by a specific TCR, then as the T
cell continues to move prior to a stopmovement signal mediated
through inside-out integrin affinity upregulation, pMHC func-
tions as a force transducing handle to pull on the TCRab hetero-
dimer. This force is amplified and exerted on CD3eg by the lever
arm aided by the Cb FG loop (depicted in magenta) where the
TCRb transmembrane acts as a fulcrum. Supplementary Movies
S1 and S2 reveal the large forces that result from T-cell immune
surveillance of epithelial surfaces and the likely impact of this
movement on the TCR complex quaternary conformational
changes. Signal transduction involving common structural sub-
unit conformational rearrangement rather than alterations within
clonotypic ab heterodimers per se offers a basic activation mech-
anism common to all TCRs.

Mechanotransduction
The simple notion that the TCR is a mechanosensor has been

codified by several independent studies. Kim and colleagues (44)
provided the first direct evidence of the influence of mechanical
force in TCR activation. Using an optically trapped bead coated
with pMHC or anti-CD3 monoclonal antibody for engaging the
TCR, T cellsweremechanically triggered by applying anoscillating
tangential force to the cell surface while monitoring their activa-
tion via intracellular calcium flux. Importantly, piconewton (pN)
force application with cognate pMHC but not irrelevant pMHC
triggered activation. Additional mechanosensor evidence was
provided in studies by Li and colleagues using a micropipette to
demonstrate shear force associated with activation (45) and
Husson and colleagues employing a biomembrane force probe

© 2015 American Association for Cancer Research
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Figure 1.
Processing and presentation of
HLA-bound self- and foreign peptides.
A, peptides are generated through
proteolysis in the proteasome,
transported to the endoplasmic
reticulum by TAP, associated with
HLA molecules therein, and then
exported and cell surface displayed.
B, artistic rendition of 50,000 to
100,000 pMHC molecules on a cell
surface (blue/purple) with a single
tumor antigen (yellow) among the
MHC-bound peptidome, emphasizing
the daunting challenge of TCR-based
recognition. This figure was rendered
by Steve Moskowitz of Advanced
Medical Graphics, Boston, MA.
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ØOverall objective: Identify melanoma specific antigens as targets 
for generating bispecific antibodies for cancer immunotherapy

ØSpecific Objectives: Use mass spectrometry (MS) to identify 
HLA presented peptides derived from the MAGE-A3 protein from 
melanoma 

– Optimize workflow to isolate tumor specific HLA peptides for 
identification

– Identify MAGE-A3 peptides from IM-9 (B lymphoblast) cell line 

– Identify MAGE-A3 peptides from IM-9 mouse xenograft tumors

– Determine copy number of HLA presented peptides on the surface of 
IM-9 cells using targeted MS: Parallel Reaction Monitoring (PRM)

Ø

5

Research Objective



Schematic of Mouse Xenograft study for 
MAGE A3 IM-9 Cells and Xenograft Tumors
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Optimizing the Elution Concentration For 
Recovery of Peptides from Sep-Pak C18 
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  M  1    2    3   4   5    6    7    8   9   10  11  12   13      
100#

75#

50#

37#

25#

20#

15#

10#

1. 3 ug of E. coli produced HLA-A2/b2M

2. 30% ACN elution 1
3. 30% ACN elution 2

4. 35% ACN elution 1

5. 35% ACN elution 2
6. 40% ACN elution 1

7. 40% ACN elution 2

HLA

b2M

Ø HLA Molecules were eluted with different percentages of acetonitrile (ACN) 30%, 

35% and 40% from C18 Sep Pak

Ø The HLA molecules showed up at 35% ACN

Ø 30% ACN is safe for eluting peptides from C18 Sep Pak



MS/MS Ion Mass Spectra Identifies Amino Acids of 
Peptide Sequence
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IM-9	Cells IM-9	Tumor
Description Charge Ion	Score Ion	Score Length HLA-A02:01	Binding	Affinity
MAGE-A1 2 25 20 9 5
MAGE-A10	#1 2 21 18 9 9
MAGE-A10	#2 2 20 16 10 20
MAGE-A10	#3 1 27 40 9 88
MAGE-A10	#4 2 (-) 28 9 11
MAGE-A12#1 2 23 16 9 3
MAGE-A3	#1 2 24 27 9 146
MAGE-A3	#2 2 27 33 9 12
MAGE-A3	#3 2 15 21 10 (-)
MAGE-A4	#1 1 24 29 10 292
MAGE-A4	#2 2 40 59 9 11
MAGE-C1	#1 1 48 27 8 (-)

Binding Prediction (nM)

k
Ø MAGE HLA-peptides detected 

from IM-9 Cells (in vitro) and IM-9 
mouse xenograft (in vivo).

Ø Detection on mouse xenograft 
tumors validates the peptides as 
reliable targets.



Parallel-Reaction Monitoring (PRM) Allows to Quantify 
Protein Targets with High Sensitivity and Selectivity 
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Ø PRM (MS/MS) targeted scan modes for flexibility in quantitation (Walz et al,. 2015)

Ø Peptides with high copy numbers are more reliable targets because the antibody 
has more targets (Peterson et al,. 2012) 



Quantification of MAGE A3 (IM-9 Cells)
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MAGE-A3 Concentration (Determined by L/H 
Ratio) was Used to Estimated Copies/Cell
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59.9 fmol of MAGE A3105-113 peptide detected from 1.0x108  IM9 
cells  
Estimated ~720 copies per cells
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Peak Area was calculated for y ions 5, 6 & 7 using Skyline
Average peak area was used to determine fmol amount of endogenous peptide
Using the standard curve from previous slide



Discussion and Conclusion
Ø Established an optimized work flow to successfully capture the HLA complexes 

and tumor specific peptides

Ø MAGE peptides were successfully detected from Mouse IM-9 cells (in vitro) and 
xenografts (in vivo) multiple times

Ø More sensitive targeted mass spectrometry techniques allowed additional 
confidence of the presence of MAGE A3 #1 and copy number estimation
– PRM analysis of IM9 cells have an estimated 720 copies/cell

• a peptide with ~500 copies/cell is a reliable target for antibodies (Lendvai et al., 2015)
• In the context of HLA, MAGE A3 #1’s abundance makes it a possible target for 

antibodies in cancer immunotherapy
Ø Conclusion: Through mass spectrometry with an optimized workflow, novel 

tumor specific peptide MAGE-A3 #1 presented by HLA was isolated, identified, 
and quantified, which is going to be used as target for melanoma immunotherapy.
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Future Research

Ø Generate PRM data for other detected MAGE peptides
– MAGE A3 #2
– MAGE A4 #1
– MAGE A4 #2

Ø Verify MAGE-A3 #1 on additional xenograft mouse 
tumors from different cell lines

Ø Determine if MAGE A3 #1 is present on human patient 
melanoma tumors 

Ø Generate bispecific antibodies with identified peptides as 
targets and test in vivo and in clinical trials
– CD3+receptor on T cells
– MAGE-A3 #1 peptide in HLA complex on cancer cells
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