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Leishmaniasis is a grouping of diseases caused by the protozoan parasites
Leishmania spp., affecting 12 million people per year with almost 31.0 million people
at risk. Recently, the WHO has declared leishmaniasis a Category | Neglected
Tropical Disease. Leishmaniasis has a range of clinical manifestations, from self-
healing skin lesions to hepatomegaly to fatality. The first-line chemotherapies used
to treat leishmaniasis are intravenous pentavalent antimonials; however, these drugs
are highly toxic. Oral treatment options such as paromomycin and miltefosine have
been used more as incidences of disease relapse and drug resistance to antimonials
develop, emphasizing the importance of identifying new chemotherapies. We
developed a novel, target—free fluorometric high-throughput screen (HTS), with an
average Z-score of 0.73 +/- 0.13, to identify small molecules with anti-leishmanial
activity. Screening of 10,000 small molecules from the ChemBridge DIVERset-
EXPTM library cassette #5 yielded 210 compounds that killed 80 percent of
parasites, resulting in a hit rate of 2.1 percent. One hundred nine (109) molecular
scaffolds were represented within the hit compounds; one scaffold that exhibits
potent anti-leishmanial activity was 1,4-diaryl-pyrazolo-pyridinone (1,4-DAPP).

A total of 27 novel 1,4-DAPP compounds were synthesized and anti-leishmanial
efficacy and host cell toxicity was determined using L. donovani mCherry expressing
amastigotes and THP-1 macrophages; successful drug treatment was considered
when the IC50 value was less than 10uM and the CC50 value was greater than
50uM. Additional pharmacokinetic analyses of a potent 1,4-DAPP compound
identified in the HTS were conducted. Future studies include in vitro and in vivo
characterization of these novel compounds.
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Leishmaniasis is a grouping of diseases caused by the
protozoan parasites Leishmania spp., affecting 12 million
people per year with almost 310 million people at risk.
Recently, the WHO has declared leishmaniasis a Category |
Neglected Tropical Disease. Leishmaniasis has a range of
clinical manifestations, from self-healing skin lesions to
hepatomegaly to fatality. The first-line chemotherapies used
to treat leishmaniasis are intravenous pentavalent
antimonials; however, these drugs are highly toxic. Oral
treatment options such as paromomycin and miltefosine have
been used more as incidences of disease relapse and drug
resistance to antimonials develop, emphasizing the
importance of identifying new chemotherapies. We developed
a novel, target—free fluorometric high-throughput screen
(HTS), with an average Z-score of 0.73 +/- 0.13, to identify
small molecules with anti-leishmanial activity. Screening of
10,000 small molecules from the ChemBridge DIVERset-
EXP™ library cassette #5 yielded 210 compounds that killed
80 percent of parasites, resulting in a hit rate of 2.1 percent.
One hundred nine (109) molecular scaffolds were
represented within the hit compounds; one scaffold that
exhibits potent anti-leishmanial activity was 1,4-diaryl-
pyrazolo-pyridinone (1,4-DAPP). A total of 27 novel 1,4-DAPP
compounds were synthesized and anti-leishmanial efficacy
and host cell toxicity was determined using L. donovani
mCherry expressing amastigotes and THP-1 macrophages;
successful drug treatment was considered when the ICg,
value was less than 10uM and the CCs, value was greater
than 50uM. Additional pharmacokinetic analyses of a potent
1,4-DAPP compound identified in the HTS were conducted.
Future studies include in vitro and in vivo characterization of
these novel compounds.

Leishmania spp.
« Obligate intracellular protozoan parasite
» Over 20 species are pathogenic to humans
[R—— i s

Investigation of a Series of 1,4-diaryl-pyrazolo-

pyridinones as Anti-Leishmanial Agents
Hannah N. Corman’, Douglas A. Shoue', Bruce J. Melancon?, Mary Ann McDowell’

Eck Institute for Global Health, University of Notre Dame, Notre Dame IN
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#5).

Total present in library | 10,000
>80%| 210
>90% | 116
iveness = 50uM 61
# scaffolds (1 compound) | 76
# enriched scaffolds (2+ compounds) | 33
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Table 1: Results from high-throughput screen of DIVERset-EXP™ library

Figure 1: 1,4-diaryl-pyrazolo-pyridinone (1,4-DAPP) structures and SAR
substitution patterns. A. 1,4-DAPP general structure and SAR substitution
patterns B. Synthesis scheme

Figure 2. Plasma concentration-time curve of
compound #9279817 after a single intravenous
dose at 2mg/kg in female C57BL/6J mice.
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Figure 3. Identification of the metabolite (M1) of

y. SI = CCyy/ICs. IC5, values are for
L. donovani. compound #9279817. A. In vitro metabolic
THP-1 Axenic stability. #9279817 was incubated with rat liver
r CCyy (M) 1Cy (M) s 1Cyo (M) si microsomes. Top:_ analysis_ of the _incuba?ion at time
28.92 234 8.66 187 1547 0._Bottom: analys_|§ of_the incubation at time 10
9270817 >80 356 1404 228 2107 minutes. B. Identification of M1 by MS/MS. Top: )
2127 50 5115 2078 MS/MS spectrum of compound #9279817; MH+ is
- — at m/z 380. Bottom: MS/MS spectrum of M1; MH+
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Figure 4. Balb/c mice were inoculated with L. major
mCherry promastigotes (10°) in a footpad. After 14 days,
fluorescence values as a proxy for parasite load were
obtained using an IVIS Lumina system (day 0). The mice
were then treated with antimony(lll) tartrate (5
doses/week), #9213357 (5 doses/week), #6666551 (5
doses/week), #9270128 (5 doses/week), and #9243327 (5
doses/week) over a 12-day period. All doses were 30pl
intralesional injections of aqueous solutions (0.015 pg/kg).
A. Representative images shown. The fluorescence
intensity scale bar applies to all images and is given in
arbitrary units. B. Quantification of IVIS Lumina images.
Two-way ANOVA with Bonferroni post-hoc analysis was
conducted. Differences were regarded as extremely
significant when p<0.0001 (*) compared with the Antimony
treatment and p<0.0001 () compared to the Day 0
control.
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Figure 5. VL mouse model. In vivo imaging of mCherry
L. donovani amastigotes. Briefly, 106 metacyclic parasites
were injected i.v. in the tail of female Balb/c mice (n=4).
Parasite fluorescence was monitored 4 and 8 weeks
post-infection (p.i.) in an VIS Lumina system, using a
specific mCherry filter. A representative image is shown.
Spleens were photographed and parasite loads
calculated by microscopic counting after tissue
homogenization.
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+ Only one compound (#6067) had an ICs, value less than 5uM
Preliminary structure-activity relationship (SAR) analyses suggest an importance for a methyl in the 4-position of the

northern aryl ring

« Of the 15 compounds with IC;, values less than 10uM, 6 contained a methyl group in this position
Compound clearance was almost twice the rate of hepatic blood flow, indicating the compound is rapidly cleared
Compound distribution was relatively high, indicating the compound distribution to tissue
MS/MS results suggest S on compound 9279817 is the likely spot for metabolism

+ Complete characterize in vitro activity of compounds against intracellular amastigotes

Synthesis of metabolite M1 and in vitro characterization

Determine metabolic stability of G-17, G-18-1, and G-18-2 using rat liver microsomes
Complete in vivo characterization in CL model of G-17, G-18-1, and G-18-2

Complete in vivo characterization in VL model of G-17, G-18-1, and G-18-2

Develop compound-resistant parasite lines to compound 9279817

« Determine in vitro efficacy after 10x IC50 value resistance is reached

« Remove drug pressure for 1 month and 4 months to check if resistance is maintained




DETERMINANTS OF ANTIGENICITY IN TUMOR NEOEPITOPES FOR THE
DEVELOPMENT OF PERSONALIZED/MULTIPLE PEPTIDE VACCINES
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Vaccines incorporating mutant tumor peptides, or “neoantigens,’ represent a low-
cost, broadly applicable type of immunotherapy which can sensitize the immune
system to tumors, break tolerance, and confer long-lasting immunologic memory
with fine specificity.

Predicting which candidate neoantigens will likely be immunogenic is imprecise,
which limits applicability in treating spontaneous tumors. Structural features of
peptide-MHC proteins can be used to predicted immunogenicity better than many
tools but is in its infancy and has only been tested on HLA-A*02:01 nonameric
peptides. In this study, we identified a group of mutant peptides presented by class
| MHC in a non-spontaneous murine cancer model and rationalized the observed
immunogenicity with molecular modeling experiments, as predicted IC50 alone did
not explain reactivity. After solving the crystal structure of one pair of neoantigens,
we propose ways to improve peptide-MHC model selection.
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Abstract C3-1 crystal structures reveal flaws, SVR-based structural model selection
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Heterodimeric alpha-beta T cell receptors (TCRs) play a key role in cell-mediated
immune responses of adaptive immunity. T cells continuously probe peptides
presented by major histocompatibility complex (MHC) found on the cell surface.

T cell activation initiates through the binding of antigenic peptides on MHCs.

Yeast display technology has proven an effective way to gain insight into the
underpinnings of peptide-MHC specificity enabling the switching of TCR affinity
and specificity to unrelated antigens through directed evolution. Interestingly, in
vitro directed evolution also generates mutants that lose peptide specificity. Here,
we provide further detail of one of these cross-reactive TCRs, S3-4, which binds
tightly but with a highly unusual geometry. Despite binding with an affinity that is
characteristic of a strong agonist, S3-4's odd binding geometry does not support

T cell signaling. Further investigation with functional experiments and 2D kinetics
shows that lack of signaling by S3-4 is ultimately attributable to the TCR's inability
to reach ligand. Although S3-4 is an example from a constrained system generated
outside the bounds of usual immune function, our results show how unusual binding
can influence T cell function and further demonstrate how divergences between 3D
and 2D binding parameters can emerge.
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ABSTRACT Heterodimeric o T cell receptors (TCRs) play a key role in cell-mediated immune responses of adaptive immunity. T cells continuously probe peptides presented by major histocompatibility complex (MHC)
found on the cell surface. Yeast display technology has proven an effective way to gain insight into the underpinnings of peptide-MHC specificity enabling the switching of TCR affinity and specificity to unrelated antigens
through directed evolution. Interestingly, in vitro directed evolution also generates mutants that lose peptide specificity. Here, we provide further detail of one of these cross-reactive TCRs, S3-4, which binds tightly but
with a highly unusual geometry. Despite binding with an affinity that is characteristic of a strong agonist, S3-4’s odd binding geometry does not support T cell signaling. Further investigation with functional experiments
and 2D kinetics shows that lack of signaling by S3-4 is ultimately attributable to the TCR’s inability to reach ligand. Although S3-4 is an example from a constrained system generated outside the bounds of usual immune
function, our results show how unusual binding can influence T cell function and further demonstrate how divergences between 3D and 2D binding parameters can emerge.
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Insights from an in vitro derived T Cell Receptor

Nishant K. Singh?, Jesus A. Alonso?!, David Kranz?, Brian Evavold®, and Brian M. Baker!

1Department of Chemistry and Biochemistry, Harper Cancer Institute, University of Notre Dame, 2Ragon Institute of Massachusetts
General Hospital, Harvard University and MIT, 3Department of Biochemistry, University of Illinois Urbana-Champaign,

10
08
05
04l fK,=89204um el $ Ko=45204um
02 02
00 00
IR T m @ % % o o v
UM TaxHLA-A2 UM Tax PEAHLA-A2
10 10
o 08
os 05
0a] [ Ko=7.12040M M 0e] [ Ky=a5105uM
0z 02
00 00
TH % s o o Th b s @ ki o
UM WT1/HLA-A2 UM NSI/HLA-A2
10 1o .
08 o6
o6 o6
04| [K,=145207uM 0al| K=20%02um
0z 0z
00 oolbeemee dapiie
TH H % % e TTH % % ik o
UM MART-1/HLA-A2 UM $3-4
a S3-4 DMF5,;
2,000 MART-1 2000 MART-1
GP100 2GP100
aTax aTax
1,500 1,500
= jry
E E i
2 100 81000
o o
4 =
~ s00 500 1
0 - 0
102 1 102 102 1 102
Peptide (uM) Peptide (M)
b 300 S3-4 300 DMF5
200 200
jary jy
£ £
g g
o 100 Y
3 g 100
0

No Peptide No Peptide
cD3

No Peptide’ No Peptide
Anti-CD3

4Department of Pathology, University of Utah School of Medicine

Figure 3

Figure 1. $3-4 binds HLA-A2 in a peptide-independent manner.
Recombinantly expressed S3-4 tested for binding against peptide/HLA-A2 complexes (a)
Tax/HLA-A2 (b) Tax P6A/HLA-A2 (c) WT1/HLA-A2 (d) NS3/HLA-A2 and (e) MART1/HLA-A2
and demonstrating HLA-A2 independent binding. K, = binding affinity.

Figure 2. Full length S3-4 does not support signaling.

Full length S3-4 was expressed in transduced Jurkat cells and tested for signaling against
peptide-pulsed antigen presenting cells (T2). Although S3-4 shows no signaling against
MART1, gp100 or Tax (a), it did show signaling when primed with the anti-CD3 antibody
OKT3 (b). MART1 is the DMF5 TCR cognate antigen.

Figure 3. $3-4 binds HLA-A2 on the side.

(a) Crystal structure of S3-4 bound to Tax/HLA-A2 reveals that S3-4 binds on the side of the
HLA-A2. (b - e) lllustration of how the six S3-4 mutations altered binding of the TCR to HLA-
A2. In general, they act by introducing new interactions with the side of HLA-A2 as well as
eliminating steric or electronic clashes which would occur with the new positioning.
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Figure 4. $3-4 binding an APC-
presented peptide/HLA.

(a) DMFS5 aligned with the published TCR-
CD3 signaling complex (PDB: 6JXR)! and
representing a more typical
TCR/peptide/HLA binding arrangement.

(b) S3-4 similarly arranged with the CD3
signaling complex highlighting the “side-
way” binding orientation and the inability to
contact the top end of the peptide/MHC
surface.

(c) The S3-4/Tax/HLA-A2-CD3 signaling
complex with the bound OKT32 antibody.
This latter assembly shows an arrangement
in which S3-4 signaling complex cannot be
w primed with peptide/HLA-presented by
APCs but successfully activated with the
OKT3 antibody.

APC
membrane
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INTERROGATING THE CLINICALLY-RELEVANT T CELL RECEPTOR TIL1383I

Aaron Rosenberg, Graduate Student,
University of Notre Dame

Immunotherapy using gene-modified T cells is emerging as a new option in cancer
treatment. Early studies using adoptive transfer of T cells engineered to express
T cell receptors specific to tumor antigens have shown promising results in both
solid and hematological cancers. A recent clinical trial of adoptive T cell therapy
utilizing the TIL1383i TCR to treat stage IV melanoma has shown promising
results. However, there are ongoing questions about TCR-engineered T cells, most
notably whether efficacy can be enhanced without increasing risk. Here, | plan

to biochemically and functionally interrogate the TIL1383i TCR. | will use deep
mutational scanning, which provides single-amino acid resolution of the physical
determinants of specificity and affinity across an entire protein interface. In
conjunction with our existing, unpublished crystallographic structure of TIL1383;,
this work will allow us to better understand the immunological behavior of TIL1383i
and potentially generate improved variants for follow-on clinical work.
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MHC is composed of the HLA subunit (ray) - and second shell that contribute to bmding propenies_ positive population.

and the B,m subunit (green). The peptide 1oz . S . . N
(orange) is positioned between the two a 1D « Aim: Interrogate the CRD loops and second shell for TIL 1383i with single amino acid resolution to
helices of the MHC. PDB: 3QDG Aromatic 3 provide a comprehensive understanding of the drivers of affinity and specificity across the TCR pMHC
" o 18] interface.
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Figure 2: Single Chain TCR Construct for Yeast Display. o polar e B . . . B . - N .
The use of yeast in conjunction with the single chain i « Utilize fitness data in conjunction with crystal data to identify mutations in which to further interrogate
construct enables for surface display of TCRs. The ;“f::.‘lif.‘* i their role in the modulation of affinity specificity.
utilization of this construct also allows for multiple posiively |
staining options including anti-cMyc, anti-HA, and charged * Characterize mutations located in the TCR pMHC binding interface and the second shell. Determine
PMHC tetramers o vy yryyyTes alterations in binding affinity and specificity through SPR and combinatorial peptide library screens.
g NCTYSDRGSaSFF W IMSIYSNGDKEAVRGADYANFGKS?PKSGHDTVSWI FQyVRGEERARGNYLCASSDTVSYsaYrar

Figure 7: Heatmap of fitness values of 868-Z11 TCR library sorted with SL9 MHC Tetramer. Fitness values plotted as a * Interrogate the clinically relevant TCR TIL 1383i utilizing the same methods and lesson learned.

heatmap for all mutations in 868-Z11 libraries based upon deep sequencing of the top 25% population sorted at 1 nM.

Green represents increased fitness due to mutation whereas red represents a decrease in fitness due to mutation. Black
bars indicate the CDR loops. The WT sequences is shown below the residue number. R efe re n C e
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Yeast surface Figure 8: Top 5 Positively

Enriched Residues. The top 5

o i
most positive fitness mutations Cameron, 8. 1; Gerry, A.B; Dukes, 1; Harper,J. V; Kannan, V. Bianchi, F.C.; Grand, F; Brewer, . E; Gupta, M; Plesa, G; Bossi,G.; Vuidepot, A; Powlesland, A.S.; Legg, A;
highlighted d h Adams, K.L; Bennett, A. D; Pumphrey, N. L; Willams, D, 0; Binder-Scholl, G, Kulkovskaya, | Levine, B. L Riley, . L Varela-Rohena, A; Stadtmauier,E. A; Rapoport, A . Linette,
are highlighted in red on the G.P; June, C.H,; Hassan, N.J; Kalos, M. Jakobsen, 8. K. aTitin-derived el MAGE A3-directed T cells
Figure 3: Cartoon Representation of pMHC Tetramer. The structure. The fitness values Sci Trans! Med 2013, 5 (197), 197ra103.
blue squares represent the four subunits of the are calculated from the log, Linette, G.P; Stadtmauer,E. A; Maus, M. V.; Rapoport, A P; Levine, B.L; Emery,L; Lizky, L; Bag, A; Carreno, 8.M.; Cimino, P. . Binder-Scholl, . K; Smethurst, D. P;
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T

streptavidin core connected to the fluorophore values Jonoma.Slo0d 2013, 123 6], 86371
represented by the red star. The four pMHC molecules, < > by WT enrichment and are & o LA Chossam, ; AbateOng B Gros A oo P har 27 Dul, M. £ Fadran S A Yng,L.C3 Sy, M, Pan. 6.0 Highes M85
shown in grey and green, are bound to the streptavidin \ ") provided in the table above. N McMahon, F 1 Wide, 53 Mosetter, 5.1 Sehendel, . 15 Laurencor, C. M Aosenb Cancer TCR gene therapy. |
through the addition of biotin (orange circles) of the C- (__ The structure is modified from e, e o -
terminus of the MHC molecules. J PDB:5SNME.
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