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Chapter 6

Structure-Activity Based

IL17A/IL17RA Small-Molecule

Antagonists Discovery

During preparing this manuscript, I continue to work on optimizing ligands stereochem-

istry based on the structures. Due to intellectual property application, after discussion

with my supervisors, Prof. dr. Alexander Dömling and Prof. dr. Matthew Groves, we

decided not to add the chemical structures of the ligands in this thesis now. It will be

published in the future until more results to be collected.
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Abstract

Interleukin-17A (IL17A) expressed from Th17 CD4+ cell is a critical cytokine corre-

lated to many autoimmune diseases. Significance of covalent IL17A dimer in proriasis

is evidenced by the approval of Secukinumab (Costentyx), a mAb neutralizing IL17A.

However, there is no promising small-molecule IL17A antagonist that has progressed into

the market. Here, we investigated a series of small molecules ligands targeting IL17A

based on a structure-activity relationship (SAR) strategy. We present the crystal struc-

ture of human IL17A with our initial hit F2 with a Kd of 71.2nM. One molecule of F2

is visible on the hydrophobic surface of monomer A of IL17A. It forms multiple inter-

actions with Trp67A and surrounding residues. After optimization, we obtained ligand

F37 that showed similar binding of 10.46nM. Further, a cell assay based on downstream

IL8 expression is ongoing for determination of inhibition effect. Our study provides a

promising strategy to design small molecule inhibitors based on the IL17A structure and

provides a starting point to further develop IL17A/IL17RA anagonists in the future. The

chemical structures of our ligand is currently not shown as it will be the subject of a

intellectual property application.

Introduction

IL17A as pro-inflammatory cytokine expressed from Th17 subset T cells can cause air-

way remodeling [1] and stimulation of CD4+ T cells [2]. Therefore, the IL17 family

has been implicated and reported to relate many immune/ autoimmune-related disease,

such as psoriasis, psoriatic arthritis, rheumatoid arthritis and multiple sclerosis [3-5]. In

general, the IL17 have six family members [6]. Of them, IL17A and IL17F 50% con-

served sequence and high structural similarity [7]. IL17RA is the primary receptor for

IL17A, which expressed in multiple tissues, including vascular endothelial, peripheral T

cells, B cell lineages and fibroblasts [8]. It recognizes dimerized IL17A or heterodimeric

IL17A/IL17F. IL17A pathway signalling is blocked by antagonists that can competitively

bind to IL17A or IL17RA. In 2016, Liu and his colleagues discovered a series of linear

peptides and macrocyclic IL17A antagonists, of which 63Q displayed an IC50 of 300µM
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in keratinocytes [9,10]. Also, many X-ray crystal structures of IL17A apo and IL17A

complex have been reported, including IL17A apo [11], IL17F [12], IL17A/IL17F [13],

IL17A with antibody [14], IL17A with peptides [10,15], IL17A with both peptide and

macrocycle [9]. Cosentyx (Secukinumab), as IL17A inhibiting monoclonal antibody, is

currently successfully on the market and used for the TNF inhibition in non-response

plaque psoriasis treatment [16]. However, there were no potential small molecules de-

veloped to provide orally active agents.

The investigation of small-molecule antagonists is invariably changeling, especially on

an interaction surface like IL17A/IL17RA. It covers a large surface area, is rather flat, has

no apparent hot spots and has been classified undruggable by small molecules. However,

Liu et al., solved the X-ray structure of the complex of 63O, 63P and 63Q, suggesting

that small molecule approaches may provide an alternative to the current antibody-based

therapy. Due to the stability and large conformational change as a result of 63Q ligand

binding, additional Fab and peptide HIP stabilizers were added. A widened pocket at

the N-terminus of IL17A dimer caused by binding to the HIP peptide created a highly

druggable central pocket. This provided an excellent starting point for structure-activity

based IL17A/IL17RA small molecule antagonists discovery as shown in this report.

Method and Result

Lead small molecule IL-17A antagonists

In our experiment, we firstly purified and refolded the IL17A protein. The gene for

expression of human IL17A (19-144aa) was obtained by gene synthesis and inserted

in pETM13 and pETM11 vectors for crystallization and screening assays, respectively.

pETM11 includes an N-terminal 6*histidine tag followed by a tobacco etch virus (TEV)

cleavage site. Plasmids were used to transform E.coli, strain BL21(star) and Rosetta to

yield IL17A with and without His-tag, respectively. For protein expression, LB medium

(Thermo Fisher) containing kanamycin (50µg/ml) was inoculated with freshly trans-

formed BL21 cells, induced with IPTG (1M) at OD600 0.6 and grown overnight at 37oC.

Cell pellets obtained after centrifugation were solubilized in buffer A (50mM Tris pH
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7.5, 150mM NaCl, 10mM BME). The cell was lysate by sonication (Branson) for a total

of 4min (5s pulse followed by 5s rest on ice). The sonicated lysate was clarified by

centrifuge at 10,000g for 45min at 20oC. The cell pellet was resuspended in buffer B

(Buffer A with 0.5% Triton X-100) and sonicated as described previously. After washing

five times, the pellet was solubilized in buffer C (100mM Tris pH 8.0, 150mM NaCl,

6M Guanidine, 10mM BME) for 1h at room temperature. The denatured IL17A was

shocked diluted into refolding buffer (100mM CHES pH 9.5, 900mM arginine, 0.5mM

Cystine, 5mM Cysteine) stirred overnight at room temperature. The refolded protein

was purified by SEC and concentrated to 10mg/ml for crystallization (Figure 1).

Figure 1. IL17A protein purification. Two peaks were shown from the SEC chromatogram. After

comparing to standards, the first peak was identified as a 28kD dimer, and the second as the 14kD

monomer. The presence of 10mM DTT in the loading buffer breaks the interchain disulfide bonds.

Thus only the 14kD monomer band is visible in the SDS-PAGE.

Additionally, we designed and synthesised 8 ligands to test their potential binding

affinity to His-IL17A by MST [17] (Table 1). 100µl of IL17A (200nM) was mixed with

100µl of dye (100nM) and incubate for 30 minutes at room temperature. The mixture

was centrifuged for 10 minutes at room temperature and 15,000g. At the same time, we

prepared 25µl of the ligands at 1mM from stock of 100mM in 100% DMSO. 15 serial

dilutions were made in PCR tubes. 10µl of labelled protein was added to each well (1-16)

and mixed by pipetting. The final concentration of IL17A is 50nM. The capillaries were
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loaded and MST data was collected following the manufacturer’s recommended settings

(40% LED/excitation power and medium MST power). F2 and F7 were determined to

be IL17A binders with Kd of 71.8nM and 155µM, respectively.

Table 1. MST binding affinity of initial hit F2

Protein stability in solution is an essential issue during protein co-crystallisation and

soaking process. Therefore, we performed thermal shift assays to predict whether the

binding of F1 will result in significant conformational shifts of protein relative to the IL17A

apo structure. Using a Bio-Rad CFX384 Real-Time System (C1000 Touch Thermal

Cycler) in sealed Hard-Shell 96-well plates, 1µl F1 from 100mM DMSO stock was added

to 50µl assay (1xPBS) buffer. Manual addition of 5µl of IL17A SYPRO Orange pre-

mixture including 1-1.5mg/ml IL17A and 25x dilution of SYPRO orange (5000x stock)

into the 50µl assay. Compound alone was tested to avoid fluorescence at 600nM. Assay

optimisation resulted in an experimental condition with a pH range from 6.5 to 7.5

(1xPBS, pH 7.0). Thermal denaturation was achieved by applying a temperature ramp

from 25 to 95 with fluorescence readings every 0.5oC. We found in the presence of

F1, IL17A becomes more stable shown as 2oC increase in Tm (Figure 2). As it was

previously reported that an anti-IL17A Fab stabilised IL17A and allowed its structure

to be determined, we evaluated whether the same approach would serve in the present

case.
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Figure 2. A typical thermal melting curve of IL17A in the presence of F1 or not. IL17A apo after

refolding behaves like a well-folded protein with a Tm of 55oC. In the presence of F1, Tm was shift to

right at least 2oC at pH 7.0

Determination of IL17A/ligand complex structures

We tried both ligands in soaking and co-crystallization experiments. For soaking experi-

ments IL17A was concentrated to 10mg/ml. After optimization, crystals were grown at

22oC in sitting-drop vapor-diffusion plates, equilibrated against a reservoir with 10mM

MES pH 6.0, 40.5mM NaBr, 40.5mM NaI, 20% EDO, 20% PEG 8000 (Figure 3). For

soaking experiment, the crystal grows to full size in 1 week. Cryo buffer (same com-

ponent as crystallization buffer) plus 1mM compound (1% DMSO) was used to soak

IL17A apo for 24h to 72h and flash-frozen in liquid nitrogen for data collection. X-ray

diffraction data were collected at 100K at the P11 PETRA III beamline, DESY, Ham-

burg. Crystals of apo or soaked IL17A belonged to the C222 Space group. Datasets were

indexed, integrated and scaled together using XDS [18] before merging using Aimless

[19]. The structure was determined by Molecular Replacement (Phaser [20]) and the

structure of IL17A (PDB 4HR9) as the search model. The model was iteratively rebuilt

using COOT [21] and refined using Refmac5 [22] and Phenix [23] (Table 3).
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Figure 3. IL17A apo crystallization. (A) Initial hit of IL17A from commercial kit. (B) Final shape of

IL17A apo crystal after multiple rounds optimization.

For co-crystallization experiment, dimeric IL17A was collected after SEC in a buffer

containing 10mM MES, pH 6.5, 100mM NaCl, 10mM fresh BME and concentrated to

2mg/ml. The compound was prepared from 100mM stock in DMSO. After calculation,

the mixture containing IL17A: F2 at a ratio of 1:10 was incubated at 4oC overnight. The

mixture was then spun at 130,000g for 10min and concentrated again to 5mg/ml. This

procedure was repeated twice again until reaching a complex concentration to 10mg/ml

for setting up the crystallization. The crystals were grown at 22oC in sitting-drop vapor-

diffusion plates, equilibrated against a reservoir with 10mM MES pH 6.0, 40.5mM NaBr,

40.5mM NaI, 20% EDO, 20% PEG 8000 plus 1mM F2 from stock. The crystals were

grown to full size after 2 weeks and flash-frozen in liquid nitrogen for data collection.

X-ray diffraction data were collected at 100K at the P11 PETRA III beamline, DESY,

Hamburg. IL17A-F2 complex crystal belonged to C222 Space group, the same as IL17A

apo. Complex structure was determined and refined as described above.

We successfully obtained the structure of F2 with IL17A co-crystal structure at a

resolution of 2.8Å. We found a single molecule of F2 in the central pocket of IL17A

dimer, which formed interaction with residues Trp67A, Arg38A and Gln94B (Figure 4).

Below we show the electron density of F2 in the IL17A pocket.
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Figure 4. Overall structure of IL17A-F2. IL17A is shown as a coloured chain with the surface. One

molecule F2 is shown as red mesh bound at the entrance of the central pocket of IL17 dimers. It forms

multiple interactions with surrounding residues Trp67A, Arg38A, Gln93B and Gln94B shown as sticks.

Figures created using Pymol (Molecular Graphics System, Version 1.8 Schrödinger, LLC.).

To further optimise the initial hit F2, we design and synthesis 33 derivatives by ex-

ploring strong novel interactions and tested their binding affinity by MST. The results

are shown in Table 2. Of them, 7 ligands showed nM range binding affinity after opti-

misation. We took the same strategy successfully obtain IL17A-F37 co-crystal structure

(Figure 5A). Mw of F37 is smaller comparing to F2; thus, it forms less contact with

surrounding residues. But they overlapped F2 and inhibition peptide 18-1 [15] at the

IL17A/IL17RA interface (Figure 5B).
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Figure 5. The overall structure of IL17A-F37. IL17A is shown as a coloured chain beneath the surface.

(A) Electron density for 1 molecule of F37 is shown as yellow mesh bound at the entrance of the central

pocket of the IL17 dimers. It forms multiple interactions with surrounding residues Trp67A, Arg38A,

Gln83B and Glun94B, shown as sticks. (B) An overlapping of F37 with F2 and inhibitory peptide

18-115. Electron density for F2 is shown as a red mesh, and peptide 18-1 is shown as a pink cartoon.

Discussion

IL17A is very challenging for targeting due to its large and flat interaction surface with

its receptor, but small molecule antagonists to IL17A would have significant advantages

compared to the monoclonal antibody Cosentyx (secukinumab), such as preferable en-

tropic signatures, oral bioavailability, shorter half-life times and higher stability. Here, we

present a brief report on the progress of a first-in-class small-molecule binders discovery,

the detail of scaffold design will not be descripted due to IP restrictions, but our previous

effort in fragment screening and in silico docking make a significant contribution to the

new development. The initial hit F2 from the first 8 ligands was shown to have a Kd

of 71.2nM, similar to the that of 63Q described in Liu et al. The determination of the

crystal structure of IL17A-F2 complex, allowed us to visualize one molecule of F2 with

clear electron density settled on the hydrophobic surface of monomer A of IL17A nearby

the central pocket of two monomers. The pocket was indicated as hot spot for ligand

discovery. Additionally, F2 forms multiple interactions with Trp67A, Arg38A, Gln93B

and Gln94B. These residues play an important role in interaction with both IL17RA
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and inhibition peptide 18-1. After chemical optimization, we obtained one of analogues

F37 overlapped with F2 in the crystal structure with IL17A. Besides, based on a SAR

(structure-activity relationship) concept, we are currently working on chemical substi-

tute optimization to increase the binding affinity. Furthermore, a cell assay based on

downstream IL8 expression is ongoing to determine the in vivo effect of F2.

Note

During the preparation of this manuscript, I continued to work on optimizing ligand

stereochemistry based on the structures. Two ligand-IL17A F2 and F37 complexes have

been determined. Ligands were visible close to the pocket, stabilizing an extended

helix that interacts with IL17RA. Until now, more than 20 compounds from this series

have shown various binding affinity after optimization from the initial hit F2. F2 has

demonstrated inhibition efficacy in IL17A/IL17RA based cell assay. More experiments

will be done in the future. After discussion with my supervisors, Prof. dr. Alexander

Dömling and Prof. dr. Matthew Grove, we decided not to specify the chemical structures

of novel ligands in this work. It will be published in the future after more validation and

an intellectual property application.
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Wenjia Wang made the IL17A-pETM13 construct, expressed and optimized the purifica-

tion procedure, performed crystallization trials and optimized crystallization conditions,

collected and analyzed diffraction data, and designed, performed ligand-binding assay for

IL17A. Rick Oerlemans prepared the construct IL17A-pETM11 for ligand binding assay

and developed a purification procedure. Maryam Ahmadian, Mojgan Hadian provided

the compounds for crystallization and ligand assay. Wenjia Wang prepared the orignal

draft.
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Table 3. Data collection and refinement statistics.
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