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ABSTRACT

The ETS family of transcription factors is critical for development, 

differentiation, proliferation, and plays an important role in apoptosis and 

tissue remodeling. Transcriptional consequences of ETS protein 

deregulation by overexpression, gene fusion, and modulation by 

RAS/MAPK and PI3K signaling are linked to alterations in normal cell 

functions, and lead to increased proliferation, sustained angiogenesis, 

invasion, and metastasis. Overexpressed ETS proteins and ETS family 

fusion proteins have been reported in acute myeloid leukemia (AML) and 

diffuse large B cell lymphoma (DLBCL). In DLBCL, the 11q24.3 region has 

been identified as a recurrent lesion and a contributor to the pathogenesis 

of disease, leading to the deregulation of ETS family members, ETS1 and 

FLI1. Additionally, in AML, the overexpression and translocations of ERG, 

an ETS family member, has been shown to be associated with poor 

prognosis in complex or normal karyotypes. 

TK216 is a first in class, small molecule that directly binds EWS-FLI1 

inhibiting the biological activity of ETS-family transcription factor 

oncoproteins and is currently under clinical investigation in patients with 

Ewing sarcoma (NCT02657005). The EWS-FLI1 is a fusion protein that has 

been shown to be the driver of Ewing sarcoma (ES). In preclinical potency 

models, TK216 blocked the binding between EWS-FLI1 and RNA helicase A, 

showed a significant transcriptional decrease in COS7 cells transfected 

with a EWS-FLI1 responsive promoter (EC50 < 100 nM), and inhibited the 

proliferation of A4573 cells (EWS-FLI1 expressing Ewing sarcoma cell line) 

at nanomolar concentrations (EC50 < 200 nM). Here we show that TK216 

has anti-proliferative effects and induces apoptosis in a panel of AML and 

DLBCL cell lines with deregulated ETS family members. We report an 

upregulation of FLI1 and/or ERG ETS family members in 5 of 5 myeloid cell 

lines evaluated (HL-60, Kasumi-1, ML-2, MOLM-13, MOLM-16, THP-1). 

Treatment with TK216 showed a decrease in cellular viability and induced 

dose-dependent apoptosis of cells at 48 hours. Similarly, in a panel of 

DLBCL cell lines (TMD-8, HBL-1, U2932, DOHH2, WSU-DLCL2, OCI-Ly18, 

OCI-Ly19), TK216 treatment resulted in a decrease in cellular proliferation 

and an increase in apoptosis. In vivo efficacy studies in xenograft models 

of DLBCL are underway; the preliminary anti-tumor activity that is being 

seen is encouraging and consistent with our in vitro findings.

We believe that our findings provide compelling evidence of the utility 

and potential efficacy of TK216 in the treatment of AML and DLBCL by 

targeting the aberrant expression and translocations in the ETS-family of 

transcription factors, which contribute to the pathogenesis of the disease.

RESULTS

CONCLUSION

• TK216 is a first in class, small molecule that directly binds EWS-FLI1 

inhibiting the biological activity of ETS-family transcription factor.

• In AML and DLBCL cell lines with deregulated ETS-family members, 

treatment with TK216 results in potent inhibition of proliferation and 

the induction of apoptosis.

• Combination of TK216 with BCL-2 and BTK inhibitors in DLBCL cell lines 

leads to synergistic activity and allows for a more effective inhibition of 

cell proliferation.

• Daily, oral administration of TK216 potently inhibits tumor growth in 

xenograft models of DLBCL with deregulated expression of ETS-family 

members, and is well-tolerated.

• The inhibition of the EWS-FLI1 oncogene offers a promising approach for 

the treatment of Ewing Sarcoma and is currently in Phase 1 clinical trials 

in patients with relapsed/refractory Ewing Sarcoma (NCT-02657005).
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EWS/FLI1RHA

ACTIVE
• Oncogenesis:

˗ Anchorage-independent growth

˗ Tumors in mice

• Altered Gene Expression:

˗ ↑ E2G2 (chromatin regulator)

˗ ↑ VEGF-A (angiogenesis)

• Alternative Splicing:

˗ Cyclin D1b (activates cell cycle)

˗ ARID1A-ex18L (chromatin regulator)

INHIBITED
• Apoptosis:

˗ Programmed cell death

˗ Inhibits tumor growth

• Altered Gene Expression:

˗ ↓ E2G2

˗ ↓ VEGF-A 

• Variant Isoforms:

˗ Cyclin D1a (slows cell cycle)

˗ ARID1A-ex185 (non-oncogenic)

TK216

Figure 1. TK216 Mechanism of Action.

Figure 2. TK216 Treatment Inhibits EWS-FLI1 Protein Interactions Leading 

to a Decrease in Transcription and Proliferation.

A) EWS-FLI1 was immunoprecipitated following treatment with TK216 or DMSO control in A4573.

B) TK216 reduces transcriptional activity in COS7 cells co-transfected with EWS-FLI1 and NROB1 

reporter-luciferase plasmids which contains EWS-FLI1 DNA-binding sites. C) Treatment with TK216 

results in a dose-dependent inhibition of proliferation in Ewing Sarcoma A4573 cell line. 

Figure 4. TK216 Displays Anti-Proliferative Activity in DLBCL Cell Lines.

Anti-proliferative activity of TK216 in DLBCL cell lines: IC50 of TK216 for each cell line was 

determined in a 72 hr CellTiter- Glo assay. 

Figure 5. Induction of Apoptosis by TK216 in DLBCL Cell Lines.

TK216 induces apoptosis in DLBCL cell lines: Cells were treated with various concentrations of 

TK216 for 18h and apoptosis was assessed by detection of cleaved- Caspase 3. The amount of 

cleaved-Caspase 3 was normalized to b-actin and presented as fold over control.

Figure 6. TK216 Displays Synergy When Combined with BCL-2 (ABT199) and  

BTK (ACP196) Inhibitors

Figure 7. TK216 Displays Anti-Tumor Activity in a DLBCL Xenograft Model.

A) The anti-tumor activity of TK216 was assessed in NOD/SCID mice harboring TMD-8 tumors, a 

DLBCL-ABC xenograft model. TK216 was administered orally as a solution at 100 mg/kg BID for 13 

days. B) TK216 resulted in 77% tumor growth inhibition of the TMD-8 xenograft model when 

compared to vehicle control following 13 days of treatment.

Figure 8. TK216 inhibits proliferation and induces apoptosis in the TMD-8 

xenograft model.

Inhibition of proliferation (Ki67) and induction of apoptosis (cleaved caspase 3) in tumor samples 

from the TMD-8 xenograft model following 13 days of treatment (2 hours post last dose). Tumor 

tissues were fixed in 10% formalin solution - processed and embedded in paraffin. 

Immunohistochemical analysis was performed on tumors from the vehicle control or TK216 groups. 

Tumor sections were stained for Ki67 (proliferation marker) or cleaved Caspase 3 (apoptosis 

marker).  Representative images  are shown. The average 3+ % positive for Ki67 in vehicle and 

TK216 treated tumors were, 63 and 39, respectively. The average 3+ % positive for cleaved Caspase 

3 in vehicle and TK216 treated tumors were, 15 and 27, respectively.

The median-effect analysis was used to determine synergism, antagonism, or additivity of TK216 

when combined with ABT199 (BCL-2i) and ACP196 (BTKi). CalcuSyn software was used to determine 

the Combination Index (CI) using the Chou/Talalay equation. 
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Figure 3. TK216 Displays Anti-Proliferative Activity in AML Cell Lines.

Anti-proliferative activity of TK216  in AML cell lines: IC50 of TK216 for each cell line was 

determined in a 72 hr CellTiter- Glo assay. 

Table 1. TK216 IC50 in AML Cell Lines.

Cell line

TK216-2 Cisplatin

IC50(μM) IC50(μM)

HL-60 0.363 1.931

Kasumi-1 0.393 4.560

ML-2 0.291 1.395

MOLM-13 0.228 0.798

MOLM-16 0.129 2.190

THP-1 0.152 1.359
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Cell line

TK216

IC50(uM)

TMD-8 0.152

HBL-1 0.304

DOHH2 0.160

U2932 0.127

WSU-DLCL2 0.897

OCI-Ly18 0.095

OCI-Ly19 0.106
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