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Establishment of drug induced resistant tumor models enable the development of next generation anticancer therapeutics
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Abstract

Recent advances in cancer biology and diagnosis are providing more targeted approaches to
treat cancers. Therapy targeting the specific oncogenic driver could inhibit tumor
progression and helps to a favorable prognosis in clinical practice. Recently, the discovery of
driver mutations in various cancers such as EGFR, ER, CDK, c-MET, TRK and BTK provides a
personalized targeted treatment. However, most patients who initially benefit a lot from
targeted therapies eventually become resistant to treatments. Acquired resistance limits
the long-term efficacy. The commonly acquired resistant mechanisms include target gene
mutation, alternative pathway activation, histological or phenotypic transformation and so
on. Although a variety of mechanisms of acquired resistance have been reported, optimal
treatment for acquired resistance is not yet clearly defined.

To mimic the clinical resistant after long-term treatment, we established a panel of in vivo
induced drug resistant CDX and PDX models by continuous dosing of targeted drugs to mice
covering a series of first-line targeted drugs such as Tamoxifen, Olaparib, BMN-673,
Ibrutinib, Crizotinib, Erlotinib, Palbociclib, Capmatinib, Entrectinib, Cabozantinib, Sorafenib
and Irinotecan. Resistant models were derived from sensitive models harboring specific
oncogenic driver. Regrowth tumors were continually treated with targeted drugs and
continuously implanted to the next passage in mice until a stable drug resistance
phenotype occurred. To explore the resistant mechanisms, we performed WES and RNA-seq
analysis in the gene expression levels, and western blotting and IHC staining in the protein
expression levels. In summary, these drug induced resistant tumor models provide an
opportunity to evaluate the next-generation anticancer therapeutics to overcome
resistance in tumors.
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Fig 1. Generation of targeted drug-induced resistant CDX/PDX models
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Fig 2. In vivo induced Palbociclib resistant MCF-7 model

Palbociclib, a CDK4/6 inhibitor, has been approved for advanced or metastatic HR+, HER2-
breast cancer. Palbociclib-R-MCF-7 model is resistant to Palbociclib, while is sensitive to
Abemaciclib (CDK4/6 inhibitor) and Fulvestrant (estrogen receptor antagonist).
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Fig 3. In vivo induced Tamoxifen resistant MCF-7 model

Tamoxifen is a selective estrogen receptor modulator to treat breast cancer patients
diagnosed with ER+ after surgery, radiation and/or chemotherapy. In Tamoxifen-R-MCF-7
model, Fulvestrant and ARN810 (estrogen receptor degrader) produce moderate
antitumor activities.
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Fig 4. In vivo induced Ibrutinib resistant LY-24-0041 model

Ibrutinib is an orally available, selective irreversible inhibitor of BTK that covalently binds
to Cys481. Parental LY-24-0041 PDX model is originally derived from a lymphoma patient
and is sensitive to Ibrutinib. Ibrutinib-R-LY-24-0041 model is resistant to Ibrutinib, while
has the similar sensitivity to Rituximab (anti-CD20) with the parental model.
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Fig 5. In vivo induced Olaparib resistant MDA-MB-436 model

Olaparib is a PARP inhibitor which induces synthetic lethality in BRCA1/2 deficient
tumor cells. Olaparib produces a significant antitumor efficacy in beast cancer cell
line MDA-MB-436 harboring BRCA1 mutation, while a minor efficacy in Olaparib
resistant model.
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Fig 6. In vivo induced BMN-673 resistant CAPAN-1 model

BMN-673 has been approved as a PARP inhibitor for patients with deleterious or
suspected germline BRCA-mutated, HER2-negative locally advanced or metastatic
breast cancer. CAPAN-1 is a pancreatic cancer cell line with mutated BRCA2. In
BMN-673-R-CAPAN-1 model, BMN-673 produces no antitumor efficacy.

Summary

* We have successfully established a series of in vivo induced drug resistant CDX
and PDX models by continuous dosing of targeted drugs.

* Inthese resistant models, we also validated the efficacy of other drugs in the
same or different pathways which are potent in the parental models.

 Furthermore, we performed WES and RNA-seq analysis in the parental and
resistant models to explore the mechanisms.
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