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Conventional cancer therapies, including resection surgery, chemotherapy, radiotherapy and 

their combinations have been the primary therapeutic options for cancers for decades1. 

However, the improved survival of patients with advanced cancer, such as lung carcinoma and 

renal cell carcinoma, is usually months instead of years. Side effects of these conventional 

therapies significantly affect the living quality2.   

Targeted therapy by small molecular compounds or antibodies seems better at least to reduce 

side effects. Targeted therapy is mainly based on the knowledge of tumor biology, such as 

targeting some essential proteins in oncogenic molecular pathways, for instance, EGFR- Tyrosine 

kinase inhibitors (TKIs) for lung cancer and EGFR-antibodies for colorectal cancer.  Although 

small molecular inhibitors and antibodies have achieved some successes in cancer treatment, 

drug resistance inevitably occurs after a short term treatment, which limits the efficacy of 

targeted drugs3,4.  Therefore, finding more novel targets, new combination therapeutic options 

and alternative therapies are urgently required.  

CRISPR/Cas-based technologies are revolutionizing every field of research in life sciences and 

medicine, cancer treatment research is certainly not an exception5. The applications of 

CRISPR/Cas9 in cancer research and therapy are mainly focused on two aspects. One is 

screening and identifying therapeutic targets6, which may include a deeper understanding of old 

targets and finding novel targets using “CRISPR Way”. The other is directly using CRISPR/Cas9 as 

a therapy for cancer. Although a few clinical trials using CRISPR against cancer have been 

ongoing7, these clinical trials can only be regarded as first proof-of-concept studies due to many 

unknowns.  

Therefore, the aim for this thesis is exploring the potential of CRISPR/Cas9 in discovering 

therapeutic targets and in cancer therapy.  Herein, three parts are presented in this thesis. 

Chapters 2, 3, 4, 5, and 6 present the applications of CRISPR/Cas9 in cancer target identification 

and treatment. Chapter 7 presents a strategy for improving CRISPR/Cas9 targeting efficiency for 

cancer treatment by HDAC inhibition. Finally a summary of the studies is presented in this thesis 

and future perspectives are drawn.    
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Selection of the right target is crucial for developing an effective treatment strategy for cancer8. 

A candidate protein or molecule cannot be considered as an appropriate target only based on 

its expression level or mutation status. Recently, application of CRISPR/Cas9 have enabled 

greatly successful validation of potential therapeutic targets for cancer therapy7. Thus, in 

Chapter 2, we provide a comprehensive overview of using CRISPR/Cas9 for identification of new 

targets for cancer treatment. Furthermore, we summarized the delivery of CRISPR/Cas9 and 

provided an approach for specifically disrupting cancer driver mutations9–11.  In the end, we 

discussed the challenges and the opportunities of CRISPR/Cas9 for cancer therapy. 

However, resistance inevitably occurs in almost all cancer patients with drug treatment. The 

resistant mechanisms are complicated. CRISPR/Cas9 has been successfully used in elucidating 

some drug resistant mechanisms for cancer treatment. Understanding resistant mechanisms 

could provide useful guidance for personalized medicine in cancer12. Therefore, in chapter 3, we 

focus specifically on the use of CRISPR/Cas9 for understanding drug resistance mechanisms and 

identification of resistance-related genes in solid tumors. 

Lung cancer is the leading cause of cancer mortality worldwide13. Mechanisms of EGFR-TKI 

resistance in NSCLC are complicated14. In Chapter 4, we aimed to characterize cellular and 

molecular changes of HER family receptors upon EGFR ablation by CRISPR/Cas9 or acquisition of 

TKI resistance. We have characterized EGFR ablation by CRISPR/Cas9 and TKI resistance in lung 

cancer cell lines with different genotypes.  We further reveal that HER2 and HER3 nuclear 

translocation mediated-cyclin D1 overexpression contributes to cell proliferation, survival and 

resistance in lung cancer cells upon EGFR targeting. 

KRAS-driven non-small cell lung cancer patients have no effective targeted treatment15,16. EGFR 

targeted therapy shows little or no efficacy in non-small-cell lung carcinoma (NSCLC) patients 

with KRAS mutation.  We aimed to find a new therapeutic option for the treatment of NSCLC 

patients with KRAS mutation. To this end, in Chapter 5, we report that CXCR7 overexpression is 

a novel compensation and survival mechanism in EGFR targeted therapy (CRISPR/Cas9 and TKIs) 

in in KRAS-driven lung cancer cells.  We show that EGFR and CXCR7 have a crucial interaction in 
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NSCLC. Dual EGFR and CXCR7 inhibition led to substantial reduction of MAPK (pERK) and 

synergistic inhibition of cell growth. Therefore, a combination therapy by dual inhibition EGFR 

and CXCR7 may be a potential therapeutic option for a subtype of patients with NSCLC. In 

addition, we observed that EGF-induced phosphorylation of Akt may be independent of EGFR, 

which to our knowledge has not been reported previously. One hypothesis is that EGF 

stimulates pAkt via CXCR7, because previous studies have shown that CXCR7 associated 

pathways can induce Akt phosphorylation.  

Recently, CXCR7 has been classified as a novel receptor for human macrophage migration 

inhibitory factor (MIF)17–19. However, D-dopachrome tautomerase(D-DT), also called MIF2, is a 

newly described cytokine, which is an analogue of MIF20. I hypothesized that D-DT may be a 

ligand of CXCR7. The new mechanism of DDT/CXCR7 signaling may deepen our understanding of 

some diseases development, such as COPD and cancer.  

We concentrate on EGFR targeting and expand our study from lung cancer to renal cancer. RCC 

(Renal cell carcinoma) is one of the most aggressive malignant tumors. The 5-year survival rate 

of metastatic RCC is less than 10%.  In Chapter 6, we show that ablation of EGFR by CRISPR/Cas9 

significantly restrained tumor cell growth and activated the MAPK (pERK1/2) pathway. The 

VEGFR and PDGFR inhibitor, sunitinib, attenuated the expression of MAPK (pERK1/2) and pAKT 

induced by EGFR loss and further inhibited EGFR-/- cell proliferation.  

Despite the rapid development of CRISPR/Cas9-mediated gene editing technology, the gene 

editing potential of CRISPR/Cas9 is hampered by low efficiency21,22, especially for cancer gene 

therapy. Therefore, in Chapter 7, we provide a practical and clinically applicable approach for 

precise control of CRISPR/Cas9 mediated gene editing by modulation of HDAC and HAT activity 

in host cells. In this study, we hypothesized that regulation of chromatin compaction by 

inhibiting HAT and/or HDAC activity can modulate CRISPR-Cas9 based gene editing. We 

comprehensively investigated the impact of HDACs and HATs on CRISPR/Cas9 mediated gene 

editing. Our findings demonstrate that attenuation of HDAC1 and HDAC2 activity, but not other 

HDACs, leads to an open chromatin state, facilitates Cas9 access and binding to the targeted 
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DNA, and consequently enhances CRISPR/Cas9-mediated gene knockout frequencies by NHEJ as 

well as gene knock-in by HDR. Conversely, inhibition of HDAC3 attenuates the ability of 

CRISPR/Cas9 mediated gene editing.  

The studies presented in this thesis are summarized and discussed in Chapter 8 along with 

future perspectives. 
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