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 A genome-scale CRISPR-Cas9 knockout screening may present novel 

perspectives on the currently undetermined pathway in nasopharyngeal 

cancer (NPC). To establish a basis for additional investigation into the 

functional mechanism of NPC, our goal was to perform a screening of its 

functional genes. Second-generation sequencing technology was 

employed with CRISPR-Cas9 library lentivirus screening in NPC cells to 

uncover functional genes, subsequently confirmed in NPC cells and 

patient tissues. In the King Edward Medical University, Mayo Hospital, 

Lahore laboratory, eleven radiosensitive and radioresistant genes were 

examined in 2023. Among these genes, in the radioresistant NPC cells, 

the expression of TOMM20, CDKN2AIP, SNX22, and SP1 was higher 

and that of FBLN5, FAM3C, MUS81, and DNAJC17 was considerably 

reduced (p < 0.05). In C666-1R, CALD1 was substantially upregulated. 

Additionally, we discovered that the deletion of genes facilitated the 

growth of NPC cells, whereas SP1 exhibited the opposite effects (p < 

0.05). Using tissues from NPC patients, this outcome was confirmed. 

Furthermore, KEGG analysis suggested that the TGF-β signalling 

pathway and the Fanconi anaemia pathway may have played a role in 

NPC. There are nine genes under investigation. To increase the 

effectiveness of treatment for NPC, genome-scale CRISPR-Cas9 

knockout screening for genes in NPC may offer fresh perspectives on the 

mechanisms. 
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International License. 

 

 

1. INTRODUCTION 

A malignant tumour called nasopharyngeal carcinoma (NPC) develops on the upper and lateral border of 

the nasopharyngeal cavity. The tumour originates from the epithelial cells that cover the nasopharyngeal 

mucosa. Non-small cell lung cancer (NPC) has a unique global distribution and a complex cause. Pakistan, 

Western Canada, Northern and Northeastern Africa, China, and Southeast Asian nations seem to have 

higher occurrence rates. The World Association for Investigation on Oncology reports 80,008 new NPC 

fatalities and 133,354 additional cases in 2020. Geographically restricted to East and Southeast Asia, it is 

likely to exhibit a yearly tendency towards growth [1- 3]. Radiation therapy, the primary management 

option for non-proliferative cancer (NPC) due to its high sensitivity to ionizing radiation (IR), causes cell 

death by triggering mortality signals through the production of reactive oxygen species (ROS), destruction 

of DNA, and stress responses. The inherited characteristics of the conditions, external factors, and exposure 

to EBV interact to cause the illness. External variables have been suggested to play a role; these include 

significant alcohol intake, cigarettes (2–6 times greater risk), and dietary components comprising 

nitrosamines. Furthermore, the inherited makeup of the affected populations is also crucial, as seen by the 

significant prevalence in the Chinese populace, which accounts for up to 18% of every case of cancer in 

some regions. There has been significant evidence linking genetic predisposition to EBV infection with the 

illness [4]. 

 

On the other hand, a tiny percentage of cancerous cells can survive disruption by triggering defence 

mechanisms like DNA repair and the unfolded protein response (UPR) inducing autophagy. For specific 

individuals, a persistent or persistent illness that results in unsuccessful therapy is still primarily caused by 

radioresistance [5]. Thus, it is critical to comprehend the fundamental causes of radioresistance and devise a 

strategy to enhance therapy efficacy. Due to its physical characteristics and elevated radiation sensitivity 

rad, radiation therapy is the primary treatment for NPC [6]. Considering a 60% 5-year life expectancy 

percentage, the outcome for locally progressed NPC remains unsatisfactory notwithstanding advancements 

in radiation therapy and technological upgrades [7], [8]. Bacteria employ CRISPR, an innate immunological 

mechanism, to prevent the introduction of foreign genomic information. Its benefits include accuracy, 

effectiveness, ease of use, and the capacity to generate editing outcomes at target locations [9]. The 

CRISPR-Cas9 gene-editing system consists of the single guide RNA (sgRNA) and the endo nuclide-

functioning Cas9 protein (or additional proteins that operate similarly). Disabled caspase-dead Cas9 

mutants (dCas9) merge, engage transcription molecules, and operate on transcription start sites (TSS) to 

regulate gene transcription. When sgRNA targets single genes, CRISPR is an effective gene-editing tool 

[10]. When sgRNA targets whole genome sequences, CRISPR's effectiveness as a genomic-wide screening 

technique is increased [11], [12]. 2012, the first article describing CRISPR-Cas9 gene editing in mammalian 

cells was published [13]. A new generation of gene-editing technology, CRISPR-Cas9, is effective and 

efficient. It has been effectively employed to alter genes [14], fruit flies [15], mice [16], and other plant 

models [17]. The CRISPR-Cas9 technology has advanced significantly in recent years. Higher specificity 

CRISPR cleavage targets can cover the entire genome by creating sgRNA hybridization libraries. 

Therefore, by causing gene mutations and activating transcription, CRISPR-Cas9 can be employed for 

functional acquisition and functional deletion screening [18]. NPC radiation resistance is a significant 

problem that hurts patient prognosis. Traditional research based on particular gene function analysis has 

identified numerous routes or mechanisms linked to the radiosensitivity of non-proliferative cancers (NPCs) 

[19- 22]. There isn't a systematic method for determining therapy for NPC at present. Through the 

meticulous and exhaustive examination of the gene functions and processes associated with radiosensitivity 
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and radioresistance, omics-based screening analysis technology can provide a more profound knowledge of 

the biological processes behind radiosensitization and radiation resistance. The Cas9 collection is an 

essential asset for advanced screening using the function of genes. However, the use of the CRISPR-Cas9 

library to screen NPC for radiosensitivity and sexual resistance genes is not well documented in previously 

published studies. Implementing a genome-wide CRISPR-Cas9-sgRNA library virus, radiosensitive and 

radioresistant functional genes in NPC were tested in this study. It provides an arrangement for rigorously 

examining the processes of radiosensitivity and radioresistance of the NPC. 

 

2. RESEARCH METHODOLOGY 

At the Department of Oncology and Radiotherapy, King Edward Medical University, Mayo Hospital, 

Lahore, tissue samples were taken from 15 patients with non-small cell lung cancer (NPC) who were 

resistant to radiation and 15 patients with NPC who were susceptible to it. Patients classified as 

radiosensitive were individuals who were in complete remission (CR) or partial remission (PR) for three 

months after radiation, whereas patients classified as radioresistant were those who were evaluated as stable 

disease (SD) or progressive disease (PD) at three months after radiation therapy and recurrence within six 

months. Samples were gathered before the patients received radiation. Every tissue sample was encased in 

paraffin and preserved in 4% formalin. The study was ethically approved by the ethical committee of King 

Edward Medical University, Mayo Hospital, Pakistan, with 23KEMU202306. Each patient provided written 

informed authorization. Every procedure was carried out in compliance with the applicable rules and 

regulations. A genome-wide CRISPR-Cas9 gene knockdown screening was conducted on NPC cell lines 

C666-1. One thousand eight hundred sixty-four microRNA genes and 19,050 encoding genes were found in 

the collection. The cells were infected with the Cas9 library virus and split into three groups for 

radioresistance screening. High-throughput sequencing analysis was performed after PCR amplification of 

the sgRNA coding area using genomic DNA from live cells. The experiment was set up with two-time point 

samples, with early library infection stage samples kept for trend correction. Puromycin was applied to the 

cells at varying concentrations for 0–48 hours. Bioinformatics was used for the evaluation. The primary 

data from sequencing were taken out and modified with inadequate quality to obtain accurate information. 

After quality assurance, the appropriate sequencing expression frequency was obtained and compared to the 

sgRNA sequence of the library gene. Every sgRNA was then purified for analysis. The efficient genes 

showed a particular level of enhancement in the cell specimens acquired 7 days after irradiation. The study 

aimed to increase the radiation doses to C666-1 and 5-8F cells to produce radiation-resistant cells, namely 

C666-1R and 5-8FR. These cells underwent five rounds of testing and increased enormously. Cas9 

technology produced stable cell lines with minimal gene expression following the most recent radiation 

exposure. Gecko screening confirms candidate genes' function by measuring stable cells' proliferation 

following radiation therapy using the CCK8 test. After digestion with EDTA, 1000 cells per well were 

injected onto 96-well plates, and the ideal radiation dosage was administered for various hours. The 

absorbance was measured at 37°C. 

 

A 60 mm culture dish was used for inoculating the cells (Corning). After being attached to the wells, the 

cells were cultivated for 14 days after being irradiated at various doses (0, 2, 4, 6, 8, and l0Gy). Following 

removing the growth media, the cells underwent two PBS washes and a 15-minute methanol fixation. After 

discarding the fixative solution, a 0.1% concentration of crystal violet reagent was used to stain the 

material. Using a magnifying glass, the number of colonies with more than 50 cells was tallied. NanoDrop 

was used to identify mRNA accurately. ACTIN served as the internal control. The corresponding 

expression was computed using the 2 − Δ Δ CT technique. A minimum of three instances of each data set 

were made. The Radio Immunoprecipitation Assay (RIPA) obtained protein concentration from culturing 

cells. The protein was then broken down using SDS-PAGE and subjected to antibody incubation. ImageJ 
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was used for the grayscale analysis that was performed. When expressing data, the mean ± standard 

deviation is used. At least three replications of each experiment were conducted. The statistical analyses 

specified for every experiment were the repeated-measures ANOVA and the independent sample t-test (P < 

0.05). 

 

3. ANALYSIS AND DISCUSSION 

The C666-1 cell line's colony formation and CCK8 experiment were revealed. This indicates that the ideal 

irradiation dose for C666-1 cells was 2Gy/1f (Figure 1A-B). Following a 48-hour puromycin treatment at 3 

ug/ml dosage, the cell-killing effectiveness was nearly 100%. As a result, 3 ug/ml was chosen as the study's 

working puromycin concentration (Fig. 1C). VIRUS CRISPR-Cas9-sgRNA library Screening the 

experiment's findings shows that, in gathered the cells, the successful gene will demonstrate some 

concentration seven days after irradiation and greater abundance fourteen days later (Fig. 1D). By 

integrating the clustering of differential genes with bioinformatics, 210 genes associated with 

radiosensitivity and radioresistance in non-pallid porcine cancer (NPC) were found, of which 131 were 

decreased and 79 had elevated levels (Fig. 1E, F). To comprehend the roles that the 210 genes that were 

chosen play in biological procedures, molecular activities, and cellular components, a GO investigation was 

performed on them (Fig. 1G). 

 

 
Figure 1 (A-G): Combining second-generation genome sequencing with CRISPR-Cas9 library lentivirus 

screening in radiation-treated nasopharyngeal cancer cells 

 

Figure 2 (A-B) shows that the successful creation of NPC cell lines with a single essential gene (FBLN5, 

FAM3C, MUS81, DNAJC17, CALD1, TOMM20, CDKN2AIP, SNX22, PSIP1, SP1, TLN1) deletion was 

confirmed by real-time RT-PCR and WB. In Figure 3, in the CCK8 experiment and colony formation 

outcomes compared to the control group, the growth of C666-1 and CNE1 cells with low expression was 

significantly enhanced (p < 0.05). Figure 4 presented that C666-1R and 5-8FR cells grew more slowly and 

had a poorer capacity for colony formation than the control groups (Figure 4A–B), suggesting they were 

more radiation-resistant. Comparing C666-1R cells to C666-1 cells, the mRNA expression level of five 

genes was considerably reduced (p < 0.05) while the mRNA expression level of four genes was 

significantly increased (p < 0.05, Fig. 4C). Finding possible radiosensitive or radioresistant signalling 

pathways in NPC could be aided by GO and KEGG pathway analysis (Figure 5). The Fanconi anaemia 
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route and the TGF-beta signalling pathway are examples of the putative signalling pathways that KEGG 

enrichment analysis revealed may have contributed to radiosensitivity or radioresistance in NPC. In Figure 

6 (A and B), the findings showed that radioresistant tumours had overexpressed SP1 and CDKN2AIP, 

whereas radiosensitive tumours had greater (p < 0.05) expressions of FAM3C, FBLN5, MUS81, and 

DNAJC17. The genome-wide CRISPR-Cas9 screening principle and the possible signalling pathway 

contributing to radiosensitivity or radioresistance in NPC are schematic. 

 

 
Figure 2 (A-B): CRISPR-Cas9-mediated knockdown efficiency of 11 vital functional genes in C666-1 cell. 

 

 
Figure 3: GeCKO screening results regarding the radiosensitivity and radioresistance of candidate genes in 

C666-1 cells 
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Figure 4 (A-C): The candidate genes' radiosensitivity and radioresistance were assessed using C666-1R. 

The results were the mean ± standard deviation from three different experiments. **** p < 0.0001, *** p < 

0.001, and ** p < 0.01. 

 

 
Figure 5: Go and KEGG pathway analysis for potential genes 
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Figure 6 (A-B): Schematic illustrating the probable signaling mechanism 

 

The foundation for enhancing the outlook of NPC patients is the screening of genes in NPC to increase the 

sensitivity of tumour cells. It is estimated that between 10% and 50% of the cells in solid tumours are 

hypoxia cells, which are 2.5–3.0 times more radioresistant than aerobic cells. They cause tumour recurrence 

and metastasis following therapy and cannot be eliminated [25]. High-throughput functional gene 

screening, which depends on gene editing technology, helps examine biological processes and evaluate 

gene function [26]. Furthermore, CRISPR-Cas9 depends on its benefits, which include a straightforward 

design, high specificity, high efficiency, and the capacity to generate various editing outcomes at the target 

location. Using CRISPR-Cas9 genome-wide screening, the researchers identified the target gene. They then 

narrowed down the gene range using pre-existing database analysis and performed a second screening in 

mice to identify the gene DCPS, which had a stronger correlation with the ability of AML cells to survive 

[27]. After analyzing transplanted tumour cells using genome sequencing and analytics, Shi et al. 

discovered 624 genes strongly linked to tumour metastasis [28]. According to this set of findings, the 

CRISPR-Cas9 genome-wide screening method may be crucial to the biological sciences. This research 

screened genes linked to radiosensitivity and radioresistance in NPC using the CRISPR-Cas9 genome-wide 

library lentivirus. Appropriate sgRNA are identified by second-generation sequencing technology. It is 

unknown; therefore, TLN1 and PSIP1 affect radiosensitivity and radioresistance. Of course, our work still 

has certain limitations, and additional research is required to understand the potential genes in NPC. 

MUS81 was first thought to have a radiation sensitization effect in NPC cells in this investigation. 

According to several findings, FA proteins may be crucial for maintaining genome stability during the cell 

cycle, particularly during the M phase [29], [30]. A transcription factor called SP1 binds to GC/GT-rich 

promoter regions to control the promoter activity of several genes related to cell cycle, differentiation, and 

carcinogenesis [31]. SP1 is a potential tumour suppressor gene [32], [33]. Several malignancies have 

overexpressed SP1, and so forth. The BMI1 gene promoter is synergistically bound by SP1 and C-MYC, 

which contributes to the pathophysiology of NPC [34]. According to Jun Wang et al. and our earlier study, 

SP1 is essential for raising the radioresistance of NPC cells. The radiosensitivity of NPC cells may rise 

when Sp1 is inhibited [21]. These reports align with the findings of the current investigation. As a result, 

SP1 is a viable therapeutic target and may be crucial in NPC's radiation resistance. CDKN2AIP, also called 

CARF or FLJ20036, has been demonstrated to be a newly discovered tumour inhibition regulator [35]. It is 

a novel protein that is elevated during carcinogenesis, stress-induced ageing, and replication. It causes dose-

dependent apoptosis (downregulation) and senescence (overexpression) [36]. More reports need to be on 
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the involvement of DNAJC17 and CLAD1 in NPC formation. 

 

4. CONCLUSION 

Nasopharyngeal carcinoma (NPC) is a malignant tumor originating from epithelial cells in the 

nasopharyngeal cavity. It has a unique global distribution, with higher occurrence rates in Pakistan, Western 

Canada, Northern and Northeastern Africa, China, and Southeast Asia. Radiation therapy is the primary 

management option, but inherited characteristics, external factors, and exposure to EBV interact to cause 

the illness. External variables include alcohol intake, cigarettes, and nitrosamines. Genetic predisposition to 

EBV infection is linked to the disease. Radiation therapy, the primary management option for non-

proliferative cancer (NPC) due to its high sensitivity to ionizing radiation (IR), causes cell death by 

triggering mortality signals through the production of reactive oxygen species (ROS), destruction of DNA, 

and stress responses. It is concluded that 9 genes were implicated in radioresistance and radio-sensitivity on 

nasopharyngeal carcinoma and demonstrated the potential of genome-scale screening with Cas9 by 

observing an elevated rate of finding verification and a high degree of uniformity between independent 

guide RNAs encoding genes. The study will also help to increase the effectiveness of therapy for NPC, 

genome-scale CRISPR-Cas9 knockout screening for genes may offer novel perspectives on the biological 

processes.  

 

5. REFERENCES 

[1] Ge, Y., Long, Y., Xiao, S., Liang, L., He, Z., Yue, C., & Zhou, Y. (2019). CD38 affects the 

biological behaviour and energy metabolism of nasopharyngeal carcinoma cells. International journal of 

oncology, 54(2), 585-599. 

 

[2] Mao, C. G., Tao, Z. Z., Chen, Z., Chen, C., Chen, S. M., & Wan, L. J. (2014). Indole 3 carbinol 

inhibits nasopharyngeal carcinoma cell growth in vivo and in vitro by inhibiting the PI3K/Akt pathway. 

Experimental and therapeutic medicine, 8(1), 207-212. 

 

[3] Tao, Q., & Chan, A. T. (2007). Nasopharyngeal carcinoma: molecular pathogenesis and therapeutic 

developments. Expert reviews in molecular medicine, 9(12), 1-24. 

 

[4] Jin, Y. N., Yao, J. J., Zhang, F., Wang, S. Y., Zhang, W. J., Zhou, G. Q., & Sun, Y. (2017). Is 

pretreatment of Epstein-Barr virus DNA still associated with 6-year survival outcomes in locoregionally 

advanced nasopharyngeal carcinoma? Journal of Cancer, 8(6), 976. 

 

[5] Kang, M., Zhou, P., Liao, X., Xu, M., & Wang, R. (2017). Prognostic value of masticatory muscle 

involvement in nasopharyngeal carcinoma patients treated with intensity-modulated radiation therapy. Oral 

oncology, 75, 100-105. 

 

[6] Rabaan, A. A., AlSaihati, H., Bukhamsin, R., Bakhrebah, M. A., Nassar, M. S., Alsaleh, A. A., ... & 

Mohapatra, R. K. (2023). Application of CRISPR/Cas9 Technology in Cancer Treatment: A Future 

Direction. Current Oncology, 30(2), 1954-1976. 

 

[7] Hendi, N. N. A. (2023). Genome-Wide Association Study of Vitamin D Deficiency in the Middle 

East With a Relevant Characterization of the Novel SDR42E1 Gene (Doctoral dissertation, Hamad Bin 

Khalifa University (Qatar)). 

 

[8] Li, J., Ma, S., Pei, H., Jiang, J., Zou, Q., & Lv, Z. (2023). Review of T cell proliferation regulatory 

https://www.zhebyhk-periodicals-cn.net/


ISSN: 1673-0860 

Volume 54, Issue 10, December, 2023 

  

1281 

 

factors in treatment and prognostic prediction for solid tumours. Heliyon. 

 

[9] Yue, X., Liu, T., Wang, X., Wu, W., Wen, G., Yi, Y., ... & Liu, R. Y. (2023). Pharmacological 

inhibition of BAP1 recruits HERC2 to dissociate BRCA1 competitively–BARD1 suppresses DNA repair 

and sensitizes CRC to radiotherapy. Acta Pharmaceutica Sinica B. 

 

[10] Kulkarni, A., Tanga, S., Karmakar, A., Hota, A., & Maji, B. (2023). CRISPR-Based Precision 

Molecular Diagnostics for Disease Detection and Surveillance. ACS Applied Bio Materials, 6(10), 3927-

3945. 

 

[11] Wu, X., Li, Z., Wang, Z. Q., & Xu, X. (2023). The neurological and non-neurological roles of the 

primary microcephaly-associated protein ASPM. Frontiers in neuroscience, 17. 

 

[12] Meng, T., Chen, X., He, Z., Huang, H., Lin, S., Liu, K., ... & Feng, D. (2023). ATP9A deficiency 

causes ADHD and aberrant endosomal recycling via modulating RAB5 and RAB11 activity. Molecular 

Psychiatry, 28(3), 1219-1231. 

 

[13] Hong, R. L., Hsiao, C. F., Ting, L. L., Ko, J. Y., Wang, C. W., Chang, J. T. C., ... & Liu, T. W. 

(2018). Final results of a randomized phase III trial of induction chemotherapy followed by concurrent 

chemoradiotherapy versus concurrent chemoradiotherapy alone in patients with stage IVA and IVB 

nasopharyngeal carcinoma-Taiwan Cooperative Oncology Group (TCOG) 1303 Study. Annals of 

Oncology, 29(9), 1972-1979. 

 

[14] Sun, X. S., Liu, S. L., Luo, M. J., Li, X. Y., Chen, Q. Y., Guo, S. S., ... & Mai, H. Q. (2019). The 

association between the development of radiation therapy, image technology, and chemotherapy, and the 

survival of patients with nasopharyngeal carcinoma: a cohort study from 1990 to 2012. International Journal 

of Radiation Oncology* Biology* Physics, 105(3), 581-590. 

 

[15] Prawira, A., Oosting, S. F., Chen, T. W., Saluja, R., Wang, L., Siu, L. L., ... & Hansen, A. R. 

(2017). Systemic therapies for recurrent or metastatic nasopharyngeal carcinoma: a systematic review. 

British journal of cancer, 117(12), 1743-1752. 

 

[16] Arooj, S., & Nisar, S. A. (2023). Analysis of business management innovation of small and 

medium-sized enterprises of Pakistan under the new economic normal. Dinkum Journal of Economics and 

Managerial Innovations, 2(02), 267-273. 

 

[17] Yahaya, A. A., & Aldraiweesh, N. (2023). A review of the effectiveness of kaizen 5s in 

performance evaluation. Dinkum Journal of Economics and Managerial Innovations, 2(05), 311-316. 

 

[18] Sana, R., & Rathore, A. Comparing Normal Saline Application with No Application During 

Minimally Invasive Pneumoperitoneum Cholecystectomy Using Laparoscopic Techniques. Dinkum Journal 

of Medical Innovations, 2(07), 261-270. 

 

[19] Rijal, P. Advances of NGS in Understanding of Epilepsy Genetics and Recent Discoveries of Gene 

in Monogenic Epilepsies. Dinkum Journal of Medical Innovations, 2(05), 170-181. 

 

[20] Diack, M., & Stewart, D. Development of Cardiovascular Abnormalities Because of Periodontitis 



Ali, et.al, 2023                                                                                                                                       CJOHNS 

 

1282 

 

in Nepali Population. Dinkum Journal of Medical Innovations, 1(01), 27-30. 

 

[21] Sharma, M., Akhtar, H., & Akter, A. Literature Review on Contrast Sensitivity & Color Vision in 

Diabetics without Retinopathy. Dinkum Journal of Medical Innovations, 2(07), 249-255. 

 

[22] Guan, X., Zhang, H., Qin, H., Chen, C., Hu, Z., Tan, J., & Zeng, L. (2020). CRISPR/Cas9‐mediated 

whole genomic-wide knockout screening identifies mitochondrial ribosomal proteins involved in 

oxygen‐glucose deprivation/reperfusion resistance. Journal of cellular and molecular medicine, 24(16), 

9313-9322. 

 

[23] Ye, J., Gu, Y., Zhang, F., Zhao, Y., Yuan, Y., Hao, Z., ... & Mak, T. W. (2017). IDH1 deficiency 

attenuates gluconeogenesis in mouse liver by impairing amino acid utilization. Proceedings of the National 

Academy of Sciences, 114(2), 292-297. 

 

[24] Yamauchi, T., Masuda, T., Canver, M. C., Seiler, M., Semba, Y., Shboul, M., ... & Maeda, T. 

(2018). Genome-wide CRISPR-Cas9 screen identifies leukaemia-specific dependence on a pre-mRNA 

metabolic pathway regulated by DCPS. Cancer cell, 33(3), 386-400. 

 

[25] Manguso, R. T., Pope, H. W., Zimmer, M. D., Brown, F. D., Yates, K. B., Miller, B. C., ... & 

Haining, W. N. (2017). In vivo CRISPR screening identifies Ptpn2 as a cancer immunotherapy target. 

Nature, 547(7664), 413-418. 

 

[26] Zahra, D., & Chaudhary, P. R. Women’s Nutritional Variability and Domestic Food Safety in Rural 

and Semi-Urban Communities. Dinkum Journal of Medical Innovations, 2(05), 182-187. 

 

[27] Rehman, S., & Rana, S. Mehru-Nisa. Knowledge, Influence of Factors, and Management Strategies 

among Family Members with Behavioral Conditions. Dinkum Journal of Medical Innovations, 2(03), 79-

84. 

 

[28] Akhter, M. N., Hussain, S. S., Riaz, N., & Zulfiqar, R. Using Technological Diagnostic Tools to 

Find Early Caries: A Systematic Review. Dinkum Journal of Medical Innovations, 2(07), 271-283. 

 

[29] Agarwal, P., & Mishra, K. Examining the Long-Term Effects of Breastfeeding on Infants’ 

Neurocognitive and Gross Development. Dinkum Journal of Medical Innovations, 2(02), 72-78. 

 

[30] Saeed, R. Academic Honesty in Undergraduate Students in Pakistan. Dinkum Journal of Medical 

Innovations, 2(03), 91-96. 

 

[31] Allen, F., Behan, F., Khodak, A., Iorio, F., Yusa, K., Garnett, M., & Parts, L. (2019). JACKS: joint 

analysis of CRISPR/Cas9 knockout screens. Genome Research, 29(3), 464-471. 

 

[32] Blondel, C. J., Park, J. S., Hubbard, T. P., Pacheco, A. R., Kuehl, C. J., Walsh, M. J., ... & Waldor, 

M. K. (2016). CRISPR/Cas9 screens reveal requirements for host cell sulfation and fucosylation in bacterial 

type III secretion system-mediated cytotoxicity. Cell host & microbe, 20(2), 226-237. 

 

[33] Yin, Y., Liu, W., Shen, Q., Zhang, P., Wang, L., Tao, R., ... & Peng, G. (2019). The DNA 

endonuclease Mus81 regulates ZEB1 expression and serves as a target of BET4 inhibitors in gastric cancer. 

https://www.zhebyhk-periodicals-cn.net/


ISSN: 1673-0860 

Volume 54, Issue 10, December, 2023 

  

1283 

 

Molecular cancer therapeutics, 18(8), 1439-1450. 

 

[34] Pinheiro, M., Lupinacci, F. C. S., Santiago, K. M., Drigo, S. A., Marchi, F. A., Fonseca-Alves, C. 

E., ... & Rogatto, S. R. (2020). Germline mutation in mus81, resulting in impaired protein stability, is 

associated with familial breast and thyroid cancer. Cancers, 12(5), 1289. 

 

[35] Manguso, R. T., Pope, H. W., Zimmer, M. D., Brown, F. D., Yates, K. B., Miller, B. C., ... & 

Haining, W. N. (2017). In vivo CRISPR screening identifies Ptpn2 as a cancer immunotherapy target. 

Nature, 547(7664), 413-418. 

 

[36] Rhee, H., Kim, H. Y., Choi, J. H., Woo, H. G., Yoo, J. E., Nahm, J. H., & Park, Y. N. (2018). 

Fibroblast-derived HGF regulates keratin 19 expression in hepatocellular carcinoma via a MET-ERK1/2-

AP1 and SP1 axis. Cancer Research, 78(7), 1619-1631. 


