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ABSTRACT 

BRG1 is mutated in 10% of lung cancers, making this mutation clinically relevant. 

The downstream effects of BRG1 included significantly affecting the cell cycle 

control and chromosomal replication pathway. CDK18, a cyclin-dependent 

kinase, was determined to be the gene with significantly decreased expression (p 

<0.0001) in the cell cycle control and chromosomal replication pathway. CDK18 

is active during the S-phase of the cell cycle and required for genomic stability. 

Studies were conducted to determine the epigenetic mechanisms that 

contributed to the repression of CDK18. Histone methylation contributes to the 

repression of CDK18, and histone deacetylation globally regulates expression of 

CDK18, while cytosine methylation was found to not contribute to CDK18 

expression. Studies were performed to elucidate CDK18 functional role lung 

carcinogenesis and the genome-wide impact of CDK18 repression. Repression 
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of CDK18 affects cell migration, proliferation, cell-cell signaling, and anchorage-

independent growth that contribute to cancer initiation and progression.  
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Figure 11: Differential gene expression in immortalized human bronchial epithelial cell lines and lung 
tumor-derived cell lines. The figure shows the total number of differentially expressed genes in HBEC14, 
Calu6, H358, and H441. The red indicates total number of genes with increased expression and the blue 
indicated the total number of genes with decreased expression. There are more differentially expressed genes 
with an increase in HBEC14 than the lung tumor-derived cell lines by about double. There is not much of a 
variation in differentially expressed genes in the lung tumor-derived cell lines. 

 

 

Figure 12: Pathway analysis of immortalized human bronchial epithelial cell lines (HBEC14) with CDK18 
knockdown. This figure displays the top eight significantly affected pathways with the CDK18 knockdown. 
The negative log value is in the range of -8 to -22 which is highly significant. The cellular movement pathway 
is the most significantly altered pathway with a log value of -22, indicating that there are more genes in this 
pathway that were significantly affected than the other pathways.  

 



 

28 

 

Figure 13: Pathway analysis of lung tumor-derived cell lines Calu6, H358, and H441 with CDK18 
knockdown. This figure displays the top eight most significantly affected pathways with CDK18 knockdown. 
The negative log value is in the range of -2.5 to -5 which is significant, however, not as signficant as seen in 
the figure above. The lung tumor-derived cell lines have malignant attributes which may contribute to these 
cell linesand the pathways not being as significantly affected with the CDK18 knockdown as the HBEC14 cell 
lines shown above. 

 
 

 
Figure 14: Anchorage-independent growth in lung tumor-derived cell lines. The figure is displaying the 
total number of colonies formed in soft agar in parent, siRNA scramble control #1, and siRNA CDK18 
knockdown for each cell line. H441 had significant increase in colony formation with CDK18 knockdown (p 
<0.001). Calu6 did have an increase in colony formation and H358 did not show much change in colony 
formation.  
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Figure 15: Cell migration in lung tumor-derived cell lines with CDK18 knockdown. Wound closure in the 
lung tumor-derived cell lines showed that two of the three lines were significantly affected by the CDK18 
knockdown. The time points for measuring percent closure is 0hour, when wound was made, 24hours, 
48hours, and 72hours after wound was made. Calu6 and H441 had significant decreased ability to migration 
to close the wound made. In Calu6 24 hours after the wound was made, cell migrations were significantly 
affected (p > 0.01), 48 hours and 72 hours after the wound, cell migration was significantly affected (p > 
0.05). In H441, the cell’s ability to migrate was significantly affected for each time point (p < 0.001). H358 did 
not show a similar pattern as Calu6 and H441. 
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CHAPTER 4: DISCUSSION 

As BRG1 is mutated in 10% of lung cancers, determining the effect of this 

mutation may improve our understanding of how these cancers evolve. It was 

found that cell cycle control and chromosomal replication pathway is the most 

significantly affected pathway in lung tumor-derived cell lines. A vital component 

of the cell cycle control and chromosomal replication pathway is cyclin-dependent 

kinases and cyclins. Aberrations in the cell cycle and cyclins can assist in driving 

chromosomal abnormalities which can lead to cancer initiation and progression 

[18, 38]. Of the 18 genes studied in gene expression analysis, CDK18 was the 

gene with significantly altered expression. CDK18 is a cyclin-dependent kinase 

that is a regulator of genomic stability and active during the S-phase of cell cycle. 

When cells are depleted of CDK18, they have a delay in returning and progressing 

through cell cycle with DNA damage. CDK18 promotes ATR-mediated replication 

stress signaling using chromatin retention of regulators RAD17 and RAD9 [39]. 

DNA replication stress and DNA damage assist in driving cancer. When CDK18 is 

depleted or no longer expressed, ATR-mediated replication stress signaling is not 

as active [39]. This contributes to genomic instability, a hallmark of cancer 

contributing progressions. For breast cancer, CDK18 is being further evaluated to 

assess its potential as an anti-cancer target [40]. The decreased expression of 

CDK18 could be driven by histone methylation or cytosine methylation. CDK18 

was assessed for its role in lung carcinogenesis through elucidating the 

mechanisms that contribute to the decreased expression of CDK18.  
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CDK18 is a cyclin-dependent kinase that has significantly decreased 

expression in BRG1-mutated lung cancers. Cytosine and histone methylation was 

assessed to elucidate the epigenetic mechanism underlying the decreased 

expression of CDK18. Illumina H8450K analysis revealed that while there was 

dense methylation on either end of the CpG island in the promoter region and 

exon1 of CDK18, the methylation decreased as probes moved toward the middle 

of the CpG island. The fact that the parental and the knockout clones for Calu6 

and H358 showed a similar pattern for CpG methylation indicates that reduced 

expression of CDK18 in the clones is not due to increased promoter region 

cytosine methylation. ChIP revealed some enrichment of the histone methylation 

mark histone3K9 and histone3K27, relative to histone3K4 suggesting that histone 

methylation contributes to the repression of CDK18 with BRG1-mutation. There is 

also global regulation of CDK18 expression via histone acetylation, however, this 

did not differ in extent between parent and knockout clones. 

 Histone methylation is contributing to the repression of CDK18 in BRG1-

mutant lung cancers given the slight increase in enrichment. These studies will be 

repeated to further include H358. Other factors that include modulation of 

transcription factors that bind to the CDK18 promoter region could be regulating 

expression. From the TSA and MS-275 drug treatment experiments, there is global 

regulation of CDK18 via histone acetylation. This indicated that histone 

deacetylation appears to contribute to the repression of CDK18 in Calu6 wild type, 

however, the BRG1 LOF does not further reduce the repression of CDK18 via 

deacetylation. In H358 wild type histone deacetylation does not appear to 
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negatively regulate CDK18 expression. CDK18 was further evaluated to determine 

how loss of expression for this gene affect global genome-wide expression and its 

role in lung carcinogenesis.  

In order to understand CDK18’s functional role in lung carcinogenesis, 

siRNA-mediated transfection was performed followed by RNA sequencing, soft 

agar, and wound closure. Transient knockdown of CDK18 was performed to 

determine how loss of CDK18 affects the cell’s ability to proliferate, migrate, and 

grow in three dimensions. The siRNA-mediated transfection was effective in 

knocking down CDK18 in the cell lines in a range of 40-80%. The results from the 

RNA-sequencing showed that HBEC14 had the most differentially expressed 

genes compared to Calu6, H358, and H441. The data also revealed that the 

pathways in HBEC14 KDs were more significantly affected than those from the 

lung tumor-derived cell lines. The pathway most significantly affected by CDK18 

KD is the cellular movement pathway in the human bronchial epithelial cells with a 

-log p-value around 21. For the lung tumor-derived cell lines, Calu6, H358, and 

H441, the pathways were not as significantly affected. The most significantly 

affected pathways in these cell lines are lipid metabolism, small molecule 

biochemistry, and vitamin/mineral metabolism with -log p-values around 4.5. The 

dramatic effect by CDK18 on the HBEC14 transcriptome and pathways suggest 

that early loss of function of this gene may contribute to pre-malignancy.  

Soft agar experiments revealed that with CDK18 KD there was an increase 

in anchorage independent growth. This experiment will need to be repeated to 

confirm and validate results. Thus far, the data reveals that for lung tumor-derived 
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cell lines Calu6 and H441, the CDK18 KD increased cell growth and colony 

formation. This could indicate that when CDK has decreased expression, it affects 

cellular proliferation and ability to grow into a colony from a single cell consistent 

with its effect on cell growth and proliferation pathway. Wound closure for Calu6 

KD and H441 KD showed a delay in the cell’s ability to close the wound compared 

to the parent, while the H358 KD cells initially experienced a delay in migrating to 

close the wound but ultimately closed more rapidly than the parent. Thus, loss of 

function of CDK18 appears to effect cell-cell interaction and migration, properties 

that contribute to malignancy.   
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CHAPTER 5: CONCLUSION/FUTURE DIRECTIONS 

CDK18 in this study was shown to affect cell migration, cell-cell signaling, 

cell proliferation, and anchorage-independent growth. Additionally, when CDK18 

has decreased expression, the effect on immortalized human bronchial epithelial 

cells implicated CDK18 contributing to cancer initiation and progression 

suggesting this gene may function as a tumor suppressor in lung cancer. CDK18 

impact in cancer appears to vary by tumor type and phenotype. High levels of 

CDK18 expression were associated with the most aggressive form of breast 

cancer, triple negative, while its expression in estrogen receptor negative cancer 

was prognostic for increased survival and response to chemotherapy [40]. CDK18 

activates the ATR-mediated replication stress signaling pathway, a mechanism 

likely driving the increased sensitivity to chemotherapy in the setting of high gene 

expression [40]. Another study found that CDK18 is directly involved in the 

differentiation of oligodendrocytes through the regulation of RAS/MEK/ERK 

pathway [41]. This supports our finding that CDK18 plays a key role in cell-cell 

signaling.  

The future directions of this study will be to confirm results seen in chromatin 

immunoprecipitation, soft agar, and wound closure. Once those studies are 

repeated, the next steps will be to further assess CDK18’s role in lung 

carcinogenesis through evaluating its effect on cell cycle with flow cytometry and 

on tumor growth using mouse xenograft models. 
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