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Abstract 

The poor prognosis and high mortality of pancreatic cancer has prompted clinicians and researchers 
from around the world to understand the molecular pathways of pancreatic cancer and develop new 
treatments. Previous studies have shown that thymoquinone, the major active component in black 
seed , could be a “novel therapy” against pancreatic cancer. In this paper, we discuss in vivo and in 
vitro experiments which provided us with a new understanding of the therapeutic effects 
thymoquinone has on pancreatic cancer cells. These experiments used pancreatic ductal 
adenocarcinoma cell lines to conduct experiments, which accounts for about 90% of all pancreatic 
cancer cases. 
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Introduction: 

Relles et al. (2016) conducted a series of experiments, the first of which showed the effect 
thymoquinone has on the survival of pancreatic cancer cells. The authors approached this by 
quantifying the number of viable pancreatic cancer cells when treated with different concentrations 
of thymoquinone. Here, the authors saw that cell survival and proliferation decreased significantly 
as the concentration of thymoquinone was increased. While this is one of the first studies to show 
that pancreatic cancer cell viability decreases with treatment of thymoquinone, prior publications 
have also displayed a similar phenomenon in breast cancer cells (Dastjerdi et al., 2016), thyroid cancer 
cells (Ozturk et al., 2017), colon cancer cells (Zhang et al., 2016), and kidney cancer cells (Liou et al., 
2019). Overall, this experiment was significant because it displays that thymoquinone can effectively 
kill pancreatic cancer cells. 

Discussion: 

One of the main mechanisms of decreased cell viability is apoptosis; it occurs when the cell 
decides to kill itself. Apoptosis is a vital process that ensures cells with DNA damage, mutations, 
defects and cancerous properties do not replicate (Kimball, 2014; American Institute for Cancer 
Research, 2018), effectively preventing carcinogenesis. Relles et al. (2016) performed an experiment 
to demonstrate the impact thymoquinone has on apoptosis of pancreatic cancer cells. The authors 
used flow cytometric analysis to quantify the number of pancreatic cancer cells present in each cell 
cycle phase after they were treated with varying concentrations of thymoquinone. The authors here 
saw that there is a peak in the sub GO/G1 phase for all cells treated with thymoquinone. It is 
important to note that the presence of cells in the sub GO/G1 phase is correlated with cells that had a 
significant loss of DNA through apoptosis (even if those cells were from other cell cycle phases) (DNA 
fragmentation and Apoptosis, 2020). Hence, a peak in the flow cytometric analysis by Relles et al. (2016) 
revealed that pancreatic cancer cells treated with thymoquinone caused a significant amount of 
apoptosis. This experiment is in agreement with numerous prior studies that have shown 
thymoquinone induces apoptosis in pancreatic cancer cells (Torres et al., 2010), bladder cancer cells 
(Zhang et al., 2018), lung cancer cells (Samarghandian et al., 2019), prostate cancer cells (Dirican et 
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al., 2014), and breast cancer cells (Dastjerdi, 2016). All of these studies re-iterate the idea that 
thymoquinone has the potential to be a therapy that can be used against a number of different cancers. 
It also shows that apoptosis is one of the mechanisms thymoquinone employs to kill pancreatic cancer 
cells (Figure 1A). 

There are several different mechanisms that promote and induce apoptosis. p53 is a protein that 
was first introduced to scientific literature in 1979 (Lane & Crawford, 1979; Kat Arney, 2019), and it 
is now implicated as an important tumor suppressor protein which causes apoptosis (Wang et al., 
2015). Defective p53 activity has been implicated in most cancers (Herrero et al., 2016), including 50-
75% of pancreatic cancer cases (Morton et al., 2009). In order to understand the mechanism of 
apoptosis, Relles et al. (2016) performed an experiment quantifying the levels of mRNA expression 
of p53 using qPCR analysis. It was found that p53 activity nearly doubled when pancreatic cancer 
cells were treated with thymoquinone. This suggests the possibility that thymoquinone could cause 
apoptosis by increasing p53 activity (Figure 1B). 

In addition, the experiment also found that after pancreatic cancer cells were treated with 
thymoquinone, p12 activity increased by a factor of 12. A p53 and p12 pathway causes cell cycle arrest 
(Garner & Raj, 2008); which is when a cell is inhibited from progressing to the next cell phase, 
stopping defective or cancerous cells from duplication (Li et al., 2019). Hence, the simultaneous 
increase in p53 and p12 activity also suggests that thymoquinone may cause cellular arrest through 
the p53-p12 pathway. 

Lastly, the experiment also showed that when pifithrin-α (a chemical known to inhibit p53 
activity (Murphy et al., 2004)) was introduced after the thymoquinone treatment, qPCR analysis 
demonstrated that upregulation of p12 still occurred. Interestingly, based on this result Relles et al. 
(2016) tries to argue that the increase of p12 activity happens independently of p53. However, it is 
important to understand that while p21 was still upregulated in the absence of p53, the upregulated 
p21 activity was still lower by a factor of 4 compared to when p53 was present. This highlights that 
while p53 is not crucial for the upregulation of p21 during thymoquinone treatment, p53 activity still 
significantly increases the efficiency of p21 upregulation. 

Another mechanism of apoptosis and cell cycle arrest is induced through histone deacetylase 
inhibitors (Zhang & Zhong, 2014). Recent advancements in cancer research have implicated drugs 
that act as histone deacetylase inhibitors as promising cancer therapy treatments (Relles et al. 2016; 
Lane, A., & Chabner, B. 2009). Furthermore, supplementing traditional chemotherapy with histone 
deacetylases inhibitors has been shown to have increased therapeutic effects against different kinds 
of cancer (Valentini et al., 2007; Yoon et al., 2011; Diyabalanage et al., 2013). Histone deacetylases 
function by removing acetyl groups from histones, which causes a tighter wrapping of genetic 
material (Clinisciences, 2020) and a tighter overall chromatin structure (Ropero & Esteller, 2007). This 
effectively inhibits certain genes from being expressed. Unfortunately, when histone deacetylases are 
defective it can result in the unwanted inactivation of tumor suppressor genes (Relles et al., 2016), 
increasing susceptibility of developing cancer and promoting cancer cell proliferation. Histone 
deacetylase inhibitors act to effectively reverse this unwanted process. 

Relles et al. (2016) conducted a series of experiments to show the effect thymoquinone has on 
histone acetylation. Relles et al. (2016) used qPCR analysis to quantify the mRNA activity of histone 
deacetylases after pancreatic cancer cells were treated with thymoquinone. This experiment showed 
that histone deacetylase activity was decreased by 40-50%. To further understand the effect 
thymoquinone has on histone acetylation, a western blot analysis was also performed by Relles et al. 
(2016) on pancreatic cancer cells after treatment with thymoquinone. This experiment showed that 
treatment of thymoquinone was correlated with increased acetylation of lysine. These results are 
significant, because they are the first in scientific literature to show that thymoquinone acts as both a 
histone deacetylases inhibitor and a promoter of histone acetylation in pancreatic cancer cells (Figure 
1C-D). Studies by Parbin et al. (2016) and Qadi et al. (2019) have both demonstrated that 
thymoquinone acts as a histone deacetylase inhibitor, however no studies have confirmed that 
thymoquinone acts as a promoter of histone acetylation. 
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The last significant experiment performed by Relles et al. (2016) was designed to understand the 
impact thymoquinone can have on pancreatic cancer tumors in vivo. Relles et al. (2016) accomplished 
this by growing human pancreatic cancer tumors in mice, and then treating mice with different 
concentrations of thymoquinone. At the end of 5 weeks of treatment, it was found that 67% of all 
mice treated with thymoquinone had significantly decreased tumor sizes. The results of this 
experiment have serious implications for current pancreatic cancer patients. I mentioned earlier in 
this article that the current treatment for pancreatic cancer (surgical resection) is only available to 20% 
of patients at the time of diagnosis (Harvard Health Publishing, 2009). Before being approved for the 
resection, many pancreatic cancer patients have “borderline tumors” that are enlarged tumors 
involved with vessels (Javed et al., 2018; Isaji et al., 2018). This prompts clinicians to use neoadjuvant 
chemotherapy (chemotherapy taken before surgical resection is performed) to shrink tumor size 
(Treatment Before Surgery, 2017). This is done to improve chances of being approved for a resection 
and better chances that all of the tumor will be resected (Jang et al., 2018). This in vivo experiment by 
Relles et al. (2016) has effectively shown that thymoquinone can shrink the size of human pancreatic 
cancer tumors (Figure 1E). This is significant, because it demonstrates that thymoquinone can be used 
as a therapeutic treatment to reduce tumor size and make more pancreatic cancer patients eligible for 
resection (ultimately improving their survival rate). 

 

Figure 1. Effects of Thymoquinone Treatment on Pancreatic Cancer Cells and Tumors. Figure 1: Relles et al. 
(2016) showed that treating pancreatic cancer cells with thymoquinone resulted in (A) increased apoptosis, (B) 
increased activity of P53 and P21, (C) inhibition of histone deacetylation, (D) promotion of histone acetylation. 
Furthermore, Relles et al. (2016) showed that treating human pancreatic cancer tumors with thymoquinone 
resulted in (E) reduction in tumor size. 

Conclusion: 

Overall, Relles et al. (2016) provided us a significantly increased understanding of how 
thymoquinone impacts pancreatic cancer cells and tumors (Figure 1A-E). The study clearly 
demonstrates the promising potential thymoquinone has as a therapeutic treatment for pancreatic 
cancer. This is significant, because thymoquinone (as a new treatment for pancreatic cancer) could 
improve the poor prognosis and low survival rate currently associated with the disease. Due to the 
important implications related to this study, future studies need to be conducted to further our 
understanding of therapeutic uses of thymoquinone. 
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