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Sulindac is an FDA approved, non-steroidal anti-inflammatory drug that exhibits 

anti-cancer properties. Metformin is and FDA approved, anti-diabetic drug that also has 

documented anti-cancer properties. The goal of this project was to explore if a dual-

combination of sulindac and metformin in the presence of a chemical oxidizing agent is 

more effective in killing lung cancer cells while not inducing cell death in normal lung 

cells. Our data shows that a triple-drug combination of sulindac, metformin, and tert-

butyl hydroperoxide induce significant cell death in lung cancer cells but did not induce 

significant cell death in normal lung cells.  
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1. Introduction 

 

 Oxidative damage is implicated in the aging process and many age-related 

diseases, such cardiovascular disease, Alzheimer’s, Parkinson’s, cancer, etc. (Sosa, et al., 

2013). If sulindac, an FDA approved non-steroid anti-inflammatory drug (NSAID), and 

metformin, drug used for the treatment of type 2 diabetes, can reduce oxidative damage, 

then there is a potential that they could lessen the pathologies of these diseases. It has 

been reported that sulindac (Fig. 1) can protect heart and 

retinal pigment epithelial cells from oxidative damage by 

inducing a preconditioning response similar to ischemic 

preconditioning (IPC) and is independent of its NSAID 

properties (Sur, et al., 2014). Due to its unique protective 

properties, sulindac has been selected by the National 

Institute of Aging (NIA) for life span extension studies in mice in their Interventions 

Testing Program (ITP). On the other hand, sulindac has shown to sensitize cancer cells to 

oxidative stress by disrupting mitochondrial respiration, thus enhancing killing 

(Marchetti, et al. 2009). Considering sulindac’s known protective and cancer killing 

properties, this suggests that sulindac alters key cellular survival molecule(s). 

Another agent that is widely been researched for anti-aging 

effects is Metformin (Fig. 2). Metformin is a biguanide compound 

that has been in use to treat type II diabetes for many years. 

Population studies on metformin have shown that the incidence of 

cancer was significantly reduced in patients treated with 

Figure 1: Structure of sulindac 

Figure 2: Structure 
of metformin  
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metformin (Evans, et al., 2005). There is currently a NIA study on metformin called 

“Metformin targeting age-related diseases (TAME).  

 The goal of this project is to take advantage of the unique properties of these 

drugs and to test their potential therapeutic effect on of the most fatal type of cancer, lung 

cancer. 

 

2. The role of oxidative damage in aging and age-related diseases 

 

 Oxidative damage plays a significant role in the aging process and its related 

diseases, such as heart disease, inflammatory disorders, degenerative joint disease, 

neurodegenerative diseases, immune system dysfunctions, diabetes, and cancer (Sosa, et 

al., 2013). Oxidative damage occurs because there is increased levels of reactive oxygen 

species (ROS) and no equivalent increase in cellular mechanisms that protect against 

oxidative damage (Sosa, et al., 2013). In eukaryotic cells, oxidative metabolism produces 

energy in the mitochondria, and as a result of this, ROS are generated (Fig. 3), (Sosa, et 

al., 2013). Oxidative damage can trigger alterations which damage DNA, carbohydrates, 

lipids, and proteins (Sosa, et al., 2013). Oxidative damage can induce breaks in DNA 

strands and perturb its repair mechanisms, which can lead to mutations in DNA; these 

mutations can promote aging and carcinogenesis (Sosa, et al., 2013). Proteins are most 

susceptible to oxidative damage; oxidative damage can modify protein structure, thus 

leading to a change or loss of function in proteins (Sosa, et al., 2013).  
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The current project focusses on the differential activity of sulindac and also 

metformin on cancer and normal cells, and their role in age-related diseases, such as 

cancer. 

 

 

 

 

 

 

3. Cancer: An overview 

 

3.1. The role of oxidative damage in cancer  

 

Oxidative damage affects various cellular signaling pathways such as epidermal 

growth factor (EGF) and PI3K/Akt/mTOR, and modifications in these pathways can lead 

to tumorigenesis and cancer progression (Sosa, et al., 2013). A feature of cancer cells is 

their high metabolism with a corresponding increase in ROS; cancer cells are able to 

adapt and proliferate in this environment (Sosa, et al., 2013). A unique characteristic of 

cancer cells is their ability to resist oxidative damage due their defective metabolism 

(Sosa, et al., 2013). This is known as the Warburg effect in which cancer cells prefer to 

Figure 3: Illustration of 
mitochondrial ROS production. 
(adapted from Murphy, 2009). 
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undergo glycolysis to produce the majority of ATP instead of oxidative phosphorylation 

as seen in normal cells (Sosa, et al., 2013). This resistance is acquired by cancer cells’ 

ability to alter their tumor microenvironment and generate a new redox equilibrium, 

which allow cancer cells to increase their metabolism, adapt, and proliferate free from 

oxidative damage (Sosa, et al., 2013). This resistance allows cancer cells to enhance their 

metabolism and proliferate without being damaged by increased ROS concentrations, 

although this feature is not able to explain the increased metabolism that cancer cells 

possess (Sosa, et al., 2013). On contrary, cancer cells have elevated levels of ROS when 

compared to normal cells and any further increase in ROS levels drive cancer cells to cell 

death but not normal cells (Liou and Storz, 2010). Therefore, in our system, have shown 

that have shown that sulindac selectively sensitize cancer cells to oxidative damage, and 

so it is hypothesized that sulindac takes advantage of cancer cells’ defective metabolism 

(Marchetti, et al. 2009).  

 

3.2. Normal cells vs. cancer cells 

 

Abnormal cellular proliferation of any cells within the body can result in tumor 

development; tumors may either be benign or malignant (Cooper, 2019). A tumor is 

considered benign if it remains in its place of origin and does not invade other tissues 

(Cooper, 2019). On the other hand, malignant tumors possess the ability to invade other 

tissues and spread throughout the body (metastasize) (Cooper, 2019). This is due to 

cancer cells’ abnormal loss of growth controls, which allows cancer cells to grow and 

divide without inhibition (Cooper, 2019). Abnormal behavior of cancer cells is attributed 
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to mutations within genes that result in dysfunctions within multiple regulatory cellular 

pathways (Cooper, 2019). Normal cells exhibit density-dependent inhibition and contact 

inhibition (Cooper, 2019). Normal cells grow and divide until they reach a finite cell 

density, which is determined by the presence of growth factors and by inhibition through 

contacting their neighboring cells (Cooper, 2019). In general, cancer cells grow in high 

densities even after contacting their neighboring cells (Cooper, 2019). Cancer cells are 

able to produce their own growth factors and become less dependent on growth factors 

from normal sources (Cooper, 2019). This in turn stimulates their proliferation, which 

continuously stimulates their growth and division (Cooper, 2019). In addition, these 

growth factors stimulate the growth of new blood vessels (angiogenesis) (Cooper, 2019). 

Proliferating cancer cells require these new blood vessels to provide a supply nutrients 

and oxygen to support their growth and division (Cooper, 2019). An additional 

characteristic of cancer cells is their ability to secrete proteases which cleave extracellular 

matrix (ECM) proteins, and subsequently allow cancer cells to metastasize into 

neighboring, normal tissues (Cooper, 2019). Additionally, cancer cells fail to differentiate 

normally and is closely related to abnormal proliferation (Cooper, 2019). In contrast, 

normal cells, once fully differentiated, cease to divide. Programmed cell death (apoptosis) 

is a vital part of differentiation in normal cell types (Cooper, 2019). Cancer cells, 

however, fail to undergo apoptosis, and in turn leads to uncontrolled cell division 

(Cooper, 2019). Continuous proliferation of cancer cells requires maintaining the ends of 

their chromosomes (Cooper, 2019). The ends of chromosomes (telomeres) in eukaryotic 

cells consist of repeating segments which are replicated by an enzyme known as 

telomerase (Cooper, 2019). Normal cells possess a finite amount of telomerase, resulting 
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in telomere shortening with each division (Cooper, 2019). This leads to cellular division 

ceasing (senescence) or apoptosis (Cooper, 2019). Conversely, cancer cells contain 

extremely high levels of telomerase, which maintain the ends of their chromosomes for 

infinite amount of divisions (Cooper, 2019).  

 

3.3. Cellular signaling dysregulation in cancer  

  

Cancer development and progression is marked by epigenetic and genetic 

modifications that allow malignant cells to escape factors that inhibit improper cellular 

proliferation and cell survival outside of their normal parameters (Sosa, et al., 2013). In 

tumors, these modifications allow cancer to progress from a benign growths to 

malignancies, which leads to angiogenesis (Sosa, et al., 2013). Consequently, malignant 

cells can potentially migrate and invade other tissues outside of their place of origin 

(Saeed , et al., 2019). Dysregulation in cellular signaling pathways are responsible for 

most of these characteristics (Saeed , et al., 2019).  

 

3.3.1. PI3K/Akt/mTOR pathway and its role in cancer 

 

  The PI3K/Akt/mTOR (phosphatidylinositol 3-kinase/Protein Kinase-

B/mechanistic target of rapamycin) pathway is a critical cellular survival pathway (Saeed, 

et al., 2019). PI3K is a lipid family of enzymes stimulated by receptor tyrosine kinases 

(RTKs) located on the surface of the cell membrane, which activates Akt (Fig. 4), (Saeed, 

et al., 2019). Akt is serine-threonine kinase which is interconnected in the PI3K/Akt 
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pathway and is responsible for determining cellular fate by regulating cellular survival, 

proliferation, growth, and metabolism (Saeed , et al., 2019). This pathway promotes anti-

apoptotic genes and inhibits apoptotic genes, hence promoting cell survival (Saeed , et 

al., 2019). Dysregulation of this pathway is implicated in many diseases, including cancer 

(Saeed , et al., 2019). The PI3K/Akt pathway stimulates the mTOR pathway, which 

activates downstream cellular signaling pathways involved in protein synthesis (Saeed , 

et al., 2019). The activation or phosphorylation of Akt and mTOR is a frequent hallmark 

of cancer development because it promotes cell growth and survival (Saeed , et al., 2019). 

PI3K/Akt is abnormally upregulated in many cancer types (Saeed , et al., 2019).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Illustration of the PI3k/Akt/mTOR pathway (adapted from Fang, et al., 2013).  
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3.4. Cancer metabolism 

 

The initial stage of mitochondrial respiration pathway is glycolysis which consists 

of a sequence of reactions resulting in glucose being converted to pyruvic acid and 

energy being produced (Sosa, et al., 2013). After the glycolysis concludes, the pathway 

branches, and the cell may choose to undertake aerobic or anaerobic respiration (Sosa, et 

al., 2013). In normal conditions when there is adequate oxygen (O2) present, normal cells 

partake in aerobic respiration (Sosa, et al., 2013). Aerobic respiration occurs in the matrix 

of the mitochondria, in which O2 and glucose are consumed to produce 38 molecules of 

adenosine triphosphate (ATP) and and carbon dioxide (CO2) is expelled (Fig. 5), (Sosa, et 

al., 2013). In anaerobic respiration, which occurs in the cytoplasm of the cell and without 

the presence of O2, 2 molecules of ATP are generated by using inorganic compounds in 

the electron transport chain, and CO2 is expelled (Sosa, et al., 2013). Anaerobic 

respiration is energetically inefficient compared to aerobic respiration; however, it 

generates ATP considerably faster than aerobic respiration. Cancer cells choose the most 

convenient pathway to increase cellular proliferation free of O2 concentrations (Sosa, et 

al., 2013). Cancer cells demonstrate markedly increased glycolic rate, even under 

abundant O2 levels (Sosa, et al., 2013). This finding of cancer cells was first discovered 

by Otto Warburg, thus earning it the name of the “Warburg effect” (Fig. 6), (Sosa, et al., 

2013). The cellular mechanisms behind this effect are still unclear and need further 

investigation.  
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Figure 5: Illustration of glucose metabolic pathway in normal cells and cancer cells (adapted 
from Zhang, et al., 2015).  

Figure 6: Illustration of the Warburg effect exhibited in cancer cells. (adapted from Zhang, et 
al., 2015) 
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4. Sulindac protects normal cells from oxidative damage and sensitizes cancer cell to 

oxidative damage 

 

4.1. Sulindac: background 

 

 Sulindac is an FDA approved, non-steroidal anti-inflammatory drug (NSAID), 

that is capable of affecting prostaglandin production by inhibiting cyclo-oxygenase 

(COX) -1 and -2 (Marchetti, et al., 2009). COX-1 and -2 are enzymes that can convert 

arachidonic acid into prostaglandins which cause tissue inflammation (Choi, et al., 2012). 

Sulindac has been of interest in research for many years due its anti-tumorigenic and 

chemopreventive properties; however, it was shown that these properties are separate 

from its NSAID properties. Earlier studies show that pretreatment of cancer cells with 

sulindac with subsequent exposure to a chemical oxidizing agent that induce ROS, such 

as hydrogen peroxide, tert-butyl hydroperoxide (TBHP), or dichloroacetate (DCA), 

promotes apoptosis (Ayyanathan, et al., 2012). In contrast, sulindac has been shown to 

protect normal cells, such as heart and RPE cells, in the event of an insult from oxidative 

agent, UV radiation, and ischemic damage via a preconditioning mechanism (Sur, et al. 

2014). This suggests a differential effect in face of oxidative damage to cancer cells 

versus normal cells. Studies have shown that sulindac inhibits apoptosis in normal cells 

and stimulates apoptosis in cancer cells (Sur, et al. 2014), indicating that sulindac 

modulates a key cellular pathway that determines cell fate. Sulindac could therefore be 

used in a dual-drug combination with cancer drugs and would have less toxicity since the 
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dosage of the anti-cancer drug could be reduced significantly. Additionally, sulindac will 

help protect normal cells from the toxicity of the anti-cancer drugs.  

 

4.2. Sulindac protects normal cells 

 

 Previous data from Weissbach and collaborators shows that sulindac and its 

metabolites can protect normal cells from oxidative damage (Fig. 7), (Marchetti, et al., 

2009). Earlier studies shown show that sulindac can protect cardiomyocytes from 

oxidative damage and ischemic/ reperfusion damage by triggering a preconditioning 

response (Moench, et al. 2009). Studies done on normal lung cells show that sulindac 

protection is independent of COX inhibitory properties. Experiments using sulindac 

sulfone, a sulindac derivative and non-NSAID, have shown that it protects normal lung 

cells from oxidative damage, indicating that sulindac’s protective effect are free of its 

NSAID activity (Marchetti, et al. 2009). Studies performed on ischemic and reperfusion 

damage in the heart, using a Langendorff model, implied that sulindac protects by 

triggering a preconditioning mechanism similar to ischemic preconditioning (IPC), in 

which sub-lethal hypoxia can initiate a cellular protective mechanism against a potential 

lethal ischemic event (Moench, et al., 2009). Detailed studies on sulindac protection in 

RPE cells and primary fetal RPE cells provide further evidence of a preconditioning 

mechanism and showed that PPAR-α was also involved (Sur, et al., 2014).  
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4.3. Sulindac enhances killing in cancer cells 

 

 In contrast to normal cell protection, sulindac, in combination with an oxidizing 

agent, can promote killing of cancer cells, such as lung cancer cells (A549), colon cancer 

cells (RKO), and tongue derived squamous cell carcinoma (SCC25) (Fig. 8). Weissbach 

and collaborators have shown that dual drug combinations of sulindac and oxidizing 

agents, such as TBHP or DCA, disturb mitochondrial respiration and causes significant 

cell death in cancer cells, such as lung and colon cancer (Ayyanathan, et al., 2012). 

Sulindac’s ability to perturb mitochondrial respiration in cancer may contributed to a 

defect in mitochondrial respiration within cancer cells, the Warburg effect (Ayyanathan, 

Figure 7: Sulindac (A) and sulindac 
sulfone (B) protects normal human 
lung cells (adapted from 
Marchetti, et al., 2009). 
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et al., 2012). Additional experiments were performed on lung cancer cells using 

acetylsalicylic acid or ibuprofen in combination with TBHP showed no enhanced killing, 

indicating that sulindac’s COX inhibitory activity is not involved in its cancer killing 

capabilities (Marchetti, et al., 2009). The non-NSAID sulindac metabolite, sulindac 

sulfone, also showed enhanced killing in cancer cells when exposed to TBHP, further 

supporting that sulindac’s anti-cancer properties are not related to its NSAID activity 

(Marchetti, et al., 2009). The mechanisms involved in sulindac’s cancer killing abilities 

are not clear and need further elucidation. Studies done on lung cancer cells using a novel 

sulindac metabolite, sulindac sulfide amide, which does not inhibit COX-1 or -2, 

inhibited tumor growth and progression by down regulating Akt/mTOR expression, thus 

affecting downstream proteins which regulated this pathway (Gurpinar, et al., 2013). 

Given the preceding evidence, we hypothesize that sulindac inhibits Akt/mTOR 

expression in cancer cells.  

 

 

 

 

 

 

Figure 8: Sulindac enhances killing in 
cancer cells by sensitizing it to oxidizing 
agents such as TBHP. Cell lines A549 (A), 
RKO (B), and SCC25 (C) were used in 
these initial studies (adapted from 
Marchetti, 2009).  
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Metformin has anti-tumor properties 

 

5.1. Metformin: background 

 

 Metformin is biguanide, an FDA approved compound used for the treatment of 

type-2 diabetes mellitus (T2DM) (Dong, et al., 2020). Diabetes increases the risk of 

certain types of cancers, such as colorectal, pancreas, and liver cancers (Saraei, et al., 

2019). Metformin lowers glucose levels by decreasing liver gluconeogenesis and 

increasing uptake of glucose by skeletal muscle cells, thus leading to decreased glucose 

and insulin levels (Dong, et al., 2020). In addition to treating T2DM, it is also used to 

treat type 1 diabetes (T1DM), gestational diabetes, pre-diabetes, and polycystic ovarian 

syndrome (PCOS) (Saraei, et al., 2019). In animal models, it has shown useful 

therapeutic effects in treating metabolic syndrome, non-alcoholic fatty liver disease 

(NAFLD), and hyperlipidemia (Saraei, et al., 2019).  

 

5.2. Metformin inhibits cancer growth  

 

 Studies from Evans et al. 2005 showed that metformin lowered cancer 

occurrences in T2DM patients which promoted interest in metformin’s anti-cancer 

activity (Dong, et al., 2020). Following studies showed that metformin also lowered risk 

of endometrial, pancreatic, and lung cancers, and many other cancers (Dong, et al., 2020). 

Metformin induces a downstream effect that leads to activation of the tumor suppressor 
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gene liver kinase B1 (LKB1) which phosphorylates AMPK and inhibits Akt/mTOR 

activity leading to inhibit protein synthesis and cell growth (Dong, et al., 2020). 

Metformin is believed to block complex I activity of the electron transport chain (ETC), 

thus interfering with mitochondrial respiration (Saraei, et al., 2019). Many clinical studies 

have been performed to show the efficacy of cancer inhibition in patients. The most 

significant trial was NCT01101438, which was a 3-phase study testing the effectiveness 

of metformin in the treatment of breast cancer, low degree malignancy cancers, and non-

metastatic cancers (Saraei, et al., 2019). Data from the study showed that progression-free 

survival (PFS) increased (Saraei, et al., 2019).  

 Based on this data, we believe that metformin combined with sulindac, which also 

has anti-cancer properties, in the presence of an oxidizing agent, will have a beneficial 

therapeutic effect.  

 

6. Specific aims 

 

The mechanisms involved in sulindac’s protective activity are known, but the 

mechanisms involved in sulindac’s anti-cancer activity are not yet clearly understood. 

Our hypothesis is that sulindac increases oxidative damage which enhances killing 

through modulation of key cell survival pathways. Sulindac increases ROS production in 

cancer cells and thereby stimulates an apoptotic response. The PI3k/Akt/mTOR pathway, 

a key cell survival pathway, is hypothesized to be involved in this cancer killing 

mechanism. The goal of this project is to tease apart the cellular pathways in sulindac’s 

mechanism of action for its differential activity, specifically by working with the 
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PI3k/Akt/mTOR pathway. Expression of active or phosphorylated (pAkt/pmTOR) forms 

in a normal cell lines and a lung cancer adenocarcinoma cell line will be analyzed. It is 

expected that there will be decreased expression of pAkt/pmTOR in lung cancer cells 

pretreated with sulindac and increased expression of pAKT/pmTOR in normal cells 

pretreated with sulindac. In addition, we expect the combination of sulindac and 

metformin could be a potential therapeutic target based on large amount of data 

supporting unique mechanism of action of metformin. 

Lung cancer is one of the leading causes of death amongst men and women and is 

one of the most lethal forms of cancer with few treatment options. Understanding how 

oxidative metabolism could affect cell survival will give clues to cellular targets for 

cancer therapies.  

Studies done by Weissbach and team have shown that sulindac and its derivatives 

can protect normal cells from oxidative, UV radiation, and ischemic/reperfusion damage, 

but enhance killing in cancer cells when exposed to an oxidizing agent by perturbing 

mitochondrial respiration. Sulindac and metformin are FDA approved, inexpensive drugs 

with unique protective and anti-cancer properties. Our proposed drug combination, 

therefore, has the potential to find therapeutic use and to protect normal cells but enhance 

cancer killing by taking advantage of differential response of these cells to oxidative 

damage.   
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7. Materials and Methods 

 

Materials 

Sulindac and tert-butyl hydroperoxide were obtained from Sigma (St. Louis, 

MO). Metformin (1,1-Dimethylbiguanide hydrochloride) was purchased from Alfa Aesar 

(Tewksbury, MA). All tissue culture materials were obtained from Fisher Scientific 

(Pittsburgh, PA).  

 

Cell Culture  

Cell lines A549 and MRC-5 were obtained from ATCC (Rockville, MD) and 

were maintained in tissue culture treated T75 flasks in F-12K media (1X) and Minimum 

Essential Media (1X) supplemented with L-glutamine 1%, penicillin-streptomycin 1%, 

and FBS 10% respectively and incubated in 5% CO2 incubator at 37°. Cell lines were 

split/passaged between 70-90% confluency. Cell media was aspirated from flask and 

washed with 1X phosphate buffered solution (PBS), then PBS is removed from flask. 

Disassociating agent 1X TrypLE Express Enzyme (trypsin) is added to flask and 

incubated for 5-10 minutes to detach cells. Detached cells are collected from flask in a 

centrifuge tube and media is added to deactivate trypsin.  

 

Cell Viability Assay  

MRC-5 cell suspensions (~ 10,000 cells/well) and A594 cell suspensions (~ 5,000 

cells/well) were seeded into 96-well microtiter plates using 100 µL of the cell 

suspensions and incubated for 24hr in a 5% CO2 incubator . A549 and MRC-5 cells were 
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pretreated with sulindac for 48 hr prior to exposure to tert-butyl hydrogen peroxide 

(TBHP) and incubated for an additional 2 hr.  

 Cell viability was determined by CellTiter 96 Aqueous One Cell Proliferation 

Assay (Promega; Madison, WI) per manufacturer’s instructions. This assay utilizes a 

tetrazolium salt compound that is reduced to formazan dye by NADPH or NADH 

produced by dehydrogenase enzymes produced by metabolically active cells, which is 

measured by absorbance at 490 nm using a colorimetric microtiter plate reader 

(SpectraMax Plus 384; Molecular Devices).  

 

Statistical Analysis  

 Statistical analysis was performed using GraphPad Prism 8. Conditions were 

tested in triplicates or quadruplicates, and each experiment was repeated three times. A t-

test was to compare statistical differences between two treatment groups, and ANOVA 

was used to compare statistical differences between multiple treatment groups. A result 

of P < 0.05 was considered significant.  
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8. Results 

 

Sulindac sensitizes lung cancer cells to oxidative stress 

 

 

 

 

 

Lung cancer cells (A549) were incubated with or without sulindac at the indicated 

concentrations (Fig. 9) prior to being exposed to TBHP as indicated in Materials and 

Methods. Concentrations were determined by previously established data. A significant 

decrease in cell viability was demonstrated in lung cancer cells exposed to TBHP 

following pretreatment with sulindac, indicating that sulindac enhances killing in lung 

cells by sensitizing them to oxidative stress (Fig. 9).  

 

Figure 9: Sulindac 
selectively kills lung cancer 
kills in the presence of 
TBHP 
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Sulindac protects normal lung cells from oxidative stress 

 

 

 

It was important to demonstrate that sulindac does not harm normal cells. Normal 

lung fibroblasts cells (MRC-5) were incubated with or without sulindac at the indicated 

concentration prior to TBHP exposure. Sulindac protected the MRC-5 cells from 

oxidative stress (Fig. 10). 

 

Triple-drug combination induce significant cell death in lung cancer cells 

  

 

 

 

A triple-drug combination of metformin, sulindac, and TBHP was tested on lung 

cancer cells (A549) to test the effect of the combination in cancer killing.  

Lung cancer cells were incubated with no drug, sulindac, metformin, and a dual-

combination of metformin and sulindac at the indicated concentrations prior to TBHP 

Figure 10: Sulindac’s 
protection of MRC-5 cells 
from chemical oxidative 
stress  
 

Figure 11: Sulindac and 
metformin stimulate cell 
death in lung cancer cells in 
the presence of TBHP 



21 
 

exposure. Metformin by itself, did not have any effect on cell viability. Cells pretreated 

with sulindac showed decreased cell viability. Cells pretreated with the dual-drug 

combination of metformin and sulindac showed significant decrease in cell viability 

compared to cells pretreated with sulindac alone (Fig. 11).  

 

No induced cell death in normal lung cells from triple-drug combination 

 

 

 

It was critical to determine if the triple-drug combination of sulindac, metformin, 

and TBHP were toxic to normal cells.  

Normal lung cells were incubated with no drug, sulindac, metformin, and a dual-

drug combination of metformin and sulindac at the indicated concentrations prior to 

TBHP exposure. Sulindac and metformin by themselves did not protect MRC-5 cells 

from TBHP. Slight cytotoxicity was observed in the triple-drug combination.  

Figure 12: Sulindac and 
metformin did not induce 
significant cell death in the 
presence of TBHP 
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9. Discussion 

 

Sulindac and metformin have documented anti-cancer activity. We have shown 

that a triple-drug combination of sulindac, metformin, and an oxidizing agent (TBHP) 

induce significant cell death in lung cancer cells. It is reasonable that a combination of 

sulindac and metformin may complement other cancer treatments involving mechanisms 

that induce oxidative stress.  

We have shown that sulindac protects normal lung cells from oxidative stress. 

However, there was observed slight cytotoxicity with the triple-drug combination of 

sulindac, metformin, and TBHP in normal lung cells. Further experiments need to be 

done to optimize the drug concentrations to reduce cytotoxicity in normal cells increase 

efficacy in cancer cells.  

The mechanisms of action involved in the anti-cancer activity of sulindac and 

metformin need to be further investigated. Sulindac’s mechanism of action is believed to 

involve mitochondrial dysfunction and increase ROS production (Marchetti, et al. 2009). 

Metformin is believed to act on LKB1 and AMPK, which upon activation block, mTOR 

activity, a pathway involved in cell proliferation. AMPK also activates the tumor 

suppressor gene p53 (Saraei, et al., 2019). Western blot analysis was done to explore the 

cellular mechanisms behind the anti-cancer activity of sulindac and metformin. Protein 

extracted from lung cancer cells treated in the presence or absence of sulindac were 

probed for pAKT levels. The results were inconclusive, as follow-up experiments were 

suspended due to unforeseen events of the COVID-19 pandemic. Further western blot 
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analysis will need to be done to link together the cellular mechanisms involved in the 

anti-cancer activity of sulindac and metformin.  

To summarize, sulindac selectively enhances cancer killing in lung cancer cells 

and protects lung normal cells under chemical oxidative stress. Further, we have shown 

for the first time, a triple combination of sulindac, metformin and an oxidizing agent 

induces cell killing in lung cancer cells. Thus, we have demonstrated in these studies that 

targeting metabolic differences between normal and cancer cells and by using 

inexpensive, FDA approved drugs could lead to potential therapeutic target for lung 

cancer. 
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