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INTRODUCTION 
 

Lung cancers are among the most lethal types of cancer 

worldwide. Approximately 80% of all lung cancers are 

Non-Small Cell Lung Carcinomas (NSCLC), which 

present an overall survival rate of 15%-35% for stage III-

A and 5%-10% for stage III-B in the 5 years following 

diagnosis [1]. As platinum-based therapy for stage III 

NSCLC fails, novel approaches have been tested. 

Immunotherapeutic agents, like the immune checkpoint 

blocker anti-PD-1 monoclonal antibodies 

(Pembrolizumab or Nivolumab), present promising 

results, improving overall survival [2, 3]. However, the 

cost of this relatively new immunotherapy still limits 
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ABSTRACT 
 

Metformin has been tested as an anti-cancer therapy with potential to improve conventional chemotherapy. 
However, in some cases, metformin fails to sensitize tumors to chemotherapy. Here we test if the presence of 
P53 could predict the activity of metformin as an adjuvant for cisplatin-based therapy in non-small cell lung 
cancer (NSCLC). A549, HCC 827 (TP53 WT), H1299, and H358 (TP53 null) cell lines were used in this study. A549 
cells were pre-treated with a sub-lethal dose of cisplatin to induce chemoresistance. The effects of metformin 
were tested both in vitro and in vivo and related to the ability of cells to accumulate Jarid1b, a histone 
demethylase involved in cisplatin resistance in different cancers. Metformin sensitized A549 and HCC 827 cells 
(but not H1299 and H358 cells) to cisplatin in a P53-dependent manner, changing its subcellular localization to 
the mitochondria. Treatment with a sub-lethal dose of cisplatin increased Jarid1b expression, yet 
downregulated P53 levels, protecting A549Res cells from metformin-induced chemosensitization to cisplatin 
and favored a glycolytic phenotype. Treatment with FL3, a synthetic flavagline, sensitized A549Res cells to 
cisplatin. In conclusion, metformin could potentially be used as an adjuvant for cisplatin-based therapy in 
NSCLC cells if wild type P53 is present. 
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access by most public health systems and patients around 

the world. Thus, new cost-affordable treatments are 

necessary. 

 

Metformin, a biguanide derived from the plant Galega 

officinalis, has been used for many years to manage 

type-II diabetic patients [4, 5]. Metformin has become a 

candidate for repurposing to cancer therapy since the 

discovery that type-II diabetic patients treated with 

metformin have lower incidences of different types of 

cancer [6]. This effect has been studied successfully in 

many types of tumors [7, 8]. However, many other 

studies showed that metformin does not improve cancer 

treatment when in combination with chemotherapy [9, 

10], demonstrating that more understanding is needed to 

determine when metformin can be used or not for cancer 

therapy. 

 

Metformin accumulates in the mitochondrial matrix and 

blocks the complex-1 of the electron transport chain 

leading to a mitochondrial malfunction [11]. The 

resulting accumulation of ADP and AMP lead to the 

activation of the AMP-activated protein kinase (AMPK) 

that, among many other functions, inhibit AKT/mTOR 

pathway [12, 13]. Metformin also increases the glycolytic 

metabolism by enhancing glucose consumption, lactate 

production and by decreasing oxygen consumption [14]. 

Therefore, metformin could be used to chemosensitize 

subpopulations of tumor cells which depend 

preferentially on mitochondrial metabolism. This 

subpopulation is reprogrammed to escape the Warburg 

Effect, which relies on aerobic glycolysis. Mechanisms 

for metabolic reprogramming include the overexpression 

of the jumonji/ARID1 H3K4 histone demethylase 

Jarid1b/KDM5B/PLU-1, associated with the develop-

ment of different types of tumors [15–17]. Jarid1b 

overexpressing cells are resistant to many types  

of chemotherapy (including cisplatin), display a 

mitochondrial-based primary metabolism and are 

responsible for tumor repopulation in melanoma [18]. 

Jarid1b overexpressing cells have a stem cell phenotype 

as demethylation of H3K4 blocks terminal differentiation 

of embryoid body and keeps high expression of stem cell 

markers like Oct-4 and Nanog [19].  

 

Different responses of tumor cells to different treatments 

are related to circuitry rewiring of cancer gene signaling 

networks upon malignant transformation. For NSCLC, 

critical cancer driver gene networks involve TP53 and 

EGFR-RAS-RAF-MEK-ERK pathways, which can be 

treated with EGFR inhibitors [20]. TP53 is mutated in 

more than 50% of NSCLC. Patients harboring TP53 

mutations have a poorer prognosis than patients with 
wild type TP53 [21]. Its major protein product is the 

multifunctional protein P53, which controls cell 

apoptosis at different levels. As a transcription factor, 

nuclear P53 induces the expression of apoptosis-related 

genes like BAX, PUMA and NOXA [22]. Cytoplasmic 

P53 can induce apoptosis when it is phosphorylated by 

AMPK- on serine 15. Ser15 –phosphorylated P53 

translocate to mitochondria, where P53 can release BAX 

and BAK from BCL-XL, favoring the initiation of the 

apoptotic cascade [23]. 

 

FL3, a synthetic flavagline [24], has been reported as a 

stemness regulator by downregulating Oct4 in 

teratocarcinoma cell and selectively kills Oct-4 

overexpressing cells and has little effect on normal 

cells. FL3-induced apoptosis depends on MAPK 

activation, as phosphorylation of p38 is necessary for 

FL3-iduced cell death [25]. Also, FL3 is a potent 

inhibitor of the EGFR-RAS-RAF axis, as it inhibits the 

activation of C-Raf by RAS through the inhibition of 

the interaction between C-Raf and the scaffold 

proteins prohibitin [26]. 

 

In the present study, we show that metformin 

chemosensitizes NSCLC cells to cisplatin in a P53-

dependent manner. Sub-lethal treatment with cisplatin 

leads to Jarid1b overexpression and shifts the metabolism 

of A549 cells into glycolysis. Also, overexpression of 

Jarid1b leads to P53 downregulation, blocking the  

ability of metformin to sensitize to cisplatin-induced  

cell death. As Jarid1b overexpressing cells represent a 

chemoresistant population, FL3 could potentially be used 

to treat Jarid1b overexpressing cells. Therefore, P53-

dependent pathways are critical for metformin-induced 

chemosensitization to cisplatin in NSCLC. 

 

RESULTS 
 

Metformin improves cisplatin-induced death in A549 

and HCC 827 NSCLC cells in a P53 dependent 

manner 

 

We first checked the ability of metformin to 

chemosensitize the A549 and HCC 827 human non-small 

cell lung cancer cells lines to cisplatin. Combination of 

metformin with cisplatin synergistically induced a high 

chemosensitization to cisplatin evidenced through DNA 

fragmentation assay (Figure 1A), caspase 3 and 7 

activation assay (Figure 1B) and through cell viability 

assay (Figure 1C) in A549 and HCC 827 cells. 

Metformin treatment reduced the ability of A549 and 

HCC 827 cells to produce colonies and this ability was 

completely abolished when these cells were treated with 

cisplatin (with or without metformin) (Figure 1D). A549 

tumors in NOD-SCID mice treated with cisplatin plus 

metformin had the lowest tumor volume and weight, 

(Figure 1E, 1F and Supplementary Figure 1), yet 

cisplatin-only treated mice had the tumors with the 

highest volume, and this volume was not related to 
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Figure 1. Metformin improves cisplatin-induced death in A549 and HCC 827 NSCLC cells in a P53 dependent manner. 
Combined treatment between cisplatin and metformin improves DNA fragmentation (p<0.001) (A), caspase 3 and 7 activation (p<0.001)  
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(B) and cell viability assay through MTT (p<0.001 and p<0.01 respectively) (C), when compared to both treatments alone in A549 and HCC 
827 cells. Metformin decreased the number of colonies and no colonies was observed after cisplatin treatment in A549 and HCC 827 cells 
(p<0.001 and p<0.01, respectively) (D). A549 cells injected in NOD/SCID mice also have a smaller volume (p<0.001) (E) and weight (p<0.05)  
(F) after combined treatment between cisplatin and metformin. Data represent the mean of three independent experiments. Metformin 
treatment translocate P53 to the mitochondria in A549 cells and this translocation is blocked by pifithrin-µ (G). P53 inhibition by pifithrin-µ 
protects A549 cells to the metformin induced chemosensitization to cisplatin by decreasing DNA fragmentation (p<0.001) (J) and caspase 3 
and 7 activation (p<0.01) (K). TP53 inhibition by siRNA (H, I) also protects A549 and HCC 827 cell from metformin-induced 
chemosensitization to cisplatin by decreasing DNA fragmentation (p<0.001) (L) and caspase 3 and 7 activation (p<0.001) (M). Data 
represent the mean of three independent experiments. A549 cells were treated with 10mM of metformin for 72 h and 25µM of cisplatin 
(with or without metformin) for another 72 h. HCC 827 cells were treated with 20mM of metformin for 72 h and 20µM of cisplatin (with or 
without metformin) for another 72 h. 
 

necrotic area (Supplementary Figure 2). As mentioned 

above, metformin-induced activation of AMPK leads to 

P53 phosphorylation, which promotes the induction of 

apoptosis. We first analyzed whether metformin 

treatment changes the subcellular localization of P53  

to the mitochondria. Figure 1G shows that metformin 

increases P53 association with the mitochondria in A549 

cells as seen by the yellowish color in the merged image. 

This accumulation can be partially blocked by pifithrin-µ, 

which specifically blocks P53 translocation to the 

mitochondria [27]. Also, cisplatin treatment accumulates 

p53 in the nucleus and no co-localization in the 

mitochondria was observed under cisplatin and 

metformin combination. To determine if the subcellular 

localization of P53 in the mitochondria is important for 

the metformin-induced chemosensitization to cisplatin 

we inhibited its localization with pifithrin-µ or inhibited 

its expression with siRNA. The inhibition of the 

subcellular localization of P53 by pifithrin-µ in A549 

cells (Figure 1J, 1K) or the inhibition of its expression by 

siRNA in A549 and HCC 827 cells (Figure 1L, 1M), 

protected the A549 cells from metformin-induced 

chemosensitization to cisplatin after three days of 

combined treatment.  

 

Treatment with sub-lethal dose of cisplatin leads to 

Jarid1b overexpression and chemoresistance in A549 

cells 

 

Jarid1b overexpression is part of the survival response 

against different types of chemotherapy in melanoma 

cells [18]. The concept of using a sub-lethal dose of 

chemotherapy for a few days differs from the usual 

manner of emerging resistant cells in vitro, by treating 

them with a very low dose of chemotherapy for weeks. 

By giving a single sub-lethal dose, it is possible to 

compare the regular regiment of treatment, where in 

many cases, a few doses of chemotherapeutic agent are 

given to the patients, and due to the irregular 

distribution of chemotherapy in the tumor micro-

environment, some regions of the tumor will receive a 

sub-lethal dose of the given chemotherapeutic agent 

and cell resistance could rise even with one shot [28, 

29]. To check if A549 cells increase Jarid1b expression 

after cisplatin treatment we pre-treated these cells with 

a sub-lethal dose of cisplatin and observed an increase 

in Jarid1b mRNA expression in a dose-dependent 

manner that remains high for at least 30 days after the 

sub-lethal dose of cisplatin was completely removed 

and cells were kept in normal culture media (Figure 

2A). In the following assays, A549Res cells were 

treated with a higher dose of cisplatin in combination 

with metformin. In the A549Res cells, metformin lost 

the ability to chemosensitize to cisplatin, as DNA 

fragmentation or caspase 3 and 7 activation under 

cisplatin and metformin treatment had the same levels, 

when compared to cisplatin alone (Figure 2B, 2C). 

While A549Res cells show lower MTT staining as 

compared to A549, Figure 2D shows that metformin 

and cisplatin do not change the viability levels with the 

same efficiency as seen in Figure 1C. Metformin also 

lowered the number of colonies in A549Res cells while 

no colonies were observed in A549Res cells after 

cisplatin treatment. However, the colonies formed after 

30 days in A549Res cells have the same cell 

morphology as observed in A549 cells (Supplementary 

Figure 1F). Inhibition of Jarid1b by its pharmacological 

inhibitor PBIT [30] chemosensitized A549Res to the 

combination of metformin and cisplatin as seen in the 

DNA fragmentation assay, while caspase 3/7 activity 

was not elevated indicating that PBIT may activate a 

cell death pathway other than apoptosis (Figure 2F, 

2G). To confirm that Jarid1b is related to 

chemoresistance in A549Res cells, a siRNA approach 

was employed. As expected, the siRNA to Jarid1b 

reduced its mRNA expression level (Figure 2H) and 

restored metformin-induced chemosensitization to 

cisplatin in the A549Res cells, as measured by DNA 

fragmentation (Figure 2I) and caspase 3 and 7 

activation assays (Figure 2J).  

 

Sub-lethal dose of cisplatin inhibits P53 accumulation 

in a Jarid1b-dependent manner 

 

As shown by other groups [31] and us, Jarid1b  

can inhibit P53 expression. Sub-lethal treatment with 

cisplatin inhibited P53 in A549Res cells at the  

mRNA and protein levels (Figure 3A, 3B). TP53 
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downregulation, in Figure 3A, remained low in A549Res 

cells in the same manner as Jarid1b expression remained 

high in Figure 2A. The western blot shows that 

metformin treatment increased P53 inhibition in 

A549Res cells. Jarid1b inhibition with PBIT blocked the 

metformin-induced downregulation of P53. To confirm if 

the increase of P53 is sufficient to sensitize the A549Res 

cells to the combination of cisplatin and metformin, we 

 

 
 

Figure 2. Treatment with sub-lethal dose of cisplatin leads to Jarid1b overexpression and chemoresistance in A549 cells.  
Sub-lethal treatment with cisplatin in A549 cells increases Jarid1b expression in a dose dependent manner and keeps overexpressed even 
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after 30 days post-treatment (A). A549Res cells become resistant to the combined treatment between metformin and cisplatin as no 
improvement in DNA fragmentation (B), caspase 3 and 7 activation (C) can be seen. Only through cell viability assay showed some difference 
in the metformin and cisplatin combination (p<0.001) (D). Metformin decreased the number of colonies in A549Res cells (p<0.05), and no 
colonies was observed upon cisplatin treatment (E). Inhibition of Jarid1b by the pharmacological inhibitor PBIT restores the ability of 
metformin to chemosensitize to cisplatin as measured by DNA fragmentation assay (p<0.01) (F), but caspase 3 and 7 activation was not 
observed (G). However, inhibition of Jarid1b by siRNA (p<0.01) (H) restores the ability of metformin to chemosensitize to cisplatin through 
DNA fragmentation (p<0.001) (I) and caspase 3 and 7 activation assay (p<0.001) (J). Jarid1b inhibition by siRNA, MTT assay, DNA 
fragmentation and caspase 3 and 7 activation assay data represent the mean of three independent experiments. A549 cells were pre-treated 
with 10µM of cisplatin for 72 h to generate A549Res cells. After pre-treatment, A549Res cells were treated with 10mM of metformin for 72 h 
and 25µM of cisplatin (with or without metformin) for another 72 h. 

 

 
 

Figure 3. Sub-lethal dose of cisplatin inhibits P53 accumulation in a Jarid1b-dependent manner. Sub-lethal dose of cisplatin in 

the A549 cells downregulates TP53 expression even after 30 days post-treatment (A). Western blot analysis shows that A549Res has lower 
expression of P53 compared to A549. Treatment with Jarid1b inhibitor PBIT avoid metformin-induced downregulation of P53 levels (B). 
Overexpression of TP53 using AdCMVp53 expressing virus (C) restores metformin-induced chemosensitization to cisplatin on A549Res as 
seen by DNA fragmentation (p<0.001) (D) and caspase 3 and 7 activation assay (p<0.01) (E), while treatment with pifithrin-µ protect from 
metformin and cisplatin combination in the DNA fragmentation (p<0.05) and caspase 3 and 7 activation assay (p<0.05) (D, E respectively). 
High expression of Jarid1b (p<0.05) (F) or low expression of TP53, despite p=0.059 (G) indicate poor prognosis for patients with lung 
adenocarcinoma. DNA fragmentation assay data represents the mean of three independent experiments and caspase 3 and 7 activation 
assay represents the mean of two independent experiments. 
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transduced a virus expressing TP53 in A549Res cells 

(Figure 3C). This higher level of TP53 was enough to 

increase cell death in A549Res cells, as inhibiting P53 

translocation to the mitochondria by pifithrin-µ protected 

from metformin-induced chemosensitization to cisplatin 

(Figure 3D, 3E). The same relation of high expression of 

Jarid1b (Figure 3F) or low expression of TP53, (despite p 

value, the curves clearly showed a difference between 

high and low expression of TP53 in survival probability) 

(Figure 3G), as seen in Figures 2A, 3A for the A549 

cells, leads to poor prognosis for patients. Also, KM Plot 

shows that high expression of Jarid1b indicates poor 

prognosis in stage 3 lung adenocarcinoma, while low 

expression indicates poor prognosis in stage 1 and 2 [32] 

(Supplementary Figure 3).  

Sub-lethal treatment with cisplatin enhances glycolysis 

in A549 cells 

 

Tumor metabolism is a potential target for 

chemosensitization. Jarid1b overexpressing cells have a 

mitochondrial-based metabolism in melanomas where 

the inhibition of the mitochondrial function successfully 

restores the sensitization to chemotherapy [18]. As 

metformin fails to inhibit the mitochondria and chemo-

sensitize the A549Res cells to cisplatin, we decided to 

analyze the metabolism of the A549Res cells. 

Surprisingly, the sub-lethal treatment with cisplatin in 

the A549Res cells increased the glycolytic metabolism, 

and not the OXPHOS metabolism, as expected due to 

Jarid1b overexpression. Figure 4A, 4B show that the 

 

 
 

Figure 4. Sub-lethal treatment with cisplatin enhances glycolysis in A549 cells. A549 cells were treated with sub-lethal dose of 
cisplatin and treated with Jarid1b siRNA and metformin. Representative graph of glycolytic cell metabolism of A549 cells analyzed using the 
Seahorse XFe96 Analyzer (A). A549Res cells increase the extracellular acidification rate (ECAR) after metformin treatment (p<0.05) or Jarid1b 
inhibition by siRNA (p<0.05) or in the combination on both (p<0.001) (B). Glucose consumption (p<0.001) (C) or lactate production (p<0.001) 
(D) is increased after sub-lethal treatment with cisplatin for the generation of the A549Res cells. Data represent the mean of four 
independent experiments. 
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extracellular acidification rate (ECAR) was increased in 

the A549Res cells upon metformin and/or inhibition of 

Jarid1b by siRNA. The increase in ECAR after Jarid1b 

inhibition shows the role of Jarid1b in promoting 

OXPHOS and that sub-lethal treatment with cisplatin 

impedes this function (Figure 4B). The glycolytic 

metabolism of the A549Res cells could be confirmed by 

two other parameters. Glucose consumption (Figure 4C) 

and lactate production (Figure 4D) were also increased 

upon sub-lethal treatment with cisplatin and Jarid1b 

inhibition by siRNA increased these parameters even 

more when cells were treated with metformin. Also, sub-

lethal treatment with cisplatin decreased the oxygen 

consumption rate (OCR) and the mitochondrial activity 

in A549Res cells (Supplementary Figure 4). 

Metformin does not chemosensitize H1299 and H358 

(P53 null) cells to cisplatin 

 

We analyzed whether the combination of cisplatin and 

metformin could sensitize another NSCLC cell line. We 

decided to use the human NSCLC cell line H1299 and 

H358 as these cells lack expression of P53 (Figure 5A). 

The results were the opposite as seen in the A549 cells, 

where P53 is present. In H1299 and H358, the 

combination of cisplatin and metformin did not increase 

cell death as no additional DNA fragmentation (Figure 

5B) or no caspase 3 and 7 activation (Figure 5C) was 

observed. Also, no decrease in cell viability was seen 

after combined cisplatin and metformin treatment 

(Figure 5D). As observed in A549, A549Res and HCC 

 

 
 

Figure 5. Metformin does not chemosensitize H1299 and H358 (P53 null) cells to cisplatin. The P53 null H1299 and H358 NSCLC 

cells (A) were not chemosensitized by combined treatment between cisplatin and metformin as it did not elevate DNA fragmentation (B), 
caspase 3 and 7 activation (C) or reduce cell viability as measured by MTT (D), when compared to either treatments alone. Metformin 
decreased the number of colonies and no colonies was observed after cisplatin treatment in H1299 and H358 cells (p<0.05 and p<0.001, 
respectively) (E). Combined treatment also did not decrease H1299 tumor growth (F) and weight in NOD/SCID mice (G). Data represent the 
mean of three independent experiments. Non-significance (n.s.). H1299 cells were treated with 2mM of metformin for 72 h and 12.5µM of 
cisplatin (with or without metformin) for another 72 h. H358 cells were treated with 20mM of metformin for 72 h and 20µM of cisplatin (with 
or without metformin) for another 72 h. 
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827 cells, metformin treatment decreased the ability  

of these cells to produce colonies and no colonies  

were observed when cisplatin was used as treatment 

(Figure 5E). To check if the H1299 cells could be 

chemosensitized to cisplatin by metformin in vivo, we 

used the same protocol previously applied to the A549 

cells (Figure 1E, 1F). As expected, metformin did not 

chemosensitize the H1299 cells to cisplatin in vivo as no 

difference in tumor volume (Figure 5F) and weight 

(Figure 5G) was observed, despite a correlation between 

cisplatin and increased necrotic area in these tumors 

(Supplementary Figure 2). Differently than observed in 

A549 or HCC 827 and H1299 and H358 cells, the 

human ovary cancer cell lines SK-OV-3 and A2780 did 

not respond to cisplatin and metformin combination, 

independently of P53 status (Supplementary Figure 5). 

 

FL3 sensitizes A549Res but not H1299 cells to 

cisplatin 

 

In an attempt to chemosensitize the A549Res cells to 

cisplatin, we used the synthetic flavagline FL3, as FL3 

has been shown to induce the death of oct-4 high-

expressing cells, like Jarid1b overexpressing cancer 

cells. We first analyzed if the sub-lethal treatment  

with cisplatin increase oct-4 levels in A549Res cells. 

Figure 6A shows that oct-4 expression was increased in 

A549Res cells. Cisplatin alone is enough to kill the 

 

 
 

Figure 6. FL3 sensitizes A549Res cells but not H1299 cells to cisplatin. Sub-lethal treatment with cisplatin increased Oct-3 expression 
in A549Res cells (p<0.05) (A). The synthetic flavagline FL3 sensitized A549Res cells to cisplatin as measured by DNA fragmentation (p<0.001) 
(B) and caspase 3 and 7 activation (p<0.001) (C), Treatment with 50nM of FL3 combined with cisplatin did not increase DNA fragmentation on 
H1299, but increased caspase 3 and 7 activation, when compared to cisplatin alone (p<0.001) (D, E, respectively). In A549 cells, Jarid1b 
expression is increased upon FL3 treatment (p<0.05) (F). However, P53 expression is also increased upon FL3 treatment (p<0.001) (G, H). P53 
inhibition by pifithrin-µ does not protects A549Res to cisplatin-induced cell death through DNA fragmentation assay but caspase 3 and 7 
activation is lowered (p<0.001) (I, J, respectively). Data represent the mean of three independent experiments. FL3 treatment was kept 
during all experiment for H1299 and A549Res cells. 
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A549Res cells after FL3 treatment in A549Res cells 

(Figure 6B, 6C) but is not enough to sensitize the 

H1299 cells (Figure 6D, 6E). In A549 cells, FL3 

treatment increased Jarid1b expression in a dose-

dependent manner (Figure 6F). However, FL3 treatment 

did not downregulate P53 and, instead, P53 levels were 

elevated, even though Jarid1b was overexpressed 

(Figure 6G, 6H). We asked if P53 localization in  

the mitochondria is necessary for FL3-induced chemo-

sensitization to cisplatin. Figure 6I, 6J shows that 

pifithrin-µ did not reduce DNA fragmentation, yet did 

decrease the apoptotic pathway in A549Res cells, raising 

the possibility that an alternative cell death pathway 

compensated for the decrease in caspase 3/7 activity. 

Interestingly, the chemosensitization seen with high dose 

of FL3 treatment was diminished in the presence of 

metformin (Supplementary Figure 6).  

 

DISCUSSION 
 

Non-small cell lung cancer is among the most lethal 

tumors and treatment frequently has a poor prognosis. A 

recent publication shows that metformin has no impact 

in platinum-based therapy for NSCLC [33]. Another 

publication shows that metformin enhances cisplatin-

induced sensitivity to radiotherapy in two wild type P53 

cell lines [34]. However, these two publications did not 

directly examine whether presence or not of P53 played 

a role in metformin-induced chemosensitization. Our 

work shows that the presence of P53 is necessary for the 

effectiveness of metformin-induced chemosensitization 

of cisplatin in NSCLC. 

 

In this manuscript, we show that P53 is necessary for 

metformin-induced chemosensitization to cisplatin in 

NSCLC cells. In the A549 and HCC 827 cells, both 

wild type for P53, the combination of metformin and 

cisplatin increased the levels of DNA fragmentation and 

apoptosis activation, resulting in higher cell death, when 

compared to cisplatin and metformin treatment alone 

(Figure 1). In the H1299 and H358 cells, both P53 null, 

(Figure 5) and in the A549Res (Figure 2), no 

chemosensitization was seen. Therefore, using short-

term treatment, as the doses used for cisplatin in all 

cells were too high to generate clones, P53 is necessary 

for metformin-induced chemosensitization to cisplatin 

in these cell lines. However, the same result was seen in 

the animal experiments for A549 and H1299 cells. We 

also show that Jarid1b overexpression is a cellular 

response to cisplatin, by downregulating P53 levels and 

protecting cells to the combined therapy. This in vitro 

and in vivo data is promising and warrants further 

investigation to work towards clinical studies. 

 

The histone demethylase Jarid1b drives tumor 

metabolism towards OXPHOS and is a potential target 

for cancer therapy. Jarid1b overexpression is associated 

with poor prognosis in NSCLC [35] as seen by TCGA 

dataset (Figure 3F). Kaplan-Meier curve showed that 

Jarid1b is associated with poor prognosis in Stage 3 

lung adenocarcinoma where the tumor is more resistant 

to treatment (Supplementary Figure 3C). In stage 1 and 

2, Jarid1b low expression is associated with poor 

prognosis population (Supplementary Figure 3A, 3B) 

probably because Jarid1b can induce a slow-cycling and 

a long-term tumor maintaining population [18], making 

the tumors in these stages less aggressive. Biguanides 

like metformin and phenformin can target Jarid1b 

overexpressing cells, as these drugs can target the 

mitochondria, enhancing the effect of BRAF V600E 

inhibitors [36]. However, differently than expected, 

metformin works as a chemosensitizing agent to 

cisplatin in the A549 cells and not in the A549Res cells, 

where Jarid1b is overexpressed.  

 
Roesch et al. showed that in melanomas, a biguanide 

like phenformin inhibited the mitochondria in Jarid1b 

overexpressing cells and restored the chemosensitivity 

of these cells [18]. In the A549 cells, metformin was not 

sufficient to restore the chemosensitivity of Jarid1b high 

expressing cells. The first reason could be because 

phenformin is a biguanide more powerful than 

metformin. However, phenformin increases lactic 

acidosis in patients, which can be potentially harmful. 

The second reason is because in the A549 cells, P53 is 

necessary for the ability of metformin to chemosensitize 

these cells to cisplatin. However, this mechanism still 

needs to be further explored as it seems to be tumor-

context dependent as both the A2780 (P53 WT) and 

SK-OV-3 (P53 null) ovary cancer cell line does not 

respond to the combination of metformin and cisplatin 

(Supplementary Figure 5). 

 

AMPK activation can phosphorylate and translocate 

P53 to the mitochondria and this translocation can be 

inhibited by pifithrin-µ [23, 37]. In a parallel study, 

metformin does not induce AMPK phosphorylation, 

using the same protocol used to generate the A549Res 

cells [38]. However, metformin treatment decreases 

mTOR activity in both A549 and A549Res cells, as 

expected. Thus, P53 translocate to the mitochondria in 

an AMPK-independent pathway in A549 cells. Figure 1 

shows that P53 co-localization on the mitochondria is 

important for the chemosensitization of A549 cells as 

the inhibition of P53 translocation to the mitochondria 

by pifithrin-µ protects A549 cells from metformin-

induced chemosensitization to cisplatin. It would be 

interesting to know whether TP53 harboring any 

mutation will respond to cisplatin and metformin 
combination in NSCLC. One hypothesis is that even if a 

mutated TP53 has lost its ability to transactivate target 

genes, it could chemosensitize NSCLC cells if the 
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mutated P53 still has the ability associate with the 

mitochondria. 

 

Tumor cell metabolism is a hallmark of cancer and is an 

important target for therapy. A subpopulation of tumor 

cells that uses oxidative phosphorylation as the main 

ATP source is resistant to chemotherapy and is generated 

by sub-lethal doses of many types of chemotherapy.  

One of these subpopulations has overexpression of  

the transcriptional coactivator peroxisome proliferator-

activated receptor gamma coactivator-1 alpha (PGC-

1alpha) which turns metabolism towards OXPHOS and 

protects cells from chemotherapy [39, 40] and is also 

overexpressed in A549Res cells (data not shown). To our 

surprise, sub-lethal treatment with cisplatin turns the 

metabolism towards glycolysis, even in the presence  

of Jarid1b. Jarid1b inhibition increases glycolysis  

after metformin treatment, showing that Jarid1b 

overexpression in A549Res cells still tries to hold the 

metabolism in the oxidative phosphorylation, but is 

overcome by the cisplatin treatment.  

 

A549Res cells are resistant to the combination of 

cisplatin and metformin, indicating that a change in 

metabolism (i.e., increase in glycolysis) is not enough to 

their chemosensitization. In A549 cells, metformin does 

not increase glycolysis and, yet metformin is able to 

chemosensitize to cisplatin. Hence, metformin is 

chemosensitizing the A549 cells to cisplatin not by 

modulating the metabolism, but, at least in part, by 

using P53 as a chemosensitizing agent. Also, the 

increase in glycolysis in cisplatin-treated cells could 

explain the increase in tumor volume of A549 cells 

injected in NOD/SCID mice (Figure 1E), where tumors 

from the cisplatin-treated group had the highest 

volumes and weights (Figure 1E, 1F).  

 

The rise of Jarid1b overexpressing cells upon cisplatin 

treatment seems to be transitory. Roesch et al. showed 

in melanoma model that the Jarid1b overexpressing 

cells lose Jarid1b expression spontaneously and become 

sensitive again to chemotherapy [18]. We observed that 

Jardi1b expression keeps high after 30 days of cisplatin 

treatment and the morphology of these cells changes to 

the non-resistant A549 morphology and cell starts to 

proliferate again (Supplementary Figure 1F). It seems 

that the cost of the resistance is the loss of proliferation 

in the A549 cells line. The genetic and/or epigenetic 

basis of this behavior still need to be understood. 

 

In a parallel study [38], applying a proteomic approach 

to analyze the very same cell population groups studied 

here, A549Res cells showed that metformin decreased 
the expression of Lactate Dehydrogenase B (LDHB) and 

Succinate-CoA Ligase GDP-Forming Subunit Beta 

(SUCLG2), which can convert lactate into pyruvate and 

catalyze the conversion of succinyl-CoA to succinate, 

respectively [41, 42], on A549 cells. Nevertheless, 

metformin was not able to increase the lactate 

production in this population. Interesting, metformin 

treatment in A549 cells could decrease fatty acid 

oxidation enzymes like Electron Transfer Flavoprotein 

Subunit Alpha (ETFA) and Enoyl-CoA Hydratase 1 

(ECH1), while increased the expression of Hydroxyacyl-

CoA Dehydrogenase Trifunctional Multienzyme 

Complex Subunit Alpha (HADHA) in A549Res cells 

(data not shown). A549 cells are highly dependent on 

fatty acid oxidation, such dependence increases upon 

cisplatin treatment as observed in A549Res cells 

(Supplementary Figure 4C). Taken together, fatty acid 

oxidation could be a potential target to sensitize A549 

cells to chemotherapy. Evidence in the literature showed 

that A549 cells in co-culture with differentiated 3T3-L1 

adipocytes or harvested with its conditioned media 

increased cell proliferation, migration, invasion and fatty 

acid metabolism [43].  

 

H1299 and H358 P53 null cells are resistant to the 

cisplatin and metformin combination (Figure 5). 

Despite H1299 cells being more sensitive to metformin 

and to cisplatin than the A549 cells (Supplementary 

Figure 7), and metformin decreased the number of 

colonies in vitro, metformin did not chemosensitize 

H1299 cells to cisplatin in vivo, as no difference in 

tumor growth and weight was seen using the same 

cisplatin and metformin dosage and the same treatment 

protocol as used in A549 cells, where the combination 

decreased tumor volume and weight (Figure 1E, 1F). 

This result shows that the lower dose of cisplatin and 

metformin used in vitro for the H1299 cells is not the 

reason that the combined treatment did not work for this 

cell line. 

 

One of the ways that cisplatin can induce cell death is 

by enhancing reactive oxygen species (ROS) production 

in the mitochondria. Even though cisplatin treatment 

does not turn the metabolism into OXPHOS in 

A549Res cells through Jardi1b and PGC-1alpha  

(data not shown) overexpression, cisplatin-induced 

chemoresistance could still increase ROS protection as 

a chemoresistance mechanism. ROS production that 

could lead to cell death in A549 cells is related to the 

cisplatin treatment during the generation of the resistant 

A549Res cells and not to Jarid1b overexpression. No 

increment in ROS production is seen when comparing 

metformin-treated cells between A549Res and A549Res 

under PBIT treatment. Furthermore, pifithrin-µ, which 

protects A549 cells by blocking P53 translocation to the 

mitochondria, does not modify ROS production after 
metformin treatment in any condition (Supplementary 

Figure 8). Also, Jarid1b inhibition by PBIT does not 

increase ROS levels in A549Res after cisplatin and 
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metformin combination (Supplementary Figure 8D). 

This evidence reinforces the idea that Jarid1b is 

protecting A549 cells through P53 downregulation and 

not by protecting them from ROS increase. Also, 

mitochondrial membrane potential and mitochondrial 

mass does not change under PBIT treatment (Sup-

plementary Figure 8B, 8C). 

 

In this work, we are showing that cisplatin treatment 

induces a chemoresistant subpopulation when the drug 

concentration is not strong enough to kill the tumor cells, 

that potentially will lead to treatment failure. It is urgent 

to find a way to block the rising of resistant cells after 

treatment. The stem cell behavior of Jarid1b 

overexpressing cells is related to the stem cell marker 

Oct4, as Jarid1b inhibition downregulates Oct4 [44]. The 

synthetic flavagline FL3 has been reported to selectively 

kill Oct4 overexpressing cells without affecting  

normal cells [25]. Therefore, FL3 could potentially kill 

cisplatin-induced chemoresistant cells in the tumor 

microenvironment, like Jarid1b overexpressing cells. 

FL3 was able to chemosensitize to cisplatin the A549Res 

cells but not H1299 cells (Figure 6), despite both cell 

lines expresses Oct4 [45]. Whether P53 is necessary or 

not for FL3 chemosensitization to cisplatin still need to 

be investigated. FL3 also prevent apoptosis in normal 

human skin cells, but not to malignant cells, through 

BAD activation [46] making it a good candidate for 

treatment where Jarid1b overexpressing subpopulation 

are present. This way, FL3 could be used in a treatment 

protocol, using cisplatin, where FL3 and metformin are 

not used at the same time as metformin protects from 

FL3-induced chemosensitization to cisplatin in A549Res 

cells when cells are treated with high doses of FL3 

(Supplementary Figure 6). 

 

MATERIALS AND METHODS 
 

Cell culture, reagents, and primers for RT-PCR 

 

A549, H1299 and HCC 827 NSCLC cells were 

purchased from Banco de Células do Rio de Janeiro. 

H358 cells were kindly provided by Dr. Daniela 

Basseres from Instituto de Química da USP. A549 cells 

were cultivated in Ham's F12 Nutrient Mixture media 

supplemented with 10% fetal bovine serum (FBS). 

H1299 NSCLC cells were cultivated in RPMI 1640 

media supplemented with 10% FBS. HCC 827 and H358 

were cultivated in RPMI 1640 media supplemented for 

4000 mg/mL of glucose and 1mM of sodium pyruvate 

and supplemented with 10% fetal bovine serum. All 

experiments were made between passages 5 and 20 for 

A549 cells, between passages 28 to 40 for H1299 cells, 

between passages 35 to 50 for H358 and between 

passages 12 to 30 for HCC 827. All human cell lines 

were authenticated using Short Tandem Repeat (STR) 

profiling and pro filed within the last three years. All 

experiments were performed with mycoplasma-free 

cells. Cisplatin (cat: P4394), Metformin (cat: PHR1084), 

Pifithrin-µ (cat: P0122), PBIT (cat: sml1058), Thiazolyl 

Blue Tetrazolium Bromide (MTT) (cat: M2128) and 

Hoechst 33258 (cat: 94403) were purchased from 

Sigma-Aldrich. siRNA for TP53 (cat: sc-29435) and 

Jarid1b (cat: sc-44522) were purchased from Santa Cruz 

Biotechnology. P53 antibody (cat: #9286) was 

purchased from Cell Signaling. Primers for Jarid1b 

(Forward: TGCTCCAGGTATCCCTTCCT Reverse: 

CCTCGGCAACAGTCATTCTTC); GAPDH (Forward: 

GGTGGTCTCCTCTGACTTCAACA Reverse: GGTG 

CTGTAGCCAAATTCGTTGT); TP53 (Forward: CGC 

TTCGAGATGTTCCGAGA Reverse: CTTCAGGTGG 

CTGGAGTGAG); Oct-4 (Forward: TCTCCCATGCAT 

TCAAACTGAG Reverse: CCTTTGTGTGTTCCCAAT 

TCCTTC), CellEvent Caspase-3/7 Green Detection 

Reagent (cat: C10423), Opti-MEM (cat: 22600050), 

Mitotracker Red CMXRos (cat: M7512) and Alexa 

Fluor 488 (cat: A-11001) were purchased from Thermo-

Scientific. 

 

Generation of A549 resistant cells (A549Res) and 

cell treatment 

 

A549 cells were treated with sub-lethal dose of cisplatin 

(10 µM for 72 h) to generate cisplatin resistant cells 

(A549Res). A549 or A549Res cells were treated with 

metformin (10 mM for 72 h), prior to high dose of 

cisplatin (25 µM) and/or metformin for another 72 h. 

PBIT (20 µM) was added before the sub-lethal 

treatment with cisplatin and pifithrin-µ (15 µM) was 

added before metformin treatment and both were kept 

during all the experiment. H1299 cells were treated with 

2 mM of metformin for 72 h and then, treated with 12.5 

µM of cisplatin, combined or not with metformin for 

another 72 h. H358 and HCC 827 cells were treated 

with 20 mM of metformin for 72 h and then treated with 

20 µM of cisplatin combined or not with metformin for 

another 72 h. 

 

Animal experiments 

 

Seven weeks-old male NOD/SCID mice were divided 

in groups of eight animals with four animals per cage. 

In each cage, animals were randomized in different 

experimental group. Two million and a half cells/animal 

for the A549 cells and one million cells/animal for  

the H1299 cells were injected in the subcutaneous of  

the animals. Treatment started when palpable but  

not measurable tumors were detected. Commercial 

metformin, (Merck, lot number BR78614) was 
administered daily (350 mg/kg) diluted in 100 µL of 

regular mineral water through oral gavage for 14 days, 

starting one day before cisplatin treatment (four doses 
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every 72 h, 2 mg/kg in PBS, intraperitoneally). All 

animals were sacrificed when the first tumor reached 1 

cm3, for ethical reasons. Tumor volume was measured 

through the following equation: V=d2*D*0.52 (V: 

volume, d: minor diameter and D: major diameter). 

 

siRNA for TP53 and Jarid1b 

 

One hundred thousand cells/well of A549 or HCC 827 

cells were plated on a 6 well plate. siRNA for Jarid1b 

(40 nM) or TP53 (20 nM) was transfected with 

oligofectamine (8 μL/well) for 6h using Opti-Mem in 

the absence of fetal bovine serum. Oligofectamine and 

the siRNA were incubated alone in Opti-Mem media for 

5 minutes alone and then were incubated together for 20 

minutes for the oligofectamine-siRNA complex 

formation. After three washes with PBS, the Opti-Mem 

media containing the oligofectamine-siRNA complex 

was added to the 6 well plate (600 µL/well). After 6 

hours, the Opti-Mem media containing the siRNA was 

replaced by the respective complete media. For a longer 

experiment using Jarid1b siRNA, a second inhibition 

was made after sub-lethal treatment with cisplatin. 

 

DNA fragmentation and caspase 3/7 assay 

 

Thirty thousand cells/well were plated on a 12 well 

plate. For the DNA fragmentation assay, cells were 

fixed in 70% ethanol for 2 h at room temperature, 

washed once with PBS and incubated in 200 μL of 

propidium iodide (PI) solution (0.1% Triton X-100, 200 

μg/ml of RNAse A and 20 μg/ml of PI) for 30 min at 

room temperature, protected from light. The 

hypodiploid content was used to estimate cells that were 

in cell death process. For Caspase 3 and 7 activation, 

cells were incubated with CellEvent Caspase-3/7 Green 

Detection Reagent (2 µM) in Ham's F12 Nutrient 

Mixture media with 10% FBS for the A549 cells or 

RPMI 1640 with 10% FBS for the H1299 cells at 37° C 

5% CO2 incubator for 1h, protected from light. Caspase 

3/7 positive cells was calculated through measurement 

of caspase 3/7 positive cells over caspase 3/7 positive 

and negative cells in flow cytometry. 

 

P53 adenoviral transduction 

 

The non-replicating, serotype 5 adenoviral vectors 

AdCMVp53 and AdPGLuc have been described 

previously [47]. Virus purification in a gradient of 

iodixanol and titration using the Adeno-Xtm Rapid 

Titer Kit (Clontech) followed the procedures described 

in these previous publications. One hundred thousand 

A549 cells were plated in a 6 well plate and treated with 
10 µM of cisplatin to generate A549Res cells. After 72 

h the A549Res cells were transduced with the 

adenoviral vectors, AdPGLuc or AdCMVp53, using a 

multiplicity of infection (MOI) of 3 in Ham's F12 

Nutrient Mixture culture medium with 2% fetal bovine 

serum. After 16 hours incubation at 37° C, cells were 

washed with PBS and cultivated in Ham’s F12 Nutrient 

Mixture medium containing 10% FBS. After 48 h, 

A549Res cells were treated accordingly to the protocol 

for chemosensitization to cisplatin by metformin. 

 

Protein extraction and western blot  

 

Cells were trypsinized and centrifuged at 370 g for 2 min. 

Cell pellet was resuspended in RIPA buffer with protease 

inhibitor cocktail (Sigma cat: S8830) and left to stand at 

4° C for 30 min. The homogenate was centrifuged at 4° C 

for 15 min at 13200 g and supernatant was collected. 

Protein content was measured with the BCA reagent kit 

(ThermoScientific cat: 23225). About 100 μg of proteins 

were separated on 10% polyacrylamide gel (0.375 M 

Tris, pH 8.8, 0.1% SDS, 10% acrylamide, 0.03% 

ammonium persulfate (APS), and 0.06% N,N,N′,N′- 

tetramethylethyilenediamine (TEMED)), and transfer-

red to a hydrophobic polyvinylidene difluoride (PVDF) 

membrane. The nonspecific sites of the membrane were 

blocked with 5% fat-free milk in 0.1% PBS-Tween for 

1 h at room temperature. PVDF membrane was incubated 

with the primary antibody overnight at 4° C. Membrane 

was washed three times with 5% fat-free milk in 0.1% 

PBS-Tween for 1 h at room temperature and the 

membrane was incubated with the secondary antibody for 

1 hour at room temperature. The samples were visualized 

with the chemiluminescent substrate ECL (GE 

Healthcare). 

 

Cell viability through MTT 

 

One two, or five thousand cells for the H1299, A549, 

A549Res cells, respectively, were plated on a 96 well 

plate. MTT solution (0.45 mg/mL final concentration) 

was added in culture media for 2 h in 37° C 5% CO2, 

protected from light. Cells were lysed in DMSO (150 

µL/well), homogenized and the absorbance was read in 

595 nm on a microplate reader. 

 

Clonogenic assay 

 

Cells were treated according to their respective 

protocol. After treatment, 300 cells were plated in a 6 

well plate and when colonies in the control group 

reached around 50 cells (7 days for H1299 cells; 9 days 

for A549, HCC 827 and H358 cells; 30 days for 

A549Res cells) cells were the washed with PBS and 

fixed with PBS/formaldehyde 4% for 15 minutes. Cells 

were washed again with PBS and incubated with crystal 
violet 0.1% for 10 minutes. After three washes with 

PBS, the plate was left for dry and then colonies were 

counted.  
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Fluorescence microscopy  

 

Ten thousand cells were plated onto a 24 well plate over 

a 30 mm coverslip where all treatments were made. For 

mitochondria labeling, Mitotracker Red CMXRos was 

diluted culture media (500 nM) and incubated at 37° C 

and 5% CO2 for 20 min. Cells were then fixed in 4% 

paraformaldehyde in PBS for 15 min and washed three 

times with PBS. 0.2% Triton X-100 in PBS was added 

for 5 min for cell permeabilization. Nonspecific sites 

were blocked in 5% PBS/BSA for 1 h. Primary antibody 

was incubated O.N. in 4° C. After three times washed in 

1% PBS/BSA, secondary antibody conjugated with 

Alexa Fluor 488 (4 μg/mL) and Hoechst 33258 (0.5 

mg/mL) were incubated for 1 h at room temperature in 

5% PBS/BSA. After incubation, coverslips were 

mounted in a slide and cells were observed in the 

EVOS© microscope.  

 

Glycolytic analysis, glucose consumption and lactate 

production 

 

After respective treatment, A549’s culture media was 

removed, and cells were washed with PBS. New Ham's 

F12 Nutrient Mixture media, supplemented with 10% of 

FBS, was added in a volume of 1 ml. Cells were 

incubated in a 37° C and 5% CO2 for 1h. 200µL of the 

fresh A549 culture media was transferred to a 96 well 

plate in triplicate and the plate was transferred to the 

YSI 2950 Biochemistry Analyzer for glucose 

consumption and lactate production measurement Over 

20000 cells of the remaining cells were plated in 

quintuplicate on the Seahorse XFe96 cell culture plate. 

Glycolysis Stress Test on the seahorse was made 

accordingly to user manual.  

 

TCGA data analysis 

 

The survival curve comparing high and low expression  

of Jarid1b and TP53 in lung adenocarcinoma was  

made in the Human Protein Atlas website 

(https://www.proteinatlas.org/), using the Cancer 

Genome Atlas (TCGA) RNA samples. All parameters 

were set to default. 

 

Statistical analysis 

 

All statistical analysis was made in the GraphPad Prism 

software v4.03, using one or two-way ANOVA and 

Bonferroni for Post Test. 

 

Ethical approval 

 
All procedures were in accordance with the guidelines 

of the Brazilian Council on Animal Care (COBEA) and 

approved by the Ethical Committee for Animal 

Research of School of Medicine (registry number: 

100/16), University of São Paulo and the National 

Technical Commission on Biosafety (CTNBio), process 

number: 98509/2015. 

 

Abbreviations 
 

A549Res: A549 cisplatin resistant cells; AMPK: 

AMP-activated protein kinase; CIS: Cisplatin; ECAR: 

Extracellular Acidification Rate; ECH1: Enoyl-CoA 

Hydratase 1; ETFA: Electron Transfer Flavoprotein 

Subunit Alpha; FBS: Fetal Bovine Serum; HADHA: 

Hydroxyacyl-CoA Dehydrogenase Trifunctional 

Multienzyme Complex Subunit Alpha; Jarid1b: Jumonji/ 

ARID1 H3K4 Histone Demethylase; LDHB: Lactate 

Dehydrogenase B; Met: Metformin; MOI: Multiplicity 

of Infection; NSCLC: Non-Small-Cell Lung Cancer; 

OCR: Oxygen Consumption Rate; Oct4: Octamer-

Binding Transcription Factor 4; OXPHOS: Oxidative 

Phosphorylation; PGC-1alpha: Peroxisome Proliferator-

Activated Receptor Gamma Coactivator-1 alpha; ROS: 

Reactive Oxygen Species; STR: Short Tandem Repeat; 

SUCLG2: Succinate-CoA Ligase GDP-Forming Subunit 

Beta; TCGA: The Cancer Genome Atlas. 

 

AUTHOR CONTRIBUTIONS 
 

Main Experiments and drafting article: T.C.T.J. 

Experimental procedures: R.E.T., M.S.J., J.S.M., S.O.B. 

Data analysis and interpretation: R.J.M.N., S.H. Critical 

review and discussion T.C.T.J., R.E.T., M.S.J., J.S.M., 

S.O.B., R.J.M.N., S.H., L.D., B.E.S., R.C. 

 

ACKNOWLEDGMENTS 
 

We thank Dr. Robert J. Gillies from H. Lee Moffitt 

Cancer Center and Research Institute, USA, for the 

experiments with the Seahorse XFe96 and the YSI 2950 

Biochemistry Analyzer, Dr. Kirill Afonin from the 

department of chemistry of the University of Charlotte 

for the experiments with siRNA and Dr. Marsha Rosner 

from the University of Chicago for the discussions 

about metformin in cancer treatment. 

 

CONFLICTS OF INTEREST 
 

The authors declare no conflicts of interest. 

 

FUNDING 
 

This work was provided by Fundação de Amparo à 

Pesquisa do Estado de S. Paulo - FAPESP (Grant# 

2015/26580-9; 2015/22814-5; 2019/08147-7), Conselho 

Nacional de Desenvolvimento Científico e Tecnológico 

- CNPq (Grant# 305700/2017-0) and UICC Yamagiwa-

Yoshida Memorial International Cancer Study Grant. 

https://www.proteinatlas.org/


 

www.aging-us.com 21928 AGING 

REFERENCES 
 
1. Yoon SM, Shaikh T, Hallman M. Therapeutic 

management options for stage III non-small cell lung 
cancer. World J Clin Oncol. 2017; 8:1–20. 

 https://doi.org/10.5306/wjco.v8.i1.1 PMID:28246582 

2. Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gümüş M, 
Mazières J, Hermes B, Çay Şenler F, Csőszi T, Fülöp A, 
Rodríguez-Cid J, Wilson J, Sugawara S, et al, and 
KEYNOTE-407 Investigators. Pembrolizumab plus 
Chemotherapy for Squamous Non-Small-Cell Lung 
Cancer. N Engl J Med. 2018; 379:2040–51. 

 https://doi.org/10.1056/NEJMoa1810865 
PMID:30280635 

3. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, 
Ready NE, Chow LQ, Vokes EE, Felip E, Holgado E, 
Barlesi F, Kohlhäufl M, Arrieta O, et al. Nivolumab 
versus Docetaxel in Advanced Nonsquamous Non-
Small-Cell Lung Cancer. N Engl J Med. 2015; 
373:1627–39. 

 https://doi.org/10.1056/NEJMoa1507643 
PMID:26412456 

4. Sanchez-Rangel E, Inzucchi SE. Metformin: clinical use 
in type 2 diabetes. Diabetologia. 2017; 60:1586–93. 

 https://doi.org/10.1007/s00125-017-4336-x 
PMID:28770321 

5. Zhou J, Massey S, Story D, Li L. Metformin: An Old Drug 
with New Applications. Int J Mol Sci. 2018; 19:2863. 

 https://doi.org/10.3390/ijms19102863 
PMID:30241400 

6. Currie CJ, Poole CD, Gale EA. The influence of glucose-
lowering therapies on cancer risk in type 2 diabetes. 
Diabetologia. 2009; 52:1766–77. 

 https://doi.org/10.1007/s00125-009-1440-6 
PMID:19572116 

7. Bishnu A, Sakpal A, Ghosh N, Choudhury P, Chaudhury 
K, Ray P. Long term treatment of metformin impedes 
development of chemoresistance by regulating cancer 
stem cell differentiation through taurine generation in 
ovarian cancer cells. Int J Biochem Cell Biol. 2019; 
107:116–27. 

 https://doi.org/10.1016/j.biocel.2018.12.016 
PMID:30593952 

8. Zhang C, Wang Y. Metformin attenuates cells stemness 
and epithelial-mesenchymal transition in colorectal 
cancer cells by inhibiting the Wnt3a/β-catenin 
pathway. Mol Med Rep. 2019; 19:1203–09. 

 https://doi.org/10.3892/mmr.2018.9765 
PMID:30569135 

9. Zhao Y, Gong C, Wang Z, Zhang J, Wang L, Zhang S, Cao 
J, Tao Z, Li T, Wang B, Hu X. A randomized phase II 
study of aromatase inhibitors plus metformin in  

pre-treated postmenopausal patients with hormone 
receptor positive metastatic breast cancer. Oncotarget. 
2017; 8:84224–36. 

 https://doi.org/10.18632/oncotarget.20478 
PMID:29137418 

10. Reni M, Dugnani E, Cereda S, Belli C, Balzano G, 
Nicoletti R, Liberati D, Pasquale V, Scavini M, Maggiora 
P, Sordi V, Lampasona V, Ceraulo D, et al. (Ir)relevance 
of Metformin Treatment in Patients with Metastatic 
Pancreatic Cancer: An Open-Label, Randomized Phase 
II Trial. Clin Cancer Res. 2016; 22:1076–85. 

 https://doi.org/10.1158/1078-0432.CCR-15-1722 
PMID:26459175 

11. El-Mir MY, Nogueira V, Fontaine E, Avéret N, Rigoulet 
M, Leverve X. Dimethylbiguanide inhibits cell 
respiration via an indirect effect targeted on the 
respiratory chain complex I. J Biol Chem. 2000; 
275:223–28. 

 https://doi.org/10.1074/jbc.275.1.223  
PMID:10617608 

12. Gwinn DM, Shackelford DB, Egan DF, Mihaylova MM, 
Mery A, Vasquez DS, Turk BE, Shaw RJ. AMPK 
phosphorylation of raptor mediates a metabolic 
checkpoint. Mol Cell. 2008; 30:214–26. 

 https://doi.org/10.1016/j.molcel.2008.03.003 
PMID:18439900 

13. Emami Riedmaier A, Fisel P, Nies AT, Schaeffeler E, 
Schwab M. Metformin and cancer: from the old 
medicine cabinet to pharmacological pitfalls and 
prospects. Trends Pharmacol Sci. 2013; 34:126–35. 

 https://doi.org/10.1016/j.tips.2012.11.005 
PMID:23277337 

14. Scotland S, Saland E, Skuli N, de Toni F, Boutzen H, 
Micklow E, Sénégas I, Peyraud R, Peyriga L, Théodoro F, 
Dumon E, Martineau Y, Danet-Desnoyers G, et al. 
Mitochondrial energetic and AKT status mediate 
metabolic effects and apoptosis of metformin in 
human leukemic cells. Leukemia. 2013; 27:2129–38. 

 https://doi.org/10.1038/leu.2013.107  
PMID:23568147 

15. Yamamoto S, Wu Z, Russnes HG, Takagi S, Peluffo G, 
Vaske C, Zhao X, Moen Vollan HK, Maruyama R, Ekram 
MB, Sun H, Kim JH, Carver K, et al. JARID1B is a luminal 
lineage-driving oncogene in breast cancer. Cancer Cell. 
2014; 25:762–77. 

 https://doi.org/10.1016/j.ccr.2014.04.024 
PMID:24937458 

16. Xiang Y, Zhu Z, Han G, Ye X, Xu B, Peng Z, Ma Y, Yu Y, 
Lin H, Chen AP, Chen CD. JARID1B is a histone H3 lysine 
4 demethylase up-regulated in prostate cancer. Proc 
Natl Acad Sci USA. 2007; 104:19226–31. 

 https://doi.org/10.1073/pnas.0700735104 
PMID:18048344 

https://doi.org/10.5306/wjco.v8.i1.1
https://pubmed.ncbi.nlm.nih.gov/28246582
https://doi.org/10.1056/NEJMoa1810865
https://pubmed.ncbi.nlm.nih.gov/30280635
https://doi.org/10.1056/NEJMoa1507643
https://pubmed.ncbi.nlm.nih.gov/26412456
https://doi.org/10.1007/s00125-017-4336-x
https://pubmed.ncbi.nlm.nih.gov/28770321
https://doi.org/10.3390/ijms19102863
https://pubmed.ncbi.nlm.nih.gov/30241400
https://doi.org/10.1007/s00125-009-1440-6
https://pubmed.ncbi.nlm.nih.gov/19572116
https://doi.org/10.1016/j.biocel.2018.12.016
https://pubmed.ncbi.nlm.nih.gov/30593952
https://doi.org/10.3892/mmr.2018.9765
https://pubmed.ncbi.nlm.nih.gov/30569135
https://doi.org/10.18632/oncotarget.20478
https://pubmed.ncbi.nlm.nih.gov/29137418
https://doi.org/10.1158/1078-0432.CCR-15-1722
https://pubmed.ncbi.nlm.nih.gov/26459175
https://doi.org/10.1074/jbc.275.1.223
https://pubmed.ncbi.nlm.nih.gov/10617608
https://doi.org/10.1016/j.molcel.2008.03.003
https://pubmed.ncbi.nlm.nih.gov/18439900
https://doi.org/10.1016/j.tips.2012.11.005
https://pubmed.ncbi.nlm.nih.gov/23277337
https://doi.org/10.1038/leu.2013.107
https://pubmed.ncbi.nlm.nih.gov/23568147
https://doi.org/10.1016/j.ccr.2014.04.024
https://pubmed.ncbi.nlm.nih.gov/24937458
https://doi.org/10.1073/pnas.0700735104
https://pubmed.ncbi.nlm.nih.gov/18048344


 

www.aging-us.com 21929 AGING 

17. Fang L, Zhao J, Wang D, Zhu L, Wang J, Jiang K. Jumonji 
AT-rich interactive domain 1B overexpression is 
associated with the development and progression of 
glioma. Int J Mol Med. 2016; 38:172–82. 

 https://doi.org/10.3892/ijmm.2016.2614 
PMID:27246838 

18. Roesch A, Vultur A, Bogeski I, Wang H, Zimmermann 
KM, Speicher D, Körbel C, Laschke MW, Gimotty PA, 
Philipp SE, Krause E, Pätzold S, Villanueva J, et al. 
Overcoming intrinsic multidrug resistance in 
melanoma by blocking the mitochondrial respiratory 
chain of slow-cycling JARID1B(high) cells. Cancer Cell. 
2013; 23:811–25. 

 https://doi.org/10.1016/j.ccr.2013.05.003 
PMID:23764003 

19. Dey BK, Stalker L, Schnerch A, Bhatia M, Taylor-
Papidimitriou J, Wynder C. The histone demethylase 
KDM5b/JARID1b plays a role in cell fate decisions by 
blocking terminal differentiation. Mol Cell Biol. 2008; 
28:5312–27. 

 https://doi.org/10.1128/MCB.00128-08 PMID:18591252 

20. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, 
Okimoto RA, Brannigan BW, Harris PL, Haserlat SM, 
Supko JG, Haluska FG, Louis DN, Christiani DC, 
Settleman J, Haber DA. Activating mutations in the 
epidermal growth factor receptor underlying 
responsiveness of non-small-cell lung cancer to 
gefitinib. N Engl J Med. 2004; 350:2129–39. 

 https://doi.org/10.1056/NEJMoa040938 
PMID:15118073 

21. Skaug V, Ryberg D, Kure EH, Arab MO, Stangeland L, 
Myking AO, Haugen A. p53 mutations in defined 
structural and functional domains are related to poor 
clinical outcome in non-small cell lung cancer patients. 
Clin Cancer Res. 2000; 6:1031–37. 

 PMID:10741731 

22. Brady CA, Jiang D, Mello SS, Johnson TM, Jarvis LA, 
Kozak MM, Kenzelmann Broz D, Basak S, Park EJ, 
McLaughlin ME, Karnezis AN, Attardi LD. Distinct  
p53 transcriptional programs dictate acute DNA-
damage responses and tumor suppression. Cell. 2011; 
145:571–83. 

 https://doi.org/10.1016/j.cell.2011.03.035 
PMID:21565614 

23. Nieminen AI, Eskelinen VM, Haikala HM, Tervonen TA, 
Yan Y, Partanen JI, Klefström J. Myc-induced AMPK-
phospho p53 pathway activates Bak to sensitize 
mitochondrial apoptosis. Proc Natl Acad Sci USA. 2013; 
110:E1839–48. 

 https://doi.org/10.1073/pnas.1208530110 
PMID:23589839 

24. Thuaud F, Bernard Y, Türkeri G, Dirr R, Aubert G, 
Cresteil T, Baguet A, Tomasetto C, Svitkin Y, Sonenberg 

N, Nebigil CG, Désaubry L. Synthetic analogue of 
rocaglaol displays a potent and selective cytotoxicity in 
cancer cells: involvement of apoptosis inducing factor 
and caspase-12. J Med Chem. 2009; 52:5176–87. 

 https://doi.org/10.1021/jm900365v  
PMID:19655762 

25. Emhemmed F, Ali Azouaou S, Thuaud F, Schini-Kerth V, 
Désaubry L, Muller CD, Fuhrmann G. Selective 
anticancer effects of a synthetic flavagline on human 
Oct4-expressing cancer stem-like cells via a p38 MAPK-
dependent caspase-3-dependent pathway. Biochem 
Pharmacol. 2014; 89:185–96. 

 https://doi.org/10.1016/j.bcp.2014.02.020 
PMID:24607276 

26. Polier G, Neumann J, Thuaud F, Ribeiro N, Gelhaus C, 
Schmidt H, Giaisi M, Köhler R, Müller WW, Proksch P, 
Leippe M, Janssen O, Désaubry L, et al. The natural 
anticancer compounds rocaglamides inhibit the Raf-
MEK-ERK pathway by targeting prohibitin 1 and 2. 
Chem Biol. 2012; 19:1093–104. 

 https://doi.org/10.1016/j.chembiol.2012.07.012 
PMID:22999878 

27. Chiu GS, Maj MA, Rizvi S, Dantzer R, Vichaya EG, 
Laumet G, Kavelaars A, Heijnen CJ. Pifithrin-μ Prevents 
Cisplatin-Induced Chemobrain by Preserving Neuronal 
Mitochondrial Function. Cancer Res. 2017; 77:742–52. 

 https://doi.org/10.1158/0008-5472.CAN-16-1817 
PMID:27879267 

28. Yu L, Fan Z, Fang S, Yang J, Gao T, Simões BM, Eyre R, 
Guo W, Clarke RB. Cisplatin selects for stem-like cells in 
osteosarcoma by activating Notch signaling. 
Oncotarget. 2016; 7:33055–68. 

 https://doi.org/10.18632/oncotarget.8849 
PMID:27102300 

29. Sun NK, Huang SL, Chang TC, Chao CC. TLR4 and NFκB 
signaling is critical for taxol resistance in ovarian 
carcinoma cells. J Cell Physiol. 2018; 233:2489–501. 

 https://doi.org/10.1002/jcp.26125  
PMID:28771725 

30. Sayegh J, Cao J, Zou MR, Morales A, Blair LP, Norcia M, 
Hoyer D, Tackett AJ, Merkel JS, Yan Q. Identification of 
small molecule inhibitors of Jumonji AT-rich interactive 
domain 1B (JARID1B) histone demethylase by a 
sensitive high throughput screen. J Biol Chem. 2013; 
288:9408–17. 

 https://doi.org/10.1074/jbc.M112.419861 
PMID:23408432 

31. Shen X, Zhuang Z, Zhang Y, Chen Z, Shen L, Pu W, Chen 
L, Xu Z. JARID1B modulates lung cancer cell 
proliferation and invasion by regulating p53 
expression. Tumour Biol. 2015; 36:7133–42. 

 https://doi.org/10.1007/s13277-015-3418-y 
PMID:25877751 

https://doi.org/10.3892/ijmm.2016.2614
https://pubmed.ncbi.nlm.nih.gov/27246838
https://doi.org/10.1016/j.ccr.2013.05.003
https://pubmed.ncbi.nlm.nih.gov/23764003
https://doi.org/10.1128/MCB.00128-08
https://pubmed.ncbi.nlm.nih.gov/18591252
https://doi.org/10.1056/NEJMoa040938
https://pubmed.ncbi.nlm.nih.gov/15118073
https://pubmed.ncbi.nlm.nih.gov/10741731
https://doi.org/10.1016/j.cell.2011.03.035
https://pubmed.ncbi.nlm.nih.gov/21565614
https://doi.org/10.1073/pnas.1208530110
https://pubmed.ncbi.nlm.nih.gov/23589839
https://doi.org/10.1021/jm900365v
https://pubmed.ncbi.nlm.nih.gov/19655762
https://doi.org/10.1016/j.bcp.2014.02.020
https://pubmed.ncbi.nlm.nih.gov/24607276
https://doi.org/10.1016/j.chembiol.2012.07.012
https://pubmed.ncbi.nlm.nih.gov/22999878
https://doi.org/10.1158/0008-5472.CAN-16-1817
https://pubmed.ncbi.nlm.nih.gov/27879267
https://doi.org/10.18632/oncotarget.8849
https://pubmed.ncbi.nlm.nih.gov/27102300
https://doi.org/10.1002/jcp.26125
https://pubmed.ncbi.nlm.nih.gov/28771725
https://doi.org/10.1074/jbc.M112.419861
https://pubmed.ncbi.nlm.nih.gov/23408432
https://doi.org/10.1007/s13277-015-3418-y
https://pubmed.ncbi.nlm.nih.gov/25877751


 

www.aging-us.com 21930 AGING 

32. Győrffy B, Surowiak P, Budczies J, Lánczky A. Online 
survival analysis software to assess the prognostic 
value of biomarkers using transcriptomic data in non-
small-cell lung cancer. PLoS One. 2013; 8:e82241. 

 https://doi.org/10.1371/journal.pone.0082241 
PMID:24367507 

33. Wen-Xiu X, Xiao-Wei Z, Hai-Ying D, Ying-Hui T, Si-Si K, 
Xiao-Fang Z, Huang P. Impact of metformin use on 
survival outcomes in non-small cell lung cancer treated 
with platinum. Medicine (Baltimore). 2018; 97:e13652. 

 https://doi.org/10.1097/MD.0000000000013652 
PMID:30572481 

34. Riaz MA, Sak A, Erol YB, Groneberg M, Thomale J, 
Stuschke M. Metformin enhances the radiosensitizing 
effect of cisplatin in non-small cell lung cancer cell lines 
with different cisplatin sensitivities. Sci Rep. 2019; 
9:1282. 

 https://doi.org/10.1038/s41598-018-38004-5 
PMID:30718758 

35. Kuo KT, Huang WC, Bamodu OA, Lee WH, Wang CH, 
Hsiao M, Wang LS, Yeh CT. Histone demethylase 
JARID1B/KDM5B promotes aggressiveness of non-
small cell lung cancer and serves as a good prognostic 
predictor. Clin Epigenetics. 2018; 10:107. 

 https://doi.org/10.1186/s13148-018-0533-9 
PMID:30092824 

36. Yuan P, Ito K, Perez-Lorenzo R, Del Guzzo C, Lee JH, 
Shen CH, Bosenberg MW, McMahon M, Cantley LC, 
Zheng B. Phenformin enhances the therapeutic benefit 
of BRAF(V600E) inhibition in melanoma. Proc Natl Acad 
Sci USA. 2013; 110:18226–31. 

 https://doi.org/10.1073/pnas.1317577110 
PMID:24145418 

37. Zhuang Y, Berens-Norman HM, Leser JS, Clarke P, Tyler 
KL. Mitochondrial p53 Contributes to Reovirus-Induced 
Neuronal Apoptosis and Central Nervous System Injury 
in a Mouse Model of Viral Encephalitis. J Virol. 2016; 
90:7684–91. 

 https://doi.org/10.1128/JVI.00583-16 PMID:27307572 

38. Morelli AP, Tortelli TC Jr, Pavan IC, Silva FR, Granato 
DC, Peruca GF, Pauletti BA, Domingues RR, Bezerra 
RM, De Moura LP, Paes Leme AF, Chammas R, 
Simabuco FM. Metformin impairs cisplatin resistance 
effects in A549 lung cancer cells through mTOR 
signaling and other metabolic pathways. Int J Oncol. 
2021; 58:28. 

 https://doi.org/10.3892/ijo.2021.5208 PMID:33846781 

39. Cruz-Bermúdez A, Laza-Briviesca R, Vicente-Blanco RJ, 
García-Grande A, Coronado MJ, Laine-Menéndez S, 
Palacios-Zambrano S, Moreno-Villa MR, Ruiz-
Valdepeñas AM, Lendinez C, Romero A, Franco F, Calvo 
V, et al. Cisplatin resistance involves a metabolic 
reprogramming through ROS and PGC-1α in NSCLC 

which can be overcome by OXPHOS inhibition. Free 
Radic Biol Med. 2019; 135:167–81. 

 https://doi.org/10.1016/j.freeradbiomed.2019.03.009 
PMID:30880247 

40. Vazquez F, Lim JH, Chim H, Bhalla K, Girnun G, Pierce K, 
Clish CB, Granter SR, Widlund HR, Spiegelman BM, 
Puigserver P. PGC1α expression defines a subset of 
human melanoma tumors with increased 
mitochondrial capacity and resistance to oxidative 
stress. Cancer Cell. 2013; 23:287–301. 

 https://doi.org/10.1016/j.ccr.2012.11.020 
PMID:23416000 

41. Urbańska K, Orzechowski A. Unappreciated Role of 
LDHA and LDHB to Control Apoptosis and Autophagy in 
Tumor Cells. Int J Mol Sci. 2019; 20:2085. 

 https://doi.org/10.3390/ijms20092085 
PMID:31035592 

42. Chinopoulos C, Batzios S, van den Heuvel LP, 
Rodenburg R, Smeets R, Waterham HR, Turkenburg M, 
Ruiter JP, Wanders RJ, Doczi J, Horvath G, Dobolyi A, 
Vargiami E, et al. Mutated SUCLG1 causes 
mislocalization of SUCLG2 protein, morphological 
alterations of mitochondria and an early-onset severe 
neurometabolic disorder. Mol Genet Metab. 2019; 
126:43–52. 

 https://doi.org/10.1016/j.ymgme.2018.11.009 
PMID:30470562 

43. Li FF, Zhang H, Li JJ, Cao YN, Dong X, Gao C. Interaction 
with adipocytes induces lung adenocarcinoma A549 
cell migration and tumor growth. Mol Med Rep. 2018; 
18:1973–80. 

 https://doi.org/10.3892/mmr.2018.9226 
PMID:29956800 

44. Lin CS, Lin YC, Adebayo BO, Wu A, Chen JH, Peng YJ, 
Cheng MF, Lee WH, Hsiao M, Chao TY, Yeh CT. 
Silencing JARID1B suppresses oncogenicity, stemness 
and increases radiation sensitivity in human oral 
carcinoma. Cancer Lett. 2015; 368:36–45. 

 https://doi.org/10.1016/j.canlet.2015.07.003 
PMID:26184998 

45. Leung EL, Fiscus RR, Tung JW, Tin VP, Cheng LC, Sihoe 
AD, Fink LM, Ma Y, Wong MP. Non-small cell lung 
cancer cells expressing CD44 are enriched for stem 
cell-like properties. PLoS One. 2010; 5:e14062. 

 https://doi.org/10.1371/journal.pone.0014062 
PMID:21124918 

46. Emhemmed F, Azouaou SA, Hassan S, Lefevbre R, 
Désaubry L, Muller CD, Fuhrmann G. The synthetic 
flavagline FL3 spares normal human skin cells from its 
cytotoxic effect via an activation of Bad. Toxicol In 
Vitro. 2019; 60:27–35. 

 https://doi.org/10.1016/j.tiv.2019.04.025 
PMID:31028861 

https://doi.org/10.1371/journal.pone.0082241
https://pubmed.ncbi.nlm.nih.gov/24367507
https://doi.org/10.1097/MD.0000000000013652
https://pubmed.ncbi.nlm.nih.gov/30572481
https://doi.org/10.1038/s41598-018-38004-5
https://pubmed.ncbi.nlm.nih.gov/30718758
https://doi.org/10.1186/s13148-018-0533-9
https://pubmed.ncbi.nlm.nih.gov/30092824
https://doi.org/10.1073/pnas.1317577110
https://pubmed.ncbi.nlm.nih.gov/24145418
https://doi.org/10.1128/JVI.00583-16
https://pubmed.ncbi.nlm.nih.gov/27307572
https://doi.org/10.3892/ijo.2021.5208
https://pubmed.ncbi.nlm.nih.gov/33846781
https://doi.org/10.1016/j.freeradbiomed.2019.03.009
https://pubmed.ncbi.nlm.nih.gov/30880247
https://doi.org/10.1016/j.ccr.2012.11.020
https://pubmed.ncbi.nlm.nih.gov/23416000
https://doi.org/10.3390/ijms20092085
https://pubmed.ncbi.nlm.nih.gov/31035592
https://doi.org/10.1016/j.ymgme.2018.11.009
https://pubmed.ncbi.nlm.nih.gov/30470562
https://doi.org/10.3892/mmr.2018.9226
https://pubmed.ncbi.nlm.nih.gov/29956800
https://doi.org/10.1016/j.canlet.2015.07.003
https://pubmed.ncbi.nlm.nih.gov/26184998
https://doi.org/10.1371/journal.pone.0014062
https://pubmed.ncbi.nlm.nih.gov/21124918
https://doi.org/10.1016/j.tiv.2019.04.025
https://pubmed.ncbi.nlm.nih.gov/31028861


 

www.aging-us.com 21931 AGING 

47. Tamura RE, da Silva Soares RB, Costanzi-Strauss E, 
Strauss BE. Autoregulated expression of p53 from an 
adenoviral vector confers superior tumor inhibition in 
a model of prostate carcinoma gene therapy. Cancer 
Biol Ther. 2016; 17:1221–30. 

 https://doi.org/10.1080/15384047.2016.1235655 
PMID:27646031 

  

https://doi.org/10.1080/15384047.2016.1235655
https://pubmed.ncbi.nlm.nih.gov/27646031


 

www.aging-us.com 21932 AGING 

SUPPLEMENTARY MATERIALS  
 

Supplementary Methods 

 
Clonogenic assay  

 

Cells were treated according to their respective protocol. 

After treatment, 300 cells were plated in a 6 well plate 

and when colonies in the control group reached around 

50 cells (7 days for H1299 cells; 9 days for A549,  

HCC 827 and H358 cells; 30 days for A549Res cells) 

cells were the washed with PBS and fixed with 

PBS/formaldehyde 4% for 15 minutes. Cells were 

washed again with PBS and incubated with crystal violet 

0.1% for 10 minutes. After three washes with PBS, the 

plate was left for dry and then colonies were counted. 

 

Oxygen consumption rate and fatty acid dependence 

analysis on seahorse XFe96  

 

Twenty thousand cells were plated in quintuplicate for 

each experimental condition on Seahorse XFe96 Cell 

Culture Microplates one day before the experiment. 

Seahorse XF Cell Mito Stress Test and dependency test 

of Seahorse XF Mito Fuel Flex Test were done 

according to user manual.  

 

Detection of superoxide anions by MitoSOX and 

measurement of the mitochondrial membrane 

potential (Δψm) and mitochondrial mass  

 

The fluorescent probes were purchased from Thermo 

Fisher, Waltham, MA USA. At the end of the 

experimental treatments, cells were loaded with 3 μM of 

MitoSOX for 30 min at 37° C in HBSS solution 

(Gibco). In order to analyze the mitochondrial potential 

and mitochondrial mass, cells were incubated with 

TMRE (100 nM) for 20 min at 37° C and with 

Mitotracker green (150 nM) for 30 min at 37° C in 

HBSS, respectively. The evaluation of these three 

probes was performed by flow cytometry. For 

cytometry experiments the cells were counted and 

normalized before the probe incubation and analyzed 

using the geometric mean of the median fluorescence 

intensity with FlowJo software (Tree Star Inc., Ashland, 

OR, USA). 

 

Cell culture and reagents  

 

A2780 human ovary carcinoma cells were purchased 

from Banco de Células do Rio de Janeiro and SK-OV-3 

human ovary carcinoma cells were kindly provided by 

Dr. Érico Tosoni Costa from Hospital Sírio-Libanês. All 

human cell lines were authenticated using Short Tan-

dem Repeat (STR) profiling and pro filed within the last 

three years. All experiments were performed with 

mycoplasma-free cells. A2780 were cultivated in 

RPMI-1640 medium containing 4500 mg/L of glucose 

and supplemented with 10% FBS. SK-OV-3 human 

ovary adenocarcinoma cells were cultivated in McCoy's 

5a Medium Modified media and supplemented with 

10% FBS. All experiments were made from passage  

6 to 17 for A2780 cells and from passage 16 to 25 for  

SK-OV-3 cells. Cisplatin (cat: P4394) and Metformin 

(cat: PHR1084), were purchased from Sigma-Aldrich. 

P53 antibody (cat: #9286) was purchased from Cell 

Signaling. 

 

Treatment with cisplatin and metformin on the SK-

OV-3 and A2780 cells 

 

Forty thousand SK-OV-3 cells (human ovary 

adenocarcinoma cell line) were plated on a 12 well 

plate and treated with 20 mM of metformin for 72 h 

prior to the treatment with cisplatin (4 μM), combined 

or not with metformin, for another 72 h. Five thousand 

A2780 cells (human ovary carcinoma cell line) were 

plated in a 12 well plate and treated with 5 mM of 

metformin for 72 h prior to the treatment with cisplatin 

(2.5 μM), combined or not with metformin, for another 

72 h. 

 

Kaplan-Meier plotter of lung adenocarcinoma and 

expression of Jarid1b in different types of tumors 

 

Overview expression of Jarid1b in different tumors  

was done in The Human Protein Atlas website 

(https://www.proteinatlas.org/), using the The Cancer 

Genome Atlas (TCGA) RNA samples. All parameters 

were set to default. Kaplan-Meier plots for the analysis 

of stages 1, 2 and 3 of lung adenocarcinoma were 

created at the http://kmplot.com/analysis/index.php? 

p=service&cancer=lung website. All parameters were 

set to default, using all available cohorts. Green JetSet 

color was chosen for the best probe set for KDM5B 

(Jarid1b) gene. 

 

  

https://www.proteinatlas.org/
http://kmplot.com/analysis/index.php?p=service&cancer=lung
http://kmplot.com/analysis/index.php?p=service&cancer=lung
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Supplementary Figures 
 

 

 
 

Supplementary Figure 1. Clonogenic assay in A549, H1299, HCC 827, H358 and A549Res cells. Cells were treated as described in 

methods section. After treatment, cells were detached from plate and 300 cells were plated in 6 well plate in triplicate. Colonies were then 
counted for A549 cells (A), H1299 cells (B), HCC 827 cells (C), H358 (D) and A549Res (E). In (F) a picture was taken to document the difference 
in morphology of the A549Res cells after 30 days when compared to A549 cells. Picture was taken from a Control group well in A549Res 
plate. All plates are representative of three independent experiments. 
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Supplementary Figure 2. Necrotic area in A549 and H1299 tumors injected in NOD/SCID mice. Histological section of A549 or 
H1299 derived tumors, stained with hematoxylin and eosin, after metformin, cisplatin and the combination of metformin and cisplatin 
treatment in NOD/SCID mice (A). Quantification of the necrotic area shows that in A549 derived-tumors, cisplatin does not increase the 
necrotic area (B). However, in H1299 derived-tumors, cisplatin increases the necrotic area when used alone in NOD/SCID mice and metformin 
decreases the necrotic area when combined with cisplatin (C). 
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Supplementary Figure 3. Kaplan-Meier plotter of Jarid1b expression in lung adenocarcinoma. Jarid1b is highly expressed among 
different types of cancer (A). The Kaplan-Meier plotter shows that overexpression of Jarid1b in Lung Adenocarcinoma leads to a good 
prognosis in Stage 1 (p<0,001) (B), Stage 2 (p<0.05) (C) and has a tendency of poor prognosis in Stage 3 (p=0.18) due to the small number of 
patients (D). 
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Supplementary Figure 4. Oxygen consumption rate (OCR) and fatty acid dependency in A549 cells. OCR in A549 cells or in 
A549Res cells were analyzed using the Seahorse XFe96. Cells were treated with metformin under Jarid1b inhibition by siRNA. Representative 
graph of four independent experiments from the measurement in A549 cells (A). Quantification of OCR in A549 and A549Res cells indicates 
that in the A549Res cells (when compared to the A549 Ctl group), OCR is decreased and metformin treatment and/or Jarid1b inhibition by 
siRNA did not increase its level (p<0.001) (B). A549 cells are highly dependent on fatty acid metabolism and this dependency increases after 
cisplatin treatment (p<0.001) (C). Sub-lethal treatment with cisplatin, metformin treatment and Jarid1b inhibition by siRNA was made 
according to materials and methods. OCR data represent the mean of four independent experiments and fatty acid dependence data 
represent the mean of three independent experiments. 
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Supplementary Figure 5. Combination of metformin and cisplatin treatment in human ovarian carcinoma cells. Western blot 
showed that P53 is expressed in A2780 cells but not in SK-OV-3 cells (A). Combination of metformin and cisplatin treatment does not increase 
cell death, measured by hypodiploid cells and Caspase 3 and 7 activation in A2780 cells (B, C, respectively) and did not increased cell death by 
hypodiploid cells analysis in SK-OV-3 cells (D) but increased caspase 3 and 7 activation (p<0.05) (E). DNA fragmentation and Caspase 3 and 7 
activation assays were performed according to materials and methods. Data represent the mean of three independent experiments. SK-OV-3 
cells were treated with 20 mM of metformin for 72 h prior to the treatment with cisplatin (4 μM), combined or not with metformin, for 
another 72 h. A2780 cells were treated with 5 mM of metformin for 72 h prior to the treatment with cisplatin (2.5 μM), combined or not with 
metformin, for another 72 h. 
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Supplementary Figure 6. FL3 protect A549Res cells to metformin and cisplatin combination. A549Res cells were treated with 
10nM or 50nM of FL3 and then treated with the combination of metformin and cisplatin. Treatment with 10nM of FL3 protected the 
A549Res cells from cisplatin and metformin combination as seen by decreased DNA fragmentation (p<0.05) but did not change caspase 3 and 
7 activation (A, B, respectively). When cells were treated with 50nM of FL3, the combination of cisplatin and metformin treatment decreased 
DNA fragmentation (p<0.001) and caspase 3 and 7 activation (p<0.001), when compared to cisplatin treatment alone, protecting A549Res 
cells (C, D, respectively). Sub-lethal treatment with cisplatin for generation of A549Res cells, treatment with FL3, cisplatin and metformin 
were made according to materials and methods. Data represent the mean of three independent experiments. 
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Supplementary Figure 7. Dose-response curves in A549 and H1299 cells for metformin, cisplatin and FL3. A549 and H1299 cells 

have different sensitivity to metformin and cisplatin. Cell viability for metformin treatment indicated that A549 cells are more resistant than 
H1299 cells (A, B). A549 cells were more resistant to cisplatin than H1299 cells (C, D). The smallest dose of FL3 before the induction of cell 
death (10nM), and a dose 5x higher (50 nM), was determined using the H1299 cells (E), and these concentrations were applied in the A549 
cells. FL3, MTT and DNA fragmentation assay was made according to materials and methods. P value (*) or (**) is related to control (Ctl) 
group. 
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Supplementary Figure 8. Mitosox, TMRE and mitogreen analyses In A549 cells. Mitochondrial function was analyzed in A549 cells 

and in A549Res cells. Reactive oxygen species (ROS) increase was related to the sub-lethal treatment with cisplatin (p<0.001). PBIT treatment 
increased ROS levels, when compared to A549Res cells (p<0.001) but PBIT did not change ROS levels when cells were treated with 
metformin, even in the presence of pifithrin-μ (A). Mitochondrial membrane potential (p<0.001) and mitochondrial mass (P<0.001) increase 
was also related to the sub-lethal treatment with cisplatin and not to metformin treatment or by Jarid1b (B, C). Combined treatment with 
cisplatin and metformin increased ROS levels in A549Res cells (p<0.05) only when compared to cisplatin treatment alone, and PBIT treatment 
did no change ROS levels when compared to A549Res cells. (D). Sub-lethal treatment with cisplatin, combined treatment with cisplatin and 
metformin and Jarid1b inhibition by PBIT was made according to materials and methods. Non-significance (n.s.). Data represent the mean of 
three independent experiments. 


