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Abstract 

Omega-3 polyunsaturated fatty acids (ω3-PUFAs), including docosahexaenoic acid (DHA), have been shown to 

exert anticancer effects by inducing apoptotic cell death. However, the mechanism for DHA-induced cell death 

in lung cancer is not fully understood. Here, we show that DHA induces apoptosis in two human EGFR mutant 

non-small cell lung cancer (NSCLC) cell lines, and that DHA-induced cell death is accompanied by SIRT6 

activation and attenuated Hedgehog (Hh) signaling. Knockdown of SIRT6 using siRNAs inhibited DHA-induced 

apoptosis, whereas SIRT6 overexpression increased apoptotic cell death. DHA-induced SIRT6 activation was 

associated with downregulation of Hh signaling, and knockdown of SIRT6 resulted in augmentation of Hh 

signaling. Pretreatment of NSCLC cells with a Smoothened agonist prevented DHA-induced decreases in the 

levels of Hh signaling proteins and increases in cleaved PARP levels. Moreover, endogenous production of ω3-

PUFAs in PC9 cells via fat-1 expression resulted in elevated SIRT6 levels and reduced levels of Hh signaling 

molecules, including Gli, following DHA treatment. Overall, these results implicate that ω3-PUFAs induce 

apoptosis by downregulating Hh signaling via SIRT6 activation in human EGFR mutant NSCLC cells. These 

findings suggest that ω3-PUFAs potentially represent an effective therapy for the chemoprevention and treatment 

of NSCLC. 
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1. Introduction 

Sirtuin 6 (SIRT6) is one of seven members of the sirtuin family[1], which consists of mammalian homologs of 

the yeast (Saccharomyces cerevisiae) protein silent information regulator-2[2]. SIRT6 is localized in the nucleus[1] 

and has two types of enzymatic activities: mono-adenosine diphosphate ribosyltransferase[3] and deacetylase[4] 

activities, both of which are dependent on nicotinamide adenine dinucleotide[5]. SIRT6 regulates various cellular 

processes, including telomere maintenance, repair of damaged DNA, aging, immunity, and glucose homeostasis, 

and is important in cancer[3, 6-9]. SIRT6 deficiency in mice leads to developmental and metabolic abnormalities 

as well as a shorter lifespan, whereas SIRT6 activation is associated with a longer lifespan[8]. However, several 

studies have shown that SIRT6 activation can also cause cell death; for example, SIRT6 acts as a tumor suppressor 

in immortalized mouse embryonic fibroblasts by modulating aerobic glycolysis[10], and SIRT6 overexpression 

enhances apoptosis via activation of both p53 and p73 in multiple cancer cell lines[11]. 

SIRT6 regulates the Hedgehog (Hh) signaling pathway[5], which plays a crucial role in controlling stem cell 

maintenance[12], cell differentiation, cell proliferation[13], and tissue polarity[14] in vertebrate embryonic 

development. Alteration of Hh signaling promotes tumorigenesis in advanced basal cell carcinoma and 

medulloblastoma[15, 16]. Moreover, Hh signaling is activated in various cancers, including lung, breast, brain, 

and prostate cancer[17]. In the absence of Hh ligands (Sonic Hh, Indian Hh, or Desert Hh), activation of Hh 

signaling is prevented by inhibition of Smoothened (SMO), a seven-pass transmembrane protein, by the 12-pass 

transmembrane receptor Patched 1 (PTCH1)[18]. Upon binding of Hh ligands to PTCH1, SMO is translocated to 

the primary cilium, where it associates with the GLI family zinc finger 1 (GLI1) transcription complex, which is 

finally transported to the nucleus to regulate expression of target genes (encoding GLI1, PTCH1, cyclin D1, and 

Bcl-2)[18-20].  

Docosahexaenoic acid (DHA), an omega-3 polyunsaturated fatty acid (ω3-PUFA), shows anticancer effects 

against several types of cancer by various mechanisms, including regulation of AKT/mechanistic target of 

rapamycin[21, 22], mitogen-activated protein kinase[23, 24], and signal transducer and activator of transcription-

3 signaling[23]. Although DHA has been shown to induce apoptosis through various pathways [24-26], it remains 

unknown whether Hh signaling and SIRT6 are involved in DHA-induced cell death. 

In the present study, we investigated the mechanisms of DHA-induced cell death in human epidermal growth 

factor receptor (EGFR) mutant non-small cell lung cancer (NSCLC) cells. We observed that DHA decreased cell 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 October 2017                   doi:10.20944/preprints201710.0157.v1

http://dx.doi.org/10.20944/preprints201710.0157.v1


viability and induced apoptosis of NSCLC cells. Additionally, we demonstrated that DHA stimulated SIRT6 

expression, which resulted in downregulation of Hh signaling, and eventually led to apoptosis. Our results show 

that DHA induces apoptotic cell death through Hh signaling suppression via regulation of SIRT6. These findings 

imply that ω3-PUFAs potentially represent an effective therapy for the chemoprevention and treatment of human 

EGFR mutant NSCLC. 

 

2. Results 

2.1. DHA reduces cell viability in human EGFR mutant NSCLC PC9 and H1975 cells 

Previous studies have shown that DHA decreases the viability of various cancer cells[24-26]. We confirmed that 

DHA also reduces the viability of two NSCLC cell lines, PC9 and H1975. Cells were cultured with various 

concentrations of DHA for 24 h, and cell viability was measured using the MTT assay. DHA treatment 

significantly decreased the viability of PC9 and H1975 cells in a dose-dependent manner (Figure 1A). 

To determine whether the reduced viability of PC9 and H1975 cells following DHA treatment resulted from 

apoptosis, cells were assessed for apoptotic changes. DHA induced dose-dependent increases in the expression 

levels of cleaved poly(ADP-ribose) polymerase (PARP) and caspase 3, which are widely used apoptotic markers 

(Figure 1B). DHA treatment also resulted in attenuation of Bcl-2 protein levels and stimulation of Bax protein 

levels (Figure 1B). In addition, TUNEL staining, which was used to detect apoptotic nuclear DNA breaks[27], 

showed that DHA treatment caused a significant increase in the number of TUNEL-positive cells (Figure 1C). 

Finally, fluorescence-activated cell sorting (FACS) analysis was performed to assess the effect of DHA treatment 

on the proportion of hypodiploid (sub-G1) cells. DHA treatment resulted in a dose-dependent increase in the 

proportion of cells in sub-G1 phase (Figure 1D). Together, these results suggest that DHA induces apoptosis in 

human NSCLC cells. 

2.2. Activation of SIRT6 is responsible for DHA-induced apoptotic cell death in human EGFR mutant NSCLC 

PC9 and H1975 cells 

Because SIRT6 is related to cell death[8, 9], we investigated whether the observed induction of apoptotic cell 

death by DHA was related to SIRT6. To this end, we first analyzed the protein expression levels of SIRT6 in 

DHA-treated PC9 and H1975 cells. DHA markedly increased SIRT6 protein levels in a dose- and time-dependent 
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manner, as assessed by immunoblotting (Figure 2A, B). Moreover, DHA increased SIRT6 levels in both the 

cytoplasm and the nucleus, as assessed by immunostaining (Figure 2C). These results imply that DHA activates 

SIRT6 in EGFR mutant NSCLC cells. 

To examine the role of SIRT6 in DHA-induced apoptotic cell death, we knocked down SIRT6 using small 

interfering RNAs (siRNAs). DHA dramatically increased the levels of cleaved PARP (Fig. 3A, upper) and the 

number of detached cells (Fig. 3A, lower), which could be partially reversed by treatment with non-targeting 

control siRNA. To confirm these findings, we also tested the effect of SIRT6 overexpression on DHA-induced 

apoptotic cell death; consistent with our previous result, we found that transient transfection of PC9 and H1975 

cells with a SIRT6 expression vector, but not a control vector, resulted in significant increases in cleaved PARP 

levels and the number of detached cells after DHA treatment (Figure 3B). Together, these observations clearly 

demonstrate that DHA-induced apoptosis is mediated by activation of SIRT6. 

2.3. DHA-induced SIRT6 activation is associated with downregulation of Hh signaling 

Because recent reports have suggested that SIRT6 regulates Hh signaling[5], and because DHA can also modulate 

Hh signaling[28], we examined the potential involvement of Hh signaling in SIRT6-mediated apoptosis induced 

by DHA. Firstly, to confirm that DHA modulates Hh signaling in NSCLC cells, the mRNA and protein expression 

levels of Hh signaling molecules were assessed by reverse transcription-PCR (RT-PCR) and western blot analysis. 

Treatment of PC9 and H1975 cells with DHA induced a decrease in the levels of mRNAs encoding Indian 

Hedgehog (IHH), PTCH1, SMO, and GLI1 (Figure 4A) and a dose-dependent decrease in the protein expression 

levels (Figure 4B) of these Hh signaling molecules, indicating that DHA causes downregulation of the Hh 

signaling pathway in EGFR mutant NSCLC cells. 

Next, we sought to investigate the relationship between SIRT6 and Hh signaling modulated by DHA. Firstly, we 

assessed the effect of SIRT6 overexpression on Hh signaling by transfecting cells with a SIRT6 expression vector 

and analyzing the protein levels of IHH, PTCH1, SMO, and GLI1. Western blotting revealed that SIRT6 

overexpression decreased IHH, PTCH1, SMO, and GLI1 protein levels (Figure 4C). In addition, inhibition of 

SIRT6 using siRNAs resulted in significant elevation of the levels of Hh signaling molecules (Figure 4D). 

Collectively, our findings demonstrate that elevated SIRT6 activation in DHA-treated PC9 and H1975 NSCLC 

cells leads to downregulation of Hh signaling. 
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2.4. Inhibition of Hh signaling by DHA treatment causes apoptosis 

To test whether Hh signaling was related to apoptosis, PC9 and H1975 cells were incubated with DHA in the 

presence and absence of a SMO agonist, SAG, and the levels of apoptotic markers were examined by western blot 

analysis. Pretreatment of the cells with SAG increased the protein expression levels of IHH, PTCH1, SMO, and 

GLI1 (Fig. 4E), and reversed the decrease in the protein levels of Hh signaling molecules triggered by DHA 

(Figure 4F). Moreover, treatment of the cells with both SAG and DHA prevented DHA-induced apoptosis, as 

assessed by cleaved PARP levels (Figure 4F). These results imply that DHA induces apoptosis by inhibiting Hh 

signaling. 

2.5. Fat-1 gene expression increases expression of SIRT6 and decreases expression of Hh signaling molecules 

To unveil the effects of endogenous ω3-PUFAs on apoptosis via SIRT6-mediated Hh signaling, we investigated 

the effect of fat-1 expression on SIRT6 and Hh signaling molecule expression; fat-1 gene encodes an ω3-

desaturase that catalyzes the conversion of ω6-PUFAs to ω3-PUFAs[29]. Stable transfection of PC9 cells with a 

fat-1 expression vector (f-PC9 cell) resulted in a significant increase in SIRT6 levels and a significant reduction 

in the levels of Hh signaling molecules, compared with cells transfected with a control vector (c-PC9 cell) (Figure 

5). These observations reveal that endogenous ω3-PUFAs (expression of fat-1 gene) also causes induction of 

SIRT6 and reduces the levels of Hh signaling molecules, including Gli, in PC9 cells. 
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3. Discussion 

Several studies have suggested that DHA exerts anticancer effects by inducing apoptotic cell death, and several 

signaling pathways have been reported to be involved in this process [30, 31]. In the present study, we report for 

the first time that DHA-induced apoptosis in human EGFR mutant NSCLC is associated with the ability of DHA 

to trigger SIRT6 activation, which results in downregulation of Hh signaling (Figure 6). Our results showed that 

DHA decreased the viability of PC9 and H1975 cells (Figure 1A), decreased expression of the anti-apoptotic 

protein Bxl-2 (Figure 1B), elevated expression of cleaved PARP and caspase 3 (Figure 1B), and increased the 

number of TUNEL-positive cells (Figure 1C). DHA also increased the populations of PC9 and H1975 cells with 

fractional DNA content (sub-G1). Importantly, the increase in the proportion of sub-G1-phase cells was mirrored 

by diminished proportions of cells in other cell cycle phases (Figure 1D), suggesting that apoptosis, rather than 

induction of cell cycle arrest, was primarily responsible for the DHA-induced decrease in cell growth. In 

agreement with this observation, DHA has been demonstrated to suppress growth of H1299 NSCLC cells and 

SiHa cervical cancer cells via induction of apoptotic cell death rather than cell cycle arrest[24]. 

One of the more significant findings of this study is that activation of SIRT6 plays a crucial role in the induction 

of apoptotic cell death by DHA. SIRT6 is considered an essential regulator for cell survival[32]. however, several 

recent studies have shown that SIRT6 can also act a tumor suppressor [33], although the roles of SIRT6 activation 

in cancer remain controversial. In our system, DHA stimulated SIRT6 activation (Figure 2A, B), which resulted 

in apoptosis (Figure 3A, B). This observation is supported by previous reports, which showed that SIRT6 

decreases transcriptional activity at forkhead box O3 (FOXO3a) and c-Jun promoters, which regulate genes such 

as AKT and GSK-3β, promoting apoptotic cell death [34, 35]. It is possible that the mechanism for DHA-induced 

apoptosis involves FOXO3a or c-Jun. Further investigation of the mechanism for SIRT6 activation-induced 

apoptosis resulting from DHA treatment is therefore required. 

Our results revealed that DHA-induced apoptosis is regulated by SIRT6-mediated Hh signaling in PC9 and H1975 

cells (Figure 3), providing novel insights into the mechanism by which SIRT6 activation triggered by DHA 

treatment exerts pro-apoptotic effects. DHA is known to affect Hh signaling; for example, it has been reported 

that DHA promotes exon development and cell survival in hippocampal neurons, neural stem cells, and human 

myeloma cells by promoting Hh signaling[28]. Endogenous production of ω3-PUFAs using fat-1-stable PC9 cells 

(f-PC9) increased SIRT6 expression and decreased Hh signaling molecules including Gli. inregulated in fat-1-
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stable PC9 cells (f-PC9) (Figure 5). Therefore, our findings strongly suggest that ω3-PUFAs may modulate SIRT6 

and Hh signaling molecules in EGFR mutant NSCLC cells. However, the mechanism by which SIRT6 activation 

downregulates Hh signaling to mediate DHA-induced cell death in human EGFR mutant NSCLC cells remains 

unclear. One potential molecule that may mediate this process is nuclear factor-kappa B (NF-κB). NF-κB plays a 

crucial role in driving the expression of genes that regulate apoptosis, cellular senescence, and inflammation [36]. 

SIRT6 has been shown to interact with the RELA subunit of NF-κB and promote deacetylation of NF-κB target 

gene promoters, leading to inhibition of NF-κB in brain tumor cells [37]. Thus, DHA-mediated increases in SIRT6 

expression may result in inhibition of Hh signaling via interaction with NF-κB. We are currently undertaking 

further investigation of the mechanism for the downregulation of Hh signaling via DHA-induced SIRT6 activation 

in PC9 cells. 

In summary, our study indicates for the first time that DHA induces apoptosis in human EGFR mutant NSCLC 

cells by increasing SIRT6 levels and subsequently decreasing the levels of Hh signaling molecules (IHH, PTCH1, 

SMO, and GLI1) (Figure 6). Our results provide important evidence to support the potential use of ω3-PUFAs as 

anticancer agents against human EGFR mutant NSCLC cells.  
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4. Materials and Methods 

4.1. Cell culture 

Human NSCLC PC9 and H1975 cells were kindly offered from professor Jeong-Eun Lee (Chungnam National 

University Hospital, Daejeon, Korea) and cultured in RPMI 1640 medium supplemented with 10% heat 

inactivated fetal bovine serum and antibiotics. The cells were maintained at 37°C in 5% CO2, 95% air incubators. 

4.2. Chemicals and antibodies 

DHA was dissolved in absolute ethanol and added to the medium to final concentrations as described in each 

experiment. Cells grown to 70% confluence were switched to serum-free medium and the culture was allowed to 

expand for 24 h before giving any treatment. For SMO acticator 3-Chloro-N-[trans-4-(methylamino)cyclohexyl]-

N-[[3-(4-pyridinyl)phenyl]methyl]benzo[b]thiophene-2-carboxamide (SAG) treatment, the cultures were further 

incubated for 24 h at 37°C. 

The following antibodies were used in this study. The antibodies against poly(ADP-ribose) polymerase (PARP) 

1/2, Bax, Bcl-2 and β-actin were purchased from Santa Cruz; Indian hedgehog (IHH), PTCH1, SMO were from 

Abcam; Caspase-3 and GLI-1 were from Cell Signaling Technology; SIRT6 was from Sigma; goat anti-rabbit 

secondary antibodies were from Calbiochem; goat anti-rabbit conjugated with Tetramethylrhodamine (TRITC) 

were from Invitrogen. 

4.3. Western blot analysis 

The cells treated DHA were lysed in cold RIPA buffer (50 mM Tris-HCl at pH 7.4, 800 mM NaCl, 5 mM MgCl2, 

0.5% NP40) with protease inhibitor cocktail, and the supernatant was obtained. Cell lysates (30 μg) were separated 

by 6-15% sodium dodecyl sulfate-PAGE and electroblotted onto a polyvinylidene difluoride membrane. The blots 

were blocked in 5% nonfat dry milk (M/V) or bovine serum albumin (BSA) in tris-buffered containing 0.1% 

Tween 20 for 1 h, and incubated with 1:1000-1:5000 dilution of primary antibody for overnight at 4°C, followed 

by probed with goat anti-rabbit peroxidase-conjugated secondary antibodies. Enhanced chemiluminescence 

reagents were used to detect relevant proteins. 
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4.4. Assays for cell viability and apoptosis 

Cell viability was examined by the Thiazoly Blue Tetrazolium Bromide (MTT). 6 x 103 cells were seeded onto 

96-well plates and then treated with increasing concentrations for 24 h. At the end of treatment, MTT was added 

and cell viability was assessed by spectrophotometry.  

Apoptosis was detected by the terminal deoxyribonucleotidyl transferase–mediated dUTP nick end labeling 

(TUNEL) assay for measuring DNA nicking. DHA treated PC9 and H1975 cells were stained with the DeadEnd™ 

Fluorometric TUNEL System, and then visualized under a fluorescence microscope (Olympus iX70). For Sub-

G1 proportion analysis, both attached cells and supernatant collected, stained with propidium iodide, and 

performed with flow cytometry (FACS) analysis with a FACSCalibur flow cytometer (BD Biosciences). 

4.5. Immunocytochemistry 

After being grown on coverslips in growth media, the cells were treated with DHA for 8 h. The cells were fixed 

with 4% paraformaldehyde, and then permeabilized with 1% Triton X-100 in phosphate buffered saline. After 

washing, fixed cells were blocked with 1% BSA for 1 h, and then incubated with SIRT6 antibodies, and TRITC-

conjugated anti-rabbit secondary antibodies, and 4', 6-diamidino-2-phenylindole (DAPI) were used for 1 h. 

Images were visualized using an Olympus iX70 fluorescence microscope. 

4.6. Transfection and transduction 

Transient transfection was performed with control vector (pflag) or SIRT6 expression vector (a kindly gift from 

professor Byung-Hyun Park, Chonbuk National University Medical School, Jeonju, Korea), using Lipofectamine 

3000 reagent as recommended by the vendor (Invitrogen).  

For knockdown experiments using small interfering RNAs (siRNAs), siRNAs for SIRT6 (siSIRT6) or negative 

control siRNA (siNC) were transfected into cells using Lipofectamin RNAiMAX according to the manufacturer’s 

instructions (Invitrogen). After transfection, the cells were exposed to DHA for another 24 h. siRNAs against the 

following genes were used: non-targeting control siRNA, 5’-ACG UGA CAC GUU CGG AGA AUU-3’; SIRT6, 

5’-AGU UCG ACA CCA CCU UUG A-3’. 
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4.7. RNA isolation and reverse transcriptional polymerase chain reaction (RT-PCR) 

Total RNA was isolated using Trizol reagent (Invitrogen) and 1 μg total RNA was reverse-transcribed into cDNA 

using M-MLV reverse transcriptase (ElpisBio) containing anchored oligo (dT). For RT-PCR, 1 μg cDNA was 

performed amplification for each 20 μL of HiPi PCR PreMix reaction system (ElpisBio). The RT reaction was 

incubated for 5 min at 94°C followed by denaturation followed by 35 cycles of segments of 94°C for 30 sec, 

primer annealing at 53-65°C for 30 sec and extension at 72°C for 30 sec. PCR products were analyzed by a 2% 

agarose gel with electrophoresis and photographed under UV transillumination. The primer used to amplify the 

sirt6, ihh, ptch1, SMO, GLI-1 and gapdh are 5’-CCC GGA TCA ACG GCT CTA TC-3’ (forward) and 5’-GCC 

TTC ACC CTT TTG GGG G-3’ (reverse); 5’-TCC AGA AAC TCC GAG CGA TTT AAG-3’ (forward) and 5’-

ACT TCC TGG CCA CTG GTT CA-3’ (reverse); 5′-CCACAGAAGCGCTCCTACA-3′ (forward) and 5′-CTG 

TAA TTT CGC CCC TTC C-3′ (reverse); 5′-ACG AGG ACG TGG AGG GCT G-3′ (forward) and 5′- CGC ACG 

GTA TCG GTA GTT CT-3′ (reverse); 5-GGG ATG ATC CCA CAT CCT CAG TC-3’ (forward) and 5-CTG 

GAG CAG CCC CCC CAGT-3 (reverse); 5’-GAC CCC TTC ATT GAC-3’ (forward) and 5’-GCC ATC CAC 

AGT CTT CTG CTC-3’ (reverse).  

4.8. Stable cell lines 

PC9 cells were transfected with the fat-1 gene (pST180) or the control vector (pST128) using Lipofectamin 2000 

reagent. After 4 h, the medium changed to media containing 10% FBS. Next day, 2,000 cells were replated onto 

150 mm dishes and then selected with G418 (Geneticin) until generation of colonies. 

4.9. Statistical analysis 

Differences between groups were analyzed using the unpaired Student’s t-test. In all analyses, a P value less than 

0.05 was considered statistically significant. *, ** and *** means P < 0.05, P < 0.01, and P < 0.001, respectively. 
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5. Figure legends 

 

Figure 1. DHA induces apoptotic cell death in EGFR mutant NSCLC cells. (A) PC9 (left) and H1975 (right) cells 

were plated in 96-well plate at 6,000 cells per well. Then, cells were exposed to indicate doses of DHA for 24 h. 

Cell viability was measured by MTT assay. (B) The cells were incubated with DHA for 24 h, and the protein 

expression levels of PARP, Bax, Bcl-2, and Caspase-3 were determined by western blotting. (C) The cells were 

seeded in 12-well plate on coverslips, and exposed to DHA for 8 h, then subjected to the TUNEL assay. Cells 

were observed under an Olympus ix70 inverted fluorescence microscope (Scale bar, 50 μm). (D) PC9 and H1975 

cells were treated with various dose of DHA for 24 h, and the proportion of Sub-G1 was examined by FACS 

analysis. The data shown are representative of 3 independent experiments with similar results. 
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Figure 2. DHA leads to elevation of SIRT6 expression. (A) The cells were incubated with increasing 

concentration of DHA for 24 h, and the expression levels of SIRT6 were assessed by immunoblotting. (B) PC9 

and H1975 cells were treated with 60 μM DHA (PC9 cells) or 20 μM DHA (H1975 cells) for indicated time 

periods, the protein levels were monitored by western blot. Equal protein loading was confirmed by probing with 

an antibody against β-actin. (C) The cells were exposed to DHA for 8 h, and fixed using 4% paraformaldehyde. 

Then, the cells were incubated with a SIRT6 antibody, followed by DAPI nuclear counterstaining (Scale bar, 50 

μm). Representative blot from more than 3 independent experiments are shown. 
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Figure 3. DHA-mediated apoptotic cell death is related to SIRT6 activation. (A) PC9 (left) and H1975 (right) 

cells were treated with siNC or siSIRT6. At 18 h after transfection, cells were incubated with the indicated doses 

of DHA for 24 h. Upper, cells were harvested and western analysis was performed. Lower, representative images 

of PC9 and H1975 cells treated with DHA (Scale bar, 200 μm). (B) PC9 (left) and H1975 (right) cells were 

transfected with pflag and SIRT6 for 18 h, then, the cells were treated with indicated doses of DHA for 24 h. 

Upper, the expression of SIRT6, PARP and β-actin was identified by western blotting. Lower, bright field 

microscopic images of PC9 and H1975 cells after incubation with the 60 μM DHA (PC9 cells) or 20 μM DHA 

(H1975 cells). Results are shown one representative images of three independent experiments. 
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Figure 4. DHA-induced apoptotic cell death is related to downregulation of Hh signaling via SIRT6 activation. 

(A) DHA-induced downregulation of Hh signal molecules mRNA expression including IHH, PTCH1, SMO, and 

GLI-1 were analyzed by RT-PCR analysis. (B) The cells were exposed to increasing concentrations of DHA for 

24 h. Hh-related molecules (IHH, PTCH1, SMO, and GLI-1) were assessed by western blotting. (C) After SIRT6 

expression vector was transfected inPC9 and H1975 cells transfected, Hh signal molecules were detected by 

western blot assay. (D) PC9 and H1975 cells were transfected with siNC or siSIRT6 and the protein expression 

levels of IHH, PTCH1, SMO, and GLI-1 were examined by immunoblotting. (E) Effect of SAG, SMO agonist, 

on Hh signal molecules expression. (F) PC9 and H1975 cells were treated with DHA in the presence and absence 

of SAG, and the apoptosis were examined by western blot analysis. All data shown are a representative of three 

independent experiments with similar results. 
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Figure 5. Endogenous ω3-PUFAs also augmented SIRT6 level and reduced Hh signaling molecules. Cell lysates 

were obtained from f-PC9, c-PC9 and a parental cells, respectively. SIRT6 and Hh signaling molecules including 

Gli were examined by western blot. β-Actin was served as an equal loading control. 

 

Figure 6. Schematic model of DHA-induced apoptosis in human EGFR mutant NSCLC cells. The DHA-induced 

apoptosis was associated with its ability to SIRT6 activation and subsequent Hh signaling downregulation in 

human EGFR mutant NSCLC cells. 
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