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Abstract: ADP Ribosylation Factor 6 (ARF6) is a part of the RAS superfamily and regulates vesicular trafficking, 
remodeling of membrane lipids, and signaling pathways. Our previous study has found that ARF6, functioned as a 
downstream of Kras/ERK signaling pathway, could promote proliferation and Warburg effect in pancreatic cancer 
cells. Moreover, ARF6 is promising to be a biomarker for predicting prognosis of pancreatic cancer. Ferroptosis is a 
new defined iron-dependent form of nonapoptotic cell death, which is closely related to Kras mutation. Therefore, it 
is urgent to further explore the relationship between ARF6 and ferroptosis. Our study demonstrated that ARF6 did 
not directly regulate lipid peroxidation, but endowed pancreatic cancer cells to a status that is sensitive to oxidative 
stress, especially RSL3-induced lipid peroxidation. Further study revealed that ARF6 could also regulate gemcitabine 
resistance via multiple pathways. In conclusion, ARF6 has a profound effect on pancreatic cancer development. 
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Introduction

Ferroptosis is an iron-dependent form of non-
apoptotic cell death, which is characterized by 
lipid peroxidation. Ferroptosis has been proved 
to link to diversified diseases, such as isch-
emia/reperfusion (I/R)-induced damage in org- 
ans, neuron degenerative diseases and so on 
[1, 2]. However, ferroptosis was first detected  
in tumors. Brent R. Stockwell screened small 
molecules that could kill RAS mutant cancer 
cells and they found that some small molecu- 
les could activate an iron-dependent, nonapop-
totic cell death in RAS mutant cancer cells, 
such as erastin and RAS-selective lethal 3 
(RSL3) [3, 4]. Ferroptosis is associated with a 
variety of physiological processes in tumor  
cells [5]. It is worth noting that ferroptosis is 
promising to be therapy target in cancers [6]. 
Recent researches also reported that ferrop- 
tosis could regulate cisplatin resistance or syn-
ergizes with cisplatin to effectively kill cancer 
cells [7-9]. 

Pancreatic cancer is a highly lethal tumor with 
an overall five-year survival rate of 6% (ranges 
from 2% to 9%) [10]. Gemcitabine is the base 
chemotherapy drug for pancreatic cancer [11]. 
Coincidentally, Kras gene is the most frequently 
mutated gene in pancreatic cancer, presenting 
in approximately 95% of pancreatic tumors 
[12]. Therefore, there might be some special 
links between ferroptosis and pancreatic can-
cer. However, the effect of ferroptosis on pan-
creatic cancer has not been fully investigated. 
Moreover, little literatures explored the rela-
tionship between ferroptosis and gemcitabine. 
Therefore, it is urgent to investigate the under-
lying effect of ferroptosis on pancreatic cancer 
and the promising value on cancer therapy.

ARF6 belongs to the Ras superfamily and en- 
codes small guanine nucleotide-binding pro-
teins (GTP-binding protein). ARF6 has compre-
hensive functions in cells, including assisting 
autophagy, activating lipid modifying enzymes, 
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stimulating actin polymerization, innate immu-
nity and so on [13]. Moreover, ARF6 regulated 
the invasion, metastasis and proliferation of 
cancer cells [14]. Particularly worth mentioning 
was that ARF6 directed downstream transport 
and recycled of cargo after clathrin-mediated 
endocytosis (CME) and clathrin-independent 
endocytosis (CIE) [15, 16]. These indicated that 
ARF6 might have many potential functions that 
affected cell physiology by affecting the degra-
dations and recycle of various functional pro-
teins. Our previous study had revealed that 
Kras/ERK pathway could induce ARF6 and then 
a positive feedback loop was formed between 
ARF6 and c-myc, leading to the promotion of 
proliferation and Warburg effect in pancreatic 
cancer [17]. Recent study reported that c-myc 
could inhibit ferroptosis by regulating lipid met-
abolic gene expression [18]. Taken together, 
Kras and c-myc both regulate ferroptosis, then 
it is urgent to illustrate whether ARF6, which 
connects Kras to c-myc, regulates ferroptosis 
and this regulation exerts what significance for 
the development of pancreatic cancer. 

In this study, we investigated the potential 
impact of ARF6 on ferroptosis in pancreatic 
cancer cells. We found that ARF6 did not direct-
ly regulate the generation of lipid peroxidation, 
but affected the sensitivity of RSL3-induced 
ferroptosis. As for mechanism, ARF6 decreased 
ACSL4 protein level and this effect endowed 
pancreatic cancer cells to a status that sensi-
tized to oxidative stress. Further results reve- 
aled that ARF6 aggravated gemcitabine resis-
tance by inhibiting ferroptosis and gemcitabine 
related metabolic proteins, DCK and hENT1.

Materials and methods 

Cell culture

The human pancreatic duct epithelial cell line 
H6C7 and human pancreatic cancer cell lines 
AsPC-1, PANC-1, BxPC3, SW1990, Capan-1 and 
MIA PaCa-2 were obtained from ATCC and cul-
tured according to standard ATCC protocols. In 
brief, H6C7, Capan-1 and PANC-1 cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium 
(DMEM) containing 10% fetal bovine serum 
(FBS). BxPC3 and AsPC-1 cells were cultured in 
Roswell Park Memorial Institute (PRMI) con-
taining 10% FBS. SW1990 cells were cultured 
in Leibovitz (L-15) containing 10% FBS. MIA 
PaCa-2 cells were cultured in DMEM medium, 
with 10% FBS, 2.5% horse serum and 1% sodi-
um pyruvate.

RNA isolation and quantitative real-time PCR

Total RNA was extracted using TRIzol reagent 
(Invitrogen, USA). Quantitative real-time PCR 
was conducted as described previously [19]. All 
the reactions were run in triplicate. 

Primers used: Human ARF6: 5’-ATTACTACA- 
CCGGGACCCAGGGTCT-3’ (forward), 5’-AGGTC- 
CTGCTTGTTGGCGAAGATG-3’ (reverse); Human 
ACSL4: 5’-CTGTTCAGCGTTTTGCAAGGTA-3’ (for-
ward), 5’-TAGTGGCATCTCCCTGGTCC-3’ (rever- 
se); Human hENT1: 5’-CCGGATGCTCACTCCAA- 
AGT-3’ (forward), 5’-AATAACAGCAGGGGCAGCA- 
T3’ (reverse); Human DCK: 5’-TCCATCGAAGG- 
GAACATCGC-3’ (forward), 5’-CAGTGTCCTATGC- 
AGGAGCC-3’ (reverse); Human β-actin: 5’-CT- 
ACGTCGCCCTGGACTTCGAGC-3’ (forward), 5’- 
GATGGAGCCGCCGATCCACACGG-3’ (reverse).

Western blot analysis

Western blot was performed as described pre-
viously [19]. ACSL4, GPx4 and SCD1 antibodies 
were purchased from Abcam. β-actin, hENT1, 
FSP1, DCK and RRM1 antibodies were pur-
chased from Proteintech.

Lentivirus production

The pLKO.1 TRC cloning vector (Addgene pla-
mid: 10878) was used to generate shRNA ex- 
pression constructs against ARF6 as described 
previously [17]. Targets (21 bp) against ARF6 
were 5’-GCTCACATGGTTAACCTCTAA-3’ and 5’- 
CAACAATCCTGTACAAGTTGA-3’. pLKO.1-shARF6 
constructs, psPAX2 and pMD2.G were co-tra- 
nsfected into HEK-293T cells to generate lenti-
viral particles.

Small compounds

Erastin (HY-15763), RSL3 (HY-100218A), ROSI 
(HY-17386), OA (HY-N1446) and gemcitabine 
(HY-17026) were bought from MedChemEx- 
press.

Cell viability

CCK-8 (Cell Counting Kit-8; Dojindo Laborato- 
ries) was used to detect cell viability according 
to the manufacturer’s instructions. 

Lipid peroxidation assay

Lipid peroxidation was detected by BODIPY™ 
581/591 C11 (D3861; ThermoFisher). In brief, 



ARF6 regulates RSL3-induced ferroptosis by inhibiting ACSL4

1184	 Am J Cancer Res 2020;10(4):1182-1193

cells, treated with test compounds for the indi-
cated times, were harvested by trypsinization 
and then resuspended in 400 µL serum-free 
medium that contained BODIPY™ 581/591 
C11 (2 µM). Next incubation for 30 minutes at 
37°C in a cell culture incubator. Flow cytometer 
was then used to analyze these samples and 
data were collected from the FL1 channel. Per 
condition analyzed a minimum of 10,000 cells. 
Moreover, BODIPY™ 581/591 C11 (2 µM) also 
was directly incubated in cells that was adher-
ent cultured for 30 minutes at 37°C, and then 
confocal microscopy was used to detect the 
fluorescence.

MDA assay

MDA was detected by Lipid Peroxidation MDA 
Assay Kit (S0131M; Beyoyime) according to the 
manufacturer’s instructions.

Immunohistochemical staining (IHC)

The clinical tissue samples were obtained from 
patients diagnosed with pancreatic cancer at 
Fudan University Shanghai Cancer Center, with 
patient consent and approval from the Insti- 
tutional Research Ethics Committee. Antibo- 
dies against ARF6 and ACSL4 were used to 
conduct immunohistochemical staining in par-

affin-embedded tissues according to standard 
IHC procedures. Anti-ACSL4 antibody (ab1552- 
82; Abcam) and Anti-ARF6 antibody (ab77581; 
Abcam) were used in a dilution factor of 1:100. 
Positive proportion and intensity were semi-
quantitatively scored as previously described 
[20].

Statistical analyses 

All statistical analyses were performed using 
GraphPad Prism 8. Differences were consid-
ered significant at *, P < 0.05; **, P < 0.01.

Results

Knockdown of ARF6 enhances RSL3-induced 
ferroptosis 

To select suitable cell lines for further investiga-
tion, we tested ARF6 protein level in human 
pancreatic duct epithelial cell line (H6C7) and 
several pancreatic cancer cell line. Our results 
demonstrated that ARF6 expression was rela-
tively high in PANC-1 and MIA PaCa-2 cell lines 
(Figure 1A). Therefore, we next generated sta-
ble shRNA expression in PANC-1 and MIA Pa- 
Ca-2 cell lines. The knockdown efficiency was 
further validated by quantitative RT-PCR and 
western blotting (Figure 1B and 1C). To deter-

Figure 1. Knockdown of ARF6 enhances RSL3-induced ferroptosis. A. Western blotting analyzed ARF6 expression 
in multiple cell lines. B. qRT-PCR analyzed the knockdown efficiency of shARF6. C. Western blotting analyzed the 
knockdown efficiency of shARF6. D. Heat maps depicting the dose-dependent toxicity of RSL3 in PANC-1 and MIA 
PaCa-2 cell lines that transfected with shARF6 or shRNA-NC. E. Heat maps depicting the dose-dependent toxicity of 
erastin in PANC-1 and MIA PaCa-2 cell lines that transfected with shARF6 or shRNA-NC. 
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mine whether ARF6 could regulate ferroptosis 
in pancreatic cancer cells, we tested cells’ sen-
sitivity to two canonical ferroptosis inducers, 
RSL3 and erastin. Indeed, knockdown of ARF6 
could robustly sensitize PANC-1 and MIA PaCa-
2 cell lines to RSL3-induced ferroptosis, but not 
erastin-induced ferroptosis (Figure 1D and 1E). 
These results indicated that ARF6 could regu-
lated RSL3-induced ferroptosis in pancreatic 
cancer cells.

ARF6 does not cause lipid peroxidation but 
enhances RSL3-induced lipid peroxidation

One of the most important features of ferrop- 
tosis is lipid peroxidation, we then tested the 
level of malondialdehyde (MDA), a product of 
lipid peroxidation. Intriguingly, knockdown of 
ARF6 did not affect MDA level in both PANC-1 
and MIA PaCa-2 cell lines but could enhance 
RSL3-induced MDA (Figure 2A and 2B). Next, 
we used a fluorescent probe, BODIPY™ 581/ 
591 C11, to directly detect oxidized lipids. In 
this case, the fluorescence changes from red  
to green when this probe binds to oxidized lip-
ids. We used flow cytometry to analyze the  
fluorescence and the results demonstrated 
that knockdown of ARF6 did not affect oxidi- 
zed lipids level but promoted RSL3-induced oxi-
dized lipids (Figure 2C and 2D). The results 
were further verified by confocal scanning im- 
aging, RSL3 caused more oxidized lipids in 
ARF6 knockdown cells (Figure 2E).

ARF6 regulates the sensitivity to RSL3 via 
ACSL4 

Since RSL3 directly targets to GPx4, and our 
results showed that ARF6 affected the severity 
of lipid peroxidation caused by RSL3. We then 
tested whether ARF6 regulated GPx4 expres-
sion. However, there were no significant chang-
es in the GPx4 protein level after ARF6 knock-
down (Figure 3A). Early reports have shown 
that acyl-CoA synthetase long-chain family 
member 4 (ACSL4) could determine ferroptosis 
sensitivity by enriching cellular membranes 
with long polyunsaturated ω6 fatty acids, which 
were easy to be oxidized under the condition of 
oxidative stress. Moreover, ACSL4 could regu-
lated the sensitivity to RSL3-induced ferropto-
sis [21]. Therefore, we detected ACSL4 protein 
level by western blotting with ACSL4 antibody 
and the results showed that ACSL4 protein was 
increased in ARF6 knockdown cells (Figure 3A). 

However, ACSL4 mRNA did not show significant 
changes in ARF6 knockdown cells. We next 
sought to interrogate whether ARF6 affected 
the sensitivity to RSL3 via inhibiting ACSL4. 
Rosiglitazone (ROSI) was reported as a phar-
macologically inhibitor of ACSL4. We then used 
ROSI to inhibit ACSL4 in ARF6 knockdown cells 
and tested changes in cell viability caused by 
RSL3. The results demonstrated that ROSI 
could reverse RSL3 sensitivity caused by ARF6 
knockdown (Figure 3C and 3D). Moreover, fur-
ther results showed that ROSI could reverse 
RSL3-induced lipid peroxidation in ARF6 knock-
down cells (Figure 3E and 3F). These indicated 
that ARF6 regulated the sensitivity to RSL3-
induced ferroptosis via affecting the ACSL4 
protein level.

In addition to ACSL4, recent studies also report-
ed that stearoyl-coA desaturase (SCD1) and 
ferroptosis suppressor protein 1 (FSP1) inhibit-
ed the sensitivity to RSL3-induced ferroptosis 
[22-24]. Therefore, we also detected SCD1 and 
FSP1 protein level by western blotting and the 
results showed that SCD1 protein was decrea- 
sed in ARF6 knockdown cells, while FSP1 did 
not show significant changes (Figure 3A). Fur- 
ther qRT-PCR showed that SCD1 mRNA also 
decreased in ARF6 knockdown cells (Figure 
3G). However, oleic acid (OA), one of the end-
products of SCD1, could not restore the viabili-
ty caused by RSL3 in ARF6 knockdown cells 
(Figure 3H). Therefore, ARF6 might affect RSL3 
sensitivity via ACSL4.

ARF6 regulates gemcitabine resistance in 
pancreatic cancer cells

Our results demonstrated that ARF6 endow- 
ed pancreatic cancer cells to a status that is 
more sensitive to oxidative stress by regulat- 
ing ACSL4-catalyzed long polyunsaturated ω6 
fatty acids. We next sought to explore the sig-
nificance of this phenomenon. It was validated 
that ROS promoted the resistance of gem-
citabine in pancreatic cancer [25]. However, 
gemcitabine could also function as an oxidative 
stress inducer and increased ROS level in pan-
creatic cancer cells [26]. We sought to further 
confirm whether gemcitabine could cause lipid 
oxidation. Intriguingly, with the increase of gem-
citabine concentration, the degree of lipid oxi-
dation also increased mildly (Figure 4A). Since 
ARF6 could regulate RSL3-induced lipid pero- 
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Figure 2. ARF6 does not cause lipid peroxidation but enhances RSL3-induced lipid peroxidation. A. MDA level was 
detected in AR6 silenced PANC-1 cells that pretreated RSL3 (2 uM) or not. B. MDA level was detected in AR6 si-
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xidation, we then test whether ARF6 could re- 
gulate gemcitabine-induced lipid peroxidation. 
Strikingly, ARF6 silenced significantly improved 

gemcitabine-induced MDA concentration and 
ROSI could partly counteract this effect (Figure 
4B). We further tested gemcitabine sensitivity 

lenced MIA PaCa-2 cells that pretreated with RSL3 or not. C. Flow cytometry analyzed the oxidized lipid in ARF6 
silenced PANC-1 cells that pretreated with RSL3 (2 uM) or not. D. Flow cytometry analyzed the oxidized lipid in ARF6 
silenced MIA PaCa-2 cells that pretreated with RSL3 (2 uM) or not. E. Confocal microscopy showed the non-oxidized 
lipid (red) and oxidized lipid (green) in ARF6 silenced PANC-1 and MIA PaCa-2 cells that pretreated with RSL3 (2 
uM) or not. 

Figure 3. ARF6 regulates the sensitivity to RSL3 via ACSL4. A. Western blotting analyzed ACSL4, GPx4, FSP1, SCD1 
expression in PANC-1 and MIA PaCa-2 cells that silenced ARF6 or not. B. qRT-PCR analyzed the change of ACSL4 
mRNA in PANC-1 and MIA PaCa-2 cells that silenced ARF6 or not. C and D. Dose-dependent toxicity of RSL3 was 
analyzed in ARF6 silenced PANC-1 and MIA PaCa-2 that pretreated with ROSI or not. E and F. MDA level was detected 
in AR6 silenced PANC-1 and MIA PaCa-2 cells that pretreated with ROSI or not. G. qRT-PCR analyzed the change 
of ACSL4 mRNA in PANC-1 and MIA PaCa-2 cells that silenced ARF6 or not. H. Cell viability was analyzed in ARF6 
silenced PANC-1 and MIA PaCa-2 that pretreated with OA (80 mmol/L) or not.
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in PANC-1 and MIA PaCa-2 cell lines. The results 
revealed that ARF6 silenced markedly mitigat-
ed gemcitabine resistance, but ROSI only partly 
reversed this phenomenon (Figure 4C and 4D). 
This reminded us that ARF6 might regulate 
gemcitabine resistance through other path-
ways. We next tested some gemcitabine resis-
tance related metabolic proteins, RRM1, DCK 
and hENT1 [27]. Our results showed that ARF6 
silenced strikingly increased the level of DCK 
and hENT1, but there was no significant change 
in RRM1 protein level (Figure 4E). Further qRT-
PCR demonstrated that ARF6 silenced did not 
affect DCK and hENT1 mRNA level in both 

PANC-1 and MIA PaCa-2 cell lines (Figure 4F). 
These might explain why ROSI could not reverse 
gemcitabine sensitivity caused by ARF6 sil- 
enced.

ARF6 negatively correlated with ACSL4 expres-
sion in pancreatic cancer patients

To validate the expression status between 
ARF6 and ACSL4 in patients’ tissues, we ran-
dom selected 40 patients diagnosed with pan-
creatic cancer in our center. Next, we conduct-
ed immunohistochemical staining in their para- 
ffn-embedded tissues with antibodies against 

Figure 4. ARF6 regulates gemcitabine resistance in pancreatic cancer cells. A. Gemcitabine was pretreated in PANC-
1 and MIA PaCa-2 cells at a series of concentrations for three days, then MDA was detected. B. Gemcitabine (10 
uM) was pretreated in ARF6 silenced PANC-1 and MIA PaCa-2 cells that pretreated with ROSI or not. C and D. Dose-
dependent toxicity of gemcitabine was analyzed in ARF6 silenced PANC-1 and MIA PaCa-2 that pretreated with ROSI 
or not. E. Western blotting analyzed the effect of ARF6 on RRM1, DCK and hENT1 protein level in PANC-1 and MIA 
PaCa-2 cells. F. qRT-PCR analyzed the effect of ARF6 on DCK and hENT1 mRNA level.
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ARF6 and ACSL4. Moreover, we calculated IHC 
scores of ARF6 and ACSL4 by multiplying the 
proportion scores and intensity scores. The 
scoring parameters of ARF6 and ACSL4 are 
listed in Figure 5A and 5B. Then, we conducted 
statistical analysis of the correlation between 
ARF6 and ACSL4 and the results showed that 
there was a significant negative correlation be- 
tween ARF6 and ACSL4 in pancreatic cancer 
patients (Figure 5C). Figure 5D showed two 
typical examples of opposite ARF6 and ACSL4 
expressions.

Discussion

Ras superfamily play an important role in the 
physiological activity of cells, and their muta-
tions or abnormal activation will promote can-
cer development [28, 29]. Generally, Ras su- 
perfamily can be divided into five main fami- 
lies upon sequence identity and function: Ras, 
Rho, Rab, Arf and Ran [30]. RAS (KRAS, HRAS, 
NRAS) is the most commonly mutated onco-
gene in human cancer, with particularly high 
frequency in cancers of the pancreas, colon, 
and lung. Moreover, RAS mutation is associat-
ed with poor prognosis and resistance to th- 
erapy, yet there are no effective therapies to 
specifically treat cancers expressing mutant 
forms of the RAS oncoprotein [31]. Therefore, it 
is a high priority to find compounds that are 
selectively lethal to RAS-mutant tumor cells. 
Brent R. Stockwell screened tens of thousa- 
nds small compounds to identify specific com-
pounds that could kill RAS mutant cancer  
cells. They referred to these selected com-
pounds as RAS-selective lethal (RSL) com-
pounds, such as erastin and RSL3 and further 
revealed the underlying mechanisms. More- 
over, they found these compounds killed cells 
in a new manner that is iron-dependent and  
different from apoptosis [3, 4]. In 2012, they 
further explored this type of cell death and 
named it as ferroptosis, which was character-
ized by iron dependence and lipid peroxidation 
[32]. Erastin and RSL3 are canonical ferropto-
sis inducer. Mechanistically, erastin inhibits 
Na+-independent cystine/glutamate antiporter 
(system xc

-), while RSL3 targets to GPx4 [33].

ARF6, a number of RAS superfamily, exerts an 
important and complicated effect in cells. But 
the relationship between ARF6 and ferroptosis 
is unclear. In this study, we detected that ARF6 

silenced sensitized RSL3-induced ferroptosis, 
not erastin-induced ferroptosis. The underlying 
mechanism is not clear. Maybe there was acti-
vated transsulfuration pathway in pancreatic 
cancer that could antagonize erastin-induced 
cystine deprivation [34]. But further study is 
needed to verified this. We next revealed that 
ARF6 silenced did not affect the lipid peroxida-
tion level, which was the most important fea-
ture of ferroptosis. Intriguingly, ARF6 silenced 
enhanced RSL3-induced peroxidation. Further 
study revealed that ARF6 silenced upregulated 
ACSL4 protein level but not mRNA level. These 
indicated that ARF6 could regulate ACSL4 in 
post-translational level. ACSL4 has been veri-
fied to dictate the sensitivity of erastin-, RSL3-, 
or GPx4-depletion-induced ferroptosis by shap-
ing cellular lipid composition to a status that is 
easy to be oxidized [21, 35, 36]. 

Ferroptosis has a broad clinical application 
prospect. For instance, it has been confirmed 
that drug-tolerant persisted cancer cells were 
vulnerable to ferroptosis [37]. In this case, 
many studies focused on the using nanoma- 
terials as drug carriers to deliver ferroptosis 
inducers to kill cancer cells in vivo [38]. More- 
over, inhibiting or activating ferroptosis regulat-
ed the sensitivity to cisplatin [39]. We then 
explored whether there was a connection be- 
tween ARF6-regulated ferroptosis and gem-
citabine. We found that ARF6 silenced did en- 
hance the sensitivity to gemcitabine in pan- 
creatic cancer, but this effect was not entire- 
ly caused by the activation of ferroptosis. 
Gemcitabine related metabolic proteins, DCK 
and hENT1, might also involve in this results, 
because ARF6 silenced also upregulated the 
protein level of DCK and hENT1.

The limitation of this study was that we did not  
further illustrate how ARF6 regulated ACSL4  
in mechanism. ARF6 has been confirmed that 
ARF6 localized to the plasma membrane (PM) 
and vesicle membrane in cytoplasm, where it 
performed functions in internalization of ligan- 
ds and recycling endosomes, regulated endo-
cytic membrane trafficking and actin remodel-
ing, promoted autophagy and so on [40, 41]. 
Since ACSL4 was enriched in plasma mem-
brane, we guessed that ARF6 silenced might 
inhibit the degradation by decreasing the  
transport to lysosome, for ARF6 has been re- 
ported to determine the destination of the 
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Figure 5. ARF6 negatively correlated with ACSL4 expression in pancreatic cancer patients. A and B. Representative 
micrographs showing proportion score and intensity score of ARF6 and ACSL4. C. ARF6 negatively correlated with 
ACSL4 expression in pancreatic cancer patients as demonstrated by immunohistochemical staining and scoring. D. 
Patients with higher levels of ARF6 displayed lower ACSL4 expression.
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cargo in endsome: to be recycled or to be 
degraded by lysosome [13].

In conclusion, this study revealed the role of 
ARF6 in RSL3-induced ferroptosis and gem-
citabine resistance in pancreatic cancer cells, 
and preliminarily explored the underlying me- 
chanism (Figure 6).
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