
Sapio et al. Cancer Drug Resist 2022;5:625-36
DOI: 10.20517/cdr.2022.34

Cancer 
Drug Resistance

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, 
adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as 

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and 
indicate if changes were made.

www.cdrjournal.com

Open AccessPerspective

AdipoRon and Pancreatic Ductal Adenocarcinoma: a 
future perspective in overcoming chemotherapy-
induced resistance?
Luigi Sapio, Angela Ragone, Annamaria Spina, Alessia Salzillo, Silvio Naviglio

Department of Precision Medicine, University of Campania “Luigi Vanvitelli”, Naples 80138, Italy.

Correspondence to: Prof. Silvio Naviglio. Department of Precision Medicine, University of Campania “Luigi Vanvitelli”, via Luigi 
De Crecchio 7, Naples 80138, Italy. E-mail: silvio.naviglio@unicampania.it

How to cite this article: Sapio L, Ragone A, Spina A, Salzillo A, Naviglio S. AdipoRon and Pancreatic Ductal Adenocarcinoma: a 
future perspective in overcoming chemotherapy-induced resistance? Cancer Drug Resist 2022;5:625-36. 
https://dx.doi.org/10.20517/cdr.2022.34

Received: 7 Mar 2022   First decision: 13 Apr 2022  Revised: 19 Apr 2022  Accepted: 25 May 2022  Published: 21 Jun 2022

Academic Editors: Godefridus J. Peters, Luca Morelli  Copy Editor: Tiantian Shi Production Editor: Tiantian Shi

Abstract
The latest scientific knowledge has provided additional insights accountable for the worst prognosis for pancreatic 
ductal adenocarcinoma (PDAC). Among the causative factors, the aptitude to develop resistance towards 
approved medications denotes the master key for understanding the lack of improvement in PDAC survival over 
the years. Even though several compounds have achieved encouraging results at preclinical stage, no new adjuvant 
agents have reached the bedside of PDAC patients lately. The adiponectin receptor agonist AdipoRon is emerging 
as a promising anticancer drug in different cancer models, particularly in PDAC. Building on the existing findings, 
we recently reinforced its candidacy in PDAC cells, proposing AdipoRon either as a suitable partner in gemcitabine-
based treatment or as an effective drug in resistant cells. Crossing the current state-of-the-art, herein we provide a 
critical perspective on AdipoRon to figure out whether this receptor agonist can potentially be considered a future 
therapeutic choice in overcoming chemotherapy-induced resistance, expressly in PDAC.
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INTRODUCTION
Considered as one of the most aggressive malignancies, pancreatic ductal adenocarcinoma (PDAC) 
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accounts for almost all cases of pancreatic cancer[1]. Due to the lack of specific and sensitive biomarkers, 
diagnosis usually happens too late, or rather when the advanced metastatic stage has already occurred[2]. The 
disappointing outcomes provided by the available therapeutic regimes have further contributed to 
worsening PDAC prognosis, whose five-year survival rate currently stands at 10%[3]. Regrettably, according 
to the existing predictive studies, PDAC will become the second leading cause of cancer death in the next 
decade.

Even though a combination of surgery and adjuvant chemotherapy represents the approved curative 
regimen for PDAC management[4], due to the advanced or metastasized stage at diagnosis, not more than 
20% of patients can undergo surgical removal[5]. Therefore, in both resectable and non-resectable PDAC 
conditions, the only partially viable therapeutic strategy remains chemotherapy. Consistent with clinical 
practice guidelines, the first-line treatment involves the use of gemcitabine, which can be administered in 
combination with albumin-bound paclitaxel or FOLFIRINOX (oxaliplatin, irinotecan, leucovorin, and 5-
fluorouracil) treatment cycles[6]. Although both combination therapies have moderately improved either 
overall or median progression-free survival, the highest incidence of mild to severe adverse reactions has 
strongly restricted their usage in prolonged regimes[7]. Therefore, gemcitabine represents the only alternative 
to palliative care sometimes. Disappointingly, while PDAC cells are initially extremely responsive to this 
cytotoxic agent, most patients easily develop resistance within a few weeks, thus compromising the success 
rate of the treatment[8].

Underlying the fully fledged mechanism of chemotherapy resistance is very intricate in cancer, given that 
many determining factors may be involved. Essentially, both innate and adaptive mechanisms can 
concurrently lead to the PDAC-resistant phenotype[9]. Analogously, native and acquired alterations in either 
nucleoside transporters or metabolic enzymes may prompt PDAC cells to gemcitabine resistance[10]. Due to 
its hydrophilicity, cellular uptake is mediated by human equilibrative nucleoside transporters (hENTs) and 
human concentrative nucleoside transporters (hCNTs), although hENT1 accounts for transporting almost 
the entire amount of gemcitabine into cytosol[11]. Once inside, gemcitabine is first phosphorylated by 
deoxycytidine kinase (dCK), and then converted to nucleoside diphosphate (dFdCDP) and triphosphate 
(dFdCTP), successively[12]. Its metabolic inactivation, instead, is regulated by cytidine deaminase (CDA) or, 
after phosphorylation, deoxycytidylate deaminase (dCTD)[13]. Conversely, gemcitabine can inhibit dCDT 
activity both directly and through its active metabolite, dFdCTP[14,15]. Considering the gemcitabine-related 
metabolism as a whole, it is quite clear that changes in hENT1 levels, as well as CDA dysregulations, can 
play a decisive role in defining the degree of resistance against this chemotherapy drug. In PDAC, for 
instance, variations in CDA expression or activity have been correlated with impaired gemcitabine 
responsiveness[16-18]. Although gemcitabine is not considered a canonical target of multidrug resistance-
associated proteins (MRPs)[19,20], different studies have displayed a sort of collateral modulation in ATP-
binding cassettes (ABCs), expressly in PDAC cells unresponsive to deoxycytidine analog[13,21-23]. Besides the 
tumor-related mechanisms, stroma may further contribute to the establishment of a non-permissive 
cytotoxic microenvironment[24], both producing a barrier for drug delivery and influencing cancer cell 
behaviors[25,26]. Secreting soluble factors, remodeling extracellular matrix, delivering exosomes, 
reprogramming the metabolic process, and the epigenetic landscape of tumor cells are some of the stroma-
related properties leading to resistance[27,28]. In addition, there is an ever-growing awareness of the crucial 
role driven by cancer cell metabolism in influencing drug response[9,29]. In accordance with this perspective, 
targeting precise metabolic pathways, which include, among others, glycolysis and mitochondrial oxidative 
phosphorylation (OXPHOS)[30-32], has recently been recognized as a promising pharmacological approach to 
overcome chemoresistance in PDAC.
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Starting from the adiponectin (Acrp30) evidence in regulating pancreatic homeostasis and malignancies, 
herein we expressly review the adiponectin receptor agonist AdipoRon as both a potential anticancer agent 
and gemcitabine sensitizer in PDAC. Providing our personal point of view on criticism and feelings, we try 
to figure out whether this receptor agonist can potentially be considered a future therapeutic choice in 
overcoming chemotherapy-induced resistance, expressly in PDAC.

Adiponectin: an insight on its aptitudes in regulating pancreatic homeostasis
Encoded by the ApM1 gene (adipose most abundant gene transcript 1), Acrp30 is a 244-amino acid 
adipokine synthesized by adipose cells and assembled in three distinct homopolymers, which differ in 
molecular weight and affinity for receptors[33]. As one of the most abundant serum-related adipokines, 
Acrp30 physiologically influences a wide range of cellular functions, including either related or unrelated 
metabolic pathways[34]. Acrp30 primarily regulates glucose and fatty acids homeostasis, and supplementary 
beneficial properties have extensively been reported. Acrp30 can indeed mitigate pathophysiological 
conditions such as inflammation, atherosclerosis, and immune-mediated response[35].

The pivotal role of pancreas in regulating glucose uptake makes this organ extremely vulnerable to Acrp30 
signaling, even though variable and inconsistent results still exist side by side. In this respect, while many 
studies provide evidence supporting the Acrp30-mediated insulin release in mouse islets, in humans, this 
stimulation appears to be ineffective against either basal or glucose-induced insulin secretion[36,37]. However, 
there are certain considerations that could elucidate this controversy. Contrary to other adipokines, 
pancreas-specific Acrp30 knockout mouse models have not been engineered thus far; therefore, all the 
provided information merely recognizes systemic effects which could influence every single statement. 
Moreover, glucose levels and resistance status are two additional key issues which could contribute to 
Acrp30-related responses. In this connection, scrutinizing the insulin-resistant mouse islets, Winzell and 
colleagues warned that Acrp30 can display a dual opposite effect in stimulating this specific hypoglycemic 
agent, namely inhibiting insulin secretion at low glucose concentrations and promoting its release under 
hyperglycemic status[38].

Quite convincing is the Acrp30-mediated role in protecting the maintenance and survival of functional β-
cells. The available scientific research provides precise data about the anti-apoptotic properties of Acrp30 
towards lipids, ceramides, and cytokines[37,39]. In light of its cytoprotective effects, Acrp30 has also been 
proposed as a potential target to treat metabolic syndrome involving β-cell dysfunction. However, the lack 
of compounds capable of stimulating Acrp30 production or mimicking its action has made a chimera of this 
therapeutic strategy.

Almost no modulations have been reported for the remaining islets components, as well as for the exocrine 
portion of the pancreas. Albeit β-cells constitute nearly the totality of pancreatic islets, specific unrelated 
changes in pancreatic functions have been detected for other adipokines. In this respect, inducing variations 
in membrane potential and glucagon secretion, leptin-mediated regulation has been observed in both 
mouse and human α-cells[40,41]. Alterations in lipases release were also obtained in response to leptin 
administration[42]. Instead, resistin, a putative adipocyte-derived hormone involved in insulin resistance and 
diabetes, significantly increased the secretion of pancreatic amylase, thus worsening inflammatory response 
and acute pancreatitis severity[43].

Scrutinizing the scientific production, it remains quite unclear why no Acrp30 results have been achieved 
with respect to other pancreatic components. Surely, the limited available indirect findings suggest a chance 
that even these portions may be responsive to Acrp30 fluctuations. In cystic fibrosis (CF), for instance, an 
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autosomal recessive inflammatory disorder that consistently results in pancreatic exocrine dysfunction[44], 
Acrp30 serum levels are usually higher compared to healthy subjects[45,46]. Acrp30 modulations have also 
been reported in non-functional pancreatic cells, particularly in vascular endothelial cells (VECs), where an 
unusual overexpression in this adipokine may serve as a protective angiogenic factor in mice fed a high-fat 
diet[47].

Across the controversial relationship between adiponectin and PDAC
As recently examined in a theoretical study, the vast majority of the Acrp30-mediated functions are carried 
out by two highly homologous seven-transmembrane helices, termed AdipoR1 and AdipoR2, which 
recognized the canonical membrane receptors for this kind of adipokine[48]. Once recognition and binding 
have occurred, Acrp30 promotes the recruitment of adaptor protein APPL1, which in turn activates AMP-
activated protein kinase (AMPK) and peroxisome proliferator-activated receptor α (PPARα)[35]. Besides 
regulating energy homeostasis, Acrp30-related intracellular targets are actively engaged in controlling 
several signaling pathways that, depending on cell specialization, may lead to opposite effects[49]. The third 
receptor in order of discovery is a calcium-dependent adhesion molecule, also referred to as T-cadherin, 
whereby a lack of its intracellular domain may serve as Acrp30 co-receptor for unknown signaling[50].

Although the presence of Acrp30 receptors has not been confirmed in all pancreatic-derived cells yet, its 
involvement in PDAC initiation and progression has extensively been assessed over the years. The largest 
part of the existing preclinical studies designates Acrp30 as an effective anticancer molecule in PDAC 
models[51,52]. There is one piece of evidence suggesting a tissue-dependent outcome on tumorigenesis, which 
proposes an unconventional Acrp30 role in promoting PDAC growth[53]. The conflicting findings obtained 
by Huang and colleagues can be explained by the specific strain employed for their in vivo experiments. 
Specifically, inoculating H7 and Panc02 cells in Acrp30-KO and Acrp30-WT C57BL/6 mice, they observed 
that the size and weight of the resulting tumor in Acrp30-WT mice were larger compared to those achieved 
in Acrp30-KO. However, apart from connecting these results directly with the Acrp30 action, no accounts 
were taken of the potential metabolic alterations induced by its systemic ablation, which could constitute a 
hostile environment for tumor growth per se. However, more accurate experiments involving the use of an 
inducible system are mandatory to figure out the cause of this controversy.

The clinical findings supporting the Acrp30 involvement in pancreatic malignancy as a putative risk and 
prognostic factor remain inconclusive. While both US and European nested case-control studies revealed an 
inverse correlation between the pre-diagnostic plasma levels of Acrp30 and the subsequent risk of 
developing PDAC[54,55], a recent Mendelian randomized analysis totally rejects this association[56]. Two main 
limitations make the link between Acrp30 and PDAC risk inconclusive so far: (i) the absence of systematic 
reviews of randomized controlled trials; and (ii) the limited setting of PDAC patients whose Acrp30 levels 
were monitored before and during PDAC diagnosis. Moreover, rather than an ordinary relationship with 
blood levels, PDAC risk could be associated with the expression of specific genetic variants of Acrp30[57]. 
More persuasive appears the hyperadiponectinemia observed in PDAC instead[58-60]. While this connection 
could be interpreted as a compensatory response to the PDAC-induced cachexia, Acrp30 plasma levels 
seem unrelated to either BMI or leptin concentration[58,59]. Therefore, an alternative explanation for this 
unexpected increase could be a sort of adaptive process for hindering tumor growth. This model could also 
account for the reduced levels of both Acrp30 receptors observed in PDAC cells relative to normal 
pancreatic tissue[61]. Nevertheless, further designs are absolutely needed to investigate the above, as well as 
other possible conjectures. Only few and conflicting assumptions have been stated regarding Acrp30 as a 
prognostic factor in PDAC[62,63].
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AdipoRon and PDAC: more lights than shadows
Due to a combination of both intrinsic and extrinsic limitations, no translation has been conceived for
Acrp30 in cancer clinical trials. While the controversial findings have not permitted any subsequent steps
involving PDAC patients to date, Acrp30 translation floundered even in cancers showing very convincing
preclinical results. The heavy molecular mass and the reduced half-life/stability of Acrp30 have substantially
hampered any clinical application in malignancy as well as in other pathological conditions. Nevertheless,
the recent characterization of a plausible Acrp30 active and binding site has broken new ground in the
design of derived compounds, thus making different druggable options available[64].

In regard to the Acrp30-mediated beneficial properties observed in cell disease models, adiponectin
receptor agonists certainly denote the most promising class of compounds having potential therapeutic
perspectives. Among the other agonists, AdipoRon is emerging as a fascinating anticancer agent in several
malignancies, including osteosarcoma, myeloma, breast and ovarian cancer[65,66]. Standing out as the top-
scored in activating AMPK and bonding AdipoR1 and AdipoR2 in murine myeloblast C2C12 cells,
AdipoRon is currently recognized as the first orally active adiponectin receptor agonist[67].

Independent research groups have provided convincing evidence supporting the antiproliferative role
played by AdipoRon in both in vitro and in vivo PDAC models[61,68-71]. Unsurprisingly, querying the main
scientific databases for AdipoRon, PDAC represents the most mentioned among the tumor models
examined thus far. A detailed summary of the key findings obtained in PDAC is discussed hereafter.

Messaggio and co-workers were the first to prove that AdipoRon could suppress tumor growth in PDAC
models[61]. Specifically, employing both human and GEMM-derived mouse PDAC cells, they observed
reduced proliferation and apoptosis induction in response to AdipoRon administration concurrently. Even
though AdipoRon treatments decreased signal transducer and activator of transcription 3 (STAT3)
phosphorylation, no experiments have been performed to address its impact on the AdipoRon-mediated
action. In this respect, a more comprehensive mechanistic design was proposed by Akimoto and colleagues
a year later, who drew attention to RIPK1-dependent necroptosis as the main tool for cell death induction
in AdipoRon-treated cells[68]. Nevertheless, based on the obtained results, they did not exclude that caspase-
independent apoptosis and autophagy could be similarly involved. Mechanistically, a rise in calcium
concentration triggered extracellular signal-regulated protein kinase 1/2 (ERK1/2) and calpain-1 activation,
which in turn led to mitochondrial dysfunction and caspase-independent apoptosis induction. Activation of
AMPK and p38 signaling were recognized as survival pathways in this specific experimental design, since
their pharmacological inhibition enhanced the AdipoRon cytotoxic effects. The impairment of
mitochondrial activity was further confirmed by Manley et al. in their latest study[69]. Performing Seahorse-
based assays, they noticed that AdipoRon treatments not only decreased basal and maximal mitochondrial
respiration but also attenuated proton leak. As a compensatory response to defective mitochondrial ATP
production, PDAC cells increased anaerobic glycolysis by consuming a greater amount of glucose and
producing more lactic acid. Finally, based on these results, the authors recognized glycolysis inhibitors as
potential targets to enhance AdipoRon effectiveness. Aimed at providing more insight into the AdipoRon-
mediated antitumor properties in PDAC, Takenaga and colleagues revealed a concurrent angiogenesis
inhibition in MSS31 endothelial cells, which may cause a shortage of nutrients and oxygen supply in tumor
cells[71]. Although AMPK, p38, and ERK1/2 were simultaneously activated by AdipoRon in this cell type, 
the MEK1 inhibitor U0126 was the only one capable of preserving tube formation. The anti-
angiogenic features could also explain the reduced effectiveness observed in the AdipoRon-treated
orthotopic pancreatic cancer mice fed a high-fat diet. Specifically, given that obese mice usually show high
plasma levels of leptin, this anorexigenic adipokine may dynamically compete with AdipoRon in
stimulating endothelial cells, thus overriding pro- rather than anti-angiogenic mechanisms.
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AdipoRon improves gemcitabine-mediated outcomes in PDAC cells
While different studies convincingly propose AdipoRon as an anticancer agent in PDAC models, no data 
support a potential cooperating effect in gemcitabine-based therapy. In this respect, we recently provided 
evidence of increased responsiveness to gemcitabine when PDAC cells were concomitantly stimulated with 
AdipoRon. Using multiple biological approaches, we demonstrated that AdipoRon plus gemcitabine 
significantly decreased tumorigenesis in two distinct PDAC cell lines, MIA PaCa-2 and PANC-1.

In detail, adding AdipoRon to gemcitabine further compromised cell growth and colony-forming ability 
compared with single treatments, thus suggesting a positive correlation between these two compounds. For 
this purpose, CompuSyn analysis was subsequently performed, demonstrating a potential synergistic effect 
in either raising cell-growth inhibition or reducing colony formation. Precisely, this assay revealed a 
combination index (CI) ranging from 0.59-0.63 in MIA PaCa-2 and 0.05-0.22 in PANC-1. We also recorded 
G0/G1 and S phase accumulation after the individual release of AdipoRon and gemcitabine, respectively. 
Remarkably, when these two compounds were administrated together, we noticed different but 
intermediate features in cell cycle distribution. Without statistically significant variations in SubG1 amount 
compared to the deoxycytidine analog (P > 0.05), AdipoRon plus gemcitabine induced G0/G1 accumulation 
closer to AdipoRon within 24 h and S-phase arrest similar to gemcitabine after 48 h. The observed 
variations in cell cycle distribution after AdipoRon, gemcitabine, and AdipoRon plus gemcitabine treatment 
were further corroborated by cyclins and cyclin-dependent kinase inhibitor levels. Considering the 
relevance of the ERK1/2 signaling in the AdipoRon-mediated action, we investigated its possible 
involvement in combination with gemcitabine. Without significant changes in total protein amount, we 
observed a phospho-ERK1/2 upregulation in combined treatment more than AdipoRon alone. Intriguingly, 
the usage of PD98059 as a potent MEK1/MEK2 inhibitor partially prevented the enhanced outcomes 
observed in reaction to AdipoRon plus gemcitabine, thus reinforcing the dynamic influence of this pathway 
in the AdipoRon-mediated sensitization. To further speculate on the usefulness of AdipoRon-based therapy 
in PDAC, we finally explored the combination impact in gemcitabine-resistant MIA PaCa-2 cells. While 
gemcitabine was ineffective in decreasing cell proliferation, AdipoRon treatments, either alone or in 
combination, hindered cell growth with an inhibition rate of 25% and 43%, respectively. We also observed a 
reduction in colony numbers after both AdipoRon and AdipoRon plus gemcitabine administration. As in 
gemcitabine-sensitive cells, AdipoRon was able to increase the G0/G1 phase in resistant ones, while the 
simultaneous presence of gemcitabine further intensified this tendency.

Critical issues and future perspectives for the AdipoRon usage in PDAC treatment
In light of the latest cancer statistics[3], it is explicit that all clinically approved therapeutic strategies for 
treating PDAC have provided unsatisfactory responses. While the rest of the cancers are moving toward a 
chronic management, PDAC remains one of the deadliest malignancies worldwide[72]. Even 
immunotherapy, which has been designed as the “breakthrough” in cancer treatment, has achieved only 
weak outcomes in PDAC[73]. Consequently, identifying novel pharmacological approaches is categorically 
demanded to make PDAC more treatable.

AdipoRon has recently been found to be effective in contrasting PDAC cell growth at preclinical 
stage[61,68,69,71], but, more interestingly, we recently provided evidence of potential cooperating effects between 
AdipoRon and gemcitabine[70]. Due to the low rate of radiation and surgery eligibility, gemcitabine-based 
therapy constitutes the widely used approach in treating PDAC[5]. Regrettably, even though gemcitabine is 
still considered a cornerstone in PDAC therapy, the chances of developing chemoresistance are extremely 
high for these patients, and thereby combinatory treatments are usually preferred over single-agent 
administration. Despite the huge efforts made to provide other pharmacological options, only two 
gemcitabine partners, erlotinib and nab-paclitaxel, have been approved in clinic[74]. However, their success 
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Table 1. Metabolic pathways involved in gemcitabine resistance and potentially affected by AdipoRon exposure

Metabolic pathway Molecular target Drug inhibitor Reference

Complex I Metformin, rotenone, phenformin [31]

Complex IV Arsenic trioxide [32]

OXPHOS

Complex V Oligomycin [78]

Hexokinase 2-deoxy-D-glucose [79]

Pyruvate Dehydrogenase CPI-613 (devimistat) [32]

Glycolysis

LDH-A N-hydroxyindole-based inhibitors [80,81]

rate is strictly dependent on several factors, including genetic signatures and performance status scale[75,76]. 
Recognizing AdipoRon as a potential candidate in gemcitabine-based therapy may provide additional hopes 
for advanced PDAC patients. However, to be fair, the possibility that AdipoRon may reach the bedside of 
PDAC patients is currently remote. While AdipoRon has already been tested in animal models as a single 
agent, showing a high degree of tolerability in normal tissues[68], in vivo studies have not corroborated its 
effectiveness in combination with gemcitabine yet. Recently, another adiponectin receptor agonist has 
concluded phase 1/2a (NCT04201574) and is currently under evaluation in phase 2/3 clinical trials 
(NCT04899518). As a peptidomimetic agonist, ALY688 has shown no specific adverse reactions as 
ophthalmic solution in human patients, and now two distinct concentrations (0.4% and 1%) will be 
evaluated for their efficacy in subjects with dry eye disease. While extremely promising, a positive ALY688 
outcome in human trials would not lead to AdipoRon approval in clinic, but it could pose a driving force 
for its testing in cancer patients. Adiponectin receptor agonists actually include a heterogeneous group of 
molecules, and thus they must be investigated individually at every stage. In this respect, dissimilarities in 
biological behaviors have been observed even between AdipoRon and Acrp30. Characterizing the 
AdipoRon-mediated mechanism of action in PDAC cells, Akimoto and colleagues noticed that, unlike 
AdipoRon, neither ERK1/2 activation nor cell death induction was detected in response to Acrp30 
administration[68]. These findings bring more doubts about the chemical and biological differences that may 
exist between these two molecules, as well as whether the AdipoRon-mediated effects are really due to the 
agonistic action towards Acrp30 receptors.

The ability to make gemcitabine-resistant MIA PaCa-2 cells responsive to AdipoRon denotes a fascinating 
aptitude that could open up new opportunities in overcoming chemotherapy refractoriness. On the basis of 
the standing knowledge, there is a rational explanation for corroborating the above biological outcome. 
Recently, mitochondria have been described to facilitate the survival of stem and dormant cells treated with 
cytotoxic agents in PDAC[31]. Several mitochondrial-related pathways and mechanisms have been associated 
with chemoresistance, such as apoptosis, autophagy, and metabolic remodeling[77]. In accordance with this 
latter operation, in both oncogene-ablated and gemcitabine-treated PDAC cells, targeting OXPHOS 
significantly shrank tumor recurrence[31,32,78]. Since an OXPHOS impairment has also been observed in 
response to AdipoRon administration[68,69], it is plausible to imagine a link between the damage that 
occurred at this organelle and the ability to sensitize PDAC resistant cells to gemcitabine. While the 
aberrant glycolysis usage is considered a metabolic feature of drug resistance in tumor cells[30,79], after 
AdipoRon stimulation, this compensatory mechanism could be exploited to completely eradicate the 
minimal residual disease [Table 1][69,80,81]. Besides the metabolic outlook, another potential mechanistic way 
to corroborate the AdipoRon-mediated gemcitabine sensitization could be represented by the ABC 
transporters, which have recently been implicated in chemotherapy resistance, expressly in PDAC[21-23]. 
Despite no proof currently demonstrating an AdipoRon-induced ABCs modulation, limited findings 
correlate Acrp30 and some members of this class of transporters. In this respect, Acrp30 has been described 
to increase both mRNA and protein levels of ABCA1 in hepatocellular carcinoma HepG2 cells[82]. A positive 
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Figure 1. AdipoRon-mediated mechanisms and potential interconnection points to overcome gemcitabine resistance in PDAC. 
Schematic representation of the main metabolic and signaling pathways regulated by AdipoRon in PDAC cells. Red arrows indicate 
direct and indirect AdipoRon-related ways to hinder chemotherapy resistance.

correlation between Acrp30 and ABCA1 levels has also been observed in visceral adipose tissue[83]. However, 
the abovementioned speculation first warrants further investigation about the possible contribution of ABC 
transporters to gemcitabine resistance.

Although all these assumptions are largely based on logical reasoning, we strongly feel that all future 
inquiries should be moving in this direction. In addition, the next two steps should be aimed at defining the 
existence of potential cooperating effects with other approved chemo-drugs and translating the 
combination of AdipoRon plus gemcitabine into a more complex biological system such as in vivo models. 
Simultaneously, characterizing each mechanistic aspect of the AdipoRon-mediated features may contribute 
to outlining its wholesomeness in overcoming gemcitabine and, more in general, chemotherapy-induced 
resistance in PDAC [Figure 1].

In light of the current orphan status and the tremendously unfavorable prognosis, each promising molecule 
capable of improving both PDAC prognosis and survival should be fully explored. Analyzing the current 
scientific production, AdipoRon is emerging as a potential therapeutic choice in PDAC, either as a single 
compound or a partner in gemcitabine-based treatment. Therefore, its pharmacological properties perfectly 
fulfill the requirements that a candidate is supposed to have for ameliorating PDAC expectation. Whether 
this is enough to attain clinical approval will be based on the upcoming experiments.
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