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Pancreatic ductal adenocarcinoma (PDAC) is a devastating disease with a 5-year
survival rate of <8% [1–3]. PDAC is characterized by dense desmoplastic stroma, which
can constitute up to 90% of the tumor bulk, consisting of non-cellular and cellular com-
ponents [4,5]. Pancreatic stellate cells (PSCs) and cancer-associated fibroblasts (CAFs)
are the principal cellular components responsible for extracellular matrix (ECM) depo-
sition and remodeling, and they play critical roles in cancer progression and treatment
resistance [6]. PSC cells are present in a normal pancreas in a quiescent state and are
principally involved in vitamin A storage within the cytoplasm [7]. After an injury, they
activate and convert into a myofibroblast-like phenotype defined by α-SMA (alpha smooth
muscle actin) expression, responsible for different ECM components’ secretion, in partic-
ular, fibronectins, laminins, and collagen, thus contributing to the highly fibrotic state of
PDAC tumors [8–10]. CAFs in PDAC are most often divided into three subtypes, with
different tumor-supporting capacities: myofibroblast-type CAFs (myCAFs), inflammatory
CAFs (iCAFs), and antigen-presenting CAFs (apCAFs) [11–13]. Local approaches such
as radiation therapy, hyperthermia, microwave or radiofrequency ablation, irreversible
electroporation, and high-intensity focused ultrasound are capable of modifying the tumor
microenvironment (TME) and ECM composition and structure, potentially enhancing
chemotherapy [14]. Recently, immunotherapy has become a novel and promising alterna-
tive approach to target tumors [15–17]. The objective of immunotherapy is to (re)activate the
immune system against cancer. Several innovative immunotherapies have been explored in
pancreatic ductal adenocarcinoma (PDAC), with a focus on activating T cells either by block-
ing inhibitory signals or by enhancing their antitumor activity [18,19]. Stouten et al. focused
their attention on the interactions between the immunosystem and CAFs, which can signif-
icantly influence immunotolerance and tumor growth [20]. The existing literature supports
the role of CAFs in contributing to immunotherapy resistance; yet, the underlying mecha-
nisms remain inadequately explored. Pathways associated with activated CAFs (iCAFs)
are primarily considered pro-tumorigenic, although not exclusively. CAFs participate in
desmoplasia, but the depletion of myCAFs can paradoxically lead to tumor progression.
This presents a significant challenge for current and future therapeutic endeavors. At the
moment, the combination of therapies targeting CAFs with immunotherapies has shown
promising effects in murine models and certain clinical trials of PDAC patients [21,22].
PDAC typically progresses silently and without noticeable symptoms, leading to a challeng-
ing prognosis and poor outcomes [23,24]. Consequently, there is a pressing need to enhance
early diagnosis and detect reliable biomarkers. In this context, one of the most promising
approaches is the detection of exosomes in the bloodstream [25,26]. PDAC-associated mi-
croRNAs (miRNAs) packaged within exosomes could be used as diagnostic markers for the
early detection of PDAC [27]. In this regard, Makler and colleagues identified four distinct
differentially expressed miRNAs between plasma exosomes harvested from PDAC patients
and those from control patients: miR-93-5p, miR-339-3p, miR-425-5p, and miR-425-3p, with
an area under the curve (AUC) of the receiver operator characteristic curve (ROC) of 0.885,
a sensitivity of 80%, and a specificity of 94.7%, which is comparable to the CA19-9 standard
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PDAC marker diagnostic [28]. Recently, the composition of the tumor microbiome has
emerged as a novel prognostic factor for PDAC, as it differs from one patient to another
and in response to chemotherapy [29–32]. Merali et al. demonstrated the existence of a
bile microbiome signature in patients with PDAC who experienced obstructive jaundice
caused by the disease, and the identification of specific bacteria in the bile has the potential
to facilitate the detection and stratification of PDAC [33]. Deregulation of key signaling
pathways in cancer, as well as altered genes expression, have critical functions in tumor
progression [34–38]. Stukas et al. demonstrated that the inhibition of aryl hydrocarbon
receptor (AHR) expression in PDAC sensitizes cells to gemcitabine, the gold standard
treatment for pancreatic cancer, through the ELAVL1-DCK pathway [39–43]. Zuccolini
et al. evaluated the effects of two different Ca2+-gated K+ channel KCa3.1 (commonly
known as IK) blockers, namely Clotrimazole and Senicapoc, on metastatic melanoma and
PDAC [44–47]. Although both inhibitors reduced the viability and migration of the tumor
cells, neither of them altered the intracellular Ca2+ concentration in PDAC. In conclusion,
the studies discussed in this editorial provide valuable insights into novel therapeutic
strategies and personalized approaches for the treatment of PDAC. Further research in this
field is needed to improve our knowledge regarding pancreatic cancer progression and to
develop personalized treatments, with the aim of improving patient outcomes.

Funding: D.D.C. was supported by Fondazione Umberto Veronesi (FUV) and Fondazione Italiana
per la ricerca sulle Malattie del Pancreas (FIMP).

Conflicts of Interest: The author declares that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Sarantis, P.; Koustas, E.; Papadimitropoulou, A.; Papavassiliou, A.G.; Karamouzis, M.V. Pancreatic Ductal Adenocarcinoma:

Treatment Hurdles, Tumor Microenvironment and Immunotherapy. World J. Gastrointest. Oncol. 2020, 12, 173–181. [CrossRef]
2. Arnold, M.; Abnet, C.C.; Neale, R.E.; Vignat, J.; Giovannucci, E.L.; McGlynn, K.A.; Bray, F. Global Burden of 5 Major Types of

Gastrointestinal Cancer. Gastroenterology 2020, 159, 335–349.e15. [CrossRef]
3. Hosein, A.N.; Dougan, S.K.; Aguirre, A.J.; Maitra, A. Translational Advances in Pancreatic Ductal Adenocarcinoma Therapy. Nat.

Cancer 2022, 3, 272–286. [CrossRef]
4. Hosein, A.N.; Brekken, R.A.; Maitra, A. Pancreatic Cancer Stroma: An Update on Therapeutic Targeting Strategies. Nat. Rev.

Gastroenterol. Hepatol. 2020, 17, 487–505. [CrossRef] [PubMed]
5. Valkenburg, K.C.; de Groot, A.E.; Pienta, K.J. Targeting the Tumour Stroma to Improve Cancer Therapy. Nat. Rev. Clin. Oncol.

2018, 15, 366–381. [CrossRef] [PubMed]
6. Cave, D.D.; Di Guida, M.; Costa, V.; Sevillano, M.; Ferrante, L.; Heeschen, C.; Corona, M.; Cucciardi, A.; Lonardo, E. TGF-B1

Secreted by Pancreatic Stellate Cells Promotes Stemness and Tumourigenicity in Pancreatic Cancer Cells through L1CAM
Downregulation. Oncogene 2020, 39, 4271–4285. [CrossRef] [PubMed]

7. Wu, Y.; Zhang, C.; Jiang, K.; Werner, J.; Bazhin, A.V.; D’Haese, J.G. The Role of Stellate Cells in Pancreatic Ductal Adenocarcinoma:
Targeting Perspectives. Front. Oncol. 2021, 10, 621937. [CrossRef] [PubMed]

8. Cave, D.D.; Buonaiuto, S.; Sainz, B.; Fantuz, M.; Mangini, M.; Carrer, A.; Di Domenico, A.; Iavazzo, T.T.; Andolfi, G.; Cortina, C.;
et al. LAMC2 Marks a Tumor-Initiating Cell Population with an Aggressive Signature in Pancreatic Cancer. J. Exp. Clin. Cancer
Res. 2022, 41, 315. [CrossRef] [PubMed]

9. Öhlund, D.; Franklin, O.; Lundberg, E.; Lundin, C.; Sund, M. Type IV Collagen Stimulates Pancreatic Cancer Cell Proliferation,
Migration, and Inhibits Apoptosis through an Autocrine Loop. BMC Cancer 2013, 13, 154. [CrossRef] [PubMed]

10. Puls, T.J.; Tan, X.; Whittington, C.F.; Voytik-Harbin, S.L. 3D Collagen Fibrillar Microstructure Guides Pancreatic Cancer Cell
Phenotype and Serves as a Critical Design Parameter for Phenotypic Models of EMT. PLoS ONE 2017, 12, e0188870. [CrossRef]
[PubMed]

11. Geng, X.; Chen, H.; Zhao, L.; Hu, J.; Yang, W.; Li, G.; Cheng, C.; Zhao, Z.; Zhang, T.; Li, L.; et al. Cancer-Associated Fibroblast
(CAF) Heterogeneity and Targeting Therapy of CAFs in Pancreatic Cancer. Front. Cell Dev. Biol. 2021, 9, 655152. [CrossRef]
[PubMed]

12. Zhang, T.; Ren, Y.; Yang, P.; Wang, J.; Zhou, H. Cancer-Associated Fibroblasts in Pancreatic Ductal Adenocarcinoma. Cell Death
Dis. 2022, 13, 897. [CrossRef] [PubMed]

13. Boyd, L.N.C.; Andini, K.D.; Peters, G.J.; Kazemier, G.; Giovannetti, E. Heterogeneity and Plasticity of Cancer-Associated
Fibroblasts in the Pancreatic Tumor Microenvironment. Semin. Cancer Biol. 2022, 82, 184–196. [CrossRef] [PubMed]

https://doi.org/10.4251/wjgo.v12.i2.173
https://doi.org/10.1053/j.gastro.2020.02.068
https://doi.org/10.1038/s43018-022-00349-2
https://doi.org/10.1038/s41575-020-0300-1
https://www.ncbi.nlm.nih.gov/pubmed/32393771
https://doi.org/10.1038/s41571-018-0007-1
https://www.ncbi.nlm.nih.gov/pubmed/29651130
https://doi.org/10.1038/s41388-020-1289-1
https://www.ncbi.nlm.nih.gov/pubmed/32291413
https://doi.org/10.3389/fonc.2020.621937
https://www.ncbi.nlm.nih.gov/pubmed/33520728
https://doi.org/10.1186/s13046-022-02516-w
https://www.ncbi.nlm.nih.gov/pubmed/36289544
https://doi.org/10.1186/1471-2407-13-154
https://www.ncbi.nlm.nih.gov/pubmed/23530721
https://doi.org/10.1371/journal.pone.0188870
https://www.ncbi.nlm.nih.gov/pubmed/29190794
https://doi.org/10.3389/fcell.2021.655152
https://www.ncbi.nlm.nih.gov/pubmed/34336821
https://doi.org/10.1038/s41419-022-05351-1
https://www.ncbi.nlm.nih.gov/pubmed/36284087
https://doi.org/10.1016/j.semcancer.2021.03.006
https://www.ncbi.nlm.nih.gov/pubmed/33737108


Int. J. Mol. Sci. 2024, 25, 1929 3 of 4

14. De Grandis, M.C.; Ascenti, V.; Lanza, C.; Di Paolo, G.; Galassi, B.; Ierardi, A.M.; Carrafiello, G.; Facciorusso, A.; Ghidini, M.
Locoregional Therapies and Remodeling of Tumor Microenvironment in Pancreatic Cancer. Int. J. Mol. Sci. 2023, 24, 12681.
[CrossRef] [PubMed]

15. Robert, C. A Decade of Immune-Checkpoint Inhibitors in Cancer Therapy. Nat. Commun. 2020, 11, 3801. [CrossRef]
16. Panchal, K.; Sahoo, R.K.; Gupta, U.; Chaurasiya, A. Role of Targeted Immunotherapy for Pancreatic Ductal Adenocarcinoma

(PDAC) Treatment: An Overview. Int. Immunopharmacol. 2021, 95, 107508. [CrossRef]
17. Wong, S.K.; Beckermann, K.E.; Johnson, D.B.; Das, S. Combining Anti-Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) and -

Programmed Cell Death Protein 1 (PD-1) Agents for Cancer Immunotherapy. Expert Opin. Biol. Ther. 2021, 21, 1623–1634.
[CrossRef]

18. Chouari, T.; La Costa, F.S.; Merali, N.; Jessel, M.-D.; Sivakumar, S.; Annels, N.; Frampton, A.E. Advances in Immunotherapeutics
in Pancreatic Ductal Adenocarcinoma. Cancers 2023, 15, 4265. [CrossRef]

19. Timmer, F.E.F.; Geboers, B.; Nieuwenhuizen, S.; Dijkstra, M.; Schouten, E.A.C.; Puijk, R.S.; De Vries, J.J.J.; Van Den Tol, M.P.;
Bruynzeel, A.M.E.; Streppel, M.M.; et al. Pancreatic Cancer and Immunotherapy: A Clinical Overview. Cancers 2021, 13, 4138.
[CrossRef]

20. Stouten, I.; Van Montfoort, N.; Hawinkels, L.J.A.C. The Tango between Cancer-Associated Fibroblasts (CAFs) and Immune Cells
in Affecting Immunotherapy Efficacy in Pancreatic Cancer. Int. J. Mol. Sci. 2023, 24, 8707. [CrossRef]

21. Chen, Y.; McAndrews, K.M.; Kalluri, R. Clinical and Therapeutic Relevance of Cancer-Associated Fibroblasts. Nat. Rev. Clin.
Oncol. 2021, 18, 792–804. [CrossRef] [PubMed]

22. Bockorny, B.; Semenisty, V.; Macarulla, T.; Borazanci, E.; Wolpin, B.M.; Stemmer, S.M.; Golan, T.; Geva, R.; Borad, M.J.;
Pedersen, K.S.; et al. BL-8040, a CXCR4 Antagonist, in Combination with Pembrolizumab and Chemotherapy for Pancreatic
Cancer: The COMBAT Trial. Nat. Med. 2020, 26, 878–885. [CrossRef] [PubMed]

23. Lin, K.; Lin, A.N.; Lin, S.; Lin, T.; Liu, Y.X.; Reddy, M. A Silent Asymptomatic Solid Pancreas Tumor in a Nonsmoking Athletic
Female: Pancreatic Ductal Adenocarcinoma. Case Rep. Gastroenterol. 2017, 11, 624–632. [CrossRef] [PubMed]

24. Principe, D.R.; Underwood, P.W.; Korc, M.; Trevino, J.G.; Munshi, H.G.; Rana, A. The Current Treatment Paradigm for Pancreatic
Ductal Adenocarcinoma and Barriers to Therapeutic Efficacy. Front. Oncol. 2021, 11, 688377. [CrossRef]

25. Nakamura, K.; Zhu, Z.; Roy, S.; Jun, E.; Han, H.; Munoz, R.M.; Nishiwada, S.; Sharma, G.; Cridebring, D.; Zenhausern, F.; et al. An
Exosome-Based Transcriptomic Signature for Noninvasive, Early Detection of Patients with Pancreatic Ductal Adenocarcinoma:
A Multicenter Cohort Study. Gastroenterology 2022, 163, 1252–1266.e2. [CrossRef] [PubMed]

26. Xu, B.; Chen, Y.; Peng, M.; Zheng, J.H.; Zuo, C. Exploring the Potential of Exosomes in Diagnosis and Drug Delivery for Pancreatic
Ductal Adenocarcinoma. Int. J. Cancer 2023, 152, 110–122. [CrossRef] [PubMed]

27. Makler, A.; Narayanan, R.; Asghar, W. An Exosomal miRNA Biomarker for the Detection of Pancreatic Ductal Adenocarcinoma.
Biosensors 2022, 12, 831. [CrossRef]

28. Makler, A.; Asghar, W. Exosomal miRNA Biomarker Panel for Pancreatic Ductal Adenocarcinoma Detection in Patient Plasma: A
Pilot Study. Int. J. Mol. Sci. 2023, 24, 5081. [CrossRef]

29. Stower, H. Predicting Pancreatic Cancer Survival via the Tumor Microbiome. Nat. Med. 2019, 25, 1330. [CrossRef]
30. Bangolo, A.I.; Trivedi, C.; Jani, I.; Pender, S.; Khalid, H.; Alqinai, B.; Intisar, A.; Randhawa, K.; Moore, J.; De Deugd, N.; et al.

Impact of Gut Microbiome in the Development and Treatment of Pancreatic Cancer: Newer Insights. World J. Gastroenterol. 2023,
29, 3984–3998. [CrossRef]

31. Bharti, R.; Grimm, D.G. Current Challenges and Best-Practice Protocols for Microbiome Analysis. Brief. Bioinform. 2021, 22,
178–193. [CrossRef]

32. Guo, W.; Zhang, Y.; Guo, S.; Mei, Z.; Liao, H.; Dong, H.; Wu, K.; Ye, H.; Zhang, Y.; Zhu, Y.; et al. Tumor Microbiome Contributes
to an Aggressive Phenotype in the Basal-like Subtype of Pancreatic Cancer. Commun. Biol. 2021, 4, 1019. [CrossRef] [PubMed]

33. Merali, N.; Chouari, T.; Terroire, J.; Jessel, M.-D.; Liu, D.S.K.; Smith, J.-H.; Wooldridge, T.; Dhillon, T.; Jiménez, J.I.; Krell, J.; et al.
Bile Microbiome Signatures Associated with Pancreatic Ductal Adenocarcinoma Compared to Benign Disease: A UK Pilot Study.
Int. J. Mol. Sci. 2023, 24, 16888. [CrossRef]

34. Cave, D.D.; Rizzo, R.; Sainz, B. The Revolutionary Roads to Study Cell–Cell Interactions in 3D In Vitro Pancreatic Cancer Models.
Cancers 2021, 13, 930. [CrossRef] [PubMed]

35. Yokobori, T.; Nishiyama, M. TGF-β Signaling in Gastrointestinal Cancers: Progress in Basic and Clinical Research. J. Clin. Med.
2017, 6, 11. [CrossRef] [PubMed]

36. Adamopoulos, C.; Cave, D.D.; Papavassiliou, A.G. Inhibition of the RAF/MEK/ERK Signaling Cascade in Pancreatic Cancer:
Recent Advances and Future Perspectives. Int. J. Mol. Sci. 2024, 25, 1631. [CrossRef]

37. Seton-Rogers, S. Fibroblasts Shape PDAC Architecture. Nat. Rev. Cancer 2019, 19, 418. [CrossRef]
38. Özdemir, B.C.; Pentcheva-Hoang, T.; Carstens, J.L.; Zheng, X.; Wu, C.-C.; Simpson, T.R.; Laklai, H.; Sugimoto, H.; Kahlert, C.;

Novitskiy, S.V.; et al. Depletion of Carcinoma-Associated Fibroblasts and Fibrosis Induces Immunosuppression and Accelerates
Pancreas Cancer with Reduced Survival. Cancer Cell 2014, 25, 719–734. [CrossRef]

39. Stukas, D.; Jasukaitiene, A.; Bartkeviciene, A.; Matthews, J.; Maimets, T.; Teino, I.; Jaudzems, K.; Gulbinas, A.; Dambrauskas, Z.
Targeting AHR Increases Pancreatic Cancer Cell Sensitivity to Gemcitabine through the ELAVL1-DCK Pathway. Int. J. Mol. Sci.
2023, 24, 13155. [CrossRef]

https://doi.org/10.3390/ijms241612681
https://www.ncbi.nlm.nih.gov/pubmed/37628865
https://doi.org/10.1038/s41467-020-17670-y
https://doi.org/10.1016/j.intimp.2021.107508
https://doi.org/10.1080/14712598.2021.1921140
https://doi.org/10.3390/cancers15174265
https://doi.org/10.3390/cancers13164138
https://doi.org/10.3390/ijms24108707
https://doi.org/10.1038/s41571-021-00546-5
https://www.ncbi.nlm.nih.gov/pubmed/34489603
https://doi.org/10.1038/s41591-020-0880-x
https://www.ncbi.nlm.nih.gov/pubmed/32451495
https://doi.org/10.1159/000481302
https://www.ncbi.nlm.nih.gov/pubmed/29282381
https://doi.org/10.3389/fonc.2021.688377
https://doi.org/10.1053/j.gastro.2022.06.090
https://www.ncbi.nlm.nih.gov/pubmed/35850192
https://doi.org/10.1002/ijc.34195
https://www.ncbi.nlm.nih.gov/pubmed/35765844
https://doi.org/10.3390/bios12100831
https://doi.org/10.3390/ijms24065081
https://doi.org/10.1038/s41591-019-0587-z
https://doi.org/10.3748/wjg.v29.i25.3984
https://doi.org/10.1093/bib/bbz155
https://doi.org/10.1038/s42003-021-02557-5
https://www.ncbi.nlm.nih.gov/pubmed/34465850
https://doi.org/10.3390/ijms242316888
https://doi.org/10.3390/cancers13040930
https://www.ncbi.nlm.nih.gov/pubmed/33672435
https://doi.org/10.3390/jcm6010011
https://www.ncbi.nlm.nih.gov/pubmed/28106769
https://doi.org/10.3390/ijms25031631
https://doi.org/10.1038/s41568-019-0171-3
https://doi.org/10.1016/j.ccr.2014.04.005
https://doi.org/10.3390/ijms241713155


Int. J. Mol. Sci. 2024, 25, 1929 4 of 4

40. Koltai, T.; Reshkin, S.J.; Carvalho, T.M.A.; Di Molfetta, D.; Greco, M.R.; Alfarouk, K.O.; Cardone, R.A. Resistance to Gemcitabine
in Pancreatic Ductal Adenocarcinoma: A Physiopathologic and Pharmacologic Review. Cancers 2022, 14, 2486. [CrossRef]

41. Amrutkar, M.; Gladhaug, I. Pancreatic Cancer Chemoresistance to Gemcitabine. Cancers 2017, 9, 157. [CrossRef] [PubMed]
42. Thierry, C.; Françoise, D.; Marc, Y.; Olivier, B.; Rosine, G.; Yves, B.; Antoine, A.; Jean-Luc, R.; Sophie, G.-B. FOLFIRINOX versus

Gemcitabine for Metastatic Pancreatic Cancer. N. Engl. J. Med. 2011, 9, 1817–1825.
43. Chen, C.; Zhao, S.; Zhao, X.; Cao, L.; Karnad, A.; Kumar, A.P.; Freeman, J.W. Gemcitabine Resistance of Pancreatic Cancer Cells Is

Mediated by IGF1R Dependent Upregulation of CD44 Expression and Isoform Switching. Cell Death Dis. 2022, 13, 682. [CrossRef]
[PubMed]

44. Zuccolini, P.; Barbieri, R.; Sbrana, F.; Picco, C.; Gavazzo, P.; Pusch, M. IK Channel-Independent Effects of Clotrimazole and
Senicapoc on Cancer Cells Viability and Migration. Int. J. Mol. Sci. 2023, 24, 16285. [CrossRef]

45. Schnipper, J.; Dhennin-Duthille, I.; Ahidouch, A.; Ouadid-Ahidouch, H. Ion Channel Signature in Healthy Pancreas and Pancreatic
Ductal Adenocarcinoma. Front. Pharmacol. 2020, 11, 568993. [CrossRef]

46. Motawi, T.M.K.; Sadik, N.A.H.; Fahim, S.A.; Shouman, S.A. Combination of Imatinib and Clotrimazole Enhances Cell Growth
Inhibition in T47D Breast Cancer Cells. Chem. -Biol. Interact. 2015, 233, 147–156. [CrossRef]

47. Hofschröer, V.; Najder, K.; Rugi, M.; Bouazzi, R.; Cozzolino, M.; Arcangeli, A.; Panyi, G.; Schwab, A. Ion Channels Orchestrate
Pancreatic Ductal Adenocarcinoma Progression and Therapy. Front. Pharmacol. 2021, 11, 586599. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cancers14102486
https://doi.org/10.3390/cancers9110157
https://www.ncbi.nlm.nih.gov/pubmed/29144412
https://doi.org/10.1038/s41419-022-05103-1
https://www.ncbi.nlm.nih.gov/pubmed/35931675
https://doi.org/10.3390/ijms242216285
https://doi.org/10.3389/fphar.2020.568993
https://doi.org/10.1016/j.cbi.2015.03.028
https://doi.org/10.3389/fphar.2020.586599
https://www.ncbi.nlm.nih.gov/pubmed/33841132

	References

