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Pancreatic cancer is the most lethal common cancer in the world. Although the
accumulation of intensive research and clinical efforts in the last three decades has definitely
advanced the knowledge of and therapies for this disease, the overall 5-year survival rate
still remains around 10%. The incidence and deaths have been progressively increasing; as
a result, pancreatic cancer is the third leading cause of cancer deaths in the United States,
and it is thought that it will be the second by 2040 [1–3]. Of note, the figures related to
incidence and deaths are very close, which also indicates the high lethality of this disease.
Thus, it is not too much to say that improvement of the prognosis of pancreatic cancer,
especially of the most common type, pancreatic ductal adenocarcinoma (PDAC), is one of
the most important unmet medical needs.

PDAC exhibits a very characteristic tumor histology: the tumor tissue contains rel-
atively few cancer cells, but abundant stromal components, especially fibrosis including
fibroblasts and the extracellular matrix called “desmoplasia”, is the representative feature.
In addition, it contains immune-inflammatory cells, blood and lymphatic vessels, neural
cells, etc., all of which form the PDAC tumor microenvironment (TME) [4]. Therefore,
PDAC is basically composed of heterogeneous cellular and non-cellular populations, which
suggests that the pathobiology and malignant potential of PDAC are highly influenced by
this characteristic TME. It is also well known that PDAC is a hypovascular tumor. Taken
together with dense fibrosis, it is easy to see that the TME of PDAC acts as the high defen-
sive wall, disturbing the drug delivery and protecting the PDAC cells from the anti-cancer
therapies. Recently, cancer immunotherapy has been introduced into the clinical practice
of many cancer types and has changed the therapeutic strategy and prognosis. However,
PDAC is also refractory to the immune checkpoint inhibitors, which has been attributed to
the low tumor mutation burden with relatively little cytotoxic effector T cell infiltration
and an immunosuppressive environment, which is known as a “cold” tumor [5].

The advance of next-generation sequencing (NGS) technology has developed can-
cer genomics and precision medicine. Currently, oncogene panel screening can detect
actionable mutation; thereby, specific molecular targeting therapy can be applied to the
patients [6]. PDAC is considered to develop via multi-step carcinogenesis along with
the accumulation of genetic alterations of KRAS, CDKN2A, TP53, SMAD4, and others [7].
Whole-exome sequencing as well as NGS revealed that the four genes were the most
frequently mutated in PDAC [8,9], and the four were named the “Big 4” genes. Since
the driver effect on PDAC carcinogenesis of these genes was confirmed by genetically
engineered mouse studies [10–14], the “Big 4” genes can be good therapeutic targets for
PDAC; however, KRAS has been an undruggable target for a long time, and no specific
therapies targeting the other three genes have been developed yet.

In addition, cancer genomics and precision medicine has improved the prognosis of
many cancer types, including PDAC [15], although it was reported that the actionable
mutations were found in 28% of PDAC patients screened, and only 6.8% of PDAC pa-
tients underwent the specific molecular targeted therapy [15], which suggests that the

Cancers 2023, 15, 2482. https://doi.org/10.3390/cancers15092482 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers15092482
https://doi.org/10.3390/cancers15092482
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-2379-7986
https://doi.org/10.3390/cancers15092482
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers15092482?type=check_update&version=2


Cancers 2023, 15, 2482 2 of 5

benefit of current precision medicine in PDAC is limited. To improve the prognosis of
PDAC patients, it might be important to explore not only the cancer genome, but also the
characteristic TME.

KRAS has been an undruggable target for a long time [16]; however, it is now changing.
Recently, the KRAS G12C-specific inhibitor has already come into clinical practice as the
first mutant allele-specific KRAS inhibitor [17]. However, unfortunately, G12C mutation is
rare in PDAC, and the benefits are also limited [18]. The most frequent pattern of KRAS
mutation in PDAC is KRAS G12D (41%), and G12V is the second (34%) [16]; hence, the
specific inhibitors of them have been long awaited. Very recently, the KRAS G12D-specific
inhibitor was developed and reported to have a potent therapeutic effect on PDAC [19,20].
Currently, the KRAS G12D inhibitor is under a phase 1/2 clinical trial, and a promising
clinical impact is anticipated in the near future. Therefore, the situation is definitely
improving compared to before; however, considering the acquired resistance observed in
the treatment with the KRAS G12C inhibitor [21], the combination of targeting KRAS and
regulating TME might be a more promising strategy for conquering PDAC. It is reported
that a more aggressive subtype of PDAC is enriched with gene sets of the activated KRAS
signaling pathway; moreover, the TME is also reported to be involved in the PDAC subtype
formation [22].

In this Special Issue entitled “Tumor Microenvironment and Pancreatic Cancer”,
various aspects of PDAC TME are discussed. As described above, the TME of PDAC is
composed of heterogeneous cellular and non-cellular populations. In addition, it is known
that there is also heterogeneity in the same cell type, for example, M1 and M2 types in
macrophages, which might be associated with functional heterogeneity: tumor-suppressive
or tumor-supporting. The dense stroma and fibrosis have been believed to support PDAC
cells in the TME; however, it is not so simple. Surprisingly, studies depleting fibroblasts or
decreasing stromal volume resulted in more aggressive PDAC phenotypes and worsened
the survival of genetically engineered PDAC mice [23,24], which is reminiscent of the
functional heterogeneity in cancer-associated fibroblasts (CAFs) as well as the dense stroma,
which might have tumor-suppressive roles, not only tumor-supporting roles. Recent
single-cell analyses as well as multi-omics analyses revealed that there exist different
clusters of CAFs, macrophages, and other immune cells in the PDAC TME [25–27]. The
various clusters of various cell types are interacting with other clusters or other cell types,
including PDAC cells; thereby, the function might be changed temporally and spatially
even in the same cell. As the PDAC TME is studied deeper, the heterogeneity seems to
become more complicated; however, elucidating and accumulating what is going on in the
complicated PDAC TME might be essential to understand and regulate the difficult disease
that is PDAC.

In this Special Issue, CAFs and the extracellular matrix (ECM), impressive features
of the PDAC TME, were the most frequently reviewed and discussed [28–34]. Functional
heterogeneity of CAF subtypes was repeatedly described: some might be tumor-promoting,
while others might be tumor-suppressive. Masugi described multilayered levels of stromal
heterogeneity, which included various CAF subtypes and ECM components, cell-to-cell
interactions and niche formations, locoregional and organ-level heterogeneity, and inter-
tumor heterogeneity, and discussed potential opportunities for targeting the stroma [28].
Ando et al. highlighted cancer-restraining CAFs compared with cancer-promoting CAFs
and the plasticity between the two, further demonstrating the possibility of therapeutic
intervention converting “bad” stroma to “good” stroma [29]. Shinkawa et al. reviewed the
tumor-promoting and immunosuppressive CAF subtypes as well as tumor-suppressive
and tumor differentiation-related CAF subtypes, and discussed the relationship between
CAF subtypes and the immune microenvironment as a critical therapeutic target [30].
Skorupan et al. overviewed the recent and current clinical trials of immune-modulating
agents and stroma-targeting agents and described the potent combination of targeting
PDAC cells with TME modulation [31]. Wang et al. overviewed ECM physiology in a
healthy status as well as in PDAC, and discussed the crucial roles of ECM, focusing on its
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influence on the cancer stem cell property [32]. Heger et al. analyzed the PDAC stroma
after neoadjuvant chemotherapy (NAC) and documented a better prognosis of the patients
with low α-smooth muscle actin density, suggesting a difference from the patients who
underwent upfront surgery [33]. Ijichi also discussed the CAF heterogeneity along with the
prognostic significance of the sub-tumor microenvironment (subTME), a combination of
CAF subtypes and various immune-inflammatory infiltrates as well as ECM [34].

Rubin et al. discussed the duality and complexity of immune cell functions in the
PDAC TME, which might be more complicated than the classical “hot” and “cold” tu-
mor, and the roles of immune microenvironment in the treatment of PDAC [35]. Gorchs
et al. demonstrated that regional T cell infiltration into the PDAC tissue was mediated by
chemokine signals, and the infiltration might be inhibited via downregulating chemokine
receptors on T cells by CAFs [36].

Miyabayashi et al. reviewed the current knowledge of the association of PDAC TME
and the microbiome [37]. As expected in other cancers, the microbiome is considered
to be significantly involved in the pathogenesis of PDAC, and hence might be a potent
therapeutic target.

Yamamoto et al. overviewed the unique metabolic property of PDAC, which enables
the PDAC cells to thrive in the hypoxic and nutrient-deprived TME. They especially focused
on the roles of autophagy, which is implicated in therapeutic resistance, immune evasion,
and other various refractory aspects of refractory PDAC, and also noted the metabolic
crosstalk between PDAC and stromal cells [38].

Takahashi et al. described the significant roles of neural signaling in PDAC. Sym-
pathetic, parasympathetic, and sensory neurons are found in the PDAC TME, and the
neural signaling targets not only neural cells, but also tumor cells and immune cells via
neural receptors expressed on those cells, thereby regulating tumor growth, inflammation,
and anti-tumor immunity, which suggests that the neural signal network can also be the
therapeutic target [39].

Lai et al. summarized implications of anesthesia in the PDAC TME, including studies
of clinical and non-clinical conditions, and suggested that some anesthetic or analgesic
agents might promote PDAC progression [40], which might be associated with the roles
of the neural signal network as described by Takahashi et al. [39]. Thus, anesthesiologists
might need to reestablish the perioperative anesthetic management of PDAC patients to
avoid the tumor-promoting effect.

Various aspects of PDAC TME were discussed in this Special Issue, which definitely
help in our understanding of PDAC; moreover, we need to elucidate the underlying
mechanisms in PDAC and the TME for the improvement of the patients’ prognosis and to
conquer the most lethal cancer in the world.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 17–48. [CrossRef] [PubMed]
2. Mizrahi, J.D.; Surana, R.; Valle, J.W.; Shroff, R.T. Pancreatic cancer. Lancet 2020, 395, 2008–2020. [CrossRef] [PubMed]
3. Rahib, L.; Wehner, M.R.; Matrisian, L.M.; Nead, K.T. Estimated Projection of US Cancer Incidence and Death to 2040. JAMA Netw.

Open 2021, 4, e214708. [CrossRef] [PubMed]
4. Halbrook, C.J.; Lyssiotis, C.A.; Pasca di Magliano, M.; Maitra, A. Pancreatic cancer: Advances and challenges. Cell 2023, 186,

1729–1742. [CrossRef]
5. Ulman, N.; Burchard, P.R.; Dunne, R.F.; Linehan, D.C. Immunologic strategies in pancreatic cancer: Making cold tumors hot.

J. Clin. Oncol. 2022, 40, 2789–2805. [CrossRef] [PubMed]
6. Flaherty, K.T.; Gray, R.; Chen, A.; Li, S.; Patton, D.; Hamilton, H.R.; Williams, P.M.; Mitchell, E.P.; Iafrate, A.J.; Sklar, J.; et al. The

molecular analysis for therapy choince (NCI-MATCH) trial: Lessons for genomic trial design. J. Natl. Cancer Inst. 2020, 112,
1021–1029. [CrossRef]

7. Hruban, R.H.; Wilentz, R.E.; Kern, S.E. Genetic progression in the pancreatic ducts. Am. J. Pathol. 2000, 156, 1821–1825. [CrossRef]
[PubMed]

https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525
https://doi.org/10.1016/S0140-6736(20)30974-0
https://www.ncbi.nlm.nih.gov/pubmed/32593337
https://doi.org/10.1001/jamanetworkopen.2021.4708
https://www.ncbi.nlm.nih.gov/pubmed/33825840
https://doi.org/10.1016/j.cell.2023.02.014
https://doi.org/10.1200/JCO.21.02616
https://www.ncbi.nlm.nih.gov/pubmed/35839445
https://doi.org/10.1093/jnci/djz245
https://doi.org/10.1016/S0002-9440(10)65054-7
https://www.ncbi.nlm.nih.gov/pubmed/10854204


Cancers 2023, 15, 2482 4 of 5

8. Jones, S.; Zhang, X.; Parsons, D.W.; Lin, J.C.; Leary, R.J.; Angenendt, P.; Mankoo, P.; Carter, H.; Kamiyama, H.; Jimeno, A.; et al.
Core signaling pathways in human Pancreatic cancers revealed by global genomic analysis. Science 2008, 321, 1801–1806.
[CrossRef]

9. Waddell, N.; Pajic, M.; Patch, A.M.; Chang, D.K.; Kassahn, K.S.; Bailey, P.; Johns, A.L.; Miller, D.; Nones, K.; Quek, K.; et al. Whole
genomes redefine the mutational landscape of pancreatic cancer. Nature 2015, 518, 495–501. [CrossRef]

10. Hingorani, S.R.; Petricoin, E.F.; Maitra, A.; Rajapakse, V.; King, C.; Jacobetz, M.A.; Ross, S.; Conrads, T.P.; Veenstra, T.D.;
Hitt, B.A.; et al. Preinvasive and invasive ductal pancreatic cancer and its early detection in the mouse. Cancer Cell 2003, 3,
414–417. [CrossRef] [PubMed]

11. Aguirre, A.J.; Bardeesy, N.; Sinha, M.; Lopez, L.; Tuveson, D.A.; Horner, J.; Redston, M.S.; DePinho, R.A. Activated Kras
and Ink4a/Arf deficiency cooperate to produce metastatic pancreatic ductal adenocarcinoma. Genes Dev. 2003, 17, 3112–3126.
[CrossRef] [PubMed]

12. Hingorani, S.R.; Wang, L.F.; Multani, A.S.; Combs, C.; Deramaudt, T.B.; Hruban, R.H.; Rustgi, A.K.; Chang, S.; Tuveson, D.A.
Trp53(R172H) and KraS(G12D) cooperate to promote chromosomal instability and widely metastatic pancreatic ductal adenocar-
cinoma in mice. Cancer Cell 2005, 7, 469–483. [CrossRef] [PubMed]

13. Bardeesy, N.; Aguirre, A.J.; Chu, G.C.; Cheng, K.H.; Lopez, L.V.; Hezel, A.F.; Feng, B.; Brennan, C.; Weissleder, R.;
Mahmood, U.; et al. Both p16(Ink4a) and the p19(Arf)-p53 pathway constrain progression of pancreatic adenocarcinoma in the
mouse. Proc. Natl. Acad. Sci. USA 2006, 103, 5947–5952. [CrossRef]

14. Ijichi, H.; Chytil, A.; Gorska, A.E.; Aakre, M.E.; Fujitani, Y.; Fujitani, S.; Wright, C.V.; Moses, H.L. Aggressive pancreatic ductal
adenocarcinoma in mice caused by pancreas-specific blockade of transforming growth factor-beta signaling in cooperation with
active Kras expression. Genes Dev. 2006, 20, 3147–3160. [CrossRef]

15. Pishvaian, M.J.; Blais, E.M.; Brody, J.R.; Lyons, E.; DeArbeloa, P.; Hendifar, A.; Mikhail, S.; Chung, V.; Sahai, V.; Sohal, D.P.S.; et al.
Overall survival in patients with pancreatic cancer reveiving matched therapies following molecular profiling: A retrospective
analysis of the Know Your Tumor registry trial. Lancet Oncol. 2020, 4, 508–518. [CrossRef]

16. Waters, A.; Der, C.J. KRAS: The critical driver and therapeutic target for pancreatic cancer. Cold Spring Harb. Perspect. Med. 2018,
8, a031435. [CrossRef]

17. Hong, D.S.; Fakih, M.G.; Stricker, J.H.; Deai, J.; Durm, G.A.; Shapiro, G.I.; Falchook, G.S.; Price, T.J.; Sacher, A.; Denlinger, C.S.; et al.
KRASG12C inhibition with sotorasib in advanced solid tumors. N. Eng. J. Med. 2020, 383, 1207–1217. [CrossRef]

18. Stricker, J.H.; Satake, H.; George, T.J.; Yaeger, R.; Hollebecque, A.; Garrido-Laguna, I.; Schuler, M.; Burns, T.F.; Coveler, A.L.;
Falchook, G.S.; et al. Sotorasib in KRAS p.G12C-mutated advanced pancreatic cancer. N. Eng. J. Med. 2023, 388, 33–43. [CrossRef]
[PubMed]

19. Hallin, J.; Bowcut, V.; Calinisan, A.; Bierie, D.M.; Hargis, L.; Engstrom, L.D.; Laguer, J.; Medwid, J.; Vanderpool, D.; Lifset, E.; et al.
Anti-tumor efficacy of a potent and selective non-covalent KRASG12D inhibitor. Nat. Med. 2022, 28, 171–2182. [CrossRef]

20. Kemp, S.B.; Cheng, N.; Markosyan, N.; Sor, R.; Kim, I.K.; Hallin, J.; Shoush, J.; Quinons, L.; Brown, N.V.; Bassett, J.B.; et al. Efficacy
of a small molecule inhibitor of KrasG12D in immunocompetent models of pancreatic cancer. Cancer Discov. 2023, 13, 298–311.
[CrossRef]

21. Awad, M.M.; Liu, S.; Rybkin, I.I.; Arbour, K.C.; Dilly, J.; Zhu, V.W.; Johnson, M.L.; Heist, R.S.; Patil, T.; Riely, G.J.; et al. Acquired
resistance to KRASG12C inhibition in cancer. N. Eng. J. Med. 2021, 384, 2382–2393. [CrossRef]

22. MIyabayashi, K.; Baker, L.A.; Deschenes, A.; Traub, B.; Caligiuri, G.; Plenker, D.; Alagesan, B.; Belleau, P.; Li, S.; Kendall, J.; et al.
Intraductal transplantation models of human pancreatic ductal adenocarcinoma reveal progressive transition of molecular
subtypes. Cancer Discov. 2020, 10, 1566–1589. [CrossRef] [PubMed]

23. 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] [PubMed]

24. Rhim, A.D.; Oberstein, P.E.; Thomas, D.H.; Mirek, E.T.; Palermo, C.F.; Sastra, S.A.; Dekleva, E.N.; Saunders, T.; Becerra, C.P.;
Tattersall, I.W.; et al. Stromal elements act to restrain, rather than support, pancreatic ductal adenocarcinoma. Cancer Cell 2014, 25,
735–747. [CrossRef] [PubMed]

25. Elyada, E.; Bolisetty, M.; Laise, P.; Flynn, W.F.; Courtois, E.T.; Burkhart, R.A.; Teinor, J.A.; Belleau, P.; Biffi, G.; Lucito, M.S.; et al.
Cross-Species Single-Cell Analysis of Pancreatic Ductal Adenocarcinoma Reveals Antigen-Presenting Cancer-Associated Fibrob-
lasts. Cancer Discov. 2019, 9, 1102–1123. [CrossRef]

26. Hosein, A.N.; Huang, H.; Wang, Z.; Parmar, K.; Du, W.; Huang, J.; Maitra, A.; Olson, E.; Verma, U.; Brekken, R.A. Cellular
Heterogeneity during Mouse Pancreatic Ductal Adenocarcinoma Progression at Single-Cell Resolution. JCI Insight 2019, 5, e129212.
[CrossRef]

27. Dominguez, C.X.; Müller, S.; Keerthivasan, S.; Koeppen, H.; Hung, J.; Gierke, S.; Breart, B.; Foreman, O.; Bainbridge, T.W.;
Castiglioni, A.; et al. Single-Cell RNA Sequencing Reveals Stromal Evolution into LRRC15+ Myofibroblasts as a Determinant of
Patient Response to Cancer Immunotherapy. Cancer Discov. 2020, 10, 232–253. [CrossRef]

28. Masugi, Y. The desmoplastic stroma of pancreatic cancer: Multilayered levels of heterogeneity, clinical significance, and therapeu-
tic opportunities. Cancers 2022, 14, 3293. [CrossRef]

29. Ando, R.; Sakai, A.; Iida, T.; Kataoka, K.; Mizutani, Y.; Enomoto, A. Good and bad stroma in pancreatic cancer: Relevance of
functional states of cancer-associated fibroblasts. Cancers 2022, 14, 3315. [CrossRef]

https://doi.org/10.1126/science.1164368
https://doi.org/10.1038/nature14169
https://doi.org/10.1016/S1535-6108(03)00115-6
https://www.ncbi.nlm.nih.gov/pubmed/12781357
https://doi.org/10.1101/gad.1158703
https://www.ncbi.nlm.nih.gov/pubmed/14681207
https://doi.org/10.1016/j.ccr.2005.04.023
https://www.ncbi.nlm.nih.gov/pubmed/15894267
https://doi.org/10.1073/pnas.0601273103
https://doi.org/10.1101/gad.1475506
https://doi.org/10.1016/S1470-2045(20)30074-7
https://doi.org/10.1101/cshperspect.a031435
https://doi.org/10.1056/NEJMoa1917239
https://doi.org/10.1056/NEJMoa2208470
https://www.ncbi.nlm.nih.gov/pubmed/36546651
https://doi.org/10.1038/s41591-022-02007-7
https://doi.org/10.1158/2159-8290.CD-22-1066
https://doi.org/10.1056/NEJMoa2105281
https://doi.org/10.1158/2159-8290.CD-20-0133
https://www.ncbi.nlm.nih.gov/pubmed/32703770
https://doi.org/10.1016/j.ccr.2014.04.005
https://www.ncbi.nlm.nih.gov/pubmed/24856586
https://doi.org/10.1016/j.ccr.2014.04.021
https://www.ncbi.nlm.nih.gov/pubmed/24856585
https://doi.org/10.1158/2159-8290.CD-19-0094
https://doi.org/10.1172/jci.insight.129212
https://doi.org/10.1158/2159-8290.CD-19-0644
https://doi.org/10.3390/cancers14133293
https://doi.org/10.3390/cancers14143315


Cancers 2023, 15, 2482 5 of 5

30. Shinkawa, T.; Ohuchida, K.; Nakamura, M. Heterogeneity of cancer-associated fibroblasts and the tumor immune microenviron-
ment in pancreatic cancer. Cancers 2022, 14, 3994. [CrossRef]

31. Wang, D.; Li, Y.; Ge, H.; Ghadban, T.; Reeh, M.; Güngör, C. The extracellular matrix: A key accomplice of cancer stem cell
migration, metastasis formation and drug resistance in PDAC. Cancers 2022, 14, 3998. [CrossRef]

32. Skorupan, N.; Dominguez, M.P.; Ricci, S.; Alewine, C. Clinical strategies targeting the tumor microenvironment of pancreatic
ductal adenocarcinoma. Cancers 2022, 14, 4209. [CrossRef]

33. Heger, U.; Martens, A.; Schillings, L.; Walter, B.; Hartmann, D.; Hinz, U.; Pausch, T.; Giese, N.; Michalski, C.W.; Hackert, T.
Myofibroblastic CAF density, not activated stroma index, indicates prognosis after neoadjuvant therapy of pancreatic carcinoma.
Cancers 2022, 14, 3881. [CrossRef]

34. Ijichi, H. Multiphasic heterogeneity of fibroblasts in the microenvironment of pancreatic ductal adenocarcinoma: Dissection and
the sum of the dynamics. Cancers 2022, 14, 4880. [CrossRef]

35. Rubin, S.J.S.; Sojwal, R.S.; Gubatan, J.; Rogalla, S. The tumor immune microenvironment in pancreratic ductal adenocarcinoma:
Neither hot nor cold. Cancers 2022, 14, 4236. [CrossRef] [PubMed]

36. Gorchs, L.; Oosthoek, M.; Yucel-Lindberg, T.; Moro, C.F.; Kaipe, H. Chemokine receptor expression on T cells is modulated by
CAFs and chemokines affect the spatial distribution of T cells in pancreatic tumors. Cancers 2022, 14, 3826. [CrossRef]

37. Miyabayashi, K.; Ijichi, H.; Fujishiro, M. The role of the microbiome in pancreatic cancer. Cancers 2022, 14, 4479. [CrossRef]
38. Yamamoto, K.; Iwadate, D.; Kato, H.; Nakai, Y.; Tateishi, K.; Fujishiro, M. Targeting the metabolic rewiring in pancreatic cancer

and its tumor microenvironment. Cancers 2022, 14, 4351. [CrossRef]
39. Takahashi, R.; Ijichi, H.; Fujishiro, M. The role of neural signaling in pancreatic cancer microenvironment. Cancers 2022, 14, 4269.

[CrossRef] [PubMed]
40. Lai, H.C.; Kuo, Y.W.; Huang, Y.H.; Chan, S.M.; Cheng, K.I.; Wu, Z.F. Pancreatic cancer and microenvironments: Implications of

anesthesia. Cancers 2022, 14, 2684. [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/cancers14163994
https://doi.org/10.3390/cancers14163998
https://doi.org/10.3390/cancers14174209
https://doi.org/10.3390/cancers14163881
https://doi.org/10.3390/cancers14194880
https://doi.org/10.3390/cancers14174236
https://www.ncbi.nlm.nih.gov/pubmed/36077772
https://doi.org/10.3390/cancers14153826
https://doi.org/10.3390/cancers14184479
https://doi.org/10.3390/cancers14184351
https://doi.org/10.3390/cancers14174269
https://www.ncbi.nlm.nih.gov/pubmed/36077804
https://doi.org/10.3390/cancers14112684
https://www.ncbi.nlm.nih.gov/pubmed/35681664

	References

