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Editorial on the Research Topic

Lymphocyte functional crosstalk and regulation, volume II
The immune system consists of specialized cells to perform specific activities to protect

the body against various insults including cancer and infections (1). Immune cells often

cooperate to mount effective immune responses (2). However, immune responses can be

diminished by escape mechanisms employed by ever-evolving tumor cells and pathogens.

Escape mechanisms often lead to acquired resistance to therapies (3–6). Crosstalk among a

heterogeneous group of immune cells determines the therapeutic outcomes

of immunotherapies.

Bulk RNA, single-cell RNA, and targeted next-generation sequencing technologies and

computational approaches have greatly improved our understanding of immune subsets

and their functional trajectories during disease progression (7, 8). Moreover, these

technologies are advancing translational research and clinical applications. In this

editorial, we highlight the findings of six articles featured in “Lymphocyte Functional

Crosstalk and Regulation: Volume II”. As with Volume I (9), articles in Volume II provide

novel insights into the interactions among immune cells in specialized microenvironments

and emphasize the importance of considering these unique interactions when developing

immunotherapeutic strategies (Figures 1A–F) (Wu et al., Zhu et al., Zhao and Yang, Du

et al., Tischer-Zimmermann et al., Seliger and Massa).

Clear cell Renal Cell Carcinoma (ccRCC) is a heterogeneous, aggressive cancer

representing ~70% of all RCCs (10, 11). It is difficult to predict the outcome of

extensively used ICB treatment in ccRCC based on known immune molecular

biomarkers (12). Few genomics-based studies have explored immunologic mechanisms
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at the tumor-immune interface in ccRCC (13). Wu et al. selected an

84-gene panel in ccRCC patients and classified them by using the

CNMF algorithm in two distinct ccRCC molecular clusters, C1

(N=176) and C2 (N=333) in TCGA data. Investigators discovered

how immune escape pathways disrupt the positive effect of immune

cell infiltration in ‘cluster 1’ but not in ‘cluster 2’. Their findings

emphasize the genomics-based evaluation of immune-tumor

crosstalk during patient selection strategies (12).

Spatial distribution and functional state heterogeneity of CD8+T-

cells in the tumor microenvironment (TME) may determine the

clinical outcome of immunotherapies (14). In melanoma, Zhu et al.

investigated the relationship between tumor cell states, CD8+T-cell

exhaustion, and overall clinical outcomes. They utilized publicly

available SCRNA datasets in melanoma and dissected the

functional/exhaustion state of T-cells and receptor-ligand

interaction between tumor cells and CD8+T-cells. Interestingly,

they identified a unique crosstalk between the tumor intermediate

state and exhausted CD8+T-cells. Tumor intermediate state and

stemness are considered critical obstacles in immunotherapeutic

approaches; therefore, these findings may be considered to

counteract the development of immune resistance (15).

NKT are a unique subset of T-cells that recognize glycolipid

antigens. The reciprocal interaction between DC:NK (16) and DC:

NKT clusters is of great interest since NKT can produce a diverse range

of cytokines (17). Zhao and Yang reviewed reciprocal interactions

between NKT and DC to facilitate the adaptive immune response
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against infections. It is known that TCR-expressing NKT-cells share

features of NK and T-cells (18). Cytokines secreted from NKT can

induce DC maturation and facilitate T-cell activation. The review

evaluates NKT subsets – NKT1, NKT2, NKT10, and NKT17 –

regarding their differential ability to produce cytokines, occurrence

in specific tissues, and transcriptional profiles. In addition, the unique

characteristics of functional NKT subsets and their lipid ligands that

cause NKT activation are discussed.

Excessive bleeding often leads to hemorrhagic shock, immune

dysfunction, multi-organ failure, and death in extreme cases (19).

Du et al. examined the role of Toll-like receptors (TLRs) and tumor

necrosis factor-a-induced protein 8-like-2 (TIPE2) in the immune

response to trauma. Their study shows that the expression of TIPE2,

a negative regulator, is upregulated in CD4+T-cells after

hemorrhagic shock. This upregulation is mediated by TLR2/TLR4

signaling and contributes to CD4+T-cell activation. Authors suggest

that the TIPE2-TLR2/4 axis could be targeted to improve

hemorrhage–associated multi-organ failures.

FDA-approved anti-CD20 mAb, Rituximab, is used to treat

CD20+B-cell malignancies. Several mechanisms of action for

Rituximab are known, such as ADCC and complement-mediated

lysis. However, how long-term immune protection is induced by

Rituximab and mechanisms of generation of Epstein-Barr Virus

(EBV)-specific T-cells remain unclear (20). Tischer-Zimmermann

et al. explored how rituximab treatment leads to the generation of

EBV-specific memory T-cells. The findings suggest that Rituximab
B C
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FIGURE 1

Multiple facets of innate-adaptive immune crosstalk. (A) Wu et al. reported genomics-based analysis of ccRCC tumor microenvironment and
highlighted the importance of considering the immune-tumor crosstalk in clinical decision-making, (B) Zhu et al. performed genomics analysis in
melanona tumor microenvironment and identified unique crosstalk between the tumor intermediate and CD8+T exhausted states, (C) Zhao and
Yang described the bi-directional and reciprocal interactions between NKT and DC during bacterial infection, (D) Du et al. showed the role of Toll-
like receptors (TLRs) and the tumor necrosis factor-a-induced protein 8-like-2 in CD4+T-cell activation following hemorrhagic shock, (E) Tischer-
Zimmermann et al. demonstrates a novel mechanism of action of Rituximab to eliminate residual malignant cells by potentiating viral antigen cross-
presentation to promote EBV-specific memory CD4+T-cell responses with high cytotoxic capacity, (F) Seliger and Massa reviewed how activation of
oncogenic pathways and inactivation of tumor suppressor genes produces tumor-promoting hypoxic tumor microenvironment that leads to cancer
immune escape.
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eliminates residual malignant cells by potentiating viral antigen

cross-presentation to promote EBV-specific memory T-cell

responses with high cytotoxic capacity.

An unproductive cancer antigen processing and presentation

remains a dominant mechanism of immune escape (3, 21–23). Seliger

and Massa highlighted how activation of oncogenic pathways and

inactivation of tumor suppressor genes produces hypoxic tumor-

promoting TME. Authors described several detrimental

consequences of constitutively activated tumor intrinsic oncogenic

pathways (K-RAS mutation, TSG liver kinase B mutation, WNT-b-
catenin pathway, myc oncogene amplification, overexpression of

HER-2/EGFR genes) on a variety of immune cells. Similarly, the

impact of a loss of the tumor-suppressor gene, PTEN, on T-cell

infiltration and Treg frequency was discussed (24). The

immunological consequences and role of ten-eleven translocation

(TET) family mutations in hematologic malignancy, IDH-1/2

mutation in Glioma (25), inactivation of von Hippel Lindau (VHL)

in RCC are highlighted (26). Moreover, the immunoregulatory role of

tumor growth receptors, the evolution of genomic alteration, secreted

cytokines/chemokines in the context of specific cancer, and their

genetic determinants are discussed. An in-depth investigation is

warranted on how these pathways operate when tumor-targeting

drugs and immunotherapies are applied together and how tumor

cells readjust to display therapeutic or acquired resistance.

In conclusion, the articles published in this Research Topic (Wu

et al., Zhu et al., Zhao and Yang, Du et al., Tischer-Zimmermann et al.,

Seliger and Massa) provide critical insights into immunological

crosstalk within their specialized microenvironments (27), advancing

the knowledge of the elements and mechanisms that underlie innate-

adaptive immune interactions (2, 9) in various pathological conditions

including TME (27–34). These studies shed light on critical cellular

players and molecular mechanisms that regulate immunological

crosstalk and impact various pathologic conditions, including

hemorrhagic shock, cancer, and infectious diseases. The findings

underscore the importance of considering the complexity of immune

subsets and their microenvironments when developing therapeutic

strategies. The development of various technologies, such as single-cell

and spatial transcriptomics, has begun to uncover the complexities of

specialized microenvironments and how treatments facilitate immune

effector crosstalk. Further research and technological advancement to

tease the underpinnings of immunological crosstalk will contribute to
Frontiers in Immunology 03
developing more effective and long-lasting treatments for various

immune-related pathologies.
Author contributions

RS, MT and AS conceived, designed and wrote the manuscript.

FM provided intellectual review and feedback. All authors read and

approved the final manuscript for publication.
Funding

This work was supported by funds to A Shanker by the following

NIH grants: SC1CA182843 and U54 CA163069. There was no role of

the funding bodies in the design or writing of the manuscript. .
Acknowledgments

We express our appreciation to all contributing authors, who

participated in this Research Topic. We are also grateful to all

reviewers for agreeing to participate in the peer review process and

providing their insightful comments and feedback on the manuscripts.
Conflict of interest

FMM was employed by Sonata Therapeutics.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Chou C, Li MO. Tissue-resident lymphocytes across innate and adaptive lineages.
Front Immunol (2018) 9:2104. doi: 10.3389/fimmu.2018.02104

2. Shanker A, Thounaojam MC, Mishra MK, Dikov MM. Innate-adaptive immune
crosstalk 2016. J Immunol Res (2017) 2017:3503207. doi: 10.1155/2017/3503207

3. Kallingal A, Olszewski M, Maciejewska N, Brankiewicz W, Baginski M. Cancer
immune escape: the role of antigen presentation machinery. J Cancer Res Clin Oncol
(2023). doi: 10.1007/s00432-023-04737-8

4. Zhu Z, Shi L, Dong Y, Zhang Y, Yang F, Wei J, et al. Effect of crosstalk among
conspirators in tumor microenvironment on niche metastasis of gastric cancer. Am J
Cancer Res (2022) 12(12):5375–402.
5. Chamoto K, Hatae R, Honjo T. Current issues and perspectives in PD-1 blockade cancer
immunotherapy. Int J Clin Oncol (2020) 25(5):790–800. doi: 10.1007/s10147-019-01588-7

6. Kumar V. Innate lymphoid cells and adaptive immune cells cross-talk:
a secret talk revealed in immune homeostasis and different inflammatory conditions.
Int Rev Immunol (2021) 40(3):217–51. doi: 10.1080/08830185.2021.1895145

7. Halima A, Vuong W, Chan TA. Next-generation sequencing: unraveling
genetic mechanisms that shape cancer immunotherapy efficacy. J Clin Invest (2022)
132(12):e154945. doi: 10.1172/JCI154945

8. Guo Z, Zhang R, Yang AG, Zheng G. Diversity of immune checkpoints in cancer
immunotherapy. Front Immunol (2023) 14:1121285. doi: 10.3389/fimmu.2023.1121285
frontiersin.org

https://doi.org/10.3389/fimmu.2022.883639
https://doi.org/10.3389/fimmu.2022.883639
https://doi.org/10.3389/fimmu.2021.745945
https://doi.org/10.3389/fimmu.2021.745945
https://doi.org/10.3389/fimmu.2022.766852
https://doi.org/10.3389/fimmu.2022.837767
https://doi.org/10.3389/fimmu.2022.838618
https://doi.org/10.3389/fimmu.2023.878953
https://doi.org/10.3389/fimmu.2022.883639
https://doi.org/10.3389/fimmu.2018.02104
https://doi.org/10.1155/2017/3503207
https://doi.org/10.1007/s00432-023-04737-8
https://doi.org/10.1007/s10147-019-01588-7
https://doi.org/10.1080/08830185.2021.1895145
https://doi.org/10.1172/JCI154945
https://doi.org/10.3389/fimmu.2023.1121285
https://doi.org/10.3389/fimmu.2023.1214843
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Srivastava et al. 10.3389/fimmu.2023.1214843
9. Srivastava RM, Marincola FM, Shanker A. Editorial: lymphocyte functional
crosstalk and regulation. Front Immunol (2019) 10:2916. doi: 10.3389/
fimmu.2019.02916

10. Reese S, Calderon L, Khaleel S, Hakimi AA. Current and future biomarkers in
the management of renal cell carcinoma. Urol Clin North Am (2023) 50(1):151–9. doi:
10.1016/j.ucl.2022.09.003

11. Vuong L, Kotecha RR, Voss MH, Hakimi AA. Tumor microenvironment
dynamics in clear-cell renal cell carcinoma. Cancer Discov (2019) 9(10):1349–57. doi:
10.1158/2159-8290.CD-19-0499

12. Shah NJ, Sura SD, Shinde R, Shi J, Singhal PK, Robert NJ, et al. Real-world treatment
patterns and clinical outcomes for metastatic renal cell carcinoma in the current treatment
era. Eur Urol Open Sci (2023) 49:110–8. doi: 10.1016/j.euros.2022.12.015

13. DiNatale RG, Hakimi AA, Chan TA. Genomics-based immuno-oncology:
bridging the gap between immunology and tumor biology. Hum Mol Genet (2020)
29(R2):R214–R25. doi: 10.1093/hmg/ddaa203

14. Nirmal AJ, Maliga Z, Vallius T, Quattrochi B, Chen AA, Jacobson CA, et al. The
spatial landscape of progression and immunoediting in primary melanoma at single-cell
resolution. Cancer Discov (2022) 12(6):1518–41. doi: 10.1158/2159-8290.CD-21-1357

15. Wu B, Shi X, Jiang M, Liu H. Cross-talk between cancer stem cells and immune
cells: potential therapeutic targets in the tumor immune microenvironment. Mol
Cancer (2023) 22(1):38. doi: 10.1186/s12943-023-01748-4

16. Lee SC, Srivastava RM, Lopez-Albaitero A, Ferrone S, Ferris RL. Natural killer
(NK): dendritic cell (DC) cross talk induced by therapeutic monoclonal antibody
triggers tumor antigen-specific T cell immunity. Immunol Res (2011) 50(2-3):248–54.
doi: 10.1007/s12026-011-8231-0

17. Keller CW, Freigang S, Lunemann JD. Reciprocal crosstalk between dendritic
cells and natural killer T cells: mechanisms and therapeutic potential. Front Immunol
(2017) 8:570. doi: 10.3389/fimmu.2017.00570

18. Nelson A, Lukacs JD, Johnston B. The current landscape of NKT cell
immunotherapy and the hills ahead. Cancers (Basel) (2021) 13(20):5174.
doi: 10.3390/cancers13205174

19. Caldwell NW, Suresh M, Garcia-Choudary T, VanFosson CA. CE: trauma-
related hemorrhagic shock: a clinical review. Am J Nurs (2020) 120(9):36–43. doi:
10.1097/01.NAJ.0000697640.04470.21

20. Pierpont TM, Limper CB, Richards KL. Past, present, and future of rituximab-
the world’s first oncology monoclonal antibody therapy. Front Oncol (2018) 8:163. doi:
10.3389/fonc.2018.00163

21. Havel JJ, Chan TA. High-resolution genomic analysis: the tumor-immune interface
comes into focus. Genome Biol (2015) 16(1):65. doi: 10.1186/s13059-015-0631-3
Frontiers in Immunology 04
22. Concha-Benavente F, Srivastava R, Ferrone S, Ferris RL. Immunological and
clinical significance of HLA class I antigen processing machinery component defects in
malignant cells. Oral Oncol (2016) 58:52–8. doi: 10.1016/j.oraloncology.2016.05.008

23. Marincola FM, Wang E, Herlyn M, Seliger B, Ferrone S. Tumors as elusive
targets of T-cell-based active immunotherapy. Trends Immunol (2003) 24(6):335–42.
doi: 10.1016/S1471-4906(03)00116-9

24. Rizvi NA, Chan TA. Immunotherapy and oncogenic pathways: the PTEN
connection. Cancer Discov (2016) 6(2):128–9. doi: 10.1158/2159-8290.CD-15-1501

25. Turcan S, Rohle D, Goenka A, Walsh LA, Fang F, Yilmaz E, et al. IDH1
mutation is sufficient to establish the glioma hypermethylator phenotype. Nature
(2012) 483(7390):479–83. doi: 10.1038/nature10866

26. Chakraborty AA. Coalescing lessons from oxygen sensing, tumor metabolism,
and epigenetics to target VHL loss in kidney cancer. Semin Cancer Biol (2020) 67(Pt
2):34–42. doi: 10.1016/j.semcancer.2020.03.012

27. Bozyk A, Wojas-Krawczyk K, Krawczyk P, Milanowski J. Tumor
microenvironment-a short review of cellular and interaction diversity. Biol (Basel)
(2022) 11(6):929. doi: 10.3390/biology11060929

28. Abdool K, Cretney E, Brooks AD, Kelly JM, Swann J, Shanker A, et al. NK cells
use NKG2D to recognize a mouse renal cancer (Renca), yet require intercellular
adhesion molecule-1 expression on the tumor cells for optimal perforin-dependent
effector function. J Immunol (2006) 177(4):2575–83. doi: 10.4049/jimmunol.177.4.2575

29. Hodo TW, de Aquino MTP, Shimamoto A, Shanker A. Critical
neurotransmitters in the neuroimmune network. Front Immunol (2020) 11:1869. doi:
10.3389/fimmu.2020.01869

30. Malhotra A, Shanker A. NK cells: immune cross-talk and therapeutic
implications. Immunotherapy (2011) 3(10):1143–66. doi: 10.2217/imt.11.102

31. Shanker A, Buferne M, Schmitt-Verhulst AM. Cooperative action of CD8 T
lymphocytes and natural killer cells controls tumour growth under conditions of
restricted T-cell receptor diversity. Immunology (2010) 129(1):41–54. doi: 10.1111/
j.1365-2567.2009.03150.x

32. Shanker A, Marincola FM. Cooperativity of adaptive and innate immunity:
implications for cancer therapy. Cancer Immunol Immunother (2011) 60(8):1061–74.
doi: 10.1007/s00262-011-1053-z

33. Shanker A, Verdeil G, Buferne M, Inderberg-Suso EM, Puthier D, Joly F, et al.
CD8 T cell help for innate antitumor immunity. J Immunol (2007) 179(10):6651–62.
doi: 10.4049/jimmunol.179.10.6651

34. Uzhachenko RV, Shanker A. CD8(+) T lymphocyte and NK cell network:
circuitry in the cytotoxic domain of immunity. Front Immunol (2019) 10:1906. doi:
10.3389/fimmu.2019.01906
frontiersin.org

https://doi.org/10.3389/fimmu.2019.02916
https://doi.org/10.3389/fimmu.2019.02916
https://doi.org/10.1016/j.ucl.2022.09.003
https://doi.org/10.1158/2159-8290.CD-19-0499
https://doi.org/10.1016/j.euros.2022.12.015
https://doi.org/10.1093/hmg/ddaa203
https://doi.org/10.1158/2159-8290.CD-21-1357
https://doi.org/10.1186/s12943-023-01748-4
https://doi.org/10.1007/s12026-011-8231-0
https://doi.org/10.3389/fimmu.2017.00570
https://doi.org/10.3390/cancers13205174
https://doi.org/10.1097/01.NAJ.0000697640.04470.21
https://doi.org/10.3389/fonc.2018.00163
https://doi.org/10.1186/s13059-015-0631-3
https://doi.org/10.1016/j.oraloncology.2016.05.008
https://doi.org/10.1016/S1471-4906(03)00116-9
https://doi.org/10.1158/2159-8290.CD-15-1501
https://doi.org/10.1038/nature10866
https://doi.org/10.1016/j.semcancer.2020.03.012
https://doi.org/10.3390/biology11060929
https://doi.org/10.4049/jimmunol.177.4.2575
https://doi.org/10.3389/fimmu.2020.01869
https://doi.org/10.2217/imt.11.102
https://doi.org/10.1111/j.1365-2567.2009.03150.x
https://doi.org/10.1111/j.1365-2567.2009.03150.x
https://doi.org/10.1007/s00262-011-1053-z
https://doi.org/10.4049/jimmunol.179.10.6651
https://doi.org/10.3389/fimmu.2019.01906
https://doi.org/10.3389/fimmu.2023.1214843
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Lymphocyte functional crosstalk and regulation, volume II
	Author contributions
	Funding
	Acknowledgments
	References


