
© 2023 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License (CC BY-NC 4.0), which  
permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided. “This article has been published  

in Exploratory Research and Hypothesis in Medicine at https://doi.org/10.14218/ERHM.2022.00062 and can also be viewed on the Journal’s website  
at https://www.xiahepublishing.com/journal/erhm ”.

Exploratory Research and Hypothesis in Medicine 2023 vol. 8(1)  |  86–88 
DOI: 10.14218/ERHM.2022.00062

Letter to the Editor

The Non-canonical Mechanism of Immune Escape in Cancer: 
Intercellular Transfer of Immune Checkpoint Molecules

Xiangyang Li1*  and Tianhang Li2*

1Department of General Surgery, The Second Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing, Jiangsu, China; 2Medical School of 
Nanjing University, Nanjing, Jiangsu, China

Received: May 22, 2022  |  Revised: June 20, 2022  |  Accepted: June 22, 2022  |  Published online: October 09, 2022

Recently, immunotherapy based on the blockade of immune 
checkpoint proteins has shed a light of hope on cancer patients 
with a range of clinical trials demonstrating inspiring clinical ef-
ficacy, including melanoma,1 urothelial bladder cancer,2 lung can-
cer,3 etc. Nevertheless, several obstacles have seriously limited the 
further benefits from immune checkpoint blockade (ICB) therapy, 
which has mainly focused on great individual heterogeneity, the 
formation of immune resistance during treatment, innate immune 
insensitivity, and so on. Although constant efforts have been made 
by researchers to resolve these problems, limited effect was pro-
duced. Gradually, we realized that not only should we explore 
more novel and effective immune checkpoint proteins for syner-
gizing therapeutic efficacy, more importantly, we ought to return 
to the regulatory mechanisms of previously identified classical im-
mune checkpoint proteins and elucidate their immune modulatory 
patterns we had underestimated or undiscovered before.

Classically, the interaction between the crucial immune check-
point proteins, such as PD-1/PD-L1, CTLA-4/CD80 or 86, CD47/
SIRPα, and MHC-I/LILRB1, has been mostly dependent on the 
direct interaction between the receptors and ligands following cell-
to-cell contact. Intriguingly, a recent study found a novel molecu-
lar mechanism regulating the cell-surface expression of PD-1 on 
natural killer (NK) cells.4 This process involved the formation of 
an immunological synapse of the NK cell and capture of fragments 
of the cell membrane from the tumor cell, which helped transfer 
the PD-1 protein from the cell membrane of the tumor cell to the 
surface of the NK cell. This biological process is called trogocyto-
sis.5 In short, trogocytosis endowed the NK cells with the ability 
of an exogenous acquirement of PD-1, which was primarily un-
able to be expressed on the NK cells. Notably, this process could 
be hijacked by tumor cells as an alternative pathway to escape the 
innate immune surveillance exerted by the NK cells. Herein, based 

on this research,4 we would like to highlight some points regard-
ing the intercellular exchange of the immune checkpoint proteins 
as a crucial immune escape regulatory function exerted by cancer 
cells. The basic mechanisms and characteristics of trogocytosis 
and other cytosis forms are shown in Figure 1.

Firstly, the immune checkpoint proteins transferred intercel-
lularly by trogocytosis are far more than PD-1, but also include 
MHC-I6 and CTLA-4,7 which are both key immune checkpoint 
proteins for innate and adaptive immunity, respectively. This could 
provide the tumor micro-environment with an even more complex 
exchange network of immune checkpoint proteins, which may fur-
ther induce the formation of the adaptive immune resistance during 
ICB treatment. Importantly, we would need to focus on those im-
mune cells, which would express the negative immune checkpoint 
proteins exogenously and utilize multiple preclinical models to 
verify the potential intercellular molecule exchange mechanisms.

Secondly, other cell contact modes concerning membrane fu-
sion or swap would need to be identified for they could also me-
diate intercellular material exchange. In addition to close direct 
cell-cell contact patterns, the remote intercellular communication 
also required sufficient attention. PD-L1 was found to be able to be 
loaded as cargoes in the exosomes to suppress the immune func-
tion of the CD8+ T cells in melanoma, which impaired the efficacy 
of anti-PD-1 therapy.8 Moreover, the MHC-I structure was found 
to be able to be capsuled in the exosomes in the form of disulfide-
linked MHC I dimers and thus became recognized by the immune 
cells following the exosome releasing.9 Notably, MHC-I expressed 
on the cellular membrane of cancer cells could be sensed by the 
LILRB1 receptor and thereby served as a “don’t eat me” signal to 
protect the tumor cells against phagocytosis.10 However, whether 
the cancer cells could also utilize this innate immune checkpoint 
pathway to induce immune evasion remains unknown and would 
require further investigation. More recently, Schwich et al.11 dem-
onstrated that the human leukocyte antigen-G loaded by the ex-
osomes could interact with the inhibitory receptor immunoglob-
ulin-like transcript receptor-2 in the blood micro-environment, 
which was represented by the upregulation of a range of immune 
checkpoint molecules, including PD-1, CTLA-4, TIM3, etc.

To conclude, the regulatory network of the immune checkpoint 
molecules has been largely expanded along with the development 
of accurate molecular identification and tracking technology. An 
in-depth understanding of the mechanism and logic of tumor im-
mune escape through non-canonical modulatory functions would 
therefore be urgently required under the background of the ICB era.

Keywords: ICB; Immune escape; Exosome; Intercellular communication; Trogocy-
tosis.
Abbreviations: ICB, immune checkpoint blockade; NK cell, natural killer cell.
*Correspondence to: Xiangyang Li, Department of General Surgery, The Second 
Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing, Jiangsu 
210000, China. ORCID: https://orcid.org/0000-0003-0013-3973. Tel: +86-83949558, 
E-mail: lixiangyang_6803@medthesisonline.com; Tianhang Li, Medical School of 
Nanjing University, Nanjing, Jiangsu 210000, China. ORCID: https://orcid.org/0000-
0001-8741-7121. Tel: +86-83501038, E-mail: DG20350057@smail.nju.edu.cn
How to cite this article: Li X, Li T. The Non-canonical Mechanism of Immune Es-
cape in Cancer: Intercellular Transfer of Immune Checkpoint Molecules. Explor Res 
Hypothesis Med 2023;8(1):86–88. doi: 10.14218/ERHM.2022.00062.

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/ERHM.2022.00062
https://crossmark.crossref.org/dialog/?doi=10.14218/ERHM.2022.00062&domain=pdf&date_stamp=2022-08-31
https://orcid.org/0000-0003-0013-3973
https://orcid.org/0000-0001-8741-7121
https://orcid.org/0000-0003-0013-3973
mailto:lixiangyang_6803@medthesisonline.com
https://orcid.org/0000-0001-8741-7121
https://orcid.org/0000-0001-8741-7121
mailto:DG20350057@smail.nju.edu.cn


DOI: 10.14218/ERHM.2022.00062  |  Volume 8 Issue 1, March 2023 87

Li X.: Non-canonical mechanism of immune escape in cancer Explor Res Hypothesis Med

Acknowledgments

We give sincere thanks for the help of Figdraw (www.Figdraw.
com).

Funding

None.

Conflict of interest

The authors have no conflicts of interest related to this publication.

Author contributions

Study concept and design (THL, XYL), acquisition of relevant ma-
terials (THL), drafting of the manuscript (THL, XYL), and criti-
cal revision of the manuscript for important intellectual content 
(XYL). All authors have made a significant contribution to this 
study and have approved the final manuscript.

References

[1]	 Ott PA, Hu-Lieskovan S, Chmielowski B, Govindan R, Naing A, Bhard-
waj N, et al. A Phase Ib Trial of Personalized Neoantigen Therapy 
Plus Anti-PD-1 in Patients with Advanced Melanoma, Non-small Cell 
Lung Cancer, or Bladder Cancer. Cell 2020;183(2):347–362.e24. doi: 
10.1016/j.cell.2020.08.053, PMID:33064988.

[2]	 Balar AV, Castellano D, O’Donnell PH, Grivas P, Vuky J, Powles T, et 
al. First-line pembrolizumab in cisplatin-ineligible patients with lo-
cally advanced and unresectable or metastatic urothelial cancer 
(KEYNOTE-052): a multicentre, single-arm, phase 2 study. Lancet On-
col 2017;18(11):1483–1492. doi:10.1016/S1470-2045(17)30616-2, 
PMID:28967485.

[3]	 Hui R, Garon EB, Goldman JW, Leighl NB, Hellmann MD, Patnaik A, 
et al. Pembrolizumab as first-line therapy for patients with PD-L1-
positive advanced non-small cell lung cancer: a phase 1 trial. Ann 
Oncol 2017;28(4):874–881. doi:10.1093/annonc/mdx008, PMID:281 
68303.

[4]	 Hasim MS, Marotel M, Hodgins JJ, Vulpis E, Makinson OJ, Asif S, et 
al. When killers become thieves: Trogocytosed PD-1 inhibits NK cells 
in cancer. Sci Adv 2022;8(15):eabj3286. doi:10.1126/sciadv.abj3286, 
PMID:35417234.

[5]	 Nakada-Tsukui K, Nozaki T. Trogocytosis in Unicellular Eukaryotes. Cells 
2021;10(11):2975. doi:10.3390/cells10112975, PMID:34831198.

[6]	 Zhang QJ, Li XL, Wang D, Huang XC, Mathis JM, Duan WM, et al. 
Trogocytosis of MHC-I/peptide complexes derived from tumors and 
infected cells enhances dendritic cell cross-priming and promotes 

Fig. 1. The graphical diagram showing the functioning mechanisms and characteristics of the three cytosis forms. The phagocytosis of the immune synap-
tic cells swallows or eats the pathogenic source and particles. At ordinary times, phagocytes travel around the human body to search for the cause of disease 
and move to specific sites under the recruitments. Once the pathogenic source is swallowed by the phagocytes, it is encapsulated in intracellular particles 
called phagosomes, and then the phagosomes and lysosomes fuse into phagosomes. The pathogenic source would be degraded by enzymes or killed by 
free radicals. Receptor mediated endocytosis is a special type of endocytosis, which is mainly used to ingest special biological macromolecules, e.g., differ-
ent proteins, including hormones, growth factors, lymphokines, and some nutrients. Trogocytosis is dependent on the formation of the immune synapse, 
which would “capture” the fragment of the cellular membrane of the target cells and express the specific membrane expressed proteins from “theft”. Figure 
produced by and permission obtained from Figdraw: http://www.figdraw.com

https://doi.org/10.14218/ERHM.2022.00062
www.Figdraw.com
www.Figdraw.com
https://doi.org/10.1016/j.cell.2020.08.053
http://www.ncbi.nlm.nih.gov/pubmed/33064988
https://doi.org/10.1016/S1470-2045(17)30616-2
http://www.ncbi.nlm.nih.gov/pubmed/28967485
https://doi.org/10.1093/annonc/mdx008
http://www.ncbi.nlm.nih.gov/pubmed/28168303
http://www.ncbi.nlm.nih.gov/pubmed/28168303
https://doi.org/10.1126/sciadv.abj3286
http://www.ncbi.nlm.nih.gov/pubmed/35417234
https://doi.org/10.3390/cells10112975
http://www.ncbi.nlm.nih.gov/pubmed/34831198
http://www.figdraw.com


DOI: 10.14218/ERHM.2022.00062  |  Volume 8 Issue 1, March 202388

Li X.: Non-canonical mechanism of immune escape in cancerExplor Res Hypothesis Med

adaptive T cell responses. PLoS One 2008;3(8):e3097. doi:10.1371/
journal.pone.0003097, PMID:18769733.

[7]	 Tekguc M, Wing JB, Osaki M, Long J, Sakaguchi S. Treg-expressed CTLA-4 
depletes CD80/CD86 by trogocytosis, releasing free PD-L1 on antigen-
presenting cells. Proc Natl Acad Sci U S A 2021;118(30):e2023739118. 
doi:10.1073/pnas.2023739118, PMID:34301886.

[8]	 Chen G, Huang AC, Zhang W, Zhang G, Wu M, Xu W, et al. Exoso-
mal PD-L1 contributes to immunosuppression and is associated with 
anti-PD-1 response. Nature 2018;560(7718):382–386. doi:10.1038/
s41586-018-0392-8, PMID:30089911.

[9]	 Lynch S, Santos SG, Campbell EC, Nimmo AM, Botting C, Prescott 
A, et al. Novel MHC class I structures on exosomes. J Immunol 

2009;183(3):1884–1891. doi:10.4049/jimmunol.0900798, PMID:1959 
6992.

[10]	 Barkal AA, Weiskopf K, Kao KS, Gordon SR, Rosental B, Yiu YY, et al. 
Engagement of MHC class I by the inhibitory receptor LILRB1 sup-
presses macrophages and is a target of cancer immunotherapy. 
Nat Immunol 2018;19(1):76–84. doi:10.1038/s41590-017-0004-z, 
PMID:29180808.

[11]	 Schwich E, Hò GT, LeMaoult J, Bade-Döding C, Carosella ED, Horn PA, 
et al. Soluble HLA-G and HLA-G Bearing Extracellular Vesicles Affect 
ILT-2 Positive and ILT-2 Negative CD8 T Cells Complementary. Front 
Immunol 2020;11:2046. doi:10.3389/fimmu.2020.02046, PMID:329 
73812.

https://doi.org/10.14218/ERHM.2022.00062
https://doi.org/10.1371/journal.pone.0003097
https://doi.org/10.1371/journal.pone.0003097
http://www.ncbi.nlm.nih.gov/pubmed/18769733
https://doi.org/10.1073/pnas.2023739118
http://www.ncbi.nlm.nih.gov/pubmed/34301886
https://doi.org/10.1038/s41586-018-0392-8
https://doi.org/10.1038/s41586-018-0392-8
http://www.ncbi.nlm.nih.gov/pubmed/30089911
https://doi.org/10.4049/jimmunol.0900798
http://www.ncbi.nlm.nih.gov/pubmed/19596992
http://www.ncbi.nlm.nih.gov/pubmed/19596992
https://doi.org/10.1038/s41590-017-0004-z
http://www.ncbi.nlm.nih.gov/pubmed/29180808
https://doi.org/10.3389/fimmu.2020.02046
http://www.ncbi.nlm.nih.gov/pubmed/32973812
http://www.ncbi.nlm.nih.gov/pubmed/32973812

	﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


