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Checkpoints are inhibitory receptors expressed on activated 
T cells. During the process of carcinogenesis, tumor cells 
progressively express multiple inhibitory receptor-ligands to 
prevent T cell recognition and elimination. Consequently, 
therapeutic blockade of these checkpoints, or their ligands, 
helps recover anti-tumor immunity. Checkpoint inhibitors 
have been considered as a new armory for cancer patients 
due to the broad effectiveness of three agents blocking 
the inhibitory receptors CTLA-4, PD-1, and PD-L1 
(the ligand for PD-1) (1). Based upon prolonged overall 
survival in clinical trials, antibodies inhibiting CTLA-
4, PD-1 and PD-L1 have been approved by the FDA for 
multiple clinical indications, including melanoma, non-
small cell lung cancer (NSCLC), head and neck squamous 
cell carcinoma, urothelial carcinoma, renal cell carcinoma, 
Hodgkin lymphoma, and other adult and pediatric solid 
tumors.

The PD-1-PD-L1  interaction inhibits not just anti-
tumor T cells, but also promotes peripheral effector T 
cells exhaustion, and supports the conversion of effector T 
cells into suppressive regulatory T cells (2). Accordingly, 
one in every four patients treated with antibodies targeting 
checkpoints will develop a unique spectrum of immune-
related adverse events (irAEs) (3). These events are 
associated with significant morbidities and in some cases 
life-long disability. Moreover, some patients require long-
term immune suppressive treatment and others have to 
withdraw from lifesaving anti-cancer therapy. As such, 
identifying the mechanisms of irAEs development is of 
utmost clinical importance. While the molecular pathways 

triggering irAEs are largely unknown, it is likely that some 
are elicited by self-reactive T cells, which facilitate tissue-
specific inflammation and provide B cell help for subsequent 
auto-antibody production (4). 

In an elegant work published this year in JAMA 
Oncology, Berner et al., aimed to uncover the mechanism 
of irAEs among NSCLC patients treated with anti-PD-1 
antibodies (5). First, they reported an association between 
site of irAEs involvement with shared cancer and tissue 
known antigens. Interestingly, skin was the second most 
similar organ to NSCLC tissue (after lung). Through 
a prospective cohort of 73 NSCLC patients receiving 
anti-PD-1 treatment, they identified 25 patients that 
developed skin-irAEs. Confirming previous observations, 
and as expected, irAEs, including skin toxicity, were more 
frequent in patients that responded favorably to anti-PD-1 
treatment. Utilizing cancer and irAEs-affected skin tissues, 
they identified identical T cell receptor (TCR) sequences 
in both the primary tumors and the affected skin samples, 
suggesting that the same T cell clones that recognized 
tumor antigens also infiltrated the inflamed skin. Using  
in silico prediction algorithm they projected nine MHC-T 
cell antigens that were shared between tumor tissue and 
affected skin. Notably, these antigens were able to stimulate 
the corresponding antigen specific CD8 and interferon 
positive T cell clones that were isolated from the peripheral 
blood of the patients. 

These are very exciting findings. irAEs are driven by 
an inflammatory response, as intrinsically defined by the 
presence of mononuclear cells infiltrates in the affected 
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tissues. However, the nature of the inflammatory responses 
(e.g., autoinflammatory vs. autoimmune) is not clear (6). 
The present study provides a strong evidence that the 
mechanism of irAEs is mediated by immune response 
to auto-antigens. The fact that the irAEs T cell clones 
responded to self-antigens (distinctively of neo-antigens), 
should also explain the observation that the same clinical 
toxicities are observed with different types of cancers. The 
presence, and the possible contribution, of auto-antibodies 
to irAEs tissue damages is still under debate. 

T cells recognizing shared lung tumor and skin antigens 
targeted both organs simultaneously. One explanation is 
that the autoimmune T cell clones were primed in the 
tumor microenvironment and matured in the regional 
secondary lymphoid tissue, prior to their egress toward the 
skin where the shared antigens (epitopes) were expressed (7). 
An alternative explanation is that the autoimmune T cells 
emerged from tissue resident or central memory T cells 
and that the administration of the anti-PD-1 antibodies 
resulted in systemic reduced self-tolerance threshold. 
To categorically support the first explanation, study of 
unaffected skin T cells is required, as well as attempting 
to sort and stimulate peripheral T cells from patients that 
failed to respond to anti-PD-1 antibodies and that did not 
develop skin-related or other sites irAEs. It is also possible 
that some irAEs were the result of loss of self-tolerance 
while others were secondary to perturbed regulatory T cells 
activity that resulted in loss of tissue specific homeostasis (8).  
These mechanistic differences may have important 
implications for future management of specific irAEs.

Despite the broad similarity between NSCLC tissue 
and skin proteins, some of those identified (such as 
HSP27 and peroxiredoxin 2) are widely expressed and 
are not unique to either the lung or the skin. Since the 
candidate antigens were identified in silico, and not via 
immunopeptidome enrichment approach, additional self-
reactive and immunogenic proteins are likely to exist. TCRs 
were sequenced and validated in two patients; however, the 
potential translational impact of this work is noteworthy. 
Does the presence of autoimmune peripheral clones could 
serve as a biomarker of irAEs onset? Future implications 
of this work will allow us to better define the molecular 
changes associated with T cell repertoire transition from 
self-tolerant to sensitized memory auto-reactive cells. 
Ultimately, these studies raise the question of whether the 
identification of immunogenic tissue antigen may enable 
more effective immunotherapy while avoiding self-directed 
immune responses.

Altogether, this is the first study to document T cell 
responses to antigens common to NSCLC tissue and skin 
as a possible explanation of the inflammatory toxic effects 
of anti-PD-1 inhibitors. The identification of antigens 
common to skin and lung that are differentially recognized 
by peripheral CD8 T cells of patients with skin toxicity 
provide a stimulus for comparable studies in patients with a 
range of other autoimmune toxic effects. 
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