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TUMOR IMMUNOLOGY

Autoreactive napsin A–specific T cells are enriched in
lung tumors and inflammatory lung lesions during
immune checkpoint blockade
Fiamma Berner1†, David Bomze1,2,3†, Christa Lichtensteiger1, Vincent Walter4,
Rebekka Niederer1,5, Omar Hasan Ali1,6,7, Nina Wyss1,5, Jens Bauer8,9,10,
Lena Katharina Freudenmann9,11, Ana Marcu9, Eva-Maria Wolfschmitt9, Sebastian Haen9‡,
Thorben Gross9, Marie-Therese Abdou1, Stefan Diem12, Stella Knöpfli1, Tobias Sinnberg4,10,
Kathrin Hofmeister4, Hung-Wei Cheng1, Marieta Toma13, Niklas Klümper14,15, Mette-Triin Purde1,
Oltin Tiberiu Pop1, Ann-Kristin Jochum1,16, Steve Pascolo7, Markus Joerger12, Martin Früh12,17,
Wolfram Jochum16, Hans-Georg Rammensee9,10,11, Heinz Läubli18, Michael Hölzel15,
Jacques Neefjes19, Juliane Walz8,9,10,11,20, Lukas Flatz1,4,5,7,12*

Cancer treatment with immune checkpoint blockade (ICB) often induces immune-related adverse events (irAEs).
We hypothesized that proteins coexpressed in tumors and normal cells could be antigenic targets in irAEs and
herein described DITAS (discovery of tumor-associated self-antigens) for their identification. DITAS computed
transcriptional similarity between lung tumors and healthy lung tissue based on single-sample gene set enrich-
ment analysis. This identified 10 lung tissue–specific genes highly expressed in the lung tumors. Computational
analysis was combined with functional T cell assays and single-cell RNA sequencing of the antigen-specific T
cells to validate the lung tumor self-antigens. In patients with non–small cell lung cancer (NSCLC) treated
with ICB, napsin A was a self-antigen that elicited strong CD8+ T cell responses, with ICB responders harboring
higher frequencies of these CD8+ T cells compared with nonresponders. Human leukocyte antigen (HLA) class I
ligands derived from napsin A were present in human lung tumors and in nontumor lung tissues, and napsin A
tetramers confirmed the presence of napsin A–specific CD8+ T cells in blood and tumors of patients with NSCLC.
Napsin A–specific T cell clonotypes were enriched in lung tumors and ICB-induced inflammatory lung lesions
and could kill immortalized HLA-matched NSCLC cells ex vivo. Single-cell RNA sequencing revealed that these T
cell clonotypes expressed proinflammatory cytokines and cytotoxic markers. Thus, DITAS successfully identified
self-antigens, including napsin A, that likely mediate effective antitumor T cell responses in NSCLC and may
simultaneously underpin lung irAEs.
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INTRODUCTION
Immune checkpoint blockade (ICB) therapy has revolutionized
cancer treatment. These monoclonal antibodies diminish the inhib-
itory effect of molecules within the immune synapse, such as pro-
grammed cell death protein 1 (PD-1) or its ligand (PD-L1) and
cytotoxic lymphocyte antigen-4 (CTLA-4), resulting in enhanced
activation of T cells. ICB has significantly improved the survival
of patients with cancer and has been approved for treating a
variety of cancer types (1–5). However, reinvigoration of the

immune system can result in severe autoimmune toxicities that
are known as immune-related adverse events (irAEs). The incidence
of irAEs depends on the class of ICB: irAEs occur in 72% of patients
treated with the CTLA-4–targeting ICB ipilimumab, with severe
irAEs (grade 3 or 4) affecting 24% of these patients (6). The irAE
rate for anti–PD-(L)1 ICB is 66% overall, with 14% of patients ex-
periencing severe irAEs (7). Depending on severity, management of
irAEs includes treating symptoms, delaying or stopping ICB treat-
ment, or, in severe cases, administering systemic
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immunosuppressants (8). The occurrence of irAEs can therefore
prevent the effective use of ICB, but the real conundrum is that
their presence is also associated with enhanced tumor regression
and improved survival (9). Thus, there is a delicate balance
between clinical benefit and autoimmune toxicity. Understanding
the mechanisms of both the therapeutic effect of ICB and of the
irAEs related to their use may assist in finding the optimal therapeu-
tic window.

Some ICB-induced irAEs occur more often in patients with par-
ticular cancer types; for example, vitiligo is much more frequent in
patients with melanoma than in other cancers and is associated with
improved survival (10). This autoimmune skin depigmentation is
thought to be caused by T cells that target both melanocytes and
melanoma cells expressing the tissue antigens melanocyte lineage-
specific antigen (GP100), melanoma antigen recognized by T cell 1
(MART-1), and tyrosinase (11). Similarly, pneumonitis—an in-
flammation of the walls of the alveoli—has a significantly higher
incidence in ICB-treated patients with non–small cell lung cancer
(NSCLC) compared with, for example, those with melanoma (12).
At present, there is a lack of validated approaches with which to
identify putative antigens shared by tumor and normal tissues
that could underlie both irAEs and ICB’s antitumor effects.
Should such antigens be identified and validated, these findings
could then be used to inform mechanistic studies of the distinct
or common mechanisms related to antitumor responses and irAE
development.

Here, we presented and validated DITAS (discovery of tumor-as-
sociated self-antigens), a method enabling the identification of
shared tumor and normal tissue antigens that are implicated in
ICB responses and irAEs in patients with cancer. We demonstrated
the utility of this approach by identifying tumor self-antigens and
revealing T cell reactivity against these antigens. Broader application
of DITAS may help to further improve ICB therapy by enhancing T
cell responses against antigens causing strong antitumor responses
and only mild and tolerable toxicity.

RESULTS
DITAS: An approach to identify tumor-associated antigens
based on tissue similarities
DITAS combined computational analyses on the basis of transcrip-
tional similarity between lung tumor and healthy lung to identify
candidate tumor antigens, with functional T cell assays and
single-cell RNA sequencing (RNA-seq) for validation of the anti-
gens. To develop DITAS, we recruited a prospective cohort consist-
ing of 100 patients with stage IV NSCLC and 43 patients with stage
IV melanoma treated with ICB. Across the whole cohort, 70.2% of
patients received anti–PD-1, 13.2% received anti–PD-L1, 0.7% re-
ceived anti–CTLA-4, 9.7% received a combination therapy of
anti–PD-1 and anti-CTLA-4, and 6.2% received anti–PD-1 in com-
bination with chemotherapy (table S1). A total of 72 patients
(50.3%) developed an irAE. The most common irAEs included pru-
ritus (30.8%), skin rash (21.7%), colitis (12.6%), and arthritis
(10.5%) (Fig. 1A). In line with previous findings (9), patients in
the cohort experiencing an irAE had significantly better overall sur-
vival (OS) {hazard ratio (HR) = 0.36 [95% confidence interval (CI),
0.25 to 0.54]; log-rank P < 0.0001} and progression-free survival
(PFS) [HR = 0.38 (95% CI, 0.26 to 0.56); log-rank P < 0.0001] com-
pared with patients not developing irAEs (fig. S1).

We found that vitiligo and pneumonitis occurred with markedly
different frequencies between patients with melanoma and NSCLC
in our cohort. Cases of pneumonitis occurred almost exclusively in
patients with NSCLC (12 cases in 100 patients versus 1 case in the 43
patients with melanoma), whereas vitiligo occurred only in patients
with melanoma (9 of 43 cases). None of the other irAEs in our
cohort showed a marked difference in incidence between the two
cancer types (table S2). To validate these findings in data from a
larger group of patients, we evaluated whether this difference in spe-
cific irAE frequency was also evident in postmarketing safety sur-
veillance reports of ICB-treated cases submitted to the Food and
Drug Administration Adverse Event Reporting System (FAERS).
This pharmacovigilance database collects spontaneous reports of
adverse events (AEs) from which a reporting odds ratio (ROR)
(13), an indirect surrogate measure of risk of developing an irAE,
can be calculated. The higher the ROR, the stronger the association
between a drug and an AE. The odds of reporting vitiligo were 15-
fold higher in melanoma (ROR, 160.5; 95% CI, 111.1 to 231.9) com-
pared with NSCLC (ROR, 10.6; 95% CI, 4.96 to 22.7), whereas the
odds of reporting pneumonitis were threefold higher in NSCLC
cases (ROR, 9.44; 95% CI, 8.78 to 10.1) than in melanoma cases
(ROR, 3.03; 95% CI, 2.67 to 3.44). This therefore confirmed that
the likelihood of vitiligo or pneumonitis was different between
the two cancer types, consistent with our patient cohort (Fig. 1B).

We hypothesized that the cancer type–specific development of
these ICB-induced autoimmune toxicities might be related to anti-
genic similarities between the tumor cells and the organ of toxicity.
To explore this possibility, we first examined the transcriptional
profiles of 400 melanoma samples and 1000 NSCLC samples
using the Cancer Genome Atlas (TCGA) (14). Then, after selecting
genes expressed specifically either in healthy lung tissue or in
normal melanocytes according to the existing literature (15), we cal-
culated the level of tissue similarity between tumor and nontumor
samples on the basis of mRNA expression (see the “DITAS RNA-
seq–based bioinformatics analysis” section). As expected, melano-
ma cells transcriptionally resembled melanocytes (Fig. 1C), whereas
NSCLC cells expressed similar genes as lung tissue, although a dif-
ference was seen between the adenocarcinoma (AC) and squamous
cell carcinoma (SCC) subtypes (Fig. 1D). On the other hand, mel-
anomas did not express lung-specific genes, whereas NSCLCs did
not express melanocyte-specific genes (fig. S2). By selecting the
10 melanocyte-specific genes most highly expressed in melanoma,
we identified those encoding virtually all known melanocyte differ-
entiation antigens (MDAs), including GP100 (PMEL), MART-1
(MLANA), tyrosinase (TYR), tyrosinase-related protein 1 TRP1
(TYRP1), tyrosinase-related protein 2 TRP2 (DCT) (16), and the
more recently described melanoma antigen membrane-associated
transporter protein (MATP) (SLC45A2) (table S3) (17). These anti-
gens are associated with antitumor T cell responses in melanoma
and the autoimmune skin toxicity vitiligo (10, 11). We therefore
surmised that the same approach could be used to identify candi-
date NSCLC antigens that might be responsible for lung irAEs and
antitumor responses during ICB treatment. Accordingly, we select-
ed the 10 lung-specific genes that were most highly expressed in
NSCLC for further study, encoding napsin A (NAPSA), uteroglobin
(SCGB1A1), secretoglobin 3A2 (SCGB3A2), surfactant-associated
protein 2 (SFTA2), surfactant protein A1 (SFTPA1), surfactant
protein A2 (SFTPA2), surfactant protein B (SFTPB), surfactant
protein C (SFTPC), surfactant protein D (SFTPD), and sodium-
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dependent phosphate transport protein 2B (SLC34A2) (table S4).
DITAS therefore allowed us to predict promising candidate tumor
antigens to be used for subsequent validation experiments.

Validation of napsin A as a lung tumor self-antigen
We next asked whether the predicted proteins encoded by the 10
lung-specific genes identified (Fig. 1 and table S4) were acting as
antigens and stimulating T cell responses in patients with NSCLC
from our cohort. We first verified that MART-1– and GP100-spe-
cific CD8+ T cell responses were significantly greater in patients
with melanoma (n = 33) compared with those with NSCLC
(n = 18), using ex vivo peripheral blood mononuclear cell
(PBMC) restimulation assays (fig. S3). We also verified that incuba-
tion with irrelevant peptide pools did not activate CD8+ T cells (fig.
S4). This confirmed that our approach could detect responses to
tissue-specific antigens. We then synthesized overlapping 15-nucle-
otide oligomer peptide pools spanning the entire protein of each of
the 10 candidate NSCLC antigens identified in Fig. 1D and used
them to perform T cell restimulation assays with PBMCs from pa-
tients with NSCLC (n = 33). We observed CD4+ (figs. S5, B and C,

and S6) and/or CD8+ (Fig. 2A and figs. S5A and S6) T cell responses
against all predicted candidate antigens within our NSCLC cohort,
suggesting that some of these antigens are immunogenic self-anti-
gens in NSCLC but that recognition of specific antigens varies
markedly between patients. In contrast, PBMCs from patients
with melanoma (n = 11) revealed very few CD8+ T cells responding
to the above NSCLC antigens (fig. S7, A and B). However, patients
with melanoma showed CD4+ T cell responses toward some candi-
date antigens (fig. S7, C and D).

In patients with NSCLC, the candidate antigen napsin A—an as-
partic proteinase normally expressed in type II pneumocytes of the
lung parenchyma (18)—was most commonly recognized, showing
CD8+ T cell responses in 39% of patients with NSCLC. PBMCs of
these patients restimulated with napsin A peptides exhibited fre-
quencies of CD8+ interferon-γ–positive (IFN-γ+) T cells ranging
from 0.2 to 15%, with an average of 0.9% (Fig. 2, B and C). This
was not the case in patients with melanoma (Fig. 2C). All patients
harboring CD8+ T cell responses toward napsin A expressed human
leukocyte antigen (HLA)–A 02:01:01 (table S5). We next confirmed
the expression of napsin A in patient lung tumors by performing

Fig. 1. Frequency of irAEs and relative expression level of tissue-specific genes in melanoma and NSCLC. (A) Overview of the irAEs affecting patients with mel-
anoma (n = 43) or NSCLC (n = 100) in the patient cohort. (B) Rates of irAEs in ICB-treated patients (n = 623′982) withmelanoma or NSCLC according to the FAERS database.
The ROR was calculated for ICB-treated cases available in FAERS between July 2014 and January 2020. Circle color indicates cancer type (melanoma or NSCLC), and circle
size represents the absolute number of irAE cases. The higher the ROR is, the stronger the association between a drug and AE. (C and D) RNA-seq analysis of 400 mel-
anoma and 1000 NSCLC samples from TCGA, showing relative expression levels of melanocyte-specific (C) and lung-specific (D) genes. The 10 melanocyte-specific genes
mostly highly expressed in melanoma (C) and the 10 lung-specific genes mostly highly expressed in NSCLC (D) are shown. In (C), the genes coding for known MDAs are
highlighted in bold.
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Fig. 2. Peptides from predicted antigens are recognized by CD8+ T cells from patients with NSCLC and are naturally presented in the HLA class I immunopep-
tidome of human lung and NSCLC tissue. (A) PBMCs from patients with NSCLC (n = 33) undergoing ICB therapy were stimulated individually with peptide pools from
the 10 predicted antigens. T cell activation was measured as IFN-γ production by CD8+ T cells in the cultures. Each column represents a single patient. The background
frequency of CD8+ IFN-γ+ cells in medium-only negative control cultures was subtracted for all stimulations. (B) Representative flow cytometry plots of PMBCs from
patients in A stimulated with napsin A peptide pool. Cells were gated on live CD3+ CD8+ IFN-γ+. IMIT numbers refer to patient IDs. (C) Frequency of CD8+ IFN-γ+ cells
among total CD8+ cells in napsin A–stimulated PBMC cultures from patients with NSCLC (n = 33) or melanoma (n = 10) (Mann-Whitney test). The background frequency of
CD8+ IFN-γ+ cells in medium-only negative control cultures has been subtracted for all stimulations. (D) Hematoxylin and eosin (HE) stain of a NSCLC lymph node me-
tastasis (patient IMIT45), 400×. (E) IHC detection of napsin A (strong positive indicated by the arrow) of the lymph node metastasis in (D) (patient IMIT45), 400×. (F)
Percent of donors presenting HLA class I ligands derived from predicted NSCLC antigens in nontumor lung tissue (orange bars, n = 30) and NSCLC tissue (black bars,
n = 16). (G) HLA class I ligand distribution analysis of napsin A protein. Identified peptides were mapped to their amino acid (aa) positions within the source protein.
Representation frequencies of amino acid counts within nontumor lung tissues (orange bars) and NSCLC tissues (black bars) for the respective amino acid position (x axis)
are indicated on the y axis. IHC, immunohistochemical.
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immunohistochemistry, which showed that napsin Awas expressed
at the protein level in both NSCLC primary tumors and metastases
(Fig. 2, D and E, and fig. S8). We also determined whether patients
with NSCLC had antibody responses to napsin A by using their sera
to carry out napsin A enzyme-linked immunosorbent assays
(ELISAs). This showed that several patients harbored napsin A–spe-
cific immunoglobulin G (IgG) antibodies, although there was no
correlation between the presence of antibodies and the presence
of T cell responses to napsin A in individual patients (fig. S9).

Having detected CD8+ T cell responses to our predicted NSCLC
antigens, especially napsin A, we next asked which T cell epitopes
within these antigens were being presented by patients’ cells in vivo.
To achieve this, we eluted the HLA-bound peptides from 30 snap-
frozen samples of nontumor lung tissue and 16 snap-frozen samples
from NSCLCs and identified them by mass spectrometry. These
data represent the tumor immunopeptidome and revealed that nat-
urally presented HLA class I ligands derived from all 10 of our pre-
dicted antigens were present in nonmalignant lung tissue and from
9 of 10 of the predicted antigens on lung tumor cells (Fig. 2F and
table S6). Most of the HLA class I ligands derived from the predicted
antigens, especially from napsin A, were identical between nontu-
mor lung tissue and NSCLC, showing that they are true self-epi-
topes (Fig. 2G and fig. S10). Together, these data showed that
DITAS identified candidate tumor antigens that elicited CD8+ T
cell activation and were naturally presented on lung tumor cells.

Functional relevance of napsin A–specific T cells
We next aimed to assess the potential of the DITAS approach to
identify common tumor/tissue antigens that exhibit key features
of functional relevance to antitumor immunity and/or irAEs. Rele-
vant antigens should be able to stimulate the activation and prolif-
eration of CD8+ T cells in patients responding to therapy, trigger
cytotoxic activity toward tumor cells presenting that antigen, and
be recognized by T cells from within the tumor. Moreover, T cells
specific for tumor antigens should have a proinflammatory and cy-
totoxic gene signature. Because napsin A was the most commonly
recognized antigen and also elicited the highest CD8+ T cell restim-
ulation responses ex vivo, we focused on this protein for subsequent
experiments.

First, we assessed whether differences in the frequency of napsin
A–specific T cells were present between patients with NSCLC re-
sponding to therapy compared with those not responding well.
When we measured the frequency of napsin A–specific CD8+ T
cells in blood from ICB-treated patients after stimulation with a
napsin A peptide pool, we found that responders to ICB harbored
significantly higher frequencies compared with nonresponders
(Fig. 3A). Our data also suggested an association between the pres-
ence of an ex vivo CD8+ IFN-γ+ response upon napsin A stimula-
tion and prolonged OS (fig. S11A) and PFS (fig. S11B) of patients
with NSCLC, although these data were not significant. We did not
detect any association between the presence of napsin A–specific
IgG antibodies and survival in patients with NSCLC (fig. S12).

To complement the naturally presented peptides identified
above for use in our assays, we also predicted napsin A nonamer
and decamer peptides for HLA-A 02:01 [one of the most frequent
HLA class I allotypes in humans (19) and the one expressed by all
patients harboring anti–napsin ACD8+ T cell responses (table S5)].
We then carried out T cell stimulation assays with peptides repre-
senting the predicted epitopes and with napsin A peptides from the

immunopeptidomic dataset of NSCLC and nontumor lung tissue
(fig. S13 and table S7). We identified several napsin A CD8+ T
cell epitopes capable of activating cells from ICB-treated patients
with NSCLC, two of which are also naturally HLA-presented on
lung tissue (Fig. 3B).

Having shown that napsin A–derived peptides could activate T
cells from patients with NSCLC, we next wondered whether napsin
A could also elicit CD8+ T cell proliferation and antitumor T cell
responses ex vivo. We found that PBMC cultures incubated with
napsin A contained significantly higher frequencies of proliferating
CD8+ T cells than did medium-only control cultures (Fig. 3C) and
that these CD8+ T cells could kill immortalized napsin A–pulsed
NSCLC cells of matching HLA I type in coculture (Fig. 3D and
fig. S14). For such napsin A–specific CD8+ T cells to either
execute irAEs or antitumor responses in patients with NSCLC,
they would need to be present within this tissue. We confirmed,
using HLA-A 02:01 tetramers loaded with the napsin A epitopes
from Fig. 3B, that we could detect napsin A–specific CD8+ T cells
in PBMCs and lung tumors of patients (Fig. 3, E and F).

To validate the presence of napsin A–specific T cells in human
lung tumors, we verified whether napsin A–specific T cell receptors
(TCRs) were present within the tumors and inflammatory lung
lesions of patients with NSCLC treated with ICB. First, we incubated
PBMCs from four patients with napsin A peptides and sorted CD8+
IFN-γ+/tumor necrosis factor–positive (TNF+) T cells from the
culture. We then performed TCR sequencing of the DNA from
the sorted napsin A–specific T cells and compared them with the
TCR sequences of T cells present in formalin-fixed paraffin-embed-
ded (FFPE) samples of NSCLCs and ICB-induced inflammatory
lung lesions or within PBMCs. Several of the napsin A–specific T
cell clones circulating in the blood were present in the lung
tumors and inflammatory lesions of patients, with some sequences
being shared among patients (table S8). Furthermore, we found that
napsin A–specific TCR sequences were significantly enriched in
lung tumors and inflammatory lung lesions compared with the pe-
ripheral blood (fig. S15). To verify these findings in a larger patient
population, we investigated whether the identified napsin A–specif-
ic TCRs were present in a publicly available TCR database contain-
ing TCR sequences from NSCLCs and other tumor types as well as
from the blood of patients with NSCLC. This confirmed that napsin
A–specific TCRs were significantly enriched in NSCLC tumors
compared with melanomas (Fig. 4A) and compared with the
blood of patients with NSCLC (Fig. 4B).

Next, to validate the functionality and the cytotoxic potential of
napsin A–specific T cells, we performed single-cell RNA-seq of ac-
tivated CD8+ T cells from PBMCs of patients after stimulation with
a napsin A peptide pool. We found that napsin A–specific T cells
expressed proinflammatory markers, including IFN-γ and TNF,
and the cytotoxic markers granzyme B, perforin, and Fas ligand
(Fig. 4, C and D, and fig. S16). When comparing the TCR sequences
of these proinflammatory and cytotoxic napsin A–specific T cell
clonotypes sorted from patient blood with patient-matched lung
tumors, we found that several of these clonotypes were shared
with the tumor (Fig. 4E), further suggesting a clinical relevance of
these T cell clones.

Together, these results indicated that DITAS allowed the identi-
fication of a key tumor relevant self-antigen, napsin A. Napsin A
was recognized by specific CD8+ T cells with proliferative and cyto-
toxic potential that were enriched in the lung tumors and
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inflammatory lung lesions of ICB-treated patients with NSCLC.
Our experimental pipeline might be applicable to other tumor
types to inform what antigens might induce irAEs during
ICB (Fig. 5).

DISCUSSION
During autoimmune reactions, healthy tissues are no longer iden-
tified by the immune system as “self,” leading to a breach of toler-
ance and subsequent tissue destruction. In the case of ICB-induced
irAEs, T cells are thought to be the major mediators of this destruc-
tion, because their activity is directly enhanced by ICB treatment
(20). There are two leading hypotheses that may explain the

Fig. 3. Napsin A–specific CD8+ T cells are found in the blood and tumors of patients with NSCLC with higher frequencies in patients responding to therapy. (A)
Frequency of napsin A–specific CD8+ IFN-γ+ T cells in the blood of patients with NSCLC responding to ICB therapy (responder, R) (n = 17) versus those not responding to
therapy (non-responder, NR) (n = 17) (Mann-Whitney test). (B) Identification of napsin ACD8+ T cell epitopes in HLA-A 02:01 patients with NSCLC treated with ICB therapy
after PBMC stimulation with individual epitopes. Epitopes highlighted in bold were also found in the HLA ligandome of NSCLCs. (C) PBMC cultures from patients with
NSCLC (n = 6) undergoing ICB therapy were stimulated with napsin A. The frequency of proliferating CD8+ T cells was measured after 7 days (Wilcoxon test). (D) PBMC
cultures from patients with NSCLC (n = 4) were stimulated with napsin A and cocultured overnight with a napsin A–pulsed immortalized NSCLC cell line of matching HLA
class I type. The following day, the frequency of NSCLC cell death was analyzed using the Apotracker green/propidium iodide apoptosis detection kit. (E and F) PBMCs
from patients with NSCLC [n = 6, (D)] and NSCLC single-cell suspensions [n = 3 (E)] were incubated with a pool of seven napsin A tetramers [sequences are shown in (B)];
fluorescence minus one (FMO) stains were used as negative controls. IMIT (IMIT patient cohort) and BS numbers refer to patient IDs.
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breach in regulation of T cell activity that occurs during ICB treat-
ment: the neoantigen theory and the tissue-associated antigen
theory. In support of the former, studies in humans indicate that
T cells targeting cancer neoantigens may cross-react with the corre-
sponding wild-type version of the protein (21). On the other hand,
there is also evidence for the tissue-associated antigen theory:
Antigen sharing between tumors and healthy tissue may explain

associations between clinical outcome during immunotherapy
and the presence of autoimmune toxicity because cytotoxic T
cells targeting self-antigens are expressed in both tissues (22, 23).
What therefore becomes apparent is that the antigens targeted in
ICB-induced irAEs might be important drivers of the antitumor re-
sponse, and so identifying them could reveal targets expressed by

Fig. 4. Napsin A–specific CD8+ T cells are significantly enriched in lung tumors and express cytotoxic markers. (A and B) Napsin A–specific T cells were sorted from
the blood of ICB-treated patients with NSCLC after stimulationwith a napsin A peptide pool, and DNAwas extracted for TCR sequencing. A publicly available TCR database
(see the “Analysis of napsin A–specific TCR expression using a publicly available TCR database” section) was then used to establish the frequency of napsin A–specific TCR
sequences in NSCLC tumors (n = 290), melanomas (n = 198), and the blood of patients with NSCLC (n = 120) (Mann-Whitney test). (C) UMAP plots showing single-cell
transcriptomic profiles of sorted napsin A–specific CD8+ T cells from two patients with NSCLC treated with ICB therapy and the single-cell expression of key marker genes
of napsin A–specific cytotoxic T cells. (D) Plot matrix of scatter and ridgeline plots showing coexpression of cytokines in napsin A–specific CD8+ T cells. (E) TCR β chain
sequences of the proinflammatory and cytotoxic single-cell sequencing cluster [napsin A–specific clones, cluster 2 from (C)] were compared with TCR β chain sequences
obtained from tumor-infiltrating lymphocytes. Common specificities shared between napsin A–specific clones sorted from blood and clones found in tumors (shown in
red) were inferred using GLIPH2 (47). UMAP, uniform manifold approximation and projection.
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tumors and potentially improve the future design of ICB-based
therapies with fewer side effects.

Here, we described a pipeline called DITAS for the identification
of antigens with potential relevance for ICB-induced antitumor re-
sponses and for ICB-associated irAEs. Comparing antigenic simi-
larities between lung tumors and irAE-affected nontumor lung
tissues yielded 10 candidate tumor antigens. We verified these by
T cell stimulation assays, proliferation assays, and target cell lysis
assays, followed by further characterization using TCR sequencing
and single-cell RNA-seq. We showed how DITAS combined a bio-
informatics-based approach with functional assays to identify can-
didate T cell tumor antigens with a strong likelihood of mediating
both antitumor responses and irAEs. This pipeline might be appli-
cable to multiple cancer types and anticancer therapies but needs
testing in other situations. The validation of this method showed
its ability to identify all established MDAs, which have also been
found in the immunopeptidome of melanoma and can elicit
strong antitumor responses (24). Our pipeline then defined 10 can-
didate NSCLC tumor antigens shared between NSCLC and healthy
lung tissue, and our data suggested that napsin A, in particular, is a
promising NSCLC antigen. We further characterized multiple HLA
ligands derived from these antigens by mass spectrometry–based
immunopeptidome analysis of NSCLC and nontumor lung tissue,
representing an unbiased approach to determine natural presenta-
tion of tumor-associated antigens (25).

A pipeline of technologies as presented here is urgently needed:
To date, few NSCLC antigens have been identified (26). Further

studies in larger cohorts and detailed mechanistic investigations
will be required to determine whether napsin A and the other anti-
gens identified have widespread clinically relevant antitumor and
irAE potential and, if so, how to exploit or control it. Although
napsin A has not yet been associated with autoimmunity, it is
highly expressed in lung ACs and is now used as a marker to distin-
guish lung AC from lung SCC. In addition, the absence of napsin A
expression in lung ACs is a poor prognostic factor (18). Napsin A is
therefore likely to drive antitumor responses and lung irAEs in lung
AC rather than in lung SCC. Here, we showed that patients with
NSCLC responding to ICB had significantly higher frequencies of
napsin A–specific CD8+ IFN-γ+ T cell responses compared with
nonresponders. This was further corroborated by the identification
of napsin A–specific T cell clones in both lung tumors and inflam-
matory lung lesions of ICB-treated patients and the fact that napsin
A–specific TCRs were enriched in lung tumors compared with
other tumors and peripheral blood. The presence of autoimmune
T cells specific for napsin A and other self-antigens does not neces-
sarily imply that patients will develop inflammatory lesions such as
pneumonitis, but these autoreactive T cells may still show an anti-
tumor effect. A similar phenomenon is observed in melanoma,
where many patients harbor MDA-specific T cells in their tumors
and blood, whereas few of these patients develop vitiligo (10). The
presence of autoreactive lymphocytes alone is likely insufficient to
cause autoimmune AEs, and several other factors, including a
proinflammatory environment and host genetics, are likely to play
important roles (27). However, the unleashing of these autoreactive

Fig. 5. Pipeline for the identification of candidate tumor–associated antigens. ICB-induced irAEs can be exploited to identify candidate tumor antigens. The first step
involves comparing the transcriptional-level tissue similarity between the tumor and the nontumor tissue affected by the toxicity and then selecting the nontumor tissue-
specific genes that are most highly expressed in the tumor. Mass spectrometry–based immunopeptidomics can then be used to determine the frequency of naturally
presented HLA class I and class II ligands derived from the predicted tumor antigens. CD8+ T cell epitope prediction followed by a variety of functional assays [e.g., T cell
stimulation assays, cytotoxicity assays, TCR sequencing, and single-cell RNA-seq (scRNA-seq)] allows for the identification of specific CD8+ T cell epitopes and for further
validation of the candidate tumor antigens.
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T cells by ICB treatment may allow immune responses against
tissues and associated tumors alike. Accordingly, many studies
have shown that patients with cancer experiencing autoimmune
side effects during ICB therapy have improved survival (9). What
remains extremely challenging is dissecting survival effects linked
to specific types of irAEs because most patients develop several si-
multaneously rather than just one. This limitation also affected our
study because it was not possible to analyze the association of pneu-
monitis and survival in a suitably large cohort. In addition, despite
the promising role of autoreactive T cells and self-antigens in fight-
ing cancer, great caution must be implemented when considering
their potential in anticancer therapies because of the associated
risk of autoimmune toxicities. Future studies might explore this
risk first in animal models, which can be informative about the
safety profile and tolerability of cancer therapies exploiting self-
antigens.

The definition of tumor T cell targets will help to further
improve cancer immunotherapies. The DITAS approach may help
identify targetable tumor-specific antigens. The identification of
tumor antigens targeted in ICB therapy also helps improve our un-
derstanding of the mechanism behind ICB and its irAEs, because
there is now very limited knowledge related to the antigen specific-
ity of T cells mediating antitumor responses and irAEs during ICB
treatment.

MATERIALS AND METHODS
Study design
The research objectives of this study were (i) to develop an approach
to identify tumor self-antigens in ICB-treated patients with NSCLC
and (ii) to validate the identified cancer antigens and determine
whether they play a role in antitumor responses and lung irAEs.
Samples for this study were obtained from a prospective cohort
study of patients with stage IV NSCLC starting therapy with ICB
(described below). Our approach consisted of two parts: an initial
step based on computational transcriptional similarity scores (to
identify the candidate antigens) and a second validation step
based on functional T cell assays, mass spectrometry–based immu-
nopeptidomics, TCR sequencing, and single-cell RNA-seq. The
functional T cell assays consisted of T cell stimulation assays,
CD8+ T cell epitope prediction, tetramer in-house generation and
staining, proliferation assays, and target cell lysis assays.

Clinical sample collection
A prospective cohort study [immunomonitoring of immunothera-
py (IMIT) study] of patients with stage IV NSCLC (n = 100) or mel-
anoma (n = 43) who received ICB treatment was conducted across
four clinical centers in Switzerland (Kantonsspital St. Gallen, Spital
Grabs, Spital Wil, and Spital Flawil) from 1 July 2016 to 1 October
2020. The study received ethical approval from the Ethikkommis-
sion Ostschweiz. Written informed consent was obtained from all
patients. Blood was collected, and PBMCswere isolated for analyses,
with patient follow-up after 1 year. Serumwas also collected from all
patients. From some patients, FFPE tumor tissues from the remain-
ing tumor resections and diagnostic biopsies were used for TCR se-
quencing analyses.

Immunopeptidome data generated from snap-frozen human
lung tumors and human nontumor lung samples (28) were provid-
ed by the University of Tübingen, Germany.

TCR sequencing data from human ICB-induced inflammatory
lung lesions were provided by the University of Basel, Switzerland.
All human samples were collected with ethical approval and patient
written informed consent in accordance with the Declaration of
Helsinki guidelines.

Isolation of PBMCs
Patient blood was collected in EDTA-containing tubes, and PBMCs
were isolated following standard Ficoll-Paque density gradient sep-
aration. After isolation, PBMCs were cryopreserved at −150°C in
RPMI medium containing 10% dimethyl sulfoxide (DMSO).

DITAS RNA-seq–based bioinformatics analysis
To define tissue- or cell-specific genes, we analyzed previously pub-
lished RNA-seq datasets. Genes expressed at a high level (at least
fivefold more mRNA than in other tissues) specifically in human
lung were identified using the Human Protein Atlas (29). Melano-
cyte-specific genes were defined using raw data from Reeman et al.
(15), who performed a whole-transcriptome analysis of the main
human skin cell types. If a gene had RPKM (Reads Per Kilobase
Million) > 100 in melanocytes and significantly higher expression
in melanocytes compared with keratinocytes, fibroblasts, or whole
skin, then the gene was considered melanocyte-specific. The mela-
nocyte-specific gene MITF was added on the basis of the existing
literature (30). Next, raw data from 443 melanoma samples and
994 NSCLC samples (510 AC type and 484 SCC type) were obtained
from TCGA repository (14). A transcriptional similarity score
between the TCGA samples and lung tissue or melanocytes was cal-
culated via single-sample gene set enrichment analysis in the GSVA
R package (31), using healthy lung- or melanocyte-specific genes as
gene sets.

Pharmacovigilance analysis
Postmarketing AE cases in 623,982 patients with cancer undergoing
therapy with ICB or other cancer medications between 1 July 2014
and 31 December 2019 were extracted from the U.S. FAERS. To ap-
proximate the risk of patients withmelanoma or NSCLC developing
the irAE of interest, we estimated the ROR (13) by comparing the
odds of reporting the selected irAEs rather than other AEs under
ICB therapy, with the reporting odds of all other drugs in the data-
base. This method is the standard practice for quantitative analyses
of data in FAERS and similar pharmacovigilance databases (13).

Preparation of peptide pools
Peptide pools were ordered from GenScript in the form of lyophi-
lized 15 nucleotide oligomers with five–amino acid overlap or as
single nonamer and decamer peptides. Peptide purity was >85%.
Peptide pools were dissolved in DMSO, diluted in RPMI, aliquoted,
and stored at −20°C.

T cell stimulation assays and flow cytometry
Cryopreserved PBMCswere plated at a concentration of 1 × 106 cells
per well in low-adherence 24-well plates (Sarstedt, reference no.
83.3922.500) and maintained at 37°C. Cells were resuspended in
2 ml of RPMI per well containing 8% human serum (Biowest, ref.
S4190-100), 1% penicillin-streptomycin, 1% L-glutamine, 1% non-
essential amino acids, 1% sodium pyruvate, kanamycin (0.1 mg/
ml), and 0.1% 2-β-mercaptoethanol. The following day, peptide
pools or single peptides were added at a final concentration of 2
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μg/ml per peptide. After 48 hours, 1 ml of medium was replaced
with fresh RPMI (as above) containing interleukin-2 (IL-2; final
concentration of IL-2 was 150 U/ml). Cells were kept in culture
for 10 days, and 1 ml of medium was replaced with fresh IL-2–con-
taining medium every second day. On day 10, cells were collected
from the plates, washed, and transferred to 96-well plates, where
they were restimulated with peptide(s) for 6 hours in the absence
of IL-2 at a concentration of 2 μg/ml per peptide. Brefeldin A was
added at the same time at a final concentration of 10 μg/ml. After 6
hours, cells were washed, stained for viability, and incubated with
fluorescently labeled antibodies recognizing CD3–allophycocyanin
(APC)–Cy7 (BioLegend, catalog no. 317342), CD4–phycoerythrin
(PE)–Cy7 (BioLegend, catalog no. 317414), CD8-PerCP (BioLe-
gend, catalog 344708), and CD45RA-BV711 (BioLegend, catalog
no. 304138) in fluorescence-activated cell sorting (FACS) buffer.
Cells were then fixed and permeabilized using BD Cytofix/Cyto-
perm and incubated with fluorescently labeled antibodies recogniz-
ing IFN-γ–PE (Invitrogen, catalog no. MHCIFG04) and TNF-APC
(BioLegend, catalog no. 502912) in Perm buffer. Samples were ac-
quired using the BD LSRFortessa flow cytometer, and data were an-
alyzed using the FlowJo software. IFN-γ and TNF production were
analyzed to identify antigen-specific T cells. For some patients,
CD8+ IFN-γ+ T cells were sorted using the BD FACSMelody, and
DNA was extracted and used for TCR sequencing (see below).

HLA immunoaffinity purification
HLA class I and II molecules were isolated from snap-frozen tissue
by a standard immunoaffinity chromatography (32) using the
monoclonal antibodies W6/32, Tü39, and L243.

Mass spectrometric data acquisition
HLA ligand extracts were analyzed as described previously (28, 33).
Peptides were separated by nanoflow high-performance liquid
chromatography. Eluting peptides were analyzed on an on-line
coupled Orbitrap Fusion Lumos and/or an LTQ Orbitrap XL
mass spectrometer (both Thermo Fisher Scientific, San Jose, CA).

Mass spectrometric data processing
Data processing was performed as described previously (32) using
the Proteome Discoverer software (v1.4, Thermo Fisher Scientific,
San Jose, CA) to integrate the search results of the SEQUEST HT
search engine (University ofWashington) (34) with the human pro-
teome (Swiss-Prot database). The false discovery rate estimated by
the Percolator algorithm 2.04 (35) was limited to 5% for HLA class I
and 1% for HLA class II. HLA class I annotation was performed
using SYFPEITHI 1.0 (36) and NetMHCpan 4.0 (37).

Haplotype sequencing
High-resolution (4×) HLA haplotyping was performed using next-
generation sequencing (HistoGenetics, New York, USA) of cryopre-
served PBMCs. With this technology, complete HLA class I (A, B,
and C) genes were sequenced, resulting in six-digit allele-level
HLA types.

CD8 epitope prediction
CD8 T cell epitopes for napsin A were predicted for HLA-A 02:01.
MHC class I binding prediction was performed with IEDB
(Immune Epitope Database Analysis Resource) on the basis of
MHC class I binding affinity. Nonamers and decamers with the

highest immunogenicity scores were selected for peptide synthesis
(percentile rank < 1.5%, median inhibitory concentration < 160
nm). The peptides were synthesized by GenScript and had >85%
purity. Lyophilized peptides were dissolved in DMSO, diluted in
RPMI, aliquoted, and stored at −20°C.

Labeling of T cells with napsin a tetramers
Napsin A tetramers for HLA-A 02:01 were produced in-house using
temperature exchange as previously described (38, 39) and the
epitope sequences identified in Fig. 3B (TLIRIPLHRV,
KLPAVSFLL, FLLGGVWFNL, LLLLLPLLNV, YIPPLTFVPV,
FQALDVPPPA, and GDKPIFVPL). PBMCs and tumor single-cell
suspensions were thawed the day before the experiment and kept at
37°C overnight. The following day, they were stained to assess via-
bility and then incubated with PE-labeled napsin A tetramers (1:40)
for 10 min at 37°C in FACS buffer. Cells were then washed and in-
cubated with fluorescently labeled antibodies recognizing CD3-
APC-Cy7 (BioLegend, catalog no. 317342) and CD8-PerCP (BioL-
egend, catalog no. 344708) in FACS buffer. Samples were acquired
using the BD LSRFortessa flow cytometer, and data were analyzed
using the FlowJo software.

Napsin A ELISA
Recombinant napsin A was produced in-house using human em-
bryonic kidney 293 cells and affinity-purified. For coating of the
ELISA plate wells, napsin A (0.5 μg/ml) in 50 μl of carbonate
buffer (pH 9.5) was used per well and incubated at 4°C overnight.
On the following day, the plates were washed, blocked using 200 μl
of ELISA diluent (5× ELISA/ELISPOT diluent; Thermo Fisher Sci-
entific), and incubated at room temperature overnight. Patient
serum was diluted 1:100 in ELISA diluent, then 50 μl of the
diluted serum was transferred to the ELISA plate and incubated
for 2 hours at room temperature. Next, 50 μl of 1:1000 goat antihu-
man IgG horseradish peroxidase (Jackson ImmunoResearch,
catalog no. 109-035-003) was added and incubated for 1 hour at
room temperature. After washing with phosphate-buffered saline
(PBS), we added 100 μl of trimethylboron ELISA substrate
(catalog no. 3652-F10; Mabtech AB, Stockholm, Sweden), and the
plates were incubated in the dark at room temperature. The reaction
was stopped with 20 μl of 2.5 N sulfuric acid solution. The light ab-
sorption at 450 nm was measured in a Sunrise absorbance micro-
plate reader (Tecan, Männedorf, Switzerland).

Histological evaluation of napsin A expression in
lung tumors
Tumor tissue availability at the Kantonsspital St. Gallen was evalu-
ated for all patients included in this study. For 18 patients, there
were FFPE blocks available with sufficient material of good
quality to detect napsin A. From one patient, healthy lung tissue
could also be obtained, which was used as a positive control. Sec-
tions were incubated with napsin A antibody (Leica Biosystems,
Wetzlar, Germany) at a concentration of 1:400 on a Leica BOND
III platform according to the previously established protocols
used in routine diagnostics. The labeling pattern was evaluated by
a certified pathologist and categorized into “negative,” “weak,” or
“strong.” The histological slides were scanned on a Pannoramic
250 Flash III scanner (3DHISTECH, Budapest, Hungary).

Berner et al., Sci. Immunol. 7, eabn9644 (2022) 2 September 2022 10 of 13

SC I ENCE IMMUNOLOGY | R E S EARCH ART I C L E
D

ow
nloaded from

 https://w
w

w
.science.org at L

eiden U
niversity on July 18, 2023



Target cell lysis assay
PBMCs were counted and plated at a concentration of 1 × 106 cells
per well in low-adherence 24-well plates in 2ml of RPMI containing
8% human serum, 1% penicillin-streptomycin, 1% L-glutamine, 1%
nonessential amino acids, 1% sodium pyruvate, kanamycin (0.1 mg/
ml), and 0.1% 2-β-mercaptoethanol. After overnight incubation at
37°C, peptide pools or single peptides were added to wells at a final
concentration of 2 μg/ml per peptide. After 48 hours, 1 ml of
medium was replaced with fresh RPMI (as above) containing IL-2
(final concentration of IL-2 was 150 U/ml). Cells were kept in
culture for 10 days, and 1 ml of medium was replaced with fresh
IL-2 containing medium every second day. On day 10, cells were
collected, washed, and transferred to 96-well plates before restimu-
lation with peptide(s) for 6 hours in the absence of IL-2 at a final
concentration of 2 μg/ml per peptide. Simultaneously, target cells
(NSCLC cell line HCC2935, HLA-A 02:01) were stained with an
APC-labeled cell dye (eBioscience catalog no. 65-0840), and half
of the target cells were then also pulsed with the same peptide(s)
for 2 hours at a final concentration of 2 μg/ml per peptide. Incuba-
tion with 100 μM doxorubicin was used as a positive control.
PBMCs and target cells were then cocultured overnight in round-
bottom 96-well plates in RPMI at an effector-to-target ratio of 10:1
or 30:1. The following day, an apoptosis assay was carried out using
an Apotracker green/PI kit to determine target cell death. Data were
acquired using an BD LSRFortessa flow cytometer and analyzed
using the FlowJo software.

Proliferation assay
Cryopreserved PBMCs were stained with carboxyfluorescein diace-
tate succinimidyl ester in PBS for 20 min at 37°C and then stimu-
lated with peptide pools or single peptides at a final concentration of
2 μg/ml per peptide. Cells were then cultured for 10 days, with the
addition of IL-2 (100 U/ml) every other day. After 10 days, cells
were incubated with fluorescently labeled antibodies against CD3-
APC (BioLegend, catalog no. 300312), CD4-PE-Cy7 (BioLegend,
catalog no. 317414), CD8-PerCp (BioLegend, catalog no. 344708),
and CD45RA-BV711 (BioLegend, catalog no. 304138) in FACS
buffer. Data were acquired using a BD LSRFortessa flow cytometer
and analyzed using the FlowJo software.

TCR β sequencing
DNA was extracted from ICB-treated NSCLC samples and inflam-
matory lung lesions (FFPE samples) and from sorted PBMCs (see
the “T cell stimulation assays and flow cytometry” section). The
DNA was used to carry out TCR β sequencing (ImmunoSEQ
“Survey” resolution, Adaptive Biotechnologies). Clonotypes repre-
sent unique genomic nucleotide sequences resulting from V, D, and
J gene rearrangement. The data were analyzed using the Adaptive
Biotechnologies Analyzer platform.

Analysis of napsin A–specific TCR expression using a
publicly available TCR database
Public projects for which TCR sequences of tumor and blood
samples of patients with NSCLC (40, 41) and melanoma (42, 43)
were made available online were chosen using the TCR database
TCRdb (http://bioinfo.life.hust.edu.cn/TCRdb/#/). The TCR se-
quences generated during these projects were reposited on the Im-
munoSeq Analyzer platform, which was used to conduct the search
for specific clonotypes. By using the CMV search tool, we identified

clones with matching sequences in each sample and retrieved their
total productive frequency, which was then compared between the
different compartments and tumor types.

Processing of samples for single-cell RNA-seq
Human PBMCs were stimulated with napsin A peptides and cul-
tured for 10 days. Sorted live CD3+CD8+CD137+ human T cells
(CD3-FITC, BioLegend, catalog no. 317306; CD8-PerCP, BioLe-
gend, catalog no. 344708; CD137-APC, BioLegend, catalog no.
309810) were run using the 10x Chromium (10x Genomics)
system, and cDNA libraries were generated according to the man-
ufacturer’s recommendations (Chromium NextGEM Single Cell 5′
Reagent Kits v2) and sequenced via Illumina NovaSeq 6000 at the
Functional Genomic Center Zurich.

For the TCR repertoire, cDNA libraries generated from Chromi-
umNextGEM single-cell 5′ reagent kits were further processed with
the Chromium single-cell human TCR amplification kit to enrich
the TCR region. TCR libraries were sequenced with Illumina
NextSeq 500 at the Functional Genomic Center Zurich. Sequenced
files were preprocessed using CellRanger.

Single-cell gene expression analysis
Single-cell gene expression analysis was performed using Seurat
V. 4.0.4 (44). Low-quality cells were filtered out by excluding outli-
ers in total counts, total features, and content ofmitochondrial tran-
scripts using Scater (45). Because the cells analyzed were sorted as
CD8+ cells, only cells expressing CD8A but not CD3, CD19, or
AD79A were retained for analysis. Counts were normalized and
scaled, variable features were detected, and dimensional reduction
was performed using principal components analysis. Data from dif-
ferent patients were integrated using Harmony (46). Thereafter,
neighbors were defined, all using Seurat’s default parameters. Clus-
ters were assigned using a resolution of 0.15. On the basis of the
expression of activation markers IFN-γ, TNF, CD69, TNFRSF9,
and PDCD1, we identified cluster 2 to be composed of activated cy-
totoxic T cells. TCR β chain sequences of single-cell RNA-seq were
combined with TCR β chain sequences obtained from tumor-infil-
trating lymphocytes. Common specificities were inferred using
GLIPH2 (grouping of lymphocyte interactions by paratope hot-
spots 2) (47).

Statistics
Data were analyzed and graphed using GraphPad Prism (version 8,
GraphPad Software Inc.). Statistical tests used are specified in the
figure captions. The HRs and 95% CIs were obtained using the uni-
variate Cox proportional hazardsmodel in GraphPad Prism. Single-
cell gene expression analysis was performed using Seurat version
4.0.4 (44). For details, please see the “Single-cell gene expression
analysis” section.

Supplementary Materials
This PDF file includes:
Figs. S1 to S16
Tables S1 to S5, S7 and S8

Other Supplementary Material for this
manuscript includes the following:
Tables S6 and S9
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Autoreactive napsin A–specific T cells are enriched in lung tumors and
inflammatory lung lesions during immune checkpoint blockade
Fiamma Berner, David Bomze, Christa Lichtensteiger, Vincent Walter, Rebekka Niederer, Omar Hasan Ali, Nina Wyss,
Jens Bauer, Lena Katharina Freudenmann, Ana Marcu, Eva-Maria Wolfschmitt, Sebastian Haen, Thorben Gross, Marie-
Therese Abdou, Stefan Diem, Stella Knpfli, Tobias Sinnberg, Kathrin Hofmeister, Hung-Wei Cheng, Marieta Toma, Niklas
Klmper, Mette-Triin Purde, Oltin Tiberiu Pop, Ann-Kristin Jochum, Steve Pascolo, Markus Joerger, Martin Frh, Wolfram
Jochum, Hans-Georg Rammensee, Heinz Lubli, Michael Hlzel, Jacques Neefjes, Juliane Walz, and Lukas Flatz

Sci. Immunol., 7 (75), eabn9644. 
DOI: 10.1126/sciimmunol.abn9644

irAE causing T cells in lung cancer
Despite the success of immune checkpoint blockade (ICB) in cancer, the efficacy is limited by immune-related
adverse events (irAEs) that require treatment cessation. Thus, identifying peptides that induce both antitumor and irAE
responses is crucial to improving ICB. Here, Berner et al. developed a method, DITAS (discovery of tumor-associated
self-antigens) for detecting these peptides. DITAS involved analyzing the shared antigens between non–small cell lung
cancer (NSCLC) and lung tissue, then performing immunopeptidomes, determining which HLA these peptides bound
to, predicting the CD8+ T cell epitopes of these peptides, performing functional validation, and lastly identifying their
candidate antigens. Using this method, the authors identified napsin A, which induced NSCLC and lung reactive T
cells. Thus, DITAS could be used to identify irAE causing T cells.
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