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A local human V1 T cell population is associated
with survival in nonsmall-cell lung cancer

Yin Wu®123455R Dhruva Biswa®25% |eva Usaité, Mihaela Angelové®?, Stefan Boeing
Takahiro Karasak®!? Selvaraju Veeriah Justyna Czyzewska-KhanCienne Mortor,
Magdalene Joseph*, Sonya Hessey, James Readin§)!8 Andrew Georgiod? Maise Al-Bakif,
TRACERXx Consortium*, Nicholas McGranah@hMariam Jamal-Hanjan®*7, Allan Hackshaw® 1,
Sergio A. Quezad®18, Adrian C. Hayda®3* Rand Charles Swanto®*2R

Murine tissues harbor signature T cell compartments with profound yet differential impacts on carcinogenesis. Conversely,
human tissue-resident cells are less well defined. In the present study, we show that human lung tissues harbor a resident
V 1 T cell population. Moreover, we demonstrate that V1 T cells with resident memory and effector memory phenotypes
were enriched in lung tumors compared with nontumor lung tissues. Intratumoral . T cells possessed stem-like features
and were skewed toward cytolysis and helper T cell type 1 function, akin to intratumoral natural killer and CDB cells con
sidered beneficial to the patient. Indeed, ongoing remission post-surgery was significantly associated with the numbers of
CD45RA CD27 effector memory V 1 T cells in tumors and, most strikingly, with the numbers of CD103issue-resident V 1

T cells in nonmalignant lung tissues. Our findings offer basic insights into human body surface immunology that collectively
support integrating V 1 T cell biology into immunotherapeutic strategies for nonsmall cell lung cancer.

mmune checkpoint inhibitors (CPIs) have revolutionized ththe intratumoral T cell signature was the trait most significantly

treatment of cancer by providing durable remissions, albeit foassociated with remissién

minority of patients. CPIs work, at least in part, by de-repressingSimilarto T cells, T cells are also composed of distinctsub
tumor (neo)antigen-specific T cells. Thus, many efforts tosets occupying different functional niches. It is clear in the murine
improve efficacy have focused on this ‘@xigdeed, some util setting that body surface tissues in which carcinomas arise harbor
ity of tumor mutational burden (TMBY, presence and quality signature tissue-specific T cell subsets We recently demon
of CD8 T cell§® and major histocompatibility complex (MHC) strated that human breast epithelium is enriched in th Subset
class | loss of heterozygosity predicting responses to CPIs proof T cells and that these cells possess potent anti-tumor func
vide collective evidence of the contributions of antigen-specific tions, including the capacity to kill transformed cells in vitro and
T cells. Nevertheless, a high TMB does not guarantee responspsotfuce tumor-antagonistic cytokines, for example, interferon-
CPIs and a lack of MHC-I and/or low TMB does not precludgFN- )% Moreover, activation of these VT cells did not require
good responsés cognate peptide—-MHC but instead the cells responded to conserved

Alongside T cells, we and others have previously demosignals of tissue stress, via innate receptors, entirely distinct from
strated that T cells are also found within tumé&tg*. These cells co-located T cell$’. In other words, V1 T cells were an inde
are evolutionarily conserved, implying a vital and nonredundapendent, but potentially synergistic, population of anti-tumor-ym
role and, although they are often less abundant thail cells, phocytes in the tumor microenvironment (TME). Furthermore, in
this disparity may be compensated by their polyclonal respomsgients with aggressive triple-negative breast cancers (TNBCSs),
potentials compared with the highly clonotypic responses of the intratumoral presence of ¥ T cells was more significantly
T cells® Indeed, it is well established thatT cells protect against associated with survival than co-locatedT cells. A subsequent
cancer in mice, both independently and synergistically with study employing CIBERSORT demonstrated that intratumoral
T cellg®, highlighting the need to better assess their importantecells also predicted survival in a larger cohort of 169 patients with
in human cancet8®. Although such studies have been limited NBCs in the METABRIC datasetRecent studies have described
by the availability of technologies to rigorously identify, isolagémilar populations of resident \I T cells in colorectal cancers,
and examine T cells, a recent in silico study 0,000 cancer where their presence was associated with lower-stage tfisease
patients demonstrated that, of all 22 immune cell types studiadd in hepatocellular carcinomas, where the presence of total
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T cells was associated with survivarhus, we hypothesize that(that is, proportion of CD3T cells positive for CDACD8 ) on to
human body surface tissues, similar to their murine counterpar&hsolute TCR-seq counts of T cells to derive more granular T cell
harbor signature tissue-resident T cells contributing to cancer subset numbers (Figc). Consistent with flow cytometry, TCR-seq
immunosurveillance. also revealed that T cells form a minority subset of total T cells

To test this hypothesis in human lung, we have leveraged samNT lung tissues (2.70%, 1.30-6.23%) and tumors (1.68%, 0.97—
ples and clinical data collected from the TRACERXx (Tracki2g60%), and that the \I subset comprises most of these cells in
non-small-cell lung Cancer Evolution through therapy (RxPoth NT lung tissues (54.2%, 35.9-76.7%) and tumors (62.0%,
Study”. Nonsmall cell lung cancers (NSCLCs) are cancers of uni2@5—79.6%) (Fid.0. Although NT lung tissues were macroseopi
clinical need. Although outcomes are better for patients witally and microscopically tumor free, it was not practical to obtain
early-stage disease, overall outcome is poor with a 5-year surviganal lung tissue from healthy donors to exclude potential effects
rate of 20%° These cancers are clearly susceptible to immuraf tumors on the immune microenvironment of NT lung tissues. To
surveillance, as witnessed by instances of successful CPI theadgyess this issue, we utilized data generated by the Genotype-Tissue
and evidence of immune editing in treatment-naive primary lurigxpression (GTEXx) proje€t a comprehensive public resource of
cancer%. However, despite harboring high TMBonly a minor  tissue-specific gene expression from 54 nondiseased tissue sites
ity of patients with NSCLCs respond to CPI therapy. By employiagross almost 1,000 individuals. We found th&DC a gene
flow cytometry, quantitative T cell receptor-sequencing (TCR-sezppressed by all T cells, was highly expressed in lung tissues com
and RNA-sequencing (RNA-seq), we now find that both nontumgared with other tissue sites (Extended Data Fig. 2a). Furthermore,
(NT) human lung tissues and NSCLCs harbor resident populaticerpression oTRDV1(V 1 T cells) was higher tharRDV2 (V 2
of T cells, particularly enriched in the ¥ subtype. Moreover, T cells) within lung tissue (Extended Data Fig. 2b,c), consistent with
these V1 T cells possess a T-cytolytic type 1 (Tcl) phenotype that own data. Thus, we conclude thatT cells, particularly the
is well established as beneficial to patients with c&nitefinally, V 1 subset, are present in nonmalignant lung tissue at a steady state.
the presence of L T cells in both NT tissue and lung tumors was In many tissues, CD103 has been adopted as a marker of
significantly associated with remission. The former association igis§ue-resident memory ) status, absent on most peripheral
particular interest because cell populations in NT tissue, as oppdsledd T cell. Consistent with previous studies, NT lung tissues

to tumors, may be retained in situ postoperatively. harbored a CD10ED8 TCR  Tg, population (median, IQR:
35.3%, 25.9-55.0%) (Fi,H%2* Similar to the CD8T cell com
Results partment, we found that many, albeit not all,IVT cells in NT lung

V 1 T cells are present in lung epithelium and enriched intissues displayed a CD108g,, phenotype, particularly in some
NSCLCs.To characterize the T cell landscape in human lung epittpatients (18.8%, 3.35-62.4%) (Fdg,). In contrast, most CD4
lium and NSCLCs, we examined tissue and tumor-infiltrating lynand V 2 T cells in NT lung tissues were CD188 were their coun
phocytes (TILs) isolated from NT lung tissues and paired tumdesparts in peripheral blood (Figa,d. Thus, the resident CD103
of patients with surgically resected NSCLCs collected from theell compartmentin NT lung tissues mostly comprised Cavl
TRACERXx Study (Supplementary Table 1). NT tissues were taked T cells.
as far as possible from tumors at primary surgery and hematoxy Compared with NT lung tissues, tumors harbored a greater pro
lin and eosin (H&E)-stained sections examined afterwards by fortion of CD8 (median, IQR: 65.6%, 57.7—75.3%)1 \(66.6%,
accredited histopathologist to ensure that samples were tumor f@£4-78.5%) and 2 T cells (10.3%, 5.03-18.2%) expressing
TILs were isolated by enzymatic digestion and cryopreserved befpe 03 whereas the proportion of CD103 expressing ADdells
thawing for use in downstream assays without further manipulaas reduced (Figb). By mapping flow phenotyping proportions
tion or expansion (see Methods). TILs were immunophenotypeddiy to TCR-seq counts, we observed significantly greater absolute
flow cytometry and absolute T cell counts established using quanmbers of CD8 and V 1 T cells with the CD103 phenotype in
titative TCR-seq of region-matched genomic (g)DNA extractedmors compared with NT lung tissues; conversely, this was not so
from bulk tissues and tumors (Fitg). Samples were chosen basefdr CD4 and V 2 T cells (Fig20).
on the availability of banked TILs and region-matched bulk DNA
from patients with at least one follow-up visit after surgical resdotratumoral V' 1 T cells possess a Tcl functional phenotype
tion (see Methods). Where available, paired contemporanedussitu. Intratumoral CD8 T, cells have been associated with
peripheral blood mononuclear cells (PBMCs) were also immurgurvival in several cancérs including NSCLCS. However, the
phenotyped by flow cytometry to contextualize findings with theotential contributions of human VL T cells are less well described
well-characterized blood T cell compartment. No other selectionand more contentiod$é Similar to CD8 T cells, T cells
criteria were applied. have been operationally classified into effector T cell/memory
Similar to their presence in peripheral blood (median, interquaF cell subsets associated with defined effector functions based on
tile range (IQR): 2.49%, 0.80-6.76%),T cells detected by flow CD45RA and CD27 expressi#@nwWhen we compared \L T cells
cytometry comprised a small fraction of total T cells in both Nili tumors versus NT tissues, we observed an overt shift toward a
lung tissues (2.22%, 1.39-5.26%) and tumors (1.15%, 0.85-3.0BB®)5RACD27 effector memory T cell ¢,) phenotype by flow
with considerable interindividual variation (Fitj). In contrast to cytometry (Fig3a,h. Similar to their CD8 counterparts, V1 Tg,,
peripheral blood, where most T cells expressed ¥, most cells have been associated with helper type 1 T g&IC€ll) cyte
T cells found in lung tissues and tumors expressetl 47.6%, kine production (IFN-) and cytolysi&, but whether intratumoral
30.8-74.4% and 46.8%, 32.1-70.0% respectively), consistent Withlal cells possess this patient-beneficial Tcl pherétypesitu
well-established enrichment of ¥ T cells in other tissu¢Fig.1b has remained unclear.
and Extended Data Fig. 1a,b). Complementary to flow cytometry,To address this, we sorted bulk VT cells from disaggregated
we employed quantitative TCR-seq of gDNA at the TICRTRA/  NT tissues and lung tumors ( 2 andn 5 patients, respectively)
TRD) locus from matched NT tissues and tumor regions as faom which there was sufficient material. For comparison, we also
independent assay of and T cells, and to assess their absolusorted, from NT lung tissues and tumors, bulk2v(n 3 and
numbers per unit of tissue (Fito). Indeed, there was a strong anch 3 patients), CD4(n 8 andn 9 patients), CD8(n 7 and
significant correlation between the proportion of major &tbsets n 9), and regulatory T cells, {Tcells) 6 1 andn 5 patients)
(V 1 andV 2) detected by flow cytometry and TCR-seq (Extendatid natural killer (NK) cellsn( 8 andn 7 patients) (Extended
Data Fig. 1c). We then mapped flow phenotyping proportiori3ata Fig. 3a). Disaggregated TILs were immediately frozen and
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Fig. 1 [Experimental design and T cell composition in lung tissues and NSCLG@s.Overview of study design. Paired tumor regions (red) and NT

lung tissues (blue) collected under the TRACERXx Study were enzymatically digested to extract tissue/TILs. TILs were cryopreserved and thawed at a
later date for flow cytometry RNA-seq. In parallel, gDNA was extracted from undigested matched tumor regions and NT lung tissues and sent for
subsequent quantitative TCR-seq. In addition, PBMCs were isolated from contemporaneous blood draws and cryopreserved before subsequent thaw
for flow cytometry.b, Percentage of CD3T cells staining for TCR (left) and percentage of TCR T cells staining for V1 (middle) and V2 (right) in

PBMCs (blood), NT lung tissues (tissue) and tumors (tumor). Not all patients had paired samples. The bar represents the median. The Kruskal-Wallis
test with post-hoc Dunn'’s test corrected for multiple testing was usedAbsolute counts of total T cells, T cells (TRA), T cells (TRD) and V1
(TRDV}iand V 2 (TRDV2T cells per microgram of DNA determined by TCR-seq. Absolute counts of CD4T cells (CD4) and CD8 T cells (CD8)

were determined by mapping the proportion of CO3CR T cells staining for CD4 or CD8 in flow cytometry analysis of paired TILs. No significant
differences were observed within demarcated T cell subsets between NT tissues and tumors. Samplesivaétii g * of DNA were not plotted for the
purposes of visualization. The bar represents the median. A two-tailed Mann—Whithégst was used within demarcated T cell subsets. Significant
Pvalues are shown. NS, not significant. Thhaumbers and datapoints represent independent patients.

subsequently thawed, stained and sorted at 4 °C directly into Iyfsét intratumoral V 1 T cells expressed thgllcell-specific master
buffer for RNA-seq, thereby maximizing preservation of the celisinscription factor ThetTBX21) as well as transcripts for gran
in situ transcriptomes. zymes GZMs), perforin PRF} and IFN- (IFNG) to levels com

Cell types clustered together in a principal component analyparable with those of CDd cells and NK cells (Figc). Moreover,
(PCA) of the 500 most variably expressed genes (Extended Dratatumoral V 1 T cells did not express,T7 cell-associated
Fig. 3b) and expressed the anticipated canonical lineage margerses or the ,J17 cell-specific master transcription factor R@R
(Extended Data Fig. 3b). Notably, VT cells clustered together(RORQ. By contrast, these genes were expressed to a variable
with CD8 T cells and NK cells in this unsupervised analysiegree by co-located CDA cells (Fig.3¢). To contextualize
(Extended Data Fig. 3b). To determine the functional skew dbf \the in situ function of intratumoral V1 T cells, we conducted a
T cells, we restricted our analysis to canonical transcription fact®SA using these restricted genes of interest expressed by-intratu
and effector molecules associated with T cell function and foumgral V 1,V 2, CD4, CD8 and T, cells and NK cells. The PCA
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demonstrated that intratumoral M T cells transciptomically and CD8 T cells, consistent with a bona fidg, tatus (Fig3gand
resemble CD8T cells and NK cells in function (Figd). To fur  Extended Data Fig. 7).
ther contextualize our results, we reanalyzed expression of thesRecent studies have identified a distinct subset of stem-like
genes in comparable cell types isolated from the peripheral blaoeimory CD8 T cells in chronic infection and cancer defined by
of healthy volunteers as part of the Blood Atlas Prjgiextended their expression of the transcription factors/regulate®OMES
Data Fig. 4). Intratumoral V1 T cells resemble peripheral bloodrCF7andTOX and the IL-7 receptoil{7R)*>*2 These cells retain
T cells in the expression of genes associated withcg&ll, the capacity to proliferate despite chronic inflammatory stimuli and
T,2 cell, cytolytic and inhibitory functions. Notably, peripheratan give rise to highly functional effector cells implicated in tumor
blood T cells showed some evidence fQiL T cell-associated control and responses to programmed cell death protein 1 (PD-1)
gene expression (Extended Data Fig. 4), whereas this hblaskad&. Intratumoral V 1 T cells resembled stem-like CD8
not seen for intratumoral V1 T cells (Fig3c). Most probably, T cells in their expression BOMESTCF7and TOX distinct from
T,17 cell-associated gene expression in blood reflected the prgatumoral CD4 T cells (Fig3h). Intratumoral V 1 T cells also
dominance of V2 T cells that have been reported to producexpressed.7R (Fig.3h), albeit at a somewhat lower level, possibly
interleukin (IL)-17, albeit rarefy*2 because these cells are maintained by the epithelial-associated cyto
Next, we validated the functional potential of intratumoraflV kine, IL-15 (ref®).
T cells in vitro by stimulation of TILs with phorbol 12-myristate
13-acetate (PMA) and ionomycin, which mimics TCR signalinBresence of V1 T cells predicts ongoing remission in resected
Stimulated TILs were then stained for surface lineage markRISCLCsGiven that V1 Tgy, and T, cells were enriched in tumors
and CD107A, a marker of cytotoxic degranulation, as well as felative to NT lung tissues (see above), intratumordl V cells
intracellular cytokines. Consistent with their gene expression ppossess a Tcl phenotype and these cells resemble stem-like CD8
file, V 1 T cells produced IFN-and degranulated on activationT cells, we examined their status in relation to clinical outcome in
(Fig.3eand Extended Data Fig. 5). Moreover, we could find ro ewur cohort. Three patients who had incompletely excised primary
dence of IL-17A production by these cells in contrast to co-locatechors were excluded from this outcome analysis (Supplementary
CD4 T cells (Fig3eand Extended Data Fig. 5). Table 1). To assess absolute numbersgpf(TD103) and T,
Previous studies have demonstrated that tissue-associaled ¥D45RACD27) cells per unit of tissue/tumor, we mapped flow
T cells may also be activated by the innate NKG2D receptor withpbenotyping proportions on to TCR-seq counts. Within tumors,
requirement for contemporaneous TCR signdfitig®>. Consistent the presence of M T, cells was significantly associated with
with an innate, non-TCR/nonclonotypic response mode, wecreased relapse-free survival (RFS) whereas this was only a trend
observed no significant clonal focusing of the TGéhain in for co-located V2, CD4 and CD8 Ty, cells (Fig4dd). Importantly,
V 1T cells in tumors compared with NT tissues (Extended Ddtee association of intratumoral X Tg,, cells with improved RFS was
Fig. 6a,b). The gDNAbased TCR (TRG) sequencing from bulk not simply a reflection of less advanced disease because we found
tissues is inherently problematic becauseT cells often harbor more intratumoral V 1 T, cells in advanced stages (Extended Data
productive rearrangements of TRG géhddevertheless, RNA-seqFig. 8a). Furthermore, we found no association of intratumoral V
of sorted V1 T cells from tumors, albeit in a limited cohort, demTg,, cells with primary tumor size, age, histology or smoking status
onstrated a diverse expression ofdfiains in most patients, in con (Extended Data Fig. 8a). The presence df Y, cells in tumors
trastto V 2 T cells which predominantly employed9/(Extended trended toward association with increased RFS (Extended Data
Data Fig. 6c), further supporting a nonclonal innate response mdslg. 8b). Conspicuously, we found the presence afTy, cells in
for V 1 T cells. Moreover, we also observed a positive and sigmifT tissue to be highly and significantly associated with improved
cant correlation of the presence of intratumorallVl,, cells with RFS, consistent with an epithelial immunosurveillance role proposed
region-matched intratumoral expression of transcripts for NKG2r these celt§ (Fig.4b). There was no difference in the number of
ligands (Fig3f). V 1 Tgy cells in NT tissue with regard to stage of disease, size of
primary, age, histology or smoking status (Extended Data Fig. 8c).
Intratumoral V 1 T cells demonstrate features of tissue residency Given the association of ¥ T cells in both NT tissues and
and stemnessWhereas CD103 expression is often associated wifimors with ongoing remission, we asked whether such an associa
Tru Status in T celt§ this is not always the césé Seminal studies tion might exist for the delta () of the absolute numbers of ¥
by independent teams have collectively established a core transdrip cells and V1 T, cells in NT tissues and paired tumors. No
tional profile of Ty, cells. Specifically,s} cells upregulate genesclear association ofV 1 T,y or V 1 Ty, cells with clinical out
associated with tissue retention and homi@®69 CXCRGITGAE come was observed (Extended Data Fig. 8d), suggesting that each
and ITGA1) and downregulate genes associated with tissue egsedsset, that is, intratumoral Xt T, cells and NT tissue XL Ty,
(CCR7 S1PR1and SELL) compared with circulating T celt€’.  cells, has beneficial impacts independent of the status of their coun
Thus, we compared the expression of these genes in intratumtagbart cells in the reciprocal tissue sites.
V 1 and CD8 T cells, which were predominantly CD108ersus To explore further the contributions of tissue-residentlV
intratumoral CD4 T cells, which mostly lacked CD103 (FAg), T cells, we used the nucleotide sequence of thedmplementarity
and found that this tissue-resident profile was shared by te \tdetermining region 3 (CDR3) as a molecular fingerprint to track

Fig. 2 INT lung tissue harbors tissue-resident V1T cells that are enriched in NSCLGs.Representative plots of CD103 expression (%) by flow

cytometry on V 1 (representingn  20,n 23 andn 22 patients for blood, NT tissue and tumor, respectively) and®\{representingn  20,n 23

andn 21 patients for blood, NT tissue and tumor, respectively), Crépresentingn 20,n 24 andn 24 patients for blood, NT tissue and tumor,
respectively) and CD8T cells (representingn  20,n 24 andn 24 patients for blood, NT tissue and tumor, respectively) were isolated from blood,

NT tissue and tumor of one patierb, Summary flow cytometry data of CD103 expression in T cell subsets isolated from blood (Bld), NT tissues (Tis)
and tumors (Tum). Not all patients had paired samples. The bar represents the median. A Kruskal-Wallis test with a post-hoc Dunn’s test corrected
for multiple testing was usect, Absolute counts of CD103Tg,, CD4 , CD8,V 1 and V2 T cells per microgram of DNA from NT tissues and tumors.
Samples with 1 cell g * of DNA were not plotted for the purposes of visualization. Not all patients had paired samples. The bar represents the median.
A two-tailed Mann-WhitneyU-test was used within demarcated T cell subsets. SignificBvalues are shown. NS, not significant. Theumbers and
datapoints represent independent patients.
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unique V 1 T cell clones between NT tissues and paired tumors. @R: 27.3%, 16.5-35.4%) (Fiy). By contrast, fewer unique
average, approximately a quarter of uniquel \CDR3 sequencesTCR clones present in tumors were also found in paired NT tis
present in tumors were found in paired NT tissues (mediasies (15.1%, 8.68-19.2%) (Bi), despite the lower potential for
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diversity in TCR compared with TCR Indeed, these data are eon(neo)antigen-specific T cells. However, the body surfaces from
sistent with a greater proportion of intratumoral T cells (pre which carcinomas arise are populated by many other immune cells.
dominantly CD4) being derived from peripheral blood as opposetihese compose organ-specific, tissue-resident immune compart
to the tissue-resident pool that is the probable source of intrataents that collectively include considerably more T cells than the
moral V 1 T cells (Fig2b). When examined in relation to clinical systemic lymphoid organs.
outcome, patients with a greater proportion of intratumorallV  In mice, such compartments commonly include signature popu
T cells also found in paired NT tissues were more likely to remaidations of tissue-resident T cells seeded during fetal and perina
remission, consistent with the cells’ proposed immunosurveillaned developmerit. This is distinct from tissue-resident T cells
function in steady-state tissues (Fg- Again, this was not the casevhich arrive later in development, after priming in the lymph
forthe T cell compartment (Figtd). nodes as a response to infectioMice deficientin T cells dis
Acknowledging the limited size of our cohort, we sought fday heightened susceptibility to de novo car€grsseemingly
validate our findings in a larger public dataset. The T@Rus is more so than mice deficient in T cell§’, establishing a critical
excised during TCRrearrangement in T cell§®. Thus, we used and nonredundant role(s) for them. Indeed, these cells appear to
the expression dfFRDV1transcripts as a proxy for ¥ T cells and be an essential early source of IP-a cytokine pivotal for tumor
TRDCtranscripts as a proxy for total T cells, thereby assessingejectiort®. In addition to direct effector function, human T cells
the association of these cells with NSCLC survival in The Carmer also capable of phagocyt®sisand professional antigen pre
Genome Atlas (TCGA). Consistent with observations in our ovaentation to T cell§®2 Such sentinel functions, traditionally
cohort, when split on median expression, we found a significagsociated with dendritic cells, are central to activating tumor (neo)
association of higfRDV1 expression with favorable overall surantigen-specific T cells and to orchestrating immune responses
vival (OS; Fig5g), although there was no association WitRDC more generalfy.
expression (Figsh). Moreover, the improved hazard ratio (HR) Despite apparently advantageous traitsT cell immunothera
in patients with above-mediahRDV1 expression remained sig pies have failed to demonstrate convincing efficacy in solid cancers
nificant in multivariate analysis accounting for age, gender, hiacluding in NSCLC%. However, those trials focused exclusively
tology, smoking status, stage @4 and CD8Bgene expression on the V 2 subset, the main subset of peripheral blood cells.
(HR 0.65, 95% confidence interval (CI)).48-0.88) (Ficho). By contrast, our assessments of tissue-resident lymphocytes in lung
Finally, to explore whether there might be a role fot ¥ cells tissues have added to growing evidence that human body surfaces
with respect to CPI therapy responses, we reanalyzed RNA-seq aa&tgrimarily enriched for VL T cells. Thus, these cells are well
from the INSPIRE trial (NCT02644369), a phase |l basket clinipldced to detect malignancy vis-a-vis local/ipsilateral as well as
trial of pembrolizumab in advanced solid caneftdsingTRDV1 metastatic/contralateral lung cancer recurrences, which comprise a
expression in pre-treatment tumor biopsies as a proxy for-intreonsiderable proportion of relapses after surgical resection.
tumoral V 1 T cells, we found that patients with above-median Indeed, an increased presence of V), cells in NT lung tissues
expression of RDV1had significantly increased survival comparedas predictive of ongoing remission in our cohort. Moreover, most
with those with below-median expression (Fd). Expression of V 1 T cells found within tumors were also of this tissue-resident
TRDC(pan T cells) was also predictive, although this was-prabhenotype, suggesting an improved capacity for tumor homing
ably driven by V1 T cells because the associatioFRIDV2expres and/or retention. Strikingly, a greater proportion of sharedl V
sion (V 2T cells) with survival was only a trend (Extended Dafacell clones between tumors and NT tissues was significantly asso
Fig. 9). In addition, high expression@D4 (CD4 T cells) did not ciated with remission in our cohort. Thus, this supports a poten
associate with survival after pembrolizumab whereas high exptéd patient-beneficial, cancer immunosurveillance role for human
sion of CD8B (CD8 T cells) trended toward association withissue-resident V1 T cells that are present in steady-state NT lung

improved survival (Extended Data Fig. 9). tissues. Although many studies have demonstrated the prognostic
utility of intratumoral TILs, these cells clearly cannot actively con
Discussion tribute to immunosurveillance after resection. Conversely, resident

Despite recent advances in immunotherapy, NSCLCs remain-a léadnune cells in juxtapositional normal tissues remain in situ at
ing cause of cancer-related mortality. Although these cancers ‘greund-zero’ where they are well positioned to conduct ongoing
clearly susceptible to immunosurveillance, as evidenced by instace@ser immunosurveillance.

of durable responses to CPI therapy, only a minority of patients ben Previous studies have demonstrated in vitro thal I cells
efit. CPIs appear to work, at least in part, by de-repressing turhave a Tcl phenotypé>%%, However, given the scarcity of v/

>
>

Fig. 3 |Intratumoral V 1 T cells have a memory phenotype, are Tcl skewed and demonstrate features of tissue residency and steraness.
Representative flow cytometry plots of effector memory status (defined by CD27 and CD45RA expression)1of \¢ells isolated from the NT tissue and
tumor of one patient (representing 23 andn 22 patients for NT tissue and tumor, respectivelis). Summary radar plot of effector memory status of

V 1T cells isolated from NT tissues ( 23) and tumors 0 22). The median proportion is plotted. A two-tailed Mann-Whitn&ytest was used between
NT tissue and tumor within V1 memory subsets. SignificaRtvalues are showrt, Expression of T cell master transcription factors and signature effector
molecules of lymphocytes sorted directly from tumors grouped intpcEll, cytolytic and inhibitory modules. Each column represents the denoted cell
type from an individual patient. Not all cell types were sorted from matched patients. The color scale denotesdoee of log(TPM 1) of each gene.

d, PCA of expression (hormalized counts) of genes included @olored by cell typerf 9,n 9,n 7,n 5n 3andn 5 patients for CD4, CD8, NK,

Tee V 2 and V 1 cells, respectivelyk, Violin plots showing intracellular cytokine staining for IFNand IL-17A and cell surface staining for CD107A in

V 1, CD8 and CD4 T cells after in vitro stimulation of bulk TILs ( 3 patients) with PMA and ionomycin (P-IJ, Summary data of correlation between
region-matched gene expression of NKG2D ligands and absolute numbers dff)/ 14 patients), V2 (n 14 patients), CD4(n 15 patients) and CD8

(n 15 patients) f, and T cells in tumors. The color scale denotes a two-tailed Spearmarfsienotes significant correlations as followdiCAV 1 T,

P 0.027,MICBV 1 TE,P 0.031RAETIE 1T, P 0.048andRAETIEDS8 T.,P 0.045.g, PCA of expression (normalized counts) of corg,lgene
signature CCR7, CD69, CXCR6, ITGAE, ITGALaBHBERL)inV 1 (i 5 patients), CD4 (n 9 patients) and CD8T cells 9 patients) sorted from
tumors. h, Expression of genes that define ‘stem-like’ CDBcells in V1 ( 5 patients), CD4 (n 9 patients) and CD8(n 9 patients) T cells sorted
from tumors. The mean s.d. is plotted. A Kruskal-Wallis test with post-hoc Dunn’s test correction for multiple testing was used. All datapoints represent
independent patients.
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T cells, many of these studies have relied on ex vivo expansion usoigted from tumors were enriched in the CD45RB27 T,
cytokine cocktails to achieve requisite numbers for in vitro assaishset that has previously been described as potent grdduc

By using cells sorted directly from NSCLC tumors without ex vieess®. Moreover, through gene expression analysis and in vitre func
expansion or in vitro stimulation, we provide corroborating indiredional assays, we demonstrate that intratumoral V cells are Tcl
and direct evidence for the in situ function of VT cells through skewed in situ.

flow cytometric immunophenotyping and gene expression analy Importantly, intratumoral V1 T cells showed no evidence
sis. Compared with counterparts in NT lung tissuesl ¥ cells of a possibly tumor-promoting skew toward IL-17. Potentially
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Fig. 4 |Presence of Vd1 T cells associates with RFS in resected NSCAL,@ES split on median absolute numbers oflYV 2, CD4 and CD8 T, cells

in tumors. The Gehan-Breslow—Wilcoxon test was usgdRFS split on median absolute numbers oflyV 2, CD4 and CD8 Tg,, cells in NT tissues. The
Gehan—Breslow-Wilcoxon test was useg].Proportion of unique V1 (TRDVLT cell clones present in tumors and also found in paired NT tissues. The bar
represents the median. A two-tailed Mann-Whitndy-test was usedd, Proportion of unique (TRA) T cell clones present in tumors and also found in
paired NT tissues. The bar represents the median. A two-tailed Mann-Whitdegst was used. Significar® values are shown. NS, not significant. Tie
numbers and datapoints represent independent patients.

dichotomous roles of T cells in cancer immunosurveillance andumor-intrinsic biology and immune microenvironment, particu
immunotherapy are currently contentiotisSimilarto T cells, larly at disparate metastatic sites, may be different. Likewise, we
T cells comprise distinct functional subsets. Thus, although absollitt not examine other immune compartments, such as the myeloid
T cell deficiency predisposes to cancer in mice, it is now increasmpartment or tertiary lymphoid structures, which may well
ingly clear that J1-cell-skewed, IFN-producing T cells can contribute and warrant further study. Whether or notIVT cells
be tumor rejecting whereas T17-cell-skewed, IL-17-producing directly effect tumor control or are merely a correlate of ongoing
T cells may be tumor promotit§®®’. The limited evidence for remission is difficult to answer without interventional studies such
IL-17 production by human T cells, as opposed to murine as adoptive V1 T cell therapy, the first of which is currently under
T cells, is confined mostly to a subset of peripheral blood-deriwgdy for hematological cancers (NCT05001451). Nevertheless, the
V 2 T cell$“2 By contrast, human M T cells have been conrsisassociation o RDV1 expression with favorable responses to CPI
tently demonstrated to display a tumor-rejecting Tcl phenotypleerapy alludes to an important role for VT cells. Indeed, a recent
when activated in vitfd'2%> and now we provide evidence of thismall study of mismatch repair-deficient colorectal cancers also
in situ within the TME. Consistent with this, we found a significamnplicated V 1 T cells in positive CPI resporf§es
association of intratumoral [, V 1 T cells with ongoing remis In considering the utilization of the M subset of T cells for
sion. Although this association was based on outcomes in a modaster immunotherapy, one can now perceive several advantages
cohort of patients with early stage, surgically resected NSCLCspvex V 2 T cells. V1 T cells are already resident in steady-state
found a similar association between hiRDV1 expression, as abody surface tissues, raising the possibility that these cells may be
proxy for intratumoral V1 T cells, and survival in public TCGAbeneficially manipulated in the clinic by off-the-shelf therapies, for
data of ~800 patients with NSCLCs. Moreover, the associatiorexdmple, via monoclonal antibodies targeting regulatory/stimula
V 1 T cells with favorable survival in TCGA was most evidenttiory molecule®. Within tumors themselves, . T cells display
early-stage disease, alluding to the proposed role @f cells as a tissue-resident CD103henotype, potentially improving their
proximal immune sentinels of epithelial stfs©Our study does tumor-homing and tumor-retention capabilities vis-a-vis adoptive
not directly address their role in metastatic disease where both ¢k therapy. Finally, V1 T cells have been demonstrated by others
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Fig. 5 |Expression offRDVIgene predicts NSCLC survival in TCGA and survival post-pembrolizumab in advanced solid caree@sS of patients with
LUAD or LUSC in TCGA split on medi@RDVZExpression in primary tumor as a proxy for intratumoral VT cellsif 815 patients). The Gehan—Breslow—
Wilcoxon test was usedb, OS of the same cohort of patients split on mediBRDCexpression as a proxy for intratumoral T cells ¢ 815 patients). The
Gehan—Breslow-Wilcoxon test was used. NS, not significanitiRs for death in patients with above-median intratumoral expressiomRDCor TRDV1

in UVA (n 815 patients) and MVAI{ 774 patients) with age, gender, histology, smoking status, stage @dd andCD8Bgene expression. Rounded
rectangles denote HRs and error bars denote 95% @]€S of patients with advanced solid cancers (mixed histologies) treated with pembrolizumab in
the INSPIRE trial. There was a survival split on mediRDV Expression in primary tumor before pembrolizumab. The results were plotted in months after
the third cycle of pembrolizumab. The Gehan—Breslow—Wilcoxon test was used. SigniReatties are shown.

to be less susceptible to activation-induced cell death, a key baf@idrh. After 5h, cells were stained for surface lineage markers as described

to durable responses in adoptive cell the ab_ove. After surfact_e_stai_ning, samples were fixed in BD CeIIFIX z_and washed

0 po op fapy twice with permeabilization wash buffer (BioLegend) before staining for
intracellular cytokines (1:100 final dilution of each antibody in permeabilization

Methods wash buffer) for 20 min at 4 °C. Samples were then washed twice with

Patients and samplesAll clinical samples used were collected from patients  permeabilization wash buffer, resuspended in FACS buffer and immediately
recruited to the lung TRACERX Study (approved by an independent Research acquired on a BD LSRFortessa.

Ethics Committee, NRES Committee London, REC:13/LO/1548,.//

clinicaltrials.gov/ct2/show/NCT0188860All participants provided informed TCR-seq.The gDNA, 3 g, extracted from region-matched tumors and NT tissues,
consent pefore taking part. Participants were not compensated. Tissut_e specimefgs submitted for TCRand TCR (TRA and TRD) sequencing with Adaptive

were reviewed by a lung pathologist as previously des€ritiédote, NT tissues  Bijotechnologies. Reads were aligned and annotated by Adaptive Biotechnologies.
were taken as far away as possible from tumors at primary surgery and H&E  sequences were filtered for in-frame CDR3 cells as well as TRA to TRA V-J family
sections examined a erwards by a trained histopathologist to ensure samples thafns for T cells and TRD to TRD V-J family joins forT cells. Absolute

were tumor freg. Samples were chosen basgd on the availability of banked‘TILscounts of TCRs were normalized toglof input DNA for each sample to enable

from NT lung tissues and paired tumors, region-matched bulk DNA and patientsyormalized comparison of T cell numbers across all samples. Data were analyzed
with at least one follow-up visit a er surgical resection. Where available, bankedysing the immunoSEQ ANALYZER v.3.0 (Adaptive Biotechnologies).
contemporaneous PBMCs were also immunophenotyped by ow cytometry. No

other selection criteria were applied. Fresh NT tissue and NSCLCs were nely RNA-seq of sorted TIL populations, data processing and PCR¢here sufficient
minced with sterile scalpels and dissociated in type 1 collagenase (10 Uml material was available, NK cells and T cell subsefls /2, CD4, CD8 and

ermo Fisher Scienti ¢) and DNase | (75gml %, Roche) on a gentleMACS T, Cells) were sorted (50-500 cells from each subset) from NT tissues and tumors
(Miltenyi Biotech) for 60 min at 37 °C. Digested material was passed through & from a cohort of donors (patient IDs: CRUK0230, CRUK0299, CRUK0329,

0.7-mm cell Iter before TIL enrichment by Ficoll-paque gradient centrifugation cRUK0344, CRUK0412, CRUK0416, CRUK0516, CRUK0860, CRUK0844,

(GE Healthcare). Isolated TILs were frozen in 10% dimethylsulfoxide (DMSO)/ cRUK0926, CRUK0949, CRUK0968, CRUK0914, CRUK0961 and CRUK0922).
fetal calf serum (FCS) and stored in liquid nitrogen until analysis. PBMCs were Gjven the limited availability of material, not all cell types could be sorted from
isolatec_j from whole blood by Ficoll-paque_grz?ldie'nt centrifugation, frpzen in the same samples. Sorted cell lysates were froz&0 3 and submitted to

FCS with 10% DMSO (v:v) and stored in liquid nitrogen until analysis. DNA  the Oxford Genomics Centre for low-input library preparation and sequencing.
from paired tumor regions and paired NT tissues for TCR-seq was extracted | jorary preparation was completed from sorted cells in lysate buffer using the

as previously describ&dBrie y, region-matched tissues were homogenized Smart-Seq2 protocol with minor modifications and NexteraXT (lllumina)

using a TissueRuptor Il (QIAGEN) and lysates passed through a QIAshredder  fo|lowing the manufacturer's instructions. Libraries were amplified (12 cycles)

column (QIAGEN) before DNA extraction using the Allprep DNA/RNA on a Tetrad (BioRad) using in-house dual indexing primers. Individual libraries

Mini kit (QIAGEN). were normalized using Qubit and the size profile was analyzed on the TapeStation
4200. Individual libraries were normalized and pooled together accordingly. The

Flow cytometry and FACSThawed samples were washed in sterile pooled library was diluted to ~10 nM for storage. The 10-nM library was denatured

phosphate-buffered saline (PBS) to remove traces of DMSO and serum before and further diluted before loading on the sequencer. Paired-end sequencing was

staining with Zombie NIR viability dye (1:500 dilution in PBS for 15 min at room performed using a HiSeq4000 75-bp platform (lllumina, HiSeq 3000/4000 PE

temperature). Samples were then stained for lineage and differentiation markerluster Kit and 150-cycle SBS Kit), generating a raw read count of ~10 million

for 15min at 4 °C (Supplementary Table 2; all antibodies used at 1:100 dilution reads per sample. The Trim Galore! utility v.0.4t®é://www.bioinformatics.

in FACS buffer), washed twice with sterile 4 °C FACS buffer, kept onice and  babraham.ac.uk/projects/trim_galeraetrieved 3 May 2017) was used to remove

immediately acquired on a BD LSRFortessa or sorted on a BD FACSAria FusioBequencing adapters and quality trim individual reads wittytharameter set

running BD FACSDiva, and exported as FCS3.0 files. FCS3.0 files were analyzgd20. Sequencing reads were aligned to the human genome and transcriptome

on FlowJo v.10. For RNA-seq (see below), cells were sorted directly ihtd ~4  (Ensembl GRCh38release-89) using RSEM v.1.3.0)(tefether with STAR

lysis buffer (0.8% Triton X-100 in PBS (v:®U ml* of RNase inhibitor) at 4°C  aligner v.2.5.2 (re®). Sequencing quality of individual samples was assessed using

and lysates frozen aB0 °C. Analysis and results were based on populations witlFFASTQC v.0.11.51(tps://www.bioinformatics.babraham.ac.uk/projects/fastegc

parent gate of ten or more cells. retrieved 3 May 17) and RNA-SeQC v.1.1.8 (§efPCAs were generated using
normalized counts of the top 500 variable genes filtered for an average transcripts

In vitro activation assaysThawed samples were washed in sterile PBS to per million (TPM) across all sample& (Extended Data Fig. 3b) or normalized

remove traces of DMSO and rested overnight in complete RPMI medium (10%ounts of curated master transcription factors and effector molecules presented in

FCS penicillin—streptomycin) at 37 °C and 5% CQested cells were seeded Fig.3c (Fig.3d).

at up to 200,000 cells per well in 206f complete RPMI medium the next

day. Cells either received no stimulation (complete RPMI medium only) or  Region-matched NKG2D ligand gene expressidfor each region-matched

were stimulated with PMA (10 ng il and ionomycin (1 g ml ¥). Brefeldin A sample, total RNA was extracted and prepared using a TruSeq Stranded Total

(5 gml ) and anti-CD107A (1:400 final dilution) were added to all the wells. RNA Human/Mouse/Rat ribo-depletion library preparation kit before lllumina

Plates were centrifuged at 2d0r 2 min and incubated at 37 °C and 5%,CO  complementary DNA paired-end sequencing. Libraries were prepared with
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100 ng of total RNA input where possible and PCR amplified for 15cycles.  margins on primary resection. The experiments were not randomized and
Libraries were quality checked by Agilent Tapestation and Promega QuantiFluoinvestigators were not blinded to outcomes. The statistical tests used are indicated
double-stranded DNA and pooled in equimolar amounts. Pooled libraries were in the accompanying figure legends and two sided, where applicable, unless
sequenced in a HiSeq4000 at 50 million raw reads per sample, with a length of otherwise stated. Bonferroni’s correction was used to correct for multiple tests.
75 bp or 100 bp per read. lllumina adapters were trimmed from raw reads usingAll findings were considered significant @-aalue threshold of 0.05. Significant
Cutadapt v.2.10 (ref) with standard parameters. The quality of the trimmed P values are indicated within the figures. Plots and graphs were generated with
reads was estimated per flow cell lane using FASTQC v.0.11.9. Fastq files with G@phPad Prism v.9 and JMP Pro v.15.
content within 2 s.d. of the cohort mean ar80% of total reads as duplicates were
kept for alignment. These were then aligned to the UCSC hg19 human referenddeporting Summary.Further information on research design is available in the
genome build using STAR aligner v.2.5.Batwo-pass mode with ENCODE 3 Nature Research Reporting Summary linked to this article.
parameters generating one BAM file per tumor region. The same reads were also
mapped to the human transcriptome (Ref&0A 000001405 Huild) using the Data availability
same STAR parameters to generate gene expression data. Duplicates were magtgdy ymor region RNA-seq data, TCR-seq data and flow cytometry data (in each
with the MarkDuplicates function from GATK v.4.1.7.0 (f§f.Aligned reads were 456 from the TRACERX study) used or analyzed during the present study are
9uallty checked using QoRT§ v.;.3.6 (fefor RNA integrity. So_mallf'-‘r v.0.2.7 (ref. gyailable through the CRUK-University College London Cancer Trials Centre (ctc.

) was used to detect potential instances of sample mislabeling. FASTQC, QoRfgcerx@ucl.ac.uk) for academic noncommercial research purposes only, subject
and Somalier outputs were visualized using MultiQC v.1.9eRSEM v.1.3.3 = {5 review of a project proposal that will be evaluated by a TRACERx data access
(ref.™) was used with default parameters to quantify gene expression based oncommittee and any applicable ethical approvals, and entered into an appropriate
the BAM files aligned to the transcriptome. Gene expression patterns were Use@iata access agreement. Restrictions apply to the data availability to safeguard
for further quality control of each sample. Tumor regions witl?% of all genes  patient sequence data confidentiality, ensure compliance with patient study
being expressed 0 TPM) were excluded. In addition, samples wilid% of reads  consent and meet data protection legislation, and due to commercial partnership
mapping uniquely to a single location in the genome were excluded. requirements.

Details of all public datasets obtained from third parties used in the present
TCGA analysisNSCLC data from TCGA were acquired using R software (v.4.0.20dy are as follows. Blood Atlas Stutypé://doi.org/10.1126/science.aax9)L98
Gene expression data, Workflow Type: HTSeqg-Counts and clinical datq from th@ranscriptomic data were downloaded frantps://www.proteinatlas.org/
TCGA-LUAD and TCGA-LUSC projects were downloaded from Genomic Data apout/download GTEX (vww.gtexportal.orgAnalysis Release v.8 was accessed
Commons (GDC) Data Portal using the R/Bioconductor package TCGAbiolinksyia dbGaP (accession miis000424.v8.)2INSPIRE trial (NCT02644369)
v.2.16.4 (ref?). A total of 594 lung adenocarcinoma (LUAD) and 551 lung transcriptomic data were downloaded as SourceData_Fig4.zip from Yang et al.
squamous cell carcinoma (LUSC) cases were retrieved. Clinical data were utili ps://doi.org/10.1038/s41467-021-25432TCGA human LUAD and LUSC
to select for primary tumor samples and for patients with OS of at least 1d, yielgiagscriptomic data were downloaded directly using the TCGAbiolinks R package

474 LUAD and 473 LUSC cases. Samples in WIRE\V transcript could be derived from TCGA repositorytttps://portal.gdc.cancer.go8ource data are
detected were included for analysis, thus yielding a final cohort of 417 LUAD aﬂﬂrovided with this paper.

398 LUSC cases (815 cases in total). Gene expression counts were normalized using
DESeq2 v.1.28.1 (réj) variance stabilizing transformation function and data DAl
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Extended Data Fig. 1lung T cells assayed by flow cytometry and TCR sequenci#g.Representative flow cytometry gating strategy for T cell
subsets. From left to right: Forward vs. side scatter gatesinglet gate - live CD45 gate - CD3vs. TCR - CD4 vs. CD8 (of CD3 /TCR -
population) and V1 vs. V2 (of CD3 /TCR population) to give CD4 and CD8 T cells and V1 and V2 T cells.B) Representative gating
strategy for CD103 and CD45RA vs. CD27 forWand V2 T cells, and CD4 and CD8 T cells.C) Proportion of T cell subsets determined by flow
cytometry versus proportion determined by TCRseq in NT tissues @8 patients) and tumours (n 22 patients). Two-tailed Spearman correlation.
Significant p values shown. All datapoints represent independent patients.
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Extended Data Fig. 3 TCR is expressed in non-diseased lung tissue&) Expression oTRDCacross non-diseased tissue typeB) Expression oTRDV1

across non-diseased tissue typeS) Expression o RDV2across non-diseased tissue types. Gene expression data and figures derived from the GTEx

Project and Portal (see methods). Lung expression (red arrow) based on 578 donors. Boxplots represent median and interquartile range with outliers (above
or below 1.5x IQR) displayed as points. Tissues ordered from highest to lowest median expression of each gene. Datapoints represent independent donors.
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Extended Data Fig. 3 Lung TIL lineages by RNA sequencing) Gating strategy for sorting CD4, CD8, ¥ and V2 T cells and Tregs and NK cells (red/

bold) for bulk cell-type RNA sequencing) PCA of top 500 variable genes coloured by cell type from tumours @ n 9,n 7,n 5 n 3andn 5

patients for CD4, CD8, NK, Treg, V2 and V 1 cells respectively) and NT tissue (n8,n 7,n 8,n 1,n 2andn 2 patients for CD4, CD8, NK,

Treg, V 2 and V 1 cells respectively)C) Expression of canonical lineage markers from sorted cell types. Lineage markers for each sorted cell type coloured
in. Cells sorted from NT tissues denoted by crossed-circles & n 7,n 8,n 1,n 2andn 2 patients for CD4, CD8, NK, Treg, V2 and V 1 cells
respectively) and cells sorted from lung tumours denoted by solid circles@n 9,n 7,n 5,n 3andn 5 patients for CD4, CD8, NK, Treg, V2

and V 1 cells respectively). All datapoints represent independent patients.
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Extended Data Fig. 4 Peripheral blood T cell functional transcriptomes Expression of T cell master transcription factors and signature effector
molecules of peripheral blood lymphocytes from the Blood Atlas project. Each column represents the denoted cell type from an individual donor. Colour
scale denotes Z-score of Log2 (TPM1) of each gene.
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Extended Data Fig. 5 Effector function ofin vitro stimulated TILs from NSCLCHRepresentative flow cytometry dot plots of intracellular cytokine staining
for IFN- and IL-17A and cell surface staining for CD107A iriMCD8 and CD4 T cells after vitrostimulation of bulk tumour infiltrating lymphocytes
with PMA and ionomycin (P-1). Gates were set on paired unstimulated negative controls (-). Percentage positive of parent population shown.
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Extended Data Fig. 6 Tumour V 1 T cells demonstrate no evidence of clonotypic responség. Repertoire analysis by normalised Shannon entropy
(S.E.) of V1 T cells in NT tissue (Tis) and paired lung tumours (Tum) calculated on TCBR3 amino-acid sequences. Wilcoxon matched-pairs signed
rank test.B) Repertoire analysis by D50 of \L T cells in NT tissue (Tis) and paired lung tumours (Tum) calculated on TCBR3 amino-acid sequences.
Wilcoxon matched-pairs signed rank test) Relative expression (TPM) of functional TCR genes in sorted intra- tumoural . T cells from 5 patients

and V 2 from 3 patients. All datapoints represent independent patients.
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Extended Data Fig. 7 Tumour V 1 T cells possess a coreg] signature. Expression of core TRM signature genes inlyCD8, and CD4 T cells sorted

from tumours (n 5,n 9 and n 9 patients respectively). Genes associated with tissue retention and homing and expected to be upregulated in TRM
T cells highlighted in red. Genes associated with tissue egress and expected to be downregulated in TRM T cells highlighted in blue- Bdan

plotted. Kruskal Wallis with post hoc Dunn’s test corrected for multiple testing. All datapoints represent independent patients.
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Extended Data Fig. 8 Prognostic value of V1 T cells is largely independent of other prognostic clinicopathological featurég. Absolute numbers

of V 1 TEM cells in tumours plotted by TNM stage, histology and smoking status (never smoker, unfilled circle) as well as against age and primary
size. Kruskal Wallis with post hoc Dunn'’s test corrected for multiple testing (stage). Baadian. Mann-Whitney test (histology and smoking status).
Spearman correlation (primary size and ag8). Relapse free survival split on median absolute numbers df ¥rm cells in tumours. Gehan-Breslow-
Wilcoxon test.C) Absolute numbers of V1 TEM cells in NT tissues plotted by TNM stage, histology and smoking status (never smoker, unfilled circle)
as well as against age and primary size. Baedian. Kruskal Wallis with post hoc Dunn'’s test corrected for multiple testing (stage). Mann-Whitney test
(histology and smoking status). Spearman correlation (primary size and agg).V 1 TEM cells (absolute Vd1 TEM cells in tumour - absolute Vd1 TEM
cells in paired NT tissue) andV 1 TRM cells (absolute Vd1 TRM cells in tumour - absolute Vd1 TRM cells in paired NT plotted by outconmaeBem.
Mann-Whitney test. N nhumbers and datapoints represent independent patients.
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Extended Data Fig. 9 Association of survival with signature T cell lineage genes in the INSPIRE Tfalerall survival of patients with advanced solid
cancers (mixed histologies) treated with pembrolizumab in the INSPIRE trial. Survival split on median TRDC, TRDV2, CD4 and CD8B expression in
primary tumour prior to pembrolizumab. Plotted in months after third cycle of pembrolizumab. Gehan-Breslow-Wilcoxon test. Significant p values shown.
n.s. not significant.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
/N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
“/~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
/N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No custom code was used to collect data.

NSCLC data from TCGA was acquired using R software (version 4.0.2). Gene expression data, Workflow Type: HTSeg-Counts and clinical data
from the TCGA-LUAD and TCGA-LUSC projects were downloaded from Genomic Data Commons (GDC) Data Portal using the R/Bioconductor
package TCGADbiolinks version 2.16.4.

BD FACSDiva software was used for collection of flow cytometry data
Data analysis No custom code was used for data analysis.

CCutadapt version 2.10
DESeq2 version 1.28.185
FASTQC version 0.11.5
FASTQC version 0.11.9
GATK version 4.1.7.0
MultiQC version 1.9
QoRTs version 1.3.6
RNA-SeQC version 1.1.8
RSEM version 1.3.0

RSEM version 1.3.3
Somalier version 0.2.7
STAR aligner version 2.5.2
STAR aligner version 2.5.2a
Survival version 3.2-13
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Trim Galore! utility version 0.4.2
FlowJo version 10

GraphPad Prism version 9.2.0
immunoSEQ Analyzer version 3.0
JMP Pro version 15.0.0

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The tumour region RNA-seq data, TCR-seq data, and flow cytometry data (in each case from the TRACERx study), used or analysed during this study are available
through the Cancer Research UK & University College London Cancer Trials Centre (ctc.tracerx@ucl.ac.uk) for academic non-commercial research purposes only,
subject to review of a project proposal that will be evaluated by a TRACERx data access committee and any applicable ethical approvals, and entering into an
appropriate data access agreement. Restrictions apply to the data availability in order to safeguard patient sequence data confidentiality, to ensure compliance with
patient study consent, to meet data protection legislation and due to commercial partnership requirements.

Details of all public datasets obtained from third parties used in this study are as follows. Blood Atlas Study (Uhlen et al. 2019, doi.org/10.1126/science.aax9198)
transcriptomic data was downloaded from https://www.proteinatlas.org/about/download. GTEx (www.gtexportal.org/) Analysis Release V8 was accessed via dbGaP
Accession phs000424.v8.p2. INSPIRE trial (NCT02644369) transcriptomic data were downloaded as SourceData_Fig4.zip from Yang et al. 2021, doi.org/10.1038/
s41467-021-25432-7. TCGA human LUAD and LUSC transcriptomic data were downloaded directly using the TCGAbiolinks R package derived from TCGA repository
https://portal.gdc.cancer.gov/.

Source data are available as Source Data files.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Samples (n=25) were chosen based on the availability of banked TILs from NT lung tissue and paired tumours, region-matched bulk DNA, and
from patients with at least one follow-up visit after surgical resection. Where available, banked contemporaneous PBMCs were also
immunophenotyped by flow cytometry. No other selection criteria were applied.

Data exclusions | Three patients were excluded from outcome analysis due to incomplete surgical resection of their primary tumours.

Replication Survival outcome was validated in a cohort of 800+ patients with non-small cell lung cancer in the TCGA database. Technical replicates for
flow cytometry, TCR sequencing, RNA sequencing and in vitro activation assays were not performed due to the limited availability of material.
Biological replicates from multiple independent donors cross-validated the presence of gamma-delta T cell subsets and their phenotypes in
clinical samples.

Randomization  Non-interventional study, not applicable

Blinding Non-interventional study, not applicable

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
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Materials & experimental systems Methods
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Antibodies used Anti-CD3 (PerCP-Cy5.5) Biolegend Cat# 317336 Dilution 1:100
Anti-CD4 (PE-Dazzle594) Biolegend Cat# 317448 Dilution 1:100
Anti-CD8a (AF700) Biolegend Cat# 300920 Dilution 1:100
Anti-CD14 (PE-Cy7) Biolegend Cat# 367112 Dilution 1:100
Anti-CD19 (AF700) Biolegend Cat# 363033 Dilution 1:100
Anti-CD25 (BV650) Biolegend Cat# 302634 Dilution 1:100
Anti-CD27 (BV786) BD Biosciences Cat# 563327 Dilution 1:100
Anti-CD45 (BV605) Biolegend Cat# 304042 Dilution 1:100
Anti-CD45RA (BV510) Biolegend Cat# 304142 Dilution 1:100
Anti-CD56 (APC) Biolegend Cat# 362504 Dilution 1:100
Anti-CD103 (BV421) Biolegend Cat# 350214 Dilution 1:100
Anti-CD107A (BV650) Biolegend 328637 Dilution 1:400
Anti-IL-17 (APC) Biolegend 512333 Dilution 1:100
Anti-IFN v (BV421) Biolegend 502531 Dilution 1:100
Anti-TCR V VI (FITC) ThermoFisher Cat# TCR2730 Dilution 1:100
Anti-TCR VW (PE) Biolegend 3Cat# 31408 Dilution 1:100
Anti-TCR v WPE-Cy7) Beckman Coulter Cat# B10247 Dilution 1:100
Zombie NIR Viability Dye Biolegend Cat# 423106 Dilution 1:500

Validation Antibodies and reagents used have been validated by commercial suppliers and validation statements can be found on suppliers'
websites.

Biolegend

https://www.biolegend.com/en-us/quality/quality-control

"All of our products undergo industry-leading rigorous quality control (QC) testing to ensure the highest level of performance and
reproducible results. Each lot is compared to an internally established “gold standard” to maintain lot-to-lot consistency. We also
conduct wide-scale stability studies to guarantee an accurate shelf-life for our products. Additionally, we test the majority of our
products on endogenous cells rather than transfected or immortal cells that may overexpress the analyte. We assess our reagents
with samples and protocols that reflect our customers' experience. Our willingness to monitor the quality of our reagents extends
beyond our lab and into yours."

BD Biosciences
https://www.bdbiosciences.com/en-gb/products/reagents/flow-cytometry-reagents/research-reagents/quality-and-reproducibility
"BD Blosciences not only develops its own antibodies but also collaborates with research scientists around the world to license their
antibodies. We provide accessibility to the flow cytometry community by conjugating antibodies to a broad portfolio of high-
performing dyes, including our vastly popular portfolio of BD Horizon BrilliantTM Dyes. A world-class team of research scientists helps
ensure that these reagents work reliably and consistently for flow cytometry applications. The specificity is confirmed using multiple
applications that may include a combination of flow cytometry, immunofluorescence, immunohistochemistry or western blot to test
a combination of primary cells, cell lines or transfectant models. All flow cytometry reagents are titrated on the relevant positive or
negative cells. To save time and cell samples for researchers, pre-titrated test size reagents are bottled at an optimal concentration,
with the best signal-to-noise ratio on relevant models."

Beckman Coulter

https://www.mybeckman.uk/reagents/coulter-flow-cytometry

"Our portfolio of Flow Cytometry reagents, entirely manufactured under good manufacturing practices (GMP), covers major
application areas including hemato-oncology, HIV analysis, immune monitoring, cell cycle and stem cells studies."

ThermoFisher

https://www.thermofisher.com/uk/en/home/life-science/antibodies/invitrogen-antibody-validation.html

"Part 1—Target specificity verification

This helps ensure the antibody will bind to the correct target. Our antibodies are being tested using at least one of the following
methods to ensure proper functionality in researcher’s experiments. Click on each testing method below for detailed testing
strategies, workflow examples, and data figure legends.

1c0C Y21Dy

Knockout—expression testing using CRISPR-Cas9 cell models
Knockdown—expression testing using RNAi to knockdown gene of interest
Independent antibody verification (IAV)—measurement of target expression is performed using two differentially raised antibodies




recognizing the same protein target

Cell treatment—detecting downstream events following cell treatment

Relative expression—using naturally occurring variable expression to confirm specificity

Neutralization—functional blocking of protein activity by antibody binding

Peptide array—using arrays to test reactivity against known protein modifications

SNAP-ChIP™—using SNAP-ChIP to test reactivity against known protein modifications

Immunoprecipitation-Mass Spectrometry (IP-MS)—testing using immunoprecipitation followed by mass spectrometry to identify
antibody targets

Part 2—Functional application validation
These tests help ensure the antibody works in a particular application(s) of interest, which may include
(but are not limited to):

Western blotting

Flow cytometry

Chip

Immunofluorescence imaging

Immunohistochemistry

Most antibodies were developed with specific applications in mind. Testing that an antibody generates acceptable results in a specific
application is the second part of confirming antibody performance."

Human research participants

Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on th

Clinical data

This study includes a subset of patients recruited to the TRACERx Study for which population characteristics have previously
been reported (DOI: 10.1056/NEJM0al616288).

The population characteristics for the subset of patients included in this study are detailed in Supplementary Table 1

Samples (n=25) for this study were chosen based on the availability of banked TILs from NT lung tissue and paired tumours,
region-matched bulk DNA, and from patients with at least one follow-up visit after surgical resection. Where available,
banked contemporaneous PBMCs were also immunophenotyped by flow cytometry. No other selection criteria were applied.
These criteria may potentially select for larger primary tumours within each stage and results should be interpreted with this
in mind.

The study was approved by the NRES Committee London - Camden and Islington with the following details:
Study title: TRAcking non small cell lung Cancer Evolution through therapy (Rx)

REC reference: 13/L0O/1546

Protocol number: UCL/12/0279

IRAS project ID: 138871

All participants provided informed consent prior to taking part.

e approval of the study protocol must also be provided in the manuscript.

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol

Data collection

Outcomes

TRACERx Lung: https://clinicaltrials.gov/ct2/show/NCT01888601, approved by an independent Research Ethics Committee, 13/
LO/1546

INSPIRE Trial: https://clinicaltrials.gov/ct2/show/NCT02644369

TRACERx Lung: The study protocol is available as a supplement to Jamal-Hanjani et al. 2017, https://doi.org/10.1056/
NEJMo0a1616288

INSPIRE Trial: The study protocol is as a supplement to Yang et al. 2021, https://doi.org/10.1038/s41467-021-25432

TRACERx Lung: Clinical and pathological data is collected from patients during study follow up - this period is a minimum of five years.
Data collection is overseen by the sponsor of the study (Cancer Research UK & UCL Cancer Trials Centre) and takes place in hospitals
across the United Kingdom. A centralised database called MACRO is used for this purpose. Data collection and recruitment
commenced April 2014. Recruitment completed at all sites on December 16, 2022 except at London and Manchester hospital sites
where recruitment is due to complete March 31, 2022. A full list of all sites for recruitment and data collection can be found in the
study protocol (see above).

INSPIRE Trial: Patients recruitment and data collection was conducted at Princess Margaret Cancer Centre from March 21, 2016 to
May 9, 2018. Data collection cutoff was July 18, 2019. Refer to Yang et al. 2021, https://doi.org/10.1038/s41467-021-25432

TRACERx Lung: disease-free survival is a pre-defined primary endpoint determined by RECIST v1.1 criteria. Last updated June 15,
2021.
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INSPIRE Trial: Survival outcomes of the study was defined by progression free survival (PFS) and overall survival (OS). Clinical
outcomes was determined by RECIST criteria and clinical benefit was defined as patients with complete or partial response or stable
disease greater than 18 weeks. Refer to Yang et al. 2021, https://doi.org/10.1038/s41467-021-25432

Flow Cytometry

Plots
Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology

Sample preparation Thawed samples were washed in sterile PBS to remove traces of DMSO and serum before staining with Zombie NIR viability
dye (1:500 dilution in PBS for 15min/room temperature). Samples were then stained for lineage and differentiation markers
for 15 minutes at 40C (see key reagents table, all antibodies used at 1:100 dilution in FACS buffer), washed twice with sterile
40C FACS buffer, kept on ice and immediately acquired on a BD LSRFortessa or sorted on a BD FACSAria Fusion.

For in vitro activation assays, thawed samples were washed in sterile PBS to remove traces of DMSO and rested overnight in
complete RPMI medium (10% FCS + penicillin/streptomycin) at 370C/5% CO2. Rested cells were seeded at up to 200,000
cells/well in 200mcl of complete RPMI medium the following day. Cells received either no stimulation (complete RPMI
medium only) or were stimulated with PMA (10ng/ml) and ionomycin (Imcg/ml). Brefeldin A (5mcg/ml) and anti-CD107A
(1:400 final dilution) was added to all wells. Plates were centrifuged at 200g for 2 minutes and incubated at 370C/5% CO2 for
5 hours. After 5 hours, cells were stained for surface lineage markers as described above. Following surface staining, samples
were fixed in BD CellFIX and washed twice with permeabilization wash buffer (Biolegend) before staining for intracellular
cytokines (1:100 final dilution of each antibody in permeabilization wash buffer) for 20 minutes at 40C. Samples were then
washed twice with permeabilization wash buffer, resuspended in FACS buffer and immediately acquired on a BD LSRFortessa.

Instrument BD LSRFortessa or sorted on a BD FACSAria Fusion.

Software FCS files were analysed using FlowJo version 10.

Cell population abundance Between 50 and 500 cells were sorted for low input RNA sequencing as detailed in methods.

Gating strategy Preliminary gates selected cells using an FSC and SSC gate. Doublets were excluded by plotting FSC area versus FSC height

and excluding cells outside of a linear correlation. Live leukocytes were gated as CD45-high Zombie-NIR-low single cells.
Subsequent gating was as described in supplementary data panels.

|Z| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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