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ABSTRACT
Immunotherapies, in particular immune checkpoint blockade (ICB), have improved the clinical outcome of 
cancer patients, although many fail to mount a durable response. Several resistance mechanisms have 
been identified, but our understanding of the requirements for a robust ICB response is incomplete. We 
have engineered an MHC I/antigen: TCR-matched panel of human NSCLC cancer and T cells to identify 
tumor cell-intrinsic T cell resistance mechanisms. The top differentially expressed gene in resistant tumor 
cells was SERPINB9. This serine protease inhibitor of the effector T cell-derived molecule granzyme 
B prevents caspase-mediated tumor apoptosis. Concordantly, we show that genetic ablation of 
SERPINB9 reverts T cell resistance of NSCLC cell lines, whereas its overexpression reduces T cell sensitivity. 
SERPINB9 expression in NSCLC strongly correlates with a mesenchymal phenotype. We also find that 
SERPINB9 is commonly amplified in cancer, particularly melanoma in which it is indicative of poor 
prognosis. Single-cell RNA sequencing of ICB-treated melanomas revealed that SERPINB9 expression is 
elevated not only in cells from post- versus pre-treatment cancers, but also in ICB-refractory cancers. In 
NSCLC we commonly observed rare SERPINB9-positive cancer cells, possibly accounting for reservoirs of 
ICB-resistant cells. While underscoring SERPINB9 as a potential target to combat immunotherapy resis-
tance, these results suggest its potential to serve as a prognostic and predictive biomarker.
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Introduction

As one of the most important medical discoveries in recent 
years, immune checkpoint blockade (ICB) therapy has 
improved the clinical outcome of patients in an increasing 
number of cancer types. The use of anti-PD-1/L1 and other 
immuno-oncology agents has been approved for more than 20 
cancer types. In addition, the combination of ICB with other 
treatments, like chemotherapy, has increased dramatically, 
with more than 1200 new combination trials only in the last 
2 y.1 Lung cancer is the cancer type with the highest number of 
new ICB trials initiated per year.2 This is due not only to the 
initial success of ICB in lung cancer patients, but also because 
of the need to find a better combination therapy: still up to 60% 
of non-small cell lung cancer (NSCLC) patients fail to respond 
durably to ICB.3 This is due to resistance mechanisms that have 
only just begun to be understood.4,5

Therefore, in parallel with the increasing number of clinical 
trials, there has been a burst in research studies about resis-
tance mechanisms to ICB. Especially in NSCLC, PD1/PDL-1 

expression has been widely studied to predict response to ICB 
and used as an inclusion criteria for ICB therapy.6,7 However, 
the fact that about 50% of PD-L1 expressing tumors do not 
respond to anti-PD1/PD-L1 treatment suggests that there are 
also PD1/PD-L1-independent resistance mechanisms that 
need to be studied.8

Indeed, tumor mutational burden, the presence and varia-
tion of (neo)antigens, together with a functional antigen pre-
sentation pathway have been described to play crucial roles in 
an effective immunotherapy response.9 The absence of tumor 
recognition by T cells, lack of immune infiltration, immune- 
suppressive signals in the tumor microenvironment (TME) 
and the dysfunctional state of cytotoxic T cells all also con-
tribute to poor immunotherapy responses.10,11,22 Thus, both 
the tumor and immune compartments need to fulfill several 
criteria to allow for an adequate anti-tumor immune response.

In this study, we focused on tumor cell-intrinsic T cell resis-
tance mechanisms. We established a genetically defined co- 
culture system allowing for standardized communication 
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between tumor cells and T cells12,13 and set out to uncover new 
tumor resistance mechanisms, comparing RNA expression pro-
files of a NSCLC cell line panel. We also investigated the clinical 
relevance of our findings.

Material and methods

Cell line panel generation and culture

Human NSCLC cell lines were obtained from the Peeper and 
Wilbert Zwart laboratory cell line stocks. They were lentivirally 
transduced with the HLA-A*02:01-MART1-mPlum plasmid to 
express the HLA-A*02:01 molecule, the MART1 epitope, 
mPlum, and a hygromycin resistance cassette. Infected cells 
were selected with 1:200 of 50 mg/ml hygromycin (10687010, 
Life Technologies) and FACs-sorted for a double positive 
mPlum+ and HLA-A*02:01+ population. Cells were main-
tained in RPMI medium (21875034, Thermofisher) containing 
1:200 of 50 mg/ml hygromycin, 10% fetal bovine serum 
(3101120, Sigma) and 1:100 of 10000 U/ml Penicillin- 
Streptomycin (15140–122, Invitrogen). All cell lines were 
checked for mycoplasma by monthly PCR analyses.

T cells cytotoxicity assays

CD8 + T cells were isolated from PBMCs from buffy coats from 
healthy individuals, activated in a pre-coated plate with CD3 
and CD28 antibodies (eBioscience, 5 mg per well in 24-well 
plates) for 48 h, and transduced with lentivirus encoding 
a MART-1-specific TCR.13 To determine T cell sensitivity, 
tumor cells were seeded into 12-well plates at 1.2 × 105 cells/ 
well. T cells were added at a 1:1 ratio and incubated for 
16 hours. After the co-culture, T cells were washed with PBS 
and cell survival was determined by fixing and Crystal violet 
staining. For Incucyte® experiments, cells were seeded at 104 

cells/well in 96-well plates. T cells were added at several ratios 
and Caspase3/7 apoptotic events were measured every 2 hours. 
For end point measurements, remaining surviving cells were 
fixed and stained with Crystal violet.

Cytokine cytotoxicity assays

Tumor cells were seeded at 5 × 103 cells/well into 96-well plates 
and incubated with cytokines at 100ug/ml for 5 d. After that, 
medium was washed and viability was measured using the Cell 
Titer Blue Viability Assay (G8081, Promega) following manu-
facturer’s instructions. The following cytokines were used: 
rhPerforin-1 (230–00687-10, BioConnect), rhGranzyme 
B (230–00250-10, Ray-Biotech), rhIFN alfa 1b (11343594, 
ImmunoTools), rhIFN beta 1a (11343524, ImmunoTools), 
rhTRAIL (310–04, Peprotech).

RNA sequencing analysis

RNAseq data was aligned to hg38 with TopHat 2.1. Reads were 
counted with Icount, proprietary software based on HTSeq- 
count for uniquely mapped reads. Differential expression ana-
lysis on baseline samples was performed with DESeq2 (version 
1.32.0), using default settings. Only genes that had a minimum 

of 10 reads across the 8 samples used in the comparison were 
retained for the analysis. The deseq() function was used with 
default settings. Raw and processed RNA sequencing data 
generated for this study is available through GEO 
(GSE214992). It is accessible in https://www.ncbi.nlm.nih. 
gov/geo/query/acc.cgi?acc=GSE214992

Flow cytometry

For flow cytometry analysis, cells were dissociated with trypsin, 
washed and stained with flow cytometry antibodies in 0.1% 
BSA in PBS on ice and in the dark for 30 min. After two 
washes, cells were analyzed by flow cytometry using 
LSRFortessa (BD). Cells were gated on FSC and SSC followed 
by single cell gating on FSC-HH/FSC and SSC-H/SSC. HLA- 
A*02:01-FITC antibody (551285, BD Biosciences) was used at 
a dilution of 1:100.

Western Blot

For protein analysis by western blotting, cells were lysed in 
RIPA lysis buffer, supplemented with HALT Protease and 
Phosphatase inhibitor cocktail (Thermo Fisher, 78444). 
Protein concentration was quantified using Bio-Rad protein 
assay (Bio-Rad, 500–0006). Samples were analyzed on 
NuPAGE Bis-Tris 4–12% gels (Thermo Fisher) and subse-
quently transferred onto nitrocellulose membranes using the 
iBlotTM Transfer System (Thermo Fisher). Membranes were 
blocked using 4% milk powder in 0.2% Tween-20 in PBS 
(PBST) for 1 h, after which primary antibodies were incubated 
overnight at 4C. The next day they were washed 3x for 10 min 
with PBST and incubated with a secondary antibody for 1 h at 
RT. They were washed again 3x for 10 min and developed 
using Super Signal West Dura Extended Duration Substrate 
(Thermo Fisher, 34075) and the ChemiDoc imaging system 
(Bio-Rad). The following antibodies were used: anti- 
SERPINB9 (PA5-101879, Thermo Fisher), HSP90 (4874S, 
CST) and anti-rabbit IgG (Thermo Fisher, G-21234).

Generation of knockout and overexpression cell lines by 
lentiviral transduction

Oligonucleotides for sgRNAs were annealed and cloned into 
LentiCRISPRv2 plasmids. The sgRNA containing plasmid was 
then co-transfected with the packaging plasmids pMD2.G 
(Addgene, #12259) and psPAX (Addgene, #12260) into sub-
confluent HEK293T cells using polyethylenimine. Cells were 
refreshed the following morning with 2% FCS Opti-MEM 
media and after a day lentivirus-containing supernatant was 
harvested and filtered. Tumor cells were then transduced with 
lentivirus for 24 h. After that, the supernatant was removed and 
cells were expanded under selection of 2 µg/ml puromycin for 
at least 7 d. Then, clones were established by serial dilution in 
96-well plates. The following sgRNAs were used: sgRNA Ctrl: 
5’-GGTTGCTGTGACGAACGGGG-3’, sgRNA SERPINB9: 5’- 
TGGGTCTCAAAAAAGACCGA-3’ and 5’-GGCACTGTCT 
TTAAACACAG-3’.

A SERPINB9 overexpression construct was obtained from 
the CCSB-Broad Lentiviral Expression Library (Thermo 
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Fisher) and introduced into tumor cells following the same 
protocol as described for sgRNAs. Selection was performed 
with 10 µg/ml blasticidin.

Single-cell sequencing

Log2 normalized single-cell datasets were downloaded from 
cancerSEA. The epithelial and mesenchymal scores for each 
cell were calculated by taking the mean of the epithelial and 
mesenchymal genes from the pan-cancer EMT signature14 and 
subtracting the mesenchymal score from the epithelial score to 
obtain a log2 ratio. These ratios were correlated to the expres-
sion of SERPINB9 in each cell using a Spearman correlation 
test.

ICB-treated melanoma cohort was provided by Marine lab 
(Poźniak et al., manuscript in preparation) Transcript per 
Milion (TPM) normalized Jerby-Arnon et al. dataset was 
downloaded from the GEO portal (accession number 
GSE115978).

TCGA cohort

All cancer cohorts in TCGA were examined in cbioportal 
(http://www.cbioportal.org/) for SERPINB9 amplification, 
and top 15 cancer types were shown. For survival analysis, we 
selected all melanoma and lung cancer studies. The “Query by 
gene” input was SERPINB9 and only cases with copy number 
alterations data were selected.

Patients samples

We analyzed a patient cohort that was treated since 
March 2015 at the Netherlands Cancer Institute/Antoni van 
Leeuwenhoek (NKI-AVL), The Netherlands. All patients had 
pathologically confirmed stage IV NSCLC. Baseline formalin- 
fixed paraffin embedded (FFPE) tumor tissue samples were 
collected from all patients. Consent from patients to research 
usage of material for IHC was organized by the institutionally 
implemented opt-out procedure. The study was approved by 
the Institutional Research Board of NKI (CFMPB586).

Immunohistopathology

Immunohistochemistry of samples was performed on 
a BenchMark Ultra autostainer (Ventana Medical Systems). 
Briefly, paraffin sections were cut at 3 µm, heated at 75°C for 
28 minutes and deparaffinized in the instrument with EZ prep 
solution (Ventana Medical Systems). Heat-induced antigen 
retrieval was carried out using Cell Conditioning 1 (CC1, 
Ventana Medical Systems) for 64 minutes at 95°C. PI-9 
(SERPINB9) was detected using a polyclonal (1/1600 dilution, 
1 hour at R.T, Abcam ab36624). Bound antibody was visualized 
using the OptiView DAB Detection Kit (Ventana Medical 
Systems). Slides were counterstained with Hematoxylin and 
Bluing Reagent (Ventana Medical Systems). The scoring was 
performed blinded with Slidescore®. Percentage of positivity (of 
any intensity) of the cancer cells or of the stroma (including 
lymphocytes, macrophages, fibroblasts, etc) was evaluated. 
Necrotic areas, luminal debris or other pigment areas (e.g., 

iron pigment or anthracosis) were not included. Samples with 
no tumor cells were excluded from the analysis.

Statistical analysis

Data was analyzed for normality using a Saphiro-Wilk test. 
Data that passed the normality test was analyzed with a student 
t-test for two comparisons or a one-way ANOVA when multi-
ple comparisons were required. If data was not normally dis-
tributed, a non-parametric test was used. In the case of grouped 
comparison, a two-way ANOVA test was used. For each 
experiment, the statistical test used is indicated in figure 
legends. All statistical analyses were performed using 
Graphpad Prism or R.

Results

SERPINB9 is the major differentially expressed gene in T 
cell-resistant vs. -sensitive NSCLC cell lines

To better understand tumor cell-intrinsic T cell resistance in 
lung cancer, we established a panel of 16 NSCLC cell lines. To be 
able to compare their cell-intrinsic properties , we standardized 
their antigen presentation and recognition by T cells. We ecto-
pically expressed the major histocompatibility complex (MHC) 
Class I antigen-presenting molecule HLA-A*02:01, as well as 
MART-1 antigen, in all NSCLC tumor cell lines. In parallel, we 
transduced CD8+ T cells from PBMCs derived from healthy 
donors with a MART-1-specific TCR. Then, matched tumor and 
T cells were co-cultured at a 1:1 ratio for 16 hours and tumor cell 
survival was determined by a crystal violet staining. We observed 
a range of sensitivities to T cell killing across the cell line panel 
(Figure 1a-b). It was therefore important to first determine 
whether HLA-A*02:01 expression could be a confounding factor 
in this model. However, HLA-A*02:01 protein expression was 
not correlated with sensitivity to T cell killing (Fig. S1A). We 
subsequently evaluated the sensitivity of tumor cells to indivi-
dual T cell-derived cytotoxic molecules. We found that tumor 
cells displaying less sensitivity to T cells were also more resistant 
to Perforin and Granzyme B, IFNα, IFNβ, and TRAIL, but not to 
IFNγ and TNFα (Figure 1c).

Next, to uncover shared intrinsic differences between rela-
tively T cell-resistant and T cell-sensitive cell lines, RNA sequen-
cing was performed on the whole NSCLC cell panel at baseline. 
We then established an arbitrary cutoff and compared the four 
most sensitive and four most resistant cell lines. We identified 
315 differentially expressed (DE) genes comparing sensitive and 
resistant cell lines (Table S1). Given our aim of identifying genes 
involved in T cell resistance, we focused on those that were 
higher expressed in resistant cells. The top significant DE gene 
in resistant cells was SERPINB9 (also called PI-9; Figure 1d). We 
confirmed that, besides being differentially expressed in four vs 
four cell lines, the mRNA expression of SERPINB9 across the 
entire cell line panel was also correlated with T cell sensitivity 
(Figure 1e and S1B). The correlation was not linear, possibly 
due to the co-existence of other resistance mechanisms. We also 
evaluated whether this correlation translated into protein levels. 
Indeed, SERPINB9 protein was expressed at higher levels in 
T cell-resistant than T cell-sensitive tumor cells (figure 1f and 
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S1C). These results extend reports by others,15–19 highlighting 
SERPINB9 as a highly expressed gene in tumor cell lines that are 
relatively resistant to cytotoxic T cells.

Genetic ablation of SERPINB9 sensitizes tumor cells to 
T cell killing, whereas overexpression causes resistance

Next, we evaluated in this model system whether SERPINB9 is 
functionally involved in the T-cell resistance phenotype. We 
selected the two most resistant and two most sensitive cell lines 
from our panel (Figure 1b). In the first set expressing high 
SERPINB9 levels, we genetically ablated the gene; in the sensi-
tive cells expressing no SERPINB9, we ectopically expressed it. 
We subsequently evaluated if these perturbations would alter 
the sensitivity of these lung cancer cell lines to T cells.

SERPINB9 knockout clones were generated by CRISPR-Cas9 
in the two most resistant cell lines (LCLC-103 H and A549; 
Figure 2a) and used in a cytotoxicity assay with T cells. As 
expected, treatment of parental cell lines with matched T cells 
induced apoptosis. More importantly, upon deletion of 
SERPINB9, the lung cancer cells became much more apoptotic 
upon T cell challenge (Figure 2b, left panels). The experiment 
was repeated with four independent T cell donors (Figure 2b, 
right panels) and the effect was confirmed at different tumor: 
T cell ratios (Figure 2c) and independent sgRNAs (Fig. S2A, B). 
Thus, SERPINB9 ablation sensitizes resistant NSCLC cells to 
T cell killing.

Conversely, when SERPINB9 was overexpressed in sensitive 
cell lines (EBC-1 and NCI-H358) (Figure 3a), we observed that 
the cancer cells became more resistant to T cell attack 
(Figure 3b, left panels). The results were again confirmed 
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Figure 1. SERPINB9 is the major differentially expressed gene in T cell-resistant vs. sensitive NSCLC cell lines. a) Schematic representation of the NSCLC tumor cell line 
panel in co-culture with T cells. Tumor cells were transduced with vectors encoding HLA-A02 and MART-1, while T cells were transduced with a MART-1-specific TCR. b) 
Tumor cells and T cells were co-cultured at a ratio of 1:1 for 16 hours, fixed and stained with crystal violet. Each data point indicates an individual biological replicate. 
Mean with S.D. c) Cell viability measurement by Cell titer blue (CTB) of the four most resistant versus the four most sensitive NSCLC cell lines treated with the indicated 
cytokines (100μg/ml) for 5 days. Unpaired t test was used for statistical analysis. *p<0.05 **p<0.001 d) Volcano plot showing differential expression analysis comparing 
the four most resistant versus the four most sensitive cell lines. Dashed lines indicate significance thresholds (FDR < 0.01, log2 fold change < -2 or > 2). e) Correlation of 
SERPINB9 mRNA normalized expression with viability measured as described in A and B. Each data point indicates an individual cell line. A simple linear regression test 
was used for statistical analysis. p= 0.0002. f) SERPINB9 protein quantification by western blot in the four most resistant versus four most sensitive cell lines. HSP90 
serves as a loading control.
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with four different T cell donors (Figure 3b, right panels) and 
seen for different tumor: T cell ratios (Figure 3c). Taken 
together, these data highlight SERPINB9 as a key mediator of 
the tumor cell-intrinsic susceptibility to T cells.

SERPINB9 expression in vitro and cancer patients 
correlates with Epithelial-to-Mesenchymal transition

SERPINB9 is a serine protease inhibitor of the effector molecules 
granzyme B and caspase.6,8,15,20–23 Given the difference in base-
line expression of SERPINB9 in the cell line panel we examined 
the differences in the transcriptomic landscape of SERPINB9high 

and SERPINB9low cells. We performed pathway enrichment 
analysis on the log2-fold changes from the DE genes identified 
above (Figure 1d) and found that, amongst several other path-
ways, the epithelial to mesenchymal transition (EMT) pathway 
was significantly enriched in SERPINB9high cells (Figure 4a). We 
evaluated the expression of an EMT pan-cancer signature pre-
viously established14 in the cell line panel. We observed that 
higher levels of SERPINB9 corresponded with higher expression 
of mesenchymal genes, whereas low levels of SERPINB9 corre-
lated with higher expression of epithelial genes in the tumor cells 
(Figure 4b). We quantified this correlation by calculating an 
epithelial/mesenchymal score (EMT score) from the average 
normalized expression of epithelial genes divided by the average 
normalized expression of mesenchymal genes. The EMT score 

was inversely correlated with SERPINB9 expression across our 
cell panel (Figure 4c).

Next, we evaluated whether the correlation of SERPINB9 
with EMT occurred also in cancer patients. A potentially 
confounding factor is that SERPINB9 is highly expressed 
also in immune cells, as well as in malignant tumor cells 
(Fig. S3A).16,26,27 To specifically investigate SERPINB9 in 
tumor cells, we made use of available single cell RNA 
(scRNA) sequencing data of NSCLC patient cohorts. 
Consistent with what we found in cell lines, SERPINB9 
expression was inversely correlated with the EMT score in 
lung cancer patients24 and lung cancer patient-derived 
xenografts (PDXs)28 (Figure 4d, e).

SERPINB9 is commonly amplified and high expression 
correlates with poor prognosis and ICB response in 
melanoma

To investigate the translational potential of our findings, we 
examined any link of SERPINB9 with cancer patient prognosis. 
As mentioned above, it was important to evaluate SERPINB9 
expression specifically in tumor cells to avoid potentially con-
founding effects of SERPINB9 expressed in T cells. For that 
reason, we decided to first analyze copy number variations 
(CNV) of SERPINB9 in a TCGA pan-cancer cohort. We 
observed that SERPINB9 is amplified in a variety of cancer 
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types (Figure 5a). The group with the highest percentage of 
patients with amplification at the SERPINB9 locus was mela-
noma (8.82%), while in NSCLC the amplification incidence 
was considerably lower (1.87%). Melanoma is one of the cancer 
types with the best response rates to ICB treatment. Therefore, 
we next evaluated whether within melanoma patients 
SERPINB9 amplification would co-segregate with a worse 
response. Indeed, melanoma patients with SERPINB9 amplifi-
cation had a decreased OS compared to patients with a diploid 
status (p = .016). The NSCLC cohort did not show a significant 
difference (Figure 5b; Fig. S4A and B).

Continuing our approach to evaluate SERPINB9 specifically 
in tumor cells, we examined clinical correlations of SERPINB9 in 
scRNA sequencing datasets of ICB-treated cancer patients. To 
date, no NSCLC ICB-scRNA-seq datasets that include tumor 
cells are available, so based on our result above, we investigated 
this for melanoma for which datasets are available. We first 
evaluated the Jerby-Arnon melanoma cohort29 and found that 
SERPINB9 was expressed to higher levels in tumor cells from 
post-treatment than pre-treated patients (Figure 5c). We 
extended this finding with another melanoma scRNA- 
sequencing ICB-treated patient cohort, comprising both base-
line patients and patients who are on ICB treatment for 2 or 3 
weeks (VIB/KUL Grand challenge Pointillism cohort; Poźniak 
et al., manuscript in preparation). Confirming the first analysis, 

we observed that SERPINB9 was expressed to higher levels in 
cancer cells from patients on treatment compared to those prior 
to treatment (Figure 5d). Most importantly, SERPINB9 was 
expressed to higher levels in ICB non-responders compared to 
responders. This was seen in both pre- and on-treatment sam-
ples. These results suggest that SERPINB9 expression may serve 
also as an ICB-response predictive biomarker.

SERPINB9 is expressed in cancer cells prior to ICB 
treatment in NSCLC

In our analysis above we observed increased SERPINB9 expres-
sion in post- vs pre-ICB treatment samples. This could be caused 
either by expression induction or by cell enrichment. It has been 
described that SERPINB9 can be induced by T cell-derived 
cytokines.30 Therefore, we investigated whether there are preex-
isting SERPINB9-positive cancer cells prior to ICB. We collected 
samples from NSCLC patients in our hospital and performed 
SERPINB9 IHC staining. Of the 54 samples that were stained, 
the majority showed a low percentage of SERPINB9-positive 
cancer cells; 3.7% of samples showed more than 50% SERPINB9- 
positive cancer cells (Figure 6a-b). The low incidence of 
SERPINB9 protein expression observed here recapitulates the 
low incidence (1.87%) of SERPINB9 amplification in NSCLC 
described in Figure 4a and extends previous observations16 
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(S5A). Although we found few NSCLCs with a high percentage 
of SERPINB9-positive cells, most tumors harbored sporadic 
SERPINB9-positive cancer cells, possibly forming a reservoir of 
ICB-resistant cells.
Lastly, we observed SERPINB9 staining in non-cancerous cells 
(lymphocytes, macrophages, fibroblast, etc.), too, in which 
SERPINB9 is also known to play a key role21 (S5B). Together, 
these results highlight the value of spatial information com-
bined with data obtained from the bulk tumor and show that 
SERPINB9 is expressed in both cancer cells and non-cancer 
cells prior to ICB treatment.

Discussion

We have established a matched tumor: T cell co-culture 
model allowing to investigate tumor cell-intrinsic determi-
nants of susceptibility to T cell elimination. Standardization 
of TCR-mediated antigen recognition in this system 

revealed a range of relative sensitivities to T cell killing. 
Interrogation of the model by RNA profiling uncovered 
SERPINB9 as the top significant differentially expressed 
gene in resistant tumor cells. Interestingly, SERPINB9 was 
previously identified in a study correlating T cell dysfunc-
tion to ICB responses.17 However, because SERPINB9 is 
also highly expressed in immune cells, from this study by 
Jiang et al., it was unclear what the relative contribution in 
this setting was of SERPINB9 in tumor cells versus immune 
cells. Therefore, we investigated SERPINB9 copy number 
variations, single-cell RNA sequencing data and IHC stain-
ing from patients, which allowed us to determine any 
prognostic and/or predictive (to immunotherapy) role of 
SERPINB9 expressed specifically in tumor cells. We demon-
strate that SERPINB9 is amplified across different cancer 
types and that this amplification is indicative of poor prog-
nosis. Furthermore, we show that, indeed, SERPINB9 is 
expressed to higher levels in tumor cells from patients 
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who fail to respond to ICB, supporting its predictive poten-
tial. Our results emphasize the tumor-intrinsic role that 
SERPINB9 plays, independent of antigen presentation, 
T cell fitness or immune infiltration.

SERPINB9 has recently been suggested as a potential ther-
apeutic target,16 an idea that is supported by the results pre-
sented here. On the one hand, we demonstrate that genetic 
ablation of SERPINB9 breaks the tumor-intrinsic T cell resis-
tance phenotype of NSCLC cells. On the other, we show that 
ectopic expression of SERPINB9 renders T cell-sensitive tumor 
cells resistant to T cells, extending previous studies of 
SERPINB9 in melanoma and lymphoma.16,31 In vivo, 
SERPINB9 genetic ablation has also been reported to promote 
tumor control in immunocompetent mice, which is in line with 
our in vitro experiments.16

By interrogating the transcriptomic differences between 
SERPINB9high and SERPINB9low lung cancer cells, we found 
SERPINB9 to be strongly correlated with an EMT gene signa-
ture. It was previously described that bone marrow and 
embryonic stem cells express high levels of SERPINB9 to pro-
tect themselves from immune attack.20 In line with this, we 
show here that also mesenchymal tumor cells, which are 
known to have a more de-differentiated (stem- 
like) phenotype, use SERPINB9 as a protective mechanism.

Some studies have shown that SERPINB9 correlates with 
poor prognosis in uveal melanoma, hepatocellular carcinoma, 
and colorectal cancer.32–34 In line with this, our TCGA pan- 
cancer evaluation revealed that SERPINB9 is amplified in 
a wide variety of cancers, and at least based on this analysis 
we suggest that SERPINB9 CNA may serve as a prognostic 
factor for melanoma. In addition, we demonstrate that 
SERPINB9 expression in tumor cells is predictive of ICB 
response in melanoma, as judged by scRNA-seq.

Lastly, we noted a relatively high expression of SERPINB9 in 
on- and post-ICB treatment clinical specimens compared to 
pre-treatment ones. Together with the presence of rare 
SERPINB9-expressing NSCLC cells as we demonstrate here, 
these results would support the idea that SERPINB9-high can-
cer cells form a reservoir of relatively T cell-resistant cells that 
may be selectively enriched on ICB treatment. As an alternative 
or parallel process, SERPINB9 could be induced by ICB treat-
ment, as suggested previously.30 We also observed SERPINB9 
staining in non-cancer cells (amongst them immune cells), 
consistent with its role in other cell types, too.21 Thus, depend-
ing on the cell type SERPINB9 is expressed in (cancer cells vs. 
immune cells), it may contribute differently to ICB outcome.

In conclusion, while our findings merit further exploration 
of SERPINB9 as a therapeutic target to improve ICB response, 

a b

c d

Mela
no

ma

Blad
de

r/U
rin

ar
y Tr

ac
t C

an
ce

r

Ova
ria

n C
an

ce
r

Ova
ria

n E
pit

he
lia

l T
um

or

Matu
re

 B
-C

ell
 N

eo
pla

sm
s

Hod
gk

in 
Ly

mph
om

a

Hep
ato

ce
llu

lar
 C

ar
cin

om
a

Mes
oth

eli
om

a

Ocu
lar

 M
ela

no
ma

Bloo
d C

an
ce

r

Cho
lan

gio
ca

rci
no

ma

Hep
ato

bil
iar

y C
an

ce
r

Pleu
ra

l M
es

oth
eli

om
a

Small
 C

ell
 Lu

ng
 C

an
ce

r

Non
-S

mall
 C

ell
 Lu

ng
 C

an
ce

r
0

2

4

6

8

10

%
P

at
ie

nt
s

 w
ith

 S
E
R
P
IN
B
9

A
m

pl
ifi

ca
tio

n

Pre
-tr

ea
tm

en
t

Pos
t-t

re
atm

en
t

0.0
1.0
1.0

1.1

1.2

1.3

S
E
R
P
IN
B
9 

m
R

N
A 

ex
pr

es
si

on

Jerby-Arnon et al.

R NR R NR
0.110

0.115

0.120

0.125
0.20
0.25
0.30

S
E
R
P
IN
B
9 

m
R

N
A 

ex
pr

es
si

on
Po niak et al.

Pre-treatment On-treatment

Figure 5. SERPINB9 is commonly amplified and high expression correlates with poor prognosis and poor ICB response. a) Percentage of patients per cancer type from 
TCGA showing SERPINB9 copy number amplification. All TCGA studies that included copy number information were included; top 15 are shown. b) Melanoma Kaplan- 
Meier survival curve of patients with or without SERPINB9 amplification/gain. Log-rank (Mantel-Cox) test was used for statistical analysis. p=0.016. c) SERPINB9 
normalized mRNA expression on tumor cells in the Jerby-Arnon scRNAseq ICB-treated melanoma cohort (Jerby-Arnon et al., 2018), for pre- and posttreatment patients. 
Y axis indicate SERPINB9 mRNA normalized expression. Mean with SEM. Mann-Whitney test was used for statistical analysis. ****p<0.0001. d) SERPINB9 normalized 
mRNA expression on tumor cells in the Poźniak scRNA-seq ICB-treated melanoma cohort (Poźniak et al., manuscript in preparation), for pre- and on-treatment patients, 
both for responders and non-responders. Y-axis indicates SERPINB9 mRNA normalized expression. Mean with SEM. Mann-Whitney test was used for statistical analysis. 
**p<0.01, ****p<0.0001.

e2139074-8 S. IBÁÑEZ-MOLERO ET AL.



they also suggest that its expression levels may be used to 
predict ICB response, which should be independently validated 
for possible clinical exploration.
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