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Abstract

Background: Gene expression of specific therapeutic targets in non-malignant lung tissue might play an important
role in optimizing targeted therapies. This study aims to identify different expression patterns of fifteen genes
important for targeted therapy in non-small cell lung cancer (NSCLC).

Methods: We prospectively collected tissue of NSCLC and non-malignant lung tissue from 25 primary resected
patients. RNA-sequencing and 450 K methylation array profiling was applied to both NSCLC and non-malignant
lung tissue and data were analyzed for 14 target genes. We analyzed differential expression and methylation as well
as expression according to patient characteristics like smoking status, histology, age, chronic obstructive pulmonary
disease, C-reactive protein (CRP) and gender. TCGA data served as a validation set.

Results: Nineteen men and 6 women were included. Important targets like PD-L2 (p = 0.035), VEGFR2 (p < 0.001)
and VEGFR3 (p < 0.001) were downregulated (respective fold changes=1.8, 3.1, 2.7, 3.5) in tumor compared to
non-malignant lung tissue. The TCGA set confirmed these findings almost universally. PD-L1 (p < 0.001) became also
significantly downregulated in the TCGA set. In NSCLC, MUCT (p =0.003) showed a higher expression in patients
with a CRP <5 mg/L compared to >5 mg/L. In the TCGA data but not in our primary data, PD-L1 & 2 were both
borderline more expressed in tumors of active smokers vs. tumors of ex-smokers (p =0.044 and 0.052).

Conclusions: Our results suggest a lower PD-L1 & 2 and VEGFR expression in NSCLC vs. non-malignant lung tissue.
Specific patient characteristics did not seem to change the overall expression differences as they were in line with
the overall results. This information may contribute to the optimization of targeted treatments.
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Background

Treatment options for metastatic non-small cell lung can-
cer (NSCLC) are expanding. A lot of effort has been put
into therapy options that focus on targeting specific gen-
etic features. The recent addition of immunotherapy to
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this therapy spectrum has gained a lot of interest because
it induces long-lasting remissions in a subset of patients
with metastasized NSCLC [1]. However, side effects can
occur in varying degrees and their relationship to antitu-
mor efficacy is poorly understood. E.g., pneumonitis is an
important, sometimes fatal side effect that requires close
attention when using immune checkpoint inhibitors [2]. A
recent meta-analysis estimated the rate of pneumonitis
(all grades) for programmed death receptor 1 (PD-1) and
programmed death receptor ligand 1 (PD-L1) inhibition at
3.2% [3]. In general, it is not well known which factors
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influence the occurrence of side effects in targeted
NSCLCtherapies and how they relate to therapy efficacy.
The expression of a target is used as a predictive and/or
prognostic marker for outcome for targeted therapy, but
is only semi-quantified through immunohistochemistry
on tumor tissue alone [4, 5]. It might be argued that
analogous to predictive biomarkers, the differential ex-
pression of a gene target in the tumor compared to the
non-malignant tissue is related to the toxicity profile of
their respective targeted drugs [6].

Methylation patterns are known to influence gene ex-
pression in cancer and are more and more used as poten-
tial biomarkers for cancer therapy as well [7]. Searching
for differential methylation in specific genes might explain
their gene expression profile. RNA-sequencing studies
mostly focus on whole-exome sequencing.

This study aims to provide insight into the expression
differences between NSCLC and non-malignant lung tis-
sue, as to the best of our knowledge, limited matched,
comparative RNA-sequencing and methylation data of
these targets is available. This data may be useful to as-
sess the tumor specificity of targeted drugs in future
clinical research as it can aid in understanding differ-
ences in effect/toxicity on surrounding non-malignant
lung tissue vs. tumor tissue.

Methods

Gene selection

As the major focus of this study, we selected four immune
regulatory genes important in targeted therapy. Pro-
grammed death receptor 1 (PD-I) and both ligands, pro-
grammed death receptor ligand 1 & 2 (PD-LI and PD-L2),
were included because of their recent importance in
NSCLC treatment [1, 8]. E.g., Pembrolizumab (anti-PD-1) is
approved in the first-line setting in NSCLC patients with
PD-L1 expression >50% and durvalumab (anti-PD-LI)
showed a substantial progression free survival benefit when
administered as consolidation after chemoradiotherapy [9,
10]. Cytotoxic T-lymphocyte associated protein 4 (CTLA-4)
was selected because of its potential in several combination
treatments that try to lift the brakes on tumor immune re-
sponse [11]. As for other targets, EGFR has already proven
its place in adenocarcinoma [12]. The fusion gene of ech-
inoderm microtubule-associated protein-like 4 and anaplas-
tic lymphoma kinase EML4-ALK was not included as this
does not occur in non-malignant lung tissue. Vascular
endothelial growth factor receptor (VEGFR) 1, 2 and 3 were
looked at because of the importance of blood vessel forma-
tion in tumor growth, which has been a target in NSCLC
[13]. High expression of hepatocyte growth factor receptor
(MET) and its ligand hepatocyte growth factor (HGF) was
correlated with a worse outcome and a higher resistance to
EGFR-inhibitors in NSCLC [14]. Therefore, MET has been
suggested as a prognostic and therapeutic target in NSCLC
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and was included in this study. Similarly, cell surface associ-
ated Mucin 1 (MUCI) also proved multiple times that it is
associated with a poor outcome and that silencing it may
lead to reduced tumor survival [15]. Lastly, we included two
targets that fell out of the picture in recent years but might
play a role when additional research becomes available. The
receptor tyrosine kinase gene KIT had initially promising
preclinical results, but has not yet been backed up with clin-
ical success [16]. Human epidermal growth factor receptor
2 (HER2) as a clinical research target has slowed down as
well after the first trials showed poor results [17].
Melanoma-associated antigen 3 (MAGEA3), a cancer-testis
gene that is consequentially not expressed in non-malignant
lung tissue, was included as an internal control.

Patient inclusion

This prospective dataset and its initial methodology were
developed by Wauters et al. [18]. Patients that were eligible
for primary, curative-intent surgery for NSCLC were in-
cluded. From the lobectomy specimen, a fresh frozen biopsy
was taken of tumor and non-malignant lung tissue, the lat-
ter as distant as possible from the tumor location. Biopsies
were gathered and processed immediately after surgery as
described in [18]. Clinical and lung function data were ob-
tained from the patient’s medical files. Patients were divided
into clinical subsets according to relevant clinical criteria for
non-small cell lung cancer. Smoking status was defined as
active smoker on the day of surgery or ex-smoker when the
patient quit smoking more than 4 weeks before surgery.
This 4 week limit is also used by studies that searched for
pulmonary, respiratory and wound complications in regards
to preoperative smoking cessation [19]. Because there was
only one never-smoker, we classified this patient as an
ex-smoker for analysis purposes. C-reactive protein (CRP)
subsets were determined by a CRP-level higher than 5 mg/
L or not. This threshold is routinely used in clinical practice
where a CRP >5 mg/L is associated with an increased in-
flammatory state. Furthermore, we sub-grouped patients ac-
cording to gender, histology and age. An age cut-off of
70 years was used, as this is regularly used to define an eld-
erly population in non-small cell lung cancer [20]. Chronic
obstructive pulmonary disease (COPD) status - determined
by the FEV1/FVC ratio (forced expiratory volume per sec-
ond / forced vital capacity) was determined as well.

Validation set

From the Genomic Data Commons Data Portal, we col-
lected all patient entries that had RNA-sequencing data
available from NSCLC and/or non-malignant lung tissue.
Clinical data and normalized fragment-per-million-reads
gene expression of the fourteen selected genes were drawn
from the database. Active smoking is defined as a patient
that had a registered smoking history, but no registered
year of smoking cessation or stopped smoking in the year
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of pathologic diagnosis. We censored patients without any
available smoking history for this subset analysis. No pa-
tient data was available for CRP status in the validation set.

RNA-sequencing and methylation

Biopsies were assessed by means of histological examin-
ation to confirm the malignant status (> 70% malignant epi-
thelial cells) or normal lung histology. RNA extraction of
non-malignant lung and tumor tissue was performed and
sequenced on an Illumina HiSeq 2000. Illumina sequencing
libraries were prepared according to the TruSeq RNA Sam-
ple Preparation Guide following the manufacturer’s instruc-
tions. Libraries were sequenced using 1 x 58 bp single-end
reads, with two indexed samples per lane, yielding about
32.5 million reads per sample. After alignment of the se-
quencing reads to the human genome, counts for each gene
were computed for each sample by use of the HTSeq soft-
ware (version v0.5.3p3). Bisulfite-converted DNA was hy-
bridized on 450 K BeadChips (Illumina), using the Infinium
HD methylation protocol. After controlling for batch effect
and normalizing raw intensity data, the methylation level of
each interrogated CpG, scored as a [ value between 0 and
1, was calculated according to the fluorescent intensity ratio
using IMA R-package (v2.1.1) and the SWAN method im-
plemented in the minfi R-package (v1.2.0) [21]. Extensive
metholodogy regarding the RNA-sequencing and methyla-
tion can be found in the supplemental data of the manu-
script of dr. Wauters et al. [18].

Analyses

Aside from the primary endpoint of tumor vs.
non-malignant lung tissue, gene expression was also com-
pared between patient subsets on tumor tissue only and
non-malignant lung tissue only as a secondary endpoint. In
our matched dataset, matched differential expression
analysis was performed using a DESeq protocol after
normalization with the EDASeq R package. A
Benjamini-Hochberg correction for multiple testing (false
discovery rate < 0.05) was applied to designate significantly
upregulated or downregulated genes. Because of a small
number of target genes and thus no need for prioritization,
no threshold for fold change of expression was used as fold
change is highly dependent on baseline gene expression by
nature. In these differentially expressed genes, differential
methylation, starting from normalized [-values and
reworked to M-values (M-value=1log2(p /(1- B))), was
assessed between tumor and non-malignant lung tissue.
M-values were used because of their increased statistical
validity over p-values when determining differential methy-
lation levels on a limited number of samples [22]. CpG
sites were differentially methylated when demonstrating a
FDR-adjusted p value < 0,05 (Benjamini-Hochberg correc-
tion) and an absolute M-difference greater than 0.4 [22].
We used a linear model for differential methylation
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assessment (Limma R-package). Methylation sites that
were located in the gene body or three prime untranslated
region according to the 450 K BeadChips annotation by
[lumina were not included in the descriptive analysis.
Next, the location within a particular gene of each CpG site
was identified in the University of Californa, Santa Cruz
genome browser (build hg19) and correlated with the pres-
ence of a CpG island and/or histone markers H3K4Mel,
H3K4Me3 and H3K27Ac. These histone markers indicate
regulatory elements for gene expression [23]. Results are
expressed as mean + standard deviation (range).

In our validation set, we performed descriptive statis-
tics and log transformed the RNA-sequencing results be-
cause of a skewed distribution. We then used a student
t-test to compare expression results and calculated fold
changes with the average expression per patient subset.
A p-value < 0.05 was considered significant.

Ethics
The local ethical committee approved the study. Written
informed consent was obtained from all patients.

Results
In our primary data set, twenty-five patients with NSCLC
were included. Demographic details of the study popula-
tion are depicted in Table 1. Mean age was 65.8 + 9.2 years
(41-79). Ten patients were current smokers, 14
ex-smokers (stopped smoking more than 4 weeks before
surgery) and 1 never-smoker. The never-smoker was a
61 year old male with a FEV1/FVC ratio of 94% and only
pantoprazole and L-thyroxine as medication. The mean
amount of overall pack years was 36.4 +20.79 (0-100).
The mean CRP level was 12.79+17.06 mg/L (0.2—
54.7 mg/L). The mean FEV1/FVC was 67.24 + 12% (42—
94%). Two patients had papillary, 5 well differentiated, 2
moderately differentiated and 5 poorly differentiated
adenocarcinoma. One patient had well differentiated, 5
moderately differentiated and 4 poorly differentiated squa-
mous cell carcinoma. The differentiation of one squamous
cell carcinoma was unknown. One patient had a single
lung transplant, three years before lobectomy of the tumor
in the contralateral, non-transplanted lung. Three patients
were on low-dose, long-term oral corticosteroids. One pa-
tient underwent surgery after induction chemotherapy.
PD-L2 expression was higher in the non-malignant lung
tissue with an overall fold change of 1.87 (p = 0.035). PD-L2
also had a fold-change of 2.69 in favor of non-malignant
lung tissue in the subgroup of active smokers (p =0.038).
Likewise, PD-L1 was more expressed in non-malignant lung
than in tumor tissue in active smokers, showing a fold
change of 5.38 (p =0.013). VEGFR 3 was more expressed in
non-malignant lung tissue in almost all subsets except in ac-
tive smokers and in patients older than 70 years, respect-
ively. VEGFR 1 only shows higher expression in
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Table 1 Study population

Demographics N N
Cases Experiment Validation
25 1122
Gender
= Men 19 670
= Women 6 452

Smoking status

= Active smokers 10 164

= Ex-smokers 14 437

= Never-smoker 1 N/A
Histology

= Non-malignant lung 25 108

= Squamous ca. 11 501

= Adenoca. 14 513
COPD status

= FEV, / FEV < 70% 15 74

= FEV, / FEV > 70% 10 146
CRP level

« CRP <5 mg/L 14 N/A

= CRP>5 mg/L 11 N/A
Disease stage (TNM 7)

= Stage | 15 575

= Stage |l 6 322

= Stage |ll 3 189

= Stage IV 1 36

Characteristics of the study population. Ex-smoking was defined as a total
smoking cessation for at least four weeks before the biopsy

non-malignant lung tissue of squamous carcinoma patients
(p=0.028). VEGFR2 is significantly higher expressed in
non-malignant lung tissue in all patient subsets except for
adenocarcinoma, CRP <5 mg/L, no COPD and women.
There is no single gene that was significantly more
expressed in tumor tissue, with the exception of the cancer
testis gene MAGEA3.

When comparing gene expression between different pa-
tient subsets in non-malignant lung tissue alone, no differ-
ential expression could be found. Within tumor tissue
alone, MUCI and KIT exhibited increased expression in
patients with a low CRP compared to those with a CRP
>5 mg/L. The results of these analyses can be found in
Additional file 1: Table S1 and Additional file 2: Table S2.

Our validation set consists of 1122 patient, the demo-
graphics of which are represented in Table 1. Patient data-
base entries originated from February 2010 to November
2014, with pathological diagnoses between 1991 and 2013.
The average age was 66.8 + 9.4 years old (33-90). The mean
FEV1/FVC was 77.47 £19.32% (2—-126%). P-values of the
expression data of non-malignant lung tissue vs. tumor are
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depicted in Table 2. Fold changes of each gene, which rep-
resents the ratio of the normalized expression of a target in
non-malignant lung tissue over the normalized expression
in tumor tissue, can be found in Table 3.

Methylation results of the differentially expressed genes
of our primary data set are represented in Additional file 3:
Figure S1. PD-L1 and PD-L2 had no significant differential
methylation pattern between the tumor and the
non-malignant lung tissue. For PD-L2, one hypermethy-
lated neoplastic CPG site was found in the lung tissue vs.
tumor subset with a corrected p-value of 0.006, but an ab-
solute M difference of 0.38 under the preset cut-off (0.4). In
tumor tissue, VEGFRI has hypermethylated sites in all dif-
ferentially expressed subsets. VEGFR2 shows hypermethyla-
tion sites in tumor tissue of all differentially expressed
subsets except ex-smokers. VEGFR3 was hypermethylated
in tumor tissue in 6 out of 13 subsets.

Hypermethylation in lung tissue was found for VEGFRI
in the <70 years subset and for VEGFR3 in the
ex-smokers subset. 80.8% of all CpG sites that are signifi-
cantly hypermethylated in the tumor are associated with
at least 1 histone marker or CpG island. Similarly, of all
CpG sites that are significantly hypermethylated in
non-malignant lung tissue, 28.6% have this association.

No methylation analysis could be done on the valid-
ation data due to absence of minimal TCGA methylation
data in both tumor and non-malignant lung tissue.

Discussion

Most biomarkers for targeted treatments are based upon
immunohistochemistry. However, RNA sequencing is prov-
ing its value in replacing immunohistochemistry as an ac-
curate method to identify predictive biomarkers [24]. It is
to be expected that RNA-sequencing will only gain more
importance in patient selection, both for predicting therapy
efficacy as well as toxicity [25]. When looking at an individ-
ual patient, understanding his/her baseline gene expression
of non-malignant lung tissue may provide valuable context
for efficacy and toxicity profiles of targeted therapy. With
this study, we tried to offer insight into how non-malignant
lung and tumor gene expression relate to each other. We
therefore analyzed the expression patterns in selected genes
for targeted (immune) therapy in twenty-five paired
non-malignant lung and NSCLC specimens. The differen-
tial expression of these selected genes between matched
tumor and the surrounding non-malignant lung tissue is to
the best of our knowledge, not known for NSCLC. It is sur-
prising to see that, with some notable exceptions, most tar-
get genes in tumor tissue do not have an increase in gene
expression when compared to the non-malignant lung tis-
sue, but a decrease. In our patient group, we found that the
expression of PD-L2, VEGFR2 and VEGER3 was lower in
tumor tissue than in the non-malignant lung tissue. Our
TCGA data confirmed these findings convincingly. A high
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Table 2 RNA-sequencing results for non-malignant lung tissue vs. tumor tissue — P-values
LEGEND - P-value <0,001 <0,05 <1

Hyperexpression non- ‘

malignant lung

Tumor

Differential expression Primary data set

tumor vs. lung CTLA-4  PD-1  PD-L1 VEGFR1 VEGFR2 VEGFR3  HGF MAGEA3 MUCl1  MET  HER2 KIT EGFR
Overall 0225 0,733 = 0,181 0,084 0,722 0,254 | 0,097 0,502 0,408
Adenocarcinoma 0,247 0,722 0,095 0,722 0,069 0,993 0,333 0,067 0,294 0,733
Squamous carcinoma 0,676 0,947 0,275 0,334 0,548 0,779 0,333 0,254
Active smokers 0,431 0,722 0,794 0457 0474 0420 0,375
Ex-smokers 0,340 0,930 0,794 0376 | 0,158 0,989 0,852
CRP > 5,0 mg/L 0,366 0,852 0,635 0,970 0258 0,323
CRP <5,0 mg/L 0,523 0,852 0,294 0,264 0,993
FEV1/FVC 2 70% 0,852 0,790 0,794 = 0,198 0935 0,852
FEV1/FVC < 70% 0,115 0,852 0,29 0331 0477 0326
Males 0,333 0,850 0302 0272 0722 0376
Females 0,397 0,782 0681 0,254 0636 0,986
Age 270 years 0,709 0,989 0336 0,517 029 0,370
Age <70 years 0,204 0,605 0,673 | 0,115 0943 0,943

Differential expression
tumor vs. lung
Overall
Adenocarcinoma
Squamous carcinoma
Active smokers
Ex-smokers
CRP > 5,0 mg/L
CRP < 5,0 mg/L
FEV1/FVC > 70%
FEV1/FVC < 70%
Males

0,229 0,181

Females
Age 270 years
Age <70 years

VEGFR1 VEGFR2 VEGFR3

Validation set

HGF  MAGEA3

Differential expression of particular genes (top row) in different patient subsets (left column) is represented by p-values and color coded. Blue and green colors
indicate more expression of a particular gene for a specific patient subset in non-malignant lung tissue compared to tumor tissue. Yellow and red indicate more
expression of a particular gene for a specific patient subset in tumor tissue compared to non-malignant lung tissue

tumor expression and a low non-malignant lung tissue ex-
pression would seem to be an ideal patient situation for
maximum therapy efficiency with a low impact on normal,
surrounding lung tissue. However, this does not seem to be
the case. For example, VEGER 2 & 3 are found on tumor
vasculature and both contribute additionally towards angio-
genesis [26]. Although we still observed tumor VEGFR ex-
pression, the 2-3x fold change in favor of non-malignant
lung tissue suggests a narrow therapeutic ratio for anti--
VEGFR2 and drugs like bevacizumab. It may be argued that
dose limiting toxicities are one of the reasons for the mar-
ginal effect of an anti-angiogenesis drug such as bevacizu-
mab [27]. The TCGA data converted the non-significant,
overall gene expression in our primary data set into
strongly significant, differential expression, due to a vast in-
crease in patient numbers. In the TCGA data, genes like
CTLA-4 and PD-1 show an overall increase in tumor gene
expression, which did not reach significance in our own pa-
tient data. Looking at patient subsets in our primary data
set in conjunction with our validation set, it seems that

factors like smoking status, age, COPD, histology and CRP
level did not impact the overall expression differences we
found earlier. In current smokers, PD-L1 and PD-L2 had a
higher expression in non-malignant lung tissue than in
tumor tissue in our primary data set. This can be explained
by the inflammatory state of lung parenchyma in active
smokers that might increase macrophage count and thus
PD-L1 and/or PD-L2 expression [28]. Unfortunately, in the
validation set, PD-L1 of tumor vs. non-malignant lung tis-
sue in active smokers is not differentially expressed and
ex-smokers do show differential expression. This contradic-
tion might be due to a lack of detailed information about
smoking cessation in the Genomic Data Commons Data
Portal, which can lead to a false categorization of active/
ex-smokers and a number of patients with a complete
smoking status that is significantly lower than the total
amount of patients available. Secondly, no matched data
(tumor and non-malignant lung tissue from the same pa-
tient at the same time point) was available in the validation
set. Thirdly, non-malignant tissue entries were relatively
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Table 3 RNA-sequencing results for non-malignant lung tissue vs. tumor tissue — fold changes

LEGEND

Fold change non-

malignant lung / tumor | 0 1

Differential expression

-

Primary data set

tumor vs. lung CTLA-4 PD-1 PD-L1 PD-L2 VEGFR1 VEGFR2 VEGFR3 HGF MAGEA3 MUC1 MET HER2 KIT EGFR
Overall 0,67 0,86 1,85 1,87 1,57 2,66 3,51 3,09 1,18 0,39 0,65 0,69 0,69
Adenocarcinoma 0,59 0,81 2,53 2,01 1,17 1,86 2,41 2,37 1,00 0,34 0,53 0,46 1,28
Squamous carcinoma 0,79 0,95 1,46 1,73 2,31 4,52 5,43 5,10 1,75 0,45 0,87 2,19 0,44
Active smokers 0,66 0,77 5,38 2,69 1,37 2,54 2,75 2,25 1,21 0,36 0,73 0,50 0,53
Ex-smokers 0,67 0,94 1,29 1,50 1,72 2,75 4,43 4,00 1,17 0,40 0,61 1,01 0,88
CRP > 5,0 mg/L 0,64 0,87 1,60 1,73 2,01 4,21 3,92 2,86 4,82 0,50 1,03 2,56 0,50
CRP £ 5,0 mg/L 0,74 0,88 2,35 1,99 1,16 1,86 2,99 3,22 0,90 0,29 0,50 0,43 0,99
FEV1/FVC 2 70% 0,53 0,89 1,55 1,90 1,61 3,14 3,25 2,64 1,71 0,32 0,71 0,61 0,55
FEV1/FVC < 70% 0,88 0,83 2,74 1,83 1,50 2,07 3,87 3,96 0,80 0,67 0,57 0,90 1,18
Males 0,70 0,90 1,71 1,74 1,43 3,00 3,16 2,84 1,60 0,38 0,71 0,78 0,64
Females 0,57 0,77 3,10 2,36 2,36 1,93 4,27 0,65 0,43 0,52 0,55 0,96
Age 270 years 0,80 1,01 2,06 2,41 1,25 2,47 2,06 3,30 2,42 0,30 0,76 0,42 0,54
Age <70 years 0,57 0,74 1,57 1,53 2,01 2,80 5,65 2,97 0,74 0,58 0,58 1,08 0,94
Differential expression Validation set

tumor vs. lung CTLA-4 PD-1 PD-L1 PD-L2 VEGFR1 VEGFR2 VEGFR3 HGF MAGEA3 MUC1 MET HER2 KIT EGFR
Overall 0,512 0,565 1,288 1,694 1,658 2,205 2,262 1,088 0,504 0,451 1,018 0,562
Adenocarcinoma 0,474 0,523 1,535 1,784 1,443 1,466 2,309 1,747 0,636 0,364 0,678 0,72 0,427
Squamous carcinoma 0,556 0,615 1,11 1,612 1,949 3,635 3,211 3,775 0,816 0,338 1,742 0,823
Active smokers 0,295 0,477 0,907 1,107 1,371 2,363 2,297 1,7 0,527 0,537 1,035 0,455
Ex-smokers 0,499 0,602 1,362 1,913 1,883 2,361 2,157 0,908 0,496 0,506 1,185 0,514
CRP > 5,0 mg/L

CRP < 5,0 mg/L

FEV1/FVC 2 70% 0,555 0,681 1,455 1,593 1,522 1,455 1,615 0,941 0,528 0,622 0,872 0,465
FEV1/FVC < 70% 0,194 0,36 0,894 2,091 1,303 2,1 2,133 1,175 0,527 0,414 0,595 0,547
Males 0,567 0,594 1,225 1,643 1,687 2,722 2,649 1,378 0,512 0,406 1,034 0,575
Females 0,445 0,524 1,39 1,761 1,607 1,708 2,559 1,816 0,79 0,484 0,543 0,975 0,536
Age 270 years 0,563 0,645 1,258 1,561 1,859 2,474 2,974 2,534 1,063 0,537 0,432 0,975 0,528
Age <70 years 0,471 0,517 1,355 1,838 1,578 2,036 2,785 2,159 1,095 0,471 0,445 1,06 0,564

Differential expression of particular genes (top row) between different patient subsets (left column) is represented by fold changes and color coded. Fold change
is defined as the ratio of the normalized expression of a particular gene for non-malignant lung tissue compared to the expression of that gene in tumor tissue.

Green colors indicate a fold change > 1, red indicates a fold change <1

low. This uncertainty in our validation data and the contra-
dicting results between primary data set and validation set,
make us believe that smoking status should still be taken
into account in future trials with PD-1/PD-LI therapy, not
only for response but especially for toxicity.

A reduced gene expression is strongly associated with
methylation of CpG sites in gene promotors or enhancers.
It is generally hypothesized that cancer cells use this
mechanism to silence a wide array of genes that harm
their survival [29]. To verify the results of the expression
analysis, we analyzed the methylation patterns of all differ-
entially expressed genes in tumor vs. non-malignant lung
tissue and looked at their impact of methylation on gene
expression. As the impact of a specific methylation site on
expression is unknown, we looked at histone markers as-
sociated with transcription regulation and found that a
high percentage of these sites are located in gene regions
that have an impact on expression (enhancers, promoters).
Although the interpretation of individually methylated
genes is not clear-cut, there are some sound observations
to be made here. Of all differentially methylated genes,

67.9% has a methylation profile that supports its expres-
sion (meaning more methylated sites on tumor tissue
which are correlated with histone markers and/or CpG
islands). Only 7.1% of differentially methylated genes show
a methylation profile that contradicts their expression.
10.5% of differentially methylated genes do not show any
correlation with histone markers but do have more meth-
ylated sites on tumor tissue and 10.5% have more methyl-
ated sites on non-malignant lung tissue. These changes in
methylation patterns are most prominent on the VEGFR--
genes but are not apparent on the PD-1, PD-L1 and
PD-L2 family. Overall, the methylation assay hints that
most of the differences in gene expression are driven by
alterations in the gene methylation profile with the
PD-1-axis as a notable exception.

The inflammatory status of tissue also plays an import-
ant role in the expression results. Different infectious
agents might modulate PD-LI and CD8+ T cell activity
[30]. In a patient population where COPD often is a
major factor, the expression of PD-L1 can theoretically
shift depending on the current inflammatory status of
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the lung [31]. In the TCGA validation set, the COPD sta-
tus was often not known. Of those that had a
well-documented COPD status, the majority did not
have a FEV1 / FEV <70%. In our patient data, we did
not find major differences between patients with or
without COPD, but this might be due to the small pa-
tient number. These results do not warrant leaving the
COPD status out of the equation in future clinical work.

As the study is explorative in its design, there are some
additional caveats to be aware of. The patient population
is small. Although we still find convincing differences in
expression when comparing non-malignant lung tissue
with tumor tissue, this is not the case when comparing
tumor with tumor tissue, or non-malignant lung tissue
with non-malignant lung tissue. The differences between
more similar tissues are allegedly smaller, which makes it
difficult to achieve enough statistical power to detect
them. Our validation data did largely make up for this by
confirming almost all results and detecting even stronger
correlations. Another important note is the fact that asses-
sing RNA levels is an indirect measure of expression, and
there are many post-translational processes that might
affect protein levels and location. Immunohistochemistry
is a measure of the end-result of gene expression. How-
ever, immunohistochemistry does not allow for a true
quantifiable comparison of protein expression and is
prone to observer bias.

It is also important to note that this data is obtained
from untreated patients. Exposure to chemo- and/or radi-
ation therapy has showed to change expression of certain
targets like PD-L1 [32]. However, targeted treatments like
a PD-1 inhibitor have been approved for first line treat-
ments of advanced disease, making untreated patient data
more relevant than before.

Lastly, a further limitation of this study is that a direct
link between expression differences and toxicity profile
is not within its scope. As this would require a prospect-
ive, specific toxicity assessment for each drug individu-
ally, it was not achievable with our current study setup.

Our results do provide an interesting hypothesis for
further clinical research. The ratio or fold change be-
tween the expression of non-malignant lung tissue and
tumor tissue might be a patient specific predictor for in-
creased toxicity. An expression analysis of not only tumor
tissue, but also non-malignant lung tissue could be im-
plemented in a dedicated clinical trial to see if expression
profiles can be predictive for side effects. Currently, this
would be especially applicable for the PD-1/PD-L1 inhibi-
tors, as different levels of PD-LI expression are already
used as a cut-off for therapy. Expanding the PD-LI bio-
marker to include non-malignant lung tissue and correl-
ating the immunohistochemistry with RNA-sequencing
results is an realistic objective that may be part of future
prospective trials.
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Conclusion

In this study, we looked for expression differences between
non-malignant lung tissue and a non-small cell lung tumor
of the same patient. Surprisingly, we found that the expres-
sion of most major target genes decreases in tumor tissue
compared to the surrounding non-malignant lung. The dif-
ferential expression of these gene targets might be useful in
understanding differences in effects of targeted treatments
on tumor and non-malignant lung tissue.
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