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Background: Despite improvements in diagnosis and treatment, lung cancer is one of the
most lethal human diseases, with a dismal 5-year relative survival rate of only 5% for
patients diagnosed with advanced metastatic disease. Accumulating evidence supports that
epigenetic aberration of histone demethylase-KDMS5 subfamily is linked to human pan-
cancer. However, the detailed functions of KDMS proteins in lung cancer, especially in non-
small-cell lung cancer (NSCLC), remain poorly understand.

Methods: UALCAN, GEPIA, Kaplan—Meier plotter, cBioPortal, TIMER, TISIDB, and
STRING databases were utilized in this investigation.

Results: We detected varying degrees of gene mutations of KDMS5 subfamily members and
found that KDM5B/C were remarkably overexpressed in LUAD and LUSC compared to
normal tissues. Different from KDMSD, positive relationship was shown between overall
survival and mRNA expression of KDM5A/B/C in lung cancer. We determined that
KDMSA/B/C expression levels were positively correlated with CD4+ T cells infiltration,
especially immunological markers of Tregs and Th17 cells. Moreover, LUAD and LUSC
were separately rich in inflammatory and wound healing subtypes after immunogenomics
analyzing with respect to KDMS5 subfamily overexpression. And with their 120 co-expressed
genes, we revealed that nucleocytoplasmic transport and cellular protein localization-related
genes were closely connected to KDMS subfamily alterations, next to chromatin remodeling
genes.

Conclusion: We formulated the immune-infiltrating and prognostic value of KDMS5 sub-
family and highlighted its promising role in immune-inflammatory interaction with tumour
microenvironment in NSCLC.

Keywords: non-small-cell lung cancer, biomarker, KDMS5 subfamily, bioinformatics
analysis, immune cell infiltration

Introduction

Lung cancer is one of the most lethal human diseases and the second common
cancer expected to be diagnosed in men and women worldwide, with an overall
5-year survival rate of 19%.' Despite improvements in early detection and treat-
ment, the S5-year relative survival rate is only 5% for patients diagnosed with
advanced metastatic disease (57%).”> There are two main forms of lung cancer:
small cell lung cancer (SCLC, nearly 15% of the patients) and non-small-cell lung
cancer (NSCLC, approximately 85% of the patients), with the latter further sub-
divided into 4 main types: lung adenocarcinoma (LUAD), lung squamous cell
carcinoma (LUSC), large cell carcinoma, and bronchial carcinoid tumour.’®

Adenocarcinoma, that arises from alveolar cells located in smaller airway
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epithelium, is the most prevalent type of NSCLC and
comprises of approximately 40% of lung cancer.
Squamous cell carcinoma derives from cells located in
the airway epithelium and represents 25-30% of lung
cancer.” Large cell cancer, typically poorly differentiated
and composed of large cells with abundant cytoplasm and
large nucleoli, accounting for 5-10% of all lung malig-
nancy. And bronchial carcinoid can arise from main, lobar
or segmental bronchi and accounting for approximately
0.5-2.5% of all lung cancer.® In the past decade, incidence
of NSCLC has declined due to advances in screening of
precancerous lesions and systemic understanding of the
molecular mechanisms of carcinogenesis. The advent of
immune checkpoint inhibitors (ICIs) and several lines of
tyrosine kinase inhibitors in cases with EGFR, ALK,
ROS1, and NTRK mutations have dramatically changed
the landscape of NSCLC therapy. However, deaths due to
lung cancer are projected to increase prominently, a rate
that exceeds the combined two next most common cancers
(colorectal and prostate cancers) in 2020." Mortality data
suggested that environmental exposures, endogenous hor-
mones and sex differences co-worked in tumour microen-
vironment leading to a higher excess risk in male than
female.! Novel biomarkers are urgently needed and will
most likely arise from a more elaborate understanding of
tumour immune microenvironment and from the identifi-
cation of genetic abnormalities in NSCLC.

Histone methylation is essential in regulating chro-
matin remodeling and gene transcriptional state, thereby
its dysregulation has been observed in the developmental
processes of various cancers.” There are two classes of
enzymes involved in maintaining its state: histone
methyltransferases (HMTs) and histone demethylases
(HDMs), such as lysine demethylase-KDM. Promoting
the de-methylation of these repressive enzymes has
a comparable effect as counteracting epigenetic gene
regulation of HMTs. Other than KDM1 (also known as
LSD), which
dependent monoamine oxidation to regulate active chro-

removes methyl groups via flavin-
matic state, multiple studies concentrated on KDMS5
(also known as JARIDI1) enzymes, removing methyl
and Fe(Il)-

dependent hydroxylation to modify multiple metabolic

groups through 2-oxoglutarate (2-OG)-

processes.® The KDM5 subfamily is encoding a histone
H3 lysine 4 demethylases enzyme that can function
through both demethylase-dependent and -independent
mechanisms to recognize and enzymatically regulate
encode four KDMS5

chromatin. Mammalian cells

paralogs, KDMS5A  (JARID1A/RBP2), KDMS5B
(JARID1B/PLU-1), KDMS5C (JARID1IC/SMCX), and
KDM5D (JARID1D/SMCY), whereas lower eukaryotes
with smaller genomes each have a single ortholog.” All
four family members of KDMS5 share sequence and
structure similarity: a Jumonji N (JmjN) domain,
a Jumonji C (JmjC) domain, a helical CSHC2 motif
containing zinc finger (C5HC2-ZF) domain, a AT-rich
interactive domain (ARID), and two or three plant home-
odomains (PHDs).® The ARID and PHD domains sepa-
rate the catalytic domain into two fragments (JmjN and
JmjC), and the JmjC catalytic domain demethylates his-
tone H3 trimethylated at lysine 4 is unique to affect
transcriptional repression of KDM5 proteins.” KDM5A
and KDM5B have a third PHD domain (PHD3) and are
involved in tumour suppression by enhancing cellular
senescence.” Meanwhile, KDM5C and KDMS5D are
implicated in later tissue homeostasis and located on
the X and Y chromosomes, respectively.'®'!
A substantial study identifies that KDMS5 demethylases
are implicated in various biological and pathological
processes including the negative regulation of
tumorigenesis.'? In addition to poising a series of epige-
netic events, a further study revealed their roles in med-
iating drug tolerance after cancer therapy.'

Although research lends support to the notion that
KDMS subfamily as a potential candidate for epigenetic-
1417 4o

detailed functions of KDMS proteins in lung cancer, espe-

based antitumor therapy in human pan-cancers,

cially in non-small-cell lung cancer (NSCLC), remain
uncertain. In this context, our research will focus on the
enzymatic activity of KDMS5 and its immunological inter-
action with tumour immune infiltration in NSCLC. Our
findings mapped KDMS5 demethylases as attractive bio-
markers to govern immune cell recruitment and infiltration
in NSCLC.

Materials and Methods

Ethics Statement

Since all the data were retrieved from the online databases,
it could be affirmed that all written informed consents had
already been obtained.

UALCAN

UALCAN is a tool for facilitating tumour subgroup gene
expression and survival analyses based on The Cancer
Genome Atlas (TCGA), which contained clinical data
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from 31 cancer types (http://ualcan.path.uab.edu). In our
study, UALCAN was used to illustrate the distinct expres-
sion levels of KDMS5A subfamily members in lung tumour

and adjacent normal tissues. Student’s ¢-test was used to
generate a p-value and the p-value cutoff was 0.05.

GEPIA

GEPIA provides customizable functions such as tumour/
normal differential expression analysis, profiling according
to cancer types or pathological stages, patient survival
analysis, similar gene detection, and correlation analysis
of 9736 tumours and 8587 normal samples from the
TCGA and the GTEx projects (http://gepia.cancer-pku.
cn/). The Student’s #-test was used to generate a p-value

and the p-value cutoff was 0.05.

TIMER

TIMER (Tumor IMmune Estimation Resource) provides
systematical analysis of immune infiltrations estimated by
multiple immune deconvolution methods across diverse
cancer types (https:/cistrome.shinyapps.io/timer/). In our

study, TIMER was used to generate high-quality figures
dynamically to explore KDMS5-related tumour immunolo-
gical, clinical and genomic features comprehensively.

TISIB

TISIDB is a portal for elucidating the interaction between
tumour and immune system to assist predicting immu-
notherapy responses in tumour microenvironment accord-
ing to PubMed and TCGA databases (http://cis.hku.hk/
TISIDBY/). Further to develop novel immunotherapy target
that play a crucial role in cancer initiation, progression,
and treatment.

Kaplan—Meier Plotter

The Kaplan—Meier plotter is capable of assessing the
effect of 54k genes to provide meta-analysis in line with
discovery and validation of survival biomarkers across 21
cancer types (https://kmplot.com/analysis/). In this study,

it was used to evaluate the prognostic value of KDMS5
subfamily mRNA expression in which the lung cancer
patients were split into high and low expression groups
based on median values of mRNA expression and vali-
dated by progression-free survival (FP), post-progression
survival (PPS), and overall survival (OS) curves, with the
hazard ratio (HR) of 95% confidence intervals (CI) and
logrank p-value. The statically significant difference was
considered when a p-value is <0.05.

TCGA Data and cBioPortal

The Cancer Genome Atlas (TCGA), a landmark cancer
genomics program, is molecularly characterized over
20,000 primary cancers and matched normal samples
types. The LUAD (TCGA,
586 cases) and LUSC (TCGA,
Firehose Legacy; 511 cases) datasets including data
with pathology reports of KDMS5
selected for further analyses using the cBioPortal for

spanning 33 cancer

Firechose Legacy;
subfamily were
Cancer Genomics, which is a comprehensive portal for

exploring, visualizing, and analyzing multidimensional
cancer genomics database (http://www.cbioportal.org/).

In this study, we analyzed the genomic profiles of
KDMS5A/B/C/D members, which contained mutations,
mRNA
Expression Scores. Co-expressed genes of KDMS5 sub-

putative  copy-number  alterations, and
family were performed with the “Co-expression” mod-
ule of cBioportal. Pearson’s correlation coefficient was
used to investigate the correlation between KDMS5 sub-
family and co-expressed genes and the top co-expressed
genes of KDMSA/B/C subfamily with the

Pearson’s correlation coefficient were listed.

largest

STRING

The protein—protein interaction (PPI) network was
the Retrieval of

Interaction Gene/Proteins (STRING) (https://string-db.

retrieved from Search Tool for

org/) database with high confidence. The interactions
include direct (physical) and indirect (functional) associa-
tions; they stem from computational prediction, from
knowledge transfer between organisms, and from interac-
tions aggregated from other (primary) databases. In
STRING, each protein—protein interaction is annotated
with one or more ‘scores’. All scores rank from 0 to 1,
with 1 being the highest possible confidence. A score of
0.5 would indicate that roughly. In this study, STRING
was used to map the top 120 co-expressed genes of
KDMS5A/B/C subfamily.

Results
Aberrant Expression of KDM5 Subfamily

in Patients with NSCLC

The KDMS5 subfamily genes are characterized by hav-
ing a JmjC domain, which encoded histone demethy-
lase activity. Loss and overexpression of KDMS5
proteins are linked to intellectual disability and cancer,

respectively. GEPIA was utilized to explore differential
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transcription levels of KDM5A/B/C/D between tumour
and adjacent normal tissues in LUAD and LUSC based
on TCGA database. Distributions of gene expression
levels are displayed using box plots, with statistical
significance of differential expression evaluated using
the Wilcoxon test. We can identify genes that are up-
or down-regulated in tumours compared to normal tis-
sues for each cancer type, as displayed in gray columns
when normal data are available. As shown in Figure 1,
the expression levels of KDM5B/C were remarkably
higher in LUAD and LUSC than normal tissues. What
is more, significant overexpression of KDMSA was
found in LUSC tissues compared to normal tissues.
However, the difference of KDM5D comparative was
not obvious. Furthermore, using the UALCAN, we
compared the mRNA expression of KDMS5 subfamily
between 515 LUAD and 59 normal tissues, 503 LUSC
and 52 normal tissues, respectively. The results in
Figure 2A and B revealed an absolutely increase of
KDM5B/C mRNA expression in LUAD and LUSC
tissues. The relative level of KDMSA was prominently
higher in LUSC than in lung tissues, although it was
undifferentiated between LUAD and normal lung tis-
sues. Besides, we also contrast the relative expression
levels of KDMS5 subfamily members in LUAD and
LUSC tissues (GEPIA) and determined that among all
the factors we evaluated, KDM5C was the highest
expression in both LUAD and LUSC (Figure 2C).
Taken together, our results showed that KDMS5A/B/C
were significant up-regulated in patients with LUSC,
whereas KDMS5B/C were obviously over-expressed in
patients with LUAD. The reason why the mRNA
expression of KDMS5 subfamily seemed to significantly
diverge may be related to patients’ individual cancer
pathology and as a result of small sample size.

Genetic Mutations and Prognostic
Features of KDM5 Subfamily in Patients

with Lung Cancer

Epigenetic aberrations play an important role in early
malignancies. Here, we analyzed the KDMS5 subfamily
gene alterations and correlations by using cBioPortal
online tool for LUAD (TCGA, Firehose Legacy), in
which KDM5 subfamily was varied in 517 samples out
of 586 patients (Figure 3A). Gene alterations in KDM5B
(25%) were most frequently observed, followed by muta-
tions in KDMS5A (15%), KDM5C (8%), and KDMS5SD

(0.4%). Simultaneously, we investigated the correlations
between KDMS5 subfamily gene alterations and LUSC
(TCGA, Firehose Legacy), in which the genes were varied
in 501 samples out of 511 patients (Figure 3B). And
KDMS5A was the top genetic alterations with a rate
of 25%.

By means of data mining in Kaplan—Meier plotter,
prognostic value of KDMS5 subfamily for lung cancer
patients including FP, PPS, and OS were separately
figured. It could be seen that, in each cohort, patients
were divided into low- and high-risk groups based on
cutoff value (Figure 3C-F). Reversed relationship was
shown between OS and the mRNA level of KDMS5D;
however, the low expression groups of KDMS5SA/B/C
were shown shorter OS in lung cancer. In addition,
decreased KDM5SA or KDM5B mRNA expression led
to a reduced PPS. There was no significant correlation
between FP and KDMS5B. This discovery observed that
the changes of KDMS5 subfamily genes might affect
prognosis of NSCLC patients.

Correlation Between KDM5 Subfamily

Expression and Abundance of Immune
Cell Infiltration in NSCLC

The biological process of inflammation relies on diverse
immune cell type infiltration. Immune cells are an
important component that can secrete inflammatory
affect
Subsequently, we explored the relationship between
KDMS5A/B/C/D expression and the degree of immune
cell infiltration using the TIMER database. The abun-
dances of six immune infiltrates (B cells, CD4+ T cells,

mediators  to tumour microenvironment.'®

CD8+ T cells, neutrophils, macrophages, and dendritic
cells) were analyzed in LUAD and LUSC (Figure 4).
showed the

rho value and

Scatterplots purity-corrected  partial

Spearman’s statistical significance.
KDMSA expression was positively associated with
levels of CD8+ T cells (R = 0.252, P = 1.76e-08),
CD4+ T cells (R = 0.222, P = 7.78¢-07), neutrophils
(R =0.332, P = 7.30e-14), macrophages (R = 0.201, P =
8.47¢-06), and Dendritic cells (R = 0.218, P = 1.14¢-06)
in LUAD, whereas it was significantly associated with
levels of CD4+ T cells (R = 0.18, P = 7.82e-05) in
LUSC. In addition to CD4+ T cells, no significant cor-
relations between KDMS5B/C expression and infiltrating
of other

Unexpectedly, there was no such relationship between

levels immune cells were observed.
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Figure 2 The mRNA expression of KDM5 subfamily members between 515 LUAD and 59 normal tissues (A), 503 LUSC and 52 normal tissues (B). ***p<0.001. The

relative level of KDM5 subfamily in NSCLC (C).

KDMS5D expression and immune cell infiltration in

NSCLC.

Furthermore, somatic

copy number

alterations

(SCNAs), including deep deletion, arm-level deletion,

diploid/normal, arm-level gain, and high amplification,
were applied to show distribution of each immune sub-
set at each copy number status in NSCLC with KDMS5
subfamily mutations (Supplementary Figure 1). The

https:
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A Queried genes are altered in 210(41%)of LUAD samples (517 total)

KDMSA 1111711

KDMsB = || i
KDMSC % il Il
KDMsD 04

Genetic Alteration

NI
Il

I
d M

 Missense Mutaton (unknown sigifcance) | Spice Mutaion (unknown signficance) 8 Truncatng Mutation (putatve driver)

§ Truncating Muaton (uknown sgnitcance) | mpicaton | DeepDeleton | A g [ mRNALow | o aeratons

B Queried genes are altered in 187(37%)of LUSC samples (501 total)

o

I

KDMSB 8% I Il | | ||||||||u|| ﬂ
oWt = | I I M i
KOMSD 8% ||l |
Genetic Alteration ] ignifcance) plce M ] f I Amplification I Deep Deletion
mRNA High H mRNALow | Noalterations
HR=06(046-08)| = HR=048 (031-076)| < HR = 0,54 (0.44 - 0.67)
logrank P = 0.00039 logrank P = 0.0014 W logrank P = 2.1e-09
s \‘\,_ : :
3 3
LT — | .
23 £3 £3
- H 3
< 3 8 2
g ¢
gl = i, i
* “
. o o I
a S | Expression S [Expression L) S | Expression 1
low low — low =+
ol S | Pps | ol H 08
3
0 20 40 60 8 100 120 140 0 20 40 60 80 0 50 100 150 200
Time (months) . Time (months) — Time (months)
o W owmoom o0 4 o o " P o 0 o ™ “ o
> - S Yo W . b 7 o i % § H
o °
HR=088(073-107)| ~ HR=06(046-078)| ~ HR =072 (062 -0.83)
D logrank P = 0.21 logrank P = 0.00013 logrank P = 1.1e-05
o @ | @
3 RIS 3
R
A ©
g3 23 \ £3
H 2 -
8. ertrepn—— (8 . 5.
m&3d 3 . &3
E o o Y Ty o
a S 1 Expression S | Expression ™, e S | Expression N -‘BS
low low low
o high FP -] high L. PPS 2 high
0 50 100 150 200 o 20 40 éﬂ 80 100 120 0 50 100 150 200
R Time (months) . Time (months) Time (months)
o 5% i " s T e w9 1 o o o e w e o
o i : : o he @ m N oW w2 o - b i
o ° o
2 % HR =052 (0.39 - 0.68) 2y HR=058(038-089)| = HR =05 (0.42 - 0.58)
E logrank P = 9.6e-07 ™ logrank P = 0.012 logrank P < 1E-16
@ \‘\ @ | N @
3
STy
£3 gs 5 ze
3 : - 3
9 ° " 4
2 £ g A - £z M,
3 S p— g "
S | Expression S | Expression S | Expression A
o FP — fou “pps — o 05‘
o high S high g high
0 20 40 60 80 100 120 140 0 20 40 60 80 0 50 100 150 200
— Time (months) . Time (months) Time (months)
o WS e w w73 1 o "5 ’ 2 0 o ™ e “ 2 s
v o ae @ W& on 3 o - F 2 i T ; b ) ]
o o °
- HR=17(1.33-2.17) - HR = 1.28 (0.99 - 1.67) - HR =1.51(1.29 - 1.77)
logrank P = 1.9e-05 logrank P = 0.062 logrank P = 2e-07
o o]\ @
i ‘\\W_A . \ .
52 \ g3{ 1 g3
g g \\‘1 3
g \ g
oy e | £ % |\ £z
e} FP R PPS
Z o 8 gy b
O S | Expression S | Expression = wat S | Expression "
% — low — low ey \_‘ — low
S high s high 2 high
0 50 100 150 200 0 20 40 60 8 100 120 0 50 100 150 200
Time (months) Time (months) —— Time (months)
- T 0 o ST B e s & 3

Figure 3 Genetic mutations in KDM5 subfamily members of LUAD (A) and LUSC (B) patients using cBioPortal. The association between prognostic features and the
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infiltration level for each SCNA category was compared level gain of both LUAD and LUSC. Unfortunately, by

with the normal using a two-sided Wilcoxon rank-sum  querying this public database, we did not find the rela-

test. Most of the copy number varies distributed in arm-  tionship between KDMS5D and SCNAs.

International Journal of General Medicine 2021:14

7265

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hao Dove

>
H

B Cell CD8+ T Cell I CD4+ T Cell Macrophage Neutrophil Dendritic Cell
. paraloor=0077) [* 3 parialoor =02821 [, partaleor - 02221 3 partialcor=0201| [~ , @ .~ partialcor=0.332|[ . partial.cor = 0218
p=923e-02 1.766-08 p=7.786-07 p=8.476-06 p=7.30e-14 p=1.146-06

LUAD

cor=0097| [ o partial.cor = 0.032

o p=4.90e-01

& partial.cor=0.18
p = 7.82e-05)

KDMSA Expression Level (log2 TPM)

Lusc

B Purity BCel CD8+ T Cell CD4+ T Cell Neutrophil | Dendritic Cell
7 . €or==0.104| | pamal cor = -0.057 + partial.cor = 0,092 = o partial.cor = 0.082
. b= 2o§e<)2 P =2.13e-01 p=4.416-02 op=598e-01| o " p=17.186-02

>

LUAD

»= 0963
P57 p=7.05402

KDMSB Expression Level (log2 TPM)
o o o~

Purity 8 Cell CDB+ T Cell CD4+ T Cell

eor=0.011 Cole I pavl\a\ co( D |84 . pa(l!a\ cor = -70 03}11 - partial. ooi 0. 329
L [ “"* N

. .

o

Neutrophil Dendritic Cell
-Opsr(valc% 0138 : pawcor o117
.

LUAD

o partial.cor=0.384| | ¢ e, partial.cor = 0.082

o corg0.118] = pattial.cor = -0¢051 3
=21 = —4zse 18 $. p =7.30e-02]

4::_% 03 =2.66e-01
T00p *Sar e

KDM5C Expression Level (log2 TPM)

o
E]
4 .
IR AP Foooe .
3 . =T% oo o
.. ¢
2 . . + - .
D BCell CD8+ T Cell CD4+ T Cell Neutrophil Dendritic Cell
. oprtgl cor»-o uoe pama\ cor = »o 033 [* a .amor--o 028 partial.cor = 0| ) artial cor- »o 044
o Y 2 S d2g-01 ¥ e-01 ‘:'. PR 45e-01 oo . §=9.99e-01 .,' X B4 e-01
‘-h..,-c,~._. "’"i"" \". [
¢ ; f . 1309, -"-"' °
Q .
14
g
3

partial.cor = 0.089] [* partal cor = 0.042 partial.cor & 0,078
oo, Pp=518e-02|[ . e 5e-01 p =9.06e-02)
N

KDMSD Expression Level (log2 TPM)

.
01 02 03 04 0500 01 02 03 04 00 01 02 03 00 05 0
Infiltration Level

Figure 4 The correlation between each type of tumor-infiltrating immune cells (B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, and dendritic cells) and
KDMS5 subfamily in LUAD and LUSC (A-D).

Assessment of the Re|ationship Between on a variety of immunological markers in LUAD and
KDMS5A/B/C and Immune Marker LUSC using the TIMER and GEPIA databases (Table 1).
Expression The immune markers for particular cell subsets including
We further explored the relationship between KDM5A/B/  CD8+ T cells, total T cells, B cells, monocytes, tumour-
C expression and levels of immune cell infiltration based  associated macrophages (TAMs), Ml and M2
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macrophages, neutrophils, natural killer cells (NK cells),
dendritic cells (DCs), T helper cells (Thl, Th2, Th17
cells), Tth cells (follicular helper T cells), regulatory
T cells (Tregs) and exhausted T cells. We adjusted these
results based on tumour purity, revealing a significant
correlation between KDMSA expression and monocyte
markers (CD86, CDI115), TAM marker (CD68), Ml
macrophage markers (INOS, COX2), M2 macrophage
marker (CD163), neutrophils marker (CD11b), NK cell
marker (KIR2DL3), DC markers (BDCA-4, CD11C),
Thl markers (T-bet, STAT1), Th2 markers (GATA3,
STAT6, STATS5A), Tth markers (BCL6, 1L21), Th17 mar-
ker (STAT3) and Treg markers (FOXP3, CCRS8, STATSB,
TGFB1) in LUAD. A significant correlation between
KDMS5B expression and total T cell marker (CD3D), M1
macrophage marker (COX2), Thl marker (STAT1), Th2
marker (STAT6), Tth marker (BCL6), Thl17 marker
(STAT3) and Treg marker (STAT5B) in LUAD. Elevated
KDM5C expression was related with M1 macrophage
marker (IRF5), DC markers (BDCA-4, CDI11c), Thl mar-
ker (TNF), Th2 markers (STAT6, STAT5A), Tth marker
(BCL6), Thl7 marker (STAT3) and Treg markers
(FOXP3, CCR8, STAT5B) in LUAD.

In LUSC, KDMS5A expression was associated with
monocyte marker (CD115), M1 macrophage marker
(INOS), neutrophil marker (CD11b), DC marker (BDCA-
4), Th1l markers (STAT4, STAT1), Th2 markers (GATA3,
STAT6, STATSA), Tth marker (BCL6), Th17 marker
(STAT3) and Treg markers (FOXP3, CCRS, STAT5B).
CD8+T cell marker (CD8A), total T cell markers (CD3D,
CD2), M1 macrophage marker (COX2), Thl marker
(IFNG), Th2 markers (GATA3, STAT6), Tth marker
(BCL6), Th17 marker (STAT3), Treg marker (STAT5B)
and T cell exhaustion markers (TIM-3, GZMB) were
involved in KDMS5B expression. And levels of M1 macro-
phage marker (INOS), neutrophil markers (CDIlb,
CCR7), DC marker (CD1l1c), Thl marker (T-bet), Th2
markers (STAT6, STAT5A), Tth marker (BCL6), Th17
marker (STAT3), Treg marker (STAT5B) were relatively
high with KDMS5C overexpression. There was almost no
association between KDM5D and immune marker expres-
sion in neither LUAD nor LUSC.

We therefore observed that levels of KDMSA/B/C
were correlated with the majority of Th17 and Treg mar-
kers (Figure 5), indicating their complicate roles in

immune cell recruitment of NSCLC, and further work
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Figure 5 Scatterplots of correlation analysis between KDM5A/B/C/D and immunological markers of Treg (STAT5B) (B) and Th17 (STAT3) (A) cells in LUAD and LUSC using TIMER.

will be needed to explore the mechanisms underlying such ~ C, which was defined by elevated Th17 and Thl genes
immune infiltration in tumour microenvironment. in line with TIMER database. It is characterized with
low to moderate tumour cell proliferation, lower levels
The Immune Landscape of KDM5 of aneuploidy and overall somatic copy number altera-
Subfamily Expression in NSCLC tions compared with other subtypes.'® In LUSC, over-
Thorsson et al identified six immune subtypes: wound expression levels of KDMSA/B/C were rich in CI
healing, IFN-y dominant, inflammatory, lymphocyte (wound healing) subtype, which had elevated expression
depleted, immunologically quiet, and TGF-p dominant, ©of angiogenic genes, a high proliferation rate, and a Th2
based on immunogenomic analyses of more than 10,000  cell bias to adaptive immune infiltrate."”
tumors. They are different in lymphocyte signatures, Intriguingly, different pathologic category of lung cancer
intratumoral heterogeneity, aneuploidy, neoantigen load, associated with KDMS subfamily overexpression was not
overall cell proliferation, immunomodulatory genes, and  rich in C5 (immunologically quiet) subtype, which exhibited
prognosis.'® As shown in Figure 6, LUAD was rich in  the lowest lymphocyte and highest macrophage responses,
C3 (inflammatory) subtype associated with KDM5A/B/  dominated by M2 macrophages.
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Figure 6 Associations between KDM5A/B/C/D expression and immune subtypes in LUAD (A) and LUSC (B). Cl (wound healing); C2 (IFN-y dominant); C3
(inflammatory); C4 (lymphocyte depleted); C5 (immunologically quiet); Cé (TGF-B dominant).

Gene Enrichment Analysis of KDM5
Subfamily and Their 120 Co-Expression
Genes in NSCLC Patients

After analyzing the KDM5 subfamily genetic alterations, cor-
relation with immune cell infiltration, and their prognostic
value in LUAD and LUSC patients, we next analyzed 120 co-
expression genes (KDMS5A/B/C related) that were signifi-
cantly associated with KDM5 subfamily mutations and listed

them in Supplementary Table 1. Subsequently, protein—protein
constructed by STRING
(Supplementary Figure 2). Gene enrichment analysis was
employed to analyze their 120 co-expression genes. As
shown in Figure 7A, we found that GO:0016569 (covalent
chromatin modification), GO:0006338 (chromatin remodel-
ing), CORUM:6470 (Set1B complex), GO:0071557 (histone
H3-27 demethylation), and GO:006913 (nucleocytoplasmic

interaction network was
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Figure 7 Gene enrichment analysis of KDM5A/B/C subfamily members and their 120 co-expression genes in LUAD (A) and LUSC (B) patients.

transport) were remarkably correlated with KDMSA/B/C
mutations in LUAD, whereas GO:0016569 (covalent chroma-
tin modification), GO:1902275 (regulation of chromatin orga-
nization), GO:0006338 (chromatin remodeling), GO:1903827
(regulation of cellular protein localization), and hsa04919
(thyroid hormone signaling pathway) were predominantly
associated with the KDMS5 subfamily alterations in LUSC
(Figure 7B). Altogether, the results revealed that nucleocyto-
plasmic transport-related genes, such as YAP1 and TAOKI,
were closely connected with KDMS5 subfamily alterations in
NSCLC.

Discussion

There is a growing understanding of the oncogenic and
tumour suppressive functions of histone demethylase
family, which regulates a subset of transcribed genes at

promoters and participates in chromatin remodeling.*
KDMS demethylase subfamily contains multiple con-
served domains and facilitates the removal of methyl
group on di- and trimethylated forth lysine of histone H3
(H3K4).' The isoforms contain specific cosubstrates, such
as oxygen, a-KG, and vitamin C, making them potential
players in tumorigenesis, transcriptional plasticity, and
epigenetic alterations contingent on cancer cellular
context.’ Dysregulation of KDMS5 subfamily genes
destroys the balance between “writer” and “eraser”
enzymes leading to defects in histone posttranslational
modifications involving multiple human disorders. Unlike
other histone modification enzymes, KDMS5 could recog-
nize specific DNA sequences in their targets owing to the
ARID domain.” Despite their high homology, members of
the KDMS subfamily differ in physiological and
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pathological functions.?? Furthermore, the roles of KDM5
demethylases in regulating normal cell functionality and
altering tumour microenvironment remain ill-defined in
lung cancer, especially in NSCLC. Therefore, the present
study is the first time to analyze the mRNA expression,
gene alterations, immune cell infiltration, and prognostic
role of KDMS5 subfamily in NSCLC.

Studies indicated that KDMS5SA was associated with
tumour suppression by mediating RB interacting proteins
via repressing E2F target genes.”>** However, knockdown
of KDMS5A altered H3K4 methylation suppressing tumour
proliferation, which suggested its oncogenic role.”> KDM5A
overexpression has been observed in glioblastoma, gastric

and hepatocellular carcinoma®®2®

and it is recognized to
increase levels of cyclin-dependent kinase inhibitors p21
and p27

tumorigenesis.”” With TCGA data set analysis, we assessed

through senescence pathways in lung
the clear difference between tumour and adjacent normal
tissues expression levels of KDMS5A in LUSC, although
there was no significance of KDM5A expression in LUAD.
What is more, the mRNA level of KDM5A was found to be
noticeably over-expressed and gene alterations were most
frequently observed (25%) in LUSC. Altered KDMS5A
expression between LUAD and LUSC may be due to differ-
ences in the underlying biological mechanisms.

KDMS5B was identified as a tumour suppressor and upre-
gulated by overexpression of c-ErbB2.*” It has been observed
to associate with cell cycle, drug tolerance, and oxidative
metabolism and overexpressed KDMSB has also been
described associated with upregulated E2F/RB pathway in
lung cancer.®' Specifically, TCGA predicted KDM5C muta-
tion as a cancer driver, although controversially identified as
one of the few genes on the X chromosome that exhibit
oncogenic and anti-oncogenic properties.*> It has been
revealed that KDM5C mediate miR-133a expression to sup-
press development and metastases of lung cancer by targeting
PTBP1.* Across these databases, we consistently observed
elevated expression levels of KDMS5B/C and relatively high
gene mutations in either LUAD or LUSC, which remind us of
their oncogenic properties under cancer type-specific context.

KDMS5D, recognized as a sexually dimorphic gene, is
85% identical to KDM5C and more frequently encoded in
the Y chromosome of all male tissues.>**> Here, we dec-
iphered that KDMS5D gene mutations were prominently
lower than other KDMS5 members in NSCLC. Higher
KDMS5D expression led to a reduced FP and OS in
LUAD and LUSC patients, regardless of the lymphatic
metastasis status. There was

a particularly strong

correlation between high KDMS subfamily expression
and poor gastric cancer prognosis using Kaplan—Meier
plotter. Noticeably, low KDMS5A/B/C expression corre-
lated with reduced OS, indicating different potential prog-
nosis signatures of KDM5A/B/C/D in NSCLC.

An additional key finding in this investigation was that
KDMSA/B/C expression correlated with the degree of
immune cell infiltration in NSCLC. Immune system is recog-
nized as a complex endeavor that eradicates foreign antigens
in non-malignant setting, versus hijacked by tumour-specific
antigens in progression and metastasis stages.>® In addition to
serving as the first line of defense against multiple pathogens,
immune cells provide surveillance via identifying and destroy-
ing occult cancerous cells, and contrary aid tumour to evade
immune control under certain circumstances.’’ Tumour-
infiltrating lymphocytes are a special group of lymphocytes
that infiltrate the tumour microenvironment by detecting can-
cer antigens and releasing pro-inflammatory cytokines.>®

In this investigation, the expression levels of KDM5A/B/C
were positively correlated with CD4+ T cells infiltration,
especially the degree of Tregs and Th17 cells, and negatively
correlated with natural killer cell infiltration (Table 1). CD4+
T cells differentiate into distinct Th cells, including Th1, Th2,
Th17, Treg, Th9, Th22, and T follicular helper cells, exert
divergent functions depending on tumour-secreted
cytokines.**® Th17 cells, characterized by secreting IL-
17A, IL-17F, IL-21, IL-22, and CCL20, expressing master
transcription factor RORyt, and promoting inflammation in
response to infections, have complicated roles in
carcinogenesis.*! Tregs are characterized by the expression
of inhibitory cytokines such as IL-10 and TGF-§ or mediate
inhibitory checkpoint molecules such as TIGIT and CTLA-4
to suppress immune response and promote tumon'genesis.42

Generally, the relevance of Th17 cells have been documen-
ted in promoting autoimmunity, whereas Treg cells are critical
for immune tolerance and have been shown to dampen auto-
immunity and antitumor immunity.*>** Over the past decade,
amajor focus has been laid on Th17/Tregs dynamics in tweak-
ing the immune system of lung cancer.** Patients were found to
have a greater ratio of Th17/Treg frequencies compared to
healthy controls, which correlated with the levels of carci-
noembryonic antigen (CEA) in non-small cell lung cancer.*’
A small fraction of studies indicated greater numbers of Th17
cells negatively correlated with overall survival in lung cancer
tissues, and IL-17 neutralization reduced metastatic nodules in
mice.*® Additionally, a novel mechanism revealed Th17 differ-
entiated from Tregs via IL-2 to promote inflammation and

. .. 4 . .
tumorigenesis in colon cancer.*’ Herein, more studies are
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needed to figure out the relationship between KDMS5A/B/C
overexpression and Th17/Tregs in the context of the lung
tumour microenvironment.

Immune subtypes were employed to provide potential ther-
apeutic and prognostic implications for lung cancer manage-
ment. LUAD and LUSC associated with overexpressed
KDMSA/B/C were separately rich in inflammatory and
wound healing subtypes. Accordingly, inflammatory subtype
demonstrated the most pronounced Th17 signature and the best
prognosis, while wound healing subtype had less favorable
outcomes despite having a substantial immune component,'”
reflecting complex associations between immune response and
differed tumour types.

We further analyzed the gene enrichment of KDMS5 sub-
family alterations in LUAD and LUSC respectively. The
results in Figure 7A exposed that nucleocytoplasmic transport
and cellular protein localization-related genes, such as YAPI
and TAOK 1, were closely connected with KDMS5 family altera-
tions, next to chromatin remodeling genes. However, further
study will be needed to confirm the mechanisms underlying
such relationship. Currently, KDMS5 subfamily could be recog-
nized as a promising biomarker for prognosis and immune cell
infiltration in lung cancer according to our investigation. The
molecular mechanisms underlying Th17/Tregs recruitment
and pro-inflammatory/immunosuppressive functions corre-
lated with KDM5A/B/C in the lung tumour microenvironment
require further study.

Conclusion

In summary, we formulated the immune-infiltrating and prog-
nostic value of KDM5 subfamily from comprehensively ana-
lyzing its relationship with survival, gene alterations, and
tumour immune infiltration cells in NSCLC. After evaluating
a variety of markers associated with particular immune cell
subsets, we recognized the pronounced role of KDMS5 sub-
family in immune cell recruitment. However, sequenced
experiments and prospective clinical trials of its effect remain
absent.
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