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Background: Early detection is essential to improve the survival and life quality of lung
cancer (LC) patients. Changes of peripheral blood DNA methylation could be associated
with malignancy but were mostly studied in Caucasians.

Methods: Here, in a Chinese population, we performed mass spectrometry assays to
investigate the association between very early stage LC and methylation levels of RAPSN
in the peripheral blood by a case—control cohort using of 221 LC patients (93.2% LC at stage
I) and 285 unrelated cancer free control individuals.

Results: The odds ratios (ORs) of all CpG sites were evaluated for their risk to LC using
inter-quartile analyses by logistic regression. In general, we observed an association between
very early LC and decreased methylation of RAPSN_CpG_1.15 and RAPSN_CpG_3.4
(referring to Q4, OR range from 1.64 to 1.81, p<0.05). Stratified by gender, while hypo-
methylation of RAPSN CpG 1.15, RAPSN CpG 3.4 and RAPSN CpG _7.14 were asso-
ciated with LC in males (referring to Q4, ORs range from 1.94 to 2.31, p<0.05),
RAPSN CpG_2 and RAPSN CpG 5 showed significantly lower methylation in female
LC patients comparing to controls (referring to Q4, ORs range from 2.49 to 3.60, p<0.05).
The risk of RAPSN hypomethylation to LC was enhanced by aging, and typically for people
older than 55 years (referring to Q4, ORs range from 2.17 to 3.61 in six out of all 10
analyzed CpG groups, p<0.05).

Conclusion: Our study reveals an association between RAPSN hypomethylation in periph-
eral blood and LC and suggests the occurrence of altered blood-based methylation at the
early stage of cancer.
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Background

Lung cancer (LC) is malignancy-associated tumour occurring in the bronchial
mucosal epithelium. The subgroup of LC mainly contains small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC), whereas NSCLC accounts for
80-85% of all LC cases including adenocarcinoma, large cell carcinoma and
squamous cell carcinoma.'™ LC is the leading cause of cancer incidence and
mortality worldwide, with increasing rates in recent decades.” The prognosis of
LC is associated with stage at initial diagnosis, with 5-year survival rates of stage
I LC at 83%, stage II at 53%, stage III at 26% and stage IV at 6%.° Taking
advantage of the improved diagnostic methods, novel surgical techniques and
chemotherapy drugs, the 5-year overall survival rate of LC patients is still only
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16%, mainly due to the initial diagnosis at advanced stage
which has already developed metastases or involved the
lymph nodes.” The key to improve the survival of LC
patients is early diagnosis and following proper treatment.
As the principal targets of genetic changes and the
principal drivers for distant metastases, epigenetic changes
play an essential role in cancer and occur early in the
progress of carcinogenesis.” DNA methylation is one of
the major signatures of epigenetic changes.® Aberrant
DNA methylation level is critical for carcinogenesis, for
example, the hypomethylation of oncogenes and hyper-
methylation of tumor suppressor genes.”'' DNA methyla-
tion is often associated with specific tissues and cell-types,
recent studies also showed the associations between aber-
methylation in  blood and  cancers.'*'*
Hypermethylation of DOK7, hypomethylation of HYAL2

and BRCAI1 present the potentials as blood-based DNA
15-17

rant

methylation biomarkers for the screening of cancer.
Hypermethylation of HOXA11 was reported for the diag-
nosis and prognosis of LC.'®

Receptor-associated protein of the synapse (RAPSN)
gene encodes 43 kDa receptor-associated protein of the
synapse that is required for clustering of nicotinic acetyl-
choline receptors (nAChRs) at the neuromuscular junction
(NMJ). RAPSN protein mainly distributes in cytoskeleton
or postsynaptic membrane. RAPSN mutations could com-
promise neuromuscular transmission, and consequently
cause congenital myasthenic syndrome (CMS)." Tang
et al have reported a connection between RAPSN hypo-
methylation in peripheral blood and breast cancer in
Caucasian population.”’ We hereby investigate the asso-
ciation between the RAPSN methylation level in blood
and LC in Chinese population in a case—control study
with 221 very early stage LC patients and 285 unrelated
individuals

healthy control using quantitative mass

spectrometry.

Materials and Methods

Study Populations

This study was approved by the Ethics Committee of the
Shanghai Chest Hospital and Jiangsu Provincial Hospital
of Traditional Chinese Medicine in China with the approve
ID of KS1407. This study was conducted in accordance
with the Declaration of Helsinki. All the recruited people
gave written informed consent. In the case cohort, periph-
eral blood from a total of 221 very early stage LC patients
(93.2% at stage I, 4.5% at stage II, 2.3% at stage III) were

collected at Shanghai Chest Hospital in the year of 2018.
The diagnosis of LC was confirmed by thoracic surgery
and pathology, and these blood samples were collected
before surgery and any cancer related treatments. The
cohort of LC patients has an average age of 55 years
with 100 females (45.2%) and 121 males (54.8%). The
clinical details of LC patients were shown in Table 1.
Peripheral blood samples from unrelated self-reported
healthy individuals were consecutively collected from
physical examination center at the Jiangsu Provincial
Hospital of Traditional Chinese Medicine in 2018. To
match the LC cases, 143 females and 142 males were
selected as controls with an average age of 55 years. No
further conditions were used to match the cases and con-
trols in this study. Due to the limitation of hospital based
sample collection, environmental and life style factors,
such as smoking and drinking habit, diet and nutrition,

are not available in this study.

Sample Processing

All the peripheral blood samples of cases and controls
were collected by Ethylene Diamine Tetraacetic Acid
(EDTA) tubes. The blood samples were kept at 4 °C for
less than 24 h and further stored at —80 °C till usage. The
DNA was extracted from blood using the DNA Extraction
Kit (TANTICA, Nanjing, China). The samples from LC
cases and controls were processed in parallel.

Table | Clinical Characteristics of LC Patients

Sample Characteristics Type N %
Stage | 206 93.2%
Il 10 4.5%
11l 5 2.3%
Tumour Size Tl 192 86.9%
T2 24 10.9%
T3 5 2.3%
Lymph Node Involvement pNO 214 96.8%
pNlandpN2 7 3.2%
Tumour Length <l cm 95 43.0%
>l cm 126 57.0%
Age <55 105 47.5%
255 116 52.5%
Gender Male 121 54.8%
Female 100 45.2%

Abbreviations: LC, lung cancer; N, number.
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Bisulfite Conversion

DNA extracted from each sample was bisulfite converted
by EZ-96 DNA Methylation Gold Kit (Zymo Research,
Orange, USA) according to the manufacturer’s instruc-
tions, and further amplified by bisulfite-specific primers
(Table S1). After bisulfite treatment, all non-methylated
cytosine (C) bases in CpG sites were converted to uracil
(U), whereas all methylated C bases remained C. There are
no single nucleotide polymorphisms (SNPs) or CpG sites
in the primers and in the measured CpGs.

MALDI-TOF Mass Spectrometry

According to the benchmarking study of absolute DNA
methylation techniques by Bock and colleagues,”’ Mass
spectrometric analysis of DNA methylation (EpiTyper
assay) has comparable performance as pyrosequencing
and bisulfite sequencing, and is a stable and mature locus-
specific assay for the quantitative DNA methylation ana-
lysis and biomarker development. EpiTyper assay (Agena
Bioscience, San Diego, USA) described by Yang et al was
utilized to quantitatively measure the levels of
methylation.'> In brief, the PCR amplified products of
bisulfite-converted DNA were incubated with Shrimp
Alkaline Phosphatase (SAP) and further transcribed to
RNA by T7 transcriptase according to the standard proto-
col of Agena EpiTyper assay. The RNA was digested by
RNase into small fragments and then by resin to get rid of
ions. The final products were dispensed on a SpectroCHIP
G384 by a Nanodispenser RS1000 apparatus (Agena,
USA). DNA methylation levels were determined by com-
paring the intensities which contained methylated and non-
methylated segments. We analyzed methylation levels on
Matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF) mass spectrometry. The chips were read
using a MassARRAY system (Agena Bioscience). The
data were collected by SpectroACQUIRE v3.3.1.3 soft-
ware and visualized by EpiTyper v1.3 software. The
EpiTyper v1.3 software automatically calculate methyla-
tion levels quantitatively of each CpG site in the investi-
gated amplicon. The MassArray generated measurable
data for 14 CpG sites in the amplicon of RAPSN, and
yielded 10 distinguishable peaks (Figure 1). On one hand,
RAPSN CpG 3.4 means the CpG 3 and CpG 4 located at
the same fragment after the treatment of EpiTyper, and
thus the methylation levels of CpG 3 and CpG 4 were
presented as an average, which is applied to
RAPSN CpG 10.11 as well. On the other hand, a few

Translation_start site

Exonl

chr11:47470566 chr11:47470958

i
e
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CCTCTAGGCA CTCATGGGGC AGGAATCACA GTGCCAGCTG CCCCCCGAAA 50
CGTGGGAACA AAAGCAGCGT CGGGTGGGAG CCGGAATGGG GCCTGGATGG 100
AGAGCAGGCG CCACCCTGGG AACAAAGCTG GTTCAGCCCG TCTGCAGCTG 150
TCGCTGCCAG TTGGGGCCAC ATGGCCTCTG AGGAATGTCA GCAGCAAGGT 200
CACGTGGGCC TCTGCTGCAC CCACCCGCGA GCTGGGACGT GGCTTCCCTG 250
AGCATACAGG CACCTTGCCA CCTGGGCACC CCCTTGGGCG TCCCTTAGGC 300
ACCTCTGACA CTGACCCTGA CCGCCCTGGC AGCACGGGCC CTCCCAGCAG 350
CCTTGCCAAG GGGCCAGCTC CAGCAAGTGG GCAGGCCTTG GGC

Figure | Schematic diagram and sequence of RAPSN amplicon. (A) The locations of
investigated 393 bp amplicon and the 14 measurable CpG sites; (B) Sequences of
the RAPSN amplicon examined by EpiTyper assay (chrl1:47,470,566—47,470,958,
build 37/hgl9, defined by the UCSC Genome Browser). The EpiTyper assay deter-
mined the methylation levels of 14 CpGs in this amplicon, and yielded |0 distin-
guishable peaks. The 14 measurable CpG sites are in light grey, and the undetectable
CpG sites are in underline.

fragments sharing the same mass, and to be brief we
hereby showed the data as combined, such as
RAPSN CpG 1 and RAPSN CpG 15, RAPSN CpG 7
and RAPSN_CpG_14.

Statistical Analyses

All the statistical data were analyzed using SPSS
Statistical 23 software. The differences between two or
three groups were assessed by non-parametric tests or
logistic regression models. The logistic regressions were
adjusted for age, gender and experimental batches in this
study. All statistical analyses were two-sided tested, and
p values<0.05 were defined as significant difference.

Results
The Association Between RAPSN
Methylation and Early Stage LC

To evaluate the association between the methylation levels
of RAPSN in the peripheral blood DNA and LC, an 393 bp
amplicon covering 10 distinguished CpG groups
(CpG_1.15, CpG 2, CpG 3.4, CpG_5, CpG_6, CpG _7.14,
CpG_8, CpG 9, CpG_10.11, CpG_12) were designed and
analyzed in a case—control study with 221 very early stage
LC cases and 285 age and gender matched healthy controls
by Agena MALDI-TOF mass spectrometry. To highlight,
93.2% LC patients were collected at stage I before surgery
and any cancer related treatments. Inter quartile ranges
(IQR) were conducted to evaluate the ORs of all CpG sites
in the RAPSN amplicon for the risk of LC by logistic
regression adjusted for age, gender and experimental

Cancer Management and Research 2020:12

submit your manuscript

11065

Dove


https://www.dovepress.com/get_supplementary_file.php?f=275321.docx
http://www.dovepress.com
http://www.dovepress.com

Qiao et al

Dove

batches. The ORs of cases vs controls for CpG _1.15 and
CpG_3.4 were 1.64 (95% CI=1.04-2.59, p=0.032) and 1.81
(95% CI=1.12-2.93, p=0.016) in Q3 compared to the high-
est quartile of methylation level (Q4), respectively (Table 2).

Moreover, CpG 3.4 in the lowest quartile of methylation

levels (Q1) showed significant association with increasing

risk of LC comparing with the highest methylation quartile
(Q4) (OR=1.81, 95% CI=1.12-2.93, p=0.036, Table 2). The

Table 2 The Methylation Levels of RAPSN in LC Cases Comparing to Controls by Quartile Analyses

CpG Sites Methylation Control (N) Case (N) OR (95% CI) p-value
RAPSN_CpG_I.15 Q4 (20.96) 97 63 1.00 (reference) -

Q3 (0.94-0.96) 76 79 1.64 (1.04-2.59) 0.032

Q2 (0.92-0.94) 47 41 1.37 (0.80-2.33) 0.249

Ql (<0.92) 62 38 0.93 (0.55-1.55) 0.774
RAPSN_CpG_2 Q4 (20.89) 76 50 1.00 (reference) -

Q3 (0.81-0.89) 68 56 1.33 (0.80-2.20) 0.278

Q2 (0.77-0.82) 70 66 1.59 (0.96-2.65) 0.074

Ql (<0.77) 68 49 1.20 (0.71-2.04) 0.491
RAPSN_CpG_3.4 Q4 (20.98) 82 46 1.00 (reference) -

Q3 (0.96-0.98) 82 80 1.81 (1.12-2.93) 0.016

Q2 (0.94-0.96) 71 51 1.33 (0.79-2.22) 0.285

Ql (<0.94) 47 44 1.81 (1.04-3.17) 0.036
RAPSN_CpG_5 Q4 (20.99) 73 41 1.00 (reference) -

Q3 (0.96-0.99) 101 8l 1.49 (0.91-2.42) 0.110

Q2 (0.94-0.96) 60 53 1.62 (0.95-2.79) 0.078

Ql (<0.94) 48 46 1.71 (0.98-2.99) 0.060
RAPSN_CpG_6 Q4 (=0.96) 72 60 1.00 (reference) -

Q3 (0.89-0.96) 79 63 0.96 (0.59-1.54) 0.853

Q2 (0.83-0.89) 59 52 1.07 (0.64-1.77) 0.807

Ql (<0.83) 71 46 0.73 (0.44-1.22) 0.237
RAPSN_CpG_7.14 Q4 (20.93) 98 60 1.00 (reference) -

Q3 (0.91-0.93) 73 68 1.48 (0.93-2.37) 0.098

Q2 (0.89-0.91) 59 48 1.31 (0.79-2.17) 0.292

Ql (<0.89) 52 45 1.39 (0.83-2.32) 0.213
RAPSN_CpG_8 Q4 (20.99) 106 85 1.00 (reference) -

Q3 (0.98-0.99) 49 41 1.02 (0.61-1.71) 0.928

Q2 (0.96-0.98) 76 56 0.92 (0.59-1.45) 0.735

QI (<0.96) 51 39 0.94 (0.57-1.57) 0.821
RAPSN_CpG_9 Q4 (20.92) 72 54 1.00 (reference) -

Q3 (0.88-0.92) 76 77 1.36 (0.84-2.20) 0.213

Q2 (0.85-0.88) 65 44 0.92 (0.54-1.56) 0.762

QI (<0.85) 69 46 0.89 (0.53-1.49) 0.656
RAPSN_CpG_10.11 Q4 (20.91) 8l 57 1.00 (reference) -

Q3 (0.88-0.91) 73 56 1.08 (0.66—1.76) 0.761

Q2 (0.85-0.88) 70 6l 1.26 (0.77-2.06) 0.353

QI (<0.85) 58 47 1.14 (0.68-1.91) 0.625
RAPSN_CpG_I2 Q4 (20.95) 78 66 1.00 (reference) -

Q3 (0.92-0.95) 82 78 1.14 (0.72-1.79) 0.577

Q2 (0.89-0.92) 69 41 0.69 (0.41-1.15) 0.157

Ql (<0.89) 53 36 0.79 (0.46—1.35) 0.381

Note: *logistic regression adjusted for age, gender and experimental batches. p < 0.05 was considered as significant difference.
Abbreviations: LC, lung cancer; N, number; OR, odd ratio; Cl, confidence interval.
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rest CpG sites in the RAPSN amplicon showed no signifi-
cant association with LC in any quartiles (Table 2).

The Influence of Gender and Age on the
Methylation Levels of RAPSN

Gender and age were reported to play essential roles in the
pattern of DNA methylation.”>** We further investigated the
influence of gender and age to the methylation levels of
RAPSN in LC cases and controls respectively. Interestingly,
the methylation levels of RAPSN CpG sites showed signifi-
cant differences between the two genders and between the age
groups only in controls, but not in LC cases (Table S2). Thus,
we further investigated the association between RAPSN
methylation and LC stratified by gender and age groups.

The association between RAPSN methylation and LC
in males and females were analyzed respectively by inter-
quartile analysis using logistic regression adjusted for age
and experimental batches. Interestingly, the LC associated
RAPSN CpG sites variated by gender. In males,
CpG_1.15, CpG_3.4 and CpG_7.14 showed significant
differences between LC cases and controls but mostly in
Q2 or Q3 comparing to the highest methylation quartile
(Q4) with the ORs ranging from 1.94 to 2.31 (p < 0.05 for
all, Table 3). In females, LC cases showed significant
lower methylation at CpG 2 and CpG_5 than controls by
comparing lower quartiles to the highest methylation (Q4)
with ORs ranging from 2.49 to 3.60 (p < 0.05 for all,
Table 4), but had no association at CpG_1.15, CpG_3.4
and CpG_7.14.

Next, we investigated the association between RAPSN
methylation and LC in different age groups (stratified by
the average age of 55 years old in this study) by inter-
quartile analyses using logistic regression adjusted for
gender and experimental batches. In the group of younger
than 55 years, among the 10 distinguished CpG groups,
only CpG_7.14 showed significantly lower methylation in
LC cases than controls by comparing Q1 to the highest
methylation quartile (Q4) with an OR of 2.26 (p=0.036,
Table 5). In the group of older than or equal to 55 years
old, LC cases showed significant lower methylation at six
out of 10 measured CpG groups (CpG_1.15, CpG 2,
CpG_5, CpG_7.14, CpG_8 and CpG_12) than controls
with ORs for lower quartiles vs highest quartile (Q4)
ranging from 2.17 to 3.61 (p < 0.05 for all, Table 6).
These results suggested that decreased methylation levels
in RAPSN may have higher risk to LC in elder people.

The Methylation Levels of RAPAN in LC
Patients with Variant Clinical

Characteristics

To understand the methylation patterns in the blood of LC,
the methylation levels of RAPSN were further analyzed in
LC patients stratified by different clinical characteristics.
The methylation levels of CpG_7.14 of RAPSN was sig-
nificantly lower in the LC patients with involved lymph
nodes compared to the ones without (p=0.001, Table 7).
However, due to the very limited sample size of
pNlandpN2 patients, this result needs to be taken with
caution. The methylation levels of other nine RAPSN CpG
groups showed no significant difference among LC
patients with variant tumour subtypes, stage, size, lymph
node and tumour length. To estimate the potential clinical
utility of RAPSN methylation as a marker for the detection
of early LC, receiver operating characteristic (ROC) curve
analyses were performed adjusted for possible confound-
ing effects by logistic regression. When all measurable
RAPSN CpG sites were considered, the methylation level
of RAPSN showed a moderate discriminatory power for
differentiating LC cases from cancer free controls
(adjusted for age, gender and experimental batches, area
under curve [AUC] =0.60, Figure 2A). To note, the dis-
criminatory power of RAPSN methylation for the Stage
I LC is comparable for the overall LC with an AUC of
0.61 (Figure 2B). The discrimination was not significantly
improved when analyzed in separate genders (Figure 2C
and D), but was influenced by age with increased AUC of
0.65 (Figure 2E and F).

Discussion
Lung cancer is a leading lethal cause of cancer globally
and responsible for about 18.4% of all cancer deaths.**
Because of lacking effective methods for early detection,
most LC patients were diagnosed at advanced stage or
even had developed metastases. Therefore, the key way
to improve the survival of LC is early detection. In our
previous study, we reported an association between
decreased RAPSN methylation level in peripheral blood
and breast cancer.”’ Here, we investigated the methylation
levels of RAPSN in LC patients and healthy controls, and
found a weak association between blood-based RAPSN
hypomethylation and LC at very early stage.

RAPSN gene encoded rapsyn which is 43 kDa receptor-
associated scaffold protein required for acetylcholine recep-
tors (AChRs) clustering.”> Knock-in N88K in mice,
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Table 3 The Difference of RAPSN Methylation Levels Between Male LC Cases and Controls by Quartile Analyses

CpG Sites Methylation Control (N) Case (N) OR (95% CI) p-value
RAPSN_CpG_I.15 Q4 (20.96) 48 30 1.00 (reference) -

Q3 (0.94-0.96) 35 48 2.31 (1.224.38) 0.011

Q2 (0.92-0.94) 26 26 1.67 (0.81-3.42) 0.162

Ql (<0.92) 33 17 0.78 (0.37-1.64) 0.507
RAPSN_CpG_2 Q4 (20.89) 38 36 1.00 (reference) -

Q3 (0.81-0.89) 37 31 0.95 (0.48-1.88) 0.879

Q2 (0.77-0.81) 32 31 1.15 (0.56-2.36) 0.694

Ql (<0.77) 35 23 0.79 (0.37-1.67) 0.535
RAPSN_CpG_3.4 Q4 (20.98) 43 25 1.00 (reference) -

Q3 (0.96-0.98) 43 46 1.94 (1.01-3.74) 0.047

Q2 (0.95-0.96) 21 20 1.71 (0.77-3.77) 0.185

QI (<0.95) 35 30 1.62 (0.80-3.29) 0.183
RAPSN_CpG_5 Q4 (20.98) 44 38 1.00 (reference) -

Q3 (0.96-0.98) 39 23 0.70 (0.36-1.38) 0.304

Q2 (0.94-0.96) 19 15 0.94 (0.42-2.11) 0.885

Ql (<0.94) 40 45 1.31 (0.71-2.41) 0.393
RAPSN_CpG_6 Q4 (20.95) 37 36 1.00 (reference) -

Q3 (0.88-0.95) 36 38 1.07 (0.56-2.05) 0.833

Q2 (0.82-0.88) 38 22 0.56 (0.28-1.14) 0.109

Ql (<0.82) 31 25 0.79 (0.39-1.60) 0.513
RAPSN_CpG_7.14 Q4 (20.93) 44 27 1.00 (reference) -

Q3 (0.91-0.93) 44 39 1.43 (0.75-2.73) 0.282

Q2 (0.89-0.91) 24 31 2.07 (1.01-4.26) 0.047

Ql (<0.89) 30 24 1.31 (0.64-2.70) 0.462
RAPSN_CpG_8 Q4 (20.99) 49 46 1.00 (reference) -

Q3 (0.98-0.99) 29 27 1.00 (0.52—-1.94) 1.000

Q2 (0.96-0.98) 38 26 0.75 (0.39-1.42) 0.374

QI (<0.96) 26 22 0.89 (0.44-1.79) 0.743
RAPSN_CpG_9 Q4 (20.91) 44 40 1.00 (reference) -

Q3 (0.88-0.91) 31 36 1.30 (0.68-2.48) 0.425

Q2 (0.85-0.88) 36 18 0.56 (0.28-1.14) 0.112

QI (<0.85) 31 27 0.96 (0.49-1.89) 0914
RAPSN_CpG_10.11 Q4 (=0.90) 43 34 1.00 (reference) -

Q3 (0.88-0.90) 28 23 1.09 (0.53-2.25) 0.809

Q2 (0.85-0.88) 36 37 1.48 (0.76-2.88) 0.254

QI (<0.85) 35 27 1.02 (0.52-2.00) 0.964
RAPSN_CpG_12 Q4 (20.95) 37 36 1.00 (reference) -

Q3 (0.92-0.95) 41 41 1.07 (0.56-2.01) 0.846

Q2 (0.89-0.92) 37 25 0.68 (0.34-1.36) 0.277

Ql (<0.89) 27 19 0.70 (0.33-1.48) 0.348

Note: *logistic regression adjusted for age, gender and experimental batches; p < 0.05 was considered as significant difference.

Abbreviations: LC, lung cancer; N, number; OR, odd ratio; Cl, confidence interval.

a prevalent congenital myasthenic syndrome (CMS) muta-
tion of Rapsyn, AChRs and other specific synaptic proteins
fail to cluster on the muscle postsynaptic domain, and con-

sequently mice die immediately after birth.® In addition,

rapsyn mutations also cause a decrease in AChR levels at
the neuromuscular synapse of human, leading to severe
CMS.?"° Thus, RAPSN has a strong association with

CMS at the muscle endplate. Until now, most researches
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Table 4 The Difference of RAPSN Methylation Levels Between Female LC Cases and Controls by Quartile Analyses

CpG Sites Methylation Control (N) Case (N) OR (95% CI) p-value
RAPSN_CpG_I.15 Q4 (20.97) 36 19 1.00 (reference) -

Q3 (0.94-0.97) 54 45 .86 (0.88-3.93) 0.105

Q2 (0.92-0.94) 21 15 1.61 (0.64—4.05) 0313

Ql (<0.92) 29 21 1.47 (0.66-3.28) 0.346
RAPSN_CpG_2 Q4 (20.89) 38 14 1.00 (reference) -

Q3 (0.83-0.89) 27 16 1.86 (0.76—4.56) 0.174

Q2 (0.77-0.83) 42 44 3.60 (1.60-8.08) 0.002

Ql (<0.77) 33 26 2.49 (1.09-5.72) 0.031
RAPSN_CpG_3.4 Q4 (20.98) 39 21 1.00 (reference) -

Q3 (0.96-0.98) 39 34 1.69 (0.83-3.44) 0.151

Q2 (0.94-0.96) 33 21 1.26 (0.57-2.76) 0.564

QI (<0.94) 29 24 1.59 (0.74-3.40) 0.237
RAPSN_CpG_5 Q4 (20.99) 39 15 1.00 (reference) -

Q3 (0.96-0.99) 52 46 2.55 (1.21-5.35) 0.014

Q2 (0.95-0.96) 16 14 2.61 (0.99-6.85) 0.052

QI (<0.95) 33 25 2.11 (0.94-4.70) 0.069
RAPSN_CpG_6 Q4 (=0.96) 39 28 1.00 (reference) -

Q3 (0.90-0.96) 35 25 0.99 (0.49-2.01) 0.976

Q2 (0.86-0.90) 30 26 1.18 (0.57-2.45) 0.651

QI (<0.86) 35 21 0.83 (0.40-1.72) 0.614
RAPSN_CpG_7.14 Q4 (20.94) 37 25 1.00 (reference) -

Q3 (0.91-0.94) 46 37 1.23 (0.61-2.45) 0.564

Q2 (0.89-0.91) 35 17 0.74 (0.33-1.64) 0.461

Ql (<0.89) 22 21 1.42 (0.64-3.15) 0.390
RAPSN_CpG_8 Q4 (20.99) 57 39 1.00 (reference) -

Q3 (0.98-0.99) 20 14 1.10 (0.48-2.54) 0.825

Q2 (0.96-0.98) 38 30 1.24 (0.63-2.45) 0.540

QI (<0.96) 25 17 1.0l (0.48-2.11) 0.986
RAPSN_CpG_9 Q4 (20.92) 38 24 1.00 (reference) -

Q3 (0.88-0.92) 35 31 1.60 (0.76-3.36) 0.213

Q2 (0.84-0.88) 34 32 1.68 (0.81-3.48) 0.165

QI (<0.84) 33 13 0.61 (0.27-1.40) 0.246
RAPSN_CpG_10.11 Q4 (20.92) 41 24 1.00 (reference) -

Q3 (0.89-0.92) 29 26 1.53 (0.74-3.19) 0.255

Q2 (0.86-0.89) 37 24 .11 (0.54-2.30) 0.774

QI (<0.86) 33 26 1.35 (0.65-2.77) 0.421
RAPSN_CpG_12 Q4 (20.95) 41 30 1.00 (reference) -

Q3 (0.92-0.95) 41 37 1.30 (0.66-2.53) 0.447

Q2 (0.90-0.92) 24 15 0.90 (0.40-2.06) 0.807

QI (<0.90) 34 18 0.73 (0.35-1.53) 0.405

Note: *logistic regression adjusted for age, gender and experimental batches; p< 0.05 was considered as significant difference.

Abbreviations: LC, lung cancer; N, number; OR, odd ratio; Cl, confidence interval.

mainly focused on the function of RAPSN in myasthenic
syndrome, and the roles of RAPSN in cancer is barely
reported except our previous study on breast cancer. Cyclin-
dependent kinase 5 (CDKY) is one of the member in CDK

family, which links to the interaction of rapsyn in the dis-
persal AChR cluster pathway.*® CDKS5 overexpressed in
many cancers including LC.*'>* Interestingly, the expres-
sion of CDKS5 was also significantly related to gender with
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Table 5 RAPSN Methylation Differences Between LC Cases and Controls (Age<55 Years Old)

CpG Sites Methylation Control (N) Case (N) OR (95% CI) p-value
RAPSN_CpG_I.15 Q4 (20.95) 57 51 1.00 (reference) -
Q3 (0.94-0.95) 30 14 0.50 (0.24-1.06) 0.072
Q2 (0.92-0.94) 28 21 0.85 (0.42-1.68) 0.633
Ql (<0.92) 33 19 0.55 (0.27-1.12) 0.101
RAPSN_CpG_2 Q4 (20.87) 39 21 1.00 (reference) -
Q3 (0.80-0.87) 47 37 1.47 (0.73-2.94) 0.279
Q2 (0.77-0.80) 28 25 1.76 (0.81-3.84) 0.152
Ql (<0.77) 34 22 1.25 (0.58-2.72) 0.569
RAPSN_CpG_3.4 Q4 (20.97) 58 36 1.00 (reference) -
Q3 (0.96-0.97) 24 21 1.48 (0.71-3.05) 0.294
Q2 (0.94-0.96) 42 25 1.00 (0.52-1.92) 0.997
Ql (<0.94) 24 23 1.57 (0.76-3.21) 0.220
RAPSN_CpG_5 Q4 (20.98) 39 30 1.00 (reference) -
Q3 (0.96-0.98) 51 27 0.64 (0.32-1.26) 0.194
Q2 (0.95-0.96) 22 13 0.77 (0.33-1.80) 0.552
QI (<0.95) 36 35 1.30 (0.66—2.55) 0.446
RAPSN_CpG_6 Q4 (20.96) 41 27 1.00 (reference) -
Q3 (0.89-0.96) 42 31 1.10 (0.56-2.17) 0.783
Q2 (0.84-0.89) 29 28 1.43 (0.70-2.93) 0.330
QI (<0.84) 36 19 0.80 (0.38-1.71) 0.571
RAPSN_CpG_7.14 Q4 (20.93) 48 30 1.00 (reference) -
Q3 (0.91-0.93) 40 30 1.20 (0.62-2.34) 0.585
Q2 (0.89-0.91) 42 18 0.65 (0.31-1.36) 0.251
QI (<0.89) 18 27 2.26 (1.05-4.84) 0.036
RAPSN_CpG_8 Q4 (20.99) 47 42 1.00 (reference) -
Q3 (0.97-0.99) 48 31 0.72 (0.38-1.35) 0.303
Q2 (0.96-0.97) 25 14 0.61 (0.28-1.35) 0.226
QI (<0.96) 28 18 0.73 (0.35-1.54) 0.414
RAPSN_CpG_9 Q4 (20.91) 48 31 1.00 (reference) -
Q3 (0.88-0.91) 35 30 1.36 (0.69-2.68) 0.368
Q2 (0.85-0.88) 36 23 0.97 (0.48-1.97) 0.938
QI (<0.85) 29 21 .11 (0.53-2.30) 0.785
RAPSN_CpG_10.11 Q4 (20.91) 40 26 1.00 (reference) -
Q3 (0.88-0.91) 44 33 1.25 (0.63-2.49) 0.521
Q2 (0.85-0.88) 33 28 1.37 (0.67-2.81) 0.387
QI (<0.85) 31 18 0.97 (0.44-2.14) 0.947
RAPSN_CpG_12 Q4 (20.94) 46 41 1.00 (reference) -
Q3 (0.92-0.94) 38 30 0.90 (0.47-1.72) 0.752
Q2 (0.90-0.92) 31 18 0.70 (0.34-1.44) 0.329
QI (<0.90) 33 16 0.54 (0.26-1.14) 0.105
Note: “logistic regression adjusted for age, gender and experimental batches; p< 0.05 was considered as significant difference.
Abbreviations: LC, lung cancer; N, number; OR, odd ratio; Cl, confidence interval.
high expression in males.>® This might indirectly explain the  pathological ~processes of tumor development and

reason that altered RAPSN methylation as a diagnostic bio-
marker for LC, especially in males. Many studies found that

aberrant glycosylation plays a fundamental role in

progression.*® Adenylate kinase 9 (AK9) is a member of

adenylate  kinases family,”’ and participates in

N-glycosylation. Lam et al reported that defective of AK9
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Table 6 RAPSN Methylation Differences Between LC Cases and Controls (Age255 Years Old)

CpG Sites Methylation Control (N) Case (N) OR (95% CI) p-value
RAPSN_CpG_1I.15 Q4 (20.97) 48 19 1.00 (reference) -

Q3 (0.95-0.97) 27 32 2.78 (1.30-5.95) 0.008

Q2 (0.92-0.95) 30 46 3.61 (1.74-7.52) 0.001

Ql (<0.92) 29 19 1.56 (0.70-3.45) 0.275
RAPSN_CpG_2 Q4 (20.93) 37 18 1.00 (reference) -

Q3 (0.84-0.93) 32 30 1.98 (0.92-4.26) 0.082

Q2 (0.76-0.84) 32 47 3.39 (1.56-7.37) 0.002

Ql (<0.76) 33 21 1.63 (0.70-3.79) 0.259
RAPSN_CpG_3.4 Q4 (20.98) 47 28 1.00 (reference) -

Q3 (0.96-0.98) 35 41 1.86 (0.96-3.61) 0.067

Q2 (0.94-0.96) 12 17 2.07 (0.85-5.07) 0.109

Ql (<0.94) 40 30 1.34 (0.68-2.67) 0.400
RAPSN_CpG_5 Q4 (20.99) 42 23 1.00 (reference) -

Q3 (0.97-0.99) 28 24 1.37 (0.64-2.93) 0.421

Q2 (0.94-0.97) 27 34 2.17 (1.05-4.51) 0.037

Ql (<0.94) 37 35 1.49 (0.74-3.02) 0.266
RAPSN_CpG_6 Q4 (20.95) 34 37 1.00 (reference) -

Q3 (0.89-0.95) 34 28 0.79 (0.39-1.58) 0.504

Q2 (0.83-0.89) 30 24 0.77 (0.38-1.59) 0.486

Ql (<0.83) 35 27 0.66 (0.33-1.33) 0.246
RAPSN_CpG_7.14 Q4 (20.94) 28 12 1.00 (reference) -

Q3 (0.91-0.94) 55 56 2.09 (0.95-4.58) 0.067

Q2 (0.88-0.91) 28 33 2.45 (1.03-5.81) 0.043

Ql (<0.88) 23 ) 1.4 (0.54-3.65) 0.491
RAPSN_CpG_8 Q4 (21.00) 40 14 1.00 (reference) -

Q3 (0.98-1.00) 44 52 3.02 (1.44-6.33) 0.003

Q2 (0.96-0.98) 27 29 2.78 (1.23-6.32) 0.014

Ql (<0.96) 23 21 2.68 (1.13-6.34) 0.025
RAPSN_CpG_9 Q4 (20.92) 36 29 1.00 (reference) -

Q3 (0.87-0.92) 43 47 1.21 (0.63-2.34) 0.564

Q2 (0.83-0.87) 18 22 1.33 (0.59-3.01) 0.488

Ql (<0.83) 37 18 0.60 (0.28-1.28) 0.188
RAPSN_CpG_10.11 Q4 (20.91) 41 31 1.00 (reference) -

Q3 (0.88-0.91) 29 23 1.0l (0.49-2.11) 0.970

Q2 (0.85-0.88) 37 33 1.17 (0.58-2.33) 0.661

Ql (<0.85) 27 29 1.41 (0.69-2.89) 0.342
RAPSN_CpG_12 Q4 (20.96) 38 20 1.00 (reference) -

Q3 (0.93-0.96) 32 44 233 (1.13-4.79) 0.022

Q2 (0.89-0.93) 34 29 1.44 (0.68-3.05) 0.336

Ql (<0.89) 30 23 1.34 (0.61-2.93) 0.460

Note: *logistic regression adjusted for age, gender and experimental batches; p<0.05 was considered as significant difference.

Abbreviations: LC, lung cancer; N, number; OR, odd ratio; Cl, confidence interval.

reduces N-glycosylation of AChR and rapsyn while
a defective RAPSN impairs the clustering of AChR.*®
Thus, we speculated RAPSN and the methylation of
RAPSN connected with LC through CDKS5 by cell cycle

and AK9 by N-glycosylation pathway. Still, the specify
molecular mechanism of RAPSN methylation and LC
might be a topic for further studies as well. The expression
of RAPSN could provide additional hint for the regulatory
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Table 7 RAPSN Methylation Levels in LC Patients with Different Clinical Characteristics

Clinical Group (N) Methylation Level
CpG [ CpG | CpG [ CpG | CpG | CpG | CpG | CpG | CpG CpG
_L15 | _2 34 | 5 _6 _7.14 | _8 _9 _lo.n | 12
Tumour Subtypes | adenocarcinoma in situ (47) 0.94 0.83 0.96 0.96 0.88 0.91 0.98 0.88 0.88 0.93
microinvasive adenocarcinoma (55) | 0.95 0.80 0.96 0.96 0.89 0.90 0.98 0.88 0.88 0.92
Invasive adenocarcinoma (119) 0.94 0.8l 096 | 096 | 090 | 09I 098 | 089 | 0.87 0.93
p-value 0.711 | 0431 | 0.389 | 0.720 | 0.218 | 0.075 | 0.081 | 0.929 | 0.309 0.572
Tumour Size T1 (192) 0.94 0.8l 096 | 096 | 090 | 09I 098 | 088 | 0.88 0.93
T2&T3 (29) 0.94 082 | 096 | 096 | 09I 0.91 098 | 090 | 0.87 0.94
p-value 0.153 | 0.708 | 0.407 | 0.670 | 0.703 | 0.34] | 0.700 | 0.402 | 0.604 0.852
Tumour Length <lem (95) 0.94 082 | 096 | 09 | 090 | 09I 098 | 0.88 | 0.88 0.93
>lem (126) 0.94 0.8l 096 | 096 | 090 | 09I 098 | 0.89 | 0.87 0.93
p-value 0.878 | 0.484 | 0.932 | 0.262 | 0.704 | 0.273 | 0.125 | 0.565 | 0.191 0.320
Lymph Node pNO (214) 0.94 0.8l 096 | 096 | 0.9 091 098 | 089 | 0.88 0.93
pNlandpN2 (7) 0.94 087 | 097 | 096 | 0.85 0.86 098 | 087 | 0.86 0.94
p-value 0.870 | 0.639 | 0.078 | 0.642 | 0.777 | 0.001 | 0.602 | 0.586 | 0.204 0.998
Tumour Stage Stage | (206) 0.94 0.8l 096 | 096 | 090 | 09I 098 | 0.88 | 0.88 0.93
Stage II&IIl (15) 0.94 086 | 096 | 095 | 090 | 0.90 098 | 089 | 0.87 0.94
p-value 0.273 | 0.483 | 0.592 | 0.728 | 0.925 | 0.138 | 0.699 | 0.988 | 0.478 0.905

Abbreviation: LC, lung cancer.

effect of DNA methylation. However, neither the fresh blood
samples nor the RNA samples is available in this study.
RAPSN is highly expressed in esophagus, heart, placenta
and prostate, but has low base-line expression in lung and
immune system.*® The hypomethylation of RAPSN may
upregulate the function of RAPSN and subsequently accel-
erate downstream pathways.

In the males, three of 10 CpG groups in RAPSN amplicon
were connected with LC, including CpG _1.15, CpG_3.4,
CpG_7.14. While in the females, only the methylation levels
of CpG_2 and CpG_5 were associated with LC. The different
patterns of LC associated blood-based RAPSN methylation
might be affected by sex differences and gender related life
styles. Tobacco smoking has been considered as one of the
major cause of LC.***! It has been reported that the methyla-
tion levels of certain genes are robustly connected with
smoking exposure.*** Studies also showed that alcohol
intake could induce epigenetic alterations, particularly in
the pattern of DNA methylation which might be connected
with alcohol-induced carcinogenesis.*® In China, the men
have much higher exposure to tobacco smoking and alcohol
than women, which may explain the reason that the males
showed higher burden of LC related altered DNA methyla-
tion. However, the information of the smoking habit is not

available in our hospital-based study, and hopefully could be
considered and collected in the future investigations.

As known, the risk of LC increases with age. In this
study, comparing the RAPSN methylation levels between
LC cases and controls in different age groups, there were
six CpG groups of significantly different (CpG 1.15,
CpG 2, CpG 5, CpG_7.14, CpG_ 8 and CpG_12) in
elder ages (age > 55 years old) and only one CpG group
(CpG_7.14) in people younger than 55 years old, which
suggested the hypomethylation of RAPSN may link to
higher cancer burden of older people. The mechanism of
RAPSN and aging warrants further studies.

IN recent years, DNA methylation patterns have been
linked with variant factors, such as diet and air pollutions.*’
Especially, deficient diets may cause DNA hypomethylation
and high-fat diet consumption may result in the changes of
DNA methylation.***® As global hypomethylation and gene
specific hypomethylation such as RAPSN hypomethylation
were frequently reported, nutrition deficient and high-fat diet
might be one of the reasons for higher cancer risk in elder
people due to the dysfunction of metabolisms.*’
Unfortunately, we are in lack of the information of diet and
exposure to polluted air, which would better be considered in
future studies.
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Figure 2 The power of the RAPSN methylation to distinguish LC cases from controls. (A) The discrimination of LC cases from controls by RAPSN methylation. (B) The
discrimination of stage | LC cases from controls by RAPSN methylation. (C~F) The methylation levels of all the measurable CpG sites in RAPSN distinguish LC cases from controls
in females, males, in < 55 years old group and in 2 55 years old group, respectively. Logistic regression analysis was applied adjusted for age, gender and experimental batches.

Conclusions

We previously reported the hypomethylation of RAPSN in
breast cancer in the Caucasian.’’ This study disclosed an
association between altered RAPSN methylation and very

early stage LC in Chinese population, especially in male

and older people. Here, we suggested that the different
cancer types may share the same blood-based DNA
methylation genes, but differ at the methylation levels
and specific sites due to the modification of cancer types,
This

or ethnic backgrounds, or different life styles.
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observation may simplify and speed up the development of

diagnostic markers for cancers.
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