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Abstract 

 

      Lung cancer is still the leading cause of cancer death with varied survival rate. 

Among the histological subtypes, adenocarcinoma is the most frequent. Lung 

adenocarcinoma has been known to show a stepwise progression from precancerous 

lesion, adenocarcinoma in situ (AIS), to invasive adenocarcinoma, and also closely 

correlated with gene aberrations. While many new treatments targeted specific genetic 

aberrations have been developed for advanced stage adenocarcinoma, patients treated 

with them eventually acquire resistance against them, failing to decrease mortality 

rate.  Although studies on early stage lung adenocarcinoma are still scarce, previous 

studies in our group have shown that overexpression of particular genes are correlated 

with progression of lung adenocarcinoma and most of them seems not to have genetic 

aberrations, which means that the abnormality of their expression might be 

epigenetically induced.  

      DNA methylation status has been reported to be correlated with the progression of 

adenocarcinoma. In previous study, our group has demonstrated that overexpression 

of Stratifin (SFN, 14-3-3 sigma) in invasive adenocarcinoma is triggered by DNA 

demethylation at SFN promoter region. Based on this finding, I determined to focus 

on DNA methylation.  

      My first study is about DNA Methyltransferase 3 alpha (DNMT3a), which is a 

key enzyme of the methylation pathway. I used IHC to demonstrate DNMT3a 

expression pattern in lung adenocarcinoma, and also Western blot to confirmed the 

specificity of the antibody used for IHC. Consequently, I found that low DNMT3a 

expression is associated with histologically invasive type and a poor prognosis.  
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      Based on the fact of DNMT3a dysfunction, I expected that there would be many 

oncogenes that turn to demethylated status and facilitate tumor progression besides 

SFN. Thus the aim of my second study is to find another differentially methylated 

genes that have the same tendency as SFN, which is correlated with early stage 

adenocarcinogenesis.  

     For that purpose, 3 samples of invasive adenocarcinoma, 3 samples of AIS, and 2 

samples of normal lung tissue were subjected to Infinium methylation array to screen 

extensive DNA methylation profiles across the whole genome. From the results, I 

found that 583 CpG sites showed more than 10% higher methylation rate in invasive 

adenocarcinoma compared to AIS and normal lung. On the other hands, only 23 CpG 

sites including SFN locus showed more than 10% lower methylation rate in invasive 

adenocarcinoma relative to AIS and normal lung. Among the later, we finally selected 

6 CpG sites located in SFN, GORASP2, CD1D, ZYG11A, LOC10099657, and 

Mir656 and validated the result using 21 cases of lung adenocarcinoma by 

pyrosequencing. As a result, SFN, GORASP2, and ZYG11A showed stepwise 

demethylation tendency from normal lung, AIS to invasive adenocarcinoma as I 

expected. Moreover, its methylation rate is conversely correlated with the protein 

expression, suggesting that hypomethylation at those sites might lead to their 

overexpression. I next performed immunohistochemistry of GORASP2 and ZYG11A 

to clarify their clinicopathological implication for lung adenocarcinoma. I 

demonstrated that GORASP2 and ZYG11A show high expression in lung 

adenocarcinoma and were associated with histologically invasive subtype, and a poor 

prognosis. I also found that GORASP2 and ZYG11A are independent prognostic 

factors for lung adenocarcinoma.  
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      In this study, I made the status of methylation alteration in lung adenocarcinoma 

clear. DNMT3a expression decreased in invasive adenocarcinoma and methylated 

genes have been widely changed in the course of malignant progression. Even though 

the number of hypomethylated genes in invasive adenocarcinoma was limited 

compared to those of hypermethylated genes, I found overexpression of GORASP2 

and ZYG11A induced by DNA demethylation other than SFN. The epigenetic 

changes of the two genes may have an important function in the progression of lung 

adenocarcinoma. GORASP2 and ZYG11A might be clinically applicable as an 

indicator of prognosis and potential novel target molecule for drug development. 

 

 

 

 

 

 

 

 

 

 

 

 

 

	

  



	 11	

Chapter 1: Introduction 

 

1.1 Prologue to lung adenocarcinoma 

 

    Lung cancer is not only the leading cause of cancer death in man but also the 

second cause of cancer death in woman worldwide. Age, sex, ethnicity, 

socioeconomic status, and smoking patterns make variations in lung cancer rates and 

trends. Globally, although the rates are plateauing or decreasing in the high-income 

country, it still increasing in the low-income countries and more than 50% of lung 

cancer deaths each year come from these countries [1, 2]. Thus, lung cancer will still 

be a major problem in the first half of this century with 5-years survival rate varied 

between 2-30% due to country differences [3]. 

    Among the histological subtypes, adenocarcinoma is the most frequent and its 

incidence is still increasing [4-6] (Fig.1). The 5-year survival rate even from lung 

adenocarcinoma stage IA is 68.6%, which is still unsatisfactory [7]. However, 

Noguchi et al. have shown that very early stage of lung adenocarcinoma (type A and 

B of Noguchi classification) has a very favorable prognosis with a 5-years survival 

rate of 100% [8, 9]. In 2011, Travis et al. introduced a new concept of early stage 

lung adenocarcinoma into adenocarcinoma in situ (AIS) and minimally invasive 

adenocarcinoma (MIA) [10], which is closely related to Noguchi classification. This 

concept was accepted in the latest edition WHO classification of lung tumors [11]. 

Lung adenocarcinogenesis shows a multi step progression starting from pre-cancerous 

lesion adenomatous atypical hyperplasia (AAH) to AIS, MIA, and finally invasive 

lung adenocarcinoma, which has a poorer survival rate [12]. 
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1.2 Genetic aberrations of lung adenocarcinoma and its recent treatment 

     

    Based on the comprehensive molecular study, lung adenocarcinoma has been 

known for its various genetic aberrations. While the frequency of gene aberrations 

shown difference among populations, they occur in a mutually exclusive manner. 

Well-known driver oncogene aberrations include EGFR, KRAS, BRAF, and HER2 

driver mutations, ALK, RET, ROS1 fusion, and skipping of exon 14 of MET genes 

[13, 14] (Fig.2). Stepwise progression of lung adenocarcinoma is also closely 

associated with genetic alteration. Progression from AAH to AIS involves EGFR or 

KRAS mutation with p16 inactivation. Furthermore, p53 mutation and allelic 

imbalances of various chromosomes lead progression from AIS to invasive 

adenocarcinoma [15] (Fig.3). 

    Adding to current treatments for lung adenocarcinoma other than conventional 

surgery, chemotherapy, and radiotherapy, recent treatment such as targeted therapy 

and immunotherapy have been researched and reported extensively. EGFR targeted 

drugs such as erlotinib and gefitinib, EML4-ALK and other ALK fusion targeted drug 

such as crizotinib, anti-PD-1 agent such as nivolumab, anti-PD-L1 agent such as MK-

3475, and an anti-CTLA-4 agent such as ipilimumab have been investigated [16, 17].  

   Even though many targeted drugs have already been approved and show efficacy on 

patients with specific genetic aberrations, most of the drug developed resistance 

especially in the advanced stage lung adenocarcinoma and have failed to decrease 

mortality rate [18-20]. I speculated that this is because advanced stage of such tumors 

harbors numerous genetic abnormalities, namely high tumor mutation burden. On the 

other hand, the number of genetic abbreviation in early stage lung adenocarcinoma is 

limited, and epigenetic alteration is appeared to be predominant rather than genetic 
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ones in this stage [21]. However, even though there are so many studies about 

advanced stage lung adenocarcinoma, study about early stage lung adenocarcinoma is 

still scarce. Thus, discovering epigenetic and genetic aberrations in the early stage 

lung adenocarcinoma such as AIS will be useful for early diagnosis and targeted 

therapy. 

    In previous studies of our group, we have shown several genes that show 

overexpression in early invasive lung adenocarcinoma such as Stratifin (SFN) [22], 

Immunoglobulin binding protein 1 (IGBP1) [23], Ovarian carcinoma immunoreactive 

antigen domain 2 (OCIAD2) [24], and Dimethylarginine dimethylaminohydrolase 2 

(DDAH2) [25]. We expect that overexpression of all aforementioned genes are not 

associated with genome alteration and thought to be associated with epigenetic 

abnormality. 
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1.3 Epigenetic studies in lung adenocarcinoma 

 

     By recent advancement of technologies, it is now well known that cancer cells not 

only harbor genomic abnormalities but also epigenetic alterations [26]. Epigenetics 

define as a study about changes in the function of a gene that are heritable without a 

change in the sequence of DNA [27]. In the present time, the most studied epigenetic 

abnormalities are histone protein structure alteration, gene regulation by microRNA, 

and DNA methylation [21]. 

    Acetylation and deacetylation, which is mediated by histone acetlytransferase 

(HAT) and histone deacetylase (HDAC) respectively has been well-studied 

mechanism of epigenetic alteration. Hyperacetylation has been associated with 

transcriptionally active gene and can activate proto-oncogenes, while on the other 

hand hypoacetylation correlate with decrease transcriptional action and might leading 

to silencing of tumor suppressor genes [21, 28]. In the recent study, one of the major 

families of HAT called GCN5 via interaction with transcription factor E2F1 can 

promote non-small cell lung cancer growth [29]. 

    Another epigenetic alteration is raised by miRNAs. Generally, miRNAs are 

involved in regulating apoptosis, differentiation, the progression of cell cycle, and 

other important processes in the cell, and alteration of them via epigenetic pathways 

are shown in numerous cancers [30]. In the recent study, up-regulation of mIR-9 by 

TGF‐β1 contributes to TGF‐β1‐induced non-small cell lung cancer cell adhesion and 

invasion [31]. Our group first showed that overexpression of IGBP1 in invasive 

adenocarcinoma is due to down-regulation of miR3941 and has anti-apoptotic 

function [23]. 
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    Abnormal DNA methylation is also important part of epigenetic changes and it has 

been reported to be correlated with the progression of adenocarcinoma [32, 33]. 

Hypermethylation can silence tumor suppressor genes function and result in the 

progression of the tumor [34]. On the other hand, global hypomethylation of genomic 

DNA can lead to genetic alteration [35] and also another phenomenon such as 

overexpression of proto-oncogenes and growth factors [36], resulting in 

tumorigenesis. Our group has shown that overexpression of SFN is correlated with 

DNA methylation status. Although the promoter region of SFN is totally methylated 

in normal lung and AIS by demethylation of the promoter region, most invasive 

adenocarcinomas show its overexpression [37]. 

    Based on the SFN finding and the importance of epigenetic alteration study in lung 

adenocarcinoma, I determined to focus on abnormality of DNA methylation in early 

stage lung adenocarcinomas. 
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Chapter 2: DNMT3a expression pattern and its prognostic value in lung 

adenocarcinoma 

 

2.1 Introduction 

 

One of the important components correlated with the methylation pathway is the 

DNA methyltransferases (DNMTs), which transfer a methyl group to the C-5 position 

on the cytosine ring of DNA [38]. DNMT1, 3a, and 3b have catalytic activity in the 

context of methylation status. DNMT1 acts mainly as maintenance methyltransferase, 

while DNMT3a and 3b play roles in de novo methylation [39].  

Studies of DNMT expression and its clinicopathological correlations have been 

conducted on various human cancers, including ovarian cancer, retinoblastoma, and 

gastroenteropancreatic neuroendocrine tumors. It has been reported that DNMT3b 

cooperates with HDAC in controlling the progression of ovarian cancer, while 

overexpression of DNMT1, 3a, and 3b correlates with tumorigenesis in 

retinoblastoma and gastroenteropancreatic neuroendocrine tumors [40-42]. Although 

DNMT1 and 3b have been reported to play a specific role in tumorigenesis by 

silencing tumor suppressors [43-46], the role of DNMT3a in cancer pathophysiology 

has remained unclear. While it has been reported that DNMT3a expression is 

significantly associated with the prognosis of gastric and hepatocellular carcinomas 

[47, 48], its correlation with the histological features or prognosis of lung 

adenocarcinoma has not yet been clarified. 

 The purpose of the present study was to evaluate the expression pattern of 

DNMT3a in lung adenocarcinoma and examine its implication for lung 

adenocarcinogenesis and malignant progression. 
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2.2 Materials and methods 

 

2.2.1 Patients and sample selection 

 

One hundred thirty five lung adenocarcinomas surgically resected at University of 

Tsukuba Hospital (Ibaraki, Japan) between 2002 and 2012 were selected and 

examined for this study. The patients comprised 71 males and 65 females ranging in 

age from 34 to 85 years with mean age of 67.04 years. Follow-up information 

obtained from medical records was available for all of the selected patients. Informed 

consent for this study had been obtained from all of the patients. Formalin-fixed and 

paraffin-embedded samples were used for immunohistochemistry (IHC). 

 

2.2.2 Cell lines and culture conditions 

 

The cell lines HepG2 and A549 were purchased from RIKEN BRC (Ibaraki, 

Japan). PL16T cells were established in our laboratory from human lung atypical 

adenomatous hyperplasia (AAH) [49]. HepG2 was maintained in RPMI 1640 (Life 

Technologies, Carlsbad, CA) supplemented with 5% fetal bovine serum (FBS) 

(Corning Inc., Corning, NY), and A549 was maintained in D-MEM/F12 (Life 

Technologies) supplemented with 10% FBS. PL16T was maintained in 

MCDB153HAA (Wako, Osaka, Japan) supplemented with 2% FBS. All cells were 

cultured in a 5% CO2 incubator at 37°C. All were used for Western blotting. 

 

2.2.3 Immunohistochemistry (IHC) 
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For IHC, we used 4-micrometer-thick sections cut from formalin-fixed and 

paraffin-embedded blocks. The sections were deparaffinized and rehydrated. For 

antigen retrieval, I autoclaved the sections in 10 mmol/L Tris-EDTA buffer (pH 9.0) 

at 121°C for 10 min. Further steps were performed on an automated stainer, 

Histostainer 48a (Nichirei Biosciences, Tokyo, Japan). Endogenous peroxidase was 

blocked with 3% hydrogen peroxide. The slides were incubated in a 1:100 dilution of 

rabbit polyclonal DNMT3a antibody (ABGENT, San Diego, CA) at RT for 1 hour, 

and subsequently incubated in the secondary antibody at RT for 1 hour. The signal 

was detected using DAB (Dako REAL Envision Detection System; Dako, Glostrup, 

Denmark). Hematoxylin was used for counterstaining. 

I evaluated all cases without prior knowledge of the clinicopathological data. One 

thousands tumor cells were evaluated for the most intense nuclear staining (“hot 

spot”) in accordance with previous report [50] with minor modification. Surrounding 

non-neoplastic bronchial epithelium served as an internal negative control. DNMT3a 

IHC score was determined by counting the number of stained nuclei. The ROC curve 

was drawn to determine the best cut-off point of the score. (Fig.4) Since the aim of 

the study is to clarify the correlation between DNMT3a expression and the prognosis 

of the patient, I used DNMT3a expression and the outcome of the patient as variables 

to draw ROC curve. After drawing the curve we draw diagonal line from bottom right 

into top left corner and the cut off point is the coordinates where the diagonal line 

cross over the curve. Here, the coordinate falls in 57.5 (0.622 sensitivity and 0.351 (1-

specificity)), thus it was adopted as the cut off point in this study. Counts below 57.5 

were judged as weak expression, and those above 57.5 as strong expression. 

 

2.2.4 Transfection using siRNA  
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A549 cells were seeded at a density of 6.0 x 106/mL and incubated overnight in 

antibiotics-free D-MEM supplemented with 10% FBS. On the next day, the cells were 

washed with phosphate-buffered saline (PBS), and then OPTI- MEM reduced serum 

medium (Life Technologies) was added to the cells. Three sets of DNMT3a-specific 

siRNA (Life Technologies) (Table 1) and a nucleic acid transferring agent, 

lipofectamine RNAiMAX (Life Technologies), were incubated together in OPTI-

MEM reduced serum medium for 20 min at room temperature to form an siRNA-

lipofectamine complex. The medium containing the siRNA-lipofectamine complex 

was added to the cells to give a final siRNA concentration of 20 nM. The cells were 

incubated at 37oC in a CO2 incubator for 48h, and then western blotting was carried 

out with Stealth RNAi Negative Control Medium GC Duplex #2 (Life Technologies) 

was used as a negative control. 

 

2.2.5 Western blotting 

 

Total cell lysates were prepared on ice with M-PER (Life Technologies) 

containing protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO) and 

phosphatase inhibitor cocktail (Sigma-Aldrich). The lysates were centrifuged for 10 

min at 4°C, and the insoluble fractions were discarded. The total protein in the soluble 

lysates was measured using a BCA protein assay kit (Life Technologies). Twenty 

micrograms of protein was mixed with sample buffer and denatured at 95°C for 5 

min, followed by electrophoresis on a 7.5% Tris-HCl gel (Bio-Rad, Hercules, CA). 

An iBlot gel transfer system (Life technologies) was used to transfer the protein. 

Rabbit polyclonal DNMT3a antibody (1:4000, ABGENT) and mouse monoclonal 
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anti-beta actin antibody (1:5000, Sigma-Aldrich) were used as primary antibodies. To 

visualize the protein bands, Super Signal West Femto Maximum Sensitivity Substrate 

(Life Technologies) and care stream Kodak Biomax Light Film (Sigma-Aldrich) were 

used.  

 

2.2.6 Statistical analysis 

 

For all statistical analyses, SPSS 22 (SPSS, Chicago, IL) was used. For 

determining the cut-off point for IHC scoring, the ROC curve method was used. 

Correlation of clinicopathological features with DNMT3a expression was analyzed by 

chi-squared test. The Kaplan-Meier method was used for calculation of survival 

curves, and log-rank test was performed for comparisons. Multivariate analysis was 

done using the Cox proportional hazards model. Differences were considered 

statistically significant at p ≤0.05. 
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2.3 Results 

 

2.3.1 Western blotting of DNMT3a 

 

In accordance with a previous report [51], I confirmed a single band of DNMT3a 

in HepG2 used as a positive control. Also, I detected specific bands of DNMT3a in 

the lung adenocarcinoma cell line A549 and the AAH cell line PL16T (Fig.5a). To 

further analyze the specificity of the antibody, I carried out transfection using specific 

siRNA for DNMT3a (siDNMT3a). As a result, all siDNMT3a shown suppression on 

the protein expression thus demonstrating the specificity of the anti-DNMT3a 

antibody used for IHC (Fig.5b).  

 

2.3.2 Immunohistochemistry for DNMT3a 

 

In lung adenocarcinoma, DNMT3a was stained not only in the nucleus of tumor 

cells but also in both the cytoplasm and nucleus (Fig. 6). In most cases, stronger 

positive staining was observed in nuclei. Since DNMT3a mainly functions in the 

nucleus, I adopted nuclear immunoreactivity for evaluation. Surrounding non-

neoplastic bronchial epithelium was used as an internal negative control. Among the 

135 samples, weak staining was found in 56 and strong staining in 79 (Table 2, Fig. 

7).   

 

2.3.3 Expression pattern of DNMT3a in lung adenocarcinoma 
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Among invasive lung adenocarcinomas, strong expression of DNMT3a was 

detected in 41/53 (77%) lepidic, 8/20 (40%) papillary, 13/31 (42%) acinar, and 2/15 

(13%) solid adenocarcinomas. Among non-invasive lung adenocarcinomas, strong 

expression was detected in 13/14 (92.9%) AIS and 2/2 (100%) MIA (Table 2, Fig. 7). 

I also assessed the correlation between DNMT3a expression and 

clinicopathological features of the patients using the chi-squared method. Although 

DNMT3a expression showed no significant correlation with age, sex, or lymphatic 

permeation it was significantly correlated with the pathological stage, lymph node 

status, pleural invasion, vascular invasion, and pathological subtype of lung 

adenocarcinoma (Table 2). DNMT3a showed significantly higher expression in 

lepidic adenocarcinomas (41/53 cases, 77%) than in other adenocarcinomas (39/83 

cases, 47%). 

 

2.3.4 Correlation of DNMT3a expression with postoperative overall survival 

 

The Kaplan-Meier curves indicated that the patients in the strong expression group 

had a significantly more favorable outcome than those in the weak expression group 

(Fig. 8, p<0.001).  

 

2.3.5 Multivariate analysis using the Cox proportional hazards model 

 

After adjustment for gender, age, pathological stage, pleural invasion, vascular 

invasion, lymphatic permeation, and DNMT3a expression, patients with strong 

expression of DNMT3a showed a significantly lower risk of lung cancer-related death 

than those with weak expression (HR: 0.72, 95%CI: 0.529-0.974, P: 0.033). 
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Multivariate analysis also indicated that lymphatic permeation, pleural invasion, and 

DNMT3a expression were independent prognostic factors indicative of poor survival 

in patients with lung adenocarcinoma (Table 3). 
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2.4 Discussions    

Alteration of the methylation state is involved in tumor initiation and progression. 

DNMT3a is one of the molecules best known to play a crucial role in the regulation of 

methylation status. It has been suggested that DNMT3a expression in tumor cells is 

associated with the prognosis of some cancers including gastric and hepatocellular 

carcinoma [47, 48]. Here, I found that nearly all non-invasive lung adenocarcinomas 

showed significantly strong expression of DNMT3a. Also, among invasive lung 

adenocarcinomas, the lepidic subtype showed significantly higher DNMT3a 

expression than other histological subtypes. Moreover, I identified a significant 

correlation between DNMT3a expression and prognosis. Patients who showed strong 

DNMT3a expression had a significantly better outcome. These findings reflected the 

reports that non-invasive lung adenocarcinoma and the lepidic subtype have a 

relatively more favorable prognosis than the other subtypes [52, 53]. Thus it is 

suggested that low DNMT3a expression in lung adenocarcinoma might be associated 

with poor prognosis. 

In the present study, I only evaluated the nuclear immunoreactivity of DNMT3a on 

the basis of previous reports [44, 47]. However, the cytoplasm in tumor cells also 

showed DNMT3a expression. Since the function of DNMT3a in the cytoplasm is 

unclear, further analysis is required to clarify the relationship of cytoplasmic 

expression with DNMT3a function. 

Alteration of tumor DNA methylation status involves two phenomena: 

hypermethylation and hypomethylation of DNA [33, 54]. In many tumor tissues, 

widespread global hypomethylation and locus-specific or regional hypermethylation, 

particularly in tumor suppressor genes, have been simultaneously observed. It is 

generally said that reduced methylation at repetitive elements, such as short 
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interspersed elements (SINEs) and long interspersed elements (LINEs), which 

collectively constitute about 33% of the human genome [55], significantly contributes 

to global hypomethylation in cancer cells. In addition to global hypomethylation, 

gene-specific hypomethylation has also been reported for several loci, including 

MAGEA, TKTL1, BORIS, DDR1, TMSB10, and stratifin (SFN) in lung 

adenocarcinoma [37, 56-62]. This hypomethylation of certain genes leads to a change 

in gene expression and alteration of cell proliferation, angiogenesis, and cell adhesion, 

thus promoting tumor progression [37, 63]. Although further analysis is required to 

clarify the mechanism in detail, DNMT3a is thought to be involved in this pathway. 

My data suggest that low expression of DNMT3a in tumor tissue might lead to 

demethylation of oncogenes and subsequent cancer progression, resulting in poor 

prognosis. Although previous reports indicating that DNMT3a expression is an 

indicator of poor prognosis in gastric cancer have cast doubt on this possibility [47], 

Gao et al. have demonstrated that deletion of DNMT3a promotes lung tumor 

progression in a mouse model [63]. Their data suggested that DNMT3a might act as a 

tumor suppressor gene, and that suppression of DNMT3a expression might lead to 

progression of lung adenocarcinoma, in accordance with my data. Furthermore, 

although DNMT3a mutation is frequently detected in hematological tumors, 

comprehensive profiling of lung adenocarcinoma has shown that it has no DNMT3a 

mutation [64]. The loss of DNMT3a expression demonstrated in the present study is 

considered not to be associated with somatic mutation. Further study will be required 

in order to clarify the molecular mechanism underlying the functions of DNMT3a in 

tumors. 

In conclusion, my results indicate that DNMT3a expression in lung 

adenocarcinoma is associated with the histologically non-invasive type and lepidic 
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subtype, and a favorable prognosis. I also showed that DNMT3a expression is an 

independent prognostic marker in lung adenocarcinoma. Since lack of DNMT3a is 

thought to facilitate tumor progression, DNMT3a might be clinically applicable as an 

indicator of favorable prognosis. 
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Chapter 3: Identification of differentially methylated genes in lung 

adenocarcinoma 

 

3.1 Introduction 

 

     Research on DNA methylation in human cancer has several clinical importance. It 

can provide biomarkers to aid conventional diagnosis or prognostic indicators that can 

predict patient’s outcome or efficacy of the anti-cancer therapy, and also we might 

find a new target molecule for drugs development[65-67]. 

    Based on the result of DNMT3a study, we conclude that DNMT3a is correlated 

with progression of lung adenocarcinoma [68]. Because of DNMT3a dysfunction, I 

expected that there would be many oncogenes that turn to demethylated status and 

thus overexpressed, leading to tumor progression. In support of this idea, previous 

study of our group has indicated that overexpression of SFN in invasive 

adenocarcinoma was induced by DNA demethylation.  

    To fully understand the role of DNA methylation, we need a development of tools 

that can acquire extensive DNA methylation profiles simultaneously across the whole 

genome and it must be interchangeable and easy to collect and interpret the results. 

The gold standard for DNA methylation analysis is whole-genome bisulfite 

sequencing (WGBS) [69]. WGBS use sodium bisulfite to convert unmethylated 

cytosine to uracil while the methylated cytosine will be as it is and the procedures 

then follow with whole-genome sequencing [70]. Even though WGBS has been 

successfully implemented, the expensive cost and the requirement of highly skilled 

expertise to generating, processing, collecting, and interpreting WGBS data, make it 

difficult and not feasible enough for DNA methylation studies in general. 
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    Recently, the Illumina Infinium BeadChips have provided a more accessible 

method for the exhaustive methylation analysis. The concept is similar to WGBS 

using bisulfite conversion, but the single base resolution genotyping of targeted CpG 

sites is using probes on a microarray. The advantages of the Infinium method are their 

good cost performance, and not only relatively easy to use but also show a similar 

result from other methods [71]. The newest bead chip from Illumina is called 

Infinium MethylationEPIC Bead Chip microarray that covers >850.000 CpG sites 

which include >90% of the old Infinium Human Methylation450 Bead Chip and adds 

333.265 CpGs located in enhancer regions identified by the ENCODE [72] and 

FANTOM5 [73] projects. The results from EPIC bead chip have already been proven 

to be reliable, has significant improvement high coverage compared to the old 450 

bead chip, but still maintaining the good cost performance and the easy to analyze 

data which is the advantage of Infinium methylation array compare to the other DNA 

methylation analysis methods [74, 75]. 

	  The purpose of the present study was to find another differentially methylated 

genes that have the same tendency as SFN, which correlated with early stage lung 

adenocarcinogenesis. 
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3.2 Materials and Methods 

 

3.2.1 Sample selection 

      

    For the Infinium methylation array, totally 8 patients’ samples were collected from 

University of Tsukuba Hospital (Ibaraki, Japan) in 2017. Three of them were AIS, 

another three were invasive adenocarcinoma, and the rest were normal lung samples 

collected from surgically resected pulmonary bulla. All six lung adenocarcinoma 

samples were collected by scratching directly from the cut surface of freshly resected 

tumor. I checked the samples’ papanicolaou smear slide under microscope and 

confirmed major component of the samples used were tumor cells. Genomic DNA 

was extracted from all the samples using DNeasy Blood and Tissue kit (QIAGEN, 

Hilden, Germany).  

    For pyrosequencing, 21 patients samples were selected from surgically resected 

specimens at University of Tsukuba Hospital between 2015 and 2017. Ten of the 

samples were AIS and the rest were invasive adenocarcinoma. I collected the tumor 

cells from cryosection (10µm thick) using laser microdissection system, LMD-6000 

(Leica, Wetzlar, Germany).  

 
    For Immunohistochemistry (IHC), we selected 14 samples from the 

pyrosequencing samples that have the formalin-fixed and paraffin-embedded (FFPE) 

block. For clinicopathological analysis, we also add another 184 samples of lung 

adenocarcinoma surgically resected at University of Tsukuba Hospital between 1999 

and 2007 and tissue microarray (TMA) blocks were constructed using those samples. 

   Informed consent for this study had been obtained from all of the patients. 
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3.2.2 Infinium Methylation Array 

 

     Infinium methylation array analyses were performed using extracted genomic 

DNA using Infinium MethylationEPIC Bead Chip micro array (Illumina, San Diego, 

CA). Genomic DNA (1 µg) was treated with sodium bisulfite using a Zymo EZ DNA 

methylation kit (Zymo Research, Irvine, CA) and the bisulfite-modified DNA was 

amplified prior to hybridization array. The array was scanned with an iScan System 

(Illumina). 

    To process the raw data obtained from Infinium methylation array, I used 

Methylation Array Computing Navigation (MACON) web tool. MACON then 

process the probe filtering, beta mixture quantile (BMIQ) normalization, genomic 

block analysis, annotation, and finally produced a data subset for further analysis [76]. 

 

3.2.3 Pyrosequencing 

 

    Bisulfite conversions were done prior to pyrosequencing by using Epitect Bisulfite 

Kit (QIAGEN).  

     Primers used for PCR and pyrosequencing were designed using QIAGEN 

software, PyroMark Assay Design 2.0 (QIAGEN). The sequencing process used CpG 

assay and performed using PyroMarkQ24 (QIAGEN) with suitable reagents from 

QIAGEN. 

     Pyrosequencing primers 

SFN-Sequence primer   AGGTGTTAGTGTAGG 

SFN-Forward primer    TAGTTTGGAGTTTGGAAAGGTGTTAGTGTA 
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SFN-Reverse primer   CTACCTCCCTCTCCTCTCT-Biotin 

GORASP2-Sequence primer  TTTGGGTTAGAATATTTTATGG 

GORASP2-Forward primer  GAGGTAAGTTAATTATTTTGGGTTAGAA 

GORASP2-Reverse primer  TCCCTCTAAAACCCCTAATTACT-Biotin 

ZYG11A-Sequence primer  TGGTAGATATTTGTTAATATTTTGT 

ZYG11A-Forward primer  GGGTTTTTTTTTTGGAGTAGGTTAT 

ZYG11A-Reverse primer  ATTTCAAAAACTTTACCCCTAAAAATC-Biotin 

LOC10099657-Sequence primer GGTGTGGAGTTAATATTTATTT 

LOC10099657-Forward primer AGTGGTTAGGTGTGGAGTTAATAT 

LOC10099657-Reverse primer AAACACAACACCAACCATTTTATCA-Biotin 

CD1D-Sequence primer  AGGTAGATATTAGGGTTAGA 

CD1D-Forward primer  GGGGTGTGAGGTGATGTT 

CD1D-Reverse primer  CCCTCTCCCTCACTCTTTTTATC-Biotin 

 

3.2.4 Immunohistochemistry 

 

     For IHC, we used 4-micrometer-thick sections cut from FFPE blocks and FFPE 

TMA blocks. The sections were deparaffinized and rehydrated. For antigen retrieval, 
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we autoclaved the sections in 10 mmol/L Citrate buffer (pH 6.0) at 105°C for 15 min. 

Further steps were performed on an automated stainer, Histostainer 48a (Nichirei 

Biosciences, Tokyo, Japan). Endogenous peroxidase was blocked with 3% hydrogen 

peroxide. The slides were incubated in a 1:100 dilution of rabbit polyclonal 

GORASP2 antibody (Atlas Antibodies, Bromma, Sweden), in a 1:50 dilution of rabbit 

polyclonal ZYG11A antibody (Atlas Antibodies), and in a 1:800 dilution of mouse 

monoclonal SFN antibody (Sigma-Aldrich, St. Louis, MO) at RT for 1 hour, and 

subsequently incubated in the secondary antibody at RT for 1 hour. The signal was 

detected using DAB (Dako REAL Envision Detection System; Dako, Glostrup, 

Denmark). Hematoxylin was used for counterstaining. I evaluated all cases without 

prior knowledge of the clinicopathological data.  

      The evaluation of the GORASP2, ZYG11A, and SFN staining was according 

to cytoplasmic staining. The results were evaluated by the H-score system [77]. For 

survival analysis, the ROC curve was drawn to determine the best cut-off point of the 

score. (Fig.9, 10) Since the aim of the study is to clarify the correlation between 

GORASP2 and ZYG11A expression with the prognosis of the patient, I used 

GORASP2 and ZYG11A expression and the outcome of the patient as variables to 

draw ROC curve. After drawing the curve we draw diagonal line from bottom right 

into top left corner and the cut off point is the coordinates where the diagonal line 

cross over the curve. Here, for the GORASP2 the coordinate falls in 185 (0.746 

sensitivity and 0.287 (1-specificity)), and for ZYG11A the coordinate falls in 135 

(0.762 sensitivity and 0.241 (1-specificity)) thus it was adopted as the cut off point in 

this study. Counts below the cut off point were judged as weak expression, and those 

above as strong expression. 
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3.2.5 Statistical Analysis 

 

    For all statistical analyses, SPSS 22 (SPSS, Chicago, IL) and CLC Genomics 

Work Bench ver.11 (QIAGEN, Hilden, Germany) were used. For determining the cut-

off point for IHC scoring, the ROC curve method was used. Correlation of 

clinicopathological features with GORASP2 and ZYG11A expression was analyzed 

by chi-squared test. The Kaplan-Meier method was used for calculation of survival 

curves, and log-rank test was performed for comparisons. Multivariate analysis was 

done using the Cox proportional hazards model. Differences were considered 

statistically significant at p ≤0.05. 
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3.3 Result 

 

3.3.1 Infinium methylation array and candidate genes selection 

 

     Methylation array using Infinium MethylationEPIC Bead Chip micro array 

(Illumina) analyzed more than 850.000 CpG sites and to cover 99% of the Refseq 

genes [78]. For further processing we used MACON web tool. We determined the 

methylation rate in terms of β value [79]. 

     It has long been known that DNA methylation at CpG island in gene promoter 

region regulates expression of downstream gene. Thus, to narrow down and select the 

gene candidates we made several conditions for hypomethylated gene screening: the 

CpG sites located between transcription-starting site (TSS) and 2kb upstream from 

TSS; more than 10% methylation difference between AIS and invasive 

adenocarcinoma [80]; highest methylation rate in normal lung and stepwisely 

decreased to AIS and then invasive adenocarcinoma. Opposite conditions were used 

for hypermethylated gene screening. From the given conditions we selected 23 CpG 

sites as hypomethylated genes and 583 CpG sites as hypermethylated genes, which 

were differentially methylated region (DMR) between AIS and invasive 

adenocarcinoma. (Fig.11) Although the number of hypomethylated genes were 

relatively limited compared to those of hypermethylated genes, we considered that the 

genes showing hyper expression by DNA demethylation might be included in 

important oncogenes and focused on 23 CpG sites which showed hypomethylation. 

     For further selection, we performed statistical analysis between AIS vs. invasive 

adenocarcinoma and selected 3 CpG sites, ZYG-11 family member A (ZYG11A), 
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LOC10099657, and Mir656 (p<0.05) as genes, which show significantly, lower 

methylation rate in invasive adenocarcinoma compared to AIS. However, because I 

planned to validate the results using IHC, I supposed that microRNAs are not an 

appropriate candidate to investigate, and thus excluded Mir656 from my candidates. 

On the other hand, we previously conducted cDNA microarray analysis and obtained 

expression profiles of AIS and invasive adenocarcinoma. Here, I compared 

methylation profiles with RNA expression profiles to identify genes whose RNA 

expression is higher in invasive adenocarcinoma than AIS [81]. Consequently, 3 CpG 

sites, SFN, Golgi reassembly-stacking protein 2 (GORASP2), and Cluster of 

differentiation 1 (CD1D) were selected. (Table 4) 

 

3.3.2 Pyrosequencing  

 

      I implemented pyrosequencing to validate the genes we selected based on the 

methylation array results [82]. I calculated the mean methylation rate from the entire 

5 genes candidate. While I found difference in methylation rate between AIS and 

invasive adenocarcinoma (Normal>AIS>Invasive) on SFN, GORASP2, and 

ZYG11A, no difference can be seen on CD1D and LOC10099657 (Fig.12). 

 

3.3.3 Association of methylation rate with protein expression 

 

     I carried out IHC to validate and find correlation between methylation status and 
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protein expression for ZYG11A, GORASP2, and SFN [83]. H-score was calculated 

and then compared with the methylation status percentage obtained from 

pyrosequencing.  

     GORASP2 showed statistically significant negative linear relationship between H-

score and the methylation rate (r: -0.878, p<0.001). Mean H-score also showed the 

lowest in normal lung, followed by AIS then invasive adenocarcinoma (61<162<208) 

(Fig.13, 14). 

     ZYG11A also showed statistically significant negative linear relationship between 

H-score and the methylation rate (r: -0.623, p<0.001). Mean H-score also showed the 

lowest in normal lung, followed by AIS then invasive adenocarcinoma (33<94<131) 

(Fig.15, 16). 

     SFN also showed statistically significant negative linear relationship between H-

score and the methylation rate (r: -0.642, p<0.001). Mean H-score also showed the 

lowest in normal lung, followed by AIS then invasive adenocarcinoma (10<154<184) 

(Fig.17, 18).  

    Those results suggest that protein expression of GORASP2, ZYG11A, and SFN are 

regulated by DNA methylation. 

 

3.3.4 Expression pattern of GORASP2 and ZYG11A in lung adenocarcinoma 
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    Next, to investigate expression pattern and clinicopathological implication of 

GORASP2 and ZYG11A, I performed IHC using 171 cases of lung adenocarcinoma. 

For SFN, our group has already reported elsewhere[84].  

Among invasive adenocarcinomas, strong expression of GORASP2 was detected 

in 18/46 (39%) lepidic, 22/26 (84%) papillary, 11/19 (57%) acinar, and 25/32 (78%) 

solid adenocarcinomas. Among non-invasive lung adenocarcinomas, strong 

expression was detected in 0/19 (0%) AIS and 2/27 (7%) MIA. (Table 5). 

We also assessed the correlation between GORASP2 expression and 

clinicopathological features of the patients using the chi-squared method. Although 

GORASP2 expression showed no significant correlation with age, it was significantly 

correlated with the pathological stage, lymphatic permeation, vascular invasion, and 

pathological subtype of lung adenocarcinoma (Table 5). GORASP2 showed 

significantly higher expression in invasive lung adenocarcinoma (76/123 cases, 61%) 

than in non-invasive lung adenocarcinomas (2/48 cases, 4%). 

On the other hand, strong expression of ZYG11A was detected in 17/29 (58%) 

lepidic, 16/26 (61%) papillary, 13/19 (68%) acinar, and 16/16 (50%) solid 

adenocarcinomas. Among non-invasive lung adenocarcinomas, strong expression was 

detected in 0/19 (0%) AIS and 11/18 (61%) MIA. (Table 6). 

We also assessed the correlation between ZYG11A expression and 

clinicopathological features of the patients using the chi-squared method. Although 

ZYG11A expression showed no significant correlation with age and sex, it was 

significantly correlated with the pathological stage, lymphatic permeation, vascular 

invasion, and pathological subtype of lung adenocarcinoma (Table 6). ZYG11A 

showed significantly higher expression in invasive lung adenocarcinoma (62/123 

cases, 50%) than in non-invasive lung adenocarcinomas (11/48 cases, 22%). 
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3.3.5 Correlation of GORASP2 and ZYG11A expression with postoperative 

overall survival 

 

The Kaplan-Meier curves indicated that the patients in the strong GORASP2 or 

ZYG11A expression group had a significantly poorer outcome than those in the weak 

expression group (Fig.19, 20). Correlation between SFN expression with 

postoperative overall survival has already been evaluated in our previous study [84]. 

 

3.3.6 Multivariate analysis using the Cox proportional hazards model 

 

   After adjustment for gender, age, pathological stage, vascular invasion, 

lymphatic permeation, GORASP2 expression, ZYG11A expression, and SFN 

expression, patients with strong expression of GORASP2 and ZYG11A showed a 

significantly higher risk of lung cancer-related death than those with weak expression 

{(HR: 0.332, 95%CI: 0.179-0.613, P: <0.001) and (HR: 0.286, 95%CI: 0.155-0.527, 

P: <0.001)}. Multivariate analysis also indicated that lymphatic permeation, vascular 

invasion, pathological stage, expression of GORASP2 or ZYG11A were independent 

prognostic factors indicative of poor survival in patients with lung adenocarcinoma 

(Table 7). 
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3.4 Discussion 

 

 

    DNA methylation is one of the most important epigenetic alterations that is 

correlated with tumor initiation and progression. There are two phenomenon related 

to DNA methylation which are hypermethylation and hypomethylation [33, 54]. 

Many tumor tissues show global hypomethylation and regional hypermethylation 

particularly in tumor suppressor genes.  

Based on my DNMT3a study, I showed that weak expression of DNMT3a 

correlated with poor prognosis of the patients, which might indicate that DNA 

hypomethylation is an important event in lung adenocarcinogenesis. However, here I 

selected 583 CpG sites, which showed hypermethylation in invasive adenocarcinoma 

relative to AIS and normal lung, but only 23 CpG sites showed hypomethylation in 

invasive adenocarcinoma. This can be explained because in this study I mainly 

focused on the limited areas such as promoter CpG islands and shore regions, which 

known to have hypermethylated tendency compare to the other areas or repetitive 

elements (LINE, ALU) that have hypomethylated tendency. This suggested that DNA 

demethylation at promoter regions might be a relatively rare event compared to DNA 

hypermethylation.  

Since we previously demonstrated that SFN promoter region showed DNA 

hypomethylation in invasive adenocarcinoma leading to its overexpression, this fact 

motivated me to search another gene, which show hypomethylation at their promoter 

regions. One of the advantages to find genes overexpressed in tumor is that they have 

possibility to serve novel prognostic indicators or new target molecule for drug 

development.  
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Here, I selected 2 genes GORASP2 and ZYG11A, which show hypomethylation 

and overexpression in invasive adenocarcinoma, implying to have important functions 

in tumor cells.  

I found that expression of GORASP2, ZYG11A, and SFN has a statistically 

significant negative linear relationship with the methylation status. Moreover, I found 

that invasive adenocarcinoma showed significantly higher expression of both genes 

than in AIS. These result suggested that these two genes has the same tendency as 

SFN, whose expression were conversely correlated with methylation rate and were 

strongly expressed in invasive adenocarcinoma compared to AIS. Moreover, I found 

that strong expression of both genes is associated with patient’s poor prognosis. 

Finally, I revealed that both genes are independent prognostic factors for lung 

adenocarcinoma. 

Golgi apparatus is an organelle, whose main function is glycosylation, packaging 

and transport of the synthesized protein from endoplasmic reticulum. Golgi then 

distributes the secretory vesicle to the plasma membrane, lysosome, or extracellular 

space thus its importance in the transportation and secretory pathway [85]. GORASP2 

gene encodes membrane protein golgi reassembly-stacking protein of 55 kda 

(GRASP55) also known as GORASP2 protein whose function is to stack and link the 

golgi cisternae in the formation and membrane dynamics of golgi apparatus [86-88]. 

Recent study has shown the importance of golgi apparatus for a solution to overcome 

acquired resistance in lung adenocarcinoma toward EGFR tyrosine kinase inhibitors. 

Disrupting the golgi apparatus via inhibition of ADP ribosylation factor 1 (ARF-1) 

showed anti-tumor activity toward EGFR-activated tumor cells [89]. Similarly, 

inhibition of GORASP2 might disrupt the membrane dynamics of golgi apparatus and 

substantially lead to anti-tumor effect.  
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Study about ZYG11 gene is still very limited in human, but in Caernohabditis 

elegans the human homologue ZYG11 gene is important for cell division and 

embryonic development [90]. Further study shows that ZYG11 homologue expresses 

in human sperm cell and has function in cell division during meiosis [91]. In human, 

ZYG11 gene family has three homologues, which are ZYG11A, ZYG11B, and ZER-

1 [92]. Recently, one study has shown oncogenic function of ZYG11A genes in non-

small cell lung cancer (NSCLC). Their data indicated that ZYG11A showed 

overexpression in NSCLC and is correlated with poor prognosis, in accordance with 

my data. Further, it also stated that depletion of ZYG11A suppress the Cyclin E1 

(CCNE1) and thus suppress cell cycle progression [93].  

     Although further analysis are required to understand and elucidate the function of 

both genes in the lung adenocarcinogenesis, my data suggest that these two genes are 

possibly new prognostic indicators and might have potential for new target molecule 

for lung adenocarcinoma. 

     In conclusion, my results indicate that GORASP2 and ZYG11A are correlated 

with methylation and show strong expression in lung adenocarcinoma is associated 

with the histologically invasive type, and a poor prognosis. I also showed that 

GORASP2 and ZYG11A expression is an independent prognostic marker in lung 

adenocarcinoma. Since overexpression of both genes are thought to facilitate tumor 

progression, GORASP2 and ZYG11A might be clinically applicable as an indicator 

of prognosis and potential target molecule for drug development.  
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Chapter 4: Perspectives 

  

        Even though DNA demethylation triggered overexpression of particular 

oncogene is relatively rare event in tumor cells, we previously found that 

overexpression of SFN was induced by DNA demethylation in invasive 

adenocarcinoma whereas AIS or normal lung showed 100% methylation in SFN 

promoter region.[37] Recently our group reported that SFN stabilizes receptor 

tyrosine kinases including EGFR or MET by interacting with ubiquitin-specific 

protease 8 (USP8), resulting in up-regulation of cell proliferation and inhibition of 

apoptosis [84]. These facts indicate that there might be several potent oncogenes 

whose expression is epigenetically elevated by DNA demethylation. Consistent with 

this, here I newly selected two oncogenes, GORASP2 and ZYG11A, which showed 

hypomethylation and overexpression in invasive adenocarcinoma similary to SFN.        

      Although we need further investigation to elucidate their function or molecular 

mechanism, they might have oncogenic function to facilitate tumor initiation or 

progression of lung adenocarcinoma, thus suggesting the possibility to be therapeutic 

targets for such tumors. 

     Additionally, the mechanism responsible for abnormal demethylation of SFN, 

GORASP2, or ZYG11A at the very early stage of lung adenocarcinogenesis has not 

been elucidated. This demethylation in lung adenocarcinoma is considered to be an 

appropriate model for investigating the mechanism underlying epigenetic 

modification in cancer. One of the hypothesis is age-related change in DNA 

methylation, which have been reported before and may be responsible for change in 

gene expression. In	human	samples,	age-related	changes	in	DNA	methylation	have	

been	detected	in	blood	sample	[94],	brain	[95],	saliva	[96]	and	many	other	tissue	
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[97].		Since	the	mechanism	underlying	age-related	change	in	DNA	methylation	is	

believed	to	be	tissue	and	cell-specific	[98],	it	might	be	worth	studying	more	in	

lung	tissue.	
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Chapter 5: Conclusion 

 

       Although research on hypermethylation in tumor suppressor genes has been 

extensively conducted worldwide, hypomethylation in particular oncogenes are less 

studied. In the present study, I demonstrated that overexpression of GORASP2 and 

ZYG11A is conversely associated with methylation rate at their promoter region, and 

significantly correlated with tumor malignancy and patient’s poorer outcome in lung 

adenocarcinoma. Since both genes showed strong expression in invasive 

adenocarcinoma compared to AIS, they might be novel prognostic markers or potent 

therapeutic targets for this tumor. 
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Fig. 1. Histological subtypes of lung cancer. Figure modified from Li T et. al. J Clin 
Oncol 2013;31: 1039-1049 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	 46	

 

 
 
 
 
 
 
 

Fig. 2. Common driver oncogenes aberrations in lung adenocarcinoma. 
Figure modified from the Cancer Genome Atlas Research N. Nature 2014;511: 543. 
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Fig. 3. Multi step progression of pulmonary adenocarcinoma with histology and 
molecular alterations. Lung adenocarcinogenesis shows a multi step progression 
starting from pre-cancerous lesion adenomatous atypical hyperplasia (AAH) to AIS, 
MIA, and finally invasive lung adenocarcinoma, which are closely related to Noguchi 
classification subcategorized into type A to C. Not only histologically but also related 
to genetic aberrations in each step. Figure modified from Nakanishi H et. al. ,Cancer 
Res 2009;69: 1615-1623 
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Fig.4 DNMT3a ROC Curve. ROC curve to determine IHC score cut-off point. 57.5 

was adopted as the cut-off point for the IHC score. 
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Table.1 DNMT3a specific siRNA 
 
siDNMT3a   Forward sequence (5' to 3') 
    Reverse sequence (5' to 3') 

     siDNMT3a-1 CCACGUACAACAAGCAGCCCAUGUA 

  
UACAUGGGCUGCUUGUUGUACGUGG 

siDNMT3a-2 CAUCCGGGUGCUGUCUCUCUUUGAU 

  
AUCAAAGAGAGACAGCACCCGGAUG 

siDNMT3a-3 GAGGACAUCUUAUGGUGCACUGAAA 
    UUUCAGUGCACCAUAAGAUGUCCUC 
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Fig.5. DNMT3a western blot result. (A) Western blot of DNMT3a in lung. HepG2 was used as a 

positive control. A549 and PL16T cell lines showed a single band specific for DNMT3a (80 kDa). (B) 

Western blot of DNMT3a using A549 transfected with siDNMT3a. Scrambled siRNA was used as a 

negative control. NT indicates A549 not treated with siRNA. 
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Fig.6 Immunohistochemistry of DNMT3a in lung adenocarcinoma cells. 
DNMT3a was stained not only in the nucleus of the tumor cells (a) but also in both 
the cytoplasm and nucleus (b). 
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Table.2 DNMT3a and Clinicohistopathological features. Stage I includes IA and 
IB, stage II includes IIA and IIB, stage III includes IIIA and IIIB. Correlation between 
DNMT3a expression and clinicopathological features was analyzed using chi-squared 
test. 
 
      DNMT3a Expression   

Clinicopathological Features           Total 
      Patients Weak Strong P value 

Total Patients 
	

135 56 79 
	Age (years) 

	 	 	 	
0.323 

≤60 
	

35 17 18 
	>60 

	
100 39 61 

	Sex 
	 	 	 	

0.097 
Male 

	
71 32 39 

	Female 
	

64 22 42 
	Pathological Stage 

	 	 	 	
0.001* 

Stage I 
	

85 25 60 
	Stage II 

	
21 11 10 

	Stage III 
	

27 18 9 
	Stage IV 

	
2 2 0 

	Lymph Node 
Status 

	 	 	 	

0.001* 

N0/Nx 
	

95 31 64 
	N1 and N2 

	
40 25 15 

	Pleural Invasion 
	 	 	 	

<0.001* 
pI0 

	
84 25 59 

	pI1 
	

27 18 9 
	pI2 

	
15 5 10 

	pI3 
	

9 8 1 
	Vascular Invasion 

	 	 	 	
<0.001* 

- 
	

67 12 55 
	+ 

	
68 44 24 

	Lymphatic 
Permeation 

	 	 	 	

0.051 

- 
	

83 29 54 
	+ 

	
52 27 25 

	Pathological 
Subtype 

	

                

	 	

<0.001* 

AIS 
	

14 1 13 
	MIA 

	
2 0 2 

	Lepidic 
	

53 12 41 
	Acinar		

	
31 18 13 

												Papillary	 20 12 8 
	Solid    15 13 2 		
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Fig.7 Immunohistochemistry of DNMT3a in lung adenocarcinoma. (a) and (c) HE 
staining of the solid and lepidic subtype, (b) negative expression of DNMT3a, (d) 
strong expression of DNMT3a. 
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Fig.8 DNMT3a KM curve. Disease-free survival depicted as Kaplan-Meier curves 

shows the correlation between DNMT3a expression and outcome. Weak expression 

of DNMT3a was associated with poor prognosis relative to strong expression 

(p<0.001) 
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Table.3 DNMT3a multivariate analysis. Adjusted for gender, age, DNMT3a 
expression, pleural invasion, vascular invasion, lymphatic permeation, and 
pathological stage. 
 
Clin.Features       Univariate Analysis         Multivariate Analysis 

 

HR 95% CI 
P 

value HR 95% CI Pvalue 
Gender 0.91 0.541-1.518 0.708 

   Age 1.025 0.998-1.052 0.069 
   Pleural Invasion 1.67 1.200-2.151 0.001 1.46 1.062-1.993 0.02 

(0,1 vs other)       Vascular 
Invasion 0.512 0.382-0.687 <0.001 0.77 0.543-1.093 0.14 

(- vs +)       Lymphatic 
Permeation 0.53 0.401-0.688 <0.001 0.6 0.446-0.812 0.001 

(- vs +)       
DNMT3a Exp 0.61 0.472-0.797 <0.001 0.72 0.529-0.974 0.033 

(Weak vs Strg)       
Pathological Stg 0.65 0.501-0.843 0.001 1.03 0.763-1.395 0.84 

(1 vs other)             
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Fig.9 GORASP2 ROC curve. ROC curve to determine IHC score cut-off point. 185 
was adopted as the cut-off point for the IHC score. 
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Fig.10 ZYG11A ROC curve. ROC curve to determine IHC score cut-off point. 135 
was adopted as the cut-off point for the IHC score. 
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Fig.11 Candidate Genes selection. Adenocarcinoma in situ (AIS) and Invasive 
Adenocarcinoma (IA). Several conditions were used to narrow down from >850.000 
CpG sites, which are: the CpG sites located at the transcription-starting site (TSS) 200 
island and N_shore; at least 10% methylation difference between non-invasive lung 
adenocarcinoma and invasive lung adenocarcinoma; highest methylation percentage 
in normal then non-invasive lung adenocarcinoma and then invasive lung 
adenocarcinoma for hypomethylation group and vice versa for hypermethylation 
group. From the given conditions we narrowed down to 23 CpG sites for 
hypomethylation group and 583 CpG sites for hypermethylation group, which are 
differentially methylated region (DMR) between groups. 
 

>850.000 CpG sites
1.	 Located	on	TSS200	CPG	Island	and		TSS200	N_Shore.	
2.	 Methylation	Percentage	Normal	>	AIS	>	IA	
3.			At	least	10%	methylation	difference	between		
						AIS	and	IA	(AIS	>	IA)	

23 CpG sites
		Show	difference	(IA	>	AIS)		
			in	previous	study	cDNA	expression	data	

3 CpG sites

				Immunohistochemistry	

1.	 SFN	:	Show	difference	in	methylation	percentage		
																	(Normal	>	Tumor)	
2.	 GORASP2	:	Show	difference	in	methylation	percentage		
																	(Normal	>	Tumor)	
3.	 CD1D	:	Show	no	difference	in	methylation	percentage

Pyro	sequencing	validation	

			1.	SFN	:	validated	with		mean	H-Score		Normal	>	IA	>	AIS	
			2.	GORASP2	:	validated	with		mean	H-Score		Normal	>	IA	>	AIS	

>850.000 CpG sites

583 CpG sites

1.	 Located	on	TSS200	CPG	Island	and		TSS200	N_Shore.	
2.	 Methylation	Percentage	Normal	<	AIS	<	IA	
3.			At	least	10%	methylation	difference	between		
						AIS	and	IA	(AIS	<	IA)	

Hypermethylation

Hypomethylation

1.	 SFN	
2.	 GORASP2	
3.	 CD1D 

IA	vs	AIS	statistically	signiUicance	
P<0.05	

3 CpG sites

1.	 ZYG11A	
2.	 LOC	10099657	
3.	 Mir656 

1.	 ZYG11A	:	Show	difference	in	methylation	percentage		
																									(Normal	>	AIS	>	IA)	
2.	 LOC	10099657	:	Show	no	difference	in	methylation	percentage	

ZYG11A	:	validated	with		mean	H-Score		Normal	>	IA	>	AIS	

Candidate Genes Selection
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Table.4 Six candidate genes array result. Beta value represents the methylation 
percentage in the scale of 0-1. All 6 genes show at least 10% methylation difference 
between AIS and invasive adenocarcinoma. 
 
                    Beta Value         

         
Mean Mean Meth 

Gene Name   AIS     Invasive     Normal AIS Invasive Diff 

 1 2 3 1 2 3 1 2 
   ZYG11A 0.8 0.71 0.64 0.52 0.51 0.56 0.72 0.74 0.72 0.53 0.19 

SFN 0.36 0.55 0.46 0.25 0.27 0.41 0.59 0.63 0.46 0.31 0.15 
CD1D 0.84 0.81 0.76 0.86 0.71 0.52 0.81 0.84 0.8 0.70 0.11 
LOC10099657 0.36 0.54 0.46 0.18 0.27 0.19 0.63 0.66 0.45 0.21 0.24 
GORASP2 0.8 0.77 0.61 0.82 0.44 0.44 0.87 0.83 0.73 0.57 0.16 
MIR656 0.76 0.74 0.75 0.71 0.62 0.63 0.77 0.8 0.75 0.65 0.1 
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Fig.12 Pyrosequencing validation graph. DNA methylation rates of SFN, GORASP2, 
ZYG11A, LOC10099657, and CD1D were validated using pyrosequencing with another 11 
frozen samples of invasive adenocarcinoma, 10 samples of AIS, and 21 samples of normal 
lung tissue. While LOC10099657 (p=0.541) and CD1D (p=0.962) showed no significant 
difference of methylation rate among invasive adenocarcinoma, AIS, and normal lung, the 
other 3 genes showed significantly lower methylation rate in invasive adecocarcinoma 
relative to AIS or normal lung (p<0.001). 
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Fig.13 IHC pearson correlation result GORASP2. GORASP2 showed statistically significant 
negative linear relationship between H-score and the methylation rate (r: -0.878, p<0.001). Mean H-
score also showed low score in the normal samples, followed by AIS then invasive lung 
adenocarcinoma samples (61<162<208) 
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Fig.14 GORASP2 staining pattern. Positive in Cytoplasm. (A) Type-A (H-score 
115) (80% methylated); (B) Type-C (H-score 300) (66% methylated). 
 

A	

B	
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Fig.15 IHC pearson correlation result ZYG11A. ZYG11A showed statistically 
significant negative linear relationship between H-score and the methylation rate (r: -
0.623, p<0.001). Mean H-score also showed low score in the normal samples, 
followed by AIS then invasive lung adenocarcinoma samples (33<94<131) 
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Fig.16 ZYG11A staining pattern. Positive in Cytoplasm. (A) Type-A (H-score 100) 
(85% methylated); (B) Type-C (H-score 230) (66% methylated). 
 

A	

B	
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Fig.17 IHC pearson correlation result SFN. SFN showed statistically significant 
negative linear relationship between H-score and the methylation rate (r: -0.793, 
p<0.001). Mean H-score also showed low score in the normal samples, followed by 
AIS then invasive lung adenocarcinoma samples (10<154<184) 
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Fig.18 SFN staining pattern. Positive in Cytoplasm. (A) Type-A (H-score 130) 
(50% methylated); (B) Type-C (H-score 220) (33% methylated). 
 
 

A	

B	
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Table.5 GORASP2 and clinicohistopathological features. Stage I includes IA and 
IB, stage II includes IIA and IIB, stage III includes IIIA and IIIB. Correlation between 
GORASP2 expression and clinicopathological features was analyzed using chi-
squared test. 
 
      GORASP2 Expression   

Clinicopathological Features Total 
Patients Weak Strong P value 

Total Patients 
	

171 93 78 
	Age (years) 

	 	 	 	
0.955 

<60 
	

42 23 19 
	≥60 

	
129 70 59 

	Sex 
	 	 	 	

0.009* 
Male 

	
100 46 54 

	Female 
	

71 47 24 
	Pathological Stage 

	 	 	 	
<0.001* 

Stage I 
	

114 74 40 
	Stage II 

	
29 13 16 

	Stage III 
	

26 6 20 
	Stage IV 

	
2 0 2 

	Vascular Invasion 
	 	 	 	

<0.001* 
- 

	
100 71 29 

	+ 
	

71 22 49 
	Lymphatic 

Permeation 
	 	 	 	

<0.001* 

- 
	

108 73 35 
	+ 

	
63 20 43 

	Pathological Subtype 
	 	 	 	

<0.001* 
AIS 

	
19 19 0 

	MIA 
	

29 27 2 
	Lepidic 

	
46 28 18 

	Acinar 
	

19 8 11 
	Papillary 

	
26 4 22 

	Solid   32 7 25   
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Table.6 ZYG11A and clinicopathological features. Stage I includes IA and IB, 
stage II includes IIA and IIB, stage III includes IIIA and IIIB. Correlation between 
ZYG11A expression and clinicopathological features was analyzed using chi-squared 
test. 
 
      ZYG11A Expression   

Clinicopathological Features Total 
Patients Weak Strong P value 

Total Patients 
	

171 98 73 
	Age (years) 

	 	 	 	
0.293 

<60 
	

42 27 15 
	≥60 

	
129 71 58 

	Sex 
	 	 	 	

0.096 
Male 

	
100 52 48 

	Female 
	

71 46 25 
	Pathological Stage 

	 	 	 	
0.003* 

Stage I 
	

114 75 39 
	Stage II 

	
29 15 14 

	Stage III 
	

26 8 18 
	Stage IV 

	
2 0 2 

	Vascular Invasion 
	 	 	 	

<0.001* 
- 

	
100 69 31 

	+ 
	

71 29 42 
	Lymphatic 

Permeation 
	 	 	 	

<0.001* 

- 
	

108 73 35 
	+ 

	
63 25 38 

	Pathological Subtype 
	 	 	 	

<0.001* 
AIS 

	
19 19 0 

	MIA 
	

29 18 11 
	Lepidic 

	
46 29 17 

	Acinar 
	

19 6 13 
	Papillary 

	
26 10 16 

	Solid   32 16 16   
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Fig.19 GORASP2 KM curve. Disease-free survival depicted as Kaplan-Meier curves 

shows the correlation between GORASP2 expression and outcome. Strong expression 

of GORASP2 was associated with poor prognosis relative to weak expression 

(p<0.001) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weak	GORASP2 

Strong	GORASP2 
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Fig.20 ZYG11A KM curve. Disease-free survival depicted as Kaplan-Meier curves 
shows the correlation between ZYG11A expression and outcome. Strong expression 
of ZYG11A was associated with poor prognosis relative to weak expression 
(p<0.001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weak	ZYG11A 

Strong	ZYG11A 
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Table.7 Multivariate analysis. Adjusted for gender, age, GORASP2 expression, 
ZYG11A expression, SFN expression, vascular invasion, lymphatic permeation, and 
pathological stage. 
 
Clin.Features Univariate Analysis Multivariate Analysis 

 
HR 95% CI P value HR 95% CI Pvalue 

Gender 0.394 0.220-0.704 0.002 0.791 0.425-1.473 0.460 
Age 1.091 0.625-1.903 0.760 

   Vascular Invasion 0.13 0.072-0.234 <0.001 0.272 0.133-0.555 <0.001* 
(- vs +)       Lymphatic 

Permeation 0.194 0.115-0.326 <0.001 0.420 0.236-0.747 0.003* 

(- vs +)       
GORASP2 Exp 0.173 0.098-0.306 <0.001 0.332 0.179-0.613 <0.001* 

     (Weak vs Strg)      
ZYG11A Exp 0.161 0.091-0.285 <0.001 0.286 0.155-0.527 <0.001* 

     (Weak vs Strg)      
SFN Exp 0.555 0.328-0.938 0.028 1.427 0.819-2.487 0.209 
(- vs +) 

      
Pathological Stg 0.219 0.132-0.364 <0.001 0.534 0.316-0.903 0.019* 

(1 vs other)             
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