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Abstract The role of SHP-] promoter 2 hypermethylation detection of lymph node 

micrometastasis in resectable nonmetastasis NSCLC as a prognostic marker of disease 

recurrence . 

Introduction; Despite adequate surgical management of stage I non-small cell lung cancer, 

many patients still have relapsed of disease which leads to mortality. Micrometastasis of 

tumor is the postulate mechanism which might not be detected by standard H&E method. The 

author conducted the study of epithelial methylation marker, SHP-l Promoter 2 (SHP 1 P2) 

methylation as a potential molecular marker to detect high risk relapsed of disease in stage I 

resectable non-small cell lung cancer (NSCLC). 

Method; To explore the potential role of SHP1P2 methylation to detect micrometastasis, 

Lymph node from resectable NSCLC stage II-lIlA and reactive lymph node were recruited as 

validate set. Further validation in lymph node from stage I NSCLC was done. All study 

participants was underwent curative resection and follow-up at The King Chulalongkorn 

Memorial Hospital. Stage I NSCLC who had a recurrence within 40 months after resection 

was defined as high risk patient. 

Results; Seventy-five lymph nodes in validate set were analyzed. SHPIP2 methylation was 

significant higher in metastasis lymph node compared with reactive or no metastasis lymph 

node by H&E method (p=0.008). One hundred and ninety-eight lymph nodes from 23 patients 

with stage I non-small cell lung cancer was recruited in the analysis. Containing more than 

58% of high SHP1P2 methylation in analyzed resected lymph node could be predict high risk 

of disease, sensitivity 71 % and specificity 99% (HR 0.43-1.04; p=0.07). 

Conclusion; SHPI P2 methylation of resected lymph node of stage I NSCLC treated with 

curative intent of surgery is associated with early relapsed of disease. 

http:0.43-1.04


IV 

" . 
i m'I nl'j 1~tlU l~i'Ul'J'U 'Qfll1~'U fll'j1~tI~ltl i m'I fll'j ri'I1'ff~lJ fll'j l'11'11'U1~tII~'I~ tl1'U 'ffl'\111'b'lfiiifftlmn'rl 

~'I tlU'Il'J'Ui''b'fll.nlfltl'fflJ in'b' (CU-CLUSTER-FUND) 



v 

CONTENTS 

Page 

ABSTRACT THAI ....................... ............... .. ... ................................................ .... ..... . 11 


ABSTRACT ENGLISH....................................................... ..................................... . III 


ACKNOWLEDGMENTS..................... .................................................................... . IV 


CONTENTS ... .................................................................................................... .. ..... . V 


LIST OF TABLES ......................................... . .................................. . 
 VIII 

LIST OF FIGURES .......................................................................... . 
 IX 


LIST OF ABBREVIATIONS ..................... . .................. .. .................... . 

Xl 

CHAPTER I INTRODUCTION ........................................................... . 


1.1. RATIONAL AND BACKGROUND OF NODAL MICROMETASTASIS 

STAGE I NSCLC AND RELAPSED OF DISEASE.......................... . 


1.2. 	 RATIONAL AND BACKGROUND OF POTENTIAL BIOMARKER 


ABERRANT SHP-I PROMOTER 2 METHyLATION .................. . 


1.3. OUTLINE OF THE STUDy...................................................... . 	 3 


1.3.1. RESEARCH QUESTION ................................................ . .. . 4 


1.3.2. HyPOTHESIS ................. . .............................................. . 4 


1.3.3. OBJECTIVE OF THE STUDy.......................... . ........ .. ....... . 4 


CHAPTER II MATERIALS AND METHODS .......................................... . 

5 

5 


2.1. 	STUDY PARTICIPANTS .......................................... .. ............. . 

62.2. DNA PREPARATION ..... . ................. . ................................... . . . 

62.3. BISULFITE DNA PREPARATION............................................. . 




VI 

2.4. QUANTITATIVE ANALYSIS OF SHP-l PROMOTER 2 


7METHYLA TION BY REAL-TIME PCR (METHYLIGHT)............. . ..... . ... 


2.5. STATISITCAL ANALySIS............... . .... . .... . . . ........ . .................. 
 9 

CHAPTER III RESULTS.. ................. . ............ . ....... ... ..... . .............. . ..... 10 


3.1 	VALIDATION OF QUANTITATIVE SHPIP2 OF RESECTABLE 


NODAL METASTASIS NON-SMALL CELL LUNG CANCER 


CORRELATION WITH HISTOLOGICAL RESULT AND NON­

MALIGNANT CONTROL... .. ....... .. . . ............ .. ............... .. . 10 


3.1.1. PATIENT CHARACTERISTICS................................. 10 


3.1.2. SHPIP2 OF NODAL METASTASIS RESECTABLE NON­

SMALL CELL LUNG CANCER AND NON-MALIGNANT 

CONTROL.... .. ............ .. ........... .... . . ........... . . . ... .. ..... 1] 

3.2 QUANTITATIVE SHP-l PROMOTER 2 METHYLATION OF 


RESECTABLE NODE NEGATIVE NON-SMALL CELL LUNG 


CANCER AND PROGNOSIS CORRELATION................... .. 14 


3.2.1. PATIENT CHARACTERISTICS.................... . ............ ... . . ..... 14 


3.2.2. SHP-l PROMOTER 2 METHYLATION OF RESECTABLE NODE 


NEGATIVE NON-SMALL CELL LUNG CANCER ......... 16 


3.2.3. STRATIFICATION SHP-l PROMOTER 2 METHYLATION 


ACCORDING TO PROGNOSIS IN RESECTABLE NODE 


NEGATIVE NON-SMALL CELL LUNG CANCER ........ .. 
 19 

21
CHAPTER IV DISCUSSION .................. . . . .... .. ...... .. ............ . .............. .. 




vii 

4.1. IMPACT OF DNA SAMPLE PREPARATION AND SHPIP2 


METHyLATION.. .. ....... . ....... ... ......... . ............................... 
 21 

4.2. SHPIP2 METHYLATION DETECTION IN NODE NEGATIVE 


RESECTABLE NSCLC STAGE I, THE IMPACT OF DETECTION 


AND THE PROBLEM OF INTERPRETATION ... .. . ...... .. . ...... ..... 22 


CHAPTER V CONCLUSION............... .. ...... ... ......... . ................ ..... .... 23 


BIBLIOGRAPHy........................ ... ................. ... ................. . ............ 24 


APPENDICES....... . ........ . ..... . .................... . ............. ........................ 26 


BIOGRAPHy...... ............ ... ... . ............. . ..................... .. . . .................. 38 




viii 

LIST OF TABLES 

TABLES 	 PAGE 

3.1 	 Patient characteristic of validate SHPIP2 methylation as 


potential molecular marker for micrometastasis detection...... . 10 


3.2 	 A[I]mount of DNA per cut slide, and SHPIP2 methylation 


index and level corresponding to review pathological 12 


3.3 	 result.. ... . ...... . 


Demographic data of node negative resectable NSCLC, module 15 


3.4 	 2 ....... ... ....... . .. .. .................................................... . 


Amount of DNA per cut slide, SHPI P2 methylation index and 


according to relapse-free survival. ... ............. . ..... . ........... . 


absolute SHPIP2 methylation of resectable NSCLC module 2 17 




ix 

LIST OF FIGURES 

FIGURES PAGE 

1.1 Outline of the study in the first group of study participants .... .. 3 

1.2 Outline of the second group of study participants ............... .. 3 

3.1 Average SHPIP2 methylation index of lymph node from 

module I; resectable non-small cell lung cancer according to 

H&E result micrometastasis, no metastasis, presence of 

metastasis and reactive lymph node from benign disease.......... 13 

3.2 Amount of total SHPIP2 methylation per cut slide of lymph 

node from module I; resectable non-small cell lung cancer 

according to H&E result micrometastasis, no metastasis, 

presence of metastasis and reactive lymph node from benign 

disease...... .......... . .... ... ............ ......... ........................ 13 

3.3 Amount of DNA per cut slide of lymph node from module I; 

resectable non-small cell lung cancer according to H&E result 

micrometastasis, no metastasis, presence of metastasis and 

reactive lymph node from benign disease............................ 13 

3.4 Amount of DNA per cut slide of resected lymph node of stage I 

NSCLC according to group of patient (case vs control) .......... .. 17 

3.5 SHPIP2 methylation index of resected lymph node of stage I 

NSCLC according to group of patient (case vs control) .......... .. 18 

Absolute SHP 1 P2 methylation of resected lymph node of stage I 3.6 



x 

NSCLC according to group of patient (case vs control) .......... . . 18 

3.7 Area under the curve of SHPIP2 index and absolute SHPIP2 

methylation in node negative resectable NSCLC...... ......... .. . .. 19 

3.8 Percentage of absolute SHPIP2 methylation more than 84 ng in 

analyzed lymph node in node negative resectable non-small cel1 

lung cancer............ . .. .................. ............ ..... ... ....... .... 20 



XI 

LIST OF ABBREVIATIONS 

NSCLC Non-small cell lung cancer 

mSHPIP2 Methylated SHP-I 

promoter 2 status 

uSHPIP2 Unmethylated SHP-I 

promoter 2 status 

AQAMA 	 Absolute quantitative 

version of quantitative 

assessment of methylated 

MGMT 0 6-methylguanine-DNA­

methy Itransferase 

ECOG Eastern cooperative 

oncology group 



CHAPTER I 

INTRODUCTION 

1.1 RATIONAL AND BACKGROUND OF NODAL MICROMETASTASIS STAGE 

I NSCLC AND RELAPSED OF DISEASE 

Non-small cell lung cancer is the leading cause of death in the world and also in 

Thailand. Complete surgical resection of localized tumors remains the principle treatment for 

curative potential. Despite curative surgical resection of stage I disease, there is still high 

recurrence rate almost 30%.[1] Beside the tumor biology [2, 3], under staging from 

undetectable lymph node involvement which lead to inaccurate adjuvant treatment according 

to the true stage of disease, is the most important caused of recurrent disease. Sentinel lymph 

node mapping with radioisotope [4], systematic nodal dissection [5] is the developing surgical 

technique to adequate lymph node dissection. However the H&E stain which is the standard 

method to detect lymph node metastasis still lacks sensitivity to detect micrometastasis. The 

IHC analysis by cytokeratin antibody [6] or RT-PCR of cytokeratin panels have more 

sensitivity than conventional H&E staining [7, 8]. Both of those techniques have limitation to 

use in routine clinical practice. The IHC for all dissected LN is laborious intensive approach 

and RT-PCR technique need complex tissue preservation and procedure. 

1.2. 	 RATIONAL AND BACKGROUND OF POTENTIAL BIOMARKER 

ABERRANT SHP-l PROMOTER 2 METHYLATION 

SHP-l or PTPN6, an intracellular protein tyrosine phosphatase composes of two N­

terminal Src homology-2 domains that aIlow binding to phosphotyrosines residues, was 
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located on chromosome 12. It consists of 17 exons spanning 17 kb of DNA. Banville D et al. 

study identified 2 transcription initiation sites of SHP-l gene by the alternate spl icing and 

exon skipping. These mechanisms result of 2 difference transcriptions size, 2.4 and 2.6 kb, 

difference at their N-termini. The two translation initiation of epithelial cell and hematopoietic 

cell isoforms of PTPN6 are located within exon 1 and 2 respectively. The pattern of 

transcription is determined by usage of either of 2 tissue-specific promoter sequences. 

Promoter 1 located approximated 7 kb upstream from the second promoter, is active in all 

cells of epithelial cell origins but not active in hematopoietic lineage. Conversely promoter 2 

is active in cell of hematopoietic lineage but not epithelial ceJJ.[9] 

The distinct role and pattern of SHP-l in hematopoietic and epithelial cell was further 

explored by Ruchusatsawat, K. et al study [10] which identified SHP-l promoter 2 as a tissue­

specific methylation regulation, control by distinct promoter hypermethylation, and involved 

with pathological epithelial condition other than malignancy. SHP-l promoter 2 (SHPIP2) 

complete methylation was constantly detected in all epithelial cell lines (Hela, Hep2, SW480, 

HaCaT and HepG2) and normal epithelium from several organs such as prostate gland, breast, 

lung, kidney and liver whereas in normal hematopoietic cell without exception was 

nonmethylated. This study also confirmed the strong association between methylation of 

promoters and their activities. 
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1.3. OUTLINE OF THE STUDY 

....... ........ ....................... ,.............................................. ,....................................................... .. .............. 
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Figure1.1. Outline of the study in the first group of study participants. 
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Figure1.2. Outline of the second group of study participants. 
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1.3.1. RESEARCH QUESTION 

Is the epithel ial methylation marker, SHP 1 P2 methylation, could represent 

micrometastasis of epithelial-derived malignancy cell better than standard H&E staining 

technique in node negative resectable NSCLC? 

1.3.2. HYPOTHESIS 

SHPIP2 methylation detection from node negative resectable NSCLC which is 

represented epithelial lineage in lymphoid tissue to detect micrometastasis disease might lead 

to demonstrate the high risk of disease recurrence in lymph node negative stage I NSCLC. 

1.3.3. OBJECTIVE OF THE STUDY 

1.3.3.1. To prove that SHP-l promoter 2 hypennethylation could be a 

candidate molecular staging for detection of lymph node involvement in resectable 

nonmetastatic NSCLC. 

1.3.3.2. To evaluation the correlation of SHP-l promoter 2 methylation status 

and the relapsed rate of resectable nonmetastatic nodal negative NSCLC (stage I) 
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CHAPTER II 

MATERIALS AND METHODS 

2.1. STUDY PARTICIPANTS 

To validate the potential used SHP 1 P2 methylation detection as a molecular to 

represent micrometastasis of node negative resectable NSCLC, the study participants was 

conducted in 2 groups. The nodal metastasis resectable NSCLC was explored first. The 

staging was reviewed according to the current AJCC7lh staging of NSCLC. The H&E stain 

pathological review was conducted with one of our co-author. Each pathological lymph node 

was defined as no metastasis carcinoma, presence of metastasis carcinoma and 

micrometastasis carcinoma. The micrometastasis was defined as presence of carcinoma no 

more than 2 mm thickness. The analysis was done together with reactive lymph node from 

non-malignant disease such as pulmonary infection. If the result suggested the trend of 

SHPIP2 methylation detection as clinical predictor to defined the micrometastasis, the further 

evaluation was conducted in the node negative resectable NSCLC (stage I) who not received 

adjuvant chemotherapy according to standard treatment in that stage. The SHPI P2 

methylation detection was done according to each lymph node. The clinical and pathological 

data was incorporated in the analysis with SHP I P2 methylation level. The sensitivity and 

specificity analysis of SHP IP2 was pre-planned. 

The author conducted the available pathological specimen who received curative 

resection at The King Chulalongkorn Memorial hospital during 2001-2007. The 

clinicopathological data of the patient at initial diagnosis and treatment implication along 
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follow-up period was collected from the original hospital records. The treatment decision, 

clinical assessment, baseline and interval imaging were done depend on provided physician. 

The primary end point was time to local recurrence or distant metastasis, measured from the 

date of surgery to the time of cancer-related death or censoring. The enrolled study 

participants were classified into 2 groups, case and control group. The study participants who 

had relapsed of disease earlier than 40 months of follow-up period post curative resection 

were classified as case group. Neither control nor case groups receive adjuvant chemotherapy 

or radiotherapy. The study participants who remained no evidence of disease after 40 months 

follow-up period after complete curative resection were classified as control group. Data for 

controls that were alive and had no evidence of disease at the end of the study were censored 

for recurrence or death. All deaths of case patients were cancer-related . The institutional 

review board approved the study protocol, and the remaining follow-up patient provided 

written informed consent to participate in the study protocol. 

2.2. DNA PREPARATION 

The paraffin-embedded pathological specimen was extracted according to each lymph 

node using QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany) according to 

manufacturer's recommendations. Final 30 ).11 eluted volume was repeated second time. 

Quantitative DNA measurement was done by spectrophotometer. Amount of DNA 

concentration per cut slide was evaluated (C). 

2.3. BISULFITE DNA PREPARATION 

Even though a number of methods have been developed to detect or quantify DNA 

methylation, the most common technique used today remains the bisulfite conversion method. 
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This technique converts unmethylated cytosines into uracil. Methylated cytosines remain 

unchanged during the treatment. The bisulfite conversion method introduces various DNA 

strand breaks and results in highly fragmented single strand DNA. The degradation of DNA 

has been reported range between 84-96% [11]. The optimize bisulfite treatment by balancing 

competing goals of maintaining complete cytosine conversion and minimal DNA 

fragmentation was established. Bisulfite-treated DNA was conducted using EZ DNA 

Methylation-Gold™ kit (Zymo Research, orange, CA, USA) that combines bisulfite 

conversion and DNA clean up. The kit follows a protocol from Paulin et al. [12] The protocol 

recommended the optimal amount of 200-500 ng DNA per bisulfite treatment due to 

awareness of incomplete bisulfite conversion. Thus 200 nanogram of paraffin-embedded 

extraction DNA was used to bisulfite conversion. 

2.4. QUANTITATIVE ANALYSIS OF SHP-l PROMOTER 2 METHYLATION BY 

REAL-TIME peR (METHYLIGHT) 

This technique depends on a specific dual hybridization probe with specific reporter 

dye at the 5' end and quencher at the 3' end. The 5' to 3' nuclease activity of Taq DNA 

polymerase cut the probe and frees the reporter whose fluorescence is detected by a laser 

detector. The fluorescence is proportional to the number of copies of the amplified sequence. 

To perform the quantitative analysis of methylation status, the author designed distinct 

fluorescent-labeled probe with diverse CpG sites specific to methylated or unmethylated 

sequence. This method not only makes it possible to difference between methylated or 

unmethylated sequences but also defines the specific methylation patterns. 



8 

The PCR reaction was conducted in one reaction for assessment both methylated and 

unmethylated sequences to ensure a high efficiency of evaluation and decrease chance ofPCR 

product contam ination. The SHP-I bisul fite forward and reverse primer sequences were 5'­

GGT-GGA-GGA-GGG-AGA-GAT-GT -'3 and 5'-AAC-ACA-TAT-ATA-CCT-TAC-ACA­

CTC-CAA-A-'3 . Methylation and unmethylation specific dual hybridization probe sequence 

were 5'-VIC-ACG-AAC-CCA-AAC-GAT-CCC-ACG-TAMRA-3' and 5'-FAM-CAC-ATA­

CAA-ACC-CAA-ACA-ATC-CCA-CA-TAMRA-3' respectively. An absolute quantitative 

version of QAMA was used to calculate methylation status [13]. To generate a standard 

curve, 200 ng DNA was prepared in different mixing ratios of methylated and unmethylated 

target sequences, hela and WBC respectively prior to bisulfite modification. The standard 

sample set was freshly bisulfited and included in every set of real time PCR. The following 

ratios were prepared (methylated/unmethylated): 011 00, 10/90, 25175, 50/50, 75/25, 9011 0 and 

10010. 

Real-time PCR was performed in 96-well reaction plate in duplication fashion using 

ABI Prism, 7700, Sequence Detection System. The relative prevalence of either the 

methylated or the un methylated allele was set to index equal 1 and 0 in the case that only one 

fluorescence signal crossed the threshold, indicating a relative absence of the opposite target. 

The 83 bps PCR products were visualized by 8% acrylamide gel electrophoresis and Sybr 

green staining to ensure specific amplicon. Multiple non-template controls were run with 

every assay to ensure no contamination across reaction. Equation: 

Methylation index (MJ) = methylated sequence percentage/rom AQAMA 

mSHPIP2 =methylated sequence percentage/rom AQAMA * C 
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uSHPIP2 = unmethylatedpercentagefrom AQAM4 * C 

Where C represented the concentration of paraffin-embeded tissue DNA (ng ml- I
), mSHPJP2 

represented the absolute among of methylated SHPIP2 (ng ml- I
), and uSHPIP2 represented 

the absolute among of unmethylated SHPIP2 (ng mel). AQAMA represented absolute 

quantitative version of QAMA. C represented the amount of DNA concentration per cut slide. 

These measured methylation index, absolute level of methylated SHPIP2, absolute 

level of unmethylated SHPI P2 and circulating DNA level parameters were further analyzed 

correlated with the clinical and pathological data. 

2.5. STATISITCAL ANALYSIS 

Mann-Whitney U-test was used to assess the difference between the non-parametric 

distributed variables. The data was expressed as median. Comparison between the groups was 

carried out by the l or Fisher's exact test for categorical variables. The Spearman's 

correlation, two-sided test with 95% confidence interval was used to assess the correlation 

between each variable. The receiver operative characteristic (ROC) curve analysis was done 

to evaluate the diagnostic potential of the SHP 1 P2 methy Jation. Furthermore, the sensitivity 

and specificity estimations for different thresholds of SHPI P2 methylation and AUC-ROC 

were carried out. The associated of risk factors with time-to-event or time-to-censoring end 

points was analyzed with the use of the log-rank test. The significant level ofp .:::: 0.01 with a 

two-sided test was used. All statistical analyses were performed using SPSS version 16.0 

(SPSS Inc, Chicago, IL, US). 
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CHAPTER III 

RESULTS 

3.1. VALIDA TION OF QUANTIT A TIVE SHP1P2 METHYLA TION OF 

RESECTABLE NODAL METASTASIS NON-SMALL CELL LUNG CANCER 

CORRELATION WITH HISTOLOGICAL RESULT AND NON-MALIGNANT 

CONTROL 

3.1.1. PATIENT CHARACTERlSTICS 

To validate quantitative SHP IP2 methylation of resected intrathoracic lymph node in 

various condition correlate with standard H&E stain, available FFPE of participants included 

both nodal metastasis resectable NSCLC and reactive LN from non-malignancy was enrolled. 

The demographic and clinicopathological data of nodal metastasis resectable NSCLC was 

presented in Table 3.1. Thirty-two lymph nodes form from 5 non-malignancy conditions, 

pulmonary nodular amyloidosis, pulmonary aspergillosis and non-specific fibrotic scars with 

anthracosis, was included for SHP 1 P2 methylation analysis. 

Table 3.1. Patient characteristic of validate SHP1P2 methylation as a potential 

molecular marker for micrometastasis detection 

Patient characteristic Nodal metastasis resectable 

NSCLC 

Number of patient 10 

Number for lymph node 3-26 

Total lymph node for 

analysis 

75 

Sex (Male vs female) 9 vs 1 

Age 50-79 
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Staging 

• Staging IIA 

• Staging lIB 

• Staging IJIA 

6 

I 

3 

Pathological type 

• Adenocarcinoma 

• Squamous cell CA 

• Large cell CA 

7 

I 

2 

Type of surgery 

• Lobectomy 

• Pneumonectom y 

7 

3 

Group of lymph node 

according to H&E review 

• No metastasis 31 

• Micrometastasis 8 

• Metastasis 

carcinoma 

36 

3.1.2. SHP1P2 OF NODAL METASTASIS RESECTABLE NON-SMALL CELL 

LUNG CANCER AND NON-MALIGNANT CONTROL 

One hundred and thirty-five lymph nodes could be retrieved and amplified for 

SHPIP2 methylaiton. Volume of DNA which represented size of resected lymph node, 

SHPI P2 methylation index and absolute SHPI P2 level was shown in Table 3.2. The SHPI P2 

methylation indexs represented the ratio of SHP 1 P2 methylation and unmethylation whereas 

absolute SHP I P2 represented the amount of SHP 1 P2 methylation per cut slide. Both SHPI P2 

methylation index and absolute SHP I P2 value shown statistical significant between groups (p 

= 0.008 and 0.004) but not for amount of DNA per cut slide. The obvious high level of 
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SHPI P2 methylation index and absolute number confirm our hypothesis that this molecular 

marker could be represented the metastasis cancer in resected lymph node. Thus further 

analysis according to micrometastasis, no metastasis and reactive lymph node was done to 

explore the potential role of SHP 1 P2 methylation to detect micrometastasis. No statistical 

significant difference was found among 3 groups (micrometastasis, no metastasis and reactive 

lymph node). This might be the effect of small sample size of micrometastasis group or 

inadequacy of this marker to represent micrometastasis. The median value of SHPIP2 

methylation of negative and reactive lymph node was 25.8 % might represent benign 

epithelial component such as epithelial cysts or ducts.[14] However the awareness of 

contamination during the process of extracted DNA was also the alternative hypothesis then 

in the second module we change the method to remove paraffin from the specimen. 

Table 3.2 Amount of DNA per cut slide, and SHPIP2 methylation index and level 

corresponding to review pathological result 

Group Amount of DNA per SHPIP2 Absolute SHPIP2 

cut slide methylation index methylation 

Metastatic 1197 ng (414-6860) 51.8% (0-98) 674 ng (0-3536) 

carcinoma (31) 

Micrometastasis (8) 1012 ng (767-8760) 20.5% (0-82) 443 ng (0-1048) 

No metastasis (34) 1053 ng (408-8548) 18.4% (0-97.9) 230 ng (0-3832) 

Reactive lymph 1938 ng (589-7810) 29.9% (2.9-85.3) 469 ng (57-2398) 

node (32) 
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Figure 3.1. Average SHP1P2 methylation index of lymph node from module 1; 

resectable non-small cell lung cancer according to H&E result micrometastasis, no 

metastasis, presence of metastasis and reactive lymph node from benign disease 
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Figure 3.2. Amount of total SHP1P2 methylation per cut slide of lymph node from 

module 1·, resectable non-small cell lung cancer according to H&E result 

micrometastasis, no metastasis, presence of metastasis and reactive lymph node from 

benign disease 
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Figure 3.3. Amount of DNA per cut slide of lymph node from module 1; resectable non-

small cell lung cancer according to H&E result micrometastasis, no metastasis, presence 

of metastasis and reactive lymph node from benign disease 

3.2 QUANTITATIVE SHP-l PROMOTER 2 METHYLATION OF RESECTABLE 

NODE NEGATIVE NON-SMALL CELL LUNG CANCER AND PROGNOSIS 

CORRELATION 

3.2.1. PATIENT CHARACTERISTICS 

Twenty-three patient who was diagnosed resectable NSCLC stage I and received 

curative resection in the period 2001-2007 was enrolled in this studied. Seventy percent of 

patient was stilt no evidence of di sease and regular follow-up. with provided physician. 

Median time to follow-up was 65 month (range 46-109 months) . The demographic data of 

study participant according to group of patient in this module was shown in table 3.3. 

http:10000.00
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Table 3.3. Demographic data of node negative resectable NSCLC, module 2 

Patient characteristic of 

resectable node negative 

NSCLC 

Early-relapsed < 40 

month 

(case) 

No relapsed within 

40 month 

(control) 

p-value 

Number of patient 7 16 

Total lymph node for analysis 42 

(range 3-13) 

156 

(range 1-22) NS 

Sex (Male vs female) 6 vs 1 9 vs 7 NS 

Age 62 (55-78) 61.5 (49-80) NS 

Initial staging by physician 

provider 

• Stage IA 

• Stage IB 

2 (28.6%) 

5 (71.4%) 

7 (43.7%) 

9 (56.2%) 

NS 

Revised ih AJCC Staging 

• Stage IA 

• Stage IB 

• Stage IIA 

2 (28.6%) 

3 (42.9%) 

2 (28.6%) 

7 (43.7%) 

9 (56.2%) 

0 

NS 

Pathological type 

• Adenocarcinoma 

• Squamous cell CA 

• Large cell CA 

• BAC 

5 (71.4%) 

0 

0 

2 (28.6%) 

11 (68.8%) 

2 (12.5%) 

0 

1 (2%) 

NS 

Tumor differentiation 

• Grade I 

• Grade II 

• Grade III 

4 (57.1 %) 

2 (28.6%) 

1 (14.3%) 

9 (56.2%) 

3 (18.8%) 

4 (25%) 

NS 

Primary tumor size Median 5 cms (2­

11.5) 

Median 2.5 cms 

(1.5-5.7) 
P =0.02 

Margin status 
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Positive 0 % Positive 0 % • Bronchial margin NS 

Positive 28.6% Positive 31.2% 

Type of surgery 

• Pleural margin 

6 (71.4%) 12(75%)• Lobectomy 

1 (14.3%) 0 NS• Pneumonectomy 

1 (14.3%) 4 (25%) 

Group of lymph node for 

analysis according to 

anatomical site 

• Bilobectomy 

100% 100% NS• N1 

42.9% 81.2%• N2 

3.2.2. SHP-l PROMOTER 2 METHYLATION OF RESECTABLE NODE 

NEGATIVE NON-SMALL CELL LUNG CANCER 

Available 198 lymph nodes form resected specimen of the patient in module 2 were 

further studied. SHP] P2 methylation amplification was successfully done in one hundred 

ninety-three lymph nodes. Table 3.4. shown amount of DNA per cut slide, SHP1P2 

methylation index and absolute amount ofSHPJP2 according to group of patients. 

The amount of DNA per cut slide and absolute SHP1P2 methylation was significant 

difference. The larger size of lymph node which represented by higher amount of DNA per 

cut slide was found in case compare with control group. Absolute SHP1 P2 methylation but 

not for SHP I P2 methylation index in case group was significant higher than control group 

(p<0.00 1). The component of lymph node containing micrometastasis might influence by 

size. This could reflect that SHP1 P2 methylation could represent occult metastasis in resected 

lymph node and could be potential marker to predict high risk relapsed of disease. 
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Table 3.4 Amount of DNA per cut slide, SHP1P2 methylation index and absolute 

SHP1P2 methylation of resectable NSCLC module 2 according to relapse-free survival 

Early-relapsed < 40 

month 

(case) 

No relapsed within 

40 month 

(control) 

p-value 

Amount DNA per 

cut slide 

1213 (range 63-14313) 479 (range 14­

17136) 

< 0.001 

SHPIP2 

methylation index 

10.26 (range 0-45) 6.63 (range 0-61.35) 0.2 

Absolute SHPIP2 

methylation 

138 (range 0-963) 13.41 (range 0-1337) < 0.001 
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Figure 3.4. Amount of DNA per cut slide of resected lymph node of stage I NSCLC 

according to group of patient (case vs control) 
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Figure 3.5. SHPIP2 methylation index of resected lymph node of stage I NSCLC 

according to group of patient (case vs control) 
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Figure 3.6. Absolute SHPIP2 methylation of resected lymph node of stage I NSCLC 

according to group of patient (case vs control) 
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3.2.3 STRATIFICATION SHP-l PROMOTER 2 METHYLATION 

ACCORDING TO PROGNOSIS IN RESECTABLE NODE NEGATIVE NON-SMALL 

CELL LUNG CANCER 

Absolute SHP 1 P2 methylation is better used for detection high risk relapsed of disease 

in node negative resectable NSCLC than SHP 1 P2 methylation index. The area under the 

receiver operating characteristic (ROC) curve of absolute SHPI P2 methylation is 0.688 better 

than 0.564 of SHPI P2 methylation index. Only absolute SHP] P2 methylation show 

significant p-value 0.0002 contrast to SHP 1 P2 methylation index (p=0.2). The absolute 

SHPI P2 methylation level at 84 ng is the best level to detennine high risk relapsed NSCLC 

with sensitivity 65% and specificity 73%. 
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Figure 3.7. Area under the curve of SHPIP2 index and absolute SHPIP2 methylation in 

node negative resectable NSCLC 
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To evaluate potential corporation SHP1P2 methylation into clinical risk stratification, 

percentage of SHPIP2 methylation more than 84 ng of analyzed lymph node from resectable 

non-small cell lung cancer was done (figure 3.8). Containing of absolute methylated SHP IP2 

more than 84 ng of more than 58% of analyzed lymph node could predict the high risk of 

patient with the sensitivity 71 % and specificity 99% (HR 0.43-1 .04; p=0.07). 
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Figure 3.8. Percentage of absolute SHPIP2 methylation more than 84 ng in analyzed 

lymph node in node negative resectable non-small cell lung cancer 
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CHAPTER IV 

DISCUSSION 

4.1. IMPACT OF DNA SAMPLE PREPARATION AND SHP1P2 METHYLATION 

The significant difference (p<0.001) in range of SHPIP2 methylation index of 

combine normal reactive lymph node, negative lymph node and micrometastasis from module 

I; 0-97.9% (median 25%) and node negative in module 2; 0-61.5% (median 7.6%) might be 

the effect of paraffin removal method from FFPE tissue. The first set of sample we used 

xylene solution in a jar as routine tissue paraffi n removal in our pathology service [15] which 

might contamination with other epithelial tissue. In the second set, paraffin-embedded tissue 

was removed paraffin by xylene solution individual in 1.5 ml eppendorftube as recommended 

by QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany). FFPE pathological specimen 

was microdissected to avoid contaminate from other bronchus or epithelial tissue. Potential 

effect of paraffin removal step and the significant different of SHP I P2 methylation across the 

set, the author could not lise cut-off level from the first set to further analyzed data in the 

second set. The repeated experiment in module I might confirm the result of SHP 1 P2 

methylation in resectable non-small cell lung cancer and reactive lymph node from benign 

condition. However analyzed data within module 1 show significant difference of SHPIP2 

methylation in metastatic lymph node from carcinoma compare with reactive lymph node and 

no metastasis lymph node might confirm the concept of using SHP1P2 methylation for 

detection metastasis carcinoma. No significant difference in micrometastasis lymph node 

might be the effect of small sample size (n=8). The analysis according to module 2 show 
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significant difference of SHP 1 P2 methylation in high risk early relapsed and low risk group 

might be the detection of micrometastasis in H&E stain node negative resectable NSCLC. 

4.2. SHPIP2 METHYLATION DETECTION IN NODE NEGATIVE 

RESECT ABLE NSCLC STAGE I, THE IMPACT OF DETECTION AND THE 

PROBLEM OF INTERPRETATION 

Containing of more than 58% of high level of absolute SHPIP2 methylation in node 

negative resectable stage I NSCLC show the potential risk stratification for relapsed of 

disease. Previous study [3] of using methylation markers, cyclin-dependent kinase inhibitor 

lA gene (pJ6) and H-cadherin gene (CDHJ3) to detect methylation in both tumor and 

mediastinal lymph nodes in stage I resectable NSCLC predict the early recurrence of disease. 

The promoter methylation was done by using pool tissue from each part, primary tumor, 

regional lymph node, mediastinal lymph node. However this might be the effect of 

micrometastasis or the biology of cancer. The analysis in our pilot study was done according 

to each lymph node as a quantitative manner. The proper number of analyzed lymph node and 

the cut-off value of SHP IP2 methylation should be further explored together with significant 

nodal station to let us know more information. Furthermore the extensive lymph node 

dissection might let us accurately assessment more than small number from lymph node 

sampling. Increasing number of study participant is warranted. 



23 

CHAPTER V 

CONCLUSION 

Relapsed of stage I resectable NSCLC might be the effect of micrometastasis with 

could not be detect with standard H&E method. Incorporate molecular marker, SHPI P2 

methylation as risk stratification might detect high risk relapsed of disease. Further 

management such as adjuvant chemotherapy in high risk stage I NSCLC to prevent relapsed 

of disease is warranted. 
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filII 'U~'W 1'\J tl-l ~l11 i.ijUtl tJ1;J Ifl ~;Jfl i'fl 'j 11J i;J II ~ -l tl1 fll'j Nfl 'll fl~~1-l '1 ~IOfl ~'U tlD vl 1'U)::: II 11-l ~ vl 1'UI'Ii' 1 ~1lJ1 'U 

1m;J fll'ji.ijU1M Nl11i.iju 'lMDm111 
~ 

l~tlfl111J'll~tlfl.tlU vl1'U 'llim'j ''*lfl9i'U lI~tli'D'll'j~Vl1'UU1~'U 11 1fl fll'j ~lUU11 flUI1l'iVl6~'UlI~tl4tlU1111fl!1'U'\J1U 
U1 ~;J,i'U'\Jtl 1'11'vl1'U11~;J~l11i.iju!~U1tlDU1~vl1'U'l${i'D1'U'j~lIi1-l~vl1'UtlQ1'U1m-lfll':i i.iju 

..::t~, ,
m1lJItTU;J'YI IlJ'YI'.ilDIl'U'Ut)'U 

vl1'Utl111 IOfl tl1fll':i 'Ii' l;JlfiU;J lI~tlm1lJ1lifflJlU 'Utlfllll-Wtl 'il1fl~ 1~11TI'fl-l i'Ultl M1'jll UDd ~-ltl1fll':i'li'l;Jlfi[J;J 
III ci1ifl ~'Utl1fll':i ~, lilfl Ul'iDlJlf1tl'U l~tlfl111J'll"tl fl.tlU'Utl;Jvl 1'U m':i II ~;J ~l11i.ijU1'11'Vl ':i 1D'Vi''U VilrlmOflfl111JHfl'll fl~1 fl'l 

.,. .1 
lflfl'U'U 

l'ilflvl1'U}j.,j'tlTI';Jl1U1fl'lI~U1tlDm11JI~U-l~fm' ~i'D1l1flfll':i l'Ii'l~11J1'U1fi) ;Jfll':ii~u vi1'UTI'11J1':i (lTI'tlDtI11J1l1fl 

~l11i.ij[JM~"tlfln~1 

lI1fllJfll':ifl'U't'iDoU'm;l ~111 li '1 ~tl111lJ H~~tlm11J 'll" tlfl.tlU'Utl-lvl 1'U''U ':i~lIi1-l~vl1'UI'Ii'l~ 11J 1'U 1m-l fll':ii.iju 

Nl11i~[J1l::: II~;J1'11'vl1'Um 1D'Vi''UVi l~tl''I1'vl1'U~fliY'U' l1i11l~tl tli'U 1 m;J fll':i i.iju~ tll'llll~tlll~'Utltltl'U~1tltlfl111flfll':ii.ij[J 
~ ~ 

http:tlll~'Utltltl'U~1tltlfl111flfll':ii.ij
http:fll'ji.ij
http:Vi'YI6~11J1'Ul1m~NYhi.ij
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d d 
fltl.!::lIftYlUfl1iWI'i 'lJVnn'Hl'itl.! ItlmTl'ioUtl1;!nflltlllU1mht'lrU~loU1~llJ1'Wlm-:jfll'il~U 

( Information sheet for research participant) lJl1l1Y1l'Jlilu 

fll'iftUllftYlu'WtlfWmHtrPll1lJ1U1'Wfl'iNfililPltl1fll'ioU1-:jlflU-:j 

111 fllitllfll'j {hUfltJ'l i fl 'llflfl ~'U tlmhu '\IV i~Yi1'U~ mJl ym IIYfY1V~1:Hl1'UYW1U 1"~'U'fi ii'lulY-:hl1::vQ'Uv fl 

~1'j1'lfll'jlrfli1lJltJ l~ml'l'n1Vl1:;1$t'th:;LlJ'UV1fll'j oif1'llfltJ'l'\lV'lYi1'U II":;i~fl l'j-:ifllJ1~mlJ l:;'C\'lJ~'U'fi i11nVlfll'j1l'l mill 

ItI'Uf'W111nflmoif1~llJi'U Im'lfll'j1~tJ Yi1'U11~1,jlfftlfhi .ri'~ltJ 

'lh::lU'l1u~tll;)'P1rU 
fl l'j 1.fI1~llJi'U I m 'lfll'j1~tJ.Q1,j1$t'li ~"~Vfll'j -:inlJ1'\1V'l ~1JltJ~'l1 $t'i'Ufll'j -:inlJ1$t'ltJfll'j ~lllfll~Vi11'li11tJ'\I1fl~'l 

" 
:'1 ~ '\" d _I .. !'I • d • 1 '1"~ _I '\" "'9 1" i .. ~ 
llJ'UlJ1mj1'Ufll'j'jnlJ11'jfllJ~I'j'llJVfl'lfUfll'lfm' IlJl"m~tJ:;U'jn 'Y11'U11~ lJ fl'jUlJ'j~ ItJ'If'U Ifl'l111nfll'jI'tJl'.illJ 'Ufll'jll1tJ 

flf'l.Q 1I~~"fll'j fffllJ1~1$t''il~'C\'llJl'jtl~\llJ'U1fll'j~lm~':htJ I 'j fllJ::1 ~ 'ltlVfl'lfWfll'lfmll,jl~m~ tJ~U'i n~B1tl 

QQ 11 v ~ .J..:::t' 0 Q.IQ.I

l1ifll'illn::l IIUUfll'i 'ifllJ1tl'W ~ <lI'llJtl~iY1mUV1iY1iYlJm 

Yi1'U 1,jhtl'U~V'lloif1~llJ I m 'lfll'j1~tJ.QI~Vtl'j~ ItJ'lnri 'Ufll'j-:inm h fl~Yi1'U11I'UV Q Illtl'l'il1flfll'j i'nlJ1~Yil'U 
1 $t'1'ullI'U fll'j1' fllJ1mlJlJl~'j j1'U 1m'l fll'j i~tJ.QllI'Ul'Y; tJ'lfmffnm~flmlJ~ml1fln l'j l'flm 

oUtltl i1iWi'IJtl-:jyhw\Jtl.!~~~llJ1'Wlm-:jfll'i1~u 

'\IVi~Yi1'Utlii1J~1l'l.Q 
'\IV i~Yi 1'Ui ~oifmqj"'Y11'lfll'j u'W'Y1V'\Iv'lYi1'Wi'lhJtl;i~ md] 'il~1J'W uri~Yhl~tJ~ltJm1lJff~V'il~ 'l 

'IIVMYi1'U1I~'l i ~~Yhi~tJ'Y1'.i 1Um1lJ~fltln~~lnfl~'J'j:;i1i1'l~'YiTw~llJi'U I m 'l fl1'j1~tJ.. 
'lit) i ~Yi 1'W'l fl fll'j i .ri'tJ 1g'W'U V flli1UV 'ill n~ ~y\11 ~tJ 1 ~~fl i ~ 'j llJ G'l nl'j l'fllJ1g'U '1 1'Ii'U fll'jinm$t'ltJ 

'C\'~'U1'W'j fll'jciVtJ1'il1flf1'U'\I1tJtJ1 

i " , " i "". '" ~ ~ ... '1 ,,~«l '" ";9 "9 d/'\IV i1'Y11'Ull'il'l i1~'Y1l1'iltJ'Y1'.i1U'Y1'U'Y1111n'Y11'U mUtJ1V'U'UVnLi1'UV'il1ntJ1'Y11'1f l'Ufll'jfl'nlJ1~"vm~tJ:;n"1.. 
~Yi1'Uvd1'U I m 'lfll'i1~tJ 

" 
'\ItJi ~Yi1'UU1tJ1~i.ri'i 'Ufll'j ffflm'lltJ'lYi1'Ui'li1lJfl~m~tJ 'il1nfll'j-:iUtl 'j ~'Y11'UlJ1i ~~'Yh1~tJ't'J flflf'l~lrfli1lJ 1tJ 

i~lJ1'WU 

O'WVI 'i 1U~tl1\)1ilPl~'W;)lflfll'il.u1~llJi'W1m-:jfll 'i1~Ulm::m1lJru~P1 'I1vu'lJv'l~n11~UI~iYtrUiYij'W fll'ii~u 
111fl'Wuv'Um 1tJ~li1fl~'U 'il1flfll'j1~tJ Yi1'U 11:; 1$t'1'u fll'j l'nlJ1miNIi1lJl:; 'C\'lJ~'U Vi 111 flV;~'il'Ui$t'i1Yi 1'Utlii,r~mlJ 

t'i 111'U:;U I'll V'l VilJ ~'Yh1~tJmll ~Yh1~tJ/~'C\'lru'C\''4'U fll'j l~tJo'U~ l1d'u~fl'lfvuril i.ri'~1tJi 'U fll':i 



,---------------------------~--------------------------~~l 

l
, , 

AtlI::llffYIUfl1il'1ll'i ~W1il-:.tfl'itll II) fHn 'i;;1) J,lilfl1l)H 1JlUr.Y1'I1-r1J~1;;1 ~1).11l!1 m -3 fl1'i l~U 

( Information sheet for research participant) i f .• ).I 'HllYl tllilU
'I" . 

i'fl'IJ1'rW11Jl?1 'UV -3 vi TW 1I?1:: fll'i Ml!llJ luw mm1 'I1fl11lJ '0'1.1 tJv lJ hi i fi'l1lJ 1 tJfI11 lJ ':i1 vi 1'1.1 i fi ff?1:: ~'Vl i'Vl Hflf.j'l1lJ1 tJ 

mlJtJfl~~vl1'1.1Yi'1iJ 

1'1.1mw~viTW iMuv'l.lm101~ "1 'I1~vJi'V'1f11'i;;m.!?1lvilJl~hJ~I~Ol;;tl'1nU1m '1f11'i1~tJ vi1'1.1ff1lJ1'i(l 

~~~tlnu~y'h1~V~V 'Vli:ll . 'l1iJ~l 1'1.1::tJ1lrl~fJtUM~M~ 24 411lJ-:.t lUD{~~~tl 081-943-9344 

fll'i 1;;1~1).111il:: fll''.i~l!qVl fll'i I;;1~1).11fl H fll':i l~u 
fln 1;;1:11 lJ1'1.1 I m '1f11'i1~mi'1tlllJ'W 1 tJI~VfI11lJfflJm i'O '111 flvi 1'1.1 illfflJm1 '0'0::1;;1:1 llJf11'i fffl'IJ1!1~1 vi1'1.1 

ff1lJn(l(lV'W~1i$l~?1tl~l1m fll'i'Utl(lV'I.I~lVtlfl'Olfl I m '1f11'i1~0'O:: illiJH?1~tlf11'i~!I?1i'fl'IJ11 'iA'Utl'1vi1'1.1Il~mh'1 1~ 

~'l'i11~OV1'O(lD'I.Ivi1'1.1DD fl'Olflf11'.i1 ;;1:1 llJf11'i1~0 I~Dl'l1~H?1fi1'1.1m1lJtJ?1 tlflntJ'UD'1vi 1'1.1 '11~ Dlrltl~ffUUffll'l.lf11'i 

1~0~~f11HhI'W'l.l'11'Wi~tJ 'I1~tl i'l.lm&~'1~tl itJtl 

vi1'W illff1lJ1'i(ltJ~11~mlJfi1!1'1.1::,j1'UD'1 ~'l'i1i~v 

vi 1'1.1i'UtJ'i::'Vl1'1.1tJ1~111vlli:ll1fl1'11'1 ~i'l.lf11'i fffl'lJl 

vi1'Wi'1m'i.fh::wh'1~I;;l:11lJ I m '1f11'i1~tJ 
vi l'WlnflD 1f11'i;;I'llfi tJ'1 '11 ~ tl f111lJ HfltJ fl ~ 'U tl'1 H?1 'Vll'1'11V '1 tJ Bl1~f11'i '0 1fl fll'i i fii'UtJ1~H1 '1.1 fln fffl'IJ 1 

vi l'WII.w01~Hi '1.1 fll'i fffl'lJl 

vi 1'W Ji'V'1 fl II tJi'UItJ~ tJ'I.Ifl 1'ii'fl'lJlfi1001~1~ ill i fii'UV lli:ll1~ '01 fl fll'i i ~tJA;'1tl 

fl1':itJfltll)-3-rfl~1;;I)).Iilfl11).1aU~O-:.t01il'1il'Ufl'i.. 
;;VlJ?1~V1'O,j1 ', tJ~f11'i IUfll~W~lvi1'1.1 '0:: ifii'Uf11ltJflUflll?1:: '0:: illIUfllH011flff11i1'i tU'l1'1.1 1'1.1 m&~H?1flni~tJ 

Mi''\.Jf11'i~lllJi~ ~Dl"'::~vQ'Uv'1vi1'1.1'O::Ji'D'11fii'Uf)1l tJflllflV QI fflJV I fl V'0:: Hm'Vl1:: l'l1fftJ'i::~11m '1f11'i 1~0'UD-:.tvi1'1.1 

'Olfl fll'i?1 '1 '1.11 lJ V'I.IOVlJ'UD '1vi1'1.1~'I'i 11 ~o 11?1:: ~ffUUffll'l.l f11'j 1 ~Off1lJ 1'i m;;l itJll 'i1 'OffV1J1J'W li fl;;VlJ?1 'Vll'1 

fllm'Vl'Vl V'UD '1 vi 1'1.1 i 1l1l~'O::i'l.l~fl1m'1 fln1~tJll~1~~llJ 'I11flvl1'1.19i'D'1 f11'j tJf1l~flf11l 1'11~'Vli,r'1flr;i11 vi1'1.1ff1lJ1'j (l11~'1 
'I1~DI:Uo'l.ll1'1.1lifl'UDom~flf11l 1'11fi1V'I.ItJVlJ IflOri'1 1 tJ~ 1873 'I1tholJ::l~ '11'1'101 .fIlfli'l11D1QHl1ff~{ fltU::ll 'Vl'VlOff1ff91{ 

~W1?1'1mW lJ'I111'VlV1~V (l . fl'1~~U'1~ 1I'U1'1'Vl'i::'I.Im l'UlltJlJlJ1'1.1 fl'VllJ. 10330 

'111 flvi 1'1.1'U VVm~flf11'i1 'I1l'llV'I.IVDlJ'I1tl'1'Olfl~vi1'1.1 i III ;;1:1 1lJ1m'1f11l 1~Vll~1 ;;Vl.J?1ri1'1.1~1'UD'1vl1'1.1'O:: ill\lfl 

u'l.llimvilJ1~lJ mil '1 i 'i~mlJ;;Dl.Jilg'l.l "1 'UD'1vi1'1.1D1'O\lfl,j1lJ1i~I~VtJ'i::1i;'I.IH?1f11l1~V 1I?1::vi1'1.1 '0:: illff1lJ1'i(lfltlUlJ11;;1 

:lllJ1 '1.1 I m '1 fll'i tl1fiVfl i'1tl,~v'1 'Olfl;;VlJ?1'UD'1vi1'1.1~~1IlJ'I.Iri1'11i'U1~1~D fll'i 1~Villifi\lflU'Wli fl 

'01 flf11'i ?1'1'1.1 llJV'I.IVVlJ'UD '1 vi 1'1.111'Vl'VlV~'I'i 11~Vff1lJ1'i (lUD m 1V?1:: IV vfl'UV'1vi 1'W~1~V1tlU fl n 1;;1:11lJ I m '1 f)1'j 1 ~v.. 

http:1I'U1'1'Vl'i::'I.Im
http:fl'Olflf11'.i1
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~. 	
t ~ 

flW:::UflYltlfIlJ;T\1l') ~W1""n')W mnJ;Tl')-«01J"A10fi1l1mht1r1J~I.ul~llJ1'UTfl')"m'.il~[J 

( Information sheet for research participant) lJ111111 mlltI ~ 
iYYli'IJO"~I-«l~llJ1'UTm"m'.il~tI 

i'W~l'W:::~vil'Ulil'W~I.ul~llJi'W1m"fml~tJ vil'W l1:::liiY'YIt~"~fl1Dif 

1. 	 vil'W'il::: Mi\JYI'n1J~.:nlmHl!::;II(1d'~QD'.i::;~"y)'IIfl"f11'j l.ijtJi'Wfli"if 

2. 	 vil'W'il::: '~i'1J fmOll1JltJI~tJ1n1J'j:::dJtJ1J11i fm '110" f11'j l.ijtJYI1"f11':i11'Y'I'YIU '.i1mr"tJ11I'tl::; QDf)'j or~Hi'W fml~tJ 
v v 

fl~"-W 

3. 	 vi 1'W 11::; 1M1Jfm fl1l1l1t1ii"mllJl~tJ"II(1:::mllJ i~~1JltJ~'il::; Mi'1J'illnf11'jl~tI 

4. 	 vil'W'il::: Mi'1Jm'j01l1l1t1~"D'j::; 1tJ'I1.u~vil'W01'il'il::: 1M1J'illnnl'jl~tJ 

5. 	 'Yl 1'W 11::: iM1Jf11'jI1J~If.ltJ~"YI1"I~flni'Wf11'ji'mn~1tJl1ig'W tJll1~fl~Dn'j\U~"iif.l(1~~flvil'W'j1lJi"D'j::: 1t1'11.u1l'tl::: 

mllJl~tI"~'Yll'Wflll1 i~i'1J 

6. 	 'Yll'Wl1::: M~1J'YI'.il1JII'W1Y11" i'Wf11'ji'mn i'Wf1'jUi~'Y'l1J1HUI'YI'.i n~fl'Wfl1tJl1i:i'''f11'j l.ul~1lJi'W1m "f11'jl~tI 

7. 	 'Yll'W 'il:::li 1fl f11~McjjnmlJl~tl1n1J'l1'Wl.ijtll1~0~'W~0'W~I~tJ1.uo"n1J'l1'Wl~tJ 
8. 	 'Yll'W'il::: i~i'1J'YI'.i 11Jllnl'j 'il'UtJfllJl.ul~1lJ i'W 1m"f11'j l~tJif 'Yll'W~llJl'j tI'IIO\lfl'W~1'illn1m "nmrlflhfii~ 1~tJ 

~1.ul~1lJi'W1flHf11'jl~tJ~llJl'j \I'IIO\lf)'W~1111n1m"f11'j 1 ~tJ i~1~i'1Jf.I(1f1'j ::;Yl1Ji~ '1 i"i'W 
" 

9. 	 vil'Wl1::: 1Mwh!'Wlwn~l'j i1J'il'WtJolJ~lii"mtJIc'g'WII(1:::1'W~ 
10. 	 vil'Wl1::: '~1Of11~i'W f11'j~~iY'Wi'il1111:::I.ul~1lJi'W1m"fml~tJl1~fl1~nM 1~tJD'j lfY111nf11'j i ~~'YIll'Vimj'''tl1J~lJ~ 

11'j"" fl f11'jl1'tlfl n(11" 

111n'Yll'W'~ iM1Jf11'j 'I1~I'I1tJv'Wm'j~f)f11'j1Jl~1~1Jl1~fll~1J'\'htJ~Ii'i~~'W1~tJm"'illnf11'jl~tJ l1~flvil'W'~1~i'1J 
nl'jD5u~~llJ~D'jln~ i'Ww n~l'j .ufll;J(1fhfl ll1JltJ~ll1i'1J~I.ul~1lJ i 'W nl'jl~tJ 'Yll'W~llJ l'j \Iffl"l~ tI'W ,~~ flO!::: f)'j 'j lJf11'j 

v 

'il! tJlin lJ f11'j l~tJ f)o!::: II'ViYl tJfYl~~ { ~Wl(1" f)'j orlJ1111Y1t11"tI ~ nfllU'WYllJM~'fl~'W 3 1 H'Vi tJl1Jl(1~Wl(1" f1'j or \I'W'W 

'Vi'j::;'jllJ 4 DlJlJl'W n~"IYI'Vi"l J0330 1'Y1'.i 0-2256-4455 ~O J4, 15 i'Wl1m'.il'l1f11'j 

http:ll1JltJ~ll1i'1J~I.ul
http:il'UtJfllJl.ul
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lJ~ I~ '1,jtJ~~ hH'Uf11~ ff)~n~h{Jf11~ ~1~~ l~tJm 11lf11~ m~ 1l1{J'lJtJW')jCllJ~1 ~ '1~~~ 111 hj'YiU~l{JilllJl~~ jl'W 1IC1~ 

m1lJ-fflJ~lJ1jnufll~'Yi{J1m orfm f)~UllJ'Wil1tJ'lJtN 1 ~ i'l 

1'Wi ,rfi10'W{JfllJ l'WVi .. .. .......... 1~fl'W ........ ..... .......... ...... .. . ........ 'Yi .ft.................... ...... .. ... .... .............. . 


v v ~ r 

'lJ1'Yi11l1 'W1{J/'Wl'l/ 'Wl'l'(Yl1 ........ ... ... . .. .. .. . .. .... . ........ . ... ... .... ... . ............. .... . ... .. ... ... .. ... ............. .. ... ... .... ......... 'YIflQ 

..... .. ..... .. ....................... ............... ................. . .. ............. .................. .............. .. .. ...................... ...... '~ti1'W ':i l{JCI~I~{J~lllf) 


ItJ f)'(Y1':i .,j'fllJCI -crll1fu~l.,j'li llJ1m 'I f11~ i~{Ji~{J~II'WUlJlll UU1'W ~ 6 'Yi(j'lHlli'llJ 2553 II CI::.,j'l'Yil ~10'W{JtJlJl.,j'li1lJ 

1m'lfll~i~{J1~{JmJmlll 

.,j'1'Yi1 ~1 'Ji'fU-crll'W11tlf)'(Y1':i11'(Y~'1mllJo'W{JfllJl.,j'li llJi'W 1 m '1fll':ii~{J~.,j'l'Yil~l 'lJi'CI'I'WllJ 1IC1~ 1'W~ 'Yi~fllJJi'l{J 

1tlf)'(Yl':i.,j'fllJCI-crll1f U ~1.,j'li1lJ1m'1fll':i 1~{J i'liinfl'W~ll~ CI'I'WllJ I 'WiUO'W{JfllJ I 11'l'1 1 fll':i i~{Jii .,j'1'Yi1 ~l1Ji'fU fll':itJ llU1{Jlll f)
'" '" 

m~{JO'll~\I,j~~ '(Y '1t1'IJfl'lf11':il~{J ~~ (J~11C11'IJfl'l fll~ l'11i~{J ilif11~l~{J v'W~ ':i 1{J 111flfl1fll~ ~fl11l1f)~ ~'W1l1f)fll':ii~{J l1~fl" . 
lllf){Jl~H nlJi'l,j':i~ l{J'lI"r~ll::;If)~~'Wlllf)fll':il~{J 1IC1~1I'W1'Y1l'lfmn 1~{Jlli~'Wflti1'1C1~I~{J~ .,j'l'Yil~llil1mIlCl~ 1flfll'(Y 

I~ {J'I'Yifl I'W fll':i 'llf)\IllJ.,j'fl '(Y '1-ff{Jll'WlimllJl.,j'l I llfl ti1'1~1If{1 hwrj1~{J 'lJi'~flufi1\1llJYil'l '1 Ji'1{Jm1lJl~lJ i 11 'ltJtl~u'1'lifl'WI~'W 

ll'W.,j'l'Yil~l'Yifllll 

.,j'1'Yi1 ~lfU'YI':i lUlllf)~l~{Ji1111f11 f)~t1'W~':i 1{Ji ~ '1 11 If) f11':i 1~{J~'1mh1 ~I.,j'li llJl,j{Jll~ 'I.~fuf11':i f mn'Yi{J1U1C1 
'" '" 

1 ~ (J 1tJliYUf'hi-N~lU II~ 11] 'lJi'fUril'll~I'IW'WtJ f1Imjfl lllnriIfmn'Yi U1U 1C1 

.,j'l'Yil~lliiY'YIll~ll::;Uflf1lilf1l.,j'l~llJ i'W 1 m '1f11~ i,jmrltJi~~'lJi'l~u 'tJ~llll'WJi'fl'lIl~'1m~~CI 1IC1:: f11':iuflf1lilnf)l':i 
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SHP-l PROMOTER 2 METHYLATION PROBE AND PRIMER SEQUNCE 

162901 agatagcccc tgtttcatag ggctgtggtg agaaaccaat cagacaaggc atgtgaacgc 

162961 cattatagca cagcgcccgg catccagcag gactcactcg atgacagttg tcaccgccat 

163021 cattgttatt agcgtgggcc agggagggct gcgtaaaagc agctggtgga ggagggagag 

163081 atgccgtggg accgtctggg ttcgcatgcg tgaagtatta tctgggcctg gagtgtgcaa 

163141 ggcacacatg tgtccttact gcatgtgttg tcacatatgt gcaatgccat gctcctgagc 

REAL-TIME PCR PROBE AND PRIMER 

Methylation sequence 

agatagTTTTt gtttTatagggTtgtggtgagaaaTT aatTagaTaaggTatgtgaaCGT 

TattatagTaTagCGTTCGgTatTTagTaggaTtTaTtCGatgaTagttgtTaTCGTTat 

TattgttattagCGtggg TTagggaggg TtgCGtaaaag Tag Tt ggtggaggagggagag 

at~ CGtgggaTCGtTtgggttCGTatgCGtgaagtattatTtgggfTT!tggagtgtgTaa 

ggTaTaTatgtgtTT ttaTtgTatgtgttgtTaTatatgtgTaatgTTatgTtTTtgagT 

Un methylation sequence 


TattgttattagTGtgggTTagggagggTtgTGtaaaagTagTt ggtggaggagggagag 


at~ TGtgggaTTGtTtgggttTGTatgTGtgaagtattatTtggg f!T!tggagtgtgTaa 


ggTaTaTatgtgtTT ttaTtgTatgtgttgtTaTatatgtgTaatgTTatgTtTTtgagT 


00 = END FORWARD PRIMER 

[] = END REVERSE PRIMER 

SHPITAQF 5 '-ggTggAggAgggAgAgATgT-3 , 


SHPITAQR 5'-AACACATATATACCTTACACACTCCAAA-3' 


RMETSHPIPROBE 5' -VIC-ACgAACCCAAACgA TCCCACg-T AMRA-3' 


RUNMETSHPIPROBE5'FAM-CACATACAAACCCAAACAATCCCACA­


TAMRA-3' 
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