91827l RMU5180030

=)

M mm’i’%’mﬂ‘uaugﬁﬁ

lasems
(mm#lny)  nsnsdedunsviwsliaszauluanazasliauzisalaasiiaes
aluassluan
(mmé'\‘mt]ﬂ) Molecular Prognostic and Predictive Factors in Lung

Adenocarcinoma

a 6 = 6
NEL WA 1539 FIgWINIA
RUILULLIIINEN mﬂ%’]mqima@‘?

ATREUNNEFNTAS agwwmmmiwﬁwmé'ﬂ

FIU amgﬂ@ﬂﬁ'}ﬁfmmﬂ amuaﬁfu mgumﬁ%’ ?)
LLa:a%’]ﬁfmmﬂmzmswmimiq@wﬁﬂm

(@nunlumsuibiuvesdise and lidnududeaiudioaualyl)



Project Code :
(svialasans)

Project Title :

(Balasens)

Investigator :
(Baiknise)
E-mail Address :
Project Period :

(szaza1lasens)

RMU5180030
RMU5180030

Molecular Prognostic and Predictive Factors in Lung

Adenocarcinoma

=1 a o r = a a
M3AnEifaNIHiIW ﬂiiﬂiz@ﬂuLaqmlaoImumaﬂammaqu
A3 L

Virote Sriuranpong
Aa 6 A 6
Nﬂ.uW.’JIiﬂu ﬂiQW’ﬁWGﬁ

vsmdcu40@gmail.com

3 yr 15 May 2008 — 14 May 2011

3 1 15 WAL 2551 — 14 WOMAAN 2554



naanssnUszn@

lawsnyiibdne g azlimunnduduldldd lildsuanuhuiieuwszagianziannaiy
9 fhe ;ﬁ'%“wamauqmﬂm:;ﬁ'aw%%‘mnﬁmﬁié’lﬁm’]m’wﬁaluiﬂiaﬂﬂﬁffmﬂuasi’mﬁ
Wiy 9N AuseypIAg S'i%avlﬁvjumﬁﬂ‘mLLazﬁNm‘ié'ﬂﬁqmos?}oLﬂ%ﬁ'}é’@@%’]ﬁmﬂaa
1a39n3798 a.un.av.afdad giisens Alelddunsihgiownaanans 9 dm unse
nensanaufilianusuiiodsanlasenisdsuananitin unng Wenuna waziswing
Tz 59381 RBARENTINNTIEN WIBTIRIINIILAZNLSIINe T3anenuna
wammni ﬁ"l@"fmﬂﬂszmumul,l,azi"mgl,l,mjﬂ’;ﬂsﬂmﬁaﬂa@ ;‘il’ﬂ’;ﬂsmjzﬁaﬂa@ﬁm
SumssnnfinieuzSanem Iiawmmaﬁgwwmmri LLazmam%"maa;ﬁ%&ﬁvl@ﬁﬁﬂaaz

LLaza@ﬂuﬁUﬂTﬁﬁN’]maa;ﬁ%’maaﬂnm



Abstract

Background: Recent advance in treatment of lung cancer especially the targeted
therapy with tyrosine kinase inhibitors (TKI) leading to the better outcomes. One of the
most important biomarker for adenocarcinoma is the somatic mutation of epidermal
growth factor receptor (EGFR) which serves as both predictive and prognostic
biomarker. However, the EGFR mutation has been reported in approximately 30 percent
of adenocarcinoma in general population. Thus searching for additional biomarkers for
lung cancer is needed. Our projects aim to characterize both EGFR biomarker in a

comprehensive manner and search for novel plasma biomarker of lung cancer.

Materials and Methods: Comprehensive pattern of EGFR mutation will be performed by
mutation analysis of exon 18 to exon 21 of EGFR from 450 tumor tissue collections
through 17 cancer centers throughout the country. Pattern of mutation will be analyzed
in correlation to several clinical parameter including outcomes derived from TKI
treatment. For plasma biomarker study,a quantitative PCR-based assay was used to
determine the level of SHP1P2 methylation in plasma. Blood samples were
prospectively collected from 58 patients with advanced NSCLC, 20 patients with early
NSCLC and 52 healthy volunteers.

Results: Comprehensive pattern of EGFR mutation is currently ongoing. Expected
results will be available within one year. In the plasma biomarker study, most of the
healthy volunteers had undetectable levels of SHP1P2 methylation. In contrast, median
level of SHP1P2 methylation in pre-treatment patients with advanced NSCLC was 770
pg/ml [0-26500 pg/ml] which was significantly higher than those of healthy controls.
Furthermore, the advanced NSCLC patients who had baseline level of SHP1P2
methylation of less than 700 pg/ml had higher median progression-free survival (5.2 vs.
2.6 months, p = 0.009) and median overall survival (12.6 vs. 7.6 months, p = 0.01)
when compared to those who had SHP1P2 methylation greater than 700 pg/ml. From
the multivariate analysis, levels of SHP1P2 methylation were significantly associated

with the survival rates in advanced NSCLC patients.



Conclusion: Circulating SHP1P2 methylation is a potential non-invasive biomarker for
NSCLC. This biomarker may be used to develop risk-adaptive treatment for patients

with lung cancer.

Keywords : Lung cancer, adenocarcinoma, biomarkers
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Title

Epithelial-specific methylation marker, a potential plasma biomarker in advanced
non-small cell lung cancer

Abstract

Background: Under physiological conditions, leukocytes contribute to the majority of
circulating DNA in plasma. Therefore, detection of Src homology-2-containing protein-
tyrosine phosphatase 1 promoter 2 (SHP1P2) methylation in epithelial tumor-derived
circulating nucleic acid may serve as a potential non-invasive biomarker for non-small
cell lung cancer (NSCLC).

Materials and method: A quantitative PCR-based assay was used to determine the level
of SHP1P2 methylation in plasma. Blood samples were prospectively collected from 58
patients with advanced NSCLC, 20 patients with early NSCLC and 52 healthy
volunteers.

Results: Most of the healthy volunteers had undetectable levels of SHP1P2 methylation.
In contrast, median level of SHP1P2 methylation in pre-treatment patients with
advanced NSCLC was 770 pg ml [0-26500 pg ml_1] which was significantly higher
than those of healthy controls. Furthermore, the advanced NSCLC patients who had
baseline level of SHP1P2 methylation of less than 700 pg ml had higher median
progression-free survival (5.2 vs. 2.6 months, p = 0.009) and median overall survival
(12.6 vs. 7.6 months, p = 0.01) when compared to those who had SHP1P2 methylation
greater than 700 pg ml_1. From the multivariate analysis, levels of SHP1P2 methylation

were significantly associated with the survival rates in advanced NSCLC patients.
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Conclusion: Circulating SHP1P2 methylation is a potential non-invasive
biomarker for NSCLC. This biomarker may be used to develop risk-adaptive treatment
for patients with lung cancer.

Running title

Plasma SHP-1 promoter-2 methylation and lung cancer

Key words: SHP-1, methylation, biomarker, lung cancer
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Introduction

Recently, it has been shown that extracellular, free-circulating nucleic acids in
plasma and serum (CNAPS) is a valuable biomarker that can be used to detect the
presence of several diseases such as cancer, cardiovascular disease, pulmonary
thromboembolism, connective tissue disease, infections, and organ transplantation 1'3. In
patients with cancer, an ideal candidate for CNAPS biomarker should come from unique
genetic sequences present in the tumor cells. For example, the presence of viral
genetic material such as Epstein-Barr virus in a tumor tissue or blood from patients with
nasopharyngeal carcinoma is important because these items can be used as a
prognostic and treatment monitoring tool 11_14. However, there are a few of these
markers available and most of them are limited to a few viral-associated malignancies.

Examinations of the genetic and epigenetic alterations of CNAPS can also be
used as a noninvasive tool to detect, monitor the outcome of a disease and assess the
patient’s response to treatment in non-small-cell lung cancer (NSCLC) 4_6. Even though
these markers may have promising diagnostic and prognostic potentials in NSCLC
patients, application of these biomarkers in the clinical setting has been limited because
the prevalence of detection these genetic alterations are so variable and can range from
44 to 63% in the plasma 4'10. These percentages indicate that there is a need to find a
more specific and sensitive biomarker that can accurately detect and predict the course
of lung cancer as well as the patients’ response to treatment.

As a result of this, we decided to search for a suitable candidate marker for
NscLe. We have previously reported diSCOVETING a unique epithelial-

specific epigenetic marker found on src homology-2-containing protein-tyrosine
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phosphatase 1 (SHP1) gene that encod€s for a non-receptor protein tyrosine
phosphatase. Methylation of SHP1 at the promoter-2 region (SHP1P2) is a tissue-
specific methylation which has a role in determining the differential expression of SHP1
between epithelial and hematopoietic cells 15. Methylation of SHP1P2 is ubiquitous in all
epithelial cells but in normal hematopoietic cells, SHP1P2 is fully unmethylated . This
type of tissue specific methylation profile may serve as a specific marker for epithelial
malignancies in CNAPS because a significant proportion of circulating nucleic acids
in human is derived from hematopoietic cells 17. Therefore we assessed the levels of
methylated SHP1P2 and CNAPS in the plasma of patients with NSCLC to see if these
biomarkers could be used as noninvasive diagnostic and prognostic tools. The results
from this study will be extremely useful for physicians diagnosing and treating lung

cancer as well as other types of cancer.

Materials and Methods
Study population

NSCLC patients who received treatment at the King Chulalongkorn Memorial
Hospital were recruited into this study. Only patients with either a confirmed histological
or cytological diagnosis were enrolled into the study. All advanced NSCLC patients
were treated and managed according to the standardS of local clinical practice.

In this study, age- and sex-matched healthy volunteers
served as negative controls (Controls group) and were recruited

from a Bangkok | community. No one in the Controls had any
significant medical condition. (Supplement table 3).

Written informed consents were obtained from all participants. The study was
approved by the Ethics Committee of Faculty of Medicine, Chulalongkorn University.

Sample collection and DNA preparation
Blood specimens from all NSCLC patients were collected prior to receiving
any treatment in EDTA tubes. Subsequent blood specimens WEIE collected from
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patients receiving chemotherapy on day 0 of the first and second
cycle. Plasma was harvested after centrifugation and stored at —80°C until further
analysis. DNA was extracted from 0.5 to 2 ml of plasma by using QlAamp blood minikit
(Qiagen, Hilden, Germany), following the manufacturer’s instructions. DNA was treated
with sodium bisulfite using EZ DNA Methylation-GoIdTM kit (Zymo Research, Orange,
CA, US) before methylation assessment. After that, levels of CNAPS and SHP1P2
methylation were quantitated by quantitative PCR.
Quantitative analysis for circulating DNA level

Circulating DNA level was quantitated by using a real-time PCR by ABI Prism,
7500, Sequence Detection System with dual hybridization probe specific sequence for
GAPDH (NC_000012). The PCR primers were designed as follows: 5-CTA-CTC-TTT-
CCA-CCC-TCG-GAG-T-3 (forward) and 5-TGA-GGC-CCT-GCA-GCG-TAC-TC-3’
(reverse). The dual hybridization probe sequence is TAMRA-5-TTG-GGG-TCC-CAA-
CGT-GCG-TCG-3-VIC. Extracted leukocyte DNA from healthy subjects was used to
generate the standard curve. Experiments were performed in duplicate. The threshold
cycle of the unknown target sample was obtained with a relative amount of DNA in the

experimental sample. The total level of circulating DNA was calculated by using the

following equation C=Q*V,,,/V..:*V.,, where C = the target concentration in plasma (pg

ext?

mi 1), Q = the target quantity (pg) determined by a sequence detector in PCR, V,,, =
the total volume of DNA obtained after extraction, V,., = the volume of DNA used for

PCR, and V_, = the volume of the plasma used for DNA extraction.
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Quantitative measurement of SHP1P2 methylation by methylation-specific primers
polymerase chain reaction (MSP-PCR)

Methylation-specific primers polymerase chain reaction (MSP-PCR) and primers
for SHP1P2 were used as previously described 16. Briefly, a duplex MSP-PCR was
performed on bisulfite-treated DNA with the following oligonucleotides: 5'-TGT-GAA-
CGT-TAT-TAT-AGT-ATA-GCG-3' (forward methylation), 5-CCA-AAT-AAT-ACT-TCA-
CGC-ATA-CG-3' (reverse methylation), 5'-GTG-AAT-GTT-ATTATA-GTA-TAG-TGT-
TTG-G-3' (forward unmethylation) and 5'-TTC-ACA-CATACA-AAC-CCA-AAC-AAT-3'
(reverse unmethylation). The PCR products for methylated and unmethylated alleles
were electrophoresed, visualized, and quantitated by using Phosphorimager and Image
Quant Software (GE healthcare Life Sciences). The SHP1P2 methylation index (MI)
was calculated by the intensity of the methylated amplicon divided by the sum of all
intensities (both methylated and unmethylated amplicons.)

Quantification of SHP1P2 methylation by using absolute quantitative analysis of
methylated alleles (AQAMA)

The absolute quantitative analysis of methylated alleles (AQAMA) was
performed as previously describedw. AQAMA with dual hybridization probe was used to
accurately measure the level of SHP1P2 methylation in the plasma. All SHP-1 bisulfite
oligonucleotide sequences were derived from GenBank accession number U47924.1.
Primers for SHP-1 bisulfite were: 5-GGT-GGA-GGA-GGG-AGA-GAT-GT-3’ (forward)
and 5-AAC-ACA-TAT-ATA-CCT-TAC-ACA-CTC-CAA-A-3’ (reverse). Methylation- and
unmethylation-specific dual hybridization probe sequences 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. All PCRs were performed in duplicate. All PCR products
were electrophoresed and visualized by using SYBR green.

The standard curves were generated from mixing various proportions of known
methylated (HeLa) and unmethylated DNA (leukocyte) prior to the bisulfite modification.
The amount of SHP1P2 methylation was calculated by using the following equation:
Quantitative SHP1P2 = C* Methylation index, where C = the target concentration in
plasma (pg ml_1). Methylation index was calculated by using the following equation:
Methylation index = mSHP1P2/ (mSHP1P2 + uSHP1P2), where
mSHP1P2 = the amount of methylated SHP1P2 and uSHP1P2 = the amount of
unmethylated SHP1P2.

Statistical analysis
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Mann-Whitney U-test was used to assess the difference between the non-
parametric distributed variables. Most of the data were expressed in median unless
otherwise indicated. xz or Fisher's exact test was used to compare between categorical
variables. The Pearson’s correlation was used to assess the correlation between each
variable. The receiver operator characteristic (ROC) curve was used to analyze the
measurements of SHP1P2 methylation assays. The differences in the SHP1P2
methylation between baseline and follow-up samples were analyzed by using the
Wilcoxon matched-pairs signed rank test. In a two-sided test, p < 0.01 was considered
to be statistically significant. All statistical analyses were performed by using SPSS
version 16.0 (SPSS Inc, Chicago, IL, US).

Kaplan-Meier method was used to analyze survival rates. Progression-free
survival (PFS) was defined as the time interval between the first date of chemotherapy
and date when tumor progression became evident whereas overall survival (OS) was
defined as the time elapsed between start of treatment and death. Log-rank test was
used to distinguish the differences between the survival curves. Cox proportional
hazards’ regression analysis was used to estimate univariate and multivariate hazard
ratios for both PFS and OS.

Results

Study Population

A total of 58 patients with advanced NSCLC were enrolled into the study. The
median age of these patients was 59 years. Majority of the patients were male (39/58,
67%) and had adenocarcinoma histology (45/58, 76%) (Table 1). All patients had
platinum-based chemotherapy. 91% of the patients had a combination of chemotherapy
with either gemcitabine (36%) or paclitaxel (55%). Only 9% of the patients were treated
with one agent. All advanced NSCLC patients received treatment according to their
physical status and age. Five patients prematurely stopped treatment after one cycle of
chemotherapy; three refused to continue chemotherapy, one had progressed while the
other one became severely hypersensitive to chemotherapy and had to stop treatment.
All patients were included in the survival analysis. Data up to December 2009 showed
that 46.6% of the patients were alive and 10.7% did not progress. The median follow-up
time in this study was 7.2 months (range: 0.7—15.0 months). The median OS was 9.9
months (95% CI: 5.8—-14.0 months) and the median PFS was 3.5 months (95% CI: 2.3—
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4.7 months). Overall, our treatment results in patients with advanced NSCLC were

consistent with other previously published reports 1920

Reliability of absolute quantitative analysis of methylated alleles (AQAMA) in
detecting methylated SHP1P2

The level of methylation on a target DNA sequence is usually measured with a
semi-quantitative technique like the MSP-PCR. In order to be able to accurately
quantitate a small amount of nucleic acid, target DNA in plasma, a more sensitive tool
is needed. Hence in this study, we investigated the potential use of AQAMA-PCR with a
dual hybridization probe to assess the amount of methylated alleles in the plasma. The
assay was validated by comparing the measurements obtained from the
semiquantitative MSP-PCR to the AQAMA-PCR by using a known set of concentrations
of mixed SHP1P2 methylated samples. The AQAMA-PCR technique showed a near-
perfect linearity of the known samples with Pearson’s correlation coefficient of r’= 0.99
whereas the MSP-PCR had r’= 0.78 (Figure 1). This indicated that AQAMA-PCR was
precise in its detection of SHP1P2 methylation in the plasma. Thus, we decided to use
AQAMA-PCR to determine the levels of methylated SHP1P2 in patients with advanced
NSCLC.

Pretreatment levels of SHP1P2 methylation in patients with advanced NSCLC and
the Controls

Levels of SHP1P2 methylation in patients with advanced NSCLC and the
Controls are shown in Supplement table 4. When we used the AQAMA-PCR, the levels
of SHP1P2 methylation in most of the Controls were undetectable (20 of 52 [38%]
subjects; detectable range: 0—200 pg ml_1) (Supplement table 5). In contrast, the levels
of SHP1P2 methylation in most of the patients with advanced NSCLC (35 of 38 [92%)])
were significantly higher with a median of 770 pg mI_1 [0-26500 pg ml_1; p < 0.001).
The different levels of methylation were independent of age, sex, and smoking status
(Supplement figure 5 and 6). These results were consistent with the differential plasma-
derived SHP1P2 methylation levels between advanced NSCLC and the Controls
stemmed from the contribution of circulating DNA by cancer cells.

We further explored the possibility of using the level of SHP1P2 methylation as

a diagnostic marker for lung cancer. The area under the ROC curve was 0.93.
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Significant differences were seen between advanced NSCLC patients and the controls
(95% confidence interval (Cl): 0.86-0.99). The cut-off level of SHP1P2 methylation at
35 pg ml_1 was a suitable level to distinguish between the advanced NSCLC and the
Controls with a sensitivity of 89.5% and specificity of 90.4% (Supplement table 6 and
figure 7). When we used SHP1P2 MI, our results were similar to the findings mentioned
above. Patients with advanced NSCLC had a median SHP1P2 MI of 17% (range O-
62.6%) whereas in the Controls, this continued to be undetectable. This data is further
supported by the amount of circulating tumor DNA detected; the total circulating nucleic
acid level in patients with advanced NSCLC was significantly higher compared to the
controls. However, according to our ROC analysis, the sensitivity of our finding was
modest at 0.69 (Figure 2) which was consistent with a less power of
discrimination of total circulating DNA among these conditions.
This indicated that SHP1P2 methylation in circulating DNA may be a potential advanced
lung cancer biomarker.
Levels of SHP1P2 methylation in chemotherapy-naive advanced NSCLC patients
We decided to investigate whether SHP1P2 methylation could be used to
diagnose NSCLC. In order to do this, plasma from 58 advanced NSCLC patients was
collected before receiving treatment. The median level of plasma SHP1P2 methylation
in chemotherapy-naive advanced NSCLC patients was 680 pg mI_1 (range: 0-28000 pg
ml_1). The levels of SHP1P2 methylation were not significantly correlated with other
demographic variables such as sex, age, smoking status, histology and performance
status (data not shown). Thus, SHP1P2 methylation can be used to detect patients with

advanced NSCLC.

Prognostic factor of plasma SHP1P2 methylation in advanced NSCLC patients

Aside from its ability to diagnose patients with advanced NSCLC, we
investigated whether SHP1P2 methylation could be used as a prognostic biomarker.
The ROC curve analysis was used to predict the survival outcome in patients prior to
receiving treatment. At a cut-off level of 700 pg ml_1, SHP1P2 methylation could
separate patients into two groups according to their OS, above or below median OS,
with a sensitivity of 68% and a specificity of 70%.

This cut-off level of 700 pg ml was used to analyze PFS and OS. Most of the
chemotherapy-naive advanced NSCLC patients had baseline plasma SHP1P2

methylation levels of > 700 pg ml_1. According to our survival analyses, in advanced
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NSCLC patients with baseline plasma SHP1P2 methylation levels of > 700 pg ml_1, the
PFS was 2.6 months (95% CI: 1.3-3.8) and OS was 7.6 months (95% CI: 3.5-11.6). As
for patients with < 700 pg ml SHP1P2 methylation levels, the PFS was 5.2 months
(95% CI: 2.7-7.7; p = 0.009) and OS was 12.6 months (95% CI: 10.7-14.4; p = 0.01)
(Figure 3).

Moreover, according to the univariate analysis in advanced NSCLC patients,
baseline SHP1P2 methylation level was the only independent prognostic factor for both
PFS and OS with p = 0.01 and 0.01, respectively, whereas age, sex, smoking status,
performance Status and chemotherapy regimen were not a significant prognostic
factor. When multivariate analysis was used, the level of SHP1P2 at 700 pg ml_1 was
again an important prognostic factor. SHP1P2 levels of > 700 pg ml_1 had a hazard
ratio of 1.482 (95% Cl: 1.096-2.006) and 2.710 (95% CI: 1.209-6.581) for disease
progression and death, respectively (Table 2). These results indicated that the
pretreatment level of SHP1P2 methylation in plasma was an important prognostic factor

in advanced NSCLC patients.

Response to chemotherapy treatment according to the levels of plasma SHP1P2
methylation

Conventionally, a few cycles of chemotherapy are required before physicians
can evaluate the patients’ response to treatment. As a result of this, we decided to see
if the levels of SHP1P2 methylation can be used to monitor the response to
chemotherapy. In order to do this, an additional follow-up blood sample was collected
from each patient before the second cycle of chemotherapy treatment. A total of 42
follow-up blood samples were collected. There were no significant correlation between
the changes of plasma SHP1P2 methylation levels and the response of lung cancer to
chemotherapy treatment. Additional analyses showed that the changes of SHP1P2
methylation levels were not correlated to PFS (p = 0.133) and OS outcomes (p =
0.995).
Levels of plasma SHP1P2 methylation in patients with early stage NSCLC

We also investigated the levels of plasma SHP1P2 methylation in 20 resectable
NSCLC (Table 3) patients. The levels of SHP1P2 methylation in patients with stages I-
[l NSCLC were higher than the Controls with a median of 1249 pg mli1 (range 358-
10488 pg mlﬂ). This finding is consistent with the results seen in patients with

advanced NSCLC. On the other hand, the total circulating DNA levels in plasma from
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patients with early stages of NSCLC were comparable to the Controls (Figure 4). This
indicated that levels of circulating DNA were not as sensitive and specific when
compared to SHP1P2. Hence only levels of SHP1P2 methylation can be used to
distinguish patients with early stages of NSCLC from healthy controls.
Discussion

In many circumstances, the nucleic material derived from cancer cells may
significantly contribute to CNAPS 21-23. In patients with internal organ malignancies such
as lung cancer, access to the tumor tissue is generally difficult and hence will affect the
diagnosis of the patient. Therefore, the use of CNAPS is very attractive because of its
convenient, noninvasive access to specimens. Here, we have demonstrated that
quantitative evaluation of the level of the tissue-specific epigenetic modification at the
proximal 5’-element of SHP1 in plasma may serve as a potential biomarker to diagnose
and prognose lung cancer. The level of SHP1P2 methylation is significantly higher in
plasma derived from patients with various stages of NSCLC compared to the healthy
controls. Moreover, the high level of SHP1P2 methylation in pretreatment patients
displayed a significant correlation to survival outcome and served as an independent
prognostic factor in advanced NSCLC.

Several attempts in searching for a useful biomarker in lung cancer have

demonstrated its sensitivity and specificity _ 4_6. Detection -
Iypermethyl_tumor suppressor genes-p16, death-
associated protein kinase, glutathione S-transferase P1, and DNA repair gene o’-
methylguanine-DNA-methyltransferase _ CNAPS °.
An additional study using six genetic markers such as tumor suppressor gene (BLU),
cadherin 13 gene (CDH13), the fragile histidine triad gene (FHIT), the cell cycle control
gene p16, the retinoic acid receptor B gene (RARp), and the Ras association domain
family 1 gene (RASSF1A) displayed 63% rate of detection of promoter hypermethylation
of these genetic markers in CNAPS 6. Our current report revealed high sensitivity and

specificity of 89.5 and 90.4% of SHP1P2 methylation in plasma, respectively, in

distinguishing lung cancer from healthy controls.

methylation of

SHP1P2 _in epithelial cells-not in hematopoietic cells.

The amount of CNAPS is an indirect indicator of the tumor burden in cancer

patients. The high -CNAPS may represent high tumor burden -

.associatel with more tumor resistance and poorer treatment outcome. However,
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our study could not demonstrate a good correlation between the changes of serially
measured level of SHP1P2 methylation according to the treatment cycle and the clinical
radiographic response to chemotherapy. One possible explanation is that the
chemotherapy treatment may cause the release of tumor DNA into the circulation and
interfere with the equilibrium of CNAPS. Furthermore, a larger cohort would be needed
to adequately address these issues.

Under physiological conditions, the circulating nucleic acid can be detected at a
low level and is predominately contributed from hematopoietic cells 17. Our data
demonstrated that the detection of SHP1P2 methylation in plasma of lung cancer
patients with the AQAMA-PCR is feasible and has a very high sensitivity. Its specificity
was aiso obtained when we vaidated the assay. one of the most important
factors is that SHP1P2 methylation is exclusively found in epithelial cancer cells and not
in hematopoietic cells. It is interesting to further explore the potential application of
using SHP1P2 methylation as a diagnostic or prognostic biomarker for other types of
epithelial malignancies.

In conclusion, our study has demonstrated the potential use of measuring
epithelial tissue specific epigenetic modification of SHP1P2 in CNAPS which may be
used to support the diagnosis and predict the prognosis of NSCLC in advanced
patients.
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Table and legends

Table 1 Demographic data and treatments of advanced NSCLC patients

Characteristic

No of Patients (%)

NSCLC patients 58
Age, in years

Median 59 years

Range 37-83 years
Sex

Female 19 (33)

Male 39 (67)
Histology

Adenocarcinoma 45 (76)

Squamous cell carcinoma 6 (11)

Large cell carcinoma 2(4)

Other 5(9)
Smoking status

Smoker 33 (57)

Non-smoker 25 (43)
ECOG performance status

ECOG 0 6 (10)

ECOG 1 47 (81)

ECOG 2 5(9)
First-line chemotherapy

Paclitaxel/carboplatin 32 (55)

Gemcitabine/carboplatin 21 (36)

Carboplatin 5(9)
Total regimen of treatment

< 2 regimen 35 (60)

> 2 regimen 23 (40)

32



Table 2 Results of survival analysis using Cox-proportional Hazard Model in advanced

NSCLC patients. Clinical parameters were

methylation.

Abbreviation: Cl, confidence interval, ND * not determine, *, statistical significance.

correlated with the levels of SHP1P2

Factor

Univariate

Multivariate

p- p- Univariate | p- Multivariate | p-
Hazard ratio | value Hazard ratio | value Hazard ratio | value | Hazard ratio of | value
of death of death of recurrence recurrence
(95% CI) (95% CI) (95% CI) (95% CI)
Sex male 1.24 (0.56- 0.58 0.64 (0.19- 0.47 1.02 (0.75- 0.86 0.98 (0.63- 0.94
vs. female 2.72) 2.12) 1.39) 1.52)
Age <60 vs. 1.12 (0.54- 0.75 1.38 (0.65- 0.39 1.03 (0.77- 0.82 1.00 (0.75- 0.96
>60 yr 2.30) 2.95) 1.37) 1.35)
Smoking 1.52 (0.72- 0.26 1.98 (0.57- 0.27 1.00 (0.75- 0.97 0.99 (0.64- 0.96
status yes vs. 3.21) 6.84) 1.33) 1.52)
no
ECOGOor1 | 0.79(0.23- 0.70 0.34 (0.07- 0.16 0.72 (0.27- 0.50 0.67 (0.20- 0.52
vs.2 2.65) 1.55) 1.88) 2.24)
Regimen Rx | 2.58 (1.13- 0.02 2.8 (1.19- 0.01 ND ND
<2vs.>2 5.91) 6.58)
SHP1P2 2.36 (1.22- 0.01%* 2.71 (1.20- 0.01* 1.47 (1.09- 0.01* 1.48 (1.09- 0.01*
methylation 5.64) 6.07) 1.97) 2.00)
>700vs. <
700 pg ml”

Table 3 Patient baseline characteristics of resectable NSCLC

Characteristic No of Patients (%)
NSCLC patients 20
Age, in years

Median 61 years

Range 45-83 years
Sex

Female 4 (20)

Male 16 (80)
Histology

Adenocarcinoma 14 (70)

Squamous cell carcinoma 4 (20)

Large cell carcinoma 1(5)

Other 1(5)
Smoking status

Smoker 12 (60)

Non-smoker 8 (40)
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Staging UICC
Stage | 13 (65)
Stage 11 -
Stage 111 7 (35)
Adjuvant chemotherapy
Yes 6 (30)
No 14 (70)
Adjuvant radiation
Yes 4 (20)
No 16 (80)

Figures and legends

110~
—x— AQAMA

—a— MSP-PCR

0 T T T T 1
0 25 50 75 100 125

Measured SHP1P2 methylation index (%)

Input SHP1P2 methylation index (%)

Figure 1 Comparisons between absolute quantitative analysis of methylated alleles
(AQAMA) PCR and the conventional methylation specific primers (MSP) PCR. AQAMA-
PCR is more accurate when compared to MSP-PCR. Standard samples were generated
by mixing known fully methylated SHP1P2 DNA extracted from Hela cells and known
fully unmethylated SHP1P2 DNA from leukocytes. This standard was used to compare
the performances of MSP-PCR with that of AQAMA-PCR. Results of AQAMA-PCR
(solid line, filled triangle) showed a near-perfect correlation to the known concentrations
of the mixed samples compared to the semi-quantitative measurement of MSP-PCR

(solid line, filled square).
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Figure 2 The levels of SHP1P2 methylation showed better diagnostic capability in
patients with advanced NSCLC compared to the total circulating DNA. Pretreatment
plasma samples from 52 healthy controls and 38 advanced NSCLC were collected.
Both circulating DNA (panel A) and SHP1P2 methylation (panel B) in advanced NSCLC
patients were significantly higher than those of the healthy controls. However, the levels
of SHP1P2 methylation in most of the healthy controls were undetectable in contrast to

the variable levels of circulating DNA of the healthy controls.

r
Figure 3 Levels of plasma SHP1P2 methylation was used to predict the survival rates in
patients with advanced NSCLC. Results from Kaplan-Meier survival curve analysis for
progression-free survival (PFS) (panel A) and overall survival (OS) (panel B) in patients
with advanced NSCLC showed that patients with low levels <700 pg ml_1 (solid line,
filled circle) had better PFS and OS compared to those with high levels = 700 pg ml-
1 of SHP1P2 methylation (solid line, filled triangle).
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Figure 4 Plasma levels of SHP1P2 methylation was detected in 20 resectable NSCLC
patients with stages I-lll NSCLC. Total amount of circulating DNA (panel A) and
SHP1P2 methylation (panel B) were higher in patients with early stages of NSCLC

compared to the
healthy controls. Most of the controls from panel B had undetectable SHP1P2 levels
when compared to those that Were detectable (panel B) and had a wider
distribution of circulating DNA (panel A).

Supplementary data

Table 4. Characteristics of patients with advanced NSCLC and sex- and age-matched

healthy controls

Baseline characteristic No. of case No. of control
Age
<60 yr 21 27
>60 yr 17 25
Sex
Male 20 23
Female 18 29

Smoking status

Smoking 19 0

Non-smoker 19 52

All
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Table 5. Comparative analysis of the detection rate of any level of plasma SHP1P2

methylation in patients with advanced NSCLC and sex- and age-matched healthy

controls.
Group Healthy controls Advanced NSCLC | p-value
SHP1P2 methylation any level 20 35 p<0.001
No aberrant detection 33 3
Total 52 38

Table 6. ROC analysis of the sensitivity and specificity of the level of plasma SHP1P2

methylation as a means of distinguishing patients with advanced NSCLC from sex- and

age-matched healthy controls.

Plasma SHP1P2 methylation Sensitivity Specificity
cut-off (pg ml-1)
0.4 92.1% 71.2%
12.8 89.5% 86.5%
35.9 89.5% 90.4%
99.2 84.2% 94.2%
114.8 84.2% 96.2%

Figure 5 Levels of plasma SHP1P2 methylation were not correlated to the age of the

Controls by the Pearson correlative coefficient (R2 = 0.0018).

r

Figure 6 Levels of plasma SHP1P2 in the Controls were not associated with sex (p =

0.3).
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r
Figure 7. Plotted ROC curve used to establish the cut-off level for plasma SHP1P2

methylation
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Figure 8. Comparison of the differences in levels of SHP1P2 methylation between the
healthy controls and the non-smoking subset of patients with advanced NSCLC (panel
A) or resectable NSCLC (panel B). The level of SHP1P2 methylation remained

significantly higher and exhibited a wider range of distribution (p<0.001), similar to that
of the whole population of NSCLC patients. These results indicate that smoking status

has no significant influence on SHP1P2 methylation.
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