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ABSTRACT

A Comparative study of clinico-pathologic features
and molecular alterations between serrated lesions

and tubular adenoma of colon

Otgontuya Sambuudash

Department of Medicine

The Graduate School, Yonsei university

Directed by Professor Hyun-Soo Kim

Background : Approximality 20-30% of CRC develop from
serrated neoplasia pathway characterized by aberrant DNA methylation and
BRAF mutation. Although, this serrated pathway including of either BRAF

and KRAS mutations could be biologically heterogeneous as reflected in



sessile serrated adenomas (SSAS). Serrated polyps represent a heterogeneous
group of polyps which are the precursor lesions to serrated pathway in CRC.
Serrated lesions classified as hyperplastic polyp, sessile serrated
adenoma/polyp (SSA/P) with or without cytological dysplasia, traditional
serrated adenoma (TSA). SSA and TSA are premalignant lesions, but SSA is
the principal serrated precursor of CRCs. Characterization of serrated polyp
subtype in the field of clinical and epigenetic is still limited. Purpose of the
study : Therefore, we tested the hypothesis whether BRAF V600E, LINE1,
IGFBP7, hMLH1, and CD133 might be expressed in serrated lesion and
tubular adenoma of colon and its expression may be correlated with serrated
neoplasia pathway. Methods : We examined BRAF V600E mutation and
methylation of LINE1, IGFBP7, hMLH1, and CD133 in 110 formalin fixed
paraffin embedded (FFPE) tissue samples including 53 TSAs, 10 SSAs, and
47 tubular adenomas (TAs) by bisulfite conversion and pyrosequencing
assay. Results : We found that BRAF V600E mutation was identified as 25
(47.2%), 5 (50%), and 0 (0%) in TSAs, SSAs and TAs, respectively. The
frequency of methylation at LINE1, IGFBP7, hMLH1 and CD133 was 51
(96.2%), 20 (37.7%), 3 (5.7%) and 4 (7.5%) in TSAs compared to 10 (100%),

8 (80%), 0 (0%), and 3 (30%) in SSAs, and 46 (97.9%), 4 (8.5%), 1 (2.1%),



and 10 (21.3%) in TAs, respectively. These results evaluated that aberrant
methylated genes could be detected frequently in serrated lesions and TAs of
colon. Conclusions : This study elucidated that SSA is more
hypermethylated compared to TA and TSA in LINE1 and IGFBP7. However
hMLH1 and CD133 didn’t different according to histological types. Also
BRAF V600E mutation was frequently found in 25(47.5%) of TSAs and
5(50%) of SSAs compared to conventional tubular adenomas. Further would
study with larger number of samples is needed to demonstrate the
pathogenesis of serrated neoplasias, which is closely related with CIMP high,

BRAF mutation and MSI.

Keywords: Sessile serrated adenoma, SSA, traditional serrated adenoma.
TSA, tubular adenoma, TA, BRAF, LINE1, IGFBP7, hMLH1,

CD133
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I. INTRODUCTION

The world-wide incidence of colorectal cancer (CRC) accounts about 1.2
million new cases per year and 40-50% of patients die within 5 years of
diagnosis.[1-3] CRC develops through two main pathways. The most well-
known pathway is adenocarcinoma pathway and its precursor lesions are

tubular adenomas, tubulovillous adenomas, and villous adenomas.[4-6]



Another pathway is “serrated neoplasia pathway” which is described recently.
This pathway suggests the progression of serrated polyps with specific
histological characteristics, including saw-toothed infolding of the crypt
epithelium, perhaps develop into CRC with microsatellite instability

(MSI).[7, 8]

Thirty years ago serrated lesions were named as “hyperplastic polyp” (HP)
and were understood no malignant potential. Since then, the serrated lesions
have been established and the serrated polyps are the precursors of one-third
of all CRCs.[9-11] Serrated lesions of the colorectal are classified
pathologically according to the World Health Organization (WHO) criteria
as hyperplastic polyps, sessile serrated adenoma/polyp (SSA/P) with or
without cytological dysplasia, traditional serrated adenoma (TSA) (Table

1).[12]



Table 1. Pathological classification of serrated colorectal lesions

recommended by the World Health Organization ( 2010 )

Hyperplastic polyp

Sessile serrated adenoma/polyp
with or without cytological dysplasia

Traditional serrated adenoma

The terms “sessile serrated adenoma” and “sessile serrated polyp” are

considered synonymous

Recent studies have shown that serrated polyps are the precursors of CRCs
developing through the serrated neoplasia pathway characterized by BRAF
mutation, CpG island methylator phenotype (CIMP), with or without
microsatellite instability (MSI). Either one or a combination of these lesions
can be involved in the serial transition from normal epithelium to polyps, and
to CRC.[13] The CpG island methylator phenotype (CIMP) is described the
coordinate hypermethylation of multiple CpG dinucleotide clusters called
CpG islands. These CpG islands often reside in gene promoter regions where

aberrant DNA hypermethylation frequently correlates with silencing of the



downstream gene. The phenotype targets many hundreds of CpG islands;
however, the specific gene promoters involved and whether the associated
genes become silenced and play a role in the serrated neoplasia pathway. The
epigenetic CIMP pathway is defined as the major mechanism driving the
serrated pathway to CRC.[12] This pathway is based on abnormal promoter
CpG island hypermethylation.[14-16] Methylation of CpG islands within
promoter regions of genes is a normal way of reducing gene expression.
More methylation means less expression, and if the gene being silenced is a
tumor-suppressor gene, then loss of function may cause carcinogenesis. The
extent of promoter CpG island hypermethylation in neoplasms varies
considerably.[12] BRAF is a member of the RAF family of serine/threonine
kinases which mediates cellular responses to growth signals through the
RAS-RAF-MAP kinase pathway. BRAF mutations play a role in
chromosomal instability pathway of CRC and have recently been found 5-15%
of CRCs.[17] MSI pathway of CRC is characterized by the loss of mismatch
repair gene function which leads DNA replication errors. Loss of mismatch
repair usually occurs because of germline mutation of one of four mismatch-
repair gene (MSH2, MLH1, MSH6 or PMS2). Recently, studies suggested

that methylation of IGFBP7 is an important alteration in the serrated



neoplasia pathway and has correlation with MLH1 methylation, BRAF
mutation, CIMP, and MSI in CRC. However, the pathological and epigenetic
features of serrated polyps with methylated IGFBP7 are still largely
unknown.[18] CD133 is a well-studied cancer stem cell marker, its function
and prognostic significance are not established in CRC.[19] LINE-1
hypomethylation has showed a poor outcome in several types of human

neoplasms, such as colon, stomach and ovarian cancer. [20, 21]

Previous studies reported that SSAs are mainly observed in the proximal
colon and are associated with frequent BRAF mutation and CIMP that may
be the precursor lesion of colorectal carcinogenesis with MSI. In contrast,
TSAs are more commonly found in the distal colon and show frequent
KRAS mutation.[7, 8, 11, 22-30] BRAF V600E mutation was rarely
observed in TA but was higher frequently found in serrated polyps. Although
some investigators have identified close association of BRAF mutation and
promoter methylation, MSI in CRC. Among serrated polyps, BRAF V600E
mutation occurred more frequently in SSA (75%) and mixed polyps (89%)

compared with those of HP (19%) and SA (20%).[8, 17, 31-34]



Therefore, we tested the hypothesis whether BRAF V600E, LINEL,
IGFBP7, hMLH1, and CD133 might be expressed in serrated lesion and
tubular adenoma of colon and also its expression may be correlated with
serrated neoplasia pathway. The study evaluated BRAF V600E mutation and
methylation of LINE1, IGFBP7, hMLH1, and CD133 in these polyps by
bisulfite conversion and pyrosequencing assay. Our data may useful to
understand the serrated neoplasia pathway of CRC and clinical significance

of promoter methylation.



Il. MATERIALS AND METHODS

1. SAMPLE COLLECTION

We collected 110 formalin-fixed, paraffin-embedded (FFPE) tissue blocks
of colorectal serrated lesions and tubular adenomas from the Department of
Pathology, Yonsei university Wonju Severance Christian Hospital from 2005
to 2013. Fifty-three cases were TSAs, 47 were TAs and 10 were SSAs
without cytological dysplasia. (shown Figurel.) Histological slides of all

samples were reviewed by the gastrointestinal pathologist.

The patients comprised 66 males and 44 females and median age was 61.2
years (mean += SD, 61.2+11.2). The “proximal” designation included the
cecum, ascending colon, hepatic flexure and transverse colon. The “distal”
colon included the descending, sigmoid colon and the rectum. Our purpose

has been used to collect large polyps in this study.

10



2. ETHICS APPROVAL

The study has been approved by the Institutional Ethics Committee of

Yonsei University Wonju Severance Christian Hospital (CR312041).

Figure 1. Histological images of serrated lesion and tubular adenoma of
colon (H&E, x 100). A, Traditional serrated adenoma, which has
prominent serration with presence of hypereosinophilic cytoplasm and
nuclear stratification. B, Sessile serrated adenoma without cytological
dysplasia. Prominent serration at all levels of crypt, crypt dilation, and
branching with irregular distribution of goblet cells. C, Tubular adenoma,

showing presence of pseudostratification with hyperchromatic nuclei.

11



3. DNAEXTRACTION AND BISULFITE CONVERSION

DNA extraction

Genomic DNA was extracted from FFPE tissue using QlAamp DNA
Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer’s
instructions. Tissue sections of 5 mm thickness were cut from paraffin
blocks and 5 sections were placed into sterile microtubes. 1ml of xylene
was added to each tube and vortexed for 10 seconds. Samples were
centrifuged at 13,000 rpm at room temperature for 5 minutes and the
supernatants were discarded. Residual xylene was removed by washing the
samples three times with 1 ml of 100% ethanol. Then samples were
vortexed and centrifuged at 13,000 rpm for 5 minutes. The pellets were
incubated at 37 °C for 10 minutes. The pellet was resuspended with 180um
buffer ATL 20 um and was added mixed proteinase K solution and mixed
by vortexing. Mixture was incubated at 56 °C for 1 hour and continued
again at 90 °C for lhour. After incubation, briefly centrifuged for 10
seconds and were added 200 pum buffer AL, 200 um 100% ethanol to each
samples and mixed by vortexing. Then the mixture was transferred to the

QIAmp MinElute column and was centrifuged at 8,000 rpm for 1 minute.

12



Sample mixture were placed in new 2 ml collection tube and were
discarded the filtrate. The QIAmp MinElute column was then washed with
500 um of buffer AW1 and was centrifuged at 8,000 rpm for 1 minute. The
supernatant was discarded and recovery procedure was repeated with a new
2 ml collection tube. 500 um buffer AW2 was then added to the column,
and the column was centrifuged at 8,000 rpm at 1 minute. The supernatant
was discarded and was placed in a new 2 ml collection tube and centrifuged
at 15,000 rpm for 3 minutes to dry the membrane completely. Placed the
QIAmMp MinElute column in a clean 1.5 ml microcentrifuge tube. DNA in
the QIAmp MinElute column was eluted by the addition of 30 pm of buffer
ATE, followed 5 minutes incubation at room temperature and
centrifugation at 14,000 rpm for 1 minute. The eluted DNA (30 um volume)

was then used as a template for PCR and Pyrosequencing.

Bisulfite modification of the genomic DNA was carried out using an
EpiTect Bisulfite kit (Qiagen, Hilden, Germany) following the manufacture’s
protocol. This modification converts unmethylated cytosine to uracil and

leaves 5-methyl cytosine unchanged.

13



Bisulfite reaction contained the following; 18 um(500 ng) DNA solution, 2
um RNase-free water, 85 um Bisulfite Mixture, and 35 um DNA Protect
Buffer. PCR tubes were closed and mixed bisulfite reactions thoroughly.
Then we performed the bisulfite DNA conversion using a thermal cycler
following protocol and this step were incubated for 6 hours. Briefly,
centrifuged and transferred to new 1.5 ml microcentrifuge tubes. Buffer
BL/carrier RNA (560 pl) was added to the 140 pl of bisulfite-converted
DNA sample and the mixture was transferred to EpiTect spin column and
centrifuged at maximum speed for 1 minute. The supernatant was discarded
and recovery procedure was repeated with a new 2 ml spin column. Buffer
BW (500 pul) was then added, and after extensive mixing, the mixture was
loaded onto the provided spin columns in consecutive 630-ul aliquots. After
each loading, the columns were centrifuged at maximum speed for 1 minute.
The supernatant was discarded and was placed the spin columns back. Buffer
BD (500 pm) was added to each spin column and incubated at room
temperature for 15 minutes followed by centrifugation at maximum speed for
1 minute. The supernatant was discarded and was placed the spin columns
back. The spin column was then washed with 500 ul of buffer BW, followed

by centrifugation at maximum speed ( 15,000 rpm) for 1 minute. The

14



supernatant was discarded and was placed the spin columns back. This step
was repeated. DNA in the spin column was eluted by the addition of 20 ul of
buffer EB, followed by a 1 minute incubation at room temperature and
centrifugation at 12,000 rpm for 1 minute. The eluted DNA (20 ul volume)

was then used for Pyrosequencing analysis and MethyL.ight analysis.

4. PCR AMPLIFICATION AND GEL ELECTROPHORESIS

PCR amplification was performed by HotStarTag Plus Master Mix kit
(Qiagen, Hilden, Germany ) and random primers ( Bioneer ) according to
manufacturer’s instructions with some modifications. We used a PCR
mixture containing 12.5 pl 2X Hot Star Taq Plus Master Mix, 0.5 pul Forward
primer, 0.5 ul Reverse primer , 2.5 ul 10X Corallood Concentrate, 7 pl
RNase-free water, 2 ul Template DNA. The PCR condition included initial
denaturation at 94 °C for 5 minutes, annealing at 54-60 °C for 30 seconds,
chain extension at 72 °C for 1minute, with a final extension at 72 °C 10
minutes for 45 cycles and finally 4 °C. The reaction mixture was stored at

4 °C, until it was loaded onto the gel. The amplified products were separated

15



on 2% agarose gels, stained with ethidium bromide (1 mg/ml), and
visualized using a transilluminating UV chamber (Alpha Innotech, CA,

USA).

Primer sequences and conditions for PCR and pyrosequencing assay are

shown in Table 2.

5. PYROSEQUENCING ASSAY

Pyrosequencing was carried out using PSQ HS 24 Gold single-nucleotide
polymorphism reagents on a PSQ HS 24 pyrosequencing machine (Biotage,
Uppsala, Sweden). The results were analyzed usingQ-CpGsoftware (Qiagen).
All primers were designed on Pyrosequencing Assay Design (Qiagen, Hilden,

Germany).

Pyrosequencing was then performed on the PCR products with reagents

from the PyroGold Reagents kit (Qiagen, Hilden,Germany), 1 x annealing

16



buffer (200 mmol/L Tris acetate, 50 mmol/L magnesium acetate), binding
buffer at ph 7.6 (10 mmol/L Tris-HCI, 2 M NaCL, 1 mmol/L EDTA, 1 ml/I
Tween 20), 3ul Streptavidin Sepharose High Performance beads and 15 uM
pyrosequencing primer. The nucleotide dispensation orders were: LINEL,
TTYGTGGTGYGTYGTT, CD133, YGAGGTTATTTTTTYGYGTTYGT,
hMLH1, YGTGAGTAYGAGGTATTGAGGTGATT, IGFBP7, and
TYGAYGTTAGTAGGAGYGYGYGYG, as previously reported.[35-37]
The amount of C relative to the sum of the amounts of C and T at each CpG
site was calculated as a percentage (i.e., 0-100). The average of the relative
amounts of C in the CpG sites was used as the overall methylation level of

each gene in colon polyps.

BRAF MUTATION ANALYSIS

BRAF V600E mutation was examined by Pyrosequencing using Pyrokit
(Qiagen) according to the manufacturer’s instructions. For detection of the BRAF
mutation, genomic DNA obtained from FFPE samples was amplified using the
following primers of BRAF gene (5’-GAAGACCTCACAGTAAAAATAG and

5’ATAGCCTCAATTCTTACCATCC), as previously reported[38]

17



Table 2. Primer sequences in PCR and Pyrosequencing assay

Annealing

Gene locus Type Prlmer’seguence temperature Length
5°-3 (C) (bp)
BRAF F GAAGACCTCACAGTAAAAATAG 51 122
R ATAGCCTCAATTCTTACCATCC
S GATTTTGGTCTAGCTACA
GT/AGAAATCTCGA
LINE1 F TTTTGAGTTAGGTGTGGGATATA 51 310
R AAAATCAAAAAATTCCCTTTC
S AGTTAGGTGTGGGATATAGT
TTYGTGGTGYGTYGTT
IGFBP7 F AGGGTTYGGGGTAGGGGATTGGGGAT 60 208
R AAAACCACACCCCRAAACRATAAAAACAC
S YGGGTGTTYGTTTATTTT
TYGAYGTTAGTAGGAGYGYGYGYG
hMLH1 F TTGGTATTTAAGTTGTTTAATTAATAGTTG 56 119
R AAAATACCTTCAACCAATCACCTC
S AGTTATAGTTGAAGGAAGAA
YGTGAGTAYGAGGTATTGAGGTGATT
CD133 F GGAGTAGGGATATGGGGGTATAAA 55 163
R AAACACCCCAATTCTCCATCT
S GGGATATGGGGGTATAAAG

YGAGGTTATTTTTTYGYGTTYGT

18



6. STATISTICAL ANALYSIS

All statistical analysis was performed using PASW (version 20.0) (SPSS
Inc., Chicago, IL, USA). Differences between the groups were evaluated
using the one way ANOVA, Chi-square test and Fisher’s exact test,
respectively. Statistical significance tests were two-tailed, and p < 0.05 was

considered statistically significant.

19



1. RESULTS

1. Clinical findings

The clinical features of all patients are shown in Table 3. In this study, 66
male and 44 female patients were included. The median age was 61.2 years
(61.2 £11.2). There were no significant differences in the age or gender of
the patients in this study. We identified that 33 TSAs (62.3%) were located
in distal colon, 35 TAs (74.5%) were occurred in the proximal colon, and 10
SSAs (100%) were found in the proximal colon; thus, it was statistically
significant (P=0.001) . The mean size of TSAs, SSAs, TAs was 1.3+0.4cm
(0.5-2.5cm), 1£0.2cm (0.5-1.2cm), TAs 1.2+0.5cm (0.3-2.5cm), respectively.
There is a statistically significant difference in the location of polyps

(*P=0.000) .

20



Table 3. Clinical features of patients with TA, TSA and SSA

All polyps P value Ly TSA 5SA
Features polyp n (%) n (%) n (%)
No of patients 110 47 53 10
Age
(Mean+SD) 61.2+11.2 0.392 62.4+10.8 60.9+11.1 57.1+14.1
Size
(Mean+SD, mm) 12.2+4.5 0.052 11.6+4.9 13.2+4.1 9.9+2.1
Sex
Male 66 33 27 6
(60) 0.146 (70.2) (50.9) (60)
Female 44 14 26 4
(40) (29.8) (49.1) (40)
Location
Proximal colon 65 35 20 10
(59.1) 0.000* (74.5) (37.7) (100)
Distal colon 45 12 33 0
(40.9) (25.5) (62.3) 0)

TA-Tubular adenoma , TSA-Traditional serrated adenoma, SSA-Sessile serrated adenoma,

*P < 0.05; statistically significant

21



2. Prevalence of BRAF mutation

BRAF V600E mutation was identified 25 (47.2%) and 5 (50%) in TSAs
SSAs, respectively. However, none of 47 TAs detected BRAF mutation

(Table 4).

22



3. Methylation status of LINE1, IGFBP7, hMLH1, CD133 in TAs, TSAs

and SSAs

The methylation status of TAs, TSAs and SSAs are shown in Table 4 . We
used pre-established and validated criteria for LINE1l with percent
methylated relative (PMR) > 60 for this gene were considered to have
hypermethylated. But, if PMR < 60 with LINE1 were hypomethylated. For
IGFBP7 samples with PMR > 20 were considered to have hypermethylated
and PMR < 20 were defined as hypomethylated. For hMLH1 and CD133
samples with PMR > 10 were considered to have hypermethylated and PMR
< 10 were defined as hypomethylated.( shown Table 4)[18] The frequency
of methylation at LINE1, IGFBP7, hMLH1 and CD133 was 51 (96.2%), 20
(37.7%), 3 (5.7%) and 4 (7.5%) respectively, in TSAs compared to 10
(100%), 8 (80%), 0 (0%), 3 (30%) in SSAs and 46 (97.9%), 4 (8.5%), 1
(2.1%), 10 (21.3%) in TAs. The frequency of methylation of LINE1 was
hypermethylation in all these polyps (P=0.755). Although higher frequency
of methylation of IGFBP7 in was largely due to a higher methylation
frequency in SSAs than in TSAs and TAs 8 (80%) and 20 (37.7) versus 4

(8.5%), respectively (*P=0.000). hMLH1 was also didn’t methylated in

23



SSAs compared to TSAs and TAs, 0(0%), 3 (5.7%), 1 (2.1%), respectively
(P=0.521). Moreover, the hypermethylation of CD133 in TAs, TSAs and
SSAs were occurred in 6 (14%), 5 (9.4%) and 3 (30%), respectively

(P=0.208). There were not found a statistically significant difference.

24



Table 4. Correlations between clinical features and genetic and

epigenetic changes in serrated lesions and tubular adenoma

Histology TA TSA SSA P value
BRAF
mutation
+ 0 25 5 0.000*
(0) (47.2) (50)
3 47 28 5
(100) (52.8) (50)
LINE1
(meanzSD, %) 65.7+3.2 68.1+4 74.8+2.1
>60 46 51 10 0.755
(97.9) (96.2) (100)
<60 1 2 0
(2.1) (3.8) (0)
IGFBP7
(meanzSD, %) 14.59.2 23.1+20.1 34.9+15.9
>20 8 20 8 0.000*
(17) (37.7) (80)
<20 39 33 2
(83) (62.3) (20)
hMLH1
(meantSD,%) 5.6+£1.7 6.4£2.6 6.911.1
>10 1 3 0 0.521
(2.1) (5.7) (0)
<10 46 50 10
(97.9) (94.3) (10)
CD133
(mean+SD,%) 7.9+3.0 7.3£6.0 9.0+1.4
>10 6 5 3 0.208
(14) (9.4) (30)
<10 37 48 7
(86) (90.6) (70)

TA-Tubular adenoma , TSA -Traditional serrated adenoma, SSA-Sessile

serrated adenoma,

*P < 0.05; statistically significant

25



Figure 2. Methylation patterns of LINEL in TAs, TSAs, and SSAs

( P=0.755).
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Figure 3. Methylation patterns of IGFBP7 in TAs, TSAs, and SSAs
(*P=0.000).
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Figure 4. Methylation patterns of hMLH1 in TAs, TSAs, and SSAs
( P=0.521).
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Figure 5. Methylation patterns of CD133 in TAs, TSAs, and SSAs

( P=0.208)
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IVV. DISCUSSION

In this study, we investigated epigenetic alterations in serrated lesions and
tubular adenomas of colon, assessing by promoter gene methylation of
LINE1, IGFBP7, hMLH1, CD133 and BRAF mutation. We analyzed these
results with clinical and histological features and compared to TSAs, SSAs
and TAs. The mean age and gender of patients within serrated lesions (TSAs,
SSAs) and tubular adenomas were not found significant difference. Our
study supported by some of previous studies that showed no association with
age and gender of patients with serrated polyps.[39, 40] We identified that 33
TSAs (62.3%) were located in distal colon, 35 TAs (74.5%) were located in
the proximal colon, and 10 SSAs (100%) were found in the proximal colon;
and it was found to be statistically significant (P=0.001). The mean size of
TSAs, SSAs, TAs were 1.320.4 cm, 1+0.2 cm, 1.2+0.5 cm, respectively.
These findings are confirmed by serrated lesions appear larger polyps, SSAs
are predominantly located in the proximal colon and TSAs and more likely
to be located in the distal colon. TA often occurred in the proximal colon,

which was similar with previous studies.[22, 41, 42]
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The Mitogen Activated Protein kinase (MAPK) signaling pathway is
generally altered in CRC and precursor lesions by oncogenic mutation of
either the BRAF or KRAS genes. These mutations are mutually exclusive
and revealed a striking specificity for serrated polyp subtype. [41] BRAF
V600E mutation is an early event in the “serrated neoplasia pathway”.[2]
Rare occurrences of BRAF V600E mutation in adenomas and high frequent
BRAF V600E mutations in serrated polyps was reported previously.
Although in some studies on SSA and TSA, BRAF mutation was observed in
62.1% to 90% and 27 to 55%, respectively, but not in TAs. [23, 43-45] In
our study, BRAF V600E mutation was observed in 5 (50%) of SSAs, and 25
(47.2%) of TSA, respectively. However, it was not found in tubular
adenomas. The recent report of the BRAF V600E mutation in serrated
lesions and TAs indicated that BRAF V600E mutation occurs very early in
CRCs and could be a specific marker of both serrated polyps and serrated
pathway.[43] CpG island methylation is an epigenetic process commonly
involved in silencing of gene transcription leading to development of cancer
[14]. The present study was carried out to clarify CpG island promoter
methylation in serrated lesions and TAs. We used four tumor related genes

(LINE1, IGFBP7, hMLHI1, CD133) of CRCs and didn’t observe any
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significant differences between serrated lesions and TAs. Our study
identified that new finding for LINEL gene involved in serrated lesions and
TAs. We observed that higher methylation of LINE1 was seen in 51 (96.2%),
10 (100%), and 46 (97.9%) for TSAs, SSAs and TAs, respectively. Although,
methylation of IGFBP7 was observed as 20 (37.7%), 8 (80%) and 8 (17%) in
TSAs, SSAs and TAs, respectively. In 2012, Eisuke Kaji et al [18] proposed,
that inactivation of IGFBP7 is an early event in colorectal tumor genesis as
IGFBP7 was shown to be methylated not only in CRC but in colorectal
adenoma, while MLH1 methylation or MSI is rare in adenoma. IGFBP7
methylation plays a key role in the serrated pathway and to occur during the
course from serrated polyp to cancer with MSI. These findings suggest that
methylation of LINE1 and IGFBP7 genes may contribute to the progression
of the polyps. We found little methylation of hMLH1 and CD133. The
reason could be that mismatch repair (MMR) protein and CD133 was rare in
serrated lesions and polyps and maybe to occur a late alteration that leads to
dysplasia through polyps to CRCs. [46, 47] In human studies, ethical and
practical barriers may make it difficult or impossible to collect specimens
from the target tissue. However, our study sample size was not sufficient to

fully conclude methylation status in serrated lesions and TAs.
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V. CONCLUSION

In conclusion, this study elucidated that SSA is more hypermethylated
compared to TA and TSA in LINE1 and IGFBP7. However hMLH1 and
CD133 didn’t different according to histological types. Also BRAF V600E
mutation was frequently found in 25(47.5%) of TSAs and 5(50%) of SSAs
compared to conventional tubular adenomas. Further would study with larger
number of samples is needed to demonstrate the pathogenesis of serrated
neoplasias, which is closely related with CIMP high, BRAF mutation and

MSI.

33



REFERENCES :

1. Gaiser, T., et al., Molecular patterns in the evolution of serrated lesion
of the colorectum. Int J Cancer, 2013. 132(8): p. 1800-10.

2. Mesteri, I., et al., Improved molecular classification of serrated lesions
of the colon by immunohistochemical detection of BRAF V600E. Mod
Pathol, 2013.

3. Zhang, N.H., et al., Co-expression of CXCR4 and CD133 proteins is
associated with poor prognosis in stage II-111 colon cancer patients. Exp
Ther Med, 2012. 3(6): p. 973-982.

4. Winawer, S.J., et al., Prevention of colorectal cancer by colonoscopic
polypectomy. The National Polyp Study Workgroup. N Engl J Med,
1993. 329(27): p. 1977-81.

5. Brenner, H., et al., Case-control study supports extension of surveillance
interval after colonoscopic polypectomy to at least 5 yr. Am J
Gastroenterol, 2007. 102(8): p. 1739-44.

6. Lieberman, D.A., et al., Five-year colon surveillance after screening
colonoscopy. Gastroenterology, 2007. 133(4): p. 1077-85.

7. Leggett, B. and V. Whitehall, Role of the serrated pathway in colorectal
cancer pathogenesis. Gastroenterology, 2010. 138(6): p. 2088-100.

34



10.

11.

12.

13.

14.

15.

O'Brien, M.J., et al., Comparison of microsatellite instability, CpG
island methylation phenotype, BRAF and KRAS status in serrated polyps
and traditional adenomas indicates separate pathways to distinct
colorectal carcinoma end points. Am J Surg Pathol, 2006. 30(12): p.
1491-501.

Lane, N., The precursor tissue of ordinary large bowel cancer. Cancer
Res, 1976. 36(7 PT 2): p. 2669-72.

Sumner, H.W., N.F. Wasserman, and C.J. McClain, Giant hyperplastic
polyposis of the colon. Dig Dis Sci, 1981. 26(1): p. 85-9.

Rex, D.K., et al., Serrated lesions of the colorectum: review and
recommendations from an expert panel. Am J Gastroenterol, 2012.
107(9): p. 1315-29; quiz 1314, 1330.

Rex, D.K., et al., Serrated lesions of the colorectum: review and
recommendations from an expert panel. The American journal of
gastroenterology, 2012. 107(9): p. 1315-29; quiz 1314, 1330.

Gaiser, T., et al., Molecular patterns in the evolution of serrated lesion
of the colorectum. International journal of cancer. Journal international
du cancer, 2013. 132(8): p. 1800-10.

Toyota, M., et al., CpG island methylator phenotype in colorectal
cancer. Proceedings of the National Academy of Sciences of the United
States of America, 1999. 96(15): p. 8681-6.

Hawkins, N., et al., CpG island methylation in sporadic colorectal
cancers and its relationship to microsatellite instability.

35



16.

17.

18.

19.

20.

21.

22.

Gastroenterology, 2002. 122(5): p. 1376-87.

Ogino, S., et al., CpG island methylator phenotype, microsatellite
instability, BRAF mutation and clinical outcome in colon cancer. Gut,
2009. 58(1): p. 90-6.

Chan, T.L., et al., BRAF and KRAS mutations in colorectal hyperplastic
polyps and serrated adenomas. Cancer Res, 2003. 63(16): p. 4878-81.

Kaji, E., et al., Externalization of saw-tooth architecture in small
serrated polyps implies the presence of methylation of IGFBP7. Dig Dis
Sci, 2012. 57(5): p. 1261-70.

Horst, D., et al., Prognostic significance of the cancer stem cell markers
CD133, CD44, and CD166 in colorectal cancer. Cancer Invest, 2009.
27(8): p. 844-50.

Shigaki, H., et al., LINE-1 hypomethylation in gastric cancer, detected
by bisulfite pyrosequencing, is associated with poor prognosis. Gastric
cancer : official journal of the International Gastric Cancer Association
and the Japanese Gastric Cancer Association, 2012.

Goodier, J.L., L.E. Cheung, and H.H. Kazazian, Jr., Mapping the LINE1
ORF1 protein interactome reveals associated inhibitors of human
retrotransposition. Nucleic Acids Res, 2013. 41(15): p. 7401-19.

Spring, K.J., et al., High prevalence of sessile serrated adenomas with
BRAF mutations: a prospective study of patients undergoing
colonoscopy. Gastroenterology, 2006. 131(5): p. 1400-7.

36



23.

24,

25.

26.

27.

28.

29.

30.

Jass, J.R., et al., Advanced colorectal polyps with the molecular and
morphological features of serrated polyps and adenomas: concept of a
‘fusion’ pathway to colorectal cancer. Histopathology, 2006. 49(2): p.
121-31.

Jass, J.R., Hyperplastic polyps and colorectal cancer: is there a link?
Clin Gastroenterol Hepatol, 2004. 2(1): p. 1-8.

Farris, A.B., et al., Sessile serrated adenoma: challenging
discrimination from other serrated colonic polyps. Am J Surg Pathol,
2008. 32(1): p. 30-5.

lino, H., et al., DNA microsatellite instability in hyperplastic polyps,
serrated adenomas, and mixed polyps: a mild mutator pathway for
colorectal cancer? J Clin Pathol, 1999. 52(1): p. 5-9.

O'Brien, M.J., et al., Hyperplastic (serrated) polyps of the colorectum:
relationship of CpG island methylator phenotype and K-ras mutation to
location and histologic subtype. Am J Surg Pathol, 2004. 28(4): p. 423-
34.

Noffsinger, A.E., Serrated polyps and colorectal cancer: new pathway
to malignancy. Annu Rev Pathol, 2009. 4: p. 343-64.

Groff, R.J., R. Nash, and D.J. Ahnen, Significance of serrated polyps of
the colon. Curr Gastroenterol Rep, 2008. 10(5): p. 490-8.

Torlakovic, E.E., et al., Sessile serrated adenoma (SSA) vs. traditional
serrated adenoma (TSA). Am J Surg Pathol, 2008. 32(1): p. 21-9.

37



31.

32.

33.

34.

35.

36.

37.

38.

Kim, Y.H., et al., Distinct CpG island methylation profiles and BRAF
mutation status in serrated and adenomatous colorectal polyps. Int J
Cancer, 2008. 123(11): p. 2587-93.

Luo, L., W.D. Chen, and T.P. Pretlow, CpG island methylation in
aberrant crypt foci and cancers from the same patients. Int J Cancer,
2005. 115(5): p. 747-51.

Park, S.J., et al., Frequent CpG island methylation in serrated adenomas
of the colorectum. Am J Pathol, 2003. 162(3): p. 815-22.

Rashid, A., et al., CpG island methylation in colorectal adenomas. Am J
Pathol, 2001. 159(3): p. 1129-35.

Jeon, Y.K,, et al., Promoter hypermethylation and loss of CD133 gene
expression in colorectal cancers. World J Gastroenterol, 2010. 16(25): p.
3153-60.

Kimura, T., et al., A novel pit pattern identifies the precursor of
colorectal cancer derived from sessile serrated adenoma. Am J
Gastroenterol, 2012. 107(3): p. 460-9.

Dammann, R.H., et al., Frequent aberrant methylation of the imprinted
IGF2/H19 locus and LINE1 hypomethylation in ovarian carcinoma. Int
J Oncol, 2010. 36(1): p. 171-9.

Jo, Y.S,, et al., Diagnostic value of pyrosequencing for the BRAF V600E
mutation in ultrasound-guided fine-needle aspiration biopsy samples of
thyroid incidentalomas. Clin Endocrinol (Oxf), 2009. 70(1): p. 139-44,

38



39.

40.

41.

42.

43.

44,

45.

46.

Hassan, C., et al., Impact of lifestyle factors on colorectal polyp detection
in the screening setting. Dis Colon Rectum, 2010. 53(9): p. 1328-33.

Hoffmeister, M., et al., Male sex and smoking have a larger impact on
the prevalence of colorectal neoplasia than family history of colorectal
cancer. Clin Gastroenterol Hepatol, 2010. 8(10): p. 870-6.

Rosty, C., et al., Serrated polyps of the large intestine: current
understanding of diagnosis, pathogenesis, and clinical management. J
Gastroenterol, 2013. 48(3): p. 287-302.

Yantiss, R.K., et al., Filiform serrated adenomas: a clinicopathologic
and immunophenotypic study of 18 cases. Am J Surg Pathol, 2007. 31(8):
p. 1238-45.

Rosenberg, D.W., et al., Mutations in BRAF and KRAS differentially
distinguish serrated versus non-serrated hyperplastic aberrant crypt foci
in humans. Cancer Res, 2007. 67(8): p. 3551-4.

Mohammadi, M., et al., Qualities of sessile serrated
adenoma/polyp/lesion and its borderline variant in the context of
synchronous colorectal carcinoma. J Clin Pathol, 2012. 65(10): p. 924-7.

Fu, B., et al., Clinicopathologic and genetic characterization of
traditional serrated adenomas of the colon. Am J Clin Pathol, 2012.
138(3): p. 356-66.

Petko, Z., et al., Aberrantly methylated CDKN2A, MGMT, and MLH1 in
colon polyps and in fecal DNA from patients with colorectal polyps. Clin
Cancer Res, 2005. 11(3): p. 1203-9.

39



47. Wynter, C.V., et al., Methylation patterns define two types of
hyperplastic polyp associated with colorectal cancer. Gut, 2004. 53(4):
p. 573-80.

40



4l
ri
B
I

gl FURG WAt BEF AF Aol
Qgeity 543 2ARLE wste vlw AT

o] EZ FoF (Otgontuya Sambuudash)

ATt chetel oot

hgekel oF 20-30%c= HIH/GA <] DNA wEstel BRAF
= o] ERdor FYEY 3} (serrated  neoplastic
pathway)oll A A= 1 5Uch AdAH o2 BRAF 9 KRAS
=dWolE XTI FUEH ¢sHAHel AR FY

HEESSAYS  W9E 5 dwdch FUEde g

41



i
Mo

il

=
L

| A&} 7]

o1 A

SERS

Eis

=i
=~

A+ BRAF V600E, LINE1, IGFBP7, hMLH1

wepa, B

W
B

AN A(TA) &

B

i
o]

A5

]

v

oF

CD133

o[

<|m

==
1o

H, 47 71 ¢

10 7N} 84 wY A £

A0 ==
f=i

w4

A&

s

53 719

3} pyrosequencing

o] BRAF V600E =3 2 LINE1, IGFBP7, hMLH1,

e o] 83

19951 t). BRAF V600E =<1 o] =

CD133 9] wdsle] ujs|

Soll A

,AO
o

vt
o

=H

42



Z}Z} 25(47.2%), 5(50%), 0(0%) 2= A= 15Utk LINEL, IGFBP7,
hMLH1 ¥ CD133 9 RIE+= HE F4Y MFTdAE= 51(96.2%),
2037.7%), 3(5.7%), 4(10%)=, FH4d FTUY AF ZHolAE

10(100%), 8(80%), 0(0%), 3(30%)=, A AFo|M+= 46(97.9%),

I

4(8.5%), 1(2.1%), 10(21.3%)= 77t SAHEHAFUS. 9 A=

a

MR Hdgs fAds oge B

il
i)
ol

GRS

AEH O R, BRAF V600E E<IWoE ofwf FUEH
statgol Seol#el mAZE A 5 den

83 A= 4 Aow Azhgyrh

)
o>,
(L
2
o
2
sl

Y B AF, SSA, 71E9 FY B HUF, TSA,

A4 A= TA, BRAF, LINE1, IGFBP7, hMLH1, CD133.

43



