Promoter hypermethylation inactivate tumour suppressor FAM134B and is associated
with poor prognosis in colorectal cancer
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Abstract

The present study aims to examine promoter methylation status of FAM134B in a large
cohort of patients with colorectal adenocarcinomas. The clinical significances and
correlations of FAM134B promoter methylation with its expression are also analysed.
Methylation-specific high-resolution melt-curve analysis followed by sequencing was used to
identify FAM134B promoter methylation in colorectal adenomas (n=32), colorectal
adenocarcinomas (n=164), matched adjacent non-neoplastic colorectal mucosae (n=83) and
colon cancer cell lines (n=4). FAM134B expression was studied by real-time quantitative
polymerase chain reaction, immunohistochemistry, and Western blots. FAM134B promoter
methylation was more frequent in adenocarcinomas (52%; 85/164) when compared to that of
adenomas (28%; 9/32) and non-neoplastic mucosae (35%; 29/83). Cancer cells exhibited
higher methylation when compared to non-neoplastic cells. FAM134B promoter methylation
was inversely correlated with low FAM134B copy number and mRNA/protein expressions,
whereas in-vitro demethylation has restored FAM134B expression in colon cancer cells.
FAM134B promoter methylation was associated with high histological grade (p = 0.025),
presence of peri-neural infiltration (p = 0.012), lymphovascular invasion (p = 0.021), lymph
node metastasis (p = 0.0001), distant metastasis (p = 0.0001) and advanced pathological
stages (p = 0.0001). In addition, FAM134B promoter methylation correlated with cancer
recurrence and poor survival rates of patients with colorectal adenocarcinomas. To conclude,
FAM134B promoter methylation plays a key role in regulating FAM134B expression in-vitro
and in-vivo, which in turn contributes to the prediction of the biological aggressiveness of
colorectal adenocarcinomas. Furthermore, FAM134B methylation might act as a marker in
predicting clinical prognosis in patients with colorectal adenocarcinomas.
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1. Introduction

DNA methylation is the most common epigenetic alterations involved in the
pathogenesis of colorectal carcinoma [1-2]. Promoter hypermethylation mediated
inactivation of tumour suppressor or cancer-related genes is one of the frequent genetic
events in the pathogenesis of colorectal carcinomas [1, 3-4]. Hypermethylation mediated
inactivation of tumour suppressor genes, including APC, MGMT, VIM, CDKN2A, HML1, and
SFRP are associated with the pathogenesis of colorectal carcinoma [2, 5-7]. Hypermethylated
guided silencing of these genes plays crucial roles in the early stages of the pathogenesis of
colorectal carcinoma, namely in the progression of adenoma to carcinoma [2-3].

FAM134B (Family with sequence similarity 134, member B) is also called JK1 or
RETREGI. Itis located at 5p15.1 and encodes an endoplasmic reticulum-receptor protein
that regulates endoplasmic reticulum turnover by selective autophagy [8-10]. Loss of
function mutations, absence and aberrant expression of FAM134B gene are associated with
the pathogenesis of hereditary sensory and autonomic neuropathy type 11B, vascular
dementia, allergic rhinitis and viral diseases [11-16]. In addition, genetic and epigenetic
changes in FAM134B play an important role in the pathogenesis of breast, oesophageal and
colorectal carcinomas [17-23]. Recent studies by our group have reported FAM134B
mutations and its role in predicting the biological aggressiveness in patients with oesophageal
and colorectal carcinomas [22-23].

Methylation mediated silencing of tumour suppressor has the potential to be used as a
biomarker in colorectal adenocarcinomas [3]. Thus, screening of promoter methylation of
FAM134B could be helpful to identify prognostic markers for colorectal adenocarcinoma. In
the present study, we investigated the promoter methylation status of FAM134B in a large

cohort of patients with colorectal adenocarcinoma. In addition, correlations of FAM134B



promoter methylation with clinicopathological parameters of patients with colorectal

adenocarcinoma were investigated.



2. Materials and Methods
2.1 Patient’s selection

Tissues samples were prospectively collected from the consecutive patients who had
resection for a colorectal pre-invasive lesion (adenoma) and colorectal adenocarcinoma from
hospitals in Queensland, Australia. Matched adjacent non-cancer mucoase (near the surgical
resection margin) from the patient who underwent resection of colorectal carcinomas were
also prospectively collected. All the collected tissues were snap frozen in liquid nitrogen and
stored at -80°C until used for the present study. Patients were recruited with no selection
bias. The tissue samples were excluded from the study if there are no adequate cancer cells
after histological review. Ethical approval for this work has been obtained from the Griffith
University Human Research Ethics Committee (GU Ref No: MSC/17/10/HREC). A

schematic flow of the experimental design of the present study is presented in Fig. 1.

2.2 Clinicopathological parameters

In each case, the patient’s resection specimen was fixed in formalin for pathological
examination. Size (maximum dimension) and site of the cancers were recorded on
macroscopic examination. Cancer located in the caecum, ascending colon and transverse
colon were defined as proximal cancers whereas the cancers found in the region of
descending colon, sigmoid colon and rectum defined as distal cancers.

The specimens were then dissected for selection of tissue blocks to be processed in
paraffin. Histological sections from the paraffin-embedded formalin fixed tissues were cut
and stained with haematoxylin and eosin for light microscopic examination. The
pathological features of patients with colorectal adenocarcinoma were analysed by examining
the histological sections and were reviewed and graded by a pathologist (AKL). The

adenocarcinomas were graded into grade 1 (well differentiated), grade 2 (moderately



differentiated) and grade 3 (poorly-differentiated) according to the WHO classification [24].
The presence of lymphovascular invasion and peri-neural cancer infiltration in all the cancers
were documented. The presence of co-existing adenomas or metachronous cancer were
identified in every patient. The cancer tissues were investigated for microsatellite instability
status (MLH1, PMS2, MSH2 and MSH6 by immunohistochemistry) according to the clinical
guidelines. The carcinoma was staged according to the 8" edition of Cancer staging Manual
of AJCC (American Joint Committee on Cancer) based on T, N and M staging [25].

After histological review, 164 patients (79 women; 85 men) with colorectal
adenocarcinomas, 83 matched non-neoplastic mucosae and 32 adenomas were included in the
present study (Fig. 1). Among the 164 adenocarcinomas studied, 19.5% (n = 32) had lymph
node metastasis, whereas the other 81.5 % (n = 132) had no lymph node metastasis. There
were 14.6 % (n = 24) stage |, 39.6 % (n = 65) stage 11, 25.6 % (n = 42) stage 11l and 20.2 %

(n = 33) stage IV carcinomas.

2.3 Clinical Management

Clinical management was performed by a pre-agreed standardized multi-disciplinary
protocol. The use of post-operative adjuvant therapy was based on the pathological stage of
cancer and the clinical status of the patient. The follow-up period was defined as the interval
between the date of surgery for colorectal adenocarcinoma and the date of death or closing
date of the study. The actuarial survival rate of the patients was calculated from the date of
surgical resection of the colorectal adenocarcinomas to the date of death or last follow-up.
Only cancer-related death was counted as the endpoint in the statistical analysis. Persistence

or recurrence of the disease was also recorded.



2.4 Cell Culture
Three colon cancer cell lines (SW-480, SW-48 and HCT116) and one non-neoplastic
colon epithelial cell line (FHC) were used in this study. All these cells were purchased from

ATCC (American type culture collection) and maintained as previously described [26].

2.5 5-Aza-2'-deoxycytidine (5-Aza-CdR) treatment

5-Aza-CdR (Sigma-Aldrich Pty. Ltd. Sydney, VIC, Australia) was dissolved in 1%
DMSO, stored at -20°C and used at the final concentration of 20 uM as previously published
protocol with some modification [27]. FHC, SW-480, SW-48 and HCT116 cells were seeded
in six wells plates and were exposed to 5-Aza-CdR for 48 and 72 hours respectively. DNA,
RNA and protein were extracted for downstream analysis. Cells treated with 1% DMSO

were used as solvent controls.

2.6 Extraction of DNA and RNA

Prospective fresh frozen tissues were sectioned by cryostat into 7 um slices for RNA
and DNA extractions. DNA and RNA were extracted and purified from the tissues and cells
with Qiagen DNeasy Blood & Tissue kit and miRNeasy Mini kit (Qiagen Pty. Ltd., Hilden,

Germany) using previously published protocol [28].

2.7 Bisulphite modification

Bisulphite conversion and purification of the genomic DNA was performed with
MethylEasyXceed kit (Human Genetic Signatures Pty. Ltd., NSW, Australia) as
recommended by the manufacturer. DNA quantification and purity was checked with
Nanodrop Spectrophotometer (BioLab, Ipswich, MA, USA). Approximately 2 ug genomic

DNA from each sample and cell line were the starting amount for the bisulphite treatment.



2.8 Methylation specific high-resolution melt (MS-HRM) curve analysis

Bisulphite treated genomic DNA from adenocarcinomas (n=164), matched non-
neoplastic mucosea (n=83) and adenomas (n=32) were used for MS-HRM analysis to screen
the methylation status. Methylation of FAM134B promoter sequence using methyl-specific
primers was determined as previously described with some modification [29-30]. Briefly,
MS-HRM curve analysis was performed by amplifying target sequences of FAM134B
promoter region on the Rotor-Gene Q detection system (Qiagen) using the software - Rotor-
Gene ScreenClust HRM Software. The polymerase chain reaction (PCR) reactions were
amplified in a total reaction volume of 10 ul comprising 5 pl of 2Xsensimix HRM master
mix, 1 ul of 40 ng/ul bisulphite converted genomic DNA, diethylpyrocarbonate (DEPC,
RNase free) treated water 2 ul and 1 pl of each primer. The thermal cycling comprised 15
minutes at 95°C, followed by 50 cycles of 30 seconds at 95°C, 30 seconds at 61°C and 20
seconds at 72°C. Each PCR run included a no templates, a genomic unmethylated (negative)
(Sigma) and a fully methylated (positive) (Thermo Fisher Scientific Australia Pty Ltd,
Scoresby VIC, Australia) DNA as controls. The melt curve data were generated by
increasing the temperature from 70°C to 95°C for all assays, with temperature increase rate of
0.05°C/seconds and recording fluorescence. The purity and size of the PCR product were
checked in 1.5% agarose gel followed by electrophoretic separation (Supplementary data 1).

All the primers used in this study are given in supplementary data 2.

2.9 Purification of MS-HRM PCR products and Sanger sequencing

FAM134B promoter methylations were further confirmed by Sanger sequencing
followed by MS-HRM. Briefly, after MS-HRM curve analysis, methylated samples’ PCR
products were purified according to the manufacturer’s protocols from the NucleoSpin® Gel

and PCR Clean-up kit (Macherey- Nagel, Bethlehem, PA, USA). The purified DNA was


https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.mn-net.com%2FProductsBioanalysis%2FDNAandRNApurification%2FCleanup%2FNucleoSpinGelandPCRCleanup%2Ftabid%2F1452%2Flanguage%2Fen-US%2FDefault.aspx&ei=NNwDVeXpCIrg8AWNo4CoAw&usg=AFQjCNGus80oWS5yiaSzbeUQIcLYZYHgNA

then mixed with methyl-specific primers. They were prepared for sequencing using Big Dye
Terminator (BDT) chemistry Version 3.1 (Applied Biosystems, Foster City, CA, USA) under
standardised cycling PCR conditions. The generated data were analysed at the Australian
Genome Research Facility (AGRF) using a 3730xI Capillary sequencer (Applied
Biosystems). Sequences were then analysed with Sequence Scanner-2 software (Applied

Biosystems).

2.10 DNA copy number change and mRNA expression analysis

To study the correlation of FAM134B promoter methylation with DNA copy number
changes in colorectal adenocarcinoma tissues (n=68), 1Q5 multicolour real-time PCR
detection system (Bio-Rad, Hercules, CA, USA) was used to perform RT-gPCR. The detail
of the protocol was previously described [19]. In addition, the association of FAM134B
promoter methylation with mRNA expression changes in colorectal cancer tissues (n=159)
and cells (n=4) was studied. mMRNA expression and copy number changes were obtained by
our previously published data as acquired by quantitative reverse transcription polymerase
chain reaction [17-19, 31]. Compared to the previous studies, the matched 83 cases were
newly recruited for the current study. Copy number changes and mRNA expression, a fold
change of >2 is used as copy number amplification/high mRNA expression, and a fold

change <2 is used as copy number deletion/low FAM134B expression.

2.11 Immunohistochemistry

Immunohistochemical study was performed on paraffin blocks of colorectal
adenocarcinomas (n = 79) to investigate the relationship between FAM134B promoter
methylation and FAM134B protein expression. The tissue sections were then stained and

analysed as published previously [17, 26]. To examine the relationship between FAM134B
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promoter methylation and protein expression, data were used from our previous studies [17].
The protein expression was classified into four categories; “0” (0% to less than 10%), “+”
(10% to <30%), “++” (30% to < 50%) and “+++” (>50%) according to the percentage of
FAM134B protein staining. Tissues in the categories of “0” & “+” were classified as low

whereas “++” & “+++” were considered as high expression.

2.12 Western blot analysis

To investigate the impact of FAM134B promoter methylation on protein expression in
cells, total proteins were extracted from control and 5-Aza-CdR treated cells with lysis buffer
(Bio-Rad, Gladesville, NSW, Australia). Afterwards, total protein (30 ug) was separated by
15% SDS-PAGE (Bio-Rad). The protein was transferred to nitrocellulose membranes (Bio-
Rad). The membrane was then developed to detect protein bands according to the published

protocol [22].

2.13 Statistical analysis

Comparisons between variable groups were analysed using the chi-square test,
likelihood ratio and Fisher's exact test. All the data were entered into a computer database
and the statistical analysis was executed using the Statistical Package for Social Sciences for
Windows (version 24.0, IBM SPSS Inc., New York, NY, USA). Survival analysis was tested

using Kaplan-Meier method. The significance level was taken at p < 0.05.
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3. Results
3.1 FAM134B promoter hypermethylated in colorectal cancer tissues and cells
We have designed a pair of methyl-specific primers for FAM134B promoter region

sequence (NM_019000; http://epd.vital-it.ch/search_EPDnew.php) using primer design tool

(http://bisearch.enzim.hu/). Fig. 2A shows the schematic presentation of FAM134B promoter

region with primer pair coverage. The levels of methylation in the cells and tissues samples
were determined using unmethylated genomic DNA, 100% methylated genomic DNA and
different dilutions of methylated DNA (Supplementary data 3). Sanger sequencing
confirmed the results (Supplementary data 4). The pattern of FAM134B promoter
methylation also exhibited high methylation levels in adenocarcinoma tissues and cells
derived from aggressive colon cancers when compared to control tissues and non-neoplastic
cells (Fig. 2B & 2C).

Hypermethylation of FAM134B promoter in colorectal adenocarcinomas was more
common when compared to that of adjacent non-neoplastic and adenoma tissue samples (Fig.
2D). Approximately, 52% (85/164) of the adenocarcinomas showed methylation, whereas
only ~35% (29/83) of the non-neoplastic mucosae and ~28% (9/32) of the adenomas
exhibited FAM134B promoter methylation (Supplementary data 5). FAM134B promoter
methylation was detected in all colon cancer cells tested. The degree of methylation
increased with the colon cancer cells derived from advanced pathological stages (stages Il or
IV) (Fig. 2E). SW48 and HCT116 cancer cells from patients with advanced stages colon
cancers exhibited maximum (35.3%) methylation when compared to non-neoplastic colon
epithelial cells (5.6%) (Fig. 2E).

Quantitative analysis of FAM134B methylation showed a high levels of methylation
(median 44.11%, range 0.0-100%) in adenocarcinomas when compared to adenomas (median

7.64%, range 0-100%) and non-neoplastic mucosae (median 5.85%, range 0.0-30%) (p
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<0.05) (Table 1). Collectively, these data indicated that FAM134B promoter remarkably

hypermethylated in colorectal adenocarcinoma tissues and cells.

3.2 FAM134B epigenetically downregulated in colon cancer

DNA hypermethylation-mediated downregulation of FAM134B expression was
investigated in cancer tissues and cell lines. Among the methylated cancer tissues,
approximately 63% (20/32) shown FAM134B copy number deletion, whereas 39% (14/36)
unmethylated cases showed FAM134B deletion (p = 0.04) (Fig. 3A). It is worth noting that,
~ 38% (12/32) of the methylated and 61% (22/36) of the unmethylated colorectal cancers
showed amplification of FAM134B DNA (Fig. 3A). In addition, distribution of FAM134B
promoter methylation in patients with FAM134B DNA copy number deletion was
significantly higher when compared to those of FAM134B DNA copy number amplification
(Fig. 3B).

A statistically significant inverse correlation of FAM134B promoter methylation and
MRNA expression was noted (r = -0.268; p = 0.001, Fisher exact test). As shown in Fig. 3C,
~75% (62/83) methylated cancer samples had lower FAM134B mRNA expression, whereas
FAM134B mRNA downregulation was only noted in 49% (37/76) of the unmethylated
colorectal cancers (Fig. 3C-3D). Similarly, FAM134B protein expression inversely
correlated with promoter methylation (r = -0.454; p = 001, Pearson test) (Fig. 3E-3F). Most
of the methylated cancer tissue samples had low or absence of FAM134B protein expression
(90% versus 53%) when compared to unmethylated samples (Fig. 3E-3H). Simultaneously,
high FAM134B protein expression was noted in a higher number of unmethylated cancer
tissues when matched to that of methylated tissues (10% versus 48%) (Fig. 3E-H). Patients
with colorectal adenocarcinomas expressing low mRNA/proteins showed significantly higher

FAM134B promoter methylation distribution in comparison to those expressing high
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FAM134B mRNA/protein (Fig. 3D, 3F). A similar trend of association between methylation
and FAM134B mRNA and protein expression changes were noted in cancer cells (Fig. 2E,
Supplementary 6 and 7). No statistically significant relationship was found between
FAM134B methylation, FAM134B mutations, microsatellite instability status and its target
microRNA (miR-142-5p and miR-186-5p; n = 122) expressions [26]. Taken together, results
from this study implied that DNA methylation was responsible for FAM134B downregulation

in colorectal cancers and cells.

3.3 Demethylation by 5-Aza-CdR treatment restored FAM134B expression in cancer
cells

Colon cancer cell cells treated with 5-Aza-CdR (an inhibitor of DNA methylation)
shown complete demethylation of the FAM134B promoter sequence (Supplementary data 4).
This demethylation significantly increased the expression of FAM134B mRNA and protein in
all cancer cells when compared to the corresponding (methylated) control cells after 48 and
72 hours of treatment (Fig. 4 and Supplementary data 7). In 5-Aza-CdR untreated control
cells, FAM134B expression was significantly difference in various types of colon cells; with
the highest expression in FHC cells and lowest expression in HCT116 cells (Supplementary

data 7).

3.4 FAM134B promoter methylation and its clinicopathological significances

The relationship between FAM134B promoter methylation and clinical-pathological
characteristics is presented in Table 2. A significant correlation between methylation of
cancer and high histological grade, the presence of peri-neural infiltration, lymphovascular
invasion, advanced pathological (TNM) stages, cancer recurrence and use of post-operative

chemotherapy were noted in the present study (Table 2). In addition, FAM134B promoter
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methylation was also correlated with the presence of associated adenoma, metachronous
colorectal cancer and cancers of other organs.

Poorly differentiated colorectal adenocarcinoma exhibited significantly higher
FAM134B methylation (74% versus 48%) when compared to well or moderately
differentiated colorectal adenocarcinomas (p = 0.025) (Table 2). Patients with
adenocarcinoma having peri-neural infiltration showed high levels of FAM134B promoter
methylation when compared to those without peri-neural infiltration (77% versus 48%; p =
0.012). Approximately, 68% (27/40) of adenocarcinomas with the presence of
lymphovascular permeation in their colorectal cancer tissues have shown FAM134B promoter
methylation, whereas only ~47% (58/124) of adenocarcinomas without lymphovascular
permeation had shown FAM134B promoter methylation (p = 0.021). Among the 164
adenocarcinomas, those presented with associated adenoma(s) showed a higher frequency of
FAM134B promoter methylation when compared to those without any associated adenoma in
the colorectum (62% versus 44%; p = 0.028).

The majority of cancer patients with advanced T-stages (T3 & T4) showed
FAM134B promoter methylation when compared to those with early T-stages (T1 & T2)
(57% versus 27%; p = 0.009). In addition, compared to patients without any colorectal
cancer metastasis, 75% and 88% patients with lymph node and distant metastasis,
respectively showed FAM134B methylation, (p = 0.0001). Similarly, a significantly higher
percentage of patients with advanced pathological stages (stage = I11 or V) showed
FAM134B methylation when compared to patients with early stages (stage = 1 or 1)
colorectal adenocarcinomas (76% versus 33%; p = 0.0001).

On the contrary, higher frequency of FAM134B promoter methylation was noted in
patients with colorectal adenocarcinomas without having another neoplasm in the other parts

of the body when compared to those having another neoplasm (36% versus 56%; p = 0.048).
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In addition, patients with metachronous colorectal adenocarcinomas showed less frequency
of FAM134B promoter methylation when compared to those without metachronous tumour in

the colorectum (12% versus 54%, p = 0.029) (Table 2).

3.5 FAM134B methylation is associated with poor patient survival

The overall median follow-up of patients with colorectal adenocarcinoma was 49
months and a significant correlation was noted between poor patient survival rates and
advanced pathological stages of colorectal carcinomas (p=0.0001) (Fig. 5A). FAM134B
promoter methylation was noted to be frequent among patients with cancer recurrence and
use of post-operative chemotherapy (68% versus 42%; p = 0.001, 69.7% versus 40%; p =
0.0001, respectively) (Table 2). Patients with FAM134B promoter methylation had a
significantly shorter survival time when compared to those with unmethylated colorectal
carcinomas (102 months versus 127 months, p=0.009) (Fig. 5B). However, in multivariate
analysis including other factors such as pathological stage, lymph node metastasis, and
histological grade etc., survival rates of the patients did not show statistical significance with

FAM134B methylation (p > 0.05).
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4. Discussion

The present study for the first time has demonstrated the biological and clinical
significance of FAM134B promoter methylation in a large cohort of patients with colorectal
adenocarcinomas. Increased frequency of FAM134B promoter methylation was noted in
cancer tissues and cells when compared with control tissues and cells, respectively.
FAM134B promoter methylation was significantly associated with loss or reduced FAM134B
expression. Most importantly, FAM134B promoter methylation correlated with the adverse
clinicopathological factors including high histological grade (grade 3), the presence of
lymphovascular as well as perineural invasion and advanced stages of carcinomas. In
addition, FAM134B promoter methylation associated with cancer recurrence or persistent use
of post-operative chemotherapy and poor survival rates of patients with colorectal
adenocarcinoma.

FAM134B acts as a tumour suppressor in colorectal adenocarcinoma and is frequently
downregulated in cancer tissues and cells when compared to the non-neoplastic counter-parts,
respectively [17-20, 22]. Promoter methylation mediated suppression or silencing of tumour
suppressors in colorectal adenocarcinoma are common and involved in the adenoma-
carcinoma sequence of carcinogenesis [2-3, 5-7]. FAM134B methylation was noted in
adjacent non-neoplastic colonic mucosae to carcinoma as well as in adenomas. The
methylation in these tissues was less frequent than in colorectal adenocarcinomas. Thus, it
could be hypothesized that FAM134B methylation has potential implications in the
pathogenesis of colorectal adenocarcinoma. However, the relatively high frequency of
FAM134B promoter methylation was noted in matched non-neoplastic mucosae when
compared to adenomas (35% versus 28%). This higher frequency of FAM134B promoter
methylation in non-neoplastic mucosae might be due to the field effects of DNA methylation

of cancer patients with colorectal carcinomas [32]. In addition, most of the adenoma samples



17

(22/32) used in the present study were of low-grade, which may be attributed to the lower
frequency of FAM134B promoter methylation in adenoma samples in comparison to that of
non-neoplastic mucosae. In addition, the majority of adenoma with high-grade dysplasia
(7/10) used in the present study showed hypermethylation. Inverse correlation among
FAM134B promoter methylation with copy number deletions, loss or reduced expression
(both mRNA and protein) noted in the present study further endorse a tumour inhibitory
properties of FAM134B in colorectal adenocarcinoma. Furthermore, demethylation induced
upregulation of FAM134B expression in colon cancer cells imply that FAM134B maintain its
tumour suppressor properties by being in demethylation state and methylation in its promoter
region could have the potential to play roles in carcinogenesis in the colorectum.

In the present study, FAM134B promoter methylation was associated with the adverse
clinical-pathological characteristics of patients with colorectal adenocarcinoma, which
indicates the critical roles of FAM134B methylation in the progression of the disease. Gene
methylations are reported to be significantly higher in poorly differentiated colorectal cancers
when compared to well or moderately differentiated cancers [33-34]. Analogously, in the
current study, patients with poorly differentiated colorectal adenocarcinomas showed a
significant increase of FAM134B promoter methylation in comparison to those of well or
moderately differentiated adenocarcinomas (74% versus 48%; p=0.025). This result further
confirms the role of FAM134B promoter methylation and its associated genetic modulations
in predicting biological and clinical aggressiveness in patients with colorectal
adenocarcinomas.

Peri-neural infiltration is a pathological process characterised by cancer cells invasion
to the nervous structures and distributed along the nerve sheaths [35]. The presence of peri-
neural infiltration in cancer was associated with a higher rate of distant metastasis, cancer

persistence or recurrence and poor survival rates of patients, thereby used as an independent
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prognostic marker in cancers [36-37]. This process also involved in complex interactions of
cancer cells with stromal and nerve cells [38]. Thus, the association of FAM134B promoter
methylation with peri-neural invasions of patients with colorectal carcinomas suggested that
FAM134B methylation could have the potential to induce peri-neural invasions in colorectal
cancers, which in turn, could contribute its metastatic potential through complex stromal
interactions between colon cancer cells and adjacent mesenchymal tissues.

Lymphovascular invasion in colorectal carcinoma is a high stage-dependent
prognostic marker [39]. The presence of lymphovascular invasion has been associated with
an increased risk of lymph node metastases and tumour invasion to the extramural veins,
which in turn, has been associated with distant metastases [39]. Promoter hypermethylation
of tumour suppressor gene e.g. CDKN2A is associated with the presence of lymphovascular
invasion in patients with colorectal cancers [40]. Similarly, we have noted a significant
correlation between FAM134B promoter methylation and lymphovascular invasion in
colorectal adenocarcinoma (p = 0.021). Previous studies also reported the association of
reduced FAM134B expression with the presence of lymphovascular invasion in the patients
with colorectal adenocarcinomas [17]. Thus, from the consistent results, it can be
hypothesized that methylation-mediated silencing of FAM134B could have the potential to
permit cancer cells to invade local lymph nodes and veins, which in turn, could contribute to
distant metastasis.

Adenoma in colorectum is a precursor lesion which can be transformed to colorectal
adenocarcinoma if remain untreated [41]. The development of carcinoma from adenomatous
lesions is referred to as the adenoma-carcinoma sequence in the pathogenesis of colorectal
adenocarcinoma. In this study, FAM134B promoter methylation was noted to be frequent in
patients who are reported with adenoma(s) along with an adenocarcinoma in their colorectum

(62% versus 44%; p = 0.028). These results suggest a possible genetic correlation of
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FAM134B methylation with the adenoma-carcinoma sequence in the colorectum.
Furthermore, FAM134B methylation is less frequent in patients with metachronous colorectal
adenocarcinomas (13%) and with other neoplasm(s) (36%). Presence of more than one
primary colorectal adenocarcinoma detected consecutively in a single person after a set of
time interval is known as metachronous colorectal carcinoma [42]. These results indicated
that FAM134B methylation could have the potential to acts as a predictive marker for
multiple cancers.

The pathological staging is assessed clinically by the joint assessment of tumour
invasion (T), presences or absence of lymph node (N) and distant metastasis (M) of cancers
[25]. FAM134B promoter methylation was correlated with higher T-stages (p = 0.009),
presence of lymph node (p = 0.0001), distant metastasis (p = 0.0001) and advanced
pathological stages (p = 0.0001) of patients with colorectal adenocarcinoma. FAM134B copy
number deletion, reduced or loss of expression are associated with advanced cancer stages in
colorectal adenocarcinoma [17, 19, 20]. Hypermethylation at promoter regions might be the
causative events for downregulation of FAM234B in the majority of colorectal
adenocarcinomas. In addition, we have noted mutations and microRNA (miR-186-5p) can
induce reduced or loss of FAM134B expression and lead to the biological aggressiveness of
colorectal adenocarcinomas [22, 26]. Thus, the concurrent genetic and epigenetic alterations
impact confer loss or downregulation of FAM134B expression, which could contribute to the
initiation, and progression of colorectal adenocarcinomas.

In this study, promoter methylation of FAM134B correlated with prognosis of
patients with colorectal adenocarcinomas. Patients with FAM134B promoter methylation in
their colorectal cancer tissues had a significantly poorer survival rates when compared to
those having unmethylated FAM134B (p=0.009). In addition, we found that FAM134B

methylation is more prevalent in patients with cancer recurrence or persistence (p = 0.001)
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and have received post-operative chemotherapy (p = 0.0001). This association of FAM134B
promoter methylation with poor patients’ prognosis and cancer recurrence can be interrelated
with its significant clinical correlations with tumour invasions and lymph node metastasis in
colorectal adenocarcinomas. Taken together, FAM134B promoter methylation demonstrated
to be a marker of aggressive biological behaviours and could be used as a potential
prognostic marker for the patients with colorectal cancers.

In colorectal adenocarcinomas, there are different types genetic and epigenetic
abnormalities, including chromosomal instability (CIN), microsatellite instability (MIN/MSI)
and CpG island methylator phenotype (CIMP), which are associated with the various
phenotypes of the disease [2]. The patients with colorectal adenocarcinomas having CIMP
phenotype is associated with worse prognosis due to inactivation of various tumour
suppressor genes. Thus, FAM134B methylation could represent a broader CIMP status. The
poor prognosis of the patients with colorectal adenocarcinoma having FAM134B promotor
methylation in this study may be related to this broader CIMP status.

The exact mechanism by which FAM134B mediated its tumour suppressive
behaviours is yet to be identified. However, considering its endoplasmic reticulum-turnover
function, it is assumed that absence or non-functional FAM134B protein could lead to
generate endoplasmic reticulum-stress [10]. This endoplasmic reticulum-stress can activate
unfolded protein response (UPR) in cancer cells, which in turn, allows cancer cells to adapt
the tumour microenvironment and promote cancer growth and development [43-44].
Therefore, further studies of FAM134B protein are imperative to unveil its exact roles in
cancer cell biology by identifying its cellular interacting partners.

In conclusion, we here report frequent FAM134B promoter methylation in colorectal
adenocarcinomas. Its co-regulatory effects on FAM134B expressions in-vitro and colorectal

cancer tissues indicate the significance of FAM134B promoter methylation in the genetic
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landscaping of colorectal adenocarcinomas. In addition, the association of FAM134B
methylation with adverse clinical and pathological factors in colorectal cancer as well as poor
survival rates of patients with colorectal cancer implies the potential clinical applications of

the gene in colorectal cancer.
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Figure legends
Fig.1 Schematic presentation of the current study design. Patients with colorectal

adenocarcinomas underwent surgical resection in the present study.

Fig.2 FAM134B promoter structure and methylation status. A) Schematic representation
of FAM134B promoter structure, CpG sites (short vertical lines) and primers for MS-HRM.
The curved arrow indicates the transcriptional start site. B) Schematic presentation of
FAM134B promoter methylation level in representative tissue samples. C) Level of
methylation in four cell lines tested in this study. Remarkable differences of methylation
level were noted among adenocarcinomas, adenomas and adjacent non-neoplastic colorectal
tissues and cells. The degree of methylation significantly higher in adenocarcinomas and in
more aggressive cancer cells when compared to adenomas or non-neoplastic counters parts.
The closed circle represents methylated CpG whereas open circle represents unmethylated
CpG sites. D) Percentages of methylation of a FAM134B promoter in adenocarcinomas,
adenomas and adjacent non-neoplastic mucosae. Significant differences in methylation
frequencies were noted among adenocarcinomas, adenomas and adjacent non-neoplastic
mucosae (p<0.05). The methylation cut-off for scoring of tissue samples as methylation
positive (hypermethylation) was used >10%, whereas < 10% was used methylation negative
(non-hypermethylated). E) Methylation status of FAM134B in the non-neoplastic colon
(FHC) and colon cancer (SW480, SW48 and HCT116) cells. Extensive hypermethylation
was noted in cancer cells derived from patients with colon cancer of advanced stages (SW48
and HCT116) in comparison to that of early-stage colon cancer (SW480) and non-neoplastic

FHC cells.
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Fig.3 FAM134B epigenetically silenced in colorectal cancer. A) FAM134B promoter
methylation was associated with copy number deletion, whereas unmethylation of FAM134B
correlated with gene copy number amplification (p = 0.04). B) Distribution of FAM134B
promoter methylation in DNA copy number deletion and amplification of patients with
colorectal adenocarcinomas. C) Inverse correlation between methylation and mRNA
expression was noted in adenocarcinomas (r = -0.268; p = 0.001, Fisher exact test).
FAM134B promoter methylation induced loss or reduced FAM134B mRNA expression in
colorectal adenocarcinomas. D) Distribution of FAM134B promoter methylation in high and
low FAM134B mRNA expression of patients with colorectal adenocarcinomas. E) Similarly,
a significant reduction or loss of FAM134B protein expression was noted in methylated
colorectal adenocarcinomas when compared to those of unmethylated colorectal
adenocarcinomas (r = -0.454; p = 001, Pearson test). F) Distribution of FAM134B promoter
methylation in low and high FAM134B protein expressing of patients with colorectal
adenocarcinomas. G) FAM134B protein staining by immunohistochemistry in
hypermethylated adenocarcinoma showing low protein expression (3, 3'-diaminobenzidine;
DAB x 25). The nuclei of many carcinoma cells are not stained up by DAB and appear blue
on counterstain (arrows) H) Adenocarcinoma with FAM134B promoter unmethylation
showing high protein expression (DAB x 25). The nuclei of the nearly all the carcinoma

cells are strongly stained up by DAB and appear brown (arrows).

Fig.4 Demethylation induced restore of FAM134B expression in cells. Treatment of cells
with demethylating agent 5-Aza-CdR induced FAM134B re-expression in cancer cells,
Demethylation induced almost similar expression of FAM134B in all tested cells irrespective

of cancer or non-neoplastic cells. FAM134B mRNA expression increased remarkably in
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cancer cells at 48 (A) and 72 (B) hours of 5-Aza-CdR treatment. Similarly, protein expression

also increased in all three cancer cells following 48 (C) and 72 (D) hours of treatment.

Fig.5 FAM134B methylation correlated with poor survival of patients with colorectal
cancer. Survival rates of patients with colorectal cancers could be stratified by FAM134B
promoter methylation or unmethylation. Patients with adenocarcinoma having methylated
FAM134B promoter had significantly shorter survival time when compared to those without

FAM134B promoter methylation (102 months versus 127 months) (p = 0.009).



Table 1. FAM134B promoter methylation status in adenocarcinoma, adenoma and
matched non-neoplastic tissues

Tissue Samples Number Methylation status (%)
Adenocarcinoma 164 44.11 (0.0-100)
Matched Non-neoplastic 83 5.85 (0.0-30)

Adenoma 32 7.64 (0-100)

Table 2. Association of FAM134B promoter methylation with clinicopathological
factors of patients with colorectal adenocarcinoma

30

Variables Number Unmethylated Methylated P values
Total patients 164 79 (48.2%) 85 (51.8%) -

Age
>60
<61

Sex
Female
Male

Site
Proximal colon
Distal colorectum

Size (mm)
<40
>40

Grade
Well or moderate
Poor

Lymphovascular invasion

Presence
Absence

Peri-neural
infiltration
Presence
Absence

Associated adenoma
Presence
Absence

43 (26.2%)
121 (73.8%)

79 (48.2%)
85 (51.8%)

126 (76.8%)
38 (23.2%)

83 (50.6%)
81 (49.4%)

141 (86.0%)
23 (14.0%)

40 (24.4%)
124 (75.6%)

22 (13.4%)

142 (86.6%)

73 (44.5%)
91 (55.5%)

20 (46.5%)
59 (48.8%)

35 (44.3%)
44 (51.8%)

58 (46.0%)
21 (55.3%)

46 (55.4%)
33 (40.7%)

73 (51.8%)
6 (26.0%)

13 (32.5%)
66 (53.2%)

5 (22.7%)

74 (52.1%)

28 (38.4%)
51 (56.0%)

23 (53.5%)
62 (51.2%)

44 (55.7%)
41 (48.2%)

68 (54.0%)
17 (44.7%)

37 (44.6%)
48 (59.3%)

68 (48.2%)
17 (74.0%)

27 (67.5%)
58 (46.8%)

17 (77.3%)

68 (47.9%)

45 (61.6%)
40 (44.0%)

0.860

0.353

0.357

0.063

0.025

0.021

0.012

0.028



Associated cancer in
other organs
Presence

Absence

Metachronous colorectal
cancer

Presence

Absence

FAM134B mutation?
Positive
Negative

MSI*
Positive
Negative

T-stage
| & 11

& v

Lymph node metastasis (N)

Presence
Absence

Distant metastasis (M)
Presence
Absence

Overall stage
| &1l

" & v

31 (18.9%)
133 (81.1%)

8 (4.9%)
156 (95.1%)

41 (50.0%)
41 (50%.0)

22 (20.2%)
87 (79.8%)

26 (15.9%)
138 (84.2%)

71 (43.3%)
93 (56.7%)

32 (19.5%)
132 (80.5%)

89 (54.3%)
75 (45.7%)

Post-operative chemotherapy

Positive
Negative

Cancer recurrence
Positive
Negative

66 (40.2%)
98 (59.8%)

63 (38.4%)
101 (61.6%)

20 (64.5%)
59 (44.4%)

7 (87.5%)
72 (46.2%)

17 (41.5%)
19 (46.3%)

13 (59.0%)
39 (44.8%)

19 (73.1%)
60 (43.5%)

18 (25.4%)
61 (65.6%)

4 (12.5%)
75 (56.8%)

61 (68.5%)
18 (24.0%)

20 (30.3%)
59 (60.2%)

20 (31.7%)
59 (58.4%)

11 (35.5%)
74 (55.6%)

1 (12.5%)
84 (53.8%)

24 (58.5%)
22 (53.7%)

9 (40.0%)
48 (55.2%)

7 (26.9%)
78 (56.5%)

53 (74.6%)
32 (34.4%)

28 (87.5%)
57 (43.2%)

28 (32.5%)
57 (76.0%)

46 (69.7%)
39 (39.8%)

43 (68.3%)
42 (41.6%)

0.048

0.029

0.412

0.244

0.009

0.0001

0.0001

0.0001

0.0001

0.001

31

*Microsatellite instability (MSI) was done in 109 cases; °FAM134B mutation was performed
in 82 cases by Sanger sequencing.



Prospectively collected adenocarcinoma (n=232),
matched non-neoplastic (n=88) and
adenoma (n=33) samples

A 4

Included in this study adenocarcinoma (n=164),
matched non-neoplastic (n=83) and
adenoma (n=32) samples

v

FAM 134 promoter methylation analysis

v

\ Excluded (n=68)
No good histology
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Lost of follow up

Adenoma:
Methylated (n=9; 28%)
Unmethylated (n=23; 72%)

Adenocarcinoma:
Methylated (n=85; 52%)
Unmethylated (n=79; 48%)

Matched non-neoplastic:
Methylated (n=29; 35%)
Unmethylated (n=54; 65%)

FAM134 copy number

Methylated (n=32)-
Amplification: 37.5%
Deletion: 62.5%

Unmethylated (n=36)-
Amplification: 61.1%
Deletion: 38.9%

change analysis (n=68):

FAMI134B mRNA
expression analysis (n=159):
Methylated (n=83)-

High (fold change > 2): 25%

Low (fold change <2): 75%

Unmethylated (n=76)-
High (fold change > 2): 51%
Low (fold change <2): 49%

FAM134B protein expression
Analysis (n=79):

Methylated (n=39)-

Positive: 10%

Negative: 90%

Unmethylated (n=40)-
Positive: 47.5%
Negative: 52.5%

FIGURE 1 Schematic presentation of the current study design. Patients with colorectal

adenocarcinomas underwent surgical resection in the present study
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FIGURE 2 FAM134B promoter structure and methylation status. A, Schematic representation of
FAM134B promoter structure, CpG sites (short vertical lines) and primers for MS-HRM. The curved
arrow indicates the transcriptional start site. B, Schematic presentation of FAM134B promoter
methylation level in representative tissue samples. C, Level of methylation in four cell lines tested in
this study. Remarkable differences of methylation level were noted among adenocarcinomas,
adenomas and adjacent non-neoplastic colorectal tissues and cells. The degree of methylation
significantly higher in adenocarcinomas and in more aggressive cancer cells when compared to
adenomas or non-neoplastic counters parts. The closed circle represents methylated CpG whereas
open circle represents unmethylated CpG sites. D, Percentages of methylation of a FAM134B
promoter in adenocarcinomas, adenomas and adjacent non-neoplastic mucosae. Significant
differences in methylation frequencies were noted among adenocarcinomas, adenomas and adjacent
non-neoplastic mucosae (P < .05). The methylation cut-off for scoring of tissue samples as
methylation positive (hypermethylation) was used >10%, whereas 10% was used methylation
negative (non-hypermethylated). E, Methylation status of FAM134B in the non-neoplastic colon
(FHC) and colon cancer (SW480, SW48, and HCT116) cells. Extensive hypermethylation was noted
in cancer cells derived from patients with colon cancer of advanced stages (SW48 and HCT116) in
comparison to that of early-stage colon cancer (SW480) and non-neoplastic FHC cells [Color figure

can be viewed at ileyonlinelibrary.com]



