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Background: There is an urgent need for the identification of new, clinically useful biomarkers of CRC to enhance
diagnostic and prognostic capabilities.
Methods:Weperformedproteomic profiling on serum samples frompaired pre- and post-operative CRCpatients,
colorectal polyps patients and healthy controls using an approach combining magnetic bead-based weak cation
exchange and matrix-assisted laser desorption ionization-time of flight mass spectrometry. We next performed
liquid chromatography-electrospray ionization-tandemmass spectrometry to identify the proteins and selected
potential biomarker based on bioinformatics analysis of the TCGA and GEO dataset. We examined SETD7 expres-
sion in serum and tissue samples by ELISA and immunohistochemistry respectively and explored the biological
function of SETD7 in vitro.
Findings: 85differentially expressedpeptideswere identified. Five peptides showing themost significant changes
in abundance across paired pre- and post-operation CRC patients, colorectal polyps patients and healthy controls
were identified as peptide regions of FGA, MUC5AC and SETD7. Bioinformatics analysis suggested that the
up-regulation of SETD7 in CRC is relatively specific. Validation studies showed that SETD7 expression increased
from healthy controls to those with colorectal polyps and finally CRC patients, and decreased after surgery. The
sensitivity and specificity of SETD7 were 92.17% and 81.08%, with a high diagnostic value (AUC = 0.9477).
In addition, SETD7 expressionwas significantly correlatedwith tumor stage andmicrosatellite instability. Knock-
down of SETD7 inhibited cancer cell proliferation, induced G1/S cell cycle arrest and increased apoptosis.
Interpretation: Our data indicate that SETD7 could serve as a potential diagnostic and prognostic biomarker for
CRC.
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1. Introduction
Colorectal cancer (CRC) is the third most frequently diagnosed
cancer and the forth most common cause of cancer-related deaths
worldwide [1]. Surgical resection in early disease stages results in a
five-year survival rate of N90%, while patients with advanced disease
have a five-year survival rate of b10% [2]. Unfortunately, even with
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surgical resection, there is a high rate of recurrence. Therefore, early
diagnosis andmonitoring of the efficacy of anti-cancer therapy is impor-
tant to reduce CRC-associated mortality.

Currently,methods available for the early diagnosis of CRC andmon-
itoring of treatment efficacy include the fecal occult blood test (FOBT),
ncer; MB-WCX,Magnetic bead-based weak cation exchange;MALDI-TOF, Matrix-assisted
matography-electrospray ionization-tandem mass spectrometry; FGA, Fibrinogen alpha;
, Area under curve; PBS, Phosphate buffered saline; MSI, Microsatellite instability; FOBT,
CEA, Carcinoembryonic antigen; ELISA, Enzyme-linked immunosorbent assay; IHC,
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computed tomography (CT), nuclear magnetic resonance (NMR),
endoscopy, and serum carcinoembryonic antigen (CEA). However, the
sensitivity and specificity of FOBT, CT and NMR are low, and compliance
with endoscopy is poor due to cost and invasiveness. Blood screening is
cheaper and easier, however, CEA levels have been reported tofluctuate
significantly in healthy populations, and even within the same individ-
ual variation can reach 30%, so the value of CEA in screening asymptom-
atic populations and diagnosingCRC early is controversial [3]. Therefore,
Fig. 1.Workflow used for the discovery, identification, validation and fun
there is an urgent need for the identification of new, clinically useful
biomarkers of CRC to enhance current diagnostic and prognostic
capabilities.

Mass spectrometry (MS) combined with software-generated
models can be used to compare the proteomic profiles of cancer patients
and healthy individuals quickly and accurately [4–6]. In the past few
years, there have been many reports of the development of diagnosis
or prognosis models and screening of new peptide biomarkers of CRC,
ctional analysis of a potential biomarker for colorectal cancer (CRC).
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however, thesemodels and biomarkers have not been applied to clinical
practice due to variation in sensitivity and specificity [7–11].

In the present study, we used magnetic bead-based weak cation ex-
change (MB-WCX) purification combined with matrix-assisted laser
desorption ionization-time of flight (MALDI-TOF) MS to conduct prote-
omic analysis of samples from pre- and post-operative CRC patients,
patients with colorectal polyps and healthy controls. Using a bioinfor-
matics approach, we identified SETD7 as a potential diagnostic and
prognostic biomarker for CRC. We examined expression of SETD7 in
serum and tissue samples and explored the biological function of
SETD7 in vitro.

2. Materials and methods

2.1. Ethics committee approval

This study protocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the Ethics Committee and the
Human Research ReviewCommittee of Shaanxi Provincial People's Hos-
pital (No. 20140406). Informed consent was obtained from all of the
participants prior to the start of the study. All the applied methods in
the study were carried out in accordance with the approved guidelines.

2.2. Patients and sample collection

All samples were collected at the Shaanxi Provincial People's Hospi-
tal between September 1, 2014 and September 1, 2016. None of the CRC
patients included in this study had any other tumors or inflammatory
colorectal disease such as colitis or infectious diseases, and none of the
patients received chemotherapy or radiation therapy prior to surgery.
Pathological diagnosis was conducted by two different pathologists,
and the clinicopathological stage of CRC was determined according to
the criteria of the American Joint Committee on Cancer (7th edition).

48 serum samples were obtained from 24 paired pre- and post-
operative CRC patients (mean age 65.83 ± 9.14; 54.2% male, 45.8% fe-
male), with their post-operative serum samples collected three days
after surgery (Supplementary Table S1). 24 serum samples were
obtained frompatientswith colorectal polyps (polyps have not been ex-
cised, mean age 60.22 ± 13.61; 58.3% male, 41.7% female) representing
benign disease. 24 serum samples were obtained from healthy controls
(mean age 63.77±11.83; 50.0%male, 50.0% female). All serum samples
were collected in 3 mL vacuum tubes without anticoagulants and kept
at 4 °C for 1 h. Samples were then centrifuged at 3000 ×g for 20 min
at 4 °C, distributed in 500 μL aliquots and stored at−80 °C until use.

For the enzyme-linked immunosorbent assay (ELISA), serum sam-
ples were collected from 115 paired pre- and post-operative CRC pa-
tients (mean age 68.54 ± 7.01; 56.5% male, 43.5% female), 38 patients
with colorectal polyps (mean age 60.03 ± 5.65; 55.3% male, 44.7% fe-
male), and 38 healthy controls (mean age 58.36 ± 10.54; 50.0% male,
50.0% female). Samples were processed and stored as described above.

For immunohistochemistry (IHC) analysis, tissue specimenswere ob-
tained from176 CRC patients (mean age 67.22±8.25; 58.5%male, 41.5%
Table 1
Peaks showing significant differences in abundance across samples from healthy controls, pati

Peak m/z P value Healthy controls
(n = 24)

1 2676.04 b0.000001 2.9 ± 0.88
2 2556.90 b0.000001 1.68 ± 0.38
3 2691.34 b0.000001 2.11 ± 0.49
4 5381.05 b0.000001 1.1 ± 0.25
5 5343.69 b0.000001 1.59 ± 0.47
6 4793.31 b0.000001 1.2 ± 0.23
7 3446.91 b0.000001 5.45 ± 3.31
8 3490.67 b0.000001 3.28 ± 1.75
9 2663.37 b0.000001 6.92 ± 4.6
female), and 20patientswith colorectal polyps (mean age 61.16±4.88;
60.0% male, 40.0% female). We obtained para-cancerous tissue from 20
CRC patients (mean age 65.55 ± 11.09; 50.0% male, 50.0% female).
A portion of each tissue specimenwas frozen in liquid nitrogen immedi-
ately, then stored at −80 °C until use, while the remaining tissue
was formalin-fixed and paraffin-embedded, and 4 μm slices prepared.
2.3. Cell lines and culture conditions

Two human colon cancer-derived cell lines (HCT116 and RKO)were
included in this study. Authentication of human cell lines was achieved
using short tandem repeats (STR, see Supplementary file). Cells were
grown in RPMI-1640 medium (Thermo Fisher Scientific, USA) supple-
mented with 10% fetal bovine serum (Biological Industries, Israel) and
10 mg/mL penicillin streptomycin (1%), and incubated at 37 °C in a hu-
midified atmosphere of 5% CO2.
2.4. MS analysis

Serum samples were separated using MB-WCX (ClinProt purifica-
tion reagent sets; Bruker Daltonics, Bremen, Germany) and a magnetic
separator, with the magnet lowered, 5 μL serum samples were diluted
in 10 μL binding solution in a standard thin wall PCR tube, added to
10 μL of MB-WCX beads and then carefully mixed using themixing fea-
ture of the robot. After thorough stirring, samples were incubated at
room temperature for 5 min, then the tubes were placed into the mag-
netic separator to collect the beads on the wall of the tube until the su-
pernatant was clear (~1 min). The supernatant was then removed and
the magnet was lowered again. Following the stepwise application of
sample and MB-WCX separation, we eluted the peptide fraction from
themagnetic beads with 5 μL of elution solution and 5 μL of stabilization
buffer [6]. Eluted peptides were spotted onto the MALDI AnchorChip
with 1 μL alpha-cyano-4-hydroxycinnamic acid (Bruker Daltonics) in
50% acetonitrile, and 0.5% trifluoroacetic acid was added twice to the
MALDI AnchorChip surface. Each sample was spotted in triplicate in
order to evaluate reproducibility.
2.5. MS data analysis

All samples were processed immediately on a calibrated Autoflex III
MALDI-TOF MS (Bruker Daltonics), using flexControl version 3.0 soft-
ware (Bruker Daltonics) with an optimized measuring protocol. A stan-
dard calibration mixture of peptides and proteins (mass range:
1–10 kDa) was used for mass calibration. Tests were performed in a
blindedmanner, including serumanalysis of different groups. Data anal-
ysis was performed by flexAnalysis version 3.0 software (Bruker
Daltonics). Recognition of peptide patterns was performed using
ClinProTools version 2.2 software (Bruker Daltonics). Data was proc-
essed by a standard workflow, which comprised of spectral pretreat-
ment, peak selection, and peak calculation operations [6].
ents with colorectal polyps, pre- and post-operative CRC patients.

Colorectal polyps
(n = 24)

Pre-operative
(n = 24)

Post-operative
(n = 24)

5.32 ± 3.22 9.33 ± 4.15 8.05 ± 5.83
2.33 ± 1.1 2.52 ± 0.76 2.38 ± 1.14
2.68 ± 1.00 3.07 ± 0.93 2.9 ± 1.11
1.44 ± 0.58 1.47 ± 0.52 1.26 ± 0.43
4.41 ± 3.72 7.26 ± 6.09 4.4 ± 2.73
1.97 ± 0.9 2.3 ± 1.23 2.09 ± 1.2
2.8 ± 1.77 2.52 ± 1.13 4.1 ± 2.36
1.97 ± 1.35 1.82 ± 0.65 2.99 ± 1.94
5.69 ± 4.08 3.22 ± 1.76 3.86 ± 3.2



Table 2
Amino acids sequences and identified proteins from the five peaks showing different levels of abundance between healthy controls, patients with colorectal polyps, pre- and post-oper-
ative CRC patients.

Peak m/zm/z P value Uniprot ID Peptide sequence Identified protein

1 2676.04 b0.000001 TrEMBL
A0A0S2Z3M3

K.SYKMADEAGSEADHEGTHSTKRGHA.K FGA Isoform 1 of fibrinogen alpha chain precursor

5 5343.69 b0.000001 TrEMBL
A7Y9J9

G.AAYEDFNIQLRRSQESAAPTLSRVLM*KVDGVVIQLTKGSVLVNGHPVLL.P MUC5AC Mucin-5 AC precursor (Fragment)

6 4793.31 b0.000001 TrEMBL
B5MCZ8

Y.DMFVHPRFGPIKCIRTLRAVEADEELTVAYGYDHSPPGKSGPE.A SETD7 Histone-lysine N-methyltransferase SETD7

7 3446.91 b0.000001 TrEMBL
A0A0S2Z3M

R.GKSSSYSKQFTSSTSYNRGDSTFESKSYKMA.D FGA Isoform 1 of fibrinogen alpha chain precursor

9 2663.37 b0.000001 TrEMBL
A0A0S2Z3M

A.DEAGSEADHEGTHSTKRGHAKSRPV.R FGA Isoform 1 of fibrinogen alpha chain precursor
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2.6. Peptide identification

The peptides from plasma samples (the differential peptides are rel-
atively abundant) were eluted from the magnetic beads and were ana-
lyzed by nano-UPLC-ESI-MS/MS using a nano Aquity UPLC (Waters
Corporation, Milford, USA) coupled to a Q Exactive mass spectrometer
(Thermo Fisher Scientific, Bremen, Germany). Samples of 20 μL (the
Fig. 2. Bioinformatics analysis. (A, B) Expression pattern of SETD7 in CRC based on datasets in TC
(E) Expression pattern ofMUC5AC in CRC based on datasets in GEO. (F) Expression pattern of SE
cancer based on datasets in TCGA. (H) Expression pattern of SETD7 in lung cancer based on datas
(J) Expression pattern of SETD7 in breast cancer based on datasets in GEO.
sample was diluted by 2 times) were loaded on a C18 precolumn
(Symmetry®C18, 5 μm, 180 μm × 20 mm, nanoAcquity™Column) at
15 μL/min in 5% acetonitrile (Sigma-Aldrich, St Louis, MO, USA), 0.05%
trifluoroacetic acid (Sigma-Aldrich) for 3 min. The precolumn was
switched online with the analytical column (Symmetry®C18, 3.5 μm,
75 μm × 150 mm, nanoAcquity™ Column) equilibrated in 95% solvent
A (5% acetonitrile, 0.1% formic acid; Sigma-Aldrich) and 5% solvent B
GA and GEO. (C, D) Expression pattern of FGA in CRC based on datasets in TCGA and GEO.
TD7 in gastric cancer based on datasets in TCGA. (G) Expression pattern of SETD7 in hepatic
ets in TCGA. (I) Expression pattern of SETD7 in pancreatic cancer based on datasets in GEO.

uniprotkb:A7Y9J9
uniprotkb:B5MCZ8
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(95% acetonitrile, 1.2% formic acid). Peptides were eluted using a 5% to
80% gradient of solvent B over 60 min at a flow rate of 400 nL/min.

The Q Exactive mass spectrometer was operated in the data-
dependent mode to switch automatically between MS and MS/MS
acquisition. Full-scan survey MS spectra with 2 microscans (m/z
400–2000) were acquired with the Q Exactive with a mass resolution
of 100,000 at m/z 400, followed by 10 sequential LC-MS/MS scans.
Dynamic exclusion was used with 2 repeat counts, 10 s repeat duration
and 60 s exclusion duration. ForMS/MS, charge state 1was rejected and
precursor ions were activated using 25% normalized collision energy at
the default activation q of 0.25. The mass spectra were searched against
the human Uniprot database (https://www.uniprot.org/) using
Maxquant software (Version 1.5.2.8). To reduce false positive identifica-
tion results, a decoy database containing the reverse sequences was
appended to the database. The parameters for the search were as fol-
lows: no enzyme, the variable modification was oxidation of methio-
nine, peptide tolerance, 20 ppm, MS/MS tolerance, 1.0 Da. Positive
protein identification was accepted for a peptide with Xcorr of greater
than or equal to 3.20 for triply and 2.86 for doubly charged ions, and
all with ΔCn ≥ 0.1, peptide probability ≤2e-3.

2.7. Bioinformatics analysis

Bioinformatics analysis was conducted using The Cancer Genome
Atlas database (TCGA, https://cancergenome.nih.gov/) and Gene
Expression Omnibus database (GEO, https://www.ncbi.nlm.nih.gov/
geo/). Gene expression RNAseq dataset of TCGA derived from CRC
(380 cancer and 51 normal), Esophageal cancer (184 cancer and 13
Fig. 3. ELISA and IHC analysis of SETD7 in serum and tissues, respectively. (A) SETD7 expressio
polyps and CRC tissue, respectively. (E) Positive expression area of SETD7 in para-carcinoma, c
.05). (F, G) SETD7 expression in T1 and T3 stage, respectively. (H, I) SETD7 expression in MSS/
magnified ×400).
normal), Gastric cancer (415 cancer and 35 normal), Hepatic cancer
(371 cancer and 50 normal), Pancreatic cancer (178 cancer and 4 nor-
mal), Lung cancer (1017 cancer and 110 normal) and Breast cancer
(1097 cancer and 114 normal) were analyzed. Gene expression dataset
of the GEO was analyzed by Metabolic gEne RApid Visualizer (http://
merav.wi.mit.edu/SearchByGenes.html), included CRC (358 cancer
and 19 normal), Esophageal cancer (6 cancer and 4 normal), Gastric
cancer (15 cancer and 10 normal), Hepatic cancer (14 cancer and 7 nor-
mal), Pancreatic cancer (57 cancer and 16 normal), Lung cancer (116
cancer and 10 normal) and Breast cancer (332 cancer and 142 normal).

2.8. ELISA

All serum samples were analyzed blindly, and standards and sam-
ples were tested in triplicate. The concentration of SETD7 was quanti-
fied using a Human SETD7 ELISA Kit (No. CK-E95510H, Shanghai Elisa
Biotech, China) according to the manufacturer's instructions. Optical
density was tested at 450 nm.

2.9. IHC

Formalin-fixed, paraffin-embedded sections (4 μm) of CRC,
para-carcinoma tissue and colorectal polyps were incubatedwith rabbit
polyclonal anti-SETD7 antibody (1:100, Proteintech Group, Cat#
24840–1-AP, RRID: AB_2737406). After washing with phosphate buff-
ered saline (PBS), the sections were incubated with horseradish
peroxidase-conjugated mouse anti-rabbit secondary antibody and
treated with 3,3′-diaminobenzidine chromogen substrate buffer. The
n in the serum of different groups. (B-D) SETD7 expression in para-carcinoma, colorectal
olorectal polyps and CRC tissue. (*** indicates P b .001, ** indicates P b .01, * indicates P b

MSI-L and MSI-H, respectively (figures are magnified ×200, and the upper right corner is

https://www.uniprot.org
https://cancergenome.nih.gov
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://merav.wi.mit.edu/SearchByGenes.html
http://merav.wi.mit.edu/SearchByGenes.html
nif-antibody:AB_2737406


Table 3
Association between SETD7 expression and clinicopathological features of CRC.

SETD7 (ELISA) P
value

SETED7 (IHC) P
value

High
(n = 78)

Low
(n = 37)

High
(n = 151)

Low
(n = 25)

Age (years) 0.6444 0.1398
≧65 58 26 85 18
b65 20 11 66 7
Sex 0.2408 0.4748
Male 47 18 90 13
Female 31 19 61 12
Histology 0.7917 0.2862
Undifferentiated 12 5 32 3
Differentiated 66 32 119 22
MSI 0.0372 0.0277
MSS/MSI-L 56 33 116 24
MSI-H 22 4 35 1
RASa 0.1720 0.2652
Wildtype 28 6 25 9
Mutant 21 10 32 6
Tumor sizeb 0.0139 0.0451
Tis, T1, T2 45 30 96 21
T3, T4 33 7 55 4
Lymph node
metastasis

0.9487 0.2893

No 48 23 101 14
Yes 30 14 50 11
Distant
metastasis

0.4353 0.2725

M0 62 27 123 18
M1 16 10 28 7
Stage 0.8413 0.2499
I 19 7 40 6
II 31 14 61 8
III 12 6 19 7
IV 16 10 31 4

a Patients who received the RAS test were analyzed.
b For ELISA and IHC analysis, the average tumor size was 43.1 mm and 45.5 mm

respectively.
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sections were counterstained with hematoxylin and then mounted on
slides. SETD7 expression was analyzed using Image J.

2.10. si-RNA

si-RNA targeting human SETD7 and a negative control si-RNA were
designed and synthesized by Genepharma (Genepharma, Shanghai,
China). Transfection of each si-RNA (50 nM)was carried out using Lipo-
fectamine2000 (Thermo Fisher Scientific) according to the manufactur-
er's recommendations. Sequences of the si-RNA were as follows:

si-SETD7–1:
Sense: 5’-GCAUCUACGAUAUGUUUGUTT-3′, Antisense: 5’-ACAAAC

AUAUCGUAGAUGCTT-3′.
si-SETD7–2:
Sense: 5’-CAGUGUACCACUUUGAUAATT-3′, Antisense: 5’-UUAUCA

AAGUGGUACACUGTT-3′.
Negative control (NC):
Sense: 5’-UUCUCCGAACGUGUCACGUTT-3′, Antisense: 5’-ACGUGA

CACGUUCGGAGAATT-3′.

2.11. RT-PCR

Total RNAwas extracted from the cultured cells using TRIzol Reagent
(Thermo Fisher Scientific) according to themanufacturer's instructions.
RT-PCR analysis was used for relative quantification of SETD7 mRNA.
Total RNA was reverse-transcribed to cDNA using PrimeScript RT Re-
agent Kit (TAKARA, Japan). cDNA were amplified by real-time PCR on
an IQ-5 Real-Time PCR System (Bio-Rad, USA) using SYBR green mix
(Thermo Fisher Scientific) with the primers as follows:

SETD7:
Forward: 5’-CGAATTACACACCAAGAGGTT-3′, Reverse: 5’-TAGGCA

ACGGTGAGCTCTTC-3′.
GAPDH:
Forward: 5’-GTCTCCTCTGACTTCAACAGCG-3′, Reverse: 5’-ACCACC

CTGTTGCTGTAGCCAA-3′.
All reactions were run in triplicate. Data were analyzed by IQ-5 Se-

ries Software. Relative amounts of SETD7 mRNA were normalized to
GAPDHmRNA. The relative expression levels were calculated using the
2-△△Ct method.

2.12. Western blotting

SETD7 protein levels were quantified by Western blot analysis
of whole cell extracts using the antibodies anti-SETD7 (1:1000,
Proteintech Group, Cat# 24840–1-AP, RRID: AB_2737406) and anti-
GAPDH (1:2000, Abcam, Cat# ab181602, RRID: AB_2630358). GAPDH
served as a loading control.

2.13. Cell viability, cell cycle and apoptosis analysis

For cell viability analysis, HCT116 and RKOcellswere plated at a con-
centration of 5× 103 cells in eachwell of 96-well plates. After incubation
for 24 h, the cells were transfected with si-SETD7 at a final concentra-
tion of 50 nM using Lipofectamine2000 (Thermo Fisher Scientific) ac-
cording to the manufacturer's protocol, and viability was then was
assessed using anMTT assay (Boster,Wuhan, China). For cell cycle anal-
ysis, HCT116 and RKO cells were plated at a concentration of 5 × 105

cells perwell in 6-well plates, andwere transfected as above. After incu-
bation for 48 h, cells were harvested, washedwith PBS, and fixed in 70%
ethanol overnight at−20 °C. Then, cells were treated with RNase A and
propidium iodide according to the protocol from the KGA Cell Cycle
Detection Kit (Keygen, China). After incubation, the cells were assayed
by flow cytometry (Becton, USA). For cell apoptosis analysis, cells
were incubated for 48 h following transfection then processed with an
Annexin-V FITC Apoptosis Detection Kit (Invitrogen, USA) and
examined by flow cytometry. Data were analyzed usingModfit 3.0 soft-
ware (Verity Software House, Topsham, ME, USA).

2.14. Statistical analysis

Statistical analysis was performed using GraphPad Prism version
5.0 (GraphPad Software, La Jolla, CA, USA). All data are shown as the
mean ± standard deviation. P b .05 was considered statistically signifi-
cant. Chi-square tests were applied to compare categorical variables.
Two-tailed Student's t-tests and one-wayANOVAwere used to compare
quantitative data.

2.15. Data sharing

All rawMS files have been deposited to the ProteomeXchange Con-
sortium (http://proteomecentral. proteomexchange.org) via the iProX
partner repository with the dataset identifier PXD011352.

3. Results

3.1. Serum peptidome profiles of different groups

The workflow chart for MALDI-TOF MS-based identification of dif-
ferentially expressed proteins is shown in Fig. 1. The mass spectra of
samples from the healthy controls (Supplementary Fig. S1a), pre-
operative patients (Supplementary Fig. S1b), paired post-operative pa-
tients (Supplementary Fig. S1c) and patients with colorectal polyps
(Supplementary Fig. S1d) showed differences. Component analysis
showed some differentially expressed peaks between pre-operative
CRC samples (red) and healthy controls (green), while post-operative
CRC samples (blue) were similar to healthy controls. Overall, healthy

nif-antibody:AB_2737406
nif-antibody:AB_2630358
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controls, colorectal polyp samples (yellow), pre-operative, and post-
operative CRC patient samples showed few overlapping regions
(Fig. S2).

3.2. Peaks selection of serum peptidome

A total of 85 peaks were identified among all analyzed groups (see
Supplementary data 1), and the abundances of 9/85 peaks revealed
statistically significant variation among healthy controls, pre- and
post-operative CRC patients, and individuals with colorectal polyps
(P b .000001, based on theWilcoxon rank-sum test). Peaks 1–6 tended
to be up-regulated in samples from healthy controls, individuals with
colorectal polyps and pre-operative patients, and then down-
regulated in post-operative patients. In contrast, peaks 7–9 tended to
be down-regulated in healthy controls, individuals with colorectal
polyps and pre-operative CRC patients, then up-regulated in post-
operative patients. Five of these nine peptide peaks (Peak 1, m/z:
2676.04; Peak 5, m/z: 5343.69; Peak 6, m/z: 4793.31; Peak 7, m/z:
3446.91; Peak 9, m/z: 2663.37) with the most significant difference
(N1.9 times) between healthy controls and CRC patients were selected
for peak identification, and consideration as potential biomarkers for
CRC (Table 1). Moreover, these five peaks (Peak 1, m/z: 2676.04;
Peak 5, m/z: 5343.69; Peak 6, m/z: 4793.31; Peak 7, m/z: 3446.91; Peak
9, m/z: 2663.37) have significant differences between paired pre- and
post-operative CRC patients (P b .05, based on the paired t-test).

3.3. Peptide identification

Five peptide peaks (Peak 1,m/z: 2676.04; Peak 5,m/z: 5343.69; Peak
6, m/z: 4793.31; Peak 7, m/z: 3446.91; Peak 9, m/z: 2663.37) with the
most significant difference (N1.9 times) between healthy controls and
CRC patients were identified using LC-ESI-MS/MS and the Uniprot data-
base. MS/MS spectrum of these peptides identified proteins including
FGA,MUC5AC, and SETD7 (Table 2). TheMS/MS spectrometry fragment
map is shown in Fig. S3.
Fig. 4. Knockdown of SETD7 by si-RNA. (A) Expression of SETD7 in colon cancer cell lines in the
HCT116 and RKO cells. (** indicates P b .01, * indicates P b .05).
3.4. Bioinformatics analysis of the potential biomarkers

To determine which candidate biomarker would be further charac-
terized, we examined datasets from TCGA and GEO. Data on MUC5AC
were not available in TCGA. The expression of SETD7 but not FGA and
MUC5AC is significantly higher in CRC patients compared with normal
colorectal mucosa tissue (Fig. 2a-e). In addition, SETD7 is down-
regulated significantly in three types of cancer (gastric, hepatic and
lung) based on TCGA datasets (Fig. 2f-h), and is down-regulated signif-
icantly in two types of cancer (pancreatic and breast) in the GEO data-
base (Fig. 2i-j). Expression data for SETD7 in esophageal, pancreatic
and breast cancer based on TCGA datasets and esophageal, gastric, he-
patic and lung cancer based on GEO database with no significant differ-
ence are shown in Fig. S4.
3.5. Verification of SETD7 expression in serum and tissue samples and anal-
ysis of the association between SETD7 expression and clinicopathological
features in CRC

The mean serum concentration of SETD7 was 3.364 ± 1.066 ng/mL
(range 1.024–5.015 ng/mL) in healthy controls, 4.252 ± 0.987 ng/mL
(range 2.332–6.241 ng/mL) in samples from individuals with colorectal
polyps, 5.821 ± 1.169 ng/mL (range 3.795–7.967 ng/mL) in pre-
operative CRC patients, and 4.917 ± 1.163 ng/mL (range
2.168–6.974 ng/mL) in post-operative CRC patients. The concentration
of SETD7 in healthy controls, patients with colorectal polyps and CRC
patients showed a gradual increase, and then tended to return to
healthy controls values after surgery (Fig. 3a). The data is shown in Sup-
plementary data 2.

Immunoreactivity for SETD7 was detected in the cytoplasm of cells,
and the expression area of SETD7 was significantly lower in para-
carcinoma samples (Fig. 3b) than in colorectal polyps (Fig. 3c) or CRC
(Fig. 3d) tissues (0.80 ± 0.87% vs. 3.20 ± 2.05% vs. 5.40 ± 3.35%, P b

.0001, Fig. 3e).
cancer cell line encyclopedia database. (B-G) Efficiency of si-RNA knockdown of SETD7 in
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The association between SETD7 expression and clinicopathological
features of CRC patients is shown in Table 3. The cutoff values were
determined by receiver operating characteristic (ROC) analysis. For
ELISA analysis, the sensitivity and specificity of SETD7 were 92.17%
and 81.08%, the area under curve (AUC) was 0.9477(95% CI
0.9124–0.9830) and the cutoff value was 5.025 ng/mL. High SETD7 ex-
pression was significantly associated with T stage (P = .0139) and mi-
crosatellite instability (MSI, P = .0372). For IHC analysis, the AUC was
0.9357(95% CI 0.8914–0.9799) and the cutoff value was 1.52%. High
SETD7 expression was significantly associated with T stage (Fig. 3f, g,
P = .0451) and MSI (Fig. 3h, i, P =.0277).

3.6. Biological roles of SETD7 in colon cancer cell lines

The HCT116 and RKO cell lines express relatively high level of SETD7,
based on bioinformatics analysis of Cancer cell line encyclopedia (CCLE)
(Fig. 4a). Two si-RNA sequences tested in our study demonstrated sim-
ilar levels of knockdown (Fig. 4b-g). Compared with the control group,
SETD7 knockdown inhibited cell proliferation (Fig. 5a, b), induced G1/
S cell cycle arrest (Fig. 5c, d) and prompted apoptosis (Fig. 5e-l).

4. Discussion

In this study, serum proteomic profiles of CRC patients were gener-
ated using the combination of MB-WCX fractionation followed
by MALDI-TOF MS. Peptides that could distinguish CRC patients (M0/
M1=91.7%/8.3%) fromhealthy controls and individuals with colorectal
polyps were identified.Moreover, expression of these peptides changed
significantly after the removal of the tumor, suggesting that they could
be powerful indicators for monitoring the efficacy of anticancer treat-
ment. 5 peptides showing the most significant changes in abundance
across paired pre- and post-operation CRC patients, healthy controls
and patients with colorectal polyps were chosen for further
Fig. 5. The effect of SETD7 knockdown (A, B) Cell viability of SETD7 knockdown HCT116 and R
apoptosis analysis of SETD7 knockdown HCT116 and RKO cells. (*** indicates P b .001, ** indica
identification. Three up-regulated peptides were identified as peptide
regions of FGA (Peak 1, m/z: 2676.04), MUC5AC (Peak 5, m/z:
5343.69), SETD7 (Peak 6, m/z: 4793.31), and two down-regulated pep-
tides were identified as peptide regions of FGA (Peak 7, m/z: 3446.91,
Peak 9, m/z: 2663.37).

FGA is human fibrinogen, which is a 340 kDa glycoprotein that is
synthesized in the liver and formed by two symmetrical molecules,
each of which have three different polypeptide chains. FGA was not
only identified as a potential biomarker for CRC in a previous study
[12–14], but has also been identified as a potential biomarker for
many other cancers including prostate cancer [15], esophageal squa-
mous cell cancer [16], hepatocellular cancer [17] and lung cancer [18].

MUC5AC is a member of the mucin family, a high molecular weight
glycoprotein that can be either secreted or membrane bound. MUC5AC
has been recently regarded as a potential biomarker for colon adenoma-
carcinoma [19], pancreatic cancer [20], cholangiocarcinoma [21] and
ovarian cancer [22].

SETD7 (also known as SET7/9) is a 41 kDa lysine-specific SET-
domain methyltransferase, which is the only lysine methyltransferases
(KMT)7 familymember due to its unique enzymatic activity and protein
domain architecture [23]. Recent investigations indicated that SETD7 is
potentially a biomarker for hepatocellular cancer [24] and breast cancer
[25,26], although the role of SETD7 in breast cancer is controversial
[25,26].

TCGA and GEO are international public repositories that contain a
large number of genomic datasets, and several genes that have diagnos-
tic value in colorectal cancer have been found using these datasets
[27–30]. Using bioinformatics analysis, we found that SETD7, but not
FGA and MUC5AC, is expressed at significantly higher levels in CRC
than in normal colorectalmucosa tissue. Moreover, bioinformatics anal-
ysis showed that SETD7 is down-regulated significantly in several types
of the most common cancers, suggesting that the up-regulation of
SETD7 in CRC is relatively specific. Based on the comprehensive analysis
KO cells. (C, D) Cell cycle analysis of SETD7 knockdown HCT116 and RKO cells. (E-L) Cell
tes P b .01, * indicates P b .05).
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of our results, SETD7 was selected as the potential serum biomarker for
CRC.

Validation studies in serum (M0/M1 = 77.4%/22.6%) and tissue
(M0/M1 = 80.1%/19.9%) samples, we found that SETD7 is mainly
expressed in the cytoplasm of cells. SETD7 expression increased from
healthy individuals to those with colorectal polyps and finally CRC pa-
tients, and then showed a tendency to return to healthy controls values
after surgery. Furthermore, we found that SETD7 expression was signif-
icantly correlated with T stage andMSI in CRC patients. These data sug-
gest that SETD7 may be produced by CRC cells and then released into
the blood, and that SETD7 could not only be used as a marker for early
diagnosis, but also a candidate marker for prognosis of CRC patients.

As a methyltransferase, numerous non-histone substrates including
transcription factors have been described for SETD7, including E2F1,
MINT, IRF1, TAF7 and CENPC1 and others [31]. Previous studies have re-
ported that SETD7 is involved in cancer [24,32–34]. Uodhoff et al. re-
ported that SETD7 could control intestinal regeneration and
tumorigenesis by regulating the Wnt/ β-catenin and Hippo/YAP path-
ways [33]. Our experiments show that SETD7 may be involved in CRC
by regulating cell cycle and apoptosis in vitro. It is worth noting that
we have observed si-SETD7–1 and si-SETD7–2 have similar knockdown
effect of SETD7 in HCT116 and RKO cells, but the apoptosis effects of the
two si-RNAswere significantly different. The reason for this difference is
not clear, it may be due to the state of the cell culture, the genetic back-
ground of the cell and so on, however, the exactmechanismof action re-
quires further study. Together with previous reports, our findings
indicate that SETD7 is involved in tumorigenesis and development of
CRC.

Our results confirm and extend previous reports indicating that
serum peptide signatures could be used for the identification of CRC
[34–38]. We propose SETD7 as a potential serum biomarker for CRC.
The methods used in this study present an approach to identify poten-
tial biomarkers for early diagnosis as well as predicting the effect of
treatment in CRC patients. It is worth noting that a single serum bio-
marker may not have satisfactory discriminating power due to the can-
cer heterogeneity, and panels of biomarkers may be required [36].
Additionally the number of CRC cases in the discovery set was limited,
and further studies will be aimed at verifying biomarker efficacy in a
large cohort. In addition, the potential clinical usefulness of this bio-
marker should be combined with image screening methods to rule
out the false positives.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ebiom.2018.10.036.
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