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Abstract
Recurrence or metastasis of colorectal cancer (CRC) is common following surgery and/or adjuvant therapy, particularly in patients
with an advanced stage of the cancer. Identifying key molecular markers of CRC is beneficial for early diagnosis and early
treatment, which may eventually improve the prognosis of patients with CRC. Isobaric mass tags for relative and absolute
quantification (iTRAQ) in combination with multidimensional liquid chromatography and tandem mass spectrometry (LC-MS/
MS) were used to identify differentially expressed proteins between CRC tissues and paired adjacent normal mucosa. Among the
105 patients, adenocarcinoma was the most common CRC subtype, stage III was the most common Tumor-Node-Metastasis stage
and high levels of Ki-67 indicated the rapid proliferation of tumor cells in the samples. The LC-MS/MS-based iTRAQ technology
identified 271 differentially expressed proteins, with 130 upregulated proteins and 141 downregulated proteins. Bioinformatics
analysis revealed that golgin subfamily Amember 2 (GOLGA2) and heterogeneous nuclear ribonucleoprotein D0 (hnRNPD) were
located in the center of the upregulated protein network, and were closely associated with the development of CRC. The upreg-
ulation of GOLGA2 and hnRNPD was further verified in human tissues using western blotting and immunohistochemistry.
GOLGA2 and hnRNPD were identified as two novels differentially expressed proteins in human CRC. Furthermore, the LC-
MS/MS-based iTRAQ proteomic approach is a useful tool for searching and identifying differentially expressed proteins, and may
be used to provide a comprehensive understanding of the processes that mediate the development of CRC.

Keywords Proteomics . Colorectal cancer . Isobaric mass tags for relative and absolute quantification . Multidimensional liquid
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Introduction

Colorectal cancer (CRC) is the third most common malignant
cancer according to the incidence and mortality rates [1].
Approximately 694,000 patients succumb to mortality from
CRC every year [2]. The incidence rate in developed countries

is 8–15%, which is nearly two-fold higher compared with that in
developing countries [3]. For patients with stage III and high-risk
stage II forms of the cancer, the standard treatment is surgical
resection and postoperative adjuvant chemotherapy [4].
However, surgery and chemotherapy are unable to prevent recur-
rence or metastasis of the disease. Stage T4 cancer, poorly dif-
ferentiated tissue, intestinal perforation and intestinal obstruction
are high-risk factors for disease metastasis and recurrence [5]. As
tumor behavior is determined by molecular mechanisms and
oncogenic changes in cellular processes, identifying key molec-
ular markers is beneficial for early diagnosis and treatment,
which may eventually improve the prognosis of patients with
CRC [6]. Numerous CRC-associated molecules and pathways
have been reported, including the protein kinase B (Akt) and
extracellular signal-regulated kinase 1/2 pathway, the
phosphoinositide 3-kinase/Akt/nuclear factor-κB pathway and
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the Wnt/β-catenin pathway, endothelin receptor A-induced Yes-
associated protein/transcriptional coactivator with PDZ-binding
motif activation [7–10].

High-throughput proteomics studies may provide a compre-
hensive understanding of the processes of disease development,

and tissue, organ and cell metabolism at the protein level.
Quantitative proteomics using cancer and normal tissues have
been used to search and identify biomarkers for diagnosis and
prognosis for various cancer types [11–15]. Isobaric mass tags
for relative and absolute quantification (iTRAQ) in combination
with multidimensional liquid chromatography and tandem mass
spectrometry enables relative and absolute quantification of mul-
tiple samples simultaneously [11, 12]. The present study aimed to
identify differentially expressed proteins of non-neoplastic mu-
cosa and colorectal carcinoma based on iTRAQ combined with
multidimensional liquid chromatography and tandemmass spec-
trometry (LC-MS/MS). The results may provide novel insight in
the diagnosis and treatment of human CRC.

Materials and Methods

Patients Between February 2015 and September 2016, 105
patients (aged from 18 to 85 years old; 58 males and 47
females) with CRC treated at the Affiliated Hospital of
Logistics University of Chinese People’s Armed Police
Forces (CAPF; Tianjin, China) were recruited for the
study. The patients all received surgical resection and
didn’t received any treatment before the surgery. The
study was ethically approved by the Ethics Committee of
the Affiliated Hospital of Logistics College of CAPF.
Written informed consent was obtained from all patients.
All patients underwent colorectal surgery and the collected
tissues were examined pathologically, following a standard
protocol. Tumor classification was applied according to the
TNM staging revised by the International Union Against
Cancer (UICC) (https://www.uicc.org/). Tumors were
staged in accordance with the tumor-node-metastasis
(TNM) clinicopathological staging system.

Table 1 Parameters for mass
spectrometry data analysis Item Value

Enzyme Trypsin
Max Missed Cleavages 2
Fixed modification Carbamidomethyl (C), iTRAQ4/8plex (N-term), iTRAQ4/8plex(K)
Variable modifications Oxidation (M), iTRAQ4/8plex (Y)
Peptide Mass Tolerance ±20 ppm
Fragment Mass Tolerance 0.1 Da
Database Uniprot_HOMO_154578_20160822.fasta
Database pattern Target-Decoy
Peptide false discovery rate ≤0.01
Peak integration Integration Window Tolerance: 20 ppm

Integration Method: Most Confident Centroid
Scan Event Filters Mass Analyzer: FTMS

MS Order: MS2
Activation Type: HCD

Protein Quantification Protein ratios calculated as the median of only unique peptides of the protein
Experimental Bias Normalizes all peptide ratios by the median protein ratio.

Median protein ratio should be 1 following normalization

iTRAQ isobaric mass tags for relative and absolute quantification, HCD higher-energy collisional dissociation

Table 2 Clinical characteristics of patients with colorectal cancer

Item Colon cancer (81 cases) Rectal cancer (24 cases)

Sex (n, %)
Male 46 (56.8) 12 (50)
Female 35 (43.2) 12 (50)

Age (n, %)
20–39 1 (1.2) 1 (4.2)
40–59 31 (38.3) 9 (37.5)
60–85 49 (60.5) 14 (58.3)

Histological type (n, %)
G1 13 (16.0) 5 (20.8)
G2 44 (54.3) 15 (62.5)
G3 15 (18.5) 2 (8.3)
Mucinous 7 (8.6) 2 (8.3)
Signet-ring 2 (2.5) 0 (0)

Tumor-Node-Metastasis stage (n, %)
I 11 (13.6) 3 (12.5)
IIA 27 (33.3) 6 (25)
IIB 1 (1.2) 0 (0)
IIIA 3 (3.7) 3 (12.5)
IIIB 27 (33.3) 8 (33.3)
IIIC 5 (6.2) 2 (8.3)
IVA 5 (6.2) 2 (8.3)
IVB 2 (2.5) 0 (0)

Ki-67 (n, %)
Grade I 10 (12.3) 3 (12.5)
Grade II 27 (33.3) 11 (45.8)
Grade III 44 (54.3) 10 (41.7)

Smoking (n, %)
Yes 32 (39.5) 8 (33.3)
No 49 (60.5) 16 (66.7)

Drinking (n, %)
Yes 15 (18.5) 6 (25)
No 66 (81.5) 18 (75)
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Tissue Samples Paired tissue samples were obtained from
each patient. Adjacent mucosa samples >10 cm from the
tumor margins were obtained and regarded as normal
tissues. Following washing twice with phosphate-
buffered saline, the CRC tumor tissues and paired adja-
cent normal tissues were immediately stored in nitrogen
vapor at −170 °C.

Protein Digestion and iTRAQ Labeling CRC tissue samples
and paired adjacent normal tissues were thawed and
suspended in 1 ml ice cold SDT lysis buffer (4%SDS,
100 mM Tris-HCl, 1 mMDTT, pH = 7.6) in a 2 ml centrifuge
tube with quartz sand and 1/4 in. ceramic beads (cat no.
MP6540–424; MP Biomedicals, LLC, Santa Ana, CA,
USA). The protein concentrations were measured using a

Bradford-type assay (Beyotime Institute of Biotechnology,
Haimen, China) according to the manufacturer’s protocol..
Subsequently, ~100 mg protein from each sample was re-
duced, alkylated and processed using trypsin at 37 °C for
17 h. The peptide segments were desalted using a C18 car-
tridge, and freeze-dried with the addition of 40 μl dissolution
buffer in the iTRAQ Reagent-Multiplex Buffer kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer’s protocol.

High-Performance Liquid Chromatography (HPLC) The la-
beled peptides were mixed and fractionated by strong cation-
exchange chromatography using an AKTA Purifier 100 (GE
Healthcare, Boston, USA). Buffer A (10 mM KH2PO4,
25%ACN, pH = 3.0) and buffer B (10 mM KH2PO4 ,

Fig. 1 Gene ontology enrichment
analysis of differentially
expressed proteins between
colorectal cancer tumor tissues
and paired non-tumorous mucosa.
a Biological process. bMolecular
function. c cellular component
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500 mM KCL , 25%ACN , pH = 3.0) were used. The strong
cation exchange (300SCX) column (Agilent, California, USA)
was equilibrated with solution A and the sample was loaded
from the injector to the column for a flow rate of 1mL/min. The
linear gradient was determined by the project proposal: 0%
buffer B for 25 min; 0–10% buffer B at 25–30 min; 10–20%
buffer B at 32–42 min; 20–45% buffer B at 42–47 min; 45–
100% buffer B at 47–52 min; hold on 100% buffer B for 1 h,
then adjusted the buffer B to 0%. The absorbance at 214 nm
was monitored during the elution process, and the eluted frac-
tions were collected every 1 min. The fractions were freeze-
dried and were desalted using a C18 cartridge.

Liquid Chromatograph-Mass Spectrometer/ Mass Spectrometer
(LC-MS/MS) Each sample was separated using an Easy nLC
1200 system (Thermo Fischer Scientific, Waltham, MA,
USA). Buffer A (0.1% formic acid) and buffer B (84% aceto-
nitrile). The sample was loaded from the autosampler to the
loading column (Thermo Scientific Acclaim PepMap100,
100 μm*2 cm, nanoViper C18), and separated through an an-
alytical column (Thermo scientific EASY column, 10 cm, ID
75 μm, 3 μm, C18-A2) at a flow rate of 300 nl/min. The linear
gradient was determined by the project proposal: 0–35% buffer
B for 50 min; 35–100% buffer B at 50–55 min; hold on 100%
buffer B at 55–60 min.

The sample was chromatographed and subjected to mass
spectrometry using a Q-Exactive mass spectrometer
(Thermo). The analysis time was 240 min, the detection
mode was positive ion, the parent ion scanning range was
300-1800 m/z, the primary mass spectrometer resolution was
70,000 at 200 m/z, the Automatic gain control (AGC) target
was 1e6, and the Maximum IT was 50 ms. The Dynamic
exclusion was 60.0 s. The mass-to-charge ratio of the poly-
peptide and polypeptide fragments was collected as follows:
20 fragments were acquired after each full scan, the MS2
Activation Type was HCD, and the Isolation window was
2 m/z. 17,500 at 200 m/z, Normalized Collision Energy is
30 eV and Underfill is 0.1%.

Data were analyzed usingMascot 2.2 (www.matrixscience.
com) and Proteome Discoverer 1.4 software (www.pdfdrive.
com). Data were searched based on the parameters presented
in Table 1.

Bioinformatics Analysis Gene Ontology (GO) annotations
were performed as previous reference [16]. The process
of GO annotations can be roughly divided into sequence
alignment (Blast), GO (Mapping), GO from entry notes
(Annotation) and complement (Annotation Augmentation)
notes using Blast2GO in setting the target protein annota-
tion. Using the WebGestalt tool [17], GO enrichment
analyses were performed by uploading differentially
expressed proteins and comparing with all proteins from
the known human proteome [18].

Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way enrichment annotations were used to analyze the differ-
entially expressed proteins, and orthologous genes and their
products with similar functions within the same pathway were
classified as a group [19, 20]. In the present study, KEGG
Automatic Annotation Sever (KAAS) software was used to
analyze the target proteins and map the pathways involved in
tumorigenesis [20].

A protein-protein interaction network for differentially
expressed proteins was created using Cytoscape (3.5.0) fol-
lowing searching the IntAct database [21, 22].

Western Blot AnalysisCells were lysed by RIPA lysis buffer
(Thermo). Protein (60 μg) was separated using 12% SDS-
PAGE. The primary antibodies used were golgin subfam-
ily A member 2 (GOLGA2) antibody (dilution, 1:1000;
ProteinTech Group, Inc., Chicago, IL, USA) and anti-
heterogeneous nuclear ribonucleoprotein D0 (hnRNPD)
antibody (dilution, 1:500; ProteinTech Group, Inc.).
Subsequent to incubation for 2 h, the membranes were
washed three times using Tris-buffered saline with 0.5%
Tween-20 (TBST) for 5 min each time. Subsequently, the
membranes were incubated with secondary antibodies for
1 h at room temperature, followed by four washes in
TBST for 10 min per wash. The membranes were devel-
oped using ECL Western Blotting Detection Reagent (GE
Healthcare Life Sciences, Little Chalfont, UK) and ana-
lyzed using Amersham Imager 600 (GE Healthcare,
Chicago, IL, USA).

Immunohistochemistry (IHC) CRC tissues and paired non-
neoplastic mucosa were fixed in 10% formalin for 48 h.
Embedded the samples in paraffin and sectioned in 4-μm
thickness. High pressure heat repair was used for antigen re-
trieval. The thicknesses were incubated in 3% H2O2 for
10 min to eliminate endogenous peroxidase activity.
Incubated the thicknesses with primary antibodies (anti-
GOLGA2, 1:2000, Cell Signaling, Danvers, MA, USA; anti-
hnRNPD, 1:2000, Cell Signaling) at room temperature for 1 h,
followed by incubating with secondary antibodies (1:10000,
Cell Signaling). Stained the thicknesses with DAB (Sigma-
Aldrich, Missouri, USA) for 5 min, then stained with
haematoxylin for 1 min. Finally, the images were observed
with a microscope (LEICADMLB2, Germany).

�Fig. 2 KEGG pathway enrichment analysis of the 271 identified
differentially expressed proteins between colorectal cancer tumor tissues
and paired non-tumorous mucosa. a Top 20 KEGG pathways. b Enriched
KEGG pathways. VSMC, vascular smooth muscle contraction; AC, actin
cytoskeleton; DM, drug metabolism; CYP450, cytochrome P450; cGMP,
cyclic guanosine monophosphate; cAMP, cyclic denosine
monophosphate; ECM, extracellular matrix; SP, signaling pathway;
PDA, protein digestion and absorption; VI, virus infection; KEGG,
Kyoto Encyclopedia of Genes and Genomes
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Results

Clinical Characteristics of Patients with CRC The clinical char-
acteristics of the 105 patients with CRC are presented in
Table 2. There were 81 cases (77%) of colon cancer and 24
cases (23%) of rectal cancer. Among the 105 patients, adeno-
carcinoma was highly prevalent, TNM staging was primarily
stage III and high levels of Ki-67 expression indicated the
rapid proliferation of tumor cells. The number of patients with
smoking and drinking habits was relatively small (Table 2).

LC-MS/MS-Based iTRAQ iTRAQ-MS was used to identify the
differentially expressed proteins between CRC tumor tissues
and their paired non-tumorous mucosa. In total, 271 differen-
tially expressed proteins were identified by the LC-MS/MS-
based iTRAQ technology, with 130 upregulated proteins and
141 downregulated proteins.

GO Enrichment Analysis The differentially expressed proteins
were further classified according to the biological process
(BP), molecular function (MF) and cellular compartment
(CC) domains using GO term analysis. In the biological pro-
cess domain, the majority of proteins were involved in ‘cellu-
lar processes’, ‘single-organism processes’, ‘biological regu-
lation’, ‘metabolic processes’, ‘response to stimulus’ and ‘de-
velopmental processes’ (Fig. 1a). For molecular function, the
majority of proteins were associated with ‘binding’, ‘catalytic
activity’, ‘structural molecule activity’ and ‘enzyme regulator
activity’ (Fig. 1b). The majority of the differentially expressed
proteins were located at specific subcellular compartments,
which are associated with cellular function. The compart-
ments may be roughly divided into the following categories:
‘cell’, ‘organelle’, ‘extracellular region’, ‘membrane’, ‘macro-
molecular complex’ and ‘membrane-enclosed lumen’ (Fig.
1c). These results indicated that the differentially expressed
proteins are associated with various biological processes and
molecular functions.

KEGG Pathway Enrichment AnalysisThe pathways involved in
CRC tumorigenesis were identified through KEGG enrich-
ment analysis. The analysis identified 16 pathways that were
associated with CRC, as presented in Fig. 2. The association
between the 217 differentially expressed proteins was further
analyzed using the IntAct database. A protein-protein interac-
tion diagram generated using Cytoscape software. The results
revealed that among all upregulated proteins, GOLGA2 and
hnRNPD were at the center of the network. Another 130 up-
regulated proteins were selected for further analysis of
protein-protein interactions, as downregulated proteins may
not be suitable as potential biomarkers, as previously reported
[23]. The results revealed GOLGA2 and hnRNPD at the cen-
ter of the upregulated-protein network, and these proteins

were closely associated with the development of the CRC
according to the bioinformatics analysis (Fig. 3).

Verification of GOLGA2 and hnRNPD Expression of iTRAQ
Analysis In the up-regulated central network diagram,
GOLGA2 and hnRNPDwere at the key points of the network.
Furthermore, GOLGA2 and hnRNPD were closely related to
the occurrence and development of tumors according to the
bioinformatics analysis of proteins. Therefore, we conducted
further research on GOLGA2 and hnRNPD through western
blot and immunohistochemistry assays. As presented in
Fig. 4, the expression of GOLGA2 and hnRNPD in CRC
tissues were higher compared with those in the paired normal
mucosa. Further verification of the two representative proteins
identified by iTRAQ analysis was performed using immuno-
histochemistry, which produced similar results, with an in-
crease in the expression of GOLGA2 and hnRNPD in CRC
tissues as compared with non-neoplastic mucosa (Fig. 5).
Furthermore, different expressed patterns of GOLGA2 and
hnRNPD were observed by IHC. GOLGA2 was exclusively
expressed in tumor-associated stromal mesenchymal cells,
while hnRNPD was predominantly expressed in the neoplas-
tic epithelial cells (Fig. 5).

Discussion

In the present study, 105 patients with CRC were recruited.
Based on the analysis of clinical data, it was observed that
colon cancer was more common in patients >40 years of age
and that the most common TNM stage was stage III. The
results suggested that it is difficult to identify CRC at an early
stage, and the majority of the patients were not treated until the
disease had progressed to advanced stages. Thus, developing
methods for the early detection and diagnosis of CRC are of
great importance.

The development of quantitative proteomic techniques
based on iTRAQ provides another method for identifying dif-
ferentially expressed proteins involved in the development of
CRC. In the present study, iTRAQ combined with LC-MS/
MS was used to compare protein expression in CRC tissues
and adjacent normal tissues. The analysis identified 271 dif-
ferential proteins, and 2 differential proteins (GOLGA2 and
hnRNPD) were selected for further validation. GOLGA2 and
hnRNPD were upregulated in CRC tissue, as compared with
adjacent normal mucosa, suggesting that GOLGA2 and
hnRNPD may be potential biomarkers for CRC.

The Golgi apparatus is a central organelle in the cell secre-
tory pathway involved in the processing of secreted proteins
and post-translational modifications of endoplasmic reticulum
(ER) transmembrane proteins. In protein processing path-
ways, the Golgi apparatus is the connection between the ER
and endosomes, lysosomes and plasma membranes [24, 25].
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Previously, the ER, the Golgi apparatus and lysosomes have
been considered as novel targets for cancer treatment [26].

GOLGA2 is a cis Golgi protein that is separated from the
detergent and salt-tolerant Golgi body. It serves an important

role in maintaining Golgi structure and Golgi accumulation.
Additionally, GOLGA2 is involved in ER-Golgi transport, gly-
cosylation and in cell cycle progression. However, a number of
studies have reported that GOLGA2 has an unexpected role in

Fig. 3 Protein-protein interactions among 130 upregulated differentially expressed proteins between colorectal cancer tumor tissues and paired non-
tumorous mucosa
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various cellular processes in diseases, including cell division,
polarization and directed cell migration. Recent reports have
revealed that the downregulation of GOLGA2 inhibits protein
transport between ER and the Golgi apparatus, and induces
autophagy [26, 27]. Autophagy contributes to tumor suppres-
sion, and autophagy defects are associated with tumor progres-
sion [26, 27]. The upregulation of GOLGA2 results in reduced
E-cadherin expression; and the downregulation of E-cadherin
expression has a key role in epithelial-mesenchymal transition
(EMT) [28] associated with a loss of cell polarity [29–31].

EMT is a major pathogenic feature of CRC, which involves
tumor cell migration, invasion and proliferation [32]. The es-
tablishment and maintenance of cell polarity is an important
feature of the majority of epithelial cells. Polar mechanisms
are essential for normal cell function to maintain homeostasis
in cells and tissues, and polar changes may result in the loss of
differentiation and tumor progression [30, 33]. The present
study revealed that GOLGA2 expression was enhanced in
CRC tissues compared with paired normal mucosa.
GOLGA2 has been reported to be highly expressed in cervical
cancer cell lines, lung cancer cells and gastric cancer cells [26,

34, 35]. To the best of our knowledge, this is the first report of
increased GOLGA2 expression in human CRC.

hnRNPs are a major group of nuclear proteins. These pro-
teins are mainly involved in RNA splicing, interaction with
telomeres, DNA repair, cell signal transduction and protein
translation [36]. hnRNPs also have numerous other potential
effects in the inhibition of angiogenesis, apoptosis, invasion
and EMT [36]. A variety of studies have reported that the
overexpression of hnRNPs result in tumor progression, in-
cluding in esophageal cancer, oral cancer and gastric cancer
[37–39]. hnRNPs may enhance the expression of c-myc, c-fos
and c-jun, and regulate the proliferation of hepatoma cells in
transgenic mice [23]. In thyroid cancer, cytoplasmic hnRNPD
may be recruited to disrupt the stability of mRNA encoding
cyclin-dependent kinase inhibitors, resulting in uncontrolled
growth and development of tumor cells [40]. Other studies
have reported that hnRNPK is involved in the promotion of
CRC cell growth and metastasis, and that the upregulation of
hnRNPK reduces CRC radiosensitivity [41, 42]. In the present
study, the upregulation of hnRNPD in human CRC compared
with adjacent non-neoplastic mucosa was identified using

Fig. 5 Immunohistochemistry
analysis of GOLGA2 and
hnRNPD expression in non-
neoplastic mucosa and CRC tis-
sues. GOLGA2 was expressed in
tumor-associated stromal mesen-
chymal cells (upper right).
hnRNPD was expressed in the
neoplastic epithelial cells (bottom
right). Original magnification,
×200. CRC, colorectal cancer;
GOLGA2, golgin subfamily A
member 2; hnRNPD, heteroge-
neous nuclear ribonucleoprotein
D0

Fig. 4 Protein expression of GOLGA2 and hnRNPD between colorectal
cancer tumor tissues and paired non-tumorous mucosa. The expression of
GOLGA2 and hnRNPD were determined by western blot analysis. N,

non-tumorous tissues; T, tumorous tissues; GOLGA2, golgin subfamily
A member 2; hnRNPD, heterogeneous nuclear ribonucleoprotein D0
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iTRAQ and LC-MS, and validated by western blotting and
immunohistochemistry.

In conclusion, GOLGA2 and hnRNPD were identified as
two novel differentially expressed proteins in human CRC.
An LC-MS/MS-based iTRAQ proteomic approach was iden-
tified to be a useful tool in searching and identifying differen-
tially expressed proteins in CRC, and may provide a compre-
hensive understanding of the processes involved in the devel-
opment of CRC.
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