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Abstract
p62 is a multifunctional protein involved in multiple cellular processes including proliferation, drug sensitivity and autophagy-
associated cancer cell growth. However, the role of p62 in colon cancer remains controversial. Here we investigated the expression
of p62 protein in colon cancer and its clinical significance.
Patients with colon adenocarcinoma who underwent resection at the Third Affiliated Teaching Hospital of Xinjiang Medical

University (Affiliated Cancer Hospital) were retrospectively analyzed. The expression of p62 protein in tumor tissues and adjacent
normal tissues was detected by immunohistochemistry and western-blotting. Real-time quantitative polymerase chain reaction was
used to detect the expression level of p62 messenger ribonucleic acid in specimens. Progression-free survival (PFS) and overall
survival (OS) were assessed using Kaplan-Meier method and the log-rank test.
A total of 85 colon cancer patients were enrolled, including 55 (64.71%) patients with high p62 expression, and 30 (35.29%)

patients with low p62 expression. The transcription and expression level of p62 in colon cancer tissues were higher than those in
adjacent normal tissues (P< .01). High expression of p62 was an independent risk factor for the poor prognosis (PFS and OS) of
colon cancer.
p62 may be a potential indicator of determining the progression and prognosis evaluation of colon cancer.

Abbreviations: NF-kB = nuclear factor-kB, OS = overall survival, PFS = progression-free survival, RT-qPCR = real-time
quantitative polymerase chain reaction.
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1. Introduction

Colon cancer represents one of the most common malignancies
worldwide and a common cause of morbidity and mortality.[1]

Colon cancer brings about metastases in 60% of the cases, with
involvement of the liver (40%), lung (15%), or both (10%).[2]

Increased treatment advances in the past 20 years,[3] and
development of chemotherapeutic regimens combined with
surgical resection has made it possible to treat the metastatic
colon cancer, half of patients develop local or distant recurrence.
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The development and progression of colon cancer are complex
and results of combined actions of multiple factors and pathways.
Numerous studies have tried to elucidate the mechanisms, which,
however, are still poorly understood. Therefore, it is precisely
important to identify colon cancer at an early stage. Identification
of molecular markers remains crucial for designing novel and
efficient treatment strategy.
Over the last 2 decades numerous molecular biomarkers for

colon cancer have been extensively studied. There are several
screening strategies for detection of colon cancer which can
basically be classified as noninvasive and invasive imaging
techniques. But recent studies have also highlighted that they
usually lack of proper sensitivity and specificity to screen colon
cancer.[4] Therefore, it is required to find out more reliable and
novel biomarkers for the early detection of colon cancer. Globally,
enormous research efforts have been given at present for
identifying molecular markers based on deoxyribonucleic acid
(DNA), ribonucleic (RNA), or protein to develop novel, noninva-
sive biomarker detection methods for colon cancer in blood and
stool. Therefore, in future identification of a new biomarker will
help to the development of a valid, sensitive and reliable clinical
assay that canbe servedas analternative diagnostic tool to conduct
treatment selection to the deadly disease.
p62/sequestosome1 is a multifunctional ubiquitinated binding

protein[5] and involved in signaling pathways of many cell life
activities, including autophagy,[6] and its abnormal expression
and regulation are closely associated with development and
progression of malignant tumors, such as lung cancer, prostatic
cancer, and endometrial cancer.[7] Many studies found correla-
tions between p62 protein expression and cancer, but no direct
links have been reported. It has been reported that an abundance
of p62 protein is associated with breast tumors and liver
cirrhosis.[8] p62 overexpression in breast tumors and regulation
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by prostate-derived Ets factor in breast cancer cells. Aberrant
expression of fetal RNA-binding protein p62 in liver cancer and
liver cirrhosis,[9] and p62 has been identified as an important
Nuclear factor-kB (NF-kB) mediator in tumorigenesis. A study by
Mathew et al showed autophagy suppresses tumorigenesis
through elimination of p62.[10] p62 and the sequestosome, a
novel mechanism for protein metabolism and may play a
significant role in an ubiquitination-mediated regulatory mecha-
nism during cell proliferation and differentiation. Those findings
indicate that p62 may be involved in various tumors and may
serve as an indicator factor. While there is little research to prove
the relationship between p62 and colon cancer.
To investigate the expression levels of p62 protein and p62

mRNA in colon cancer patients and to compare these expressive
levels with clinicopathological characteristics. Expression of p62
protein were detected in colon cancer tissues and adjacent normal
tissues by immunohistochemistry, Real-time quantitative poly-
merase chain reaction (RT-qPCR), andWestern bolt in this study.
In addition, an investigation was performed with respect to the
role of p62 in the progression and prognosis of colon cancer.

2. Methods

2.1. Patients

Patients with colon adenocarcinoma undergoing resection at the
Third Affiliated Teaching Hospital of Xinjiang Medical Univer-
sity (Affiliated Cancer Hospital) from October 2013 to October
2016 were enrolled in this retrospective cohort study. The
inclusion criteria were:
(1)
 Aged over 18 years;

(2)
 Histopathologically confirmed primary colon adenocarcinoma;

(3)
 Treatment-naïve;

(4)
 Patients with complete medical records and follow-up results.
The exclusion criteria were:
(1)
 Patients with previous history of other malignant tumors in
5 years;
(2)
 Patients who have received radiotherapy or chemotherapy
before operation.
This study was approved by the Ethics Committee of The Third
Affiliated Teaching Hospital of Xinjiang Medical University
(Affiliated Cancer Hospital) on October 11, 2017. Ethics
approval number is W-2017010. Informed consent was given
and signed by all patients.

2.2. Pathological examination

Specimens were collected in 20 minutes in vitro to ensure fresh
specimens. Tumor tissues were obtained at the cancer foci, and
normal colon tissuewas obtained as the control at the area about 15
cm away from the distal or proximal side of the tumor focus. After
obtaining specimens, each specimen was divided into 2 parts. One
was fixedwith formaldehyde, and the paraffin sectionwas prepared
for immunohistochemical detection of the expression level of p62
protein.Another1was immediately stored in liquidnitrogen forRT-
qPCR to detect the expression level of p62 protein mRNA and
Western bolt to detect the expression level of p62 protein.
All obtained tumor specimens and tissue specimens around the

tumor were histopathologically examined. The pathological
diagnosis of colon cancer was based on the World Health
Organization (2000) Standard,[11] and the staging was in
2

accordance with the American Joint Committee on Cancer
cancer staging manual (2016 Version 8).[12]
2.3. Immunohistochemical staining

The paraffin-embedded tissues were continuously sliced at a
thickness of 4mm. After the baking was completed, it was
routinely dewaxed and hydrated, and sections were placed into
the citrate antigen retrieval solution, and underwent microwave
heating to boiling to perform antigen retrieval. The prepared 3%
hydrogen peroxide was added to the sectioned tissue to block
endogenous peroxidase, and incubated for 15minute at room
temperature. After washing for 3 times with 0.1M phosphate-
buffered saline, the primary antibody (diluted by 1:100, Sigma
Company) was incubated overnight in the refrigerator at 4°C.
Horseradish peroxidase-labeled secondary antibody IgG poly-
mer (Southern Biotech Company) was added dropwise and
incubated at 37°C for 30minute. The above steps were washed
with phosphate buffer for 5minute�3 times. Diaminobenzidine
was used for developing, and hematoxylin was used for
counterstaining; conventional dehydration, mounting, and
microscopic photographing were performed. The positive control
was a positive control picture taken with the reagent, and the
negative control was a section in which phosphate-buffered saline
was added to replace the primary antibody. Other procedures of
the negative control were completely consistent with those in the
detected tissues.
For p62 staining, markedly yellow or brownish yellow

granules in the cytoplasm were considered as positive staining.
The staining results were evaluated by standard comprehensive
positive cell rate and staining intensity. p62 staining intensity was
scored as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong). The
proportion of p62-positive cells was evaluated as 0% to 100%.
The final results were scored using quick (Q) score, which was
calculated as the percentage of positive cells (P) multiplied by the
intensity (I) (Q=P� I; maximum=300).[13] The median Q score
of was used as the cut off value to classify each cancer as low and
high p62 expression.
2.4. mRNA detection

RT-qPCRwas used to detect the mRNA level of p62. The primers
were designed by Sangon Biotech (Shanghai) Co., Ltd. as follows:
p62 upstream primer, 50-CCAGAGAGTTCCAGCACAGA-30;
downstream primer, 50-CCGACTCCATCTGTTCCTCA-30;
b-actin upstream primer, 50-AGCGAGCATCCCCCAAAGTT-
30; downstream primer, 50-GGGCACGAAGGCTCATCATT-30.
After taking tissues from liquid nitrogen, trizol was added and
ground to homogenate, and total RNA was extracted. cDNA
synthesis was performed using Synergy Brands, Inc. Green I
fluorescent dye RT-qPCR detection method. Three parallel-
controlled reaction wells were set for each sample. Actin was
used as the reference housekeeping gene for RT- PCR analysis.
After the reaction, the computer automatically analyzed the
fluorescent signal and converted it to the initial copy number and
ct value. The 2�DDCt value was the relative expression level of
mRNA.[14]
2.5. Detection of protein expression

Western blot: The tissues were removed from the liquid nitrogen
and cut up; the lysate (containing PMSF and cocktail) was added



Table 1

Clinicopathological features of patients with different p62 protein
expression level in tumorous tissue.

Expression of p62

High Low P

No. 55 30 –

Age, n (%) .118
<60 yr 30 (54.5%) 14 (46.7%)
≥60 yr 25 (45.5%) 16 (53.3%)

Gender, n (%) .763
Male 33 (60%) 19 (63.3%)
Female 22 (40%) 11 (36.7%)

Tumor site, n (%) .118
Right hemicolon 37 (67.3%) 15 (50%)
Left hemicolon 18 (32.7%) 15 (50%)

Tumor size, n (%) .667
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and repeatedly ground into a homogenate. After the lysate acted
on tissues for 30minute, the homogenate was aspirated and
centrifuged to collect supernatants. After measuring the protein
concentration by BCA method, 5� loading buffer was added,
denatured at 100°C for 10minute, and cooled to room
temperature. For equal amounts of specimens, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis with 12% of mass
fraction was used to separate proteins. After electrophoresis, the
protein was transferred to a pure nitrocellulose blotting
membrane and blocked with 5% skim milk; it was blocked
with primary antibody for 1hour, and blocked again with
horseradish peroxidase-labeled secondary antibody blocking
solution for 1hour. Electrogenerated chemiluminescence reagent
was added; developing and photograph were performed. The
results were recorded by analyzing the gray values in the gel
imaging analysis system.
<5cm 23 (41.8%) 14 (46.7%)
≥5cm 32 (58.2%) 16 (53.3%)

Degree of differentiation, n (%) .262
Highly/moderately differentiated 29 (52.7%) 12 (40%)
Poorly differentiated 26 (47.3%) 18 (60%)

T stage, n (%) .765
T1/2 22 (40%) 13 (43.3%)
T3/4 33 (60%) 17 (56.7%)

Lymph node metastasis, n (%) .001
∗

Positive 38 (69.1%) 9 (30%)
Negative 17 (30.9%) 21 (70%)

Distant metastasis, n (%) .107
2.6. Follow-up

All patients were followed up by telephone after surgery until
December 2018. The overall survival (OS) was defined as the
time from operative treatment to death or the last follow-up.
Progression-free survival (PFS) was defined as the length of time
from treatment to disease progression, death, or last follow-up.
Serum carcino-embryonic antigen, chest and abdomen pelvic
computed tomography, colonoscopy in outpatients and inpa-
tients were detected.
No 48 (87.3%) 22 (73.3%)
Yes 7 (12.7%) 8 (26.7%)

TNM Stage, n (%) .001
∗

I/II 17 (30.9%) 21 (70%)
III/IV 38 (69.1%) 9 (30%)

TNM= tumor-node-metastasis.
∗
P< .05.
2.7. Statistical analysis

Statistical analysis were performed by using SPSS software 19.0
(IBMCorp., Armonk, NY). Categorical variables were expressed
as frequencies and percentages, and comparisons of ratios were
made using the Chi-square test or Fisher exact test. Continuous
variables were tested for normality. Normally distributed
continuous variables were expressed as means± standard devia-
tion and were compared between 2 groups using paired-sample t
tests. Nonnormally distributed continuous variables were
presented as median (range) and compared between groups
using the Wilcoxon test. Cox proportional hazard model was
used for multivariate analysis. PFS and OS were assessed using
Kaplan-Meier method and the log-rank test. P< .05 was
considered statistically significant.
3. Results

3.1. Baseline characteristics

A total of 85 colon cancer patients were enrolled in this study.
Among them, 55 (64.71%) patients showed high p62 expression,
and 30 (35.29%) patients showed low p62 expression. No
significant differences were found in age (P= .118) and gender
(P= .763) between the 2 groups. (Table 1)
The differences in lymph node metastasis between high p62

expression group and low p62 expression group were significant
(P= .001). In addition, patients with high p62 expression were
more likely to have advanced diseases (tumor-node-metastasis
stage III/IV) compared to those with low p62 expression
(P= .001). However, there was no significant relationship
between p62 expression and the other clinical pathological
features of the patients, such as tumor site and size, and degree of
differentiation (all P> .05) (Table 1).
3

3.2. Correlation between p62 expression and clinical
characteristics

The p62 expression in colon cancer specimens and adjacent non-
tumor tissue were showed in Figure 1. Particles sharing brown
color indicated to p62 protein expression occurred in some parts
of gland parietes. It is clearly that staining of normal tissues was
weak, and a small amount of stained p62 was distributed in the
cytoplasm, while colon cancer tissues showed strongly positive
staining of p62; in addition to the cytoplasm, it was also
distributed in some cell nucleuses (�400 magnification). Among
the 85 adjacent normal tissues, 9 (10.59%) showed high
expression and 76 (89.41%) showed low expression. The
expression of p62 in colon cancer was significantly higher than
that in adjacent normal tissues (Fig. 2), and the difference was
statistically significant (1.058±0.2720 vs 0.3536±0.1014,
P< .01).
The relative expression level of p62 mRNA in colon cancer

tissues was significantly higher than that in distant normal tissues
(3.1752±0.7865 vs 1.3753±0.4431, P< .01).
3.3. p62 expression and survival analysis

Kaplan-Meier analysis found that the PFS in patients with high
expression of p62 was 27.61±2.50 months, which was shorter
than that of those with lower expression (44.22±3.44 months,
P< .01) (Fig. 3). The OS of patients with low expression of p62
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Figure 1. Examples of p62 immunostaining in colon adenocarcinomas and adjacent normal tissues. Tumor tissue (A) and adjacent normal tissue (C) for a 56-yr-old
male patients with moderately differentiated adenocarcinoma of the ascending colon (pT3N1M0, IIIB). Tumor tissue (B) and adjacent normal tissue (D) for a 68-yr old
female patients with poorly differentiated adenocarcinoma of the descending colon (pT4aN2aM0, IIIC). (A) and (B) showed their tumors with strong immunostaining
and (C) and (D) demonstrated their adjacent normal tissues with negative p62 staining (�400 magnification).
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was 52.37±3.03 months, which was significantly prolonged
than that of patients with higher expression (37.70±2.13
months, P< .05). Multivariate analysis showed that tumor-
node-metastasis staging III/IV (PFS: HR=3.391, 95%CI: 1.287–
8.935, P= .013; OS:HR=3.584, 95%CI: 1.350–9.513, P= .010)
Figure 2. Western blot analysis of p62 protein expression in colon cancer and
adjacent normal tissues (P< .01).

4

and high expression of p62 (PFS: HR=2.894, 95% CI: 1.214–
6.902, P= .017; OS: HR=2.536, 95% CI: 1.057–6.085,
P= .037) were independent prognostic factors affecting PFS
and OS of patients with colon cancers (Table 2).

4. Discussion

In the present study, we demonstrated that normal colon
tissues express lower levels of p62 when compared with
the patient-matched primary tumor samples. High expression
levels of p62 are associated with short progression-free
survival of patients with colon cancer. The study provides
evidence for the p62 protein as a potential indicator of
determining the progression and prognosis evaluation of colon
cancer.
p62 has a wide range of functions, acting as a substrate and

regulating proteins in mammalian selective autophagy,[5] and it
links degrading substrates to autophagy structures,[15] thereby
mediating the degradation of substrates such as protein polymers,
damaged mitochondria, and invading microorganisms by the
autophagy pathway. Furthermore, p62 regulates cell death by
binding to and activating caspase 8.[16] p62 can also regulate life
activities of cells by activating the transcription factor NF-kB and
then activating TRAF.[4] p62 acts as a substrate during cell
autophagy and is degraded by the autophagy pathway.
Abnormal accumulation of p62 is suggestive of autophagy
dysfunction in cancer cells.[17,18] Autophagy can remove
damaged or degraded organelles, some structurally abnormal
proteins and macromolecular substances, and prevent the
invasion of harmful substances. In this way, it can maintain
the stability of the genome, induce cell senescence, and inhibit
tumor development and progression.[19]



Figure 3. Relation between the expression of p62 in patients with colon cancer
and PFS (A) and OS (B). PFS = progression-free survival, OS = overall survival.
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The findings of this study demonstrate that the expression
levels of p62 mRNA and protein in colon cancer tissues were
significantly higher than that in adjacent normal tissues. Its
suggests that abnormal autophagy activity may play a promoting
role in the development and metastasis of colon cancer, as
supported by previous studies in colon cancer[20,21] and other
types of cancers.[22,23] In addition, abnormal aggregation of p62
in cells activate 2 active oxygen scavenging systems, Nuclear
factor erythroid 2– related factor 2 and NF-kB, which enhance
the viability of cancer cells under stress conditions.[24,25]

The accumulation of p62 in cells can also activate oncogene
signals, such as mammalian target of rapamycin,[26] contributing
to carcinogenesis.
Table 2

Analysis of influencing factors of PFS and OS in patients with colon

Feature HR

Gender (Male vs Female) 1.128
Age (≥60 vs <60) 1.298
TNM staging (III/IV vs I/II) 3.391
Differentiation (poorly differentiated vs highly/moderately differentiated) 0.651
p62 (high expression vs low expression) 2.894

CI= confidence interval, HR=hazard rate, OS= overall survival, PFS=progression-free survival, TNM=
∗
P< .05.
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The expression levels of p62 were unrelated to clinical
indicators such as sex, age, ethnicity, tumor site, tumor size,
histological type, degree of differentiation, and tumor invasion
depth, but were associated with lymph node metastasis. The
positive rate of lymph node was 69.1% (38/55) in patients with
high expression of p62, and 30.0% (9/30) in those with low
expression. Studies of the expression of p62 in human liver cancer
and its significance found that high expression of p62 in liver
cancer tissues was positively correlated with clinical staging and
survival.[27,28] The rate of high expression of p62 was 92.3% in
patients of stage III and IV, and 58.3% in those of stage I and II.
The rates of recurrence-free survival and OS in patients with high
expression of p62 were worse than those in patients with low
expression of p62, suggesting the high expression of p62 was
related to patient prognosis. High expression of p62 was also
observed in patients with oral squamous cell carcinoma, which
was associated with higher malignancy and worse prognosis.[29]

In the tissue microarray and immunohistochemical detections of
12,427 prostate cancer tissues,[30] the expression of p62 was
markedly related to Gleason grading of tumor histology, clinical
staging and lymph node metastasis. Immunohistochemical
detections on human ovarian cancer and normal ovarian tissues
showed the positive rate of p62 in ovarian cancer tissues and
normal ovarian tissues was 71.67% and 11.67%, respective-
ly.[31] The difference had statistical significance. In addition, the
the positive expression of p62 was associated with chemotherapy
sensitivity of ovarian cancer patients, suggesting it may be a
molecular marker for the prediction of chemotherapy sensitivity.
In the present study, the PFS and OS in patients with high
expression of p62 were significantly shorter than those in patients
with low expression of p62. Cox multivariate regression analysis
showed that the expression of p62 and clinical staging were
independent prognostic factors for colon cancer; Patients
with high expression of p62 had poor prognosis. Nakayama
et al[32] showed that p62 was an important prognostic factor in
colon cancer since p62 promotes cancer cell proliferation.
Niklaus et al[33] indicated that high p62 expression was
associated with autophagy activation and unfavorable colon
cancer prognosis.
The above findings suggested that p62 plays a role in regulating

development and progression of colon cancer and may be a
potential molecular marker for diagnosis and prognosis evalua-
tion of colon cancer. However, its specific molecular mechanism
is still not clear. Further studies are needed to determine the
detailed mechanisms of p62 in orchestrating tumor development,
especially the role of p62 in facilitating tumor pre-metastatic
niche formation and metastasis. In addition, more samples need
to be collected as the validation set to conclude the result.
cancer by using COX multivariate regression analysis.

PFS OS

95%CI P HR 95%CI P

0.528–2.409 .756 1.116 0.504–2.469 .786
0.603–2.795 .504 1.321 0.584–2.985 .504
1.287–8.935 .013

∗
3.584 1.350–9.513 .010

∗

0.301–1.409 .276 0.700 0.323–1.517 .366
1.214–6.902 .017

∗
2.536 1.057–6.085 .037

∗

tumor-node-metastasis, vs= versus.
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In conclusion, the results in this study suggest that p62 mRNA
and protein are abnormally highly expressed in tumor tissues of
patients with colon cancer. High expression of p62 is an
independent risk factor for the prognosis of colon cancer.
Detection of p62 level may be a potential indicator of disease
progression and prognosis evaluation.
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