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Abstract
BACKGROUND 
Drugs targeting mitochondria can induce mitophagy and restrain proliferation in 
colorectal cancer (CRC) cells. Phosphoglycerate mutase family member 5 
(PGAM5) activates serine/threonine PTEN-induced putative kinase 1/Parkin 
pathway-mediated mitophagy. However, there are few studies on the clinical and 
prognostic significance of expression of PGAM5 protein and mitophagy-related 
protein Parkin in patients.

AIM 
To assess the clinical significance of PGAM5 and Parkin proteins, as biomarkers 
for diagnosis and prognosis of CRC, by studying their expression in advanced 
CRC tissues and their association with clinicopathological parameters.

METHODS 
The expression of PGAM5 and Parkin in CRC tissues from 100 patients was 
determined by immunohistochemistry. Each case was evaluated by using a 
combined scoring method based on signal intensity staining (scored 0-3) and the 
proportion of positively stained cancer cells (scored 0-4). The final staining score 
was calculated as the intensity score multiplied by the proportion score. 
Specimens were categorized as either high or low expression according to the 
Youden index, and the association between the expression of PGAM5 or Parkin 
and clinicopathological factors was ascertained. Additionally, we employed 
western blot to measure PGAM5 and Parkin protein expression in six matched 
pairs of CRC and adjacent non-tumor tissues.

RESULTS 
Immunohistochemical and western blot findings showed that both PGAM5 and 
Parkin protein expression in tumor tissues was significantly higher than that in 

https://www.f6publishing.com
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the adjacent tissues: PGAM5 and Parkin were mainly expressed in the cytoplasm of colonic 
epithelial cells. PGAM5 and Parkin protein levels were significantly positively correlated in 
advanced CRC tissues. Moreover, reduced Parkin protein expression was an independent 
prognostic factor for overall survival and progression-free survival in CRC patients as evinced by 
multivariate analysis.

CONCLUSION 
The expression of PGAM5 protein and mitophagy-related protein Parkin has diagnostic 
significance for CRC and may become new biomarkers. Parkin may be a potential marker for the 
survival of CRC patients.

Key Words: Phosphoglycerate mutase family member 5; Parkin, Mitophagy; Colorectal cancer; Diagnostic 
marker; Cancer prognosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Drugs targeting mitochondria can induce mitophagy in colorectal cancer (CRC) cells and restrain 
cancer cells proliferation. Phosphoglycerate mutase family member 5 (PGAM5) can activate PTEN-
induced putative kinase 1/Parkin pathway-mediated mitophagy. In this study, we explored 100 patients 
with advanced CRC to assess the expression and clinical potential of PGAM5 and Parkin proteins using 
immunohistochemistry. We found that both PGAM5 and Parkin protein expression has diagnostic 
significance for CRC and may become new biomarkers. Meanwhile, PGAM5 protein and mitophagy-
related protein Parkin expression were significantly positively correlated and reduced Parkin protein 
expression was prognostic for shorter survival. Our data provide a promising foundation for increasing the 
accuracy of clinical judgment.

Citation: Wu C, Feng ML, Jiao TW, Sun MJ. Clinical and prognostic significance of expression of 
phosphoglycerate mutase family member 5 and Parkin in advanced colorectal cancer. World J Clin Cases 2022; 
10(14): 4368-4379
URL: https://www.wjgnet.com/2307-8960/full/v10/i14/4368.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i14.4368

INTRODUCTION
Colorectal cancer (CRC) is a common malignant tumor. According to an epidemiological survey in 2018, 
CRC has become the second leading cause of cancer-related death, and its incidence ranks the third in 
both sexes[1]. In recent years, due to the in-depth research on the pathogenesis of CRC, clinical 
screening program and effective treatments have been continuously developed. Studying the molecular 
characteristics of CRC is helpful to improve our understanding of the pathogenesis and provides a 
theoretical basis for improving prognosis and innovating effective targeted therapy.

Phosphoglycerate mutase family member 5 (PGAM5), as an atypical serine/threonine protein 
phosphatase, is a nucleus-encoded mitochondrial resident protein. PGAM5 is involved in the regulation 
of mitochondrial dynamics, respiration, and mitochondrial quality control, and is closely related to 
organelle homeostasis, mitochondrial autophagy, and cell death[2]. Most of the proteins involved in 
mitophagy have been shown to be dysregulated in cancer patients. Drugs targeting mitochondria can 
induce mitophagy in CRC cells and restrain cancer cell proliferation[3]. Mitochondrial clearance seems 
to act as a mechanism that is recruited by cancer cells to modulate the key malignancy features in cancer 
initiation and progression.

In lung cancer tissues, PGAM5 is expressed by malignant epithelial cells and surrounding 
macrophages. Besides, PGAM5 is also expressed by precancerous epithelial cells[4]. Moreover, PGAM5 
induces a decrease in mitochondrial nicotinamide adenine dinucleotide phosphate production in 
extracellular matrix-detached cancer cells by activating mitophagy. As a result, the increase of reactive 
oxygen species level led to the non-apoptotic death of cancer cells[5]. In addition, studies on the role of 
phosphatases in CRC have shown that PGAM5 was one of the few phosphatases over-expressed in 
cancer tissues[6]. Down-regulation of PGAM5 expression significantly inhibited the proliferation of 
CRC cells. Furthermore, knockout of the PGAM5 gene could attenuate the occurrence of spontaneous 
and chemically-induced CRC in mice[6]. However, there are few studies on the expression and clinical 
prognostic significance of PGAM5 protein in CRC patients. There is no clinical evidence regarding the 
possible mechanism of PGAM5 in the development of CRC.

https://www.wjgnet.com/2307-8960/full/v10/i14/4368.htm
https://dx.doi.org/10.12998/wjcc.v10.i14.4368
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The E3 ubiquitin ligase Parkin plays an important regulatory role in mitochondrial homeostasis[7], 
such as biogenesis, fusion/fission, mitochondrial DNA repair, and mitophagy[8]. After mitochondrial 
injury, PGAM5 could activate Parkin by binding and stabilizing the serine/threonine PTEN-induced 
putative kinase 1 (PINK1). Subsequently, Parkin rapidly catalyzed the ubiquitination of many 
mitochondrial proteins; the ubiquitinated mitochondrial proteome then generated the autophagy 
mechanism and initiated selective autophagy[9]. Evidence has shown that Parkin is a tumor-suppressor. 
In-depth study has revealed that overexpression of Parkin can inhibit cancer cell proliferation; however, 
inactivation of Parkin promoted the proliferation of cancer cells[10]. High Parkin protein levels in deep 
tumor regions of CRC were associated with an increased survival[11]. These results suggest that Parkin 
may play a protective or inhibitory role in tumor development.

In this study, we aimed to explore the clinical significance of PGAM5 and Parkin proteins as 
biomarkers for diagnosis and prognosis of CRC by studying the expression of PGAM5 protein and 
mitophagy-related protein Parkin in advanced CRC tissues and their association with clinicopatho-
logical parameters. Meanwhile, the correlation between PGAM5 and Parkin protein expression was also 
assessed, which will provide a clinical basis for further study of the possible mechanism of action in 
CRC.

MATERIALS AND METHODS
Study population and sample collection
We collected histological sections of advanced CRC from November 2012 to June 2015 at the First 
Affiliated Hospital of China Medical University. This study included 100 pairs of colorectal adenocar-
cinoma and corresponding paracancerous tissues that had been surgically removed. The inclusion 
criteria were as follows: Age ≥ 18 years; located at the colon or upper rectum more than 100 mm from 
the anus. The exclusion criteria were as follows: Metachronous or synchronous cancers; radiotherapy or 
chemotherapy before surgical resection; and history of familial adenomatous polyposis or Lynch 
syndrome. This study was approved by the Institutional Review Board of The First Affiliated Hospital 
of China Medical University (No. 2021-68-2), and informed consent was waived.

The following clinicopathological variables were considered: Age, sex, tumor site (colon/rectum), 
tumor size, histological type (mucinous/non-mucinous), degree of differentiation (poorly/ 
moderately/well diff-erentiated), angiolymphatic and/or perineural invasion, tumor stage (I to IV), 
tumor invasion depth (T2 to T4), lymph node status, distant metastasis, and follow-up (from diagnosis 
to last outcome consultation or death). Included samples were also examined for protein expression 
[including carcinoembryonic antigen (CEA), CA19-9, P53, and CDX2].

Tumor stage was defined according to the American Joint Committee on Cancer/Union for Interna-
tional Cancer Control TNM staging system (8th edition). All patients received outpatient, inpatient, or 
telephone follow-up, with an interval of 3 mo (the last follow-up occurred in November 2020). As this 
study described the prognosis of patients with advanced CRC, analysis of overall survival (OS) and 
progression-free survival (PFS) was undertaken. OS was defined as the time from surgical resection to 
death from any cause, and PFS was defined as the time from surgical resection to the first recurrence or 
death caused by disease progression.

Immunohistochemistry
Typical CRC tissues and normal colorectal mucosal tissues were selected. The paraffin-embedded 
tissues were cut into 4-μm thick sections, dewaxed using xylene, rehydrated through gradient ethanol, 
and then heated using a pressure-cooker for antigen retrieval. Antigenic repair was performed with 
citric acid or repair solution, and endogenous peroxidase blocked with 3% H2O2-methanol (prepared 
with 30% H2O2 10 mL + methanol 90 mL). The sections were then incubated overnight at 4 °C with the 
following primary antibodies: Rabbit polyclonal anti-PGAM5 (1:200 dilution, ab126534; Abcam, United 
Kingdom) and rabbit polyclonal anti-Parkin (1:400 dilution, ab233434; Abcam, United Kingdom). 
Subsequently, sections were incubated with the secondary antibody for 40 min at 37 °C. Next, after 
washing in phosphate-buffered saline, the sections were stained with diaminobenzidine and then 
counter-stained with hematoxylin. The sections were then air-dried, dehydrated, and mounted. CRC 
tissues with intense immunoreactivity to PGAM5 and Parkin were used as positive controls; in the 
negative control, the primary antibody was replaced with phosphate-buffered saline.

Scoring system
Double-blind reading was performed by two experienced pathologists. Initially, the slides were scanned 
at 10 × magnification to obtain a general impression of the overall tumor cell distribution. The cells with 
cytoplasm, cell membrane, or nucleus stained light-yellow to brown-yellow were identified as positive 
cells. The percentage of positive cells and staining intensity under the microscope (200 ×) were 
evaluated by semi-quantitative results.
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Figure 1 Representative immunohistochemical staining for phosphoglycerate mutase family member 5 and Parkin protein (original 
magnification 200 ×). The expression levels of phosphoglycerate mutase family member 5 and Parkin protein were scored as negative (0), weak (1), moderate 
(2), or strong (3) according to staining intensity. PGAM5: Phosphoglycerate mutase family member 5.

Five high-power fields (200 ×) were observed on each section, and the percentage of positive cells was 
counted. The proportion of positive cells scored from 0 to 4 as follows: 0 (percentage of positive cells < 
5%), 1 (5% to 25%), 2 (26% to 50%), 3 (51% to 75%), and 4 (> 75%). The immunostaining intensity was 
divided into four categories: 0 (negative immunostaining), 1 (weak immunostaining), 2 (moderate 
immunostaining), and 3 (strong immunostaining) (Figure 1). The final staining score was calculated as 
the proportion score multiplied by the intensity score.

Western blot assay
Protein was extracted from the six matched pairs of colorectal adenocarcinoms and corresponding 
paracancerous tissues with the RIPA lysis buffer containing PMSF protease inhibitors and was 
quantified by using the BCA assay (Beyotime Institute of Biotechnology, China). Samples of 50 μg of 
protein were loaded and resolved by SDS-PAGE followed by transfer to a PVDF membrane. Non-
specific binding was blocked using 5% bovine serum albumin in Tris Buffered Saline with Tween 20 
(TBS-T, pH 7.6) for 2 h. Subsequently, incubation with primary antibodies, rabbit polyclonal anti-
PGAM5 (1:1000 dilution, ab126534; Abcam, United Kingdom), rabbit polyclonal anti-Parkin (1:1000 
dilution, ab233434; Abcam, United Kingdom), and glyceraldehyde-3-phosphate dehydrogenase (glycer-
aldehyde-3-phosphate dehydrogenase, 1:1000 dilution, FL-335; Santa Cruz Biotechnology, CA, United 
States) was undertaken overnight at 4 °C. After extensive washing, the membranes were incubated with 
anti-rabbit IgG secondary antibody (1:5000) and the immunoreactive bands were detected with ECL-
Plus chemiluminescent detection HRP reagents (Beyotime Institute of Biotechnology, China) using the 
Microchemi 4.2 Bio-imaging system. The Western blots were quantified by densitometric analysis using 
ImageJ software (Version 1.46r). The experiments were repeated three times under the same experi-
mental conditions.

Statistical analysis
SPSS software (version 26) was used to analyze the findings. Pearson’s chi-squared test was adopted to 
evaluate the correlation between PGAM5/Parkin protein expression and clinicopathological 
parameters. Wilcoxon signed-rank tests and Spearman rank correlation analysis were performed to 
determine the expression of PGAM5 and Parkin and to investigate their correlation. Cumulative 
survival of the patients was estimated using the Kaplan-Meier method, and the significance of the 
survival differences was tested by using the Log-rank test. Multivariate analysis was performed using a 
Cox proportional hazards regression model to estimate the independent prognostic effect of PGAM5 
and Parkin protein on survival by adjusting for confounding factors. All P values were two-sided and 
considered statistically significant when P < 0.05.

RESULTS
Patients and clinicopathological characteristics
There were 100 patients with advanced CRC enrolled in this study. Fifty-six percent of the patients were 
male and another 44 percent were female. The median age was 61 years (range, 33-88 years). The lesions 
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Figure 2 Representative immunohistochemical staining for phosphoglycerate mutase family member 5 and Parkin in colorectal 
adenocarcinoma tissues and adjacent tissues (original magnification 200 ×). Phosphoglycerate mutase family member 5 (PGAM5) and Parkin protein 
were expressed in the cytoplasm of colonic epithelial cells. Specimens were categorized as either high or low expression according to the Youden index. High 
expression of PGAM5 was defined as a score of ≥ 4.75, and Parkin was ≥ 7.1. Low expression of PGAM5 was defined as a score of < 4.75, and Parkin was < 7.1. 
PGAM5: Phosphoglycerate mutase family member 5.

of 26 patients were located in the colon, and 74 cases had lesions located in the rectum. Ninety-six 
patients had angiolymphatic and/or perineural invasion. There were 61 cases with good/moderate 
differentiation and 39 with poor differentiation/mucinous adenocarcinoma. There were 35 cases 
showing T2 depth of penetration, 19 cases showed T3, and 46 showed T4. Forty-eight patients had 
lymph node metastases. Thirteen patients had distant metastasis. According to the 2017 UICC principle 
of CRC staging, there were 50 cases at stages I-II and 50 at stages III-IV. The clinicopathological charac-
teristics of these patients are summarized in Table 1.

PGAM5 and Parkin expression and their correlation
Immunohistochemical findings showed that the protein expression of both PGAM5 and Parkin was 
mainly found in the cytoplasm of colonic epithelial cells (Figure 2). PGAM5 had a median score of 7.5 in 
cancer tissues and 3.5 in paracancerous tissues, with a median difference of 5.0. Parkin had a median 
score of 8.0 in cancer tissues and 4.0 in paracancerous tissues, with a median difference of 4.0. Wilcoxon 
signed-rank testing showed that the PGAM5 expression in cancer tissues was prominently higher than 
that in paracancerous tissues (Z = -7.754, P < 0.001), also as to Parkin (Z = -6.083, P < 0.001). Addition-
ally, results of western blot assay also revealed higher levels of both PGAM5 (P = 0.028) and Parkin (P = 
0.027) in cancer tissues in contrast to adjacent non-tumor tissues (Figure 3).

And then we performed Spearman’s rank correlation analysis to further investigate the correlation 
between PGAM5 and Parkin protein expression. The result showed that the expression of PGAM5 and 
Parkin protein was significantly positively correlated (correlation coefficient = 0.631, P < 0.001) in CRC 
tissues.

Association of PGAM5 or Parkin expression with clinicopathological parameters
Receiver operating characteristic curve analysis was performed to determine the Youden index (P < 0.01 
indicated that it was significant in the diagnosis of tumor). According to the Youden index, the cut-off 
value delimiting high and low expression of PGAM5 was determined to be 4.75 (P < 0.001), and for 
Parkin it was 7.1 (P < 0.001). This suggested that the protein expression of PGAM5 and Parkin is of 
significance in the diagnosis of CRC: In the present study, we found that 96 cases had high expression of 
PGAM5 in 100 cases of CRC tissues, and 71 cases had high expression of Parkin.

We then assessed the association of PGAM5 or Parkin protein expression with the clinicopathological 
parameters. Statistical results showed that there was no correlation between the expression of PGAM5 
or Parkin and any of the clinicopathological variables evaluated, such as age, sex, primary tumor site, 
vascular invasion or nerve invasion, TNM stage, and tumor histological differentiation. Meanwhile, the 
expression of PGAM5 or Parkin protein in cancer tissues was not correlated with the expression of CEA, 
CA19-9, P53, or CDX2 (Table 1).

OS and PFS analysis in advanced CRC patients
OS and PFS differed significantly according to the immunohistochemical expression of Parkin protein. 
Kaplan-Meier survival analysis and Log-rank testing showed a higher survival rate in the group with 
high Parkin levels compared with the group with low Parkin levels (OS: P = 0.038, PFS: P = 0.030). The 
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Table 1 Baseline characteristics of patients with advanced colorectal cancer and the correlation with immunohistochemical expression 
of phosphoglycerate mutase family member 5 or Parkin, n (%)

PGAM5 Parkin
Clinicopathologic characteristic Cases

Low (n = 4) High (n = 96)
P value

Low (n = 29) High (n = 71)
P value

Age (yr) 0.332 0.927

< 61 (median) 49 1 48 14 35

≥ 61 51 3 48 15 36

Gender 0.440 0.586

Male 56 3 53 15 41

Female 44 1 43 14 30

Tumor site 0.230 0.468

Colon 26 0 26 9 17

Rectum 74 4 70 20 54

Size of the tumor, cm 0.776 0.816

≤ 4 43 2 41 13 30

> 4 57 2 55 16 51

Histological type 0.713 0.207

Mucinous 18 1 17 3 15

Non-mucinous 82 3 79 26 56

Degree of differentiation 0.649 0.559

Well/moderate 61 2 59 19 42

Poor/mucinous 39 2 37 10 29

Angiolymphatic and/or perineural 
invasion

0.681 0.350

Absent 96 4 92 27 69

Present 4 0 4 2 2

Tumor stage (TNM) 1.000 0.275

I-II 50 2 48 12 38

III-IV 50 2 48 17 33

Tumor invasion depth 0.871 0.143

T2-T3 54 2 52 19 35

T4 46 2 44 10 36

Lymph node status 0.936 0.364

N0 52 2 50 13 39

N1-N2 48 2 46 16 32

Distant metastasis 0.435 0.425

Absent 13 0 13 5 8

Present 87 4 83 24 63

CEA 0.744 0.718

Normal 58 2 56 16 42

High 42 2 40 13 29

CA19-9 0.105 0.301

Normal 39 0 39 9 30
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High 61 4 57 20 41

P53 0.097 0.859

Normal 40 0 40 12 28

High 60 4 56 17 43

CDX2 0.344 0.489

Normal 18 0 18 4 14

High 82 4 78 25 57

PGAM5: Phosphoglycerate mutase family member 5; TNM: Tumor-node-metastasis; CEA: Carcinoembryonic antigen.

Figure 3 Western blots showing higher phosphoglycerate mutase family member 5 and Parkin levels in colorectal adenocarcinoma fresh 
tissues than in corresponding paracancerous tissues in six matched pairs (T, colorectal adenocarcinoma tissues; N, adjacent non-tumor 
tissues). PGAM5: Phosphoglycerate mutase family member 5; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Kaplan-Meier survival curves for advanced CRC patients with high and low expression levels of Parkin 
are shown in Figure 4. However, there was no statistical significance according to the immunohisto-
chemical expression of PGAM5 protein (Figure 4).

Predictive value of PGAM5 and Parkin protein expression for survival
A Cox proportional-hazards model was used to estimate the effects of PGAM5 and Parkin protein 
expression on OS in advanced CRC patients. Multivariate analysis was performed to assess the 
independent prognostic effects of PGAM5 and Parkin protein on OS by adjusting for confounding 
factors.

Univariate analysis showed that the following factors were significantly related to OS: Tumor stage (P 
< 0.001), tumor invasion depth (P = 0.014), lymph node status (P < 0.001), distant metastasis (P = 0.002), 
and Parkin protein expression level (P = 0.042) (Table 2). Multivariate analysis proved that distal 
metastasis (P = 0.037), PGAM5 protein expression level (P = 0.040), and Parkin protein expression level (
P = 0.033) were independent prognostic factors for OS. Patients with distal metastasis exhibited a 
significantly higher risk of death than those without [hazard ratio (HR) = 2.874, 95% confidence interval 
(CI): 1.066-7.743]. Patients with a low PGAM5 protein level had a significantly higher risk of death than 
those with a high PGAM5 protein level (HR = 0.251, 95%CI: 0.067-0.942). Patients with a low Parkin 
protein level indicated a significantly higher risk of death than those with a high Parkin protein level 
(HR = 0.477, 95%CI: 0.241-0.943) (Table 3).

Univariate analysis showed that the following factors were significantly related to PFS: Tumor differ-
entiation (P = 0.011), tumor stage (P < 0.001), tumor invasion depth (P = 0.009), lymph node status (P < 
0.001), distant metastasis (P = 0.001), and Parkin protein expression level (P = 0.034) (Table 2). 
Multivariate analysis found that distal metastasis (P = 0.029) and Parkin protein expression level (P = 
0.008) were independent prognostic factors for PFS. Patients with distal metastasis had a significantly 
higher risk of progression-free death than those without (HR = 2.713, 95%CI: 1.109-6.640). Patients with 
a low Parkin protein level demonstrated a significantly higher risk of progression-free death than those 
with a high Parkin protein level (HR = 0.431, 95%CI: 0.232-0.801) (Table 3).

DISCUSSION
PGAM5 as a unique protein phosphatase existing in the mitochondria is localized to the mitochondria 
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Table 2 Univariate analysis of overall survival and progression-free survival for colorectal cancer by Cox regression

OS PFS
Variable

HR 95%CI P value HR 95%CI P value

Age (yr) (≥ 61/< 61) 0.706 0.393-1.266 0.242 0.877 0.526-1.464 0.616

Gender (male/female) 0.932 0.520-1.669 0.812 0.823 0.491-1.380 0.460

Tumor site (colon/rectum) 0.604 0.325-1.122 0.110 0.784 0.441-1.396 0.408

Size of the tumor, cm (> 4/≤ 4) 1.324 0.731-2.397 0.354 1.468 0.867-2.484 0.153

Histological type (mucinous/non-mucinous) 0.801 0.358-1.790 0.588 1.144 0.593-2.207 0.688

Degree of differentiation (poor/mucinous, 
well/moderate)

1.789 1.000-3.199 0.050 1.961 1.168-3.292 0.011

Angiolymphatic and/or perineural invasion 
(absent/present)

0.603 0.187-1.947 0.398 0.700 0.219-2.238 0.547

Tumor stage (III-IV/I-II) 4.117 2.122-7.985 < 0.001 3.390 1.945-5.908 < 0.001

Tumor invasion depth (T4/T2-T3) 2.085 1.157-3.758 0.014 1.987 1.185-3.331 0.009

Lymph node status (N1-N2/N0) 3.540 1.879-6.668 < 0.001 3.141 1.823-5.411 < 0.001

Distant metastasis (present/absent) 3.113 1.539-6.298 0.002 2.830 1.496-5.351 0.001

PGAM5 (low/high) 0.490 0.151-1.586 0.234 0.640 0.200-2.052 0.453

Parkin (low/high) 0.544 0.302-0.979 0.042 0.568 0.336-0.959 0.034

CEA (low/high) 0.752 0.413-1.368 0.351 0.791 0.469-1.336 0.382

CA19-9 (low/high) 1.369 0.739-2.536 0.318 1.196 0.702-2.038 0.510

P53 (high/low) 1.768 0.942-3.319 0.076 1.988 1.129-3.499 0.017

CDX2 (high/low) 1.314 0.588-2.939 0.506 1.285 0.632-2.615 0.488

OS: Overall survival; PFS: Progression-free survival; HR: Hazard ratio; CI: Confidence interval; PGAM5: Phosphoglycerate mutase family member 5; CEA: 
Carcinoembryonic antigen.

by the N-terminal TM domain[12]. In the case of mitochondrial dysfunction, PGAM5 is cleaved in the 
transmembrane domain and releases, as a signal mediator to regulate mitochondrial stress response
[13]. PGAM5 can activate PINK1/Parkin pathway-mediated mitophagy[12], which is involved in the 
regulation of apoptosis/necrosis pathways and mitochondrial turnover. Most proteins involved in the 
process of mitophagy were found to be dysregulated in cancer patients, but whether they act as tumor-
promoters or tumor-suppressors seems highly dependent on the cancer subtype and environment[14].

In this study, we collected colorectal adenocarcinoma and corresponding paracancerous tissues to 
explore the clinical expression of PGAM5 protein in CRC patients. The level of expression of PGAM5 
protein in tumor tissue was significantly higher than that in adjacent non-tumor tissue; statistical 
analysis revealed that the level of expression of PGAM5 protein had diagnostic significance for CRC. 
Our research results were consistent with those from a study measuring phosphatase protein expression 
in CRC tissues, which showed that PGAM5 protein is over-expressed in cancer tissues. Moreover, 
down-regulation of PGAM5 expression significantly inhibited the proliferation of CRC cells[6]. It is 
suggested that PGAM5 protein may not only be a new marker for the diagnosis of CRC, but also play a 
regulatory role in the development of CRC.

Several studies have shown that Parkin exhibits tumor-suppressor activity, for example, mice with 
Parkin gene knockout were more susceptible to cancer. We then studied the expression of Parkin protein 
in CRC patients. The Parkin protein level in tumor tissue was significantly higher than that in adjacent 
non-tumor tissue and had diagnostic significance for CRC.

We then studied the correlation between PGAM5 and Parkin protein expression in advanced CRC 
patients. Spearman rank correlation analysis showed that there was a significant positive correlation 
between PGAM5 and Parkin protein levels in advanced CRC tissues. Knockout of PGAM5 prevented 
the elevated expression of PINK1/Parkin pathway in carbonyl cyanide m-chlorophenylhydrazone 
(CCCP)-induced mitochondrial fragments; PGAM5 regulated PINK1/Parkin-mediated mitophagy, 
playing a neuroprotective role in CCCP-induced apoptosis[15]. Meanwhile, we found that both proteins 
were mainly expressed in the cytoplasm of colonic epithelial cells. It is suggested that PGAM5 and 
Parkin protein may have some function in the cytoplasm in CRC, such as by acting as a regulator of 
mitochondrial homeostasis and/or mitophagy. We suspect that PGAM5 may be involved in the 
development of CRC by participating in the Parkin-mediated mechanism.
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Table 3 Multivariate analysis of overall survival and progression-free survival for colorectal cancer by Cox regression

OS PFS
Variable

HR 95%CI P value HR 95%CI P value

Tumor site (colon/rectum) 0.554 0.271-1.135 0.106 0.871 0.449-1.686 0.681

Size of the tumor, cm (> 4/≤ 4) 1.393 0.692-2.806 0.353 1.667 0.892-3.115 0.109

Degree of differentiation (poor/mucinous, 
well/moderate)

1.077 0.549-2.114 0.829 1.272 0.683-2.370 0.448

Tumor stage (III-IV/I-II) 1.978 0.264-14.799 0.506 1.122 0.166-7.577 0.906

Tumor invasion depth (T4/T2-T3) 1.551 0.752-3.199 0.234 1.439 0.744-2.786 0.280

Lymph node status (N1-N2/N0) 1.133 0.167-7.697 0.899 1.699 0.265-10.896 0.576

Distant metastasis (present/absent) 2.874 1.066-7.743 0.037 2.713 1.109-6.640 0.029

PGAM5 (low/high) 0.251 0.067-0.942 0.040 0.352 0.098-1.272 0.111

Parkin (low/high) 0.477 0.241-0.943 0.033 0.431 0.232-0.801 0.008

CEA (low/high) 0.528 0.259-1.079 0.080 0.585 0.305-1.121 0.106

CA19-9 (low/high) 0.943 0.462-1.922 0.871 0.730 0.384-1.389 0.338

P53 (high/low) 1.612 0.799-3.250 0.182 1.854 0.988-3.477 0.054

CDX2 (high/low) 1.237 0.510-3.003 0.638 1.144 0.517-2.529 0.741

OS: Overall survival; PFS: Progression-free survival; HR: Hazard ratio; CI: Confidence interval; PGAM5: Phosphoglycerate mutase family member 5; CEA: 
Carcinoembryonic antigen.

Figure 4 Kaplan-Meier survival curves for phosphoglycerate mutase family member 5 and Parkin expression in colorectal cancer tissues. 
PGAM5: Phosphoglycerate mutase family member 5.

Degradation of damaged mitochondria contributes to improved survival of CRC cells[16]. PINK1, 
Parkin, and Bcl-XL may cooperate to repair slightly damaged mitochondria or, if necessary, promote the 
synthesis of new mitochondria[17,18]. This promotes apoptosis of tumor cells, thereby affecting the 
survival of patients. In our study, Kaplan-Meier survival analysis showed a higher survival rate in the 
group with a high Parkin level compared with the group with a low Parkin level. Multivariate Cox 
regression analysis further demonstrated that patients with low Parkin expression had a significantly 
higher risk of death than those with high Parkin expression. These results implied that Parkin protein 
plays a protective role against the development of CRC, and its level of expression can be used as an 
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independent survival prognostic marker in CRC patients. Yeo et al[10] discovered that Parkin pathway 
activation may be a good prognostic factor, which is consistent with our data. We speculated that, in the 
pathological mechanism of CRC, Parkin-mediated mechanism, such as regulating mitochondrial 
homeostasis and/or mitophagy, may play a protective role against tumor development.

However, our results contradict the fact that tumor suppressor genes are often under-expressed in 
cancer tissues. Mutations in the Parkin gene have been reported in many cancers, although the 
frequency of these mutations is relatively low[19]. The Cpbioportal database (http://www.cbioportal.
org) analysis showed that the rate of mutation of the Parkin gene was around 5% in cervical cancer, 
around 5% in lung squamous cell carcinoma, and between 2% and 6% in CRC[20]. In a previous study 
on CRC patients, da Silva-Camargo et al[11] showed that Parkin protein was lower in localized 
colorectal adenocarcinoma tissues than in the adjacent normal tissues. Conversely, it was increased in 
advanced colorectal adenocarcinoma and was an independent predictor of increased survival. In 
addition, Parkin subcellular localization analysis revealed more pronounced nuclear expression in 
normal tissue, whereas more pronounced cytoplasmic expression in adenocarcinoma. The subjects 
selected for participation in the present study were patients with advanced CRC, of which patients at 
stage T4 accounted for 46%. This may be one of the reasons for the higher expression of Parkin protein 
in cancer tissues. Further studies are needed to elucidate the expression and clinical significance of 
Parkin protein in CRC patients and to explore the role of the Parkin-mediated mecha-nism in CRC.

PGAM5 promoted persistent fork-head box O activation after developmental mitochondrial stress 
and prolonged the life span of drosophila[21]. It is suggested that PGAM5 protein may have a 
regulating effect on the clinical life-span of patients. In the present study, we found a significant positive 
relationship between the expression of PGAM5 and Parkin in CRC. It is speculated that PGAM5 may 
participate in a Parkin-mediated mechanism to play a protective role against the development of CRC. 
However, we did not find statistical significance according to the immunohistochemical expression of 
PGAM5 protein using Kaplan-Meier survival analysis. Cox multivariate regression analysis showed that 
the level of PGAM5 protein expression was an independent prognostic factor for OS, and patients with 
low PGAM5 expression had a shorter survival.

In hepatocellular carcinoma (HCC), high PGAM5 expression was an independent predictor of 
reduced survival time in both univariate and multivariate analyses. In the same HCC patient tissue 
cohorts, Bcl-XL expression was found to be positively correlated with that of PGAM5, which together 
predicted a poor prognosis[22]. Recent studies showed that PGAM5 inhibition attenuates lipid 
metabolism and colorectal tumorigenesis in mice. PGAM5-mediated dephosphorylation of malic 
enzyme 1 at S336 allows increased ACAT1-mediated K337 acetylation, leading to an influence on nicoti-
namide adenine dinucleotide phosphate generation, lipid metabolism, and susceptibility to colorectal 
tumorigenesis[6].

In consequence, we hypothesize that PGAM5 may play a regulatory role in the occurrence and 
development of CRC through a multiple-pathway mechanism. On one hand, PGAM5 may play a 
protective role against CRC by participating in a Parkin-mediated mechanism, such as mitochondrial 
homeostasis and/or mitophagy; on the other hand, it may promote CRC development through another 
mechanism, such as lipid metabolism and/or tumorigenesis.

A more comprehensive clinical study including patients with early CRC and better clinical follow-up 
will be the key to confirming the diagnostic and prognostic value of PGAM5 and Parkin proteins in 
CRC. In addition, further in-depth molecular studies are needed to explore the mechanism of PGAM5 
and Parkin proteins in the occurrence and development of CRC, to provide a basis and prospect for 
personalized treatment strategies.

CONCLUSION
In conclusion, our results suggest that both PGAM5 and Parkin protein expression has diagnostic 
significance for CRC and may become new biomarkers. Meanwhile, the expression levels of PGAM5 
and mitophagy-related protein Parkin are significantly positively correlated and reduced Parkin protein 
expression is prognostic of a shorter survival. Our data provide a promising foundation for increasing 
the accuracy of clinical judgment and improving the continued development of cancer treatment and 
personalized treatment strategies for CRC.

ARTICLE HIGHLIGHTS
Research background
Phosphoglycerate mutase family member 5 (PGAM5) activates serine/threonine PTEN-induced 
putative kinase 1/Parkin pathway-mediated mitophagy. However, there are few studies on the clinical 
and prognostic significance of expression of PGAM5 protein and mitophagy-related protein Parkin in 
colorectal cancer (CRC) patients.

http://www.cbioportal.org
http://www.cbioportal.org
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Research motivation
Both PGAM5 and Parkin protein expression has diagnostic significance for CRC and may become new 
biomarkers.

Research objectives
To assess the clinical significance of PGAM5 and Parkin proteins, as biomarkers for diagnosis and 
prognosis of CRC, by studying their expression in advanced CRC tissues and their association with 
clinicopathological parameters.

Research methods
We used immunohistochemistry to determine the expression of PGAM5 and Parkin in CRC tissues from 
100 patients. More than that, we employed western blot to measure PGAM5 and Parkin protein 
expression in six matched pairs of CRC and adjacent non-tumor tissues.

Research results
We found that both PGAM5 and Parkin protein expression in tumor tissues was significantly higher 
than that in the adjacent tissues according to immunohistochemical and western blot. What’s more, 
PGAM5 and Parkin protein levels were significantly positively correlated in advanced CRC tissues. And 
reduced Parkin protein expression was an independent prognostic factor for overall survival and 
progression-free survival in CRC patients as evinced by multivariate analysis.

Research conclusions
The expressions of PGAM5 protein and mitophagy-related protein Parkin has diagnostic significance for 
CRC and may become new biomarkers. Parkin may be a potential marker for the survival of CRC 
patients.

Research perspectives
Our data provide a promising foundation for increasing the accuracy of clinical judgment and 
improving the continued development of cancer treatment and personalized treatment strategies for 
CRC.
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