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Evaluation of nuclear PGAM2 value in hepatocellular 
carcinoma prognosis
Yi-Ran Lia, Jin-Dong Chenb, Yu-Yao Zhuc,Ju-Tang Lid,  
Guang-Zhi Jine and Ri-Ming Jinf     

Phosphoglycerate mutase (PGAM) is a critical enzyme 
in glycolysis. PGAM2 is abundant in several types of 
tissues and malignant tumours. However, there is limited 
information regarding their clinicopathological significance 
in dysplastic nodules and hepatocellular carcinoma 
(HCC). This study aims to investigate the prognostic value 
of PGAM2 as a new biomarker for HCC. The PGAM2 
expression level was evaluated by immunohistochemistry 
in liver cirrhosis (n = 10), low-grade dysplastic nodules 
(n = 15), high-grade dysplastic nodules (n = 15) and HCCs 
(n = 20) and 178 pairs of HCC and adjacent peritumoral 
liver tissues. We selected X-tile software for counting cut-
point based on the outcomes for prognosis analysis, and 
used Kaplan–Meier analysis and Cox regression analysis 
can assess the prognosis of clinicopathologic parameters. 
Nuclear PGAM2 was significantly overexpressed in 
peritumoral liver tissues compared with HCC tissues 
(P = 0.0010). Kaplan–Meier analyses of 178 HCC samples 
revealed that nuclear PGAM2’s high expression level, but not 
cytoplasmic PGAM2, was significantly related to good overall 
survival rate (OS). In addition, univariate and multivariate 
Cox analyses indicated nuclear PGAM2 expression could be 

regarded as valuable predictors for OS in HCC. PGAM2 was 
highly expressed in HCC tissues than liver cirrhosis tissues, 
and nuclear PGAM2’s high expression might demonstrate 
HCC patients have poor postoperative results. Thus, 
nuclear PGAM2 can be regarded as valuable predictors for 
OS in HCC patients after surgery. Anti-Cancer Drugs 33: 
e500–e506 Copyright © 2021 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
Hepatocellular carcinoma (HCC) accounts for 90% of 
primary hepatic, it has become the modal type. HCC 
often occurs in patients with chronic hepatic diseases in 
China, like cirrhosis caused by HBV hepatitis or hepatitis 
C. People who consume excessive alcohol and accumu-
late fat in the liver also have a higher incidence of HCC. 
Treatment options include liver surgery, chemotherapy 
(either systemic or by hepatic artery infusion), immu-
notherapy, radiation therapy and others. Many HCC 
patients will have intermediate or advanced disease at 
the time of diagnosis [1]. It has been widely reported that 
China has a relatively high mortality rate compared with 
other countries [2].

Phosphoglycerate mutase (PGAM) catalyses the conver-
sion of 3-phosphoglycerate (3-PGA) to 2-phosphoglycer-
ate (2-PGA) in the glycolysis [3,4]. PGAM is a dimerise, 
which contains varying ratios of the fast-migrating brain 
isozyme (type B, PGAM1), slow-migrating muscle isoen-
zymes (type M, PGAM2) and hybrid form.

Previous clinical trials have suggested a possible rela-
tionship between PGAM2 and myocardial cells [5]. 
Li et al. used an HPLC-Chip-MS system to research 
the proteids when myocardial ischaemia occurred. In 
their samples, the PGAM2 level showed an increas-
ing trend with longer ischaemic times. Among poten-
tial biomarkers of mild ischaemic myocardial injury, 
PGAM2 was more specific than others in cardiac tissues 
[6]. Research has also demonstrated that the constitu-
tive overexpression of PGAM2 altered supersession of 
energy and decreased heart’s antistress ability during 
heart failure [7].

PGAM upregulation has been identified as a common 
phenomenon in several cancers. A suggested mecha-
nism for this reaction is as follows: Glucose oxidation 
is a chemical process that provides energy for normal 
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cells to perform their required activities, whereas the 
primary mechanism of energy production for cancer 
cells is glycolysis. Upregulated glycolytic metabolism 
not only produces energy but also generates more 
biological intermediates, which maintain the cancer 
cells’ proliferation, invasion, migration and metas-
tasis. Some research showed that PGAM1 plays an 
important role in diverse cancers, including HCC, oral 
squamous cell carcinoma, clear cell renal cell carci-
noma and colon and rectal carcinoma [8–12]. PGAM is 
upregulated in tumour cells in response to biological 
activity, and PGAM inhibition using small interfering 
RNAs or small molecules attenuates tumour growth 
and cell proliferation. Yan pin et al. reported that the 
acetylation mimetic mutant K100Q could substi-
tute endogenous PGAM, which decreased NADPH 
production, restrained cell proliferation and tumour 
growth. Therefore, PGAM regulation and NADPH 
homeostasis play an important role in cell prolifera-
tion and tumour growth under oxidative stress condi-
tions [13].

The protein expression of PGAM2 is significantly 
higher in cancer and glioma tissues, but the link 
between PGAM2 protein expression and HCC 
remains unclear. Regardless of the underlying cause, 
changes in gene expression play a key role in cancer 
cell development. Sarath et al. reported that gene set 
enrichment analysis revealed enhanced pathways spe-
cific to each stage, especially viral infection pathways 
in HCC initiation. Their research identified PGAM 
as a phase IV-specific gene, and the biomarkers they 
reported could be used as a supportive tool for the 
diagnosis and determination of optimal treatment 
targets in HCC [14]. Previous research has shown 
that PGAM expression in the nucleolus is a general 
phenomenon that occurs not only in neoplastically 
transformed cells but also in nonmalignant cells. The 
PGAM subunit is required for the nucleolar locali-
zation of PGAM, which is regulated by the insulin/
IGF-1/PI3K signalling pathway and drugs inhibiting 
ribosomal biogenesis. They also proposed that PGAM 
silencing disrupted the nucleolar structure because 
PGAM interacted with several 40S and 60S riboso-
mal proteins, leading to inhibition of RNA synthesis 
and decreasing the mitotic index of squamous cell 
carcinoma cells [15]. The above results are consistent 
with the findings of this study that PGAM2 is highly 
expressed in the nucleus of HCC cells.

We determined the PGAM2 expression pattern in HCC 
tumour tissues and peritumoral tissues. PGAM2 was 
highly expressed in HCC than liver tissues around the 
tumour, and high expression of nuclear PGAM2 in HCC 
tissues might demonstrate HCC patients have poor post-
operative results. Thus, nuclear PGAM2 can be seen as 
a prognostic biomarker for overall survival (OS) in HCC 
patients after surgery.

Materials and methods
Patients’ samples
During January 2005 to December 2011, we stochas-
tically collected 178 HCC formalin-fixed paraffin-em-
bedded (FFPE) samples. These patients were treated 
at the Eastern Hepatobiliary Surgery Hospital (EHSH). 
A total of 178 cases of tumour with peritumoral tissue 
were used as the expression pattern cohort. We main-
tained contact with patients for follow-up and observa-
tion until December 2014. This study got approved by 
the Institutional Review Committee (approval number: 
EHBHKY2014-03-006) and informed consent in writing 
for all patients.

Sixty FFPE tissues of liver nodules were stochastically 
gathered retrospectively from sufferers who did radical 
resection from January 2005 to December 2011 in EHSH 
(Supplementary Table, Supplemental digital content 1, 
http://links.lww.com/ACD/A400 for clinicopathological fea-
tures). Sixty tumour cases were analysed to identify dif-
ferences in PGAM2 expression patterns between normal 
and diseased tissues of HCC patients, which included 10 
cases of liver cirrhosis (LC), 15 cases of low-grade dys-
plastic nodules (LGDNs), 15 cases of high-grade dysplas-
tic nodules (HGDNs) and 20 cases of HCCs.

The enrolment standard of HCC patients in this research 
were [16] (1) we considered the WHO histological diag-
nostic criteria as our diagnostic basis, (2) pathological 
diagnosis of hepatocytosis, (3) the patient did not receive 
anticancer therapy before surgery and had not occurred 
extrahepatic metastasis, (4) detailed follow-up data were 
obtained of 178 prognosis cohorts. OS was the interval 
between surgical operation to mortality or the final check-
ing. The time-to-recurrence (TTR) meant time interval 
between tumour removal date until the neoplasm recur-
rence, mortality or final checking. After the first surgery 
year once every 3 months, patients had to accept fol-
low-up. When until December 2014, they could conduct 
follow-up every 6 months. And we chose two physicians 
that not related to this research to conduct the follow-ups. 
Every patient about this research underwent abdominal 
ultrasound, X-ray for chest and serum alpha-fetoprotein 
(AFP) concentrations monitoring every one to 6 months 
in the first year after surgery, thereafter they conducted 
every three to six months. Every 6 months or suspected 
recurrence, we examined CT scanning or MRI of the 
abdomen. We strictly implement the same diagnostic cri-
teria. We generated haematoxylin and eosin (HE) stained 
slides from FFPE tela. All samples were examined by 
two senior liver pathologists investigation [17].

Tissue microarrays and immunohistochemistry
According to the reported approach to tissue microarray 
construction, immunohistochemistry and optical den-
sity (OD) measuring method [18,7]. Briefly, two veteran 
pathologists investigated and evaluated all HE-stained 
glass slides, prelabelled representative cores in the paraffin 
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blocks as well. Tissue cylinders with a diameter of 1.0 mm 
were dashed out of the labelled region, then merged into 
the receiving paraffin block. Then put the slices with 
thickness of 4-μm on the glass slides dipped with 3-ami-
nopropyltriethoxysilane. We implemented the method of 
dewaxing the paraffin sections in xylene and reducing the 
ethanol concentrations (one hundred percent, ninety-five 
percent and eighty-five percent, 5  min each time). We 
selected antigens, added citrate buffer of pH 6.0, irradiated 
them in the microwave for 3 min and with a room temper-
ature cooling for 60 min. The slides were incubated in 3% 
H

2
O

2
/PBS to block endogenous peroxidase activity in addi-

tion goat serum was used to block nonspecific binding sites.

A rabbit polyclonal antibody we used against PGAM2 
(507917; ZEN-BIOSCIENCE, China; 1:400 dilution, 
cytoplasmic and/or membrane staining) was the primary 
antibody. An EnVision Detection kit (GK500705: Gene 
Tech, Shanghai, China) made PGAM2 (human PGAM2 
recombinant protein was used as an immunogen) directly 
visualization, and DAB served as the chromogenic agent. 
We reversed staining of tissue sections with haematoxy-
lin for five minutes. All tests have established negative 
control slides without the primary antibody. The imag-
ing system included a high-speed scanner connected 
to NanoZoomer S60 (Hamamatsu, Japan) was for OD 
measurement. Through high-speed scanning, specimens 
on glass slides could be transformed into high-resolution 
digital slice images. We counted and measured the ODs 
of each image by using the HALO software (Indica Lab, 
New Mexico, USA).

Statistical analysis
We performed statistical analyses by using the SPSS sta-
tistical software package (SPSS Standard version 22.0; 
SPSS, Chicago, Illinois, USA) and Graph Pad Prism 8.01. 
We used X-tile software version 3.6.1 (Yale University 
School of Medicine, New Haven, Connecticut, USA) to 
obtain the most suitable critical point of PGAM2 expres-
sion for survival analysis [19]. Miller–Siegmund P value 
provides a corrected P value based on the model proposed 
by R Miller and D. Siegmund. This value is only dis-
played for two subpopulation cuts (e.g. P = 0.12 for X-tile 
be equal to P = 0.006 for SPSS). By means of Mantel-Cox 
logarithmic rank examine to evaluate the statistical sig-
nificance of the correlation between PGAM2 expression 
and survival rate of patients. We carried on SPSS statisti-
cal software package (SPSS Standard version 22.0; SPSS) 
for correlation analysis between variables, single variable 
survival analysis, and multi-faced Cox proportional haz-
ards regression. Two-tailed P value <0.05 was deemed to 
significant differences.

Results
Clinical features
One hundred and seventy-eight patients consisting of 
18 women (10%) and 160 men (90%) with a median age 

at diagnosis of 51.5 years were included in the expres-
sion pattern cohort. Clinical data and clinicopathologi-
cal features of expression pattern cohort were shown in 
Table 1. Sixty patients, including 20 women (33%) and 40 
men (67%) with the mean age at diagnosis of 58.8 years, 
were also included. Their clinical data and clinicopatho-
logical features were shown in Supplementary Table, 
Supplemental digital content 1, http://links.lww.com/ACD/
A400.

Features of PGAM2 expression in hepatocellular 
carcinoma tissues and peritumoral tissues
For the 178 HCC sufferers, X-tile software analysis was 
conducted to determine the optimal critical point of the 
nuclear OD value (NOD) and the cytoplasmic OD of 
PGAM2 expression. We used a standard logarithmic rank 
method to select a NOD of 0.42 and a cytoplasmic OD of 
0.15 as the optimum critical point (Supplementary Figure 
1, Supplemental digital content 1, http://links.lww.com/ACD/
A400). Acquired from a lookup table for OS, the P value 
was statistically significant for the nuclear OD (P = 0.006), 
but the P value was not statistically significant for the 
cytoplasmic OD (P  =  0.476) (Supplementary Figure 2, 

Table 1. Association of PGAM2 expression with clinicopathologi-
cal features in 178 HCC patients

Variable

 PGAM2 NOD

 Low High P value

Sex    0.029
 Men 119 41  
 Women 9 9  
Age    0.779
 ≤50 61 25  
 >50 67 25  
HBs Ag    0.661
 Negative 22 10  
 Positive 106 40  
AFP    0.073
 Negative 46 11  
 Positive 82 39  
LC    0.220
 No 40 11  
 Yes 88 39  
TNM    0.530
 I 38 14 53
 II 73 26 100
 III 17 10 27
Child–Pugh    0.660
 A 115 46  
 B 13 4  
Tumour size    0.545
 ≤5 cm 55 19  
 >5 cm 73 31  
Tumour number    0.481
 Single 101 37  
 Multiple 27 13  
Tumour differentiation    0.276
 Well 8 3  
 Moderate 120 46  
 Poor 0 1  
Vascular invasion    0.962
 No 44 17  
 Yes 84 33  

AFP, a-fetoprotein; HBs Ag, hepatitis B surface antigen; HCC, hepatocellular 
carcinoma; LC, liver cirrhosis; NOD, nuclear optical density; TNM, tumour nodes 
metastases.

http://links.lww.com/ACD/A400
http://links.lww.com/ACD/A400
http://links.lww.com/ACD/A400
http://links.lww.com/ACD/A400


Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

PGAM2 in HCC prognosis Li et al. e503

Supplemental digital content 1, http://links.lww.com/ACD/
A400). Therefore, this study explored the relationship 
between the nuclear expression of PGAM2 and HCC.

PGAM2 staining of specimens showed nuclear immuno-
reactivity in HCC and peritumoral tissues (Fig. 1a,b). To 
compare the PGAM2 expression levels between HCC 
tumour tissues and peritumoral tissues in the expression 
pattern cohort (178 cases), OD values representing PGAM2 
expression were inputted into GraphPad Prism software. 
As Fig. 1c,d showed, expression of PGAM2 in peritumoral 
tissues was slightly higher than HCC tissues (P < 0.05).

Outcome-based cutoff point and Kaplan–Meier analysis
In order gain the optimal critical point of PGAM2 expres-
sion for prognostic cohort survival analysis, we chose the 
X-tile program. The optimal critical points with minimum P 
values can be gained from OS lookup table (Supplementary 
Figure 1, Supplemental digital content 1, http://links.lww.com/
ACD/A400), by using a standard logarithmic rank method.

As a result, the 178 HCC cases were assigned to two 
groups, with 128 cases in the low NOD group and 50 

cases in the high NOD group. Then, SPSS 22.0 software 
was applied to describe curvilineal by Kaplan–Meier 
analysis.

The outcomes indicated that the average OS time of HCC 
patients with low NOD PGAM2 values was 57.9 months, 
while the average time of HHC patients with high NOD 
PGAM2 values was 37.3 months (P = 0.006, logarithmic 
rank test; Fig. 2a). The average TTR for HCC patients 
with low NOD expression was 38.8 months, while that 
of HCC patients with high NOD expression was 30.2 
months (P = 0.176, logarithmic rank test; Fig. 2b). The 
average OS time of HCC patients with low cytoplasm 
OD PGAM2 values was 43.4 months, while the aver-
age time of HHC patients with high NOD PGAM2 val-
ues was 54.5 months (P  =  0.476, logarithmic rank test; 
Supplement Figure 2A, Supplemental digital content 
1, http://links.lww.com/ACD/A400). The average TTR for 
HCC patients with low cytoplasm OD expression was 
31.5 months, while that of HCC patients with high cyto-
plasm OD expression was 37.6 months (P = 0.374, loga-
rithmic rank test; Supplement Figure 2B, Supplemental 
digital content 1, http://links.lww.com/ACD/A400).

Fig. 1

Immunohistochemical expression of PGAM2 in peritumoral tissues and paired HCC tissues. The expression characteristics of PGAM2 in (a) HCC 
tissue and (b) paired peritumoral tissue (×10). (c,d) Box and whisker showing the average stain-strength of HCC tumour tissues (T) and paired 
peritumoral tissues (P) (P = 0.0010 for NOD; P = 0.0002 for cytoplasm OD). HCC, hepatocellular carcinoma; NOD, nuclear optical density.
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Association of PGAM2 expression with 
clinicopathological features of hepatocellular 
carcinoma patients
We discovered correlation between PGAM2 expres-
sion at the critical point based on outcome classification 
and clinical pathological factors in 178 HCC sufferers. 
We found PGAM2 expression was correlated with sex 
(P = 0.029) but had nothing to do with others (Table 1).

Univariate and multivariate survival analyses
Univariate analysis results indicated serum AFP, tumour 
size, tumour number and PGAM2 NOD were signifi-
cantly correlated to OS (P values were <0.0001 for AFP, 
<0.0001 for tumour size, <0.0001 for tumour number and 
0.007 for PGAM2 NOD) (Table 2).

Multivariate analysis adopts Cox multivariate propor-
tional hazard regression model and is carried out gradually 

Fig. 2

PGAM2’s Kaplan–Meier survival analyses in HCC sufferers. (a) The survival probability of HCC sufferers after surgery: low expression of PGAM2 
NOD (n = 128, average value=57.9 months) and high expression of PGAM2 NOD (n = 50, average value=37.3 months). (b) Probability of recur-
rence for HCC patients after surgery: low expression of PGAM2 NOD (n = 128, average value=38.8 months) and high expression of PGAM2 
NOD (n = 50, average value=30.2 months). HCC, hepatocellular carcinoma; NOD, nuclear optical density.

Table 2. Univariate and multivariate analyses of factors associated with OS in 178 HCC patients

Factors

OS

Univariate p

Multivariate

HR 95% Cl P value

Sex: men vs. women 0.511    
Age: ≤50 vs. >50 0.242    
HBs Ag: positive vs. negative 0.861    
AFP (ng/ml): ≤20 vs. >20 <0.0001 2.829 1.591–5.068 <0.0001
LC: yes vs. no 0.177    
TNM: I vs. II vs. III–IV 0.004    
Child–Pugh: A vs. B 0.228    
Tumour size: ≤5 vs. >5 <0.0001 2.629 1.609–4.297 <0.0001
Tumour number: single vs. multiple <0.0001 1.790 1.147–2.793 0.010
Tumour differentiation: well vs.
moderate vs. poor

0.243    

Vascular invasion: no vs. yes 0.321    
PGAM1/2 NOD 0.007 1.647 1.070–2.535 0.023

Bold indicates significant difference in statistics.
AFP, a-fetoprotein; CI, confidence interval; HBs Ag, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HR, hazard ratio; LC, liver cirrhosis; NOD, nuclear 
optical density.
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(forward, conditional likelihood ratio). Univariate analysis 
significant factors included in the Cox multivariate pro-
portional hazard regression analysis. The outcomes we 
gained indicated that serum AFP, tumour size, tumour 
number and PGAM2 NOD were OS’s valuable factors of 
prognostic (Table 2).

Expression patterns of PGAM2 examined in liver 
cirrhosis, dysplastic nodules and hepatocellular 
carcinoma
We constructed four models for the independent verifica-
tion set (LC = 10, LGDNs = 15, HGDNs = 15 and HCC 
= 20). Typical immunostaining of LC, dysplastic nodules 
and HCC was shown in Fig. 3. Similar to TMA analysis, 
PGAM2 was significantly upregulated compared among 
the four models. Notably, PGAM2 demonstrated high 
sensitivity for discriminating between HCC and LC.

Association of PGAM2 expression with liver cirrhosis, 
low-grade dysplastic nodules, high-grade dysplastic 
nodules and hepatocellular carcinoma
In order to gain the comparison results that the expression 
levels of PGAM2 in 60 cases of LC tissues, precancerous 
lesions tissues and HCC tumour tissues, the NOD values 
representing PGAM2 expression were inputted into Graph 
Pad Prism software. As shown in Fig. 4, PGAM2 expres-
sion was frequently higher in LGDN tissues than LC 
(P  <  0.0001) and HGDN tissues compared with LGDN 
tissues (P = 0.0072). In addition, PGAM2 levels were signif-
icantly higher in HCC tissues than in LGDN (P = 0.0056), 
whereas no significant difference between HGDN tissues 
and HCC tumour tissues was observed (P = 0.9605).

Discussion
HCC is one of the fatal cancers with a particularly poor 
prognosis in the world, and the liver is also a vulnerable 
part of cancer metastasis. Here, we identified a novel 
biomarker as an independent predictor of HCC’s OS. 
Previous studies of PGAM have focused on the heart 
and skeletal muscle. The constitutive overexpression 
of PGAM modifies cardiac energy metabolism, which 
promotes heart failure because of the absence of cardiac 

stress resistance [7]. Early findings of PGAM may dis-
cover potential diagnostic and therapeutic biomarkers in 
terms of the pathology and biology of myocardial ischae-
mia [6]. PGAM2 is not detectable in liver tissues, but is 
highly expressed in the muscle and testis and moder-
ately expressed in the heart and lung [7]. Lack of PGAM 
in humans can cause glycogen storage disease type X. 
Previous evidence showed PGAM deficiency in glyco-
gen storage disease type X and novel mutations in the 
PGAM2 gene [20]. As a stage-IV-specific gene, PGAM2 
RNA expression is found to be associated with HCC.

We evaluated the relevance of PGAM2 for HCC and 
found that their levels could accurately distinguish 
between HCC (n  =  20) and LC (n  =  10). Interestingly, 
PGAM2 expression gradually increased during dis-
ease progression, but no statistical differences between 
HGDN tissues and HCC tumour tissues were observed 
(P = 0.9605), possibly due to a higher malignant potential 
of HGDN tissues. Therefore, PGAM2 was identified as a 

Fig. 3

Immunohistochemical PGAM2 expression in LC, dysplastic nodules and HCC tissues. Expression characteristics of PGAM2 in LC tissue (a), 
LGDN tissue (b), HGDN tissue (c) and HCC tissue (d) (×10). HCC, hepatocellular carcinoma; HGDN, high-grade dysplastic nodule; LC, liver 
cirrhosis; LGDN, low-grade dysplastic nodule.

Fig. 4

The PGAM2 expression level in LC, LGDNs, HGDNs and HCC. A 
box diagram and whisker diagram of each model NOD was gained 
from the TMAs. Significant difference between HCC (20 pathological 
changes) and HGDNs (15 pathological changes) compared with 
LGDNs (15 pathological changes) displayed by the Mann–Whitney 
test. HCC, hepatocellular carcinoma; HGDNs, high-grade dysplastic 
nodules; LC, liver cirrhosis; LGDNs, low-grade dysplastic nodules; 
NOD, nuclear optical density.
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predictive biomarker for HCC patients. We revealed that 
PGAM2 was overexpressed in HCC tissues. Our results 
provided evidence that nuclear PGAM2 expression was 
significantly higher in HCC tumour tissues compared 
with peritumoral tissues (P = 0.0010 for NOD), as previ-
ously reported. PGAM2 localizes to nuclei and takes part 
in glycometabolism, and the PGAM2 gene plays an essen-
tial role in regulating muscle growth and development [3].

We demonstrated that determining the PGAM2 sta-
tus using immunohistochemistry was a reliable strategy 
to assess HCC prognosis, but no statistical differences 
between PGAM2 expression and TTR was observed in 
HCC patients (P = 0.176). As observed for nodal PGAM2, 
we demonstrated the prognostic value of OS for HCC 
patients. Our results also suggested that PGAM2 expression 
was not correlated to most clinical–pathological features in 
178 HCC sufferers. As shown in Table 2, age is likely the 
only factor that is related to PGAM2 expression [10,21,22].

In a previous study, PGAM2 was found to be decreased 
in the soleus muscle of exercised rats following the phar-
macological inhibition of Rho-kinase activity. Therefore, 
Rho-kinase signalling appears to be related to PGM2 
expression [23]. Stable transfection of two PRMT4-site-
specific (methyltransferase deficiency) mutants (CARM1/
PRMT4 VLD and CARM1E267Q) significantly inhibits 
the PGAM2’s expression. This provided a new method to 
decrease the level of PGAM2 [20]. Patients with primary 
muscle disorders are characterized by elevated levels of 
TNF-a, and TNF-a levels negatively affect the differ-
entiation efficiency of muscle cell. In myoblast studies, 
it was found that the PGAM2 gene was regulated by 
TNF-a in independent myogenic differentiation stud-
ies. Therefore, in the early stages of HCC development, 
TNF-a may impact PGAM2 gene expression [24].

In conclusion, we demonstrate that nuclear PGAM2 
is highly expressed in HCC than peritumoral tissues. 
We also demonstrate increasing nuclear PGAM2 levels 
could accurately classify our cases as LC or dysplastic 
nodules. High expression of nuclear PGAM2 in HCC 
tissues may determine that postoperative poor outcomes 
of HCC sufferers. Thus, nuclear PGAM2 is a valuable 
biomarker for OS in HCC sufferers after surgery. Our 
study might be helpful for clinicians to better under-
stand the relationship between PGAM2 and HCC.
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