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Purpose: Ribosomal protein metallopanstimulin-1 (MPS-1) is implicated in tumorigenesis. 
However, to date, the underlying role of MPS-1 in the generation, progression and prognosis 
of hepatocellular carcinoma (HCC) remains unknown. This study aims to investigate the 
expression of MPS-1 in HCC and its significance for the prognosis of HCC.
Methods: The Oncomine and GEPIA databases were used to analyze the expression pattern 
of MPS-1 in HCC. Immunohistochemical staining was performed on tissue microarrays 
containing 169 HCC tissue samples to examine the expression of MPS-1. In addition, 
univariate and multivariate Cox regression analyses and Kaplan–Meier analysis were used 
to verify the correlation between clinicopathological factors in HCC patients and its clinical 
prognostic significance.
Results: MPS-1 was more highly expressed in HCC than in normal tissues, and MPS-1 
expression was correlated with serum AFP levels (P = 0.003), liver cirrhosis (P = 0.024), 
tumor embolus (P = 0.009) and tumor recurrence (P < 0.003). MPS-1 was an independent 
prognostic factor for the overall survival of HCC (HR, 1.92; 95% CI, 1.01–3.68), and 
a higher expression of MPS-1 predicted poorer survival. Furthermore, high expression of 
MPS-1 indicated a poor prognosis in patients with AFP positivity, cirrhosis or HBsAg 
positivity.
Conclusion: These findings demonstrate that MPS-1 is highly expressed in HCC and serves 
as an independent prognostic marker, highlighting the potential role of MPS-1 as a novel 
biomarker and therapeutic target for HCC.
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Introduction
Hepatocellular carcinoma (HCC) is the fourth most common malignancy and third 
leading cause of cancer-related death among all malignant tumors in China.1 

Unfortunately, most cases are diagnosed at advanced stages and are not suitable 
for curative surgery. Even after curative treatment, the long-term prognosis remains 
unsatisfactory due to the high recurrence rate.2 Therefore, it is important to find 
valuable biomarkers for predicting the prognosis of HCC.

Ribosomes are biological nanomachines that synthesize all proteins within 
a cell.3 As an important component of ribosomes, ribosomal proteins can synthesize 
proteins and play a crucial role in cell cycle checkpoints, cell apoptosis and 
organismal development.4,5 Recent data have shown that they have extra- 
ribosomal functions apart from ribosome biogenesis and protein biosynthesis.6 

Furthermore, the expression of ribosomal proteins is correlated with the develop-
ment, progression and metastasis of tumors. Xie et al reported that overexpression 
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of ribosomal protein LP1 was associated with cellular 
proliferation in HCC cells.7 Guo et al indicated that ribo-
somal protein S15a induced angiogenesis and promoted 
HCC through the Wnt/beta-catenin pathway.8

Metallopanstimulin-1 (MPS-1), also known as RPS27 
belonging to the ribosomal protein S27E family, is 
a multifunctional ribosomal protein that is composed of 84 
amino acids.9 MPS-1 is closely related to the development and 
progression of malignant tumors, such as breast cancer, gastric 
carcinoma, and head and neck tumors,10–14 and is involved in 
many biological processes, such as transcriptional regulation 
and DNA damage repair. MPS-1 protein contains one “zinc 
finger” domain of the C4 type, which could specifically bind to 
the cAMP response element and regulate their expression.15 

MPS-1 was found to be elevated in many types of tumors, and 
it is frequently studied as a disease biomarker or a therapeutic 
molecular target. Feldheim et al revealed that MPS-1 was 
overexpressed in WHO grade II/III glioma and in GBM 
compared to NB at the mRNA and protein levels.16 Ganger 
et al found that MPS-1 was involved in both progression 
toward malignancy in regenerating cirrhotic nodules and 
HCC development, whereas the underlying molecular 
mechanism was unclear. However, the study was limited by 
the small number of patients and the use of nonspecific 
antibodies.17 Another study found that MPS-1 was elevated 
to high levels in 5 out of 6 primary HCC patients.11 However, 
to date, few studies have focused on the role of MPS-1 in HCC 
and its relationship with the prognosis of HCC.

In this study, we investigated the expression of MPS-1 
in HCC and normal tissues through an existing database. 
Furthermore, we confirmed the expression pattern of MPS- 
1 in 169 HCC samples by immunohistochemical staining 
(IHC), which displayed a correlation between clinical vari-
ables and the expression of MPS-1 and demonstrated the 
clinical prognostic significance of MPS-1. This study, for 
the first time, provided theoretical support for further 
studies on the function and mechanism of MPS-1 in the 
development and progression of HCC.

Materials and Methods
Expression of MPS-1 in Oncomine, GEO 
and GEPIA Databases
Oncomine is a cancer microarray database and integrated data- 
mining platform containing 715 datasets and more than 9000 
cancer and normal samples, which can help to analyze differ-
entially expressed genes, predict coexpressed genes and iden-
tify novel biomarkers and therapeutic targets of tumors.18 In 

this study, Oncomine was utilized to screen the expression of 
MPS-1 in HCC datasets, and the search conditions were set as 
follows: 1) Gene: MPS-1 (RPS27); 2) Analysis type: 
Differential expression: Cancer vs Normal analysis; 3) 
Cancer type: Liver cancer; 4) Datasets: ORDER BY 
Overexpression; 5) Threshold by: P<1E-4, fold change ≥ 2. 
TCGA database:TCGA-LIHC (Cancer Genome Atlas -Liver 
hepatocellular carcinoma). GEO (Gene Expression Omnibus) 
database:GSE7629 and GSE84598.

GEPIA (Gene Expression Profiling Interactive 
Analysis) is an interactive platform that provides func-
tions, including differential expression analysis, profiling 
plotting and correlation analysis based on the RNA- 
Sequencing data of 9736 tumors and 8587 normal samples 
from The Cancer Genome Atlas (TCGA) and GTEx 
datasets.19 The search conditions were set as follows: 1) 
Gene name: MPS-1; 2) Dataset selection: LIHC; 3) 
Express DIY: Stage plot; and 4) Matched Normal data: 
Match TCGA normal and GTEx data.

HCC Tissue Samples
Tissue microarrays contained 169 hepatic cancer tissue 
samples from HCC patients who underwent surgery at 
hospitals that cooperated with Shanghai Outdo Biotech 
between 2006 and 2008. The 169 samples were obtained 
from 141 men and 28 women, ranging from 27 to 80 years 
of age (median: 53 years) with 1–83 months of follow-up 
information. This study was approved by the institutional 
Review Board of Zhongshan Hospital, Fudan University. 
All human participants provided informed consent.

Immunohistochemical Staining
Immunohistochemical (IHC) staining for MPS-1 was per-
formed on HCC tissue microarrays. After deparaffinization 
and antigen retrieval, slides were blocked with 5% bovine 
serum albumin and incubated with antibodies against MPS-1 
(Abcam, Cambridge, UK; ab4385) at 4 °C overnight. After 
washing with PBS, a biotinylated secondary antibody 
(1:200) was added, incubated at 37 °C for 30 min, and 
visualized by the standard avidin-biotinylated peroxidase 
complex method. The expression of MPS-1 was examined 
by light microscopy, and five random IHC images of each 
slide were captured. The percentage of positive tumor cells 
and the intensity of immunostaining were quantified and 
graded according to the following criteria: 0, less than 5% 
positive cells; 1, 5–24% positive cells; 2, 25–49% positive 
cells; 3, 50–74% positive cells; and 4, ≥75% positive cells. 
The intensity of staining for MPS-1 was scored as 1 for 
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yellow staining, 2 for claybank and 3 for sepia staining.10 

The percentage of positive tumor cells and staining intensity 
were multiplied to produce a weighted score to represent the 
expression of each case. The cases with weighted scores of 
0–5 were termed negative or weakly positive, 6–8 as mod-
erately positive and 9–12 as intensively positive.20

Statistical Analysis
Student’s t-test was performed when comparing two groups. 
The correlations of the clinical factors of the hepatic cancer 
patients were analyzed using the chi-squared test. The sur-
vival data were used to draw Kaplan–Meier curves, and the 
differences among the groups were analyzed by a log-rank 
assay. Cox proportional hazards modeling was applied to 
assess the prognostic significance of HCC patients. SPSS 
statistics 26.0 were used for the analyses. P < 0.05 was 
considered statistically significant.

Results
MPS-1 is Highly Expressed in HCC
When searching the expression of MPS-1-related studies from 
the Oncomine database, 7 HCC datasets were found to meet 

the search conditions, and 1127 samples were involved.18 

Three datasets with larger sample sizes and representative 
characteristics were selected: Wurmbach,21 Guichard liver,22 

and Rosser liver.23 When analyzing these datasets, we found 
that the expression of MPS-1 was enhanced in HCC tissues 
compared with normal tissues (Figure 1A). Furthermore, the 
analyzed results in the TCGA and GEO databases were in 
accordance with the above analyses (Figure 1B).

Expression of MPS-1 in HCC Tissues
To further illustrate the expression pattern of MPS-1, we 
performed IHC for MPS-1 using tissue microarrays that con-
tained 169 HCC tissue samples. The HCC tissues displayed 
a relatively higher expression of MPS-1 than the normal 
tissues (Figure 2A and B). Additionally, to observe whether 
the expression of MPS-1 was positively associated with patho-
logical stage, we used the GEPIA database to analyze the 
correlations. The results showed that the expression of MPS- 
1 was not elevated with increasing stage (Figure 2C). To 
confirm the results, we analyzed the expression of MPS-1 in 
each stage of HCC tissue samples, and the results were in 
accordance with the above conclusions (Figure 2D). This may 

Figure 1 Expression of MPS-1 in HCC databases. (A) Analysis of HCC datasets in the Oncomine database to assess the expression of MPS-1. The data are presented with 
box plots. Fold change, *P value (determined by Student’s t-test). (B) Analysis of the expression of MPS-1 in TCGA, GSE76297 and GSE84598 datasets.
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be because MPS-1 expression is relatively high in low-stage 
HCC tissues, and high-stage HCC does not enhance its 
expression.

The clinical and pathologic characteristics of 169 hepa-
tic cancer patients are listed in Table 1. The results clearly 
showed a positive correlation of MPS-1 intensity with the 
serum AFP level, cirrhosis status, cancer embolus and 
recurrence. However, there were no correlations between 
MPS-1 intensity and other clinical variables, such as sex, 
age, HBsAg and tumor stage.

Relationship Between the Expression of 
MPS-1 and Prognosis of HCC Patients
Because MPS-1 is highly expressed in HCC, we specu-
lated that the high expression of MPS-1 predicted poor 

survival in HCC patients. To test this speculation, the 
indicated 169 patients were analyzed for overall survival 
(OS) and progression-free survival (PFS). HCC patients 
with high MPS-1 expression had significantly poorer OS 
and PFS than those with low MPS-1 expression (Figure 3). 
Furthermore, we found that high expression of MPS-1 
indicated a poor prognosis in patients with either low or 
high levels of serum AFP (Figure 4A). Patients with 
higher MPS-1 expression had a worse prognosis but not 
patients without cirrhosis (Figure 4B). Similarly, in 
patients with positive HBsAg, the high expression of 
MPS-1 indicated a detrimental prognosis compared with 
patients with low expression of MPS-1 (Figure 4C).

Further univariate and multivariate Cox analyses 
showed that high expression of MPS-1 was an independent 

Figure 2 Expression of MPS-1 protein was examined by IHC. (A) Typical images of the expression of MPS-1 protein examined by IHC. (B) Statistical analysis of MPS-1 
expression in the surrounding and HCC tissues. (P < 0.05). (C) Expression of MPS-1 in stage I to IV HCC tissues examined in the GEPIA database. (D) Expression of MPS-1 
in stages I to IV in 169 HCC tissue samples.
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prognostic factor for poor survival in HCC patients (HR 
1.92, 95% CI 1.01–3.68, P=0.035; Table 2). These results 
suggest that the expression of MPS-1 is an important 
factor that affects the prognosis of HCC patients.

Discussion
MPS-1 is reported to be overexpressed in various kinds of 
cancers and may be involved in tumorigenesis. However, 
little is known about its role in HCC. In the current study, 
we provide strong evidence for the first time that MPS-1 is 
overexpressed in HCC tissues and correlates with poor 
prognosis of HCC patients.

To explore the expression pattern of MPS-1 in HCC, 
we first adopted bioinformatics analysis by using datasets 
from the Oncomine and GEIPIA databases, which demon-
strated that MPS-1 was highly expressed in HCC tissues 
compared with normal tissues, and the expression had no 
relationship with pathological stages. In line with the 
database analysis, IHC staining of tissue microarrays con-
taining 169 HCC tissues showed that MPS-1 is overex-
pressed in cancer tissues. We showed that the expression 
of MPS-1 correlated with the serum AFP level, cirrhosis 
status, cancer embolus and tumor recurrence. AFP level, 
cancer embolus and tumor recurrence were indicators for 
the aggressive biological behavior of HCC,24 which agrees 
with the expression pattern of MPS-1. MPS-1 was 
reported to be intensively expressed in regenerating cir-
rhotic nodules and poorly differentiated HCC and involved 
in the progression toward malignancy.17 The NF-κB and 
epithelial mesenchymal transition pathways may contri-
bute to the mechanism of this progress;10,25 however, the 
exact mechanism has to be further explored.

In clinical practice, no studies have examined the rela-
tionship between MPS-1 expression and the prognosis of 
HCC patients. Here, we showed that OS and PFS were 
poor in patients with high MPS-1 expression. Interestingly, 
as MPS-1 expression was correlated with serum AFP 
levels, regardless of serum AFP at a low or high level, 
the prognosis of HCC patients with high expression of 

Table 1 Expression of MPS-1 in HCC and Its Correlation with 
Clinical Variables

Variables Total MPS-1 P

Weak Positive Strong

Gender

Male 141 35 (20.7%) 46 (27.2%) 60 (35.5%) 0.092

Female 28 11 (6.5%) 11 (6.5%) 6 (3.6%)

Age

< 60 121 30 (17.8%) 40 (23.7%) 51 (30.2%) 0.364

≥ 60 48 16 (9.5%) 17 (10.1%) 15 (8.9%)

HBsAg

(+) 147 39 (23.1%) 50 (29.6%) 58 (34.3%) 0.873

(-) 22 7 (4.1%) 7 (4.1%) 8 (4.7%)

AFP (μg/L)

< 400 78 24 (14.2%) 34 (20.1%) 20 (11.8%) 0.003

≥ 400 91 22 (13.0%) 23 (13.6%) 46 (27.2%)

Tumor stage

I 74 25 (14.8%) 29 (17.2%) 20 (11.8%) 0.104

II 43 9 (5.3%) 15 (8.9%) 19 (4.1%)

III 32 9 (5.3%) 8 (4.7%) 15 (8.9%)

IV 20 3 (1.8%) 5 (3.0%) 12 (7.1%)

Cirrhosis

Absent 32 10 (5.9%) 16 (9.5%) 6 (3.6%) 0.024

Present 137 36 (21.3%) 41 (24.3%) 60 (35.5%)

Cancer embolus

Absent 106 36 (23.7%) 37 (21.9%) 33 (19.5%) 0.009

Present 63 10 (5.9%) 20 (11.8%) 33 (19.5%)

Recurrence

Yes 89 13 (7.7%) 29 (17.2%) 47 (27.8%) <0.001

No 80 33 (19.5%) 28 (16.6%) 19 (11.2%)

Abbreviations: MPS-1, metallopanstimulin-1; HCC, hepatocellular carcinoma.

Figure 3 Survival of HCC patients with MPS-1 expression. (A) Kaplan–Meier curves of OS in HCC patients with high and low MPS-1 expression (P<0.01). (B) Kaplan–Meier 
curves of PFS in HCC patients with high and low MPS-1 expression.
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MPS-1 was poor. In patients with cirrhosis, patients with 
higher MPS-1 expression displayed poorer prognosis. This 
partly indicated that MPS-1 expression significantly 
affected the survival of HCC patients.

There are few reports about the role of MPS-1 in hepa-
tocarcinogenesis. In chronic hepatitis, hepatocytes had very 
weak MPS-1 immunostaining; however, the staining for 
MPS-1 was strong in hepatocytes in patients with cirrhosis. 

In well-differentiated HCC, MPS-1 presence was intense at 
the periphery of the malignant nodule. In poorly differen-
tiated HCC, MPS-1 expression was intense in malignant 
hepatocytes invading septal tissues. These results suggest 
that MPS-1 may be involved in both progression toward 
malignancy in regenerating cirrhotic nodules and in subse-
quent steps of hepatocarcinogenesis.17 However, the 
mechanisms underlying this process are unknown. In gastric 

Figure 4 Overall survival of HCC patients with different clinical factors. (A) Kaplan–Meier curves of OS in HCC patients with low (< 400 μg/L) or high (≥ 400 μg/L) levels of 
serum AFP (P < 0.05). (B) Kaplan–Meier curves of OS in HCC patients with or without cirrhosis (P < 0.05). (C) Kaplan–Meier curves of OS in HBsAg-negative (P =0.099) or 
HBsAg-positive HCC patients (P < 0.05).
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cancer, we found that knockdown of MPS-1 was related 
with reduced invasion and migration; in contrast, overex-
pression of MPS-1 enhanced the invasion and migration of 
gastric mucosal epithelial cells through regulation of integ-
rin beta 4.10 Furthermore, MPS-1 could be used as an 
indicator of prognosis in gastric cancer patients, as high 
expression of MPS-1 is associated with poor prognosis. 
Additionally, inhibition of MPS-1 induced apoptosis of 
gastric cancer cells through the MPS-1/NF-κB/Gadd45β 
pathway, which may serve as a therapeutic target in the 
treatment of gastric cancer.25 However, whether these path-
ways contribute to the carcinogenesis of HCC with high 
MPS-1 expression is still unknown and needs further study.

Conclusions
Our work identified that MPS-1 is highly expressed in 
patients with HCC, especially in patients with higher 
serum AFP level, cirrhosis, cancer embolus and recur-
rence. Importantly, high expression of MPS-1 indicated 
poor prognosis and was an independent prognostic factor 
for the overall survival of HCC patients. These results 
demonstrated the potential role of MPS-1 as a novel bio-
marker for the prognosis of HCC and a therapeutic target 
for HCC in the future.

Disclosure
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