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Abstract. Mediator complex subunit 15 (MED15) is a 
coactivator involved in the regulated transcription of RNA 
polymerase II-dependent genes and serves an oncogenic role in 
numerous types of cancer. However, the expression and func-
tion of MED15 in hepatocellular carcinoma (HCC) remain 
unknown. In the present study, the aim was to investigate 
the expression and clinical significance of MED15 in HCC. 
Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and immunohistochemical analysis revealed that 
MED15 mRNA and protein levels were significantly upregu-
lated in HCC tissues compared with those in the corresponding 
adjacent non-tumor liver tissues. Furthermore, analyzing 
data from The Cancer Genome Atlas-Liver Hepatocellular 
Carcinoma (TCGA-LIHC) and GSE14520 datasets revealed 
a significant correlation between MED15 expression and the 
tumor size (P=0.033), Barcelona Clinic Liver Cancer stage 
(P=0.031), α-fetoprotein levels (P=0.002) and metastasis risk 
(P=0.001). Furthermore, patients with high MED15 expres-
sion levels had a shorter survival time compared with those 
with low MED15 expression levels (P<0.05). Univariate and 
multivariate analyses further revealed that MED15 may be 
an independent prognostic factor for the overall survival of 
HCC patients (hazard ratio, 1.762; 95% confidence interval, 
1.077-2.882; P<0.05). In addition, MED15 expression was 
positively associated with hypoxia-inducible factor 1α expres-
sion in the TCGA-LIHC and GSE14520 datasets (P<0.01). In 
conclusion, the data reported in the present study indicated 
that MED15 is overexpressed in HCC and may represent a 
novel prognostic biomarker for patients with HCC.

Introduction

Hepatocellular carcinoma (HCC) is estimated to be the second 
most common cause of cancer-associated mortality worldwide, 
with steadily increasing morbidity and mortality rates (1,2). 
Notably, approximately 50% of the liver cancer cases and 
mortalities worldwide occur in China (2). Although surgical 
resection and liver transplantation are regarded as sufficient 
treatment strategies to extend the life expectancy of certain 
patients with HCC (3), the prognosis of these patients remains 
unsatisfactory, since the disease is frequently diagnosed at 
an advanced stage and is typically accompanied by severe 
liver dysfunction. Therefore, there is an urgency to identify 
potential biomarkers for the early detection and prognostic 
prediction of HCC. 

Mediator complex subunit 15 (MED15) is a subunit of the 
MED multiprotein complex and functions as a crucial cofactor 
for diverse signaling pathways, such as the sterol regulatory 
element-binding protein (SREBP) and transforming growth 
factor-β signaling pathways (4-7). It has been reported that 
MED15 promotes transcriptional activation in eukaryotes 
and has been linked to certain human diseases (7-9). For 
instance, MED15 regulates the activity of the transcriptional 
activator SREBP and functions as a transcriptional cofactor 
to control lipid homeostasis in cardiovascular disease (5,7). In 
addition, previous studies have demonstrated that dysregula-
tion of MED15 expression promotes tumorigenesis. Increased 
MED15 expression has been reported in several human malig-
nancies, including breast cancer, head and neck squamous 
cell carcinoma (HNSCC), prostate cancer and testicular germ 
cell tumors (6,10-14). Furthermore, knockdown of MED15 
significantly reduces the viability of cancer cells, indicating 
that disrupting MED15 expression may inhibit the progression 
of these types of cancer (10-12). However, the expression level 
of MED15 in HCC and its prognostic significance for clinical 
patients remain unknown.

In the present study, the aim was to investigate MED15 
mRNA and protein expression levels in HCC tissues using 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and immunohistochemical analysis, respectively. 
The study results revealed that MED15 levels were signifi-
cantly upregulated in HCC tissues as compared with those 
in the corresponding adjacent non-tumor liver tissues. 
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Additionally, analysis of The Cancer Genome Atlas-Liver 
Hepatocellular Carcinoma (TCGA-LIHC) and GSE14520 
datasets revealed that MED15 expression levels were associ-
ated with hypoxia-inducible factor 1α (HIF-1α) expression and 
poor prognosis in patients with HCC. These findings suggest 
that MED15 serves a role in liver tumorigenesis and may be a 
potential therapeutic target for HCC treatment.

Materials and methods

Patients and tissue samples. The experiments of the present 
retrospective study were reviewed and approved by the Ethics 
Committee of Nanfang Hospital, Southern Medical University 
(Guangzhou, China). The enrolled patients had not received 
any anticancer therapies prior to surgery. All eligible patients 
provided informed consent prior to the collection of HCC 
specimens and corresponding adjacent non-tumor tissues. 
A total of 20 pairs of HCC tissues and matching adjacent 
non-tumor tissues were obtained from patients undergoing 
hepatectomy procedures between January 2014 and December 
2015.

Each sample was divided into two parts, one part was 
immediately stored in RNA keeper tissue stabilizer (Vazyme 
Biotech Co., Ltd. Nanjing, China) and frozen at ‑80˚C prior to 
RNA extraction. The other was fixed overnight in 10% form-
aldehyde at room temperature and paraffin‑embedded using 
conventional methods.

RNA extraction, cDNA synthesis and RT‑qPCR analysis. 
Total RNA was extracted from the HCC tissues and paired 
adjacent non-tumor liver tissues using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), according to the manufacturer's protocol. RNAse-free 
DNase I (Takara Biotechnology Co., Ltd., Dalian, China) 
was used to remove genomic DNA contamination, while the 
quality and concentration of total RNA were measured using 
a NanoDrop® spectrophotometer (Thermo Fisher Scientific, 
Inc.). RNA was then transcribed into cDNA using an RT kit 
(Takara Biotechnology Co., Ltd.) in a 20-µl reaction volume 
with 1 µg RNA. Subsequently, amplification reactions 
were performed using a SYBR Green PCR kit from Takara 
Biotechnology Co., Ltd., using the following primers: MED15 
sense, 5'-TGT CGT GTC TAC GGC AAC TC-3', and anti-sense, 
5'-CAC TCT GCT GAG CCT GGA A-3'; β-actin sense, 5'-TCA 
AGA TCA TTG CTC CTC CTG A-3', and anti-sense, 5'-CTC 
GTC ATA CTC CTG CTT GCT G-3'. β‑actin was amplified as an 
internal control. Gene‑specific amplification was performed 
using a LightCycler® 480 Instrument II (Roche Diagnostics, 
Basel, Switzerland). Specific conditions for the qPCR reaction 
were as follows: Preliminary denaturation at 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec, and 60˚C for 20 sec. A 
melting curve analysis of the PCR products was used to assess 
the specificity of amplification. Fold changes were calculated 
using the relative quantification (2-ΔΔCq) method (15).

Hematoxylin and eosin staining. Human HCC tissues and 
matched adjacent non‑tumor liver tissues were fixed in 10% 
formaldehyde for 24 h, dehydrated through an ethanol series 
for 2 h each, followed by two washes in xylene (30 min each). 
After two immersions in paraffin (45 min each), tissues were 

embedded and sectioned. Tissue sections were incubated at 
60˚C for 1 h to remove the paraffin. Subsequently, they were 
stained with hematoxylin for 7 min, de-stained in a hydro-
chloric acid alcohol solution for 15 sec and then stained with 
eosin for 3 min. Finally, sections were dehydrated through 
an ethanol series for 1 min each, rinsed with xylene and 
coverslipped with mounting medium. Staining results were 
observed and imaged under a light microscope (Olympus 
BX 51; Olympus Corporation, Tokyo, Japan).

Immunohistochemical assay. In total, 12 pairs of 
formalin-fixed and paraffin-embedded HCC tissues were 
used for MED15 immunohistochemical staining. Briefly, 
paraffin‑embedded tissues were sliced into 4‑µm sections and 
incubated at 60˚C for 2 h. Following deparaffinization, the 
sections were treated with 3% hydrogen peroxide to inactivate 
the endogenous peroxidase, and antigens were retrieved using 
a citrate buffer. Next, the sections were incubated in PBS 
containing 5% normal goat serum (cat. no. C-0005; BIOSS, 
Beijing, China) at room temperature for 1 h, followed by incu-
bation at 4˚C overnight with a rabbit monoclonal anti‑human 
MED15 antibody (1:200 dilution; ab181158; Abcam, 
Cambridge, UK) or with PBS alone, serving as the control. 
The following day, sections were rinsed three times with PBS 
and then incubated with a horseradish peroxidase-conjugated 
secondary antibody (Dako; Agilent Technologies, Inc., Santa 
Clara, CA, USA) at room temperature for 1 h. Subsequent to 
rinsing with PBS, the sections were stained with 3,3'-diami-
nobenzidine (Dako; Agilent Technologies, Inc.) to induce 
a color reaction. The tissues were then counterstained with 
hematoxylin for 1 min and de-stained with acid-alcohol for 
5 sec. Finally, the sections were dehydrated using an ethanol 
series (1 min each), rinsed in xylene, dried and placed on 
coverslips with a mounting medium. Immunohistochemical 
staining results were assessed under a light microscope at 
x200 and x400 magnification. MED15 positive staining 
was mainly present in the nuclei and manifested as a color 
varying between brown and light yellow. Compared with the 
background, the staining intensity was evaluated as follows: 
Light yellow, indicating weak expression; brownish-yellow, 
indicating moderate expression; and brown, indicating strong 
expression. MED15 protein expression in HCC was further 
analyzed using clinical specimens from The Human Protein 
Atlas (www.proteinatlas.org), which included 12 paired of 
HCC tissues and samples that can be filtered based on the 
level of antibody staining via selecting one or several of the 
following categories: High, medium, low and not detected.

TCGA‑LIHC and GSE14520 datasets, Oncomine gene expres‑
sion array. In order to investigate the role of MED15 expression 
in HCC, the current study analyzed the TCGA-LIHC dataset 
(http://www.cbioportal.org/data_sets.jsp) that contains 331 
HCC cases and the GSE14520 dataset (https://www.ncbi 
.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520) that provides 
246 HCC cases (hereafter defined as the TCGA‑LIHC and 
GSE14520 cohorts, respectively). These datasets comprise 
follow-up information for patients and gene expression 
data. Patients with available data on MED15 expression and 
follow-up information were included into the present study. 
Correlations of MED15 expression with the clinicopathological 
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features, overall survival (OS) and disease-free survival (DFS) 
of patients with HCC were analyzed. Patients were organized 
according to their MED15 expression levels from low to 
high expression, and then divided into two groups. The first 
third of MED15 expression was defined as the MED15‑low 
expression group and the remainder patients were termed the 
MED15-high expression group. The expression of MED15 in 
HCC was further analyzed on Oncomine™ gene expression 
array (https://www.oncomine.org/resource/login.html).

We used the OncoLnc online system (http://www.oncolnc 
.org/) to analyze the overall survival of HCC patients from 
the TCGA-LIHC dataset. According to the mRNA expres-
sion level of MED15 on the website, the first third of MED15 
expression was defined as the MED15‑low expression group 
and the remainder patients were termed the MED15-high 
expression group. And the result of patients' overall survival 
was presented on the website.

Gene set enrichment analysis (GSEA). The patients were divided 
into two groups according to the MED15 mRNA expression 
level in the TCGA-LIHC dataset, which were MED15 high- and 
low-expressed groups. Subsequently, GSEA software (GSEA 
Desktop Application v3.0; Broad Institute, Inc., Cambridge, 
MA, USA) was used to analyze, annotate and interpret enrich-
ment results. Prior to running GSEA, four input files were 
prepared; the GCT, GMT, CHIP and cls formatted files. The 
GMT file was created in‑house, and the GCT, CHIP and cls files 
were downloaded from the TCGA dataset. Gene sets that were 
positively or negatively correlated with the MED15 high- or 
low-expressed groups were searched for.

Statistical analysis. Student's t-test was used to analyze the 
RT-qPCR results, while Mann-Whitney U-test was used to 
evaluate the association between MED15 expression and the 
clinicopathological features of patients with HCC. OS and 
DFS time were calculated using the Kaplan-Meier method 
and analyzed using log-rank tests. Cox proportional hazards 
modeling was used for univariate and multivariate analysis to 
investigate the effect of variables on survival. Conventional 
clinicopathological variables and MED15 expression were 
enrolled into a Cox univariate regression analysis. Statistically 
significant variables from the univariate regression model were 
reanalyzed using the multivariate model. Statistical analyses 
were conducted using SPSS version 17.0 software (SPSS, 
Inc., Chicago, IL, USA). All statistical tests were two-sided, 
and P<0.05 was considered to indicate a difference that was 
statistically significant.

Results

MED15 mRNA expression is elevated in HCC tissues. To 
investigate MED15 mRNA expression in HCC, 20 pairs of fresh 
HCC specimens and their corresponding adjacent non-tumor 
tissues were used to measure the relative expression of MED15 
by RT-qPCR. It was observed that MED15 mRNA was notably 
increased in HCC tissues compared with that in non-tumor liver 
tissues (Fig. 1A and B). Next, to further validate the observed 
MED15 dysregulation in HCC, MED15 gene expression was 
analyzed in patients included in the TCGA-LIHC and GSE14520 
datasets. In the unpaired TCGA-LIHC cohort, MED15 

expression was overexpressed in HCC tissues compared with 
that in non-tumor liver tissues (P<0.001; Fig. 1C). In the paired 
TCGA-LIHC cohort, a similar result was observed when MED15 
expression was re-assessed in 50 paired HCC samples and adja-
cent non‑tumor liver samples (P<0.001; Fig. 1D). These findings 
were further confirmed by assessing MED15 expression in the 
GSE14520 dataset, which revealed that MED15 was upregulated 
in HCC tissues compared with that in non-tumor liver tissues 
from both unpaired and paired GSE14520 cohorts (P<0.05; 
Fig. 1E and F). Furthermore, similar results were obtained by 
analyzing the expression data from Oncomine gene expression 
array datasets (data not shown). Collectively, these data indicated 
that MED15 mRNA expression is elevated in HCC tissues.

MED15 protein is overexpressed in human HCC specimens. 
Hematoxylin and eosin staining was conducted to distinguish 
HCC tissues from the corresponding adjacent non-tumor liver 
tissues (Fig. 2A). In addition, immunohistochemical analysis 
was used to detect the MED15 protein expression levels 
in human liver cancer tissues, and varying expression was 
observed. Positive immunostaining of MED15 appeared as 
granular brown-colored staining, which was mainly located in 
the nucleus of tumor cells (Fig. 2B). It was also observed that 
MED15 protein was highly expressed in the majority of HCC 
tissues as compared with that in the corresponding non-tumor 
tissues, and 9 out of the 12 HCC samples investigated were 
positive for MED15 immunostaining.

To further confirm the aforementioned results, MED15 
protein expression was analyzed in clinical specimens from 
The Human Protein Atlas. This analysis revealed that MED15 
was positively and strongly expressed in HCC samples, whereas 
it was negatively or weakly expressed in normal hepatic tissues 
(Fig. 3A). Online immunohistochemical results obtained 
from The Human Protein Atlas revealed that MED15 protein 
was strongly expressed in 7 of the HCC tissues, moderately 
expressed in 4 specimens and weakly expressed in 1 sample 
(Fig. 3B and C). These findings indicated that MED15 protein 
is overexpressed in HCC.

Correlation between MED15 expression and clinico‑
pathological characteristics of HCC. Since MED15 was 
upregulated in HCC, the current study attempted to explore 
the potential oncogenic role of MED15 in HCC. Evidence 
of a correlation between MED15 expression and the clinico-
pathological status of patients with HCC was searched in the 
TCGA-LIHC and GSE14520 datasets. Statistical analysis of 
the TCGA-LIHC cohort indicated that MED15 expression was 
positively associated with the neoplasm grade (P=0.005) and 
α-fetoprotein (AFP) levels (P=0.001). However, no statistically 
significant correlation was observed between MED15 and 
other clinicopathological features (Table I). As summarized 
in Table II, significant correlations were also detected between 
MED15 expression and certain clinicopathological features 
in the GSE14520 cohort, including the tumor size (P=0.033), 
Barcelona Clinic Liver Cancer (BCLC) stage (P=0.031), AFP 
levels (P=0.002) and metastasis risk (P=0.001). However, no 
statistically significant association was identified between 
MED15 expression and other clinicopathological characteris-
tics, such as the patient sex, age, tumor number, TNM staging, 
cirrhosis and relapse.
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MED15 expression levels predict the clinical outcome of 
patients with HCC. Kaplan-Meier and log-rank test analyses 
were employed to test for an association between MED15 
expression and the OS or DFS of the patients. The results 
on the TCGA-LIHC cohort data revealed that patients with 
highly expressed MED15 in tumor tissues exhibited a signifi-
cantly shorter survival time as compared with those with low 
MED15 expression levels (P=0.03; Fig. 4A). This observation 
was supported by the OncoLnc online system (http://www 
.oncolnc.org/), which was used to explore links between 
TCGA-LIHC survival data and mRNA, miRNA or lncRNA 
expression levels, and revealed that MED15 expression 
levels were negatively associated with the OS (P=0.028; 
Fig. 4B). Furthermore, a comparative microarray analysis 
of gene expression was performed in the MED15-high and 
MED15-low expression groups using GSEA. This analysis 

revealed that tumor samples with high MED15 expression 
levels were enriched in the HCC survival reduction dataset 
and in the HCC recurrence increase dataset (Fig. 4C). 
However, analysis of the TCGA-LIHC cohort revealed no 
correlation between MED15 expression and DFS (Fig. 4D). 
Consistent with these findings, Kaplan‑Meier and log‑rank 
test analyses in the GSE14520 cohort demonstrated that high 
MED15 expression in tumor specimens was associated with 
a poorer outcome of patients (P=0.05 for OS and P=0.11 
for DFS; Fig. 4E and F). According to these findings, it can 
be deduced that a high MED15 expression predicts a worse 
prognosis for patients with HCC.

MED15 may be a valuable prognostic marker for patients with 
HCC. Univariate and multivariate analyses were performed to 
estimate the prognostic variables in patients included in the 

Figure 1. MED15 mRNA is upregulated in HCC tissues. (A) MED15 mRNA expression was analyzed by reverse transcription-quantitative polymerase chain 
reaction in 20 pairs of HCC tissues and matched adjacent non-tumor liver tissues. β-actin expression served as an internal control. (B) MED15 mRNA levels 
were significantly increased in 20 pairs of HCC specimens, as determined by a paired Student's t‑test. Furthermore, MED15 mRNA expression was signifi-
cantly higher in HCC tissues as compared with non-tumor tissues in the (C) unpaired (n=331) and (D) paired (n=50) TCGA-LIHC cohort, as well as in the 
(E) unpaired (n=246) and (F) paired (n=19) GSE14520 cohort. *P<0.05 and ***P<0.001. MED15, mediator complex subunit 15; HCC, hepatocellular carcinoma; 
TCGA-LIHC, The Cancer Genome Atlas-Liver Hepatocellular Carcinoma.
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TCGA-LIHC and GSE14520 cohorts. In the TCGA-LIHC 
cohort, univariate analysis indicated that MED15 expres-
sion was significantly associated with the OS rate of patients 
with HCC (P=0.032; Table III). Multivariate analysis was 
then conducted using a Cox proportional hazards model and 
revealed that MED15 expression may be an independent 
prognostic factor for patients with HCC (hazard ratio (HR), 
1.762; 95% confidence interval (CI), 1.077‑2.882; P=0.024). 
While in the GSE14520 cohort, it was indicated that the 

number of tumors, tumor size, BCLC staging, TNM staging, 
AFP level, Cirrhosis, metastasis risk and relapse rather than 
MED15 expression were associated with OS rate of patients 
with HCC via univariate analysis (Table IV). Multivariate 
analysis demonstrated that the number of tumors (HR, 0.389; 
95% CI, 0.203-0.745; P=0.004), BCLC staging (HR, 3.615; 
95% CI, 1.982-6.593; P<0.001), metastasis risk (HR, 2.41; 
95% CI, 1.523-3.814; P<0.001), cirrhosis (HR, 4.456; 95% CI, 
1.081-18.367; P=0.039), and relapse (HR, 91.516; 95% CI, 

Table I. Correlation between MED15 expression and hepatocellular carcinoma clinicopathological features in The Cancer 
Genome Atlas-Liver Hepatocellular Carcinoma cohort.

 MED15 expression, n
 -------------------------------------------------
Variable Total, n High Low P-value

Sex 331   0.584
  Male 219 140 79
  Female 112 75 37
Age (years) 331   0.139
  ≤50 66 48 18
  >50 265 167 98
Family cancer history 288   0.106
  Yes 104 62 42
  No 184 127 57
Lymphocyte infiltration 212   0.455
  Absent 106 59 47
  Mild 91 60 31
  Severe 15 7 8
Vascular tumor cell invasion 278   0.123
  None 183 109 74
  Micro 82 52 30
  Macro 13 12 1
Neoplasm grade 326   0.005a

  G1+G2 207 123 84
  G3+G4 119 89 30
Pathologic stage 310   0.544
  I+II 226 145 81
  III+IV 84 57 27
AFP level (ng/ml) 245   <0.001a

  <400 189 110 79
  ≥400 56 47 9
Child‑Pugh classification grade 208   0.658
  A 188 113 75
  B+C 20 11 9
Liver fibrosis Ishak score 191   0.891
  ≤4 123 70 53
  >4 68 38 30
Relapse 330   0.390
  Yes 133 83 50
  No 197 132 65

aValue indicates a statistically significant difference. MED15, mediator complex subunit 15; AFP, α-fetoprotein.
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12.664-661.334; P<0.001) were independent prognostic factors 
for OS rate of patients with HCC. These preliminarily results 
indicate that MED15 may have potential clinical value as a 
predictive biomarker for OS in patients with HCC, but further 
studies are needed to reach a clear conclusion.

MED15 expression is positively associated with HIF‑1α in 
HCC. The potential prognostic value of MED15 overexpression 
prompted the investigation of the mechanism that underlies its 
upregulation. GSEA was conducted on the MED15 overexpres-
sion group. The results revealed that Gene Ontology terms, 
including ‘HYPOXIA’ and ‘HIF1A and FOXA2’, were signifi-
cantly enriched in MED15 overexpression group (P<0.01), 

which indicated that MED15 was regulated by HIF-1α 
(Fig. 5A). Furthermore, a positive correlation between HIF-1α 
expression and MED15 expression was determined via analysis 
of the TCGA-LIHC and GSE14520 datasets (P<0.01; Fig. 5B); 
therefore, it is hypothesized that MED15 may be regulated by 
HIF-1α in HCC.

Discussion

The present study reported that MED15 is overexpressed 
in HCC tissues and is closely associated with the neoplasm 
grade, tumor size, BCLC stage and metastasis risk of patients 
with HCC. In addition, patients with high MED15 expression 

Table II. Correlation between MED15 expression and hepatocellular carcinoma clinicopathological features in the GSE14520 
cohort.

 MED15 expression, n
 -------------------------------------------------------
Variable Total, n High Low P-value

Sex 241   0.756
  Male 210 148 62
  Female 31 21 10
Age (years) 241   0.768
  ≤50 124 88 36
  >50 117 81 36
No. of tumors 241   0.455
  Solitary 189 129 60
  Multiple 52 40 12
Tumor size (cm) 241   0.033a

  ≤5 153 100 53
  >5 88 69 19
BCLC staging 217   0.031a

  A 152 102 50
  B + C 65 53 12
TNM staging 225   0.127
  I 96 60 36
  II + III 129 93 36
AFP level (ng/ml) 237   0.002a

  ≤300 128 78 50
  >300 109 87 22
Cirrhosis 241   0.225
  Yes 222 158 64
  No 19 11 8
Metastasis risk 241   0.001a

  Low 121 73 48
  High 120 96 24
Relapse 241   0.303
  Yes 136 99 37
  No 105 70 35

aValue indicates a statistically significant difference. MED15, mediator complex subunit 15; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver 
Cancer.
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Figure 2. MED15 protein overexpression in HCC specimens. (A) Hematoxylin and eosin staining of non-tumor liver and HCC specimens. 
(B) Immunohistochemical staining of non-tumor liver and HCC specimens. High MED15 protein expression was observed in HCC specimens, while adjacent 
non-tumor specimen presented negative or weak expression. MED15 expression appeared as granular brown-colored staining in the nuclei of tumor cells. 
Representative images with original magnification at x200 and x400 are shown. MED15, mediator complex subunit 15; HCC, hepatocellular carcinoma.

Table III. Univariate and multivariate analyses (Cox regression analysis) indicating the association between overall survival and 
the characteristics of hepatocellular carcinoma patients in The Cancer Genome Atlas-Liver Hepatocellular Carcinoma cohort.

Variable Univariate analysis Multivariate analysis
 ------------------------------------------------------------------------- -------------------------------------------------------------------------
 HR 95% CI P-value HR 95% CI P-value

Sex 0.754 0.510-1.114 0.156
Age (years) 0.943 0.574-1.552 0.819
Family cancer history 1.298 0.859-1.961 0.216
Lymphocyte infiltration 1.107 0.770‑1.592 0.582
Vascular tumor cell invasion 1.016 0.703-1.469 0.932
Neoplasm grade 1.310 0.883-1.945 0.180
Pathologic stage 1.420 0.922-2.187 0.112
AFP level (ng/ml) 1.566 0.976-2.512 0.063
Child‑Pugh classification grade 1.548 0.760‑3.151 0.229
Liver fibrosis Ishak score 1.059 0.591‑1.898 0.846
Relapse 1.052 0.711-1.556 0.801
MED15 expression 1.581 1.039-2.404 0.032a 1.762 1.077-2.882 0.024a

aValue indicates a statistically significant difference. MED15, mediator complex subunit 15; AFP, α‑fetoprotein; HR, hazard radio; CI, confi-
dence interval.
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Table IV. Univariate and multivariate analyses (Cox regression analysis) indicating the association between overall survival and 
the characteristics of hepatocellular carcinoma patients in the GSE14520 cohort.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------
Variable HR 95% CI P-value HR 95% CI P-value

Sex 1.870 0.907-3.858 0.090
Age (years) 0.911 0.610-1.360 0.647
No. of tumors 1.642 1.057-2.551 0.027a 0.389 0.203-0.745 0.004a

Tumor size (cm) 1.954 1.306-2.924 0.001a   0.493
BCLC staging 3.357 2.211-5.096 <0.001a 3.615 1.982-6.593 <0.001a

TNM staging 3.084 1.883-5.053 <0.001a   0.337
AFP level (ng/ml) 1.710 1.141-2.562 0.009a   0.589
Cirrhosis 5.126 1.263-20.804 0.022a 4.456 1.081-18.367 0.039
Metastasis risk 2.281 1.504-3.459 <0.001a 2.41 1.523-3.814 0.001a

Relapse 122.187 17.008-877.810 <0.001a 91.516 12.664-661.334 <0.001a

MED15 expression 1.517 0.950-2.425 0.081

aValue indicates a statistically significant difference. MED15, mediator complex subunit 15; AFP, α‑fetoprotein; HR, hazard radio; CI, confi-
dence interval.

Figure 3. MED15 protein expression is elevated in HCC samples included in the Human Protein Atlas. (A) MED15 expression in normal liver and HCC tissues 
obtained from the Human Protein Atlas. (B) Proportion of patients with different MED15 immunostaining intensity in HCC specimens and (C) representative 
images of immunostaining. Images at magnification x100 were obtained from the Human Protein Atlas online database. MED15, mediator complex subunit 
15; HCC, hepatocellular carcinoma.
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Figure 4. Correlation between MED15 expression and survival of patients with HCC in the TCGA-LIHC and GSE14520 cohorts. (A) Reduced OS time was 
detected for patients with high MED15 expression compared with those with low MED15 expression in the TCGA-LIHC cohort. (B) Kaplan-Meier survival 
analysis of OS rate from the TCGA-LIHC dataset from the OncoLnc online system. (C) Gene Set Enrichment Analysis results revealed that MED15 over-
expression was correlated with a low survival rate and high recurrence rate. (D) DFS time exhibits no difference between patients with high or low MED15 
expression in the TCGA-LIHC cohort. (E) OS and (F) DFS rates in the GSE14520 cohort were assessed by Kaplan-Meier survival analysis. MED15, mediator 
complex subunit 15; HCC, hepatocellular carcinoma; TCGA-LIHC, The Cancer Genome Atlas-Liver Hepatocellular Carcinoma; OS, overall survival; DFS, 
disease-free survival.

Figure 5. Correlation between MED15 expression and HIF-1α expression. (A) Gene set enrichment analysis revealed that MED15 overexpression was associ-
ated with hypoxia and HIF-1α targets. (B) MED15 expression was positively associated with HIF-1α expression in the TCGA-LIHC and GSE14520 cohorts. 
MED15, mediator complex subunit 15; TCGA-LIHC, The Cancer Genome Atlas-Liver Hepatocellular Carcinoma; HIF-1α, hypoxia-inducible factor 1α.
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levels exhibited a poor disease prognosis. These observations 
indicated that MED15 serves a role in liver tumorigenesis and 
may be a potential prognostic factor for HCC.

In the present study, MED15 was observed to be upregu-
lated in human HCC specimens when compared with its 
expression in the corresponding adjacent non-tumor speci-
mens. It has been reported that MED15 is dysregulated in 
several malignancies, including breast cancer, prostate cancer 
and testicular germ cell tumors (6,11-13). For instance, MED15 
is overexpressed in tissues obtained from primary tumors, 
metastasizing lymph nodes and recurrent tumors, when 
compared with benign tissues in HNSCC (10). Meanwhile, a 
previous study demonstrated that the methylation levels of the 
MED15 promoter were significantly elevated in DNA samples 
from HNSCC tissues compared with those in adjacent normal 
tissues. Notably, hypermethylation of the MED15 promoter in 
HNSCC tissues appeared to promote malignant transformation 
instead of functioning as a typical tumor suppressor gene (16). 
These findings further confirm the oncogenic potential of 
MED15 in HNSCC. To date, research into the role of MED15 in 
cancer consistently reported its overexpression in tumor tissues 
and its oncogenic functions in regulating the initiation and 
progression of several malignancies. Furthermore, consistent 
with the localization of MED15 in testicular germ cell tumor 
tissues, prostate cancer tissues and HNSCC tissues (10,11,13), 
the present study observed that MED15 was primarily located 
in the nucleus of cells in HCC tissues.

The analysis conducted in the current study revealed a 
significant association between MED15 overexpression and a 
poor clinical outcome. Accumulating evidence has suggested 
that MED15 overexpression is a predictor of poor prognosis 
for several types of human cancer, including prostate cancer, 
HNSCC and breast cancer (6,10,11,16). Shaikhibrahim et al (11) 
had identified MED15 nuclear overexpression to be associated 
with poor prognosis in castration-resistant prostate cancer. 
Furthermore, it has been reported that MED15 overexpression 
correlates with a high mortality rate in patients with HNSCC (10). 
In the current study, these findings were extended to liver cancer, 
since MED15 overexpression was observed to be indicative of 
a highly lethal phenotype in HCC. The analysis of clinical data 
from patients with HCC patients in the TCGA-LIHC cohort 
further suggested that MED15 expression may be an indepen-
dent prognostic survival indicator. However, similar results were 
not observed in the GSE14520 cohort analysis in the present 
study, possibly owing to inconsistent enrollment of patients at 
different research centers. The number of cases may also be 
important in the accuracy of these results, since the number 
of patients included in the TCGA-LIHC cohort was larger in 
comparison with that in the GSE14520 cohort. Nonetheless, the 
present study proposes that MED15 may be regarded as a novel 
indicator for identifying patients with a poor prognosis in HCC. 

Previous studies demonstrated that certain transcrip-
tion factors regulate and control the expression of specific 
genes (17-20). For instance, HMG box-containing protein 1 
has been reported to participate in Ras-induced premature 
senescence by regulating p16INK4A expression (21). In addition, 
HIF-1α regulates the expression of genes encoding proteins 
with key roles in cancer biology (22), which can directly 
activate vascular endothelial growth factor (VEGF) and 
VEGF receptor 1 transcription via hypoxia response element 

binding (23). In the current study, GSEA was used to explore 
pathways that may be responsible for high MED15 expres-
sion levels, and HIF-1α was identified as one of the potential 
regulators. HIF-1α is known to be an important transcription 
factor in hypoxia response and to function in the development 
and progression of tumors, including liver cancer (24-26). The 
results of the present study demonstrated that the expression 
levels of MED15 in the TCGA-LIHC and GSE14520 datasets 
were positively associated with HIF-1α expression, suggesting 
that MED15 may be a target of HIF-1α.

In conclusion, the present study reported that MED15 was 
upregulated in HCC tissues and that high MED15 expression 
was correlated with poor prognosis in patients with HCC. To 
the best of our knowledge, it was revealed for the first time 
that an association exists between MED15 and human liver 
cancer, providing valuable information for further studies on 
HCC. However, detailed investigations are required to better 
understand the roles of MED15 in liver tumorigenesis and 
cancer progression.
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