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PRDM5 expression correlates with malignant behaviors 
and indicates favorable prognosis in HCC
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Abstract: PR (PRDI-BF1 and RIZ) domain protein 5 (PRDM5) is a newly identified member of the PRDM family and 
has been suggested to play important roles in tumor development. However, the association between PRDM5 ex-
pression and the clinical characteristic of hepatocellular carcinoma (HCC) is not well investigated. In this present 
study, one-step quantitative reverse transcription-polymerase chain reaction (qPCR) with 10 fresh-frozen HCC and 
immunohistochemistry (IHC) analyses in 90 HCC cases were performed respectively to explore the relationship 
between PRDM5 expression and the clinicopathological items of HCC. The results showed that the expressions of 
PRDM5 were significantly decreased in HCC tissues than in corresponding non-cancerous tissues (P < 0.05). The 
IHC information implied that the PRDM5 protein expression in HCC was statistically correlated with pathological 
grade (P = 0.014), T (P = 0.001) and TNM stage (P = 0.001). Both survival analysis and Kaplan-Meier curve dem-
onstrated that higher PRDM5 protein level (P = 0.048) was substantially associated with the favorable prognosis 
of patients with HCC. The data suggested that PRDM5 may be identified as a novel prognostic biomarker for HCC. 
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Introduction

Hepatocellular carcinoma (HCC) accounts for 
90% of cases of primary liver cancer and repre-
sents one of the leading causes of cancer mor-
tality worldwide [1]. In China, HCC ranks third in 
mortality after gastric and esophageal cancer, 
and the number of HCC patients accounts for 
more than half of HCC cases globally [2, 3]. The 
development of HCC is a complicated and mul-
tistep process, which critically associates with 
a number of factors including chronic alcohol 
consumption, HBV/HCV infections and cirrho-
sis [4, 5]. Due to the high rate of recurrence or 
metastasis after curative resection, the overall 
survival of HCC patients remains poor despite 
various progresses in surgical techniques and 
other therapy strategies [6, 7]. The most com-
mon causes of death among HCC patients are 
tumor progression, metastasis, and recurrence 
[8]. Therefore, the identification of novel bio-
markers which can predict the poor prognosis 

or the high risk of metastasis is substantially 
necessary.

PR (PRDI-BF1 and RIZ) domain proteins (PRDM) 
are a subfamily of the kruppel-like zinc finger 
transcription factors [9]. PRDM have been 
reported to play significant roles during cell dif-
ferentiation and malignant transformation, and 
several studies indicate that PRDM family mem-
bers are negative factors of tumorigenesis [10-
12]. PRDM5 (or PFM2) is a recently identified 
member of the PRDM family, which gene locates 
on human chromosome 4 [13]. The function of 
PRDM5 derives from the association with chro-
matin modifying enzymes, specifically G9A and 
HDAC1, which are recruited to the promoters of 
its target genes to determine chromatin modifi-
cation [14]. Two studies showed the decreased 
expression levels of PRDM5 mRNA and protein 
in breast and cervical cancers [15, 16]. PRDM5 
silencing by promoter methylation was wit-
nessed in various types of human cancer inc- 
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luding ovarian, colorectal, gastric, and hepato-
cellular tumors [15, 17]. As epigenetic silencing 

Table 1. Correlation of PRDM5 expression with 
the clinicopathological items in HCC

Groups No.
PRDM5

χ2 p value
+ %

Gender
    Male 77 33 42.9 3.108 0.078
    Female 13 9 69.2
Age (years)
    ≥ 60 22 10 45.5 0.035 0.851
    < 60 67 32 47.8
    Insufficient Data 1
Tumor size (cm)
    ≥ 5 53 25 47.2 0.001 0.996
    ≥ 5 36 17 47.2
    Insufficient Data 1
Pathological grade
    Grade 1 10 9 90.0 8.505 8.505
    Grade 2 66 27 40.9
    Grade 3 14 6 42.9
Portal vein invasion
    Positive 4 0 0.0 3.111 0.078
    Negative 10 5 50.0
    Insufficient Data 76
Liver cirrhosis
    Positive 36 17 47.2 0.001 0.996
    Negative 53 25 47.2
    Insufficient Data 1
T
    T1 42 12 28.6 17.397 0.001*
    T2 33 25 75.8
    T3 11 4 36.4
    T4 3 1 33.3
    Insufficient Data 1
N
    Positive 1 0 0.0 0.858 0.354
    Negative 84 39 46.4
    Insufficient Data 5
M
    Positive 1 1 100.0 1.160 0.282
    Negative 87 40 46.0
    Insufficient Data 2
TNM stage
    Stage I-II 43 28 65.1 11.965 0.001*
    Stage III-IV 43 12 27.9
    Insufficient Data 4
*P < 0.05.

by promoter methylation is highly associated 
with tumor development, PRDM5 is believed to 
have the potential to be identified as a useful 
molecular target for cancer diagnosis and ther-
apy [18, 19]. Although the above data proposed 
certain tumor-suppressive characteristics for 
PRDM5, the functional relationship between 
PRDM5 expression and the clinical pathologi-
cal attributes of HCC, especially the prognostic 
significance, remains to be delineated.

In this study, the expression of PRDM5 in HCC 
tissues compared with non-cancerous tissues 
was detected. Moreover, the correlation of 
PRDM5 expression with the clinicopathological 
items was further analyzed in HCC patients.

Materials and methods

Patient samples

Ten fresh-frozen HCC samples and correspond-
ing non-cancerous tissue samples were col-
lected from the Department of Hepatobiliary 
Surgery, Affiliated Hospital of Heibei University, 
to perform one-step quantitative reverse tran-
scription-PCR (qPCR) test. Ninety cases of HCC 
were enrolled to construct tissue microarrays 
(TMA) and the TMA were purchased from Outdo 
Biotech Co., Ltd (Shanghai, China) to execute 
immunohistochemistry (IHC) analysis. The origi-
nal clinical data were also provided by Outdo 
Biotech Co., Ltd, including gender, age, tumor 
diameter, cirrhosis status, pathological grade, 
tumor status (T), lymph node metastasis (N), 
distant metastasis (M) and TNM stage. None of 
the patients received radiotherapy and chemo-
therapy before surgery. Written informed con-
sent was acquired from each patient for publi-
cation of this study and any related pictures, 
and the study protocol was approved by the 
Human Research Ethics Committee of each 
hospital.

One-step qPCR analysis in fresh HCC tissues

Ten fresh-frozen HCC samples as well as the 
corresponding non-cancerous tissue samples 
were subjected to qPCR test. Total RNA extrac-
tion was extracted from the tissues using Trizol 
(Invertrogen, USA) following the manufacturer’s 
manual. The protocol of qPCR analysis was 
described previously [20]. The primers for 
PRDM5 were as follows: forward primer 5’-CAG 
GTT CTC CCT GAA GTC CT-3’ and reverse primer 
5’-TGA GAT GGT GCC TCA TGA AC-3’. The glycer-



PRDM5 correlates with malignant behaviors and indicates favorable prognosis in HCC

8329 Int J Clin Exp Pathol 2016;9(8):8327-8334

aldehyde 3-phosphate dehydrogenase (GAPDH) 
was used as internal control, and the primers 
for GAPDH were as follows: forward primer 
5’-TGC ACC ACC AAC TGC TTA GC-3’ and reverse 
primer 5’-GGC ATG GAC TGT GGT CAT GA-3’. 
Amplification conditions consisted of 30 min at 
42°C for reverse transcription and 2 min at 
94°C for Taq activation, followed by 35 cycles 
at 95°C for 20 s, 56°C for 20 s, and elongation 
at 72°C for 30 s.

IHC analysis in HCC TMA

IHC analysis was performed as previously 
described [21, 22]. Deparaffinized sections 
from array blocks were stained using mouse 
anti-PRDM5 antibody (Abcam). The secondary 
antibody used was horseradish peroxidase-
conjugated anti-rabbit antibody (Dako). Phos- 
phate-buffered saline (PBS) was used as nega-
tive control. PRDM5 immunostaining was sco- 
red according to intensity and percentage of 
PRDM5-positive cells simultaneously.

Staining intensity of PRDM5 was scored as fol-
lows: 0 (negative), 1 (weakly positive), 2 (moder-
ately positive), and 3 (strongly positive). Staining 
percentage of PRDM5 was categorized as fol-
lows: 1 (0-10%), 2 (11-50%), 3 (51-80%), and 4 
(81-100%). The product of the staining intensity 
and percentage scores was marked as the IHC 
score. The final result of IHC analysis of PRDM5 
was quantified using a two level grading system 

based on the IHC score: < 4 suggests low ex- 
pression, while 4-9 suggests high expression.

Statistical analysis

The PRDM5 expression in HCC tissues and cor-
responding non-cancerous tissues was ana-
lyzed with the Wilcoxon nonparametric signed-
rank test. The associations between PRDM5 
expression and clinicopathologic items were 
evaluated by chi-square tests. Univariate and 
multivariate Cox regression models were em- 
ployed to identify prognostic factors that influ-
enced the overall survival. Survival curves were 
produced using the Kaplan-Meier method. For 
all tests, the significance level for statistical 
analysis was set at P < 0.05. All data were ana-
lyzed by performing SPSS 18.0 (SPSS Inc, 
Chicago, IL).

Results

Summary of clinical information of 90 HCC 
patients

The substantial clinical information is summa-
rized in Table 1. A total of 90 HCC patients were 
enrolled from 77 men and 13 women, and the 
mean age of the patients at the time of surgery 
was 54.9 years. There were 53 cases with 
tumor diameter ≥ 5 cm, 36 with tumor diameter 
< 5 cm. Based on the pathological grade classi-si-
fication, 10 patients were in grade 1, 66 
patients were in grade 2 and 14 patients were 
in grade 3. 4 patients suffered portal vein inva-
sion while 36 patients encountered liver cirrho-
sis. The number of patients with T1, T2, T3, T4 
was 42, 33, 11 and 3 respectively. Positive N 
was observed in 1 patient, while positive M was 
also witnessed in 1 patient. According to TNM 
staging system, 43 patients were in stages I-II, 
whereas 43 patients were in stages III-IV. 
Among all the 90 cases, 39 patients survived 
while 51 patients died.

Detection of PRDM5 mRNA expression by 
qPCR test

Total RNA was extracted from 10 HCC tissues 
and the corresponding non-cancerous tissues, 
and then the one-step qPCR was performed to 
detect PRDM5 mRNA expression. When nor-
malizing to GAPDH, the means of PRDM5 mRNA 
in HCC tissues and that of the corresponding 
non-cancerous tissues were 2.20 ± 0.222 and 
3.93 ± 0.422, respectively (t = 3.626, df = 18, 

Figure 1. One-step quantitative real-time polymerase 
chain reaction (qPCR) was performed to detect 
PRDM5 mRNA expression levels in hepatocellular 
carcinoma (HCC) tissues compared with the corre-
sponding non-cancerous tissues. When normalized 
to glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) mRNA levels, the PRDM5 mRNA level in HCC tis-
sues (2.20 ± 0.222) is significantly decreased than 
that in corresponding non-cancerous tissues (3.93 ± 
0.422).
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P = 0.002). PRDM5 expression in the HCC tis-
sues was nearly 1.79-fold lower than that in 
corresponding non-cancerous tissues (Figure 
1).

Detection of PRDM5 protein expression by IHC 
analysis

High PRDM5 expression was observed in 42 
(46.7%) of the 90 HCC tissue samples com-
pared with 57 (63.3%) of 90 corresponding 
non-cancerous tissue samples, and the differ-
ence showed statistically significance (χ2 = 
5.05, P = 0.03). The result of IHC analysis was 
in accordance with the previous qPCR test in 
which lower level of PRDM5 mRNA expression 
was exhibited. High expression of PRDM5 pro-
tein was mainly localized in the cytoplasm of 
HCC cells (Figure 2).

Correlation of PRDM5 expression with the 
clinicopathological items

The association between PRDM5 protein ex- 
pression and representative clinicopathologi-
cal items was illustrated in Table 1. Positive 

PRDM5 expression was significantly related to 
pathological grade (P = 0.014), T (P = 0.001) 
and TNM stage (P = 0.001). In comparison, 
other clinical items, including gender, age, 
tumor size, portal vein invasion, liver cirrhosis, 
N and M barely showed correlation with PRDM5 
protein expression (Table 1).

Survival analysis

The univariate analysis revealed several factors 
that correlated with overall survival of 90 HCC 
patients, including PRDM5 expression (P = 
0.001), tumor size (P = 0.020), pathological 
grade (P = 0.038), T (P = 0.017) and TNM stage 
(P = 0.001). Multivariate analysis further scr- 
eened that PRDM5 expression (P = 0.048) was 
the independent predictors for 90 HCC patients 
(Table 2). Kaplan-Meier survival curves also 
demonstrated that HCC patients with high 
PRDM5 expression encountered significantly 
favorable overall survival (Figure 3).

Discussion

Thus far, seventeen human PRDM members 
have been identified and reported to act tumor 

Figure 2. Representative images of PRDM5 protein expression in hepatocellular carcinoma (HCC) tissues and cor-
responding non-cancerous tissues. (A1-3) Low expression of PRDM5 protein in HCC tissue. (B1-3) High expression 
of PRDM5 protein in HCC tissue. Red arrow shows positive staining in the cytoplasm of cancer cells. (C1-3) Low 
expression of PRDM5 protein in corresponding non-cancerous tissue. (D1-3) High expression of PRDM5 protein in 
corresponding non-cancerous tissue. Green arrow shows positive staining of non-cancerous cells. Original magnifi-
cation × 40 in (A1-D1); × 200 in (A2-D2); × 400 in (A3-D3).
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inhibitory effectiveness. For instance, PRDM1 
plays as a transcriptional repressor of c-MYC 

and induces cell differentiation [23, 24]. 
PRDM2 is believed to possess tumor suppres-
sive activity mediated by PR domain [25, 26]. 
PRDM3 is associated with translocation in 
hematopoietic malignancies and PRDM4 dele-
tion is often witnessed in ovarian, gastric and 
pancreatic cancers [27, 28]. As for PRDM5, 
large number of studies have shown that 
PRDM5 absence is a common molecular event 
during tumorigenesis and the epigenetic inacti-
vation of PRDM5 is witnessed in a broad spec-
trum of solid tumor types including digestive, 
respiratory and gynecologic tumors [29]. A lat-
est study illustrated the decreased expression 
of PRDM5 as well as revealed the potential 
diagnostic and prognostic value of PRDM5 
methylation for lung cancer patients [30]. 
Moreover, Galli et al. constructed a remarkable 
mouse model and proved that knockout of 
PRDM5 critically contributed intestinal carcino-
genesis [31]. To better understand how PRDM5 
exerts its function, several mechanical rese- 
arches have been ongoing. Deng et al. demon-
strated that PRDM5 overexpression could in- 

Table 2. Identification of prognostic factors by univariate and multivariate analysis in HCC
Univariate analysis Multivariate analysis

HR p value 95% CI HR p value 95% CI
PRDM5 expression
    High versus Low 0.38 0.001* 0.213-0.677 0.51 0.048* 0.265-0.998
Gender
    Male versus Female 1.51 0.950 0.643-3.537
Age (years)
    ≥ 60 versus < 60 0.60 0.161 0.290-1.228
Tumour size (cm)
    ≥ 5 versus < 5 2.06 0.020* 1.119-3.804 1.43 0.337 0.690-2.959
Pathological grade
    Grade 1-2 versus Grade 3 0.50 0.038* 0.038* 0.67 0.246 0.340-1.318
Portal vein invasion
    Positive versus Negative 1.06 0.947 0.211-5.278
Liver cirrhosis
    Positive versus Negative 0.71 0.262 0.390-1.292
T
    T1 versus T2 versus T3 versus T4 0.60 0.017* 0.392-0.914 1.14 0.633 0.633
N
    Positive versus Negative 2.92 0.294 0.395-21.659
M
    Positive versus Negative 1.22 0.842 0.168-8.890
TNM stage 
    Stage I-II versus Stage III-IV 0.31 0.001* 0.001* 0.42 0.085 0.156-1.127
*P < 0.05.

Figure 3. Survival analysis of hepatocellular carci-
noma (HCC) patients by Kaplan-Meier curve. Overall 
survival rate in patients with high PRDM5 protein 
expression (green line) was significantly higher than 
that in patients with low PRDM5 expression (blue 
line).
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duce cell cycle arrest and apoptosis of cancer 
cells [15]. Shu et al. and Meani et al. explored 
that Wnt/β-catenin pathway might be a sub-
stantial part of PRDM5 tumor-suppressive 
activity [32, 33]. A recent genomic study also 
elucidated that PRDM5 could interact with 
insulator factors to modulate chromatin organi-
zation of target genome sites [34]. Based on 
the above characteristics of PRDM5, we att- 
empted to verify the relationship between 
PRDM5 expression and various clinicopatho-
logical attributes of HCC, especially the progno-
sis significance of PRDM5.

The qPCR test with small HCC samples illustrat-
ed a substantially lower level of PRDM5 mRNA 
expression in HCC tissues than that in corre-
sponding non-cancerous tissues. Subsequent- 
ly, the results IHC analysis further demonstrat-
ed a statistically decreasing PRDM5 protein 
expression in HCC tissue comparing with that in 
non-cancerous tissues. In addition, the expres-
sion of PRDM5 was significantly correlated with 
several clinical items of HCC, including patho-
logical grade, T and TNM stage. The above 
data, in agreement with results of the previous 
study which verified that PRDM5 expression at 
both mRNA and protein levels was reduced in 
lung cancer tissues and PRDM5 promoter 
methylation was significantly associated with 
certain tumor phenotypes [30].

With regard to the prognostic characteristic of 
PRDM5, both univariate and multivariate analy-
sis exhibited that HCC patients with reduced 
PRDM5 expression suffered worse survival out-
comes than those expressing elevated PRDM5, 
indicating the potential value of PRDM5 in pre-
dicting the prognosis of HCC patients. Kaplan-
Meier curve also displayed that the life span of 
HCC patients with high PRDM5 expression was 
crucially favorable. 

There were some limitations to the present 
study. For one thing, we failed to collect some 
other important clinical information of HBV/
HCV infection status and the value of α- 
Fetoprotein (AFP), factors that are considered 
to be significant components of HCC etiology. 
For another, the number of HCC patients with 
positive N and M in this present study was too 
small hence some negative statistical results 
might need to be further confirmed. Future 
researches that enroll larger samples and 
exhaustive clinical data are necessary.

In summary, this study was the first to detect on 
the differential expression of PRDM5 in HCC, in 
both mRNA and protein level. The results con-
clude that reduced expression of PRDM5 may 
play important roles in the tumorigenesis of 
HCC and PRDM5 may be identified as a novel 
prognostic biomarker in HCC patients. 
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