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Abstract

Aim To investigate clinical significance of retinoic acid-

induced protein 3 (RAI3) in hepatocellular carcinoma

(HCC).

Methods Expression of RAI3 at both mRNA and protein

levels in tumor, para-tumor and normal liver tissues was

detected in 106 HCC patients by real-time quantitative RT-

PCR, Western blot and immunohistochemistry. Then, the

correlation of RAI3 expression with clinicopathological

characteristics and survivals of HCC patients was analyzed.

Results Our data first found that RAI3 mRNA and protein

expression were both significantly higher in HCC than in

para-tumor (both P \ 0.001) and normal liver tissues (both

P \ 0.001). The correlation analysis showed a positive

correlation between RAI3 mRNA level and RAI3 protein

level in HCC tissues (r = 0.8, P \ 0.001). Immunohisto-

chemistry data also revealed that overexpression of RAI3

was present in 73.6 % (78/106) of HCC tissues. In addi-

tion, high RAI3 protein expression was correlated with

advanced TNM stage (P = 0.001), high serum AFP

(P = 0.008), vascular invasion (P = 0.01) and tumor

recurrence (P = 0.008). Moreover, HCC patients with

overexpression of RAI3 had significantly shorter overall

(P = 0.01) and disease-free survival (P = 0.01). Further-

more, multivariate analysis showed that overexpression of

RAI3 was an independent prognostic factor for both overall

(P = 0.02) and disease-free survival (P = 0.03) in HCC.

Conclusion Our data for the first time provide a basis for the

concept that overexpression of RAI3 may contribute to the

malignant progression of HCC and predict poor prognosis for

patients with this deadly disease after curative hepatectomy.

RAI3 might be an important marker for tumor progression and

prognosis, as well as a potential therapeutic target of HCC.

Keywords Hepatocellular carcinoma � Retinoic

acid-induced protein 3 � Clinicopathology � Prognosis

Introduction

Hepatocellular carcinoma (HCC) is the most common primary

hepatic malignancy and ranks the fifth most prevalent malig-

nant tumors worldwide [1]. Although the majority of cases are

still found in Asian Pacific region, recent evidence has shown

that the incidence and mortality rate of HCC are rising in the

United States and in Western Europe [2]. HCC has been the

third leading cause of cancer-related death worldwide.

Although many risk factors, such as hepatitis B or C viral

infections, alcohol consumption and genetic predisposition,

have been identified, the exact molecular mechanisms and
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pathogenic processes underlying hepatocarcinogenesis have

not been fully elucidated. Despite the advancement of diag-

nostic and therapeutic technology in HCC, the mortality of this

tumor is very high, because most patients are in advanced stage

at the time of diagnosis and cannot be treated with radical

hepatectomy [3]. It is therefore critical to identify novel and

effective molecular markers which could give some clues to

understand the mechanism of HCC and develop novel diag-

nostic, therapeutic, and preventive strategies.

Retinoic acid-induced protein 3 (RAI3, also known as

RAIG1 or GPRC5), as a member of G-protein-coupled

receptors (GPCRs) which constitute one of the largest

superfamilies of receptors, was originally identified in 1998

as a retinoic acid (RA)-responsive gene in the human oral

squamous carcinoma cell line, UMSCC-22B, using differ-

ential display [4, 5]. It is characterized by seven transmem-

brane helices, three intracellular loops, three extracellular

loops, an extracellular N-terminus, and an intracellular

C-terminus [6]. Since the discovery of RAI3, another three

members of GPCRs: RAIG2 (also known as GPRC5B),

RAIG3 (also known as GPRC5C) and GPRC5D have been

identified. These four proteins all have a unique tissue spec-

ificity of expression: RAI3 is expressed preferentially in lung

tissue, RAIG2 is predominately localized in tissues of the

central nervous system, RAIG3 expression is mainly found in

a variety of tissues, and GPRC5D is observed principally in

the skin. Recent studies have demonstrated that RAI3 func-

tions as a potential tumor suppressor or oncogene in various

human cancers [7]. For example, Fujimoto et al. [8] found that

RAI3 expression was decreased in non-small-cell lung cancer

and was associated with lung inflammation; Nagahata et al.

[9] implied that the up-regulation of RAI3 may be a frequent

feature of breast carcinogenesis; Cheng et al. [10] indicated

that RAI3 was significantly elevated in gastric cancer tissues

and might be a potential biomarkers for this cancer; Zougman

et al. [11] identified RAI3 overexpression as a prognostic

marker for high recurrence risk of colon cancer. More

recently, Wang et al. [12] identified another RAI protein—

RAI16 as a tumor marker for HCC. However, the roles of

RAI3 in HCC carcinogenesis have not been elucidated.

To confirm the potential value of RAI3 in human HCC,

we performed real-time quantitative RT-PCR (qRT-PCR)

and Western blot to determine the expression of RAI3 in

HCC samples, and evaluated their relationship to clinical

features and prognosis of HCC patients.

Materials and methods

Patients and tissue samples

The study was approved by the Research Ethics Committee

of Fourth Military Medical University and the 302nd

Hospital of PLA, China. Informed consent was obtained

from all of the patients. All specimens were handled and

made anonymous according to the ethical and legal

standards.

Fresh tissue samples of tumor, para-tumor (defined as

B2.0 cm distance from tumor edge) and normal (defined as

[2.0 cm distance from tumor edge) liver tissues were

collected from 106 HCC patients who underwent curative

hepatectomy between April 2001 and May 2009 at Xijing

Hospital, the 302nd Hospital of PLA and Tangdu Hospital.

The criteria for curative hepatectomy were defined as

complete resection of the tumor without macroscopic evi-

dence of residual tumor. All patients were confirmed by

histological diagnosis. None of the patients received pre-

operative anticancer treatment. One hundred and six

patients with HCC included 78 male and 28 female, with a

median age of 52 years old (mean ± SD 52.1 ± 14.8,

range 31–72). Preoperative liver function was evaluated by

the Child–Pugh score system. Tumor stage was determined

according to the tumor-node-metastasis (TNM) classifica-

tion system of the International Union against Cancer (2002).

Tumor differentiation was graded by the Edmondson–

Steiner classification system. The clinicopathological fea-

tures of the patients are summarized in Table 1. The fresh

tissue samples were immediately immersed in RNAlater

(Ambion, Inc., USA) after surgical resection, stored at 4 �C

overnight to allow thorough penetration of the tissue and

then frozen at -80 �C until use.

Follow-up usually included serum a-fetoprotein (AFP)

level, abdominal ultrasonography, and chest radiography

every 1–3 months after curative hepatectomy, and was

completed in December 2012. The follow-up time for these

patients ranged from 2 to 65 months with a median follow-up

time of 26 months. When tumor recurrence was suspected,

computed tomography scan or/and magnetic resonance

imaging scan was performed to confirm the diagnosis.

Overall survival was defined as the interval between the date

of surgery and the date of death. Disease-free survival was

defined as the interval between the date of surgery and the

date when recurrence was diagnosed or to the date of the last

follow-up.

Real-time quantitative RT-PCR

Total RNA was extracted from frozen tissues using TRIzol

reagent (Invitrogen, USA) according to the manufacturer’s

instruction. The integrity of all tested total RNA samples

was verified using a Bioanalyzer 2100 (Agilent Technol-

ogies). Reverse transcription (RT) was performed with

2 lg of total RNA. cDNA was synthesized from the RNA

by M-MLV Reverse Transcriptase (Promega, USA) with

random primers (Promega, USA) in a 20 ll volume. Real-

time PCR amplifications were performed using ABI
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PRISM 7900HT instruments (Applied Biosystems) in a

total volume of 10 ll with the following amplification

steps: an initial denaturation step at 94 �C for 80 min,

which was followed by 40 cycles of denaturation at 95 �C

for 15 s and elongation at 60 �C for 1 min. Primers for

RAI3 and GAPDH were listed in Table 2. The relative

expression level of the RAI3 in HCC was normalized

against the endogenous GAPDH using the comparative

threshold cycle (2-DDCt) method.

Western blot analysis

Fresh tissues from HCC patients were homogenated in a

RIPA lysis buffer and centrifuged at 20,0009g for 60 min

at 4 �C to pellet any precipitate. The protein concentration

of the lysate was determined by the BCA assay. For

Western blot analysis, 20 lg of the protein extracts were

loaded onto 12 % SDS-PAGE and transferred to PVDF

membranes (GE healthcare, USA). After being blocked

with 5 % milk for 1 h at room temperature, the membranes

were then incubated overnight at 4 �C with anti-RAI3

(1:150) (#ab71121, Abcam, Cambridge, MA, USA) or anti-

GAPDH (1:1,000) (Santa Cruz Biotechnology, USA)

antibodies. After being washed three times, the protein

bands were developed by ECL. To confirm equal loading,

GAPDH antibody was used as a control.

Immunohistochemistry analysis

Immunohistochemical staining was carried out following

the protocol of our previous study [13]. The primary anti-

body against RAI3 (#ab71121, Abcam, Cambridge, MA,

USA, dilution 1:500) was used. Secondary antibody for the

detection of primary antibody: anti-rabbit IgG (Sigma, St.

Louis, MO, USA). The negative controls were processed in

a similar manner with PBS instead of primary antibody.

Further, positive RAI3 expression confirmed by Western

blotting was used as positive controls for immunostaining.

Following a hematoxylin counterstaining, immuno-

staining was scored by two independent experienced

pathologists, who were blinded to the clinicopathological

parameters and clinical outcomes of the patients. The

scores of the two pathologists were compared and any

discrepant scores were trained by re-examining the stain-

ings by both pathologists to achieve a consensus score. The

number of positive-staining cells showing immunoreac-

tivity on the membrane for RAI3 in ten representative

microscopic fields was counted and the percentage of

positive cells was calculated. The percentage scoring of

Table 2 Primer sequences for PCR

Gene name Forward primer (50?30) Reverse primer (50?30) Amplicon size (bp)

RAI3 TGCTCACAA AGCAACGAA AC TGGTTCTGCAGCTGA AAATG 107

GAPDH CTCCTCCTGTTCGAC AGTCAGC CCCAATACGACCAAATCCGTT 141

Table 1 Association of RAI3 expression with the conventional

clinicopathological characteristics in 106 patients with HCC

Factor No. RAI3 expression (n, %) P

Low High

Gender

Male 78 34 (43.6) 44 (56.4) NS

Female 28 14 (50.0) 14 (50.0)

Age at diagnosis 53.1 ± 9.9 51.7 ± 8.3 NS

Etiology

HBV infection 60 30 (50.0) 30 (50.0) NS

HCV infection 34 12 (35.3) 22 (64.7)

Alcohol 12 6 (50.0) 6 (50.0)

Background liver pathology

Normal liver 10 5 (50.0) 5 (50.0) NS

Chronic hepatitis 36 18 (50.0) 18 (50.0)

Liver cirrhosis 60 25 (41.7) 35 (58.3)

Tumor size (cm)

B5 65 28 (43.1) 37 (57.9) NS

[5 41 20 (48.8) 21 (51.2)

TNM stage

I 60 38 (63.3) 22 (36.7) 0.001

II–III 78 10 (12.8) 68 (87.2)

Serum AFP

Positive 62 22 (35.5) 40 (64.5) 0.008

Negative 44 26 (59.1) 18 (40.9)

Child–Pugh

A 66 28 (42.4) 38 (57.6) NS

B 40 20 (50.0) 20 (50.0)

Venous invasion

Negative 48 26 (54.2) 22 (45.8) 0.01

Positive 58 22 (37.9) 36 (62.1)

Tumor recurrence

No 40 24 (60.0) 16 (40.0) 0.008

Yes 66 24 (36.4) 42 (63.6)

Tumor differentiation

I–II 43 18 (41.9) 25 (58.1) NS

III–IV 63 30 (47.6) 33 (52.4)

Bold P values refer to the difference between groups with statistic

significance

NS refers to the difference between groups has no statistic significance
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immunoreactive tumor cells was as follows: 0 (0 %), 1

(1–10 %), 2 (11–50 %) and 3 ([50 %). The staining

intensity was visually scored and stratified as follows: 0

(negative), 1 (weak), 2 (moderate) and 3 (strong). A final

score was obtained for each case by multiplying the per-

centage and the intensity score. Therefore, tumors with a

multiplied score exceeding 4 (median of total scores for

RAI3) were deemed to be high expressions of RAI3; all

other scores were considered to be low expressions of

RAI3.

Statistical analysis

SPSS13.0 software for Windows (SPSS Inc, USA) was

used for statistical analysis. Continuous variables were

expressed as X � s. Paired student t test was used to

compare the expression levels of RAI3 between tumor and

para-tumor, tumor and normal liver tissues. The Spearman

rank correlation coefficient was also used to assess the

significance of the correlation between mRNA and protein

levels of RAI3 expression. The v2 test was performed to

analyze the correlation between RAI3 protein expression

and clinicopathological parameters. The Kaplan–Meier

method (the log-rank test) was used for survival curves.

Cox regression model with stepwise manner (forward,

likelihood ratio) was utilized to perform a multivariate

analysis. The P values of \0.05 were considered to be

statistically significant.

Results

Overexpression of RAI3 at mRNA and protein levels

in HCC

The expression of RAI3 at mRNA and protein levels were

detected and analyzed in all fresh tissues from 106 HCC

patients. The qRT-PCR results showed that the expression

level of RAI3 mRNA were significantly higher in tumor

tissue than those in para-tumor tissue and normal liver

tissue (both P \ 0.001; Fig. 1a; Table 3). The differences

between para-tumor and normal liver tissues had no sta-

tistical significance. In addition, the Western blot analysis

of RAI3 protein also showed that the expression of RAI3

protein were significantly higher in tumor tissue than those

in para-tumor tissue (P \ 0.001; Table 3) and in normal

Fig. 1 Expression of RAI3 at mRNA (a) and protein (b) levels in

tumor (HCC), para-tumor (para) and normal liver (N) tissues.

a Representative real-time RT-PCR results of two cases (left) and

the relative quantitation of RAI3 mRNA expression (right); b repre-

sentative Western blot results of two cases (left) and the relative

quantitation of RAI3 protein expression (right)
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liver tissue (P \ 0.001; Fig. 1b; Table 3). In order to detect

the subcellular localization of RAI3 protein in HCC tissues,

immunohistochemistry assay was performed in all 106

HCC tissues and the corresponding para-tumor and normal

liver tissues. Results revealed that RAI3 expression was

mainly present in the cytoplasm of cancer cells (Fig. 2).

The overexpression of RAI3 was present in 73.6 % (78/

106) of HCC tissues.

The Spearman rank correlation analysis showed that the

expression level of RAI3 mRNA was closely correlated

with that of RAI3 protein (Spearman’s r = 0.8,

P \ 0.001). Therefore, we chose the expression level of

RAI3 protein to analyze its relationship with clinicopath-

ological characteristics and prognosis in HCC patients.

Association of RAI3 expression

with the clinicopathologic characteristics of HCC

In order to analyze the association of RAI3 expression with

various clinicopathologic characteristics of HCC patients,

we divided 106 HCC patients into four groups according to

the expression levels of RAI3 protein. HCC patients

expressing RAI3 protein at levels less than the median

expression level (1.1) were assigned to the low RAI3

expression group (mean expression value 0.9, n = 48), and

those samples with expression equal or above the median

value were assigned to the high RAI3 expression group

(mean expression value 1.3, n = 58). As shown in Table 1,

the overexpression of RAI3 protein was significantly cor-

related with advanced TNM stage (P = 0.001), high serum

AFP (P = 0.008), vascular invasion (P = 0.01) and tumor

recurrence (P = 0.008). There was no significant differ-

ence in age, sex, etiology, background liver pathology,

Child–Pugh, tumor size, tumor differentiation between the

patients’ groups.

Association of RAI3 expression with prognosis

in patients with HCC

The association of RAI3 expression in HCC with the sur-

vival of all 106 HCC patients was analyzed with Kaplan–

Meier survival analysis. Patients with overexpression of

RAI3 were likely to be with significantly shorter overall

survival (P = 0.01; Fig. 3a) and disease-free survival

(P = 0.01; Fig. 3b).

Then, we evaluated the expression of RAI3, and other

clinicopathologic characteristics on prognosis of HCC

using univariate analyses. Results as shown in Table 4

indicated that the expression of RAI3 (both P = 0.01),

TNM stage (both P = 0.001), serum AFP level

(P = 0.01 and 0.02, respectively) and tumor recurrence

(P = 0.02 and 0.04, respectively), were significantly

associated with overall survival and disease-free survival

of HCC patients.

Furthermore, the expression of RAI3, and those clini-

copathologic characteristics significant in univariate anal-

ysis (TNM stage, serum AFP level and tumor recurrence)

were further evaluated in multivariate analysis. Results as

shown in Table 5 suggested that the expression of RAI3

(for overall survival: HR 9.1, 95 % CI 1.0–18.8, P = 0.02;

for disease-free survival: HR 8.5, 95 % CI 0.8–17.2,

P = 0.03) was an independent predictor for overall sur-

vival and disease-free survival of HCC patients.

Fig. 2 Representative immunohistochemical staining of RAI3 in

HCC, para-tumor and normal liver tissues. a Overexpression of RAI3

in HCC tissues, RAI3 immunostaining was predominantly located in

cytoplasm of tumor cells (9400); b low expression of RAI3 in para-

tumor tissues (9400); c negative expression of RAI3 in normal liver

tissues (9400)

Table 3 Relative expression levels of RAI3 mRNA and protein in

HCC tissues

Tissue type RAI3 (X � s)

mRNA Protein

HCC 1.1 ± 0.6*,# 1.0 ± 0.6*,#

Para-tumor 0.6 ± 0.2 0.6 ± 0.2

Normal 0.4 ± 0.3 0.5 ± 0.3

* P \ 0.001, comparison with para-tumor tissues; # P \ 0.001,

comparison with normal liver tissues
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Discussion

HCC is resistant to conventional chemotherapy and is

rarely amenable to radiotherapy, leaving this disease with

no effective therapeutic options and a very poor prognosis.

Thus, it is necessary to discover biological markers useful

for HCC diagnosis and prognostic prediction to provide

scientific guidance to clinical management. In the present

study, we examined RAI3 expression profiles and its cor-

relations with clinicopathologic parameters and prognosis

in HCC. Our data revealed that both mRNA and protein

levels of RAI3 were significantly higher in HCC tissues

than in the corresponding para-tumor tissues and normal

liver tissues, suggesting that the overexpression of RAI3

may play an important role in tumorigenic process of HCC.

Fig. 3 Kaplan–Meier survival curves for RAI3 expression (a for overall survival, b for disease-free survival) in HCC tissues

Table 4 Univariate analysis of

different prognostic factors in

106 HCC patients

Bold P values refer to the

difference between groups with

statistic significance

NS difference between groups

has no statistic significance, CI

confidence interval, HR hazard

ratio

Factors Overall survival Disease-free survival

HR (95 % CI) P HR (95 % CI) P

Gender 0.2 (0.01–3.0) NS 0.2 (0.02–3.0) NS

Age at diagnosis 0.3 (0.06–3.8) NS 0.4 (0.06–4.0) NS

Background liver pathology 1.2 (0.5–3.6) NS 1.1 (0.3–3.7) NS

Tumor size (cm) 0.6 (0.1–1.5) NS 0.6 (0.1–1.3) NS

TNM stage 20.3 (3.6–53.2) 0.001 19.6 (3.0–48.1) 0.001

Serum AFP 11.2 (1.5–23.6) 0.01 9.8 (1.2–20.2) 0.02

Child–Pugh 1.1 (0.2–4.3) NS 1.2 (0.1–3.8) NS

Venous invasion 4.3 (1.6–9.8) NS 4.1 (1.0–8.7) NS

Tumor recurrence 9.1 (1.2–19.6) 0.02 7.3 (0.7–16.8) 0.04

Tumor differentiation 0.2 (0.01–2.4) NS 0.2 (0.01–2.5) NS

SOCS2 expression 11.9 (1.6–23.2) 0.01 11.3 (1.6–23.8) 0.01

Table 5 Multivariate analysis of different prognostic factors in 106

HCC patients

Factors Overall survival Disease-free survival

HR (95 % CI) P HR (95 % CI) P

TNM stage 16.2 (2.1–34.2) 0.005 17.6 (2.2–38.7) 0.005

Serum AFP 9.3 (1.0–19.6) 0.02 8.8 (1.0–18.2) 0.02

Tumor

recurrence

7.1 (0.8–15.3) 0.04 5.0 (0.6–11.8) NS

SOCS2

expression

9.1 (1.0–18.8) 0.02 8.5 (0.8–17.2) 0.03

Bold P values refer to the difference between groups with statistic

significance

NS difference between groups has no statistic significance, CI con-

fidence interval, HR hazard ratio
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To our knowledge, this is the first study to analyze RAI3

expression in HCC at both mRNA and protein levels.

RAI3 is an orphan GPCR homologous to glutamate

receptors and is localized at the plasma membrane and in

intracellular vesicles [14]. RAI3 mRNA is expressed at

high levels in normal lung and at low levels in other normal

tissues such as liver, kidney, placenta, pancreas, colon,

testis and ovary [15]. Although RAI3 is thought to regulate

cell proliferation, to date the exact molecular function is

unknown and is a matter of some controversy. Recent

studies have indicated that RAI3 acts as a potential tumor-

suppressor gene because of its presumed regulation by

retinoids, which are derivatives of vitamin A and are potent

anti-tumor agents by inducing cell differentiation [16].

Retinoids play important roles in binding and activating

specific retinoic acid and retinoic X receptors that, fol-

lowing activation by ligand binding, localize to the nucleus

where they regulate gene transcription [17]. Retinoids also

influence tumorigenesis and exert significant therapeutic

and preventative effects on tumors [18]. In a further study,

RAI3 has been demonstrated to be a growth-promoting

gene that may be involved in cell cycle regulation with a

peak expression in G1 phase, as analyzed in the human

cervical epithelial tumor cell line [19, 20]. The growth-

promoting effect of RAI3 is further underlined by the

finding that RAI3 is a p53-transcriptional target gene [21].

These prompted us to examine the involvement of RAI3 in

HCC.

Our observation showed that the increased expression of

RAI3 in HCC was positively correlated with advanced

TNM stage, high serum AFP, vascular invasion and tumor

recurrence. Moreover, patients with high RAI3 expression

had significantly worse overall and disease-free survival

when compared with patients with low expression of RAI3.

Multivariate analysis demonstrated that among the factors

analyzed, RAI3 expression was an independent prognostic

factor for overall and disease-free survival in patients with

HCC. Meanwhile, TNM stage, serum AFP and tumor

recurrence were all independent prognostic factors for

overall survival; while TNM stage and serum AFP were

independent prognostic factors for disease-free survival.

These results clearly demonstrated that RAI3 overexpres-

sion is associated with poor progression and unfavorable

clinical outcome of HCC. RAI3 expression at both mRNA

and protein levels could be used as an additional tool in

identifying those patients at risk of HCC progression.

In conclusion, our data for the first time provide a basis

for the concept that overexpression of RAI3 may contribute

to the malignant progression of HCC and predict poor

prognosis for patients with this deadly disease after cura-

tive hepatectomy. RAI3 might be an important marker for

tumor progression and prognosis, as well as a potential

therapeutic target of HCC. The current results are based on

a cohort of Chinese HCC patients. Therefore, other HCC

cohorts should be used for further confirmation.
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