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Abstract
AIM: To investigate the expression and clinical signifi-
cance of Wnt member 5a (Wnt5a) and receptor tyro-
sine kinase-like orphan receptor 2 (Ror2) in hepatocel-
lular carcinoma (HCC).

METHODS: HCC tissues obtained from 85 patients 
were examined the mRNA expression of Ror2 by real-
time reverse transcription polymerase chain reaction 
and the protein expressions of Wnt5a, Ror2, β-catenin 
and Ki-67 via  immunohistochemical staining. The cor-
relation between protein expression and HCC patients’ 
clinicopathology data and prognoses were analyzed.

RESULTS: Compared to nontumorous (hepatitis or cir-
rhotic) tissues, Ror2 mRNA expression was clearly de-

creased in HCC. Ror2 and Wnt5a protein expressions in 
the majority of HCC patients (63% and 77%, respec-
tively) was significantly less in tumor tissues, as com-
pared to adjacent nontumorous tissues, and this reduc-
tion was correlated with increasing serum α-fetoprotein 
and tumor stage. In 68% (58/85) of the HCC cases, 
the expression of β-catenin in tumor tissues was either 
downregulated in the cellular membrane, upregulated 
in the cytoplasm, or both. Survival analysis indicated 
that Wnt5a and Ror2 protein expressions could be re-
garded as independent prognostic factors for HCC; HCC 
patients with decreased Wnt5a or Ror2 protein expres-
sion had a poorer prognosis than those with elevated 
Wnt5a and Ror2 expression (P  = 0.016, P  = 0.007, re-
spectively).

CONCLUSION: Wnt5a and Ror2 may serve as tumor 
suppressor genes in the development of HCC, and may 
serve as clinicopathologic biomarkers for prognosis in 
HCC patients.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most fre-
quently occurring tumors worldwide. It develops mostly 
in cirrhotic livers, and risk factors include chronic infec-
tion by the hepatitis B and C viruses (HBV and HCV), as 
well as nonviral liver diseases[1,2]. Unfortunately, the cel-
lular mechanisms of  hepatocarcinogenesis remain poorly 
understood. Recent advances have shown that apart from 
autocrine stimulation by growth factors such as insulin-
like growth factor-Ⅱ and transforming growth factor-α, 
the dysregulation of  at least four different growth regula-
tory pathways is frequently involved in hepatocarcinogen-
esis[3,4]. These signaling pathways include the retinoblasto-
ma, the transforming growth factor-β, the tumor protein 
53, and the wingless-type murine-mammary-tumor virus 
integration site family (Wnt). These pathways also inter-
fere with each other at different levels[2,5,6].

The Wnt family of  genes encodes a large and diverse 
group of  signaling molecules involved in the patterning, 
proliferation, and differentiation of  a variety of  organs 
and cell types[7,8]. The Wnt ligand binds to its recep-
tor Frizzled and the low-density lipoprotein receptor-
related proteins (Lrp) 5 and 6 to activate the canonical 
Wnt/β-catenin signaling pathway, or functions through 
β-catenin-independent (noncanonical) pathways which 
include the planar cell polarity and Wnt/Ca2+ path-
ways[9]. Wnt ligands are typically classified into canoni-
cal and non-canonical Wnts by the pathways they work 
through[9-11].

The Wnt member 5a (Wnt5a) is one of  the most 
highly investigated non-canonical Wnts and has been 
implicated in almost all aspects of  non-canonical Wnt 
signaling[12-14]. In terms of  cancer developmental research, 
Wnt5a has lived in the shadow of  its better-characterized 
relatives. This was largely because of  its apparent in-
ability to transform cells or signal through the canonical 
β-catenin pathway that is so important in cancer[15-18]. 
Recent work with a wide of  human tumors has indicated 
that Wnt5a has a critical role in malignant progression, 
but there is conflicting evidence as to whether that role 
is tumor-promoting or tumor-suppressing[17-22]. We have 
shown that Wnt5a has a tumor suppressing effect in 
HCC and is probably associated with HBV infection[23,24]. 
Emerging evidence suggests that the functions of  Wnt5a 
can be drastically altered depending on the availability of  
key receptors[17,18,25]. It was recently reported that an alter-
native Wnt receptor, receptor tyrosine kinase-like orphan 
receptor 2 (Ror2), an orphan tyrosine kinase, mediates 
Wnt5a-initiated noncanonical signaling and is required 
for the Wnt5a-mediated inhibition of  canonical signal-
ing[25,26]. 

The Ror2 receptor belongs to the receptor tyrosine 
kinase superfamily[25]. This large protein family is in-
volved in regulating diverse cellular processes such as the 
cell cycle, cell migration, proliferation and differentia-
tion[27]. In addition, the Ror2 protein and its homolog 
Ror1 play essential roles during development. Mutations 
of  the Ror2 receptor, resulting in protein misfolding or 

premature truncation, have been associated with human 
diseases such as dominant Brachydactyly type B and re-
cessive Robinow syndrome[28]. Currently, investigations 
to elucidate the role of  Ror2 in cancer have shown para-
doxical results, indicating that Ror2 was overexpressed 
in oral and renal cell cancer and metastatic melanoma, 
but downregulated in colon cancer[29-31]. These different 
effects appear to be dependent on the cancer type and 
signaling pathway[32].

Here, we investigate the expression and clinical sig-
nificance of  Ror2, Wnt5a and β-catenin in HCC.

MATERIALS AND METHODS
Patients and specimens
We collected tumors from 85 consecutive patients who 
had undergone surgery for HCC at the Jinan Military 
General Hospital from January 2006 to September 2010. 
The Ethics Committee of  the Jinan Military General 
Hospital approved the protocol of  this study. Among the 
85 patients, 55 had serum α-fetoprotein (AFP) ≥ 30 μg/L, 
and 73 were sera positive for hepatitis B surface antigen 
(HBsAg). On gross examination, 3 cases had tumor sizes 
that were ≤ 2 cm, and 82 had tumor sizes > 2 cm (median 
tumor size, 6.1 cm; range, 1.0-16 cm). Histopathological 
diagnoses were made according to the pathological clas-
sification system of  the World Health Organization (2000), 
and the tumor was staged following the tumor-node-me-
tastasis classification of  the International Union Against 
Cancer[33]. Nine cases were well differentiated; 60 cases 
were moderately differentiated; and 16 cases were poorly 
differentiated. In total, 56 HCC cases had liver cirrhosis; 
25 cases had chronic hepatitis; and 4 cases had basically 
normal liver tissue. We also collected 3 cases of  lung me-
tastasis. Furthermore, tissues of  comparative normal liver 
obtained during surgery for liver cholelithiasis (n = 3) and 
HBV-infected liver biopsies (n = 5) were studied. 

Nineteen of  the 85 cases included chronic (n = 8) and 
cirrhotic (n = 11) HCC. From these, fresh tissues were 
obtained immediately after resection, including HCC tu-
mor and adjacent nontumorous liver tissues. In addition, 
normal liver tissues (n = 3) with no HBV infection were 
obtained during surgery for liver cholelithiasis. In these 
22 cases, one portion of  the fresh tissue was snap frozen 
in liquid nitrogen immediately and stored at -80 ℃; the 
remainder portion was fixed in 10% buffered formalin 
and embedded in paraffin.

The available patient clinicopathological information 
included gender, age, serum AFP, serum HBsAg, tumor 
size, tumor stage, histological grade and cancer-specific 
survival time.

Extraction of RNA and real-time reverse transcription-
polymerase chain reaction
Total RNA was extracted from 10-mm frozen HCC tis-
sue sections. To isolate the RNA from defined areas 
containing ≥ 80% tumor cells, all tumors were manually 
microdissected under direct visual control through a dis-
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secting microscope. Total RNA in the frozen tissues was 
extracted using Trizol (Invitrogen) following the manu-
facturer’s recommendations. Total RNA was digested 
with DNase I (Invitrogen) and was used for the first-
strand cDNA reaction. The reaction mixture consisted 
of  5 μg of  DNase I-treated RNA, 1 �� ������������������ ×�������������������   reverse transcrip-
tase buffer, 2.5 mmol dNTP mix, 3.5 μmol oligo primer, 
and 2.5 U/mL MultiScribe™ reverse transcriptase (PE 
Applied Biosystems). Each sample was handled using the 
same protocol, with the exception that reverse transcrip-
tase was added to exclude the presence of  interference 
from genomic DNA.

Real-time reverse transcription polymerase chain re-
action (qRT-PCR) was carried out using SYBER green 
dye in a Rotor Gene 3000 Detection System (Corbett 
Research, Sydney, Australia). Each SYBER green reaction  
(25 μL) contained one microliter diluted cDNA and 10.5 
μL SYBR Green PCR Master Mix, as well as 5 pmol 
forward and reverse primer (Ror2: forward 5’-AGGT-
GCCTATGCAAGTTCA-3’, reverse 5’-TGTGCGAG-
GTTTAAGGTCTA-3’). Samples were activated by 
incubation at 95 ℃ for 5 min and denatured at 95 ℃ for 
20 s. This was followed by annealing at 60 ℃ for 20 s and 
extension at 72 ℃ for 20 s, for 40 cycles. In all of  the 
cDNA samples, gene expressions of  Ror2 and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) (forward 
5’-GAAGGTGAAGGTCGGAGTC-3’; reverse 5’-GAA-
GATGGTGATGGGATTTC-3’), an internal quantitative 
control, were determined by SYBR green fluorescence 
using the Rotor-Gene 3000; the ratios of  Ror2 to the 
housekeeping gene GAPDH represented the normalized 
relative levels of  Ror2 expression. A non- template nega-
tive control was also included in each experiment. Analy-
ses of  all tumor samples were carried out at least twice, 
and the mean value was calculated. 

Immunohistochemistry
Immunohistochemical staining was performed on thin 
sections (4 μm) of  paraffin-embedded archival tissue. 
The samples were dewaxed with xylene/ethanol before 
antigen retrieval (i.e., pressure cooked for one minute 
at full pressure, 15 psi, in 0.001 mol/L EDTA buf-
fer, pH 8.0). The primary antibodies used were: Wnt5a 
(LS-C47384, Lifespan, 1:200), Ror2 (PAB3386, Abnova, 
1:200), β-catenin (C19220, BD Transduction Laborato-
ries, 1:400) and Ki-67 (MIB-1, Dako, 1:100). Immuno- 
histochemical staining of  antibodies was done using the 
Dako Envision Plus System (K5007, Dako). The anti-
body binding was visualized with 3, 3�������������������’������������������-diaminobenzidine 
tetrahydrochloride (DAB) before brief  counterstaining 
with Mayer’s hematoxylin. For monoclonal antibodies of  
mouse origin, negative controls were obtained using iso-
typic mouse immunoglobulin in the same dilution as the 
primary antibody of  concern. All control experiments 
gave negative results.

Evaluation of immunostaining
Two authors (Cao YC and Jiang H) who had no knowl-

edge of  the patients’ clinical status reviewed all of  the 
immunostained sections. Cases with discrepant results 
were re-evaluated jointly until agreement was reached. 
For expression of  Wnt5a, Ror2 and β-catenin protein, in 
cases with multiple areas of  low intensity that occurred 
during evaluation of  immunostaining, five areas were se-
lected at random and scored. 

The degree of  immunohistochemical staining was 
recorded using a semi- quantitative and subjective grad-
ing system that considered both the intensity of  staining 
and the proportion of  tumor cells that had an unequivo-
cal positive reaction. Grades for stain intensity were: 0: 
No staining; 1: Weak staining; 2: Positive staining; and 3: 
Strong staining. For rating stained areas: 0: No staining; 
1: Positive staining in < 10% of  tumor cells; 2: Positive 
staining in 10% to 50% of  tumor cells; 3: Positive stain-
ing in > 50% of  tumor cells. The staining index was cal-
culated as the staining intensity multiplied by the positive 
area. 

Ki-67-positive cells were counted by viewing ≥ 200 
HCC cells from ≥ 10 randomly selected fields. The 
percentage of  antigen-positive nuclei among the total 
number of  nuclei counted was calculated to obtain the 
nuclear labeling index (LI). 

In the subsequent statistical analysis, the cutoff  points 
for the staining index categories were mainly based on 
median values, as well as each marker’s frequency distri-
bution curve and the size of  the subgroups. Therefore, 
cytoplasmic Wnt5a and Ror2 and membranous β-catenin 
staining indices were categorized by their median value 
as high (> 4) or low (0-4), and the cytoplasmic β-catenin 
staining index was categorized as high (> 3) or low (0-3). 
However, nuclear β-catenin expression was categorized 
based on the absence (staining index = 0) or presence 
(staining index ≥ 1) of  staining. The Ki-67 labeling in-
dices were divided into two groups (LI < 10% and LI ≥ 
10%).

Follow-up and statistical analysis
To determine the prognostic factor, the outcome of  the 
82 patients was determined by reviewing their medical 
charts. The follow-up period ranged from one to 54 mo 
(average: 31.3 mo; median: 27.0 mo). The end point in 
the analysis was HCC-related death. The overall and dis-
ease-free survival rates were estimated using the Kaplan-
Meier method and compared with the log-rank test. The 
prognostic analysis was carried out with univariate and 
multivariate Cox regressions models. 

The differences in Ror2 mRNA expression between 
HCC and nontumorous liver tissue was statistically an
alyzed using Student’s t-test and one-way analysis of  
variance (ANOVA) for multiple comparisons. The corre
lations between the clinicopathological parameters and 
Wnt5a, Ror2 and β-catenin protein expression were ana-
lyzed using the χ2 or Fisher’s exact tests. 

Pearson’s correlation was used to determine the cor-
relation between mRNA and protein expression, as well 
as between the expressions of  different proteins. All sta-
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tistical calculations were carried out using SPSS software 
(for Windows, version 13.0). A significant difference was 
defined at P < 0.05. 

RESULTS
Ror2 gene and protein expression in hepatocellular 
carcinoma 
The Ror2 gene (mRNA) expression levels relative to that 
of  GAPHD in normal, HCC, chronic hepatitis, cirrhotic 
liver and adjacent nontumorous liver tissues are shown 
in Figure 1. Ror2 mRNA levels were elevated in chronic 
hepatitis (5.420 ± 5.492, n = 11) and cirrhotic liver tissues 
(6.128 ± 5.252, n = 8) compared to that of  normal (3.381 
± 1.182, n = 3) and HCC (3.189 ± 3.856, n = 19). Based 
on Student’s t-test, statistically significant differences were 
found between the Ror2 mRNA levels in HCC vs adja-
cent nontumorous (chronic hepatitis or cirrhotic) liver tis-
sues (P = 0.029), but not between HCC and normal liver 
tissues (P = 0.934) or normal and adjacent nontumorous 
liver tissues (P = 0.094). The Ror2 mRNA level in mod-
erately and poorly differentiated tumor tissues (n = 16) 
was greater by 7.2-fold (P = 0.014) than the level in well-
differentiated tumor tissues (n = 3). No significant dif-
ferences were found between Ror2 gene expression levels 
and other clinicopathological findings such as age, serum 
AFP concentration, tumor size, and HCC tumor stage.

Immunohistochemistry was performed to evaluate 
Ror2 protein expression in tumor and non-tumorous liv-
er cells. In non-tumorous liver cells and HCC tumor cells, 
Ror2 protein expression was displayed in the cytoplasm, 
but in stromal cells Ror2 protein was not observed. In 
comparative normal liver cells Ror2 was negative or weak
ly expressed (Figure 2A and B), whereas all chronic hepa-
titis, cirrhotic, and dysplastic liver cells exhibited positive 
immunostaining for Ror2 (Figure 2C and D), In 62/85 
(72.9%) of  the HCCs, Ror2 immunostaining was reduced 
or absent (Figure 2E and F). 

A significant correlation was found between the nor
malized Ror2 gene expression ratio and the protein ex-
pression level in normal, tumor and non-tumorous liver 
tissues (r = 0.254, P = 0.021). Furthermore, statistical 
comparisons between Ror2 mRNA expression and pa-
tients’ clinicopathological features revealed a significant 
negative association between Ror2 mRNA and tumor 
stage (P < 0.001), and between Ror2 mRNA and serum 
AFP (P < 0.001). However, there were no significant dif-
ferences between Ror2 protein expression and the other 
clinicopathological findings in HCC (Table 1).

Wnt5a protein expression in hepatocellular carcinoma
Wnt5a protein expression was observed in the cytoplasm 
of  non-tumorous liver and tumor cells, but nowhere in 
stromal cells. There was little or no Wnt5a seen in normal 
liver cells. However, all chronic hepatitis, cirrhosis and 
dysplastic liver cells exhibited strong positive immunos-
taining for Wnt5a. In contrast, in 65/85 (76.5%) of  HCC 
patients, Wnt5a immunostaining was reduced or absent 
compared to the levels in adjacent nontumorous (hepatitis 
and cirrhotic) tissues (Figure 3A). There was a significant 
negative correlation between Wnt5a expression and tu-
mor stage (P < 0.001), and between Wnt5a and serum 
AFP (P = 0.016). However, there were no significant 
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Figure 1  Real-time reverse transcription-polymerase chain reaction analy-
sis of Ror2 gene (mRNA) expression in hepatocellular carcinoma, chronic 
hepatitis, cirrhotic and normal liver tissue. Ror2: Receptor tyrosine kinase-like 
orphan receptor 2; HCC: Hepatocellular carcinoma; GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase; Bars: mean; Columns: SD; N: Normal; CH: Chronic 
hepatitis; CC: Cirrhosis; M, P, W: Moderately, poorly, and well differentiated tumor 
tissues, respectively. 

Table 1  The relationship between receptor 2 expression and 
clinicopathological features in hepatocellular carcinomas

Variables n Ror2 
immunoreactivity

  P

Low High

Gender    0.890
   Male 77 56 21
   Female   8   6   2
Age (yr)    0.725
   < 53 (median) 38 27 11
   ≥ 53 47 35 12
Serum AFP level (μg/L) < 0.001
   < 30 30 14 16
   ≥ 30 55 48   7
HBsAg    0.862
   Positive 73 53 20
   Negative 12   9   3
Tumor size (cm)    0.116
   ≤ 2   3   1   2
   > 2 82 61 21
Histological grade    0.090
   Well differentiated   9   7   2
   Moderately differentiated 60 40 20
   Poorly differentiated 16 15   1
Liver cirrhosis    0.553
   Present 56 42 14
   Absent 29 20   9
T classification < 0.001
   T1   3   1   2
   T2 30 14 16
   T3 40 36   4
   T4 12 11   1
Total 85 62 23

AFP: α-fetoprotein; HBsAg: Hepatitis B surface antigen; Ror2: Receptor 
tyrosine kinase-like orphan receptor 2. 
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associations between Wnt5a protein expression and the 
other clinicopathological features of  HCC patients. 

β-catenin protein expression in hepatocellular 
carcinoma
In non-neoplastic liver tissue, a thin membranous β-ca
tenin signal delineated the hepatocytes, and strong mem-
branous and pale cytoplasmic staining of  bile ductules 
was observed. As shown in Figure 3B and C, altered ex-
pressions of  β-catenin were found in 68.2% (58/85) of  
HCC cases. These alterations included reductions in the 
cellular membrane, increases in the cytoplasm, or both, 
and nuclear accumulation (in 7%, 6/85). However, no 
evidence of  altered β-catenin expression was found in 
cirrhotic nodules or dysplastic liver cells in adjacent non-
cancerous liver tissue. In tumor tissues, altered β-catenin 

expression was significantly associated with a worsening 
histopathological tumor grade (P = 0.041) and was not 
significantly associated with the other clinicopathological 
parameters.

Correlations among the protein expressions of Wnt5a, 
Ror2 and β-catenin
Associations among the protein expression levels of  
Wnt5a, Ror2 and β-catenin are shown in Table 2. Low 
cytoplasmic Wnt5a expression was positively associated 
with low cytoplasmic Ror2 expression (r = 0.411, P < 
0.001) and abnormal β-catenin expression (r = 0.254, P 
= 0.019) in HCC tissue. Similarly, there was a statistically 
significant correlation between low cytoplasmic Ror2 ex-
pression and abnormal β-catenin expression (r = 0.267,  
P = 0.014).
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Figure 2  Immunohistochemical staining for Ror2 in hepatocellular carcinoma. Patient-matched normal liver cells showed negative (A) or weak expression (B) of 
receptor tyrosine kinase-like orphan receptor 2 (Ror2). Liver cirrhosis cells (C) and dysplastic liver cells (D) exhibited strong positive immunostaining for Ror2. Tumor 
cells (E, F) showing negative Ror2 staining in hepatocytes, while strong cytoplasmic staining is seen in adjacent nontumorous cells. Original magnification, 200 × in A; 
400 × in B and D; 100 × in C.
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Tumor cell proliferation in hepatocellular carcinoma
To investigate the biological functions of  proteins in 
HCC, the Ki-67 LI was assessed in relation to Ror2, Wn-
t5a and β-catenin status. A strong correlation between a 
high Ki-67 LI and the reductive loss of  Ror2 (r = -0.344, 
P = 0.002), or Wnt5a (r = -0.278, P = 0.010), but not 
β-catenin (r = 0.095, P = 0.386) was found (Figure 3D).

Immunohistochemistry for tumor tissues from patients 
with lung metastasis of hepatocellular carcinoma 
A previous study reported that Wnt5a and Ror2 were 
expressed predominantly in metastatic but not primary le-
sions of  metastatic melanoma, suggesting that Wnt5a and 
Ror2 might be closely correlated with tumor invasiveness 
and metastasis[31,34]. To determine whether a similar phe-

nomenon occurs in the metastasis of  HCC, three cases of  
lung metastasis of  HCC were included in this study. Im-
munohistochemical analysis showed that Wnt5a and Ror2 
were not expressed in either primary or metastatic lesions 
(Figure 4A and B), whereas β-catenin- positive staining 
were detected in the cellular membrane (Figure 4C and D). 
The Ki-67 LI in tumor tissues was 10%.

Statistical analysis
The median follow-up was 27.0 mo for survivors (range, 
1-54 mo). Three patients were lost to follow-up after sur-
gery and were excluded from the survival analyses. The 
overall survival curve for the remaining 82 HCC cases is 
shown in Figure 5A. The estimated 1- and 3-year overall 
rate of  survival was 75% and 44%, respectively. Kaplan-
Meier analysis was used to compare the survival rates of  
HCC patients with tumors expressing low or high levels 
of  Wnt5a and Ror2 and normal or abnormal β-catenin 
(Figure 5B-D). 

In a univariate Cox proportional hazard regression 
model analysis (Table 3), tumor stage (P < 0.001), serum 
AFP (P = 0.036), and the expressions of  Wnt5a (P = 
0.024) and Ror2 (P = 0.011) were significantly associated 
with overall survival. Therefore, patients with tumors 
having a low expression of  Wnt5a and Ror2 had a poorer 
prognosis than those with tumors of  high Wnt5a and 
Ror2 expression.

Multivariate Cox regression analysis (Table 3), the 
expression levels of  Wnt5a (P = 0.020), and β-catenin 
(P = 0.013) showed a significant association with overall 
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Figure 3  Immunohistochemical staining for Wnt member 5a (A), β-catenin (B, C) and Ki-67 (D) in hepatocellular carcinoma. Original magnification, 400 ×.

Table 2  Correlation between the expression levels of Wnt 
member 5a, receptor 2 and β-catenin

Wnt5a β-catenin

Variable n Low High P -value n A P-value

Ror2
   Low 62 54   8 < 0.001 15 47 0.014
   High 23 11 12 12 11
β-catenin
   N 27 16 11    0.019
   A 58 48 10

N: Normal membranous staining; A: Abnormal non-membranous stain
ing; Wnt5a: Wnt member 5a; Ror2: receptor tyrosine kinase-like orphan 
receptor 2.
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Table 3  Univariate Cox and multivariate Cox regression analysis overall survival

Covariate   P -value Risk ratio 95% CI

Univariate
   Sex (male, female)    0.130 0.482 0.187-1.240
   Age (< 53 yr, ≥ 53 yr)    0.166 0.640 0.341-1.203
   Serum AFP level (< 30 μg/L, ≥ 30 μg/L)     0.036a 2.162 1.051-4.449
   HBsAg (positive, negative)    0.506 1.621 0.390-6.732
   Tumor size (≤ 2 cm, > 2 cm)    0.467 2.089   0.286-15.239
   Histological grade (well, 
   moderately, poorly differentiated)

   0.268 1.388 0.777-2.482

   Liver cirrhosis (present, absent)    0.738 1.123 0.568-6.732
   T classification (T1-T4)  < 0.001a 2.339 1.487-3.679
   Wnt5a (low, high)     0.024a 3.288 1.167-9.263
   Ror2 (low, high)     0.011a 0.323 0.134-0.774
   β-catenin ( normal, abnormal)     0.052a 1.966 0.995-3.885
   Ki-67 (mitosis ≤ 10%, > 10%)    0.273 1.479 0.734-2.981
Multivariate
   Sex (male, female)     0.017a 0.240 0.074-0.776
   Age (< 53 yr, ≥ 53 yr)    0.075 0.538 0.272-1.065
   Serum AFP level (< 30 μg/L, ≥ 30 μg/L)    0.343 1.476 0.661-3.296
   HBsAg (positive, negative)    0.515 1.731 0.332-9.026
   Tumor size (≤ 2 cm, > 2 cm)    0.711 1.535   0.159-14.827
   Histological grade (well, 
   moderately, poorly differentiated)

   0.298 1.462 0.715-2.993

   Liver cirrhosis (present, absent)    0.858 0.928 0.408-2.111
   T classification (T1-T4)     0.001a 2.119 1.347-3.336
   Wnt5a (low, high)     0.020a 0.288 0.101-0.824
   Ror2 (low, high)    0.144 0.509 0.205-1.259
   β-catenin ( normal, abnormal)     0.013a 3.233 1.286-8.130
   Ki-67 (mitosis ≤ 10%, > 10%)    0.494 0.839 0.507-1.387

aP < 0.05 vs over survival. AFP: α-fetoprotein; HBsAg: Hepatitis B surface antigen; Wnt5a: Wnt member 5a; Ror2: Receptor tyrosine 
kinase-like orphan receptor 2

C

BA

D

Figure 4  Immunohistochemical staining for Wnt member 5a (A), receptor 2 (B), β-catenin (C, D) in lung metastasis tissues. Original magnification: 400 × in D; 
100 × in the others.
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survival. However, a significant correlation between the 
expression levels of  Ror2 and overall survival (P = 0.144), 
serum AFP and overall survival (P = 0.343) were not dem-
onstrated.

DISCUSSION
Consistent with previous reports[23,24], in this study immu-
nohistochemical analysis showed that the loss of  Wnt5a 
protein expression in HCC tumors frequently occurred in 
patients with HCC (71%-81%), and this also correlated 
with increased AFP and poor histologic grade. Wnt5a 
may act as a tumor suppressor gene in the development 
of  HCC. Similar results were obtained in colon carcino-
ma, breast cancer and thyroid carcinoma[17,18,35,36]. We also 
performed a survival analysis for 82 patients with HCC. 
Our results demonstrated that HCC patients with low 
expression of  Wnt5a had a poorer prognosis than those 
with high Wnt5a expression, and Wnt5a was an indepen-
dent prognostic factor for HCC. 

Recent studies have indicated that the upregulation 
of  Wnt5a was associated with tumor invasiveness and 
metastasis in metastatic melanoma, gastric cancer, and 
non-small-cell lung carcinoma[17-19]. Wnt5a was expressed 
predominantly in the metastatic but not primary lesions 
of  metastatic melanoma[34]. Therefore, three cases with 

lung metastasis of  HCC were recruited in the present 
study. Immuno- histochemical analysis with anti-Wnt5a 
antibody showed that Wnt5a was not expressed in either 
primary or metastatic lesions, which confirmed our hy-
pothesis that Wnt5a acts as a tumor suppressor gene in 
HCC. These observations suggested that the complex 
Wnt5a-regulated signal pathways and the functional role 
of  Wnt5a depends on cell type as well as stimulus factors 
during the development of  HCC tumor. 

Previous reports showed that Ror2 shared a similar 
structure with the Wnt receptor[25]. Mikels et al[25,37] re-
vealed that Wnt5a suppressed Wnt/β-catenin activity via 
the Ror2-mediated signal pathway, and confirmed that 
the Ror2 receptor required tyrosine kinase activity to 
mediate Wnt5A signaling. He et al[38] demon- strated that 
Wnt5a levels correlated with those of  Ror2 during mam-
malian palate development. Similar to Wnt5a, Ror2 plays 
different roles in different human tumor tissues. There is 
evidence that the enhanced expression of  Ror2 is associ-
ated with tumor invasiveness and metastasis in metastatic 
melanoma, renal cell carcinoma, and squamous cell carci-
noma[29-31]. In contrast, the mRNA and protein expression 
of  Ror2 was reduced in colon cancer tissues compared 
with adjacent nontumorous liver tissue, which might be 
due to the hypermethylated Ror2 promotor[32]. 

Our current study showed that Ror2 gene transcrip-

Figure 5  Survival curves of 82 hepatocellular carcinoma patients. A: Overall survival curves of 82 hepatocellular carcinoma (HCC) patients; B: Survival curves of 
82 HCC patients with tumors expressing low or high levels of Wnt member 5a (Wnt5a) (log-rank test, P = 0.016); C: Survival curves of 82 HCC patients with tumors 
expressing low or high levels of receptor 2 (Ror2) (log-rank test, P = 0.007); D: Survival curves of 82 HCC patients with tumors expressing low or high levels of β-catenin 
(log-rank test, P = 0.045). L: Low expression; H: High expression; N: Normal expression; A: Abnormal expression.
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tion and protein translation were both suppressed in 
tumor tissues of  HCC as compared with tissue adjacent 
to the tumor. This reduced expression of  Ror2 in tumor 
tissues was correlated with decreased Wnt5a expression 
(P < 0.001), a high Ki-67 LI, increased AFP, high dif-
ferentiation, and poor prognosis. The consistency of  
Wnt5a and Ror2 expression in tumor tissues as well as in 
lung metastasis of  HCC implies that Ror2 may be active 
downstream of  Wnt5a and participate in the regulation 
of  the noncanonical Wnt signal pathway. Moreover, the 
mRNA and protein expression of  Ror2 is increased in 
chronic hepatitis livers and is greatly enhanced in cirrhot-
ic livers as compared with normal liver tissues, suggesting 
Ror2 may play important roles in regulation of  cell repair. 
The expression of  Ror2 is reduced in tumor tissues and 
is associated with poor prognosis, indicating the impaired 
regulatory effect of  Ror2 in cells, and Ror2 may also 
serve as an anti-tumor gene. In addition, in this present 
study, the mRNA expression of  Ror2 was decreased in 
highly differentiated HCC as compared with moderately 
or poorly differentiated HCC (P < 0.05), whereas similar 
results were not obtained in the protein expression of  
Ror2. The underlying mechanism needs to be further elu-
cidated. However, due to the limited sample size in highly 
differentiated HCC (3 cases), future study will be contin-
ued by enlarging the sample size.

β-catenin is recognized as the key mediator in the 
canonical Wnt signal pathway. Evidence indicates that 
Wnt5a inhibits the abnormal expression of  β-catenin 
through the Ror2-mediated pathway[25,39,40]. The involve-
ment of  β-catenin in tumorigenesis has been intensively 
researched. In colon carcinoma, the nuclear localization 
of  β-catenin induced by gene mutation contributes to tu-
morigenesis. However, in HCC associated with HBV in-
fection, β-catenin mutations are rarely seen, and β-catenin 
mainly accumulates in the cytoplasm[41,42]. Consistent with 
these observations, statistically reduced membrane ex-
pression and elevated cytoplasmic expression of  β-catenin 
were detected in HCC tumor tissue, compared with the 
β-catenin expression in cell membranes in the adjacent 
liver tissue. Among 85 HCC cases, 6 exhibited condensed 
nuclear staining of  β-catenin, suggesting that this protein 
is involved in the development of  HCC. Nevertheless, we 
could not rule out the possibility that the loss of  Wnt5a 
and Ror2 protein expression may decrease β-catenin 
degradation, which contributes to disease progression. 
Additionally, the lining shape of  β-catenin expression in 
cell membranes was observed in lung metastasis of  HCC, 
which was different from their cytoplasmic expression in 
the primary lesion. Since β-catenin not only acts as the 
key mediator of  the canonical Wnt signal pathway, but 
also binds to E-cadherin and together they contribute to 
the cell adhesion and migration process[43], we hypoth-
esize that the lung metastasis expression of  β-catenin 
benefits the accumulation and adhesion of  tumor cells in 
metastatic lesions.

In summary, in patients with chronic hepatitis or cir-

rhosis, loss of  Wnt5a and Ror2 protein expression in 
HCC tumor tissue frequently occurs during the progres-
sion of  HCC and is associated with patient prognosis. We 
hypothesize that Wnt5a acts upstream of  Ror2. Wnt5a 
and Ror2 synergistically execute an anti-tumor effect 
during the development of  HCC. The decreased expres-
sion of  Wnt5a and Ror2 in HCC tissues may be directly 
or indirectly correlated with the abnormal activity of  
β-catenin. It is possible that the Wnt5a-mediated nonca-
nonical Wnt signal pathway and the β-catenin-mediated 
canonical signal pathway contribute to the pathogenesis 
and progression of  HCC. These critical mediators may 
be novel promising targets for gene therapy. Our study 
showed that HCC patients with reduced Wnt5a and Ror2 
expression had poorer prognosis, indicating that protein 
expression of  Wnt5a and Ror2 might be used as clinico-
pathological biomarkers for prognosis of  HCC.
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