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Abstract: The aim of our study was to compare the expression levels of c-Jun N-terminal kinase (JNK) and WW 
domain-containing oxidoreductase (WWOX) in human breast carcinoma, to analyze the correlation between the 
expression of WWOX and JNK with the clinicopathologic features of human breast carcinoma, and to explore the po-
tential mechanism of their antitumor effects. The mRNA and protein levels of WWOX and JNK in forty paired breast 
carcinoma tissues and the adjacent normal tissues were detected by real-time quantitative polymerase chain reac-
tion (RT-PCR) and Western blot analysis. Protein expression was further confirmed by immunohistochemistry (IHC). 
The mRNA expression levels of both JNK and WWOX were downregulated in carcinoma tissues relative to those in 
the adjacent normal tissues, as determined by Western blot analysis and IHC (P<0.01). JNK expression was posi-
tively correlated with WWOX expression (r=0.47, P=0.002). Both WWOX and JNK play important roles in breast can-
cer. Therefore, the antitumor ability of WWOX and JNK could supply significant information for therapeutic strategy.
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Introduction

The WW domain-containing oxidoreductase 
(WWOX) gene, which is located at the fragile 
site FRA16D, encodes a 46 kDa protein con-
taining two functional WW domains in the NH2-
terminal region and a short-chain dehydroge-
nase domain (SDR). The WW domains are cor-
related with the protein-protein interactions [1]. 
The SDR domain of the WWOX protein exhibits 
dehydrogenase activity in the presence of se- 
lected steroid substrates [2]. Itcan be demon-
strated that WWOX plays an important role in 
steroid-related regulated tissues, such as pros-
tate, ovary, and breast tissues. The presence of 
WWOX as a tumor suppressor gene has already 
been reported in osteosarcoma [3], breast can-
cer [4], ovarian cancer [5] and other cancers.
However, the functional mechanisms involved 
remain unclear. The previous studies provided 
evidence that the interaction of WWOX is asso-
ciated with the genes mediating apoptosis or 
inducing signal transduction, such as BRCA1 
[6], SMAD4 [7], and ATM [8].

c-Jun N-terminal kinase (JNK) is a member of 
the mitogen-activated protein kinase super-

family. The JNK family, consisting of three iso-
forms (JNK1, JNK2, and JNK3), is encoded by 
three separate genesthat are alternatively 
spliced to create at least ten variants of 46 and 
55 kDa [9]. JNK1 and JNK2 are expressed in 
most tissues, whereas JNK3 expression is 
mainly restricted to expression in brain, heart, 
and testis tissues [10]. The JNK signal trans-
duction pathway participates inmany physiolog-
ical processes, including inflammatory respons-
es, morphogenesis, cell proliferation, differen-
tiation, survival, and death. JNK is also widely 
acknowledged to be involved in cancer develop-
ment and progression.

JNK hasbeen proven to physically interact with 
WWOX and inhibit apoptosis in human hepato-
cellular carcinoma (HCC) [11]. It was demon-
strated that JNK had completely opposite func-
tions in liver cancer [12] and breast cancer [13]. 
However, the relevance of WWOX and JNK in 
breast cancer and HCC has remained unclear.

In our current study, we measured the expres-
sion levels of WWOX and JNK in breast carcino-
ma patients. We also calculated the correla-
tionof WWOX and JNK levels with the clinico-
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pathologic features of the disease. The correla-
tion of WWOX and JNK in breast carcinoma was 
also examined.

Materials and methods

Patients and tissue samples

A total of forty paired breast carcinoma and 
adjacent normal tissues (an adjacent normal 
tissue was defined as that being located at 
least 5 cm from the tumor edge) were obtained 
from female patients who were surgically treat-
ed in Qilu Hospital of Shandong University 
(Jinan, China) between February 2016 and 
January 2017. The samples were examined his-
tologically for the presence of tumor cells. Each 
tumor sample was considered suitable for this 
study when the proportion of tumor cells was 
more than 60%. The median age of the patients 
was 52 years (range: 37-77 years). The patients 
met the following criteria: primary unilateral 
non-metastatic breast tumors and no radio-
therapy, chemotherapy or immunotherapy be- 
fore surgery. Samples were snap frozen in liq-
uid nitrogen and were maintained at -80°C until 
further analysis. Tissues used for IHC were 
fixed in 10% neutral-buffered formalin andem-
bedded in paraffin blocks. The medical records 
of the patients were reviewed, and histologic 
parameters were evaluated based on hema-
toxylin/eosin-stained slides and the original 
pathology reports. Tumor stage and grade were 
assessed according to the 7th Edition of the 
UICC/AJCC TNM Staging System. The Ki-67 
index was assigned a positive score when 14% 
or more of the tumor cells were immunostained 
according to the guidelines of the St. Gallen 
International Expert Consensus [14]. This study 
was approved by the Ethics Committee of Qilu 
Hospital of Shandong University. Each patient 
provided a written informed consent for the use 
of their clinical samples. 

Real-time PCR

Total RNA was extracted using TRIzol Reagent 
(Life Technologies Co., Ltd., USA) in accordance 
with the instructions by the manufacturer. RNA 
was quantified using the DS-11 spectrophoto- 
meter (DeNovix Co., Ltd, USA) and its purity was 
assessed by the A260/A280 and A260/230 
ratios (>1.8). Total RNA (1 μg) was reverse-tran-
scribed in a total volume of 10 μL, including 2 
μL of RT buffer, 0.5 μL of RT Enzyme Mix, and 

0.5 μL of Primer Mix (FSQ-101, Toyobo Co., Ltd., 
Japan). Reactions were conducted at 37°C for 
15 minutes and then at 98°C for 5 minutes. 
Complementary DNA was stored at -20°C until 
further use. PCR was performed using the se- 
quences for JNK, as follows: forward, 5’-TGTGT- 
GGAATCAAGCACCTTC-3’; reverse, 5’-AGGCGTC- 
ATCATAAAACTCGTTC-3’; WWOX: forward, 5’-TA- 
GGCACTTTCACCGC CTTC-3’; reverse, 5’-TCCA- 
CTCGCTCAGGAACTCA-3’; GAPDH forward, 5’- 
GCACCGTCAAGGCTGAGAAC-3’; reverse, 5’-TG- 
GTGAAGACGCCAGTGGA-3’. RT-PCR reactions 
were conducted on a C1000 Touch Thermal 
Cycler (Bio-Rad, Co., Ltd., USA) and SYBR Green 
Real-time PCR Master Mix (QPK-201T, Toyobo 
Co., Ltd., Japan) under the following conditions: 
95°C for 10 minutes, followed by 40 cycles of 
95°C for 15 s, 64°C for 15 s, and 72°C for 45 
s. PCR amplification was performed in tripli-
cate. Real-time PCR results were analyzed 
using the 2-ΔΔCt method.

Western blot analysis

Total protein was extracted and determined 
using the BCA Protein Assay Kit in accordance 
with the instructions by the manufacturer. 
Equivalent amounts of protein for each sample 
were separated by 10% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis, and the 
isolated proteins were subsequently trans-
ferred to polyvinylidene fluoride membranes 
(PVDF; Millipore, Billerica, MA, USA). The mem-
branes were blocked with 5% fat-free milk in 
Tris-buffered saline containing 1% Tween 20  
for 1 h at room temperature. Primary antibod-
ies (p-JNK, 1:500, CST, USA; WWOX, 1:1000, 
Abcam, USA; GAPDH, 1:1000, Santa, USA) were 
used to incubate the blocked membranes  
overnight at 4°C. The membranes were then 
washed three times with TBST for 5 minutes 
each, and incubated for 40 minutes with rab- 
bit anti-goat immunoglobulin (IgG)-horseradish 
peroxidase (HRP) secondary antibody (1:3000; 
Beijing Golden Bridge Biotechnology). Protein 
bands were detected using the FluorChem E 
chemiluminescent Western blot imaging sys-
tem (Amersham Imager 600, GE Amersham, 
USA) and quantified using the Quantity One 
software.

Immunohistochemistry

Paraffin-embedded breast cancer tissues were 
cut into 4 μm thick sections and then stained 
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by IHC. The slides were baked for 1 h at 65°C, 
deparaffinized with xylene, and rehydrated 
using a series of graded ethanol and distilled 
water. Antigen retrieval was conducted by heat-
ing sections using a microwave oven for 20 
minutes in 0.01 mol/L sodium citrate buffer 
(pH 6.0). Subsequently, 3% hydrogen peroxide 
solution was added to block endogenous per-
oxidase activity at room temperature for 10 
minutes, and the slides were immersed twice in 
phosphate-buffered saline. The sections were 
incubated with primary antibody (mouse anti-
JNK 1:200, Santa, USA; mouse anti-WWOX 

1:300, Santa, USA) overnight at 4°C. The sec-
tions were then incubated with Polink-2 plus 
Polymer HRP Detection System (PV-9002, 
Beijing Golden Bridge Biotechnology Co., Ltd., 
Beijing, China) in accordance with the instruc-
tions by the manufacturer. The 3,3’-diamino-
benzidine reagent was used to detect the sig-
nal from the antigen-antibody reaction. All sec-
tions were counterstained with hematoxylin. 
The slides were visualized on an IX71-SIF type 
microscope (Olympus, Japan).

The IHC slides were stored independently by 
two pathologists without knowledge of patient 
clinical information and in accordance with pre-
viously described methodology [15]. Each IHC 
slide was assessed by the staining intensity (I) 
and the proportion/extent (E) of the stained 
tumor cells; and graded as follows: 0= no stain-
ing, 1= weak, 2= moderate, and 3= strong. A 
proportion score was assigned to represent the 
estimated proportion of positively stained 
tumor cells: 1=0%-25%, 2=25%-50%, 3=50%-
75%, and 4=75%-100%. Total score was calcu-
lated by multiplying the intensity scores and 
extent. A staining score higher than 2 for WWOX 
or P-JNK expression was considered positive, 
whereas a lower score was considered nega- 
tive.

Figure 1. Meltingand amplification curve analyses of different gene RT-PCR products. A. RT-PCR melt curve for JNK, 
WWOX, and GAPDH; B. RT-PCR amplification curve for different genes. The gene expression levels of JNK, WWOX, 
and GAPDH were quantified by detecting the threshold cycle (CT) values with real-time quantitative PCR; C. RT-PCR 
melt peak for JNK, WWOX, and GAPDH with the corresponding melting temperatures of specific target amplicons.

Table 1. RT-PCR analysis of WWOX and JNK 
mRNA expression in breast cancer tissues 
compared with that in adjacent non-tumorous 
tissues

Sample N Mean ± SD T P
JNK T 40 0.60±0.32 8.3 <0.01a

N 40 1±0
WWOX T 40 0.34±0.28 15.04 <0.01b

N 40 1±0
a, Mean JNK values were significantly lower in breast 
cancer tissues than in adjacent non-tumorous tissues. 
b, Mean WWOX values were significantly lower in breast 
cancer tissues than in adjacent non-tumorous tissues.
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Figure 2. Representative results of RT-
PCR analysis. A. Relative quantification of 
JNK mRNA in breast cancer (T) and cor-
responding non-tumorous tissues (N). B. 
Relative quantification of WWOX mRNA 
in breast cancer and corresponding non-
tumorous tissues. C. Correlation between 
WWOX expression and JNK expression. 
GAPDH levels were used as an internal 
control, and the mRNA expression levels 
of WWOX and JNK were calculated using 
the 2-ΔΔCt method.

Figure 3. Expression of WWOX and JNK in breast carcinoma (T) and corre-
sponding non-tumorous tissues (N). A. Representative results of Western 
blot analysis. GAPDH demonstrates the same amount of protein in the gel. 
B. Relative expression of WWOX and JNK band normalized to GAPDH in 
matched non-tumorous tissues.

Statistical analysis

Frequency tables were ana-
lyzed using the χ2 test. The 
correlation of the expression 
levels of WWOX and JNK with 
the clinicopathologic charac-
teristics was assessed using 
the Spearman rank correla-
tion. All statistical tests were 
two-sided. Statistical signifi-
cance was set at P<0.05. All 
data were analyzed using 
SPSS 23.0.

Results 

Expression of WWOX and JNK 
in breast carcinoma tissues

The mRNA and proteinexpres-
sion levels of WWOX and JNK 
were quantitated inall for-
typaired breast carcinomaand 
adjacent normal tissues. The 
RT-PCR assay results indicat-
ed that the melting curve of 
JNK, WWOX, and internal ref-
erence gene GAPDH products 
showed a single peak and a 
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The IHC assay showed that expression of 
WWOX was significantly reduced compared 
with that in the normal breast tissue, with a cor-
responding decrease of P-JNK activity. A highly 
significant positive correlation was observed 
between the expression levels of WWOX and 
P-JNK in the cancer tissues (r=0.38, P=0.029, 
Table 4).

Patient clinicopathologic features

There were four patients assessed with tumor 
grade 1, two patients with grade 2, andnine 
patients with grade 3. A total of nineteen 
(47.5%) cases were classified as Stage I, six-
teen (40.0%) cases were classified as Stage II, 
and five (12.5%) cases were classified as Stage 
III. A total of twenty-two patients had lymph 
node metastases (Table 3). IHC analysis of 
WWOX expression was detectable in nine 
(22.5%) of the forty breast cancer tissues and 
thirty-five (87.5%) of the forty matched non-
tumorous tissues. P-JNK was detectable in ten 
(25%) of the forty breast cancers and thirty-two 
(80%) of the forty matched non-tumorous 
tissues.

Correlation of WWOX and JNK protein expres-
sion with clinicopathologic features

The absence of WWOX and P-JNK expression 
was observed more frequently in cancer than in 
matched non-tumorous tissues (P<0.01). The 
most typical WWOX and P-JNK staining 
observed was cytoplasmic and there was no 
nuclear staining in any tissue. Representative 
immunostaining results for WWOX and PJNK 
are shown in Figure 4.

To elucidate the potential roles of WWOX and 
JNK in the development and progression of 
breast carcinoma, the correlation of expression 
levels of WWOX and JNK with other clinicopath-
ologic features in forty breast carcinoma tis-
sues were investigated. The lymph node metas-
tases were more common incancers without 
WWOX expression than in those with WWOX 
expression (67.7% versus 11.1%, P=0.01). How- 
ever, no correlation was determined between 
WWOX expression and other clinicopathologic 
features such as age, ER status, PR status, P53 
status, Ki67 status, or TNM stage. No correla-
tion was found between JNK expression and 
other clinicopathologic features.

Table 2. Western blot analysis of p-WWOX 
and JNK protein expression in breast cancer 
tissues compared with that in adjacent non-
tumorous tissues

Sample N Mean ± SD T P
JNK T 40 0.74±0.49 7.63 <0.01a

N 40 1.73±0.88
WWOX T 40 0.67±0.36 7.57 <0.01b

N 40 1.56±0.65
a, Mean JNK values were significantly lower in breast 
cancer tissues than in adjacent non-tumorous tissues. 
b, Mean WWOX values were significantly lower in breast 
cancer tissues than in adjacent non-tumorous tissues.

sharp peak, respectively. In addition, the melt-
ing temperature was uniform (Figure 1). The 
curves showed no extra waves. The corre-
sponding melting temperatures were as fol-
lows: JNK, 80.0°C; WWOX, 90.5°C, and GAPDH, 
84.0°C. The data suggested that the amplifica-
tion products of JNK, WWOX, and GAPDH gene 
were specific and the performance of the 
respective primer pairs was efficient. The 
expression of JNK mRNA in breast carcinoma 
samples was 0.60±0.32, which is significantly 
lower than that of the corresponding adjacent 
non-tumorous tissues (P<0.01, Table 1; Figure 
2A). In addition, the result demonstrated that 
most of tumor tissues expressed lower mRNA 
level of WWOX compared with adjacent normal 
tissues (P<0.01, Table 1; Figure 2B).

The representative bands of WWOX and JNK 
protein expression detected by Western blot 
analysis are shown in Figure 3A, and GAPDH 
was used as a loading control. The protein 
expression levels of WWOX and JNK in breast 
cancer were significantly lower compared with 
those in the matched adjacent non-cancerous 
tissues (P<0.01, Table 2; Figure 3B).

Correlation of JNK expression with WWOX ex-
pression

The relative mRNA expression of JNK was high-
er than that of WWOX (0.60±0.32 vs. 0.34± 
0.28, Table 1). In addition, a highly significant 
positive correlation was observed between the 
mRNA expression levels of WWOX and JNK in 
the cancer tissues (r=0.47, P=0.002, Figure 
2C). The relative protein expression levels of 
WWOX and JNK detected by Western blot anal-
ysis (0.74±0.49 vs. 0.67±0.36, Table 2, 
Spearman test, r=0.603, P<0.01) were consis-
tent with the mRNA expression results.
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Discussion

Breast cancer is one of the leading causes of 
death for women between ages 50 and 60 

years. Despite advances in chemotherapy, 
radiotherapy, and adjuvant hormonal therapy, 
one third of patients with breast cancer relapse 
and die of the disease. New therapeutic strate-
gies are needed to improve this outcome [16]. 
WWOX is also inactivated in breast and lung 
cancers by regulatory region DNA methylation.
Promoter methylation was also detected in tis-
sue adjacent to breast cancer, and methylation 
in WWOX exon 1 distinguished breast cancer 
DNA from DNA of adjacent and normal tissue.
Interestingly, JNK has also been described as 
having a tumor-suppressive role, because in 
some mammary tumor models, the inhibition of 
the JNK pathway has been described to pro-
mote tumorigenesis.

Table 3. Correlation between the WWOX and JNK expression levels and clinicopathologic features of 
breast carcinoma

Characteristics n
JNK (%)

P
WWOX (%)

PPositive 
n=10

Negative 
n=30

Positive 
n=9

Negative 
n=31

Age (y)
    >50 25 7 (70) 18 (60) 0.57 7 (77.8) 18 (58.1) 0.28
    ≤50 15 3 (30) 12 (40) 2 (22.2) 13 (41.9)
Stage
    Ita 35 8 (80) 27 (90) 0.41 5 (55.6) 30 (96.8) 0.001
    III 5 2 (20) 3 (10) 4 (44.4) 1 (3.2)
ER
    Positive 32 8 (80) 24 (80) 1.00 6 (66.7) 26 (83.9) 0.26
    Negative 8 2 (20) 6 (20) 3 (33.3) 5 (16.1)
PR
    Positive 28 6 (60) 22 (73.3) 0.43 5 (55.6) 23 (74.2) 0.28
    Negative 12 4 (40) 8 (26.7) 4 (44.4) 8 (25.8)
Her-2
    Positive 21 6 (60) 15 (50) 0.58 7 (77.8) 14 (45.2) 0.09
    Negative 19 4 (40) 15 (50) 2 (22.2) 17 (54.8)
P53
    Positive 14 3 (30) 11 (36.7) 0.70 3 (33.3) 11 (35.5) 0.91
    Negative 26 7 (70) 19 (63.3) 6 (66.7) 20 (64.5)
Ki67
    Positive 33 8 (80) 25 (83.3) 0.81 8 (88.9) 25 (80.6) 0.57
    Negative 7 2 (20) 5 (16.7) 1 (11.1) 6 (19.4)
Lymphnode metastasis
    Yes 22 5 (50) 13 (43.3) 0.71 1 (11.1) 21 (67.7) 0.01
    No 18 5 (50) 17 (56.7) 8 (88.9) 10 (32.3)
Tumor grade
    1 4 0 (0.0) 4 (13.3) 0.43 0 (0.0) 4 (12.9) 0.27
    2 27 7 (70.0) 20 (66.7) 8 (88.9) 19 (61.3)
    3 9 3 (30.0) 6 (20) 1 (11.1) 8 (25.8)

Table 4. Correlation of WWOX and P-JNK 
expression in breast carcinoma

P-JNK
WWOX

Total
Positive Negative

Positive 5 5 10
Negative 4 26 30
Total 9 31 40
A highly significant inverse correlation was found be-
tween P-JNK expression and WWOX expression (χ2=5.78, 
R=0.38, P=0.029).
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In this study, we found that the mRNA and  
protein expression of JNK was higher than 
those of WWOX in breast carcinoma tissues. 
Moreover, induced expression of JNK exhibited 
a significant positive correlation with the down-
regulation of WWOX. However, other studies 
showed that JNK inhibits WWOX-mediated 
apoptosis in HCC [11]. In addition, JNK inhibi-
tion enhanced WWOX-mediated apoptosis, and 
then WWOX suppressed HCC cell proliferation 
[17], which suggests that JNK can potentially 
exhibit a negative correlation with WWOX in 
HCC. The aforementioned conclusion regarding 
the correlation of WWOX and JNK was totally in 
contrast with the results of our study in breast 
cancer. Notably, the role of JNK in HCC differs 
from that in breast carcinoma. In our study, the 
result of the analysis of correlation between 
WWOX and JNK expression revealed that WW- 
OX was correlated with JNK. The correlation 
between WWOX and JNK leads to the presump-
tion that WWOX may suppress breast carcino-
ma via JNK.

JNK participates in many physiological process-
es and performs different roles in different can-
cers. For instance, JNK acts as a tumor promot-

er in lung cancer [18] and pancreatic cancer 
[19], and as a tumor suppressor in breast can-
cer [13] and prostate cancer [20]. Opposite 
functions of JNK in different cancers may be 
related to the correlation between WWOX and 
JNK. Yan et al. reported that the WWOX gene 
may promote apoptosis of ovarian cancer stem 
cells by upregulating the expression of JNK [5], 
which was consistent with our viewpoint. How- 
ever, the reason for the contrasting correlation 
between WWOX and JNK in different cancers 
may be complex and has yet to be determined.

Reduced expression in WWOX has been ob- 
served in several cancers. WWOX expression is 
found to be significantly decreased in lung can-
cer samples relative to their non-malignant 
bronchioli counterparts [21]. The protein and 
mRNA expression of WWOX was reduced in 
gastric cardia adenocarcinoma tissues and 
was associated with loss of heterozygosity and 
methylation of the gene [22]. The current study 
shows that downregulation of WWOX correlates 
with the clinicopathologic features of breast 
cancer, including tumor stage and lymph node 
metastasis. The results obtained in our study 
are similar to those in other studies, which 

Figure 4. Representative photomicrographs of WWOX and JNK immunohistochemistry results (Ductal carcinoma, 
Magnification ×200). A. High expression of JNK in adjacent non-tumorous tissues (score=9); B. Low expression of 
JNK inbreast carcinoma (score=2); C. High expression of WWOX in adjacent non-tumorous tissues (score=6); D. Low 
expression of WWOX in breast carcinoma (score=2).
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observed the loss of WWOX expression in uri-
nary bladder tumors [23]. Other reports indi-
cated that WWOX signaling pathway loss con-
tributes to lymph node metastasis [24], which 
seems to be consistent with our observation of 
WWOX expression in breast cancer tissues. 
Previous studies showed that the fragile WWOX 
gene is inactivated in a significant fraction of 
breast cancers, mainly due to DNA hypermeth-
ylation [25]. DNA hypermethylation can be 
reversed by DNA methyltransferase inhibitors, 
such as DAC or zebularine agents that have 
therapeutic potential for cancers. 

A limitation of our study is that the number of 
samples used in the study is relatively small. 
The result may not be in accordance with the 
real situation regarding the correlation of 
WWOX with the clinicopathologic features of 
breast cancer. In addition, further studies in 
vitro with a larger sample size are needed to 
verify the correlation between WWOX and JNK 
in breast cancer.

In conclusion, it is the only study that has ana-
lyzed the correlation of WWOX and JNK with the 
clinicopathologic features of breast cancer. We 
have proven that JNK protein expression is  
correlated with WWOX protein expression in 
human breast carcinoma, suggesting that both 
WWOX and JNK play important roles in breast 
cancer. The role of WWOX and JNK on human 
breast cancer requires further investigation. 
Our data may further broaden the potential 
application of WWOX and JNK and suggestst-
hat JNK may be a promising therapeutic target 
for anti-tumor therapy. 
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