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Background : Embryonic lethal abnormal vision (ELAV)-like protein HuR is known to stabilize
mRNA through binding AU-rich elements in the 3’-untranslated region. Recent studies show
that HuR expression is associated with the expression of several genes including cyclooxy-
genase-2 (COX-2). HuR exists predominantly in the nucleus, but cytoplasmic translocation of
HuR is thought to be more important for its activity. COX-2 is a well-known enzyme that pro-
motes tumor growth. Methods : To evaluate the correlation of HuR and COX-2 expression,
we analyzed expression of HuR and COX-2 in 91 cases of breast cancer using immunohis-
tochemistry. Results : Nuclear and cytoplasmic expression of HuR was seen in 76 (83.5%)
and 19 (20.9%) of 91 cases respectively. COX-2 immunoreactivity was seen in 54 (59.4%)
cases. Cytoplasmic HuR expression showed significant correlation with COX-2 expression
(p=0.001). Nuclear HuR showed no correlation with COX-2 expression or other clinicopatho-
logical parameters. COX-2 expression is significantly associated with tumor grade (p=0.028).
COX-2 (p=0.092) and cytoplasmic (p=0.569) and nuclear HuR (p=0.247) expression showed
no correlation with survival. Conclusions : These results suggest that cytoplasmic HuR expres-
sion is associated with COX-2 expression in breast cancer and cytoplasmic location of HuR
might contribute to the stabilization of COX-2 mRNA.
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Regulation of mRNA stability is an important process in
eukaryotic gene expression.1,2 An important mechanism of post-
transcriptional gene regulation is the rapid degradation of mRNA
signaled by AU-rich elements (ARE) in the 3’-untranslated region
of many unstable transcripts, such as those for certain proto-
oncogenes and cytokines.2 There is a group of proteins that can
bind to AREs. They are involved in post-transcriptional regu-
lation of mRNA turnover and mRNA stability.3 Among the at
least 21 ARE-binding proteins identified, the human family of
embryonic lethal abnormal vision (ELAV)-like proteins consists
of four members: Hel-N1/HuB, HuC, HuD, and HuR.4 Of
these four proteins, three (Hel-N1/HuB, HuC, and HuD) are
mainly expressed in terminally differentiated neuronal tissues.
In contrast, HuR is a ubiquitously expressed protein.5 Further-
more, HuR shows interaction with many kinds of mRNA includ-
ing COX-2.6-10 The localization of HuR is predominantly nucle-
ar, but small amounts of HuR shuttle between the nucleus and
cytoplasm. HuR has a different activity at each location.2 Many

studies show that cytoplasmic localization of HuR is important
for mRNA stabilization.11 COX-2 is the rate limiting enzyme
in inflammatory reactions. COX-2 is overexpressed in several
malignant tumors and correlates with metastasis and angiogen-
esis.12-14 COX-2 mRNA contains ARE in the 3’-untranslated
region which provides the binding site for HuR. Through HuR
binding, mRNA half life can be increased.10

Breast cancer is the most common malignant tumor in woman,
and there are many prognostic factors including estrogen recep-
tor status, Her2/neu expression, grade, nodal status, and others.
In many studies, expression of COX-2 has been suggested as a
poor prognostic factor in breast cancer.15-17 Recently, the corre-
lation between COX-2 expression and cytoplasmic HuR expres-
sion was observed in some malignant tumors such as colon,
stomach, ovarian and breast cancer.15,18-22 However, there is no
report that cytoplasmic HuR expression is related to COX-2
expression and prognosis in breast cancer in Korea. We investi-
gated the expression and cellular distribution of HuR and COX-
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2 expression with relation to survival and other prognostic factors.

MATERIALS AND METHODS

We studied 91 cases of primary breast cancer in Kyung Hee
University hospital. The clinical characteristics of the patient
were evaluated through reviewing hospital records. All hema-
toxylin and eosin stained slides were reviewed and graded accord-
ing to the Modified Bloom-Richardson Grading. 

Immunohistochemistry procedures were carried out on 4- m
tissue sections using the Bond Polymer Intense Detection Sys-
tem (VisionBioSystems, VIC, Australia) according to the man-
ufacturer’s instruction with minor modifications. In brief, the
4- m sections of formalin-fixed and paraffin-embedded tissues
were deparaffinized by Bond Dewax Solution (VisionBioSys-
tems), and an antigen retrieval procedure was done using Bond
ER Solution (VisionBioSystems) for 30 min at 100℃. The
endogenous peroxidase was quenched by incubation with hydro-
gen peroxide for 5 min. Sections were incubated for 15 min at
ambient temperate with monoclonal COX-2 antibody (1:400;
Dako, CA, USA) and a monoclonal HuR antibody (3A2; 1:300;
Zymed, CA, USA) using biotin-free polymeric horseradish per-
oxidase (HRP)-linker antibody conjugate system in a Bond-
max automatic slide stainer (VisionBioSystems). Human colon
carcinoma which is known to over express COX-2 was used as
a positive control. 

We observed normal breast glands for positive control of HuR
staining. We evaluated the percentage of positive cells and inten-
sity of staining. The percentage of positive cells was scored as
follows: 0 (0% positive cells), 1 (<10% positive cells), 2 (10-
<50% positive cells), 3 (50-<80% positive cells), 4 (≥80%
positive cells). The intensity of cytoplasmic and nuclear staining
was scored as follows: 0 (negative staining), 1 (weak staining),
2 (moderate staining), 3 (strong staining). For the immunore-
active score, we established a 0 to 12 point system by multiply-
ing the percentage of positive cells by the intensity of the stain-
ing score. We classified the cases as manifesting negative or weak
expression when immunoreactive score was 0 to 5, whereas scores
of 6 to 12 were regarded as ,manifesting strong expression.

Statistical analysis

For statistical evaluation, the MedCalc 9.3.2.0 statistical soft-
ware program (Mariakerke, Belgium) was used. The relation-
ship between variables was assessed by chi-squared test, and the

cumulative survival rate was obtained using the Kaplan-Meier
method. A p value below 0.05 was considered statistically sig-
nificant.

RESULTS

The mean patients age was 48.6 years (range: 23-65 years) and
median follow up time was 54.6 months (range: 7-72 months).
Within the follow up period, 11 (12.1%) patients died. There
were 83 cases of ductal carcinoma (12 cases of ductal carcinoma
in situ, 71 cases of invasive ductal carcinoma), 3 cases of inva-
sive lobular carcinoma, 2 cases of tubular carcinoma, 2 cases of
mucinous carcinoma, and 1 case of papillary carcinoma. Base-
line patient characteristics are given in Table 1. 

We investigated the nuclear and cytoplasmic expression of
HuR independently, generating a separate immunoreactive score
for each staining pattern. The strong cytoplasmic HuR expres-
sion was seen in 19 (20.9%) cases (Fig. 1A). There was signifi-
cant correlation between strong cytoplasmic expression of HuR
and COX-2 expression (Table 2). Only 2 of 19 cases of strong
expression of cytoplasmic HuR showed weak or negative expres-
sion of COX-2. There was no significant correlation between
cytoplasmic HuR expression and clinicopathological parame-

Characteristic No. of patients %

All patients 91

Histological type
Ductal carcinoma 83 91.2
Lobular carcinoma 3 3.3
Other carcinoma 5 5.5

Tumor size (mm)
≥50 16 17.6
<50 75 82.4

Lymph node metastasis*
Present 48 55.2
Absent 39 44.8

Histologic grade
G1 30 33.0
G2 50 54.9
G3 11 12.1

ER status
Positive 66 72.5
Negative 25 27.5

PR status
Positive 79 86.8
Negative 12 13.2

*4 patients who got excision were not included.
ER, estrogen receptor; PR, progesterone receptor.

Table 1. Characteristics of patients
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ters including tumor size, lymph node metastasis, histologic
grade, ER status, and PR status (Table 2). Strong nuclear HuR
expression was seen in 76 (83.5%) cases (Fig. 1B). The nuclear
expression of HuR showed no correlation with tumor size, lymph
node metastasis, histologic grade, ER status, PR status, or COX-
2 expression (Table 3). COX-2 immunoreactivity was seen in
54 (59.4%) cases (Fig. 1C). As mentioned above, COX-2 expres-
sion showed significant correlation with strong cytoplasmic
expression of HuR. COX-2 expression also significantly increased
with tumor grade. However the COX-2 expression showed no
significant correlation with tumor size, lymph node metastasis,
ER status, or PR status (Table 4). We did not observe any corre-
lation between cytoplasmic or nuclear HuR expression and cumu-
lative survival (Fig. 2A, B). There was no correlation between
COX-2 expression and cumulative survival (Fig. 2C). 

DISCUSSION

In this study, we showed a significant association between
cytoplasmic expression of HuR and COX-2 expression. These

Fig. 1. Strong cytoplasmic expression of HuR (A) and strong nucle-
ar expression of HuR (B) are noted. Some stromal cells and lym-
phocytes also show nuclear expression of HuR. Strong cytoplas-
mic expression of COX-2 (C) is observed in the invasive ductal
carcinoma. 

A

C

B

HuR cytoplasmic expression 

Strong (%)
p

Weak or negative (%)

Tumor size (mm)
≥50 5 (31.3) 11 (68.7) 0.388
<50 14 (18.7) 61 (81.3)

Lymph node metastasis*
Present 12 (25) 36 (75) 0.434
Absent 7 (18) 32 (82)

Histologic grade
G1 2 (6.7) 28 (93.3) 0.177
G2 16 (32) 34 (68)
G3 1 (9.1) 10 (90.9)

ER status
Positive 11 (16.7) 55 (83.3) 0.081
Negative 8 (32.0) 17 (68.0)

PR status
Positive 16 (20.3) 63 (79.7) 0.582
Negative 3 (25.0) 9 (75.0)

COX-2 expression
Strong 17 (31.5) 37 (68.5) 0.001
Negative or weak 2 (5.4) 35 (94.6)

*4 patients who got excision were not included.
ER, estrogen receptor; PR, progesterone receptor.

Table 2. Cytoplasmic expression of HuR and association with
clinicopathologic factors



results agree with the studies that said HuR was located pre-
dominantly in nucleus but translocated into the cytoplasm, and
that cytoplasmic HuR has mRNA-stabilizing activity. Further-
more, our study supports the suggestion that COX-2 could be
a potential target of the mRNA-stabilizing activity of HuR,
resulting in increased COX-2 expression.10,18-22 There were 2
cases with negative COX-2 expression in our study, despite cyto-
plasmic HuR-positive expression. This finding suggests that
other additional regulatory mechanisms for COX-2 expression
may exist. Even though the regulation of mRNA stability is

thought be an important step for COX-2 expression, other
mechanisms such as transcriptional control may be associated.
Further studies for elucidating mechanisms of COX-2 expres-
sion in cancer cells are needed. 

In our current study, the COX-2 expression showed a corre-
lation with increased tumor grade. This observation agrees with
previous studies stating that COX-2 may play a role in the pro-
gression of breast cancer.15-17 Some stromal cells and lympho-
cytes also showed nuclear expression of HuR. This supports the
previous study suggesting that HuR is a ubiquitously expressed
ELAV-like protein.5 Because the ability of HuR to shuttle from
the nucleus to the cytoplasm is important for mRNA stabiliza-
tion, several mechanisms for controlling the cellular location
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HuR cytoplasmic expression 

Strong
(%)

pWeak or 
negative (%)

Tumor size (mm)
≥50 13 (81.3) 3 (18.7) 0.701
<50 63 (84.0) 12 (16.0)

Lymph node metastasis*
Present 40 (83.3) 8 (16.7) 0.683
Absent 33 (84.6) 6 (15.4)

Histologic grade
G1 24 (80.0) 6 (20.0) 0.435
G2 42 (84.0) 7 (16.0)
G3 9 (81.8) 2 (18.2)

ER status
Positive 55 (83.3) 11 (16.7) 0.451
Negative 21 (84.0) 4 (16.0)

PR status
Positive 67 (84.8) 12 (15.2) 0.956
Negative 9 (75.0) 3 (25.0)

COX-2 expression
Strong 45 (83.3) 9 (16.7) 0.860
Negative or weak 31 (83.8) 6 (16.2)

*4 patients who got excision were not included.
ER, estrogen receptor; PR, progesterone receptor.

Table 3. Nuclear expression of HuR and association with clini-
copathologic factors

COX-2 expression

Strong
(%)

pWeak or 
negative (%)

Tumor size  (mm)
≥50 11 (81.3) 5 (18.7) 0.265
<50 36 (57.3) 32 (42.7)

Lymph node metastasis*
Present 28 (58.3) 20 (41.7) 0.709
Absent 23 (59) 16 (41)

Histologic grade
G1 12 (40) 18 (60) 0.028
G2 35 (70) 15 (30)
G3 7 (63.6) 4 (36.4)

ER status
Positive 35 (53.0 ) 31 (47.0) 0.053
Negative 19 (76.0 ) 6 (24.0)

PR status
Positive 47 (59.5) 32 (40.5) 0.793
Negative 7 (58.3) 5 (41.7)

*4 patients who got excision were not included.
ER, estrogen receptor; PR, progesterone receptor.

Table 4. COX-2 expression and association with clinicopatho-
logic factors

Fig. 2. Cytoplasmic expression (A, p=0.567) and nuclear expression (B, p=0.247) of HuR, and COX-2 expression (C, p=0.092) showed
no correlation with cumulative survival. 
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have been studied. Though the mechanism of HuR transloca-
tion is not known, recent studies suggest many hypothesis.2

The translocation of HuR to the cytoplasm may be inhibited
by AMP-activated kinase.23 In contrast, the shuttling to the
cytoplasm may be induced by many kinds of stresses like UV
light, damaging agents, or T cell activation.24,25 It has been shown
that mitogenic-activated protein kinase-2 increases cytoplasmic
translocation of HuR and promotes stability of ARE-contain-
ing mRNAs.26

In addition to COX-2, some other cellular mRNA targets
for HuR have been reported, such as tumor necrosis factor ,
cyclin A, cyclin B1, MARCKS, uPA and uPA receptor.7,8,27 These
data suggest that HuR might play an important role in the con-
trol of the expression of proteins involved in cell cycle regula-
tion, apoptosis, angiogenesis, inflammation, tumor growth, and
other processes. Moreover, the correlation between overexpres-
sion of cytoplasmic HuR and unfavorable prognosis in several
types of malignant tumors has been observed.15,18-21 Consider-
ing these effects of cytoplasmic HuR on mRNAs having many
biological functions, the cytoplasmic HuR protein may be a
promising target for therapy. Cytoplasmic HuR overexpression
may be a newly discovered unfavorable prognostic factor.

In conclusion, cytoplasmic expression of HuR may be a part
of regulatory pathways that control the mRNA stability of COX-
2 in breast cancer, resulting in increasing COX-2 expression.
Additional large-scaled studies are needed to determine if HuR
might be a potential target for tumor therapy.
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