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Objective: Human-antigen R (HuR) is an RNA-binding protein, which regulates the expression of several oncogenes and tumor
suppressor genes through post-transcriptional mechanisms. But the role of HuR in breast cancer remains controversial. The aim of this
study was to verify the association between cytoplasmic HuR level and prognosis of breast cancer patients.

Methods: Data mining from the Human Protein Atlas (HPA) and Kaplan—Meier Plotter (KMP) databases was performed. Then, 394
patients with stage I-III primary breast cancer were enrolled between January 2005 and December 2016. We investigated the
association between cytoplasmic HuR level and clinicopathological characteristics or survival of these patients.
Immunohistochemical analysis was performed to determine HuR expression level. SPSS 21.0 statistical software was used for
analysis.

Results: In the HPA and KMP datasets, HuR protein and mRNA expression level were not significantly associated with overall
survival of all breast cancer patients enrolled. Results from our 394 patients indicated that higher expression level of cytoplasmic HuR
was associated with larger tumor size, lymph node positive, ER negative and triple-negative subtype. For all patients enrolled, the
results indicated that compared with HuR negative patients, the DFS (disease-free survival) of HuR 1+ was longer (60.5% vs 78.8,
P=0.053, HR=0.616, 95% CI: 0.378-1.005), the P value was borderline. In the triple-negative breast cancer (TNBC) subgroup, HuR
positive patients had significantly longer DFS than HuR negative patients (65.5% vs 30.8%, P=0.001, HR=0.345, 95% CI: 0.180—
0.658). In the HR+HER2—- subgroup, HuR low (0~1+) patients had significantly longer OS than HuR high (2+~3+) patients (97.0% vs
89.5%, P=0.033, HR=2.482, 95% CI: 1.074-5.736).

Conclusion: In conclusion, our results revealed that higher expression level of HuR was related to aggressive biological character-
istics which supported the findings from previous researches. In the HR+HER2- subgroup, lower HuR expression level patients had
better survival time, while in the TNBC subgroup we got the opposite results. Our work indicated that HuR might play different roles
in different breast cancer subtypes.
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Introduction

Breast cancer is one of the most common cancers and is the leading cause of cancer-related death in women around the
world.! It is a heterogeneous disease. During the last 10 years, molecular subtypes based on different gene expression
profiling have been investigated to predict prognosis and guide treatment.” Since multi-gene molecular assay is expensive
and not always available, it is not routinely used in our clinical practice. In 2013, surrogate subtypes based on
immunohistochemical markers of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor
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receptor 2 (HER2) and Ki-67 were proposed at the St Gallen conference.” According to the recommendation, breast
cancer patients are divided into luminal A, luminal B, HER2-enriched and triple negative (TNBC) subtypes. However,
patients with the same subtypes might respond differently to treatment and have different prognosis, the underlying
mechanisms are uncertain and further exploring of new biomarkers is needed.

RNA binding-proteins (RBPs) have been recognized as key regulators of post-transcriptional events.* RBPs partici-
pate in a wide range of biological and pathological processes such as cell adhesion, RNA synthesis and degradation and
so on.”® Human-antigen R (HuR) is an RNA-binding protein, belonging to the embryonic lethal abnormal vision (ELAV)
family. HuR regulates the expression of several oncogenes and tumor suppressor genes through post-transcriptional
mechanisms, including messenger RNA (mRNA) trafficking, mRNA decay and protein translation.” The intracellular
location of HuR is predominantly nuclear, it shuttles from the nucleus to the cytoplasm under stimulation conditions.®
Elevated cytoplasmic HuR expression was related to the etiology and prognosis of several kinds of cancers.”' But the
relationship between the expression of HuR and survival of breast cancer patients is controversial.'''* Some researches
""13 While others showed that higher HuR

expression level leads to decreased tumor growth by downregulating VEGF in a mouse model of TNBC.'*

indicated that higher expression of HuR is associated with poor prognosis,

The effects of HuR on chemotherapy response were complex. Increased HuR expression was found to be related to
increased gemcitabine response'® and doxorubicin-induced apoptosis.'> In contrast, higher expression level of HuR was

1'® and tamoxifen resistance.'”"'® In breast cancer cells, HuR was found to be associated with

associated with paclitaxe
radioresistance.'”?® HuR is a promising target in cancer drug development, but till now no HuR inhibitors are
investigated in clinical trial.?! With the above controversial data, researchers suggested that the combination of HuR
inhibitors with established agents should be designed rationally based on the molecular profiling of the cancer.?'

For the past 20 years, more than a hundred papers have investigated the role of HuR in cancers using in vitro cell
culture methods with fewer in vivo studies.”” The aim of this study was to analyze the association between cytoplasmic
HuR level and prognosis in breast cancer patients with different subtypes. In our study, we explored the HuR protein
expression profile and prognostic role in breast cancer by analyzing the Human Protein Atlas (HPA) and Kaplan—-Meier
Plotter (KMP) databases. Then, 394 breast cancer samples from Cancer Hospital of Chinese Academy of Medical

Science were tested to verify the prognostic role of HuR.

Materials and Methods

Data Mining and Processing
The nuclear protein level, cytoplasmic protein level and mRNA level of HuR in normal and different tumor tissues were
analyzed using data from the Human Protein Atlas (HPA) (http://www.proteinatlas.org/).>> Representative immunohis-

tochemistry images of cytoplasmic HuR protein level were also downloaded from the HPA.
The HPA dataset contains the HUR mRNA level and corresponding overall survival time of breast cancer patients.
The HuR protein level and overall survival time were obtained from the KMP database (http://kmplot.com/analysis/).**

We analyzed the prognostic role of HuR by using data from the HPA and KMP datasets.

Experiments with Specimens from 394 Patients

In our study, a total of 394 patients with stage I-III primary breast cancer were enrolled between January 2005 and
December 2016. Stage was determined according to American Joint Committee on Cancer 2010 classification.”> ER, PR
and HER?2 status were defined according to guidelines issued by the American Society of Clinical Oncology (ASCO) and
the College of American Pathologists (CAP) in 2010.2°*” This investigation was approved by the Institutional Review
Board of the Chinese Academy of Medical Sciences Cancer Hospital and the First Affiliated Hospital of Nanchang
University. It was conducted according to the ethical standards of the Declaration of Helsinki and following the national
and international guidelines. All patients have consented to their tumor tissue and clinical information being used in this
study. We collected clinical and pathological data. Patients were followed until December 2021 to collect data on

recurrence and death.
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Immunohistochemistry

Immunohistochemistry of HuR was performed according to previous researches.'” A monoclonal mouse antibody
directed against HuR (3A2; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used for HuR immunostainings on
formalin-fixed, paraffin-embedded breast tissue sections. Incubation with primary HuR antibodies was performed for 1
h at room temperature (37 °C), at a dilution of 1:200.'° The standard two-step peroxidase conjugated polymer technique
(DAKO Envision kit; DAKO, Carpinteria, CA, USA) was then performed.10 At a next step, immunostainings were
visualized with diaminobenzidine tetrahydrochloride solution (DAB; Sigma, Saint Louis, MO, USA).

HuR cytoplasmic expression level was confirmed independently by two observers. HuR staining levels were rated as
follows:*® 0 points, no staining; 1 point, weak and/or focal staining (<10% of cells); 2 points, moderate or strong staining
(10-50% of cells); and 3 points, moderate or strong staining (>50% of cells). Combined scores of 0 or 1 points
represented low expression, while combined scores of 2 or 3 points indicated high expression (Figure 1A-D).

Statistical Analyses

SPSS 21.0 statistical software (SPSS Inc., Chicago, IL, USA) was used for analysis. Five-year DFS and OS rates of
patients with different characteristics were estimated by the Kaplan—Meier product limit method and compared by the
Log rank test. Hazard ratios of recurrence/metastasis and death with 95% confidence intervals (Cls) were estimated by
Cox regression model. The multivariate analysis was adjusted for age, histological grade, tumor size, lymph node status,
subtypes and HuR expression level. All statistical tests were two-sided, and P<0.05 was considered significant.

Figure | Presentative IHC images of cytoplasmic HuR expression levels from 394 breast cancer tissues. (A) Staining: 0 points; (B) staining: | point; (C) staining: 2 points;
(D) staining: 3 points.
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Results

Protein Expression Profile of HUR in the HPA

From the HPA dataset, we found that the protein level of HUR in normal breast tissue was medium compared with the
other 30 human tissue samples (Figure 2A). Most tumor cells displayed weak to moderate nuclear immunoreactivity
(Figure 2B) and moderate cytoplasmic positivity (Figure 2C) of HUR protein. Few breast and colorectal cancers
exhibited strong immunoreactivity. Several cases of cervical, ovarian, lung, pancreatic, liver, endometrial cancers and
lymphomas were weakly stained. In Figure 1C, regarding cytoplasmic expression of HUR protein, breast cancer ranked
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Figure 2 HuR protein expression overview in human normal and tumor tissues (data from The Human Protein Atlas; Creative Commons). (A) HuR protein expression
overview in human normal tissues. (B) HuR protein nuclear expression overview in human tumor tissues. (C) HuR protein cytoplasmic expression overview in human
tumor tissues. (D) Representative IHC images of cytoplasmic HuR expression levels in breast cancer tissues.
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fifth among the 20 common cancer types. Figure 2D displays representative IHC images of cytoplasmic HuR expression
levels, including low, medium and strong.

Prognostic Role of HUR Expression Level in Breast Cancer Patients from the HPA and
KMP

To explore the association between HuR and OS in breast cancer patients, we used the KMP and HPA datasets. In the
KMP, patients with higher protein level of HuR had a worse survival, but the P value was not statistically significant
(P=0.12; Figure 3A). In the HPA, the mRNA level of HuR was analyzed. The 5-year OS for patients with low and high
HuR mRNA level were not significantly different (83% vs 80%, P=0.12; Figure 3B).

Association Between Clinical Characteristics and Cytoplasmic Expression Level of

HuR in 394 Breast Cancer Patients

A total of 394 BC patients were enrolled in this study. The median age at diagnosis is 50 years old (range: 24-85), and
211 (53.6%) patients were <50 years old. 174 (44.2%) patients were diagnosed with grade 3 tumors. Most patients were
at stage Il and III (296 patients, 75.1%). 52.0% of patients were ER negative and 41.1% of patients were TNBC. The
association between clinical characteristics and cytoplasmic expression level of HuR are listed in Table 1. The expression
level of HuR was significantly associated with tumor size, lymph node status, ER expression and subtypes of breast
cancer. Compared with HuR negative patients, patients with HuR 3+ were more likely to be with tumor >2 cm (P=0.028,
HR=3.353, 95% CI: 1.142-9.843) and lymph node positive (P=0.028, HR=3.353, 95% CI: 1.142-9.843). In patients with
HuR 0, 1+, 2+ and 3+, there were 47.4%, 41.9%, 65.7% and 88.5% ER negative patients. Compared with HuR negative
patients, patients with HuR 2+ (P=0.049, HR=2.295, 95% CI: 1.003-5.249) and 3+ (P=0.001, HR=10.615, 95% CI:
2.621-42.992) were more likely to be TNBC.

Clinical Characteristics and Survival in 394 Breast Cancer Patients

The 5-year OS and DFS rate were 87.7% and 75.1%, respectively. The survival rates for patients with different
clinicopathological characteristics are listed in Table 2. The Kaplan—Meier analysis revealed a significantly higher
DFS and OS for patients with tumor size <2 c¢m, negative lymph node metastasis. Grade I-II and ER positive patients
had significantly higher OS than grade III and ER negative patients. Stage III patients had significantly lower DFS
(P<0.001, HR=2.828, 95% CI: 1.798-4.450) and OS (P<0.001, HR=4.903, 95% CI: 2.497-9.626) rates compared to
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Figure 3 The prognostic role of HuR by using data from the HPA and KMP datasets. (A) Kaplan—Meier curves from the KMP dataset.?* (B) Kaplan—Meier curves from the
HPA dataset (data from The Human Protein Atlas; Creative Commons).
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Table | Clinical Characteristics and Cytoplasmic Expression Level of HUR in 394
Breast Cancer Patients

Age HR (95% CI) P
HuR <50 years >50 years
0 16 22 1 (Ref.)
I 126 96 0.554 (0.276~1.112) 0.097
2 59 49 0.604 (0.286—1.275) 0.186
3 10 16 I.164 (0.420-3.225) 0.771
Tumor size
HuR <2 cm >2 cm
0 21 17 1 (Ref.)
I 96 126 1.621 (0.811-3.240) 0.171
2 53 55 1.282 (0.610-2.693) 0.512
3 7 19 3.353 (1.142-9.843) 0.028
Lymph node
HuR Negative Positive
0 21 17 1 (Ref.)
I 104 118 1.402 (0.702-2.799) 0.339
2 53 55 1.282 (0.610-2.693) 0.512
3 7 19 3.353 (1.142-9.843) 0.028
Grade
HuR 1-2 3
0 24 14 1 (Ref.)
I 133 89 1.147 (0.563-2.337) 0.705
2 52 56 1.846 (0.864-3.946) 0.114
3 ] 15 2.338 (0.843-6.481) 0.103
ER
HuR Negative Positive
0 18 20 1 (Ref.)
| 93 129 1.248 (0.626-2.490) 0.529
2 71 37 0.469 (0.221-0.994) 0.048
3 23 3 0.117 (0.030-0.458) 0.002
Subtypes
HuR HR+HER2- TNBC
(Continued)
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Table | (Continued).

Age HR (95% CI) P
0 18 13 I (Ref.)

[ 19 68 0.791 (0.365-1.714) 0.553
2 35 58 2.295 (1.003-5.249) 0.049
3 3 23 10.615 (2.621-42.992) | 0.001

Abbreviations: HR, hazard ratio; Cl, confidence interval; Ref,, reference; ER, estrogen receptor; HR,
hormonal receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer.

Table 2 Clinicopathological Characteristics and Survival of 394 Breast Cancer Patients

Variables Patients SyDFS (%) HR (95% CI) P 5yOS (%) HR (95% CI) P
Age

<50 years 211 744 I (Ref.) 88.5 I (Ref.)

>50 years 183 75.9 1.118 (0.810-1.544) 0.497 86.7 1.271 (0.828-1.950) 0.272
Tumor size

<2 cm 117 80.7 I (Ref.) 93.2 I (Ref.)

>2 cm 217 70.5 1.427 (1.027-1.983) 0.034 83.2 1.899 (1.210-2.982) 0.005
Lymph node

Negative 185 84.3 I (Ref.) 96.2 I (Ref.)

Positive 209 67.0 2011 (1.432-2.824) <0.001 80.1 2.377 (1.496-3.777) <0.001
Grade

1-2 220 759 I (Ref.) 90.8 I (Ref.)

3 174 74.1 1.107 (0.799-1.533) 0.540 83.7 1.621 (1.055-2.489) 0.027
Estrogen receptor

Negative 205 67.1 I (Ref.) 80.2 I (Ref.)

Positive 189 83.6 0.738 (0.533-1.022) 0.067 95.7 0.356 (0.222-0.569) <0.001
HER-2

Negative 337 747 I (Ref.) 86.5 I (Ref.)

Positive 57 772 1.540 (0.917-2.588) 0.103 94.5 0.628 (0.314-1.254) 0.187
TNM

| 98 84.6 I (Ref.) 98.0 I (Ref.)

I 196 78.6 1.219 (0.781-1.902) 0.384 91.2 1.835 (0.934-3.606) 0.078

11l 100 59.0 2.828 (1.798-4.450) <0.001 70.2 4.903 (2.497-9.626) <0.001
Molecular subtypes

HR+HER2- 175 85.7 I (Ref.) 95.4 I (Ref.)

HER2+ 57 772 0.849 (0.490-1.473) 0.561 94.5 1.229 (0.568-2.656) 0.601

TNBC 162 62.7 1.789 (1.266-2.527) 0.001 76.8 3.427 (2.089-5.622) <0.001

Abbreviations: DFS, disease free survival; OS, overall survival; HR, hazard ratios; Cl, confidence interval; Ref., reference; HR, hormonal receptor; HER2, human epidermal
growth factor receptor 2; TNBC, triple negative breast cancer.

stage I patients. The DFS (P=0.001, HR=1.789, 95% CI: 1.266-2.527) and OS (P<0.001, HR=3.427, 95% CI: 2.089—
5.622) of TNBC patients were much worse compared to HR+HER2— patients.

Cytoplasmic Expression Level of HuR and Survival in 394 Breast Cancer Patients

No patient in the HER2+ subgroup was HuR 3+ and only 3 patients in the HR+HER2- subgroup were HuR 3+, so
we only compared the survival time of patients with HuR 0, 1+, 2+ and 3+ in all patients enrolled and in the TNBC
subgroup (Table 3). For all patients enrolled, the results indicated that compared with HuR 0 patients, the DFS of
HuR 1+ was longer (60.5% vs 78.8, P=0.053, HR=0.616, 95% CI: 0.378-1.005), the P value was borderline. In the
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Table 3 Cytoplasmic Expression Level of HUR and Survival of 394 Breast Cancer Patients

Variables S5yDFS (%) HR (95% CI) P 5yOS (%) HR (95% CI) P
All patients

HUR 0 60.5 I (Ref.) 81.3 I (Ref.)

HUR 1+ 78.8 0.616 (0.378-1.005) 0.053 90.9 0.653 (0.328-1.302) 0.227

HUR 2+ 73.1 0.658 (0.383-1.132) 0.130 83.8 0.971 (0.468-2.013) 0.936

HUR 3+ 73.1 0.576 (0.253-1.309) 0.188 84.6 0.952 (0.346-2.623) 0.925
TNBC

HUR 0 30.8 I (Ref.) 52.7 I (Ref.)

HUR 1+ 61.6 0.382 (0.191-0.765) 0.007 77.9 0.573 (0.234-1.405) 0.224

HUR 2+ 67.2 0.341 (0.165-0.705) 0.004 784 0.514 (0.201-1.313) 0.164

HUR 3+ 739 0.248 (0.096-0.642) 0.004 82.6 0.440 (0.142-1.368) 0.156
All patients

HUR 0-1+ 76.1 I (Ref.) 89.5 I (Ref.)

HUR 2+-3+ 73.1 0.964 (0.680—1.366) 0.836 84.0 1.381 (0.888-2.148) 0.152
HR+HER2-

HUR 0-1+ 88.3 I (Ref.) 97.0 I (Ref.)

HUR 2+-3+ 76.3 1.271 (0.709-2.277) 0.420 89.5 2.482 (1.074-5.736) 0.033
TNBC

HUR 0-1+ 56.6 I (Ref.) 74.0 I (Ref.)

HUR 2+-3+ 69.1 0.684 (0.425—1.100) 0.117 797 0.783 (0.451-1.360) 0.385
HER2+

HUR 0-1+ 72.1 I (Ref.) 929 I (Ref.)

HUR 2+-3+ 86.7 0.346 (0.079-1.518) 0.160 929 0.304 (0.038-2.403) 0.259
All patients

HUR 0 60.5 I (Ref.) 8l1.3 I (Ref.)

HUR |+-3+ 76.6 0.625 (0.390-1.002) 0.051 88.4 0.760 (0.393—1.471) 0416
HR+HER2-

HUR 0 722 I (Ref.) 94.4 I (Ref.)

HUR |+-3+ 87.3 0.848 (0.385-1.868) 0.683 95.5 1.232 (0.289-5.254) 0.778
TNBC

HUR 0 30.8 I (Ref.) 52.7 I (Ref.)

HUR [+-3+ 65.6 0.345 (0.180-0.658) 0.001 78.9 0.531 (0.226-1.244) 0.145
HER2+

HUR 0 75.0 I (Ref.) 87.5 I (Ref.)

HUR 1+-3+ 76.0 0.776 (0.223-2.701) 0.690 93.8 0.334 (0.086—1.294) 0.113

Abbreviations: DFS, disease free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; Ref., reference; HR, hormonal
receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer.

TNBC subgroup, patients with HuR 1+, 2+ and 3+ had significantly favorable DFS than patients with HuR 0. After
multivariate analysis, lymph node status and surrogate subtypes were proved to be independent prognostic factors
for both DFS and OS. HuR expression level was an independent prognostic factor for DFS (P=0.022, HR=0.762,
95% CI: 0.604-0.962) but not OS.

To explore the best cut-off value that predicts prognosis, we also compared survival time between HuR negative (0)
and positive (1+~3+) or between HuR low (0~1+) and high (2+~3+) patients (Table 3). For all patients enrolled, the OS
for patients with low and high cytoplasmic HuR expression was not significantly different (Figure 4A), which was
consistent with the results from the HPA and KMP datasets. In the TNBC subgroup, HuR positive patients had
significantly longer DFS than HuR negative patients (65.5% vs 30.8%, P=0.001, HR=0.345, 95% CI. 0.180-0.658;
Figure 4B). In the HR+HER2— subgroup, HuR low patients had significantly longer OS than HuR high patients (97.0%
vs 89.5%, P=0.033, HR=2.482, 95% CI: 1.074-5.736; Figure 4C).
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Figure 4 HuR expression level as a prognostic factor in 394 BC patients. (A) The OS for patients with low and high cytoplasmic HuR protein expression (all patients
enrolled). (B) The DFS for patients with negative and positive cytoplasmic HuR protein expression (TNBC subgroup). (C) The OS for patients with low and high cytoplasmic
HuR protein expression (HR+HER2- subgroup).

Discussion

The Hu protein family comprises four vertebrate members, the primarily neuronal proteins HuB (Hel-N1), HuC (PLE21),
HuD, and the ubiquitously expressed HuR.* HuR localizes in the nucleus of healthy cells, and increased cytoplasmic
HuR levels have been reported to be associated with several kinds of malignancies.’® By analyzing the HPA dataset, we
found that most tumor cells displayed moderate cytoplasmic positivity of HuR protein, and breast cancer ranked fifth
among the 20 common cancer types, which suggested that HuR might play an important role in breast cancer. Both
analysis of the HPA and KMP datasets and of 394 breast cancer patients showed that protein or mRNA level of HuR was
not significantly associated with prognosis. But the subgroup analysis of 394 breast cancer patients indicated that the
prognostic value of HuR varied between different subtypes. We also found that higher expression level of HuR was
related to aggressive biological characteristics which was consistent with results from previous studies.

The HuR gene encodes a 32 kDa protein containing three highly conserved RNA-binding domains belonging to the
RNA recognition motif (RRM) superfamily.>' RRM-1 and RRM-2 are responsible for AU-rich elements (ARE) binding,
whereas RRM-3 binds simultaneously to the mRNA poly(A) tail.**> Due to its ubiquitous expression, HuR regulates the
stability, translation and intracellular trafficking of thousands of target mRNAs by binding to their 3’ untranslated regions
(UTRs) containing AU-rich elements (AREs).>* The regulation of HuR can be either positive or negative.

HuR has been demonstrated to promote expression of many breast cancer-related genes including CCL2,** Cyclin
D1,*> MMP-9° and VEGF.'? But the role of HuR in breast cancer remains controversial. Giaginis et al found that high
HuR expression was positively associated with larger tumor size and advanced disease stage (P=0.0234 and P=0.0361,
respectively), being more frequently observed in ER negative cases (P=0.0208)."' These results were consistent with
ours. And in Giaginis et al’s study, high HuR expression was associated with poor overall and disease-free survival.''
Another four researches also demonstrated that higher expression level of HuR was associated with poor prognosis in
208 breast cancer patients,'? in 125 invasive breast cancer patients,'® in 139 breast cancer patients receiving paclitaxel

% and in 525 familial non-BRCA1/2 breast cancer cases.>®

137

and anthracycline containing neoadjuvant chemotherapy,'
However, there were studies that derived opposite results. Ortega et al”* investigated the HUR mRNA expression level in
89 patients, and they found that a low tumor expression of HuR predicts a higher risk of disease recurrence in early-stage
breast cancer patients. In Yuan et al’s research,”® the patients with poor prognosis, including those with metastasis and
those who died of breast cancer, had a significantly lower level of HuR transcripts compared to the disease-free patients.

One explanation for the discordance of these results is that the previous five studies investigated the HuR expression
at protein level by immunohistochemistry, while the latter two researches quantified the mRNA level of HuR by reverse

transcription polymerase chain reaction technique. Some investigators assumed that post-transcriptional modifications of
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HuR protein may affect its clinical and prognostic impact,'' but the underlying mechanisms still need to be clarified.
Different antibodies used may also contribute to this controversy. Besides, the different characteristics of patients
enrolled in studies may be responsible for this controversy. We found that studies that demonstrated positive correlation
of HuR and survival enrolled more HR positive patients (more than 60%). While in Yuan et al’s research that HuR
expression level was negatively related to survival, 68% patients were ER negative. Similarly, we enrolled 52.0% ER
negative patients in our study, and HuR positive patients had better DFS than HuR negative patients (76.6% vs 60.5%,
P=0.051, HR=0.625 95% CI: 0.390-1.002). The P value was borderline.

Actually, some basic researches had demonstrated that HuR plays different roles in different subtypes of breast
cancer. Yuan et al*®> found that HuR knockdown dramatically reduced cell growth in MCF-7. In MDA-MB-231 cells,
HuR knockdown reduced cell invasiveness but not cell growth. Reduced growth of MCF-7 cells was associated with
reduction of cyclin D1. While reduced invasiveness seemed to be linked with decreased MMP-9 levels in MDA-MB-231
cells.>> In Gubin et al’s research,'* HuR overexpression results in significantly reduced tumor growth and mass. They
revealed that HuR regulates a cluster of genes involved in blood vessel formation. Overexpression of HuR impairs tumor
growth in triple negative breast cancer associated with deficient angiogenesis.'*

Till now, no research has comprehensively investigated the prognostic role of HuR in different subtypes of breast
cancer patients. Our study found that higher expression level of HuR was associated with ER negative and TNBC
subtype. In the TNBC subgroup, HuR positive patients had significantly longer DFS compared to HuR negative patients.
While in the HR+HER2- subgroup, HuR low patients had significantly longer OS than HuR high patients. Our data are
consistent with the results from previous clinical and basic researches that HuR plays different roles in different subtypes.

However, there are some limitations of our study. Firstly, this is a retrospective study, 41.1% patients are TNBC.
While in the Chinese BC population, the incidence of TNBC is usually 10—-15%. Secondly, patients in our study received
varies therapies which might influence the results, since it has been reported that HuR expression associated with the

1718 taxanes,'® gemcitabine'® and so on. Thirdly, HuR Antibody (3A2) is the most commonly used

efficacy of tamoxifen,
antibody for recognizing HuR, but the exact epitope has not been very well defined. According to the literature,*® the
3A2 epitope is located in RRM 1 of HuR, which is highly conserved among all ELAV proteins. Although HuB, HuC and
HuD were primarily neuronal proteins and were weakly stained or mostly negative in breast cancer tissue, we cannot
totally exclude their influence of the staining. Fourthly, the sample size of our research is limited, and we are now

collecting more samples to verify our results and searching the underlying mechanisms of HUR.

Conclusion

In conclusion, our results from 394 breast cancer patients revealed that higher expression level of HuR was related to
aggressive biological characteristics which supported the findings from previous researches. In the HR+HER2— sub-
group, cytoplasmic HuR expression level was negatively associated with survival, while in TNBC patients we got the
opposite results. Our work indicated that HuR might play different roles in different subtypes.
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