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Abstract: Asparagine-betahydroxylase (ASPH) plays an important role in cell growth, differentiation, adhesion and 

migration. And ASPH is silent in adult tissues in normal. It expresses at very low levels or not expresses at all in most normal 

cells and tissues. High level of ASPH always be detected in aggressive tumor cells and it indicates worsened clinical prognosis. 

The expression of ASPH in paraffin-embedded tissue sections was detected by immunostaining. We analyzed the distributions 

and levels of ASPH by immunohistochemical staining in breast cancer. ASPH is expressed high in breast cancer. And we 

detected the expression of ASPH by Elisa in breast cancer cells (MCF7) and normal mammary epithelial cells (MCF10A). The 

level of ASPH is higher in MCF7 than MCF10A. In breast cancer, the ASPH positive cases are 15 of 34, and the positive rate 

is 44.1%. The higher grade cancer was associated with the higher levels of ASPH. And we found that the ASPH expression 

have relation to the expression of progesterone receptor (PR) and HER-2. Our study demonstrates that increased ASPH 

expression in breast cancer, and it has closed relation to the level of PR and HER-2. Therefore, ASPH may be closely related to 

the malignant degree and prognosis of breast cancer. 
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1. Introduction 

Asparagine-betahydroxylase (ASPH) is a deoxygenase 

dependent on alpha-ketoglutarate, which exists in 

mammalian cells during embryonic period [1, 2]. Its 

expression disappears in adulthood and is highly 

conservative. Professor JACK of Brown University found 

that ASPH was detected on the membranes of hepato 

cellular carcinoma and pancreatic cancer, with positive rates 

of 81.48% and 97.1% respectively, while normal cells were 

negative [3-5]. At the same time, ASPH was detected in the 

serum of patients with lung cancer, which could be used as 

a serum marker of lung cancer [6] and circASPH may 

contribute to the development of circRNA-based the 

therapeutic strategies for lung adenocarcinoma [7]. ASPH 

has a relative molecular weight of 86kD and 27 exons. It 

encodes four proteins: AAH, humbug, junctate and junctin. 

AAH and humbug proteins are the main expression 

products of ASPH gene [8, 9]. ASPH catalyzes the 

hydroxylation of beta-carbon atoms on the aspartic acid or 

asparagines residues of epidermal growth factor-like 

domains (such as Notch and Jagged) in specific proteins, 

and plays an important role in cell growth, differentiation, 

adhesion and migration [10]. The normal expression of 

ASPH in adults is "off" and only "open" when tumors occur. 

It is considered that the function of ASPH is related to the 

phenotype of malignant tumor [5, 11]. 

The incidence of breast cancer is the highest among 

female malignant tumors, and it shows a growing trend. 

Biomarkers play an important role in the patients with 

invasive breast cancer, such as oestrogen receptors (ERs), 

progesterone receptors (PRs) and human epidermal growth 

factor receptor 2 (HER-2). Accurate reporting of estrogen 
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receptor (ER), progesterone receptor (PR) and HER2 status 

in breast cancer is necessary for prognostic. The most recent 

clinical guidelines recommend testing of ER, PR, and 

HER2 for all primary invasive breast cancer cases and 

recurrent lesions [12]. The main clinical application of 

steroid hormone receptors, ER and PR is in selecting 

patients with invasive breast cancer for treatment with 

endocrine therapy. As predictive markers for endocrine 

therapy, ER and PR are used in the neoadjuvant, and 

advanced disease settings [13-15]. And several retrospective 

studies have shown that patients with ER or PR-containing 

tumours tend to have a better outcome than those lacking 

the receptors [16-18]. And the same to ER and PR, the main 

clinical use of HER2 measurement is in predicting the 

response to anti-HER2 therapy in the neoadjuvant, adjuvant 

and advanced disease settings [19]. 

Our study was to observe the expression of ASPH in breast 

cancer patients by immunohistochemistry and Elisa to 

observe the relationship between ASPH expression and ER, 

PR and HER2. And ASPH may be a new marker in breast 

cancer and it is predicted to be a new therapy for breast 

cancer. 

2. Materials and Methods 

2.1. Human Subjects 

All tissues were derived from the Pathological Department 

of Liao Cheng People's Hospital past five years. There were 

34 breast cancer patients, which classifies into 6 Luminal A, 

12 Luminal B, 10 ERBB2+ and 6 Basal-like. The 

investigation was conducted and approved in accordance 

with the ethical standards of the Declaration of Helsinki, 

national and international guidelines and was approved by 

the Ethics Committee of Liao Cheng People’s Hospital. 

2.2. Immunohistochemistry 

The breast cancer tissues were soaked in 10% 

formaldehyde solution for 24 hours, after 60% alcohol for 60 

minutes, 70% alcohol for 90 minutes, 85% alcohol for 90 

minutes, 90% alcohol for 90 minutes, 95% alcohol twice for 

90 minutes each, 100% alcohol twice for 70 minutes and 90 

minutes respectively, then Xylene twice for 60 minutes each 

and Xylene for 90 minutes. Afterwards, the tissues were 

immersed in paraffin four times for 45 minutes each at 62°C, 

embedded and sectioned with HistoCore BLOCUT slicer. 

The thickness of pathological sections were 4µm. The 

immunohistochemical procedure is as follows: 

De-paraffinize by Xylene (15 minutes) x3, followed by 

Ethanol gradient (100%, 100%, 95%, 90%, 80%, 70%, 

60%, 1 minute each). Preheat 1L of diluted Antigen 

Unmasking Solution (VectorLabH-3300) in a Nordic Ware 

Pressure Cooker using a microwave oven for 6 minutes. 

Perform endogenous peroxidase blocking by placing slides 

in MeOH 200ml +30% Hydrogen Peroxide 13.5ml for 30 

minutes in a plastic slide container. Perform antigen 

blocking at room temperature for 30 minutes using 

blocking buffer from Elite ABC Kit (Vector Lab PK-6102). 

Dilute FB-50 (Provided by Brown University, USA) at 

1:10,000 in blocking buffer from Elite ABC Kit (Vector 

Lab PK-6102). Incubate with just enough diluted FB-50 

antibody to cover the slide in a sealed container at 4°C 

overnight to minimize evaporation. Incubate with 

secondary antibody at room temperature for 30 minutes 

using diluted secondary antibody from Elite ABC Kit 

(Vector Lab PK-6102). Perform peroxidase-labeling using 

dilated ABC reagent from Elite ABC Kit (Vector Lab 

PK-6102). Color development using DAB Peroxidase 

Substrate (Vector Lab SK-4103) for 15-120 seconds, 

depending on sample tissues. Stop the reaction by placing 

the slides in 1×Phosphate Buffered Saline. Counterstain by 

applying Hematoxylin (Vector Lab H-3401) directly on 

top of slides for 30 seconds. Dehydrate using reversed 

Ethanol gradient (60%, 70%, 80%, 90%, 95%, 100%, 

100%, 1 minute each) and Xylene (for 15 minutes). Mount 

using a drop of Aqueous Mounting Medium (Vector Lab 

H-5501) and cover with a coverslip. 

2.3. Cell Culture 

Human breast carcinoma cell lines MCF-7 (ATCC, 

HTB-22) were cultured under the conditions recommended 

by the DMEM high glucose medium (GIBCO) supplemented 

10% FBS and 1% Penicillin-Streptomycin, and Normal 

epithelial cells of the human breast MCF-10A cells (ATCC) 

were cultured in DMEM/Ham'sF-12 (GIBCO) supplemented 

with 5% chelex-treated horse serum, 10µg/ml insulin, 

20ng/ml epidermal growth factor (EGF), 100ng/ml cholera 

toxin and 0.5µg/ml hydrocortisone. 

2.4. Elisa for ASPH 

The cells were washed gently with cold PBS and 

separated with trypsin, centrifuged for 5 minutes at 1,000×g. 

The cells were rinsed with cold PBS three times. The cells 

were resuspended in fresh lysis buffer at 107 cells/ ml. The 

cell fragments were removed after centrifugation at 1,500×g 

for 10 minutes at 4°C. Prepare 7wells of standard solution 

and 1 well of blank solution. Add standard, blank, and 

sample 100µL diluents each to corresponding wells. 

Incubate at 37°C for 1 hour. Add Detection Reagent A 

working solution 100µL to each well, cover with sealing 

plate, and incubate at 37°C for 1 hour. Suction 1×washing 

solution 350µL to each well with spray bottle, 

multi-channel pipette, tube distributor or automatic cleaning 

machine, stand for 1~2 minutes. Place the plate on blotting 

paper to remove any remaining liquid from all the holes. 

Three times in total. Add Detection Reagent B working 

solution 100µL to each well, cover with sealing plate, and 

incubate at 37°C for 30 minutes. Add 90µL Substrate 

Solution to each well. Incubate at 37°C for 10-20 minutes. 

From light protection. When the Substrate Solution is added, 

the liquid turns blue. Add 50µL Stop Solution to each well. 

Then, the microplate reader was run and immediately 

measured at 450nm. 
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2.5. Statistics 

SPSS 19.0 software was used for statistical analysis. 

The expression of immunohistochemistry was analyzed by 

ANOVA. The correlation of ASPH with clinicopatholigical 

characteristics was assessed by the Chi-square test. P 

values less than 0.05 was considered statistically 

significant. 

3. Results 

3.1. ASPH Is High Level Expression in Breast Cancer 

Formalin-fixed paraffin embedded histological sections of 

34 breast cancer patients were immunostained to detect 

ASPH. In breast cancer, the positive cases are 15 of 34, and 

the positive rate is 44.1%. ASPH protein is highly expressed 

in breast cancer. (Figure 1). 

 
Figure 1. ASPH expression in breast cancer is positive and the expression in Cystic changes of the breast is negative. (A) ASPH expression in breast cancer 

(10×); (B) (20×) and (C) (40×) are the ASPH expression in breast cancer; (D) ASPH expression in Cystic changes of the breast (10×). The arrow is positive. 
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3.2. Elisa for ASPH 

The expression of ASPH was detected in MCF7 and MCF10A. The results showed that the expression of ASPH in MCF7 is 

much more than in MCF10A. The P value is 0.0002 (Figure 2). This suggests that ASPH is highly expressed in breast cancer 

cells compared with normal breast cells. 

 
Figure 2. The expression of ASPH in MCF7 is higher than MCF10A (P＜0.001). 

3.3. ASPH Is Closely Related to the Expression of PR and 

HER-2 

The expression of ASPH protein was not correlated with 

tumor size, lymph node metastasis, clinical stage, WHO 

grade, ER and Ki67 (all P>0.05), but was correlated with the 

expression of PR and HER2 (all P<0.05). Chi-square test was 

used to evaluate the correlation between ASPH with PR and 

HER-2. P values less than 0.05 was considered statistically 

significant. P value of ASPH and PR is 0.032, and P value of 

ASPH and HER-2 is 0.036 (Table 1). 

Table 1. Correlations of ASPH expression with clinicopathological features 

of breast cancer. 

Variable 
ASPH 

2  P value 
Positive Negative 

Tumor size 
  

0.295 0.863 

T1 5 6 
  

T2 5 9 
  

T3+T4 4 5 
  

Lymphatic metastasis 
  

0.647 0.212 

N0 6 7 
  

N1 1 7 
  

N2 4 5 
  

N3 3 1 
  

Clinical stage 
  

1.191 0.551 

I 1 4 
  

II 6 7 
  

III 7 9 
  

WHO grade 
  

0.008 0.93 

I+II 5 8 
  

III 8 12 
  

ER 
  

2.238 0.135 

Positive 8 7 
  

Negative 5 13 
  

Variable 
ASPH 

2  P value 
Positive Negative 

PR 
  

3.993 0.032 

Positive 10 7 
  

Negative 3 13 
  

Her2 
  

3.481 0.036 

Positive 8 4 
  

Negative 6 16 
  

P53 
  

0.787 0.364 

Positive 1 5 
  

Negative 13 15 
  

Ki67 
  

0.596 0.44 

High 6 6 
  

Low 8 14 
  

Table 2. The number of cases of breast cancer pathological classification. 

Molecular type number 

Luminal A 6 

Luminal B 12 

ERBB2+ 10 

Basal-like 6 

4. Conclusion 

The expression of ASPH is high in breast cancer. The 

ASPH positive cases are 15 of 34, and the positive rate is 

44.1%. And we found that the ASPH expression have relation 

to the expression of progesterone receptor (PR) and HER-2. 

5. Discussion 

ASPH is rarely expressed in normal adult tissue, except 

placental trophoblastic cells [20, 21], however, its over 

expression has been observed in a number of malignancies. It 
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plays an important role in tumor development and progression. 

Wang et al. [21, 22] showed a significant association between 

ASPH over expression and higher recurrence and lower 

survival rate after surgery. ASPH has been proposed as an 

important biological target to control tumor cell migration and 

invasion, as its over expression has been observed in 70%–90% 

of human tumors [5, 23]. Breast cancer accounts for 25% of all 

cancer cases and 15% of deaths in women from female cancers 

[23]. Age, race, acyeterion use, family history, reproductive 

and endocrine factors, hormone therapy, obesity, excessive 

alcohol consumption, smoking, and lack of physical activity 

have all been identified as potential risk factors for breast 

cancer [24]. Due to the complex etiology of breast cancer, the 

prognosis of breast cancer patients has attract more and more 

attention, especially from the perspective of molecular 

biomarkers [25]. ER, PR and HER-2 are very important 

biomarkers in the prognosis of breast cancer patients, and their 

status is crucial to the prognostic [26]. And they are thought to 

be predictive markers of breast cancer patients’ response to 

hormone therapy [27]. Our experiments found that ASPH was 

highly expressed in breast cancer cells (MCF7), and the 

Immunohistochemistry was positive in 15 patients of 34 breast 

cancer. At the same time, the relationship between ASPH 

protein expression and ER, PR and HER2 was also 

investigated in order to explore whether ASPH could be used 

as a possible biomarker for the identification of breast cancer. 

Our study found that ASPH was over expressed in breast 

cancer with a positive rate of 44.1%. In addition, our study 

found that the expression of ASPH in breast cancer tissues 

was correlated with the expression levels of PR and HER2. 

Patients with PR and HER2 were highly positive for ASPH 

expression, i.e. Luminal B (HER2 positive). Luminal type B 

breast cancer has poor response to endocrine therapy and 

requires adjuvant chemotherapy with poor prognosis [28, 29]. 

Masafumi Shimoda etal.[30] showed that patients with 

luminal B-like breast cancer of high ASPH had a 

significantly worse prognosis than patients with ASPH-low 

luminal B-like breast cancer. Our results suggest that ASPH 

expression synchronizes with HER2, and ASPH may be an 

important indicator for evaluation breast cancer patients. 

These results suggest that ASPH may be a potential 

biomarker for breast cancer diagnosis and prognosis, and lay 

the foundation for future HER-2 targeted therapy for breast 

cancer. In addition, we will expand the samples in future 

studies to examine the clinical value of ASPH in breast 

cancer. And we will find out the related protein signaling 

pathways for ASPH. 

Declaration of Interest Statement 

No interest conflict. 

Acknowledgements 

We thank Professor Jack of Brown University and 

Professor Dong Xiaoqun. We thank Professor Gao Jianlu and 

Professor Gu Mingliang. We also thank Xu Junlong, Wen 

Wenjuan, Zheng Zheng and the other colleagues in Pathology 

Department of Liao Cheng People’s Hospital. 

 

References 

[1] Chung, W., M. Kim, S. dela Monte, L. Longato, R. Carlson, B. 
L. Slagle, X. Dong, and J. R. Wands, Activation of signal 
transduction pathways during hepatic oncogenesis. Cancer 
Lett, 2016. 370 (1): p. 1-9. 

[2] Jia, S., W. J. Van Dusen, R. E. Diehl, N. E. Kohl, R. A. 
Dixon, K. O. Elliston, A. M. Stern, and P. A. Friedman, 
cDNA cloning and expression of bovine aspartyl 
(asparaginyl) beta-hydroxylase. J Biol Chem, 1992. 267 (20): 
p. 14322-7. 

[3] Aihara, A., C. K. Huang, M. J. Olsen, Q. Lin, W. Chung, Q. 
Tang, X. Dong, and J. R. Wands, A cell-surface 
beta-hydroxylase is a biomarker and the rapeutic target for 
hepato cellular carcinoma. Hepatology, 2014. 60 (4): p. 
1302-13. 

[4] Luu, M., E. Sabo, S. M. dela Monte, W. Greaves, J. Wang, R. 
Tavares, L. Simao, J. R. Wands, M. B. Resnick, and L. Wang, 
Prognostic value of aspartyl (asparaginyl) - beta- 
hydroxylase/humbug expression in non-small cell lung 
carcinoma. Hum Pathol, 2009. 40 (5): p. 639-44. 

[5] Dong, X., Q. Lin, A. Aihara, Y. Li, C. K. Huang, W. Chung, Q. 
Tang, X. Chen, R. Carlson, C. Nadolny, G. Gabriel, M. Olsen, 
and J. R. Wands, Aspartatebeta-Hydroxylase expression 
promotes a malignant pancreatic cellular phenotype. 
Oncotarget, 2015. 6 (2): p. 1231-48. 

[6] Ghanbari, H. A., Cancer Diagnostics Integrated With The 
rapeutics: A Comprehensive Approach to Managing the 
Disease. J Biomed Biotechnol, 2004. 2004 (4): p. 175-176. 

[7] Xu, L., Y. Ma, H. Zhang, Q. J. Lu, L. Yang, G. N. Jiang, and 
W. L. Liao, HMGA 2 regulates circular RNA ASPH to 
promote tumor growth in lung adenocarcinoma. Cell Death 
Dis, 2020. 11 (7): p. 593. 

[8] Dinchuk, J. E., N. L. Henderson, T. C. Burn, R. Huber, S. P. 
Ho, J. Link, K. T. O' Neil, R. J. Focht, M. S. Scully, J. M. 
Hollis, G. F. Hollis, and P. A. Friedman, Aspartyl 
beta-hydroxylase (Asph) and an evolutionarily conserved 
isoform of Asphmissing the catalytic domain share exons with 
junctin. J Biol Chem, 2000. 275 (50): p. 39543-54. 

[9] Treves, S., G. Feriotto, L. Moccagatta, R. Gambari, and F. 
Zorzato, Molecular cloning, expression, functional 
characterization, chromosomal localization, and gene structure 
of junctate, a novel integral calcium binding protein of sarco 
(endo) plasmic reticulum membrane. J Biol Chem, 2000. 275 
(50): p. 39555-68. 

[10] Zheng, W., X. Wang, J. Hu, B. Bai, and H. Zhu, Diverse 
molecular functions of aspartate beta hydroxylase in cancer 
(Review). Oncol Rep, 2020. 44 (6): p. 2364-2372. 

[11] Ogawa, K., Q. Lin, L. Li, X. Bai, X. Chen, H. Chen, R. Kong, 
Y. Wang, H. Zhu, F. He, Q. Xu, L. Liu, M. Li, S. Zhang, K. 
Nagaoka, R. Carlson, H. Safran, K. Charpentier, B. Sun, J. 
Wands, and X. Dong, Aspartate beta- hydroxylase promotes 
pancreatic ductal adenocarcinoma metastasis through 
activation of SRC signaling pathway. J Hematol Oncol, 2019. 
12 (1): p. 144. 



115 Zhao Xiaofeng et al.:  The Expression of ASPH in Breast Cancer  

 

[12] Duffy, M. J., N. Harbeck, M. Nap, R. Molina, A. Nicolini, E. 
Senkus, and F. Cardoso, Clinical use of biomarkers in breast 
cancer: Updated guidelines from the European Group on 
Tumor Markers (EGTM). Eur J Cancer, 2017. 75: p. 284-298. 

[13] Colleoni, M. and E. Montagna, Neoadjuvant therapy for 
ER-positive breast cancers. Ann Oncol, 2012. 23 Suppl 10: p. 
x 243-8. 

[14] Early Breast Cancer Trialists' Collaborative, G., C. Davies, J. 
Godwin, R. Gray, M. Clarke, D. Cutter, S. Darby, P. McGale, 
H. C. Pan, C. Taylor, Y. C. Wang, M. Dowsett, J. Ingle, and R. 
Peto, Relevance of breast cancer hormone receptors and other 
factors to the efficacy of adjuvant tamoxifen: 
patient-levelmeta-analysis of randomised trials. Lancet, 2011. 
378 (9793): p. 771-84. 

[15] Rugo, H. S., R. B. Rumble, E. Macrae, D. L. Barton, H. K. 
Connolly, M. N. Dickler, L. Fallowfield, B. Fowble, J. N. 
Ingle, M. Jahanzeb, S. R. Johnston, L. A. Korde, J. L. 
Khatcheressian, R. S. Mehta, H. B. Muss, and H. J. Burstein, 
Endocrine Therapy for Hormone Receptor-Positive Metastatic 
Breast Cancer: American Society of Clinical Oncology 
Guideline. J Clin Oncol, 2016. 34 (25): p. 3069-103. 

[16] VanBelle, V., B. Van Calster, O. Brouckaert, I. Vanden Bempt, 
S. Pintens, V. Harvey, P. Murray, B. Naume, G. Wiedswang, R. 
Paridaens, P. Moerman, F. Amant, K. Leunen, A. Smeets, M. 
Drijkoningen, H. Wildiers, M. R. Christiaens, I. Vergote, S. 
Van Huffel, and P. Neven, Qualitative assessment of the 
progesterone receptor and HER2 improves the Nottingham 
Prognostic Index up to 5 years after breast cancer diagnosis. J 
Clin Oncol, 2010. 28 (27): p. 4129-34. 

[17] Salmen, J., J. Neugebauer, P. A. Fasching, L. Haeberle, J. 
Huober, A. Wockel, C. Rauh, F. Schuetz, T. Weissenbacher, B. 
Kost, E. Stickeler, M. Klar, M. Orlowska-Volk, M. 
Windfuhr-Blum, J. Heil, J. Rom, C. Sohn, T. Fehm, S. 
Mohrmann, C. R. Loehberg, A. Hein, R. Schulz-Wendtland, A. 
D. Hartkopf, S. Y. Brucker, D. Wallwiener, K. Friese, A. 
Hartmann, M. W. Beckmann, W. Janni, and B. Rack, Pooled 
analysis of the prognostic relevance of progesterone receptor 
status in five German cohort studies. Breast Cancer Res Treat, 
2014. 148 (1): p. 143-51. 

[18] Hammond, M. E., D. F. Hayes, M. Dowsett, D. C. Allred, K. L. 
Hagerty, S. Badve, P. L. Fitzgibbons, G. Francis, N. S. 
Goldstein, M. Hayes, D. G. Hicks, S. Lester, R. Love, P. B. 
Mangu, L. McShane, K. Miller, C. K. Osborne, S. Paik, J. 
Perlmutter, A. Rhodes, H. Sasano, J. N. Schwartz, F. C. Sweep, 
S. Taube, E. E. Torlakovic, P. Valenstein, G. Viale, D. Visscher, 
T. Wheeler, R. B. Williams, J. L. Wittliff, and A. C. Wolff, 
American Society of Clinical Oncology/College Of American 
Pathologists guideline recommendations for 
immunohistochemical testing of estrogen and progesterone 
receptors in breast cancer. J Clin Oncol, 2010. 28 (16): p. 
2784-95. 

[19] Harbeck, N. and M. Gnant, Breast cancer. Lancet, 2017. 389 
(10074): p. 1134-1150. 

[20] Patel, N., A. O. Khan, A. Mansour, J. Y. Mohamed, A. 
Al-Assiri, R. Haddad, X. Jia, Y. Xiong, A. Megarbane, E. I. 
Traboulsi, and F. S. Alkuraya, Mutations in ASPH cause facial 

dysmorphism, lens dislocation, anterior-segment 
abnormalities, and spontaneous filtering blebs, or Traboulsi 
syndrome. Am J Hum Genet, 2014. 94 (5): p. 755-9. 

[21] Wang, K., J. Liu, Z. L. Yan, J. Li, L. H. Shi, W. M. Cong, Y. 
Xia, Q. F. Zou, T. Xi, F. Shen, H. Y. Wang, and M. C. Wu, 
Overexpression of aspartyl-(asparaginyl)-beta-hydroxylase in 
hepato cellular carcinoma is associated with worse surgical 
outcome. Hepatology, 2010. 52 (1): p. 164-73. 

[22] Hou, G., B. Xu, Y. Bi, C. Wu, B. Ru, B. Sun, and X. Bai, 
Recent advances in research on aspartatebeta-hydroxylase 
(ASPH) in pancreatic cancer: Abriefupdate. Bosn J Basic 
MedSci, 2018. 18 (4): p. 297-304. 

[23] delaMonte, S. M., S. Tamaki, M. C. Cantarini, N. Ince, M. 
Wiedmann, J. J. Carter, S. A. Lahousse, S. Califano, T. Maeda, 
T. Ueno, A. D'Errico, F. Trevisani, and J. R. Wands, 
Aspartyl-(asparaginyl)-beta-hydroxylase regulates hepato 
cellular carcinoma invasiveness. J Hepatol, 2006. 44 (5): p. 
971-83. 

[24] Jia, Y., Y. Lu, K. Wu, Q. Lin, W. Shen, M. Zhu, S. Huang, and 
J. Chen, Does nightwork increase the risk of breast cancer? A 
systematic review and meta-analysis of epidemiological 
studies. Cancer Epidemiol, 2013. 37 (3): p. 197-206. 

[25] Li, J., B. N. Zhang, J. H. Fan, Y. Pang, P. Zhang, S. L. Wang, 
S. Zheng, B. Zhang, H. J. Yang, X. M. Xie, Z. H. Tang, H. Li, 
J. Y. Li, J. J. He, and Y. L. Qiao, Anation-wide multicenter 
10-year (1999-2008) retrospective clinical epidemiological 
study of female breast cancer in China. BMC Cancer, 2011. 11: 
p. 364. 

[26] Ivkovic-Kapicl, T., S. Knezevic-Usaj, D. Djilas-Ivanovic, and 
M. Panjkovic, Correlation of HER-2/neuprotein 
overexpression with other prognostic and predictive factors in 
invasive ductal breast cancer. In Vivo, 2007. 21 (4): p. 673-8. 

[27] Hammond, M. E., D. F. Hayes, A. C. Wolff, P. B. Mangu, and 
S. Temin, American society of clinical oncology/college of 
american pathologists guideline recommendations for 
immunohistochemical testing of estrogen and progesterone 
receptors in breast cancer. J Oncol Pract, 2010. 6 (4): p. 
195-7. 

[28] Coates, A. S., E. P. Winer, A. Goldhirsch, R. D. Gelber, M. 
Gnant, M. Piccart-Gebhart, B. Thurlimann, H. J. Senn, and M. 
Panel, Tailoring therapies—improving the management of 
early breast cancer: St Gallen International Expert Consensus 
on the Primary Therapy of Early Breast Cancer 2015. Ann 
Oncol, 2015. 26 (8): p. 1533-46. 

[29] Ades F., D. Zardavas, I. Bozovic-Spasojevic, L. Pugliano, D. 
Fumagalli, E. deAzambuja, G. Viale, C. Sotiriou, and M. 
Piccart, Luminal B breast cancer: molecular characterization, 
clinical management, and future perspectives. J Clin Oncol, 
2014. 32 (25): p. 2794-803. 

[30] Shimoda, M., A. Hori, J. R. Wands, R. Tsunashima, Y. Naoi, T. 
Miyake, T. Tanei, N. Kagara, K. Shimazu, S. J. Kim, and S. 
Noguchi, Endocrine sensitivity of estrogen receptor-positive 
breast cancer is negatively correlated with 
aspartate-beta-hydroxylase expression. Cancer Sci, 2017. 108 
(12): p. 2454-2461. 

 


