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Backgrounds

Breast cancer is a heterogeneous disease without clear pathogenesis and effective primary prevention. The “anti-cancer” effects of several trace elements have received increasing attention in recent years. The main purpose of current study is to explore the differences of three potential “anti-cancer” trace elements selenium (Se), molybdenum (Mo), and strontium (Sr) between patients with malignant breast tumors and healthy controls.



Methods

We conducted a case–control study in 45 patients with malignant breast tumors as cases and 95 healthy volunteers as controls from Peking University Third Hospital, Beijing, China. The serum concentrations of trace elements were evaluated by using inductively coupled plasma mass spectrometry (ICP-MS).



Results

The cases may have a lower Se levels when compared with controls (cases: 106.22 ng/ml, SD: 20.95 ng/ml; controls: 117.02 ng/ml, IQR: 22.79 ng/ml, p = 0.014). High levels of Se were a protective factor from breast cancer after adjusting the potential confounders of age, BMI, smoking, drinking, and menopause status (OR = 0.395, 95% CI, 0.178, 0.877, p = 0.023). The levels of Sr were lower in cases with high histologic grade when compared to low histologic grade (low histologic grade: 49.83 ng/ml, IQR: 41.35–62.60 ng/ml; high histologic grade: 40.19 ng/ml, IQR: 39.24–47.16 ng/ml, p < 0.05).



Conclusions

Our findings herein supported that Se has protective effects to avoid malignant breast tumors and Sr has protective effects to avoid poorly differentiated malignant breast tumors. Exploring “anti-cancer” related trace elements and their associations with breast cancer will assist for the early prevention and intervention for the disease.
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Introduction

Breast cancer is one of the topmost prevalent malignancies and the major cause of cancer-related death in women worldwide (1, 2). It is a heterogeneous disease without clear pathogenesis and effective primary prevention (3). The incidence of breast cancer has steadily increased in the past years. With the improvements in early detection and treatment achieved, most of the women are diagnosed in the early stage of breast cancer (4). The incidence of breast cancer is generally considered to be the interaction of environmental factors and genetic factors, and approximately 5–10% of breast cancers are inheritable (5). The occurrence and development of breast cancer are related to a variety of physiological factors, including but not limited to age, menstrual status, fertility, breastfeeding, and obesity (6). Accumulating clinical studies and animal experiments have shown that the incidence of breast cancer is related to the long-term exposure to high levels of environmental estrogen and oxidative stress (7, 8). Recent studies reported that some metal elements can activate estrogen receptors by mimicking the action of physiological estrogen to accelerate the development of breast cancer (9).

The association between trace element exposure and breast cancer has received increasing attention in recent years. There have been a large number of researches assessing the association between breast cancer and essential trace elements (9, 10). With the continuous deepening of research on trace elements, more and more researches link trace elements with cancer. Some trace elements with relatively low concentrations in human body have shown obvious anti-cancer and anti-oxidant effects in previous studies. For example, selenium (Se) and molybdenum (Mo) have been proved to be involved in reactive oxygen species generation and to play crucial role in functioning of antioxidant enzymes (11, 12). However, significant higher levels of Mo in serum were found in breast cancer patients than controls in a Korean population (13). Se-containing molecules that exert antioxidant properties and modulate targets are associated with tumor growth, metastasis, angiogenesis, and drug resistance. It also participates in processes related to carcinogenesis, such as inhibition of tumor formation and regression. Strontium (Sr), which is an alkali earth metal, has similar chemical characteristics with calcium. It is present in all living organisms and can be superiorly absorbed by bones (14), and Sr-containing molecules have been used to kill tumor cells and induce tumor cell apoptosis in patients with breast cancer (15).

With the development and progress of detection technology, the exploration of the functions of trace elements is not limited to the elements we know well (e.g., calcium, iron, and zinc), and the exploration of relatively low trace elements has gradually increased. To the best of our knowledge, only a few studies explored the association between potential “anti-cancer” trace elements and breast cancer, especially in Chinese population. The inductively coupled plasma mass spectrometry (ICP-MS) can be used to quantify several of the medically interesting trace elements precisely and accurately simultaneously (16). Meanwhile, the serum sample can represent the circulating levels of trace elements, which is suitable for the determination of most of the essential and toxic elements (17). Based on the search of previous literature, our current study aimed to explore the differences of three potential “anti-cancer” trace elements (i.e., Se, Mo, and Sr) in serum samples between patients with malignant breast tumors and healthy controls using an ICP-MS-based analysis. Meanwhile, the associations between the histological grade of malignant tumors and three trace elements were also assessed.



Methods


Study Design and Participants

For this case–control study, all participants were recruited from Peking University Third Hospital in Beijing, China during the period of time between 2017 and 2018. During the study period, we recruited 45 female inpatients who met the histopathological diagnosis of malignant breast disease and equal to or more than 18 years of age as case group. The malignant breast disease was obtained from definite pathological histological diagnosis based on ultrasound-guided breast biopsy. Ninety-five healthy volunteers, participating in the annual health examinations, were included as control group based on the following criteria: (1) their age matched with the case group, and (2) they were not diagnosed with breast diseases ever. All control groups were recruited at the same time and from the same district as case group. We excluded (1) the pregnant and postpartum women; (2) the female who have been diagnosed with severe physical disease, liver, kidney, or endocrine diseases, or any other severe or unstable medical illness; (3) the women who have history of occupational metal exposure, such as mental manufacturing industries; and (4) the women who have recent infection. All participants provided written or verbal informed consent to have their samples and information collected and used for this study. The scoring of histological grade of malignant tumors was according to glandular tubules formation (1–3 points), the shape and size of nucleus and irregular chromatin (1–3 points), and chromatin and mitotic phase (1–3 points). The malignant tumors with a total score of 3–5 points were designated as grade I, 6–7 points were designated as grade II, and 8–9 points were designated as grade III. All the inpatients in case group received a standard diet provided by the hospital prior to collecting the serum samples. The living environment of them was similar. The fasting blood samples were collected from cases before anti-cancer treatment following overnight fasting. Thus, it can partly eliminate the interference of diet and environment.

The research protocol was approved by the research ethics committee of the Peking University Third Hospital in Beijing, China (IRB-2018-413-02), and all methods were carried out in accordance with the approved guidelines.



Serum Sample Preparation and Trace Element Analysis

Serum samples of case group were collected before pathological diagnosis. At that time, the participants did not receive chemotherapy or other anti-cancer therapy. Approximately 5 ml fasting blood vein was collected from all participants (12 h fasting, collected between 7 and 9 a.m.), centrifuged at 3000 rpm for 5 min to obtain serum. Then, the serum aliquot was transferred into Eppendorf tubes and stored at -80°C until use. The serum samples of the control group were collected with the same protocols as the case group. The detection of Se, Mo, and Sr was conducted by using ICP-MS (7700x, Agilent, USA) after the following pretreatment: 0.1 ml of each serum sample was transferred to a quartz tube, added 0.1 ml mixed internal standard elements (indium: 2 ng/ml, rhodium: 20 ng/ml), then added 1.8 ml 1% nitric acid and mixed (18). The selected isotopes of the three trace elements are as follows: 95Mo, 78Se, and 88Sr. The instrument parameters of ICP-MS are as follows: gas flow (1.0 L/min), helium flow (4.5 ml/min), power of radio frequency generator (1.50 KW), and integration time (300 ms). The detailed main parameters of ICP-MS are shown in Supplementary Table 1. As shown in Supplementary Table 2, all measured metal concentrations were included in the range of their certified reference material (CRM).



Statistical Analysis

All the data analysis was performed using Stata (version 15.0, Stata Corp LP, College Station, TX, USA). For the concentrations of trace elements in the investigated samples, mean and standard deviation (SD) or median and interquartile range (IQR) were computed. Parameter tests or nonparametric statistical tests were used for analyzing the results (independent t-test, Mann–Whitney U test). The median values of the Se, Mo, and Sr concentrations in controls were used as the cut-off value in the logistic regression analysis. Odds ratios (ORs) and their 95% confidence intervals (CIs) were estimated using maximum likelihood methods. The correlations between concentrations of trace elements and histological grade were analyzed with Spearman correlation model. A two-sided p value of less than 0.05 was considered significant.




Results


Demographic and Clinical Characteristics of Recruited Participants

The distribution characteristics of the recruited participants were briefly presented in Table 1. The control group was easier to collect than case group in the actual situation. In total, 45 patients with malignant breast tumors and 95 healthy controls were included in the analysis. The mean age of cases and controls was 52.69 years (SD = 14.15 years) and 46.96 years (SD = 12.35 years), respectively. It was observed that there were significant differences in smoking, drinking, and menopause status between cases and controls (all p > 0.05). The cases (24.12 ± 2.78 kg/m2) have higher body mass index (BMI) than controls (23.02 ± 3.21 kg/m2). Three of cases (6.7%) have the family history of breast cancer, and none of the controls have the family history of cancer (p = 0.011); 37.8% of the cases were overweight and 8.9% were obese.


Table 1 | Demographic and clinical characteristics of recruited participants.





Comparisons of Concentrations of Se, Mo, and Sr Between Cases and Controls

Mann–Whitney U tests were performed to analyze the differences of Mo and Sr levels between case group and control group, while the independent t test was used to compare the differences of Se levels between the two groups. The results showed that no significant differences existed in the levels of Mo and Sr between two groups (p > 0.05). The levels of Se in cases were significantly lower than those in control group (cases: 106.22 ng/ml, SD: 20.95 ng/ml; controls: 117.02 ng/ml, IQR: 22.79 ng/ml, p = 0.014). The comparisons of concentrations of Se, Mo, and Sr between cases and controls are presented in Table 2.


Table 2 | Comparisons of concentrations for Se, Mo and Sr between cases and controls.



Based on the cut-off values of the median value of the trace element levels in controls, the results of logistic regression are shown in Table 3. Univariate analyses revealed that significant difference existed between the case group and control group for Se (p < 0.05). Significance was maintained after adjusting the potential confounders of age, BMI, smoking, drinking, and menopause status (Model 3: AOR = 0.395, 95% CI: 0.178, 0.877, p = 0.023). We did not find any association between cases and the other two trace elements before and after adjusting potential confounders (all p > 0.05).


Table 3 | Odds ratios (ORs) of Se, Mo, and Sr of serum dichotomized by the corresponding medians of controls.





Comparisons of Concentrations for Se, Mo, and Sr Between Cases With Low and High Histologic Grade

We also conducted the analysis for comparing the concentrations of Se, Mo, and Sr between cases with low and high histologic grade. The cases with histologic grade of I and II were defined as low histologic grade (n = 30), while with histologic grade III were defined as high histologic grade (n = 15). The results of comparisons are shown in Figure 1. The levels of Sr were lower in cases with high histologic grade when compared to low histologic grade (low histologic grade: 49.83 ng/ml, IQR: 41.35–62.60 ng/ml; high histologic grade: 40.19 ng/ml, IQR: 39.24–47.16 ng/ml, p < 0.05).




Figure 1 | Histograms of differential trace elements (i.e., Se, Mo, and Sr) for the comparison between cases with low histologic grade (i.e., Grade I or II) and high histologic grade (i.e., Grade III). The x-axis is the histologic grade, and the y-axis is the concentration of Se, Mo and Sr (ng/ml). * statistically significant with p < 0.05 in the comparison between cases with low and high histologic grade.






Discussion

Our case–control study evaluated the associations between malignant breast tumors and three previously defined potential “anti-cancer” trace elements Se, Mo, and Sr from a Chinese population. The main findings of our study are that the cases may have a lower Se levels when compared with controls, and the levels of Sr were lower in cases with high histologic grade when compared to low histologic grade. Our findings herein supported that Se has protective effects to avoid malignant breast tumors and Sr has protective effects to avoid poorly differentiated malignant breast tumors.

Selenium is an important composition of antioxidant enzyme glutathione peroxidase, which could inhibit the synthesis of tumor cell protein and DNA. Se-containing molecules exert antioxidant properties and participate in maintaining equilibrium of a healthy organism (19). Epidemiological and preclinical evidence illustrated that Se is a trace element with anti-cancer activity and is associated with tumor growth, metastasis, angiogenesis, and drug resistance (20, 21). Accumulating evidence supported that Se has protective effects of breast cancer and the serum levels of Se can predict survival after breast cancer (13, 22–24). A case–control study from Malaysia reported that the risk of breast cancer decreased with the increasing of selenium intake (25). Similar with our findings, Charalabopoulos et al. reported a strong negative correlation between serum concentrations of Se and the risk of breast cancer, while there was no correlation between serum/tissue Se concentration and stage of the disease (26). Although we did not find the significant association between histologic grade and Se, previous studies have pointed out that serum Se concentrations decrease with the poorly differentiated malignant breast tumors (27). Further studies are needed to expand the sample size of each histologic grade group to explore the association between Se levels and different differentiation and severity of malignant tumors.

The role of Sr in the metabolism of human body has not well been studied as yet. We observed lower concentrations of Sr in cases with high histological grade compared to those with low histological grade. Strontium is an alkali earth metal with similar chemical behavior to calcium, and has been reported to interfere with absorption and metabolism of calcium (28). Inconsistent with our findings herein, a previous case–control study indicated that higher urinary concentrations of strontium were associated with potential breast cancer, suggesting that Sr plays a role in the development of the disease (29). Meanwhile, the radioactive Sr has been reported to have the potential effects of anti-cancer and has been used for the treatment of multiple bone metastases of breast cancer (30, 31). Nevertheless, our current data provide a basis for future research on the role of Sr in the metabolic pathway of breast cancer, especially for the protective effects to avoid the poorly differentiated malignant breast tumors.

Molybdenum is an important component of enzymes, such as xanthine oxidase, oxidase, nicotinate hydroxylase, and sulfite oxidase (32). Many studies have shown that Mo is involved in ROS generation and is essential for cell metabolism (33). The deficiency of Mo can be correlated to the development of esophageal cancer (34). However, a previous study reported that high Mo might induce hepatocyte apoptosis through a mitochondrial pathway (35). Our study did not find association between Mo and breast cancer. The potential anti-cancer effects of Mo on breast cancer should be cautiously considered (36).

The current study provided valuable clues for exploring the potential “anti-cancer” effects of the trace elements Se, Mo, and Sr on breast cancer. Several limitations in our study must be addressed. Firstly, we cannot confirm the actual causality between malignant breast tumors and changes of trace elements Se, Mo, and Sr from an observational study. Secondly, all subjects were from Peking University Third Hospital in Beijing, which is not sufficiently representative of the whole population and may lead to selection bias. Thirdly, there are relatively few cases with each histologic grade group, and we merged Grade I and Grade II in our analysis. Moreover, the levels of trace elements in serum may be disturbed by the body physiological status, current nutrition, and exogenous environment. Although all cases received a standard diet provided by the hospital prior to collecting the serum samples, the living environment of them was similar; all fasting blood samples of cases were collected before anti-cancer treatment following overnight fasting, the influence of dietary and environmental factors cannot be fully eliminated, and our established methods and findings in this work should be extrapolated with caution. Despite the above limitations, the reported results in the current study provide rationale to explore the association between breast cancer and the trace elements Se, Mo, and Sr, which encourages researchers to perform further longitudinal studies to explore the “anti-cancer” effects of these elements on preventing the prevalence of breast cancer. The effects of trace elements Se, Mo, and Sr in tumor tissue and tumor cells, and their molecular metabolism in breast cancer also should be considered in future researches.



Conclusion

Our current case–control study illustrated that Se levels were lower in patients with malignant breast tumors than in controls. Lower levels of Sr were associated with high histologic grade in cases. These findings provide new basis for further research regarding the mechanism of Se and Sr for occurrence and development of breast cancer. Specifically, exploration with “anti-cancer” related trace elements and their association with breast cancer will assist in the early prevention and intervention for the disease.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by research ethics committee of the Peking University Third Hospital. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

BC, LC, and RQ conceived and designed the study. HX, SY, YQL, QX, and LY collected the data and performed the statistical analysis. BC, YML, and LY contributed to the discussion. RQ, LY, SY, BC and LC revised the paper. All authors contributed to the article and approved the submitted version.



Funding

This work was sponsored by the Research Startup Fund of Southwest University (SWU019039). The supporting foundation had no involvement in study design, the collection, analysis, or interpretation of data, writing of the report; or in the decision to submit the article for publication.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.646534/full#supplementary-material



References

1. Tan, L, Mai, D, Zhang, B, Jiang, X, Zhang, J, Bai, R, et al. PIWI-Interacting RNA-36712 Restrains Breast Cancer Progression and Chemoresistance by Interaction With SEPW1 Pseudogene SEPW1P RNA. Mol Cancer (2019) 18(1):9. doi: 10.1186/s12943-019-0940-3

2. Duijf, PHG, Nanayakkara, D, Nones, K, Srihari, S, Kalimutho, M, and Khanna, KK. Mechanisms of Genomic Instability in Breast Cancer. Trends Mol Med (2019) 25(7):595–611. doi: 10.1016/j.molmed.2019.04.004

3. Colditz, GA, and Bohlke, K. Priorities for the Primary Prevention of Breast Cancer. CA Cancer J Clin (2014) 64(3):186–94. doi: 10.3322/caac.21225

4. Miller, KD, Nogueira, L, Mariotto, AB, Rowland, JH, Yabroff, KR, Alfano, CM, et al. Cancer Treatment and Survivorship Statistics, 2019. CA Cancer J Clin (2019) 69(5):363–85. doi: 10.3322/caac.21565

5. Valencia, OM, Samuel, SE, Viscusi, RK, Riall, TS, Neumayer, LA, and Aziz, H. The Role of Genetic Testing in Patients With Breast Cancer: A Review. JAMA Surg (2017) 152(6):589–94. doi: 10.1001/jamasurg.2017.0552

6. Abrahams, HJ, Gielissen, MF, Schmits, IC, Verhagen, CA, Rovers, MM, and Knoop, H. Risk Factors, Prevalence, and Course of Severe Fatigue After Breast Cancer Treatment: A Meta-Analysis Involving 12 327 Breast Cancer Survivors. Ann Oncol (2016) 27(6):965–74. doi: 10.1093/annonc/mdw099

7. Giulivo, M, Lopez de Alda, M, Capri, E, and Barcelo, D. Human Exposure to Endocrine Disrupting Compounds: Their Role in Reproductive Systems, Metabolic Syndrome and Breast Cancer. A Review. Environ Res (2016) 151:251–64. doi: 10.1016/j.envres.2016.07.011

8. Gurer-Orhan, H, Ince, E, Konyar, D, Saso, L, and Suzen, S. The Role of Oxidative Stress Modulators in Breast Cancer. Curr Med Chem (2018) 25(33):4084–101. doi: 10.2174/0929867324666170711114336

9. Darbre, PD. Metalloestrogens: An Emerging Class of Inorganic Xenoestrogens With Potential to Add to the Oestrogenic Burden of the Human Breast. J Appl Toxicol (2006) 26(3):191–7. doi: 10.1002/jat.1135

10. Cabre, N, Luciano-Mateo, F, Arenas, M, Nadal, M, Baiges-Gaya, G, Hernandez-Aguilera, A, et al. Trace Element Concentrations in Breast Cancer Patients. Breast (2018) 42:142–9. doi: 10.1016/j.breast.2018.09.005

11. Goodman, M, Bostick, RM, Kucuk, O, and Jones, DP. Clinical Trials of Antioxidants as Cancer Prevention Agents: Past, Present, and Future. Free Radic Biol Med (2011) 51(5):1068–84. doi: 10.1016/j.freeradbiomed.2011.05.018

12. Cavey, T, Latour, C, Island, ML, Leroyer, P, Guggenbuhl, P, Coppin, H, et al. Spleen Iron, Molybdenum, and Manganese Concentrations Are Coregulated in Hepcidin-Deficient and Secondary Iron Overload Models in Mice. FASEB J (2019) 33(10):11072–81. doi: 10.1096/fj.201801381RR

13. Choi, R, Kim, MJ, Sohn, I, Kim, S, Kim, I, Ryu, JM, et al. Serum Trace Elements and Their Associations With Breast Cancer Subgroups in Korean Breast Cancer Patients. Nutrients (2018) 11(1):1–15. doi: 10.3390/nu11010037

14. Specht, AJ, Mostafaei, F, Lin, Y, Xu, J, and Nie, LH. Measurements of Strontium Levels in Human Bone In Vivo Using Portable X-Ray Fluorescence (XRF). Appl Spectrosc (2017) 71(8):1962–8. doi: 10.1177/0003702817694383

15. Ye, X, Sun, D, and Lou, C. Comparison of the Efficacy of Strontium-89 Chloride in Treating Bone Metastasis of Lung, Breast, and Prostate Cancers. J Cancer Res Ther (2018) 14(s):S36–40. doi: 10.4103/0973-1482.181172

16. Forrer, R, Gautschi, K, and Lutz, H. Simultaneous Measurement of the Trace Elements Al, As, B, Be, Cd, Co, Cu, Fe, Li, Mn, Mo, Ni, Rb, Se, Sr, and Zn in Human Serum and Their Reference Ranges by ICP-MS. Biol Trace Elem Res (2001) 80(1):77–93. doi: 10.1385/BTER:80:1:77

17. Luna, D, Lopez-Alonso, M, Cedeno, Y, Rigueira, L, Pereira, V, and Miranda, M. Determination of Essential and Toxic Elements in Cattle Blood: Serum vs Plasma. Animals (Basel) (2019) 9(7):1–10. doi: 10.3390/ani9070465

18. Wang, MM, Zhao, XH, Guo, GH, Tian, YP, Sun, CQ, and Cai, B. Determination of Trace Elements in Human Serum by Collision/Reaction Cell Inductively Coupled Plasma Mass Spectrometry. Nanotechnol Precis Eng (2017) 15(04):328–33.

19. Combs, GF Jr. Current Evidence and Research Needs to Support a Health Claim for Selenium and Cancer Prevention. J Nutr (2005) 135(2):343–7. doi: 10.1093/jn/135.2.343

20. Zakharia, Y, Bhattacharya, A, and Rustum, YM. Selenium Targets Resistance Biomarkers Enhancing Efficacy While Reducing Toxicity of Anti-Cancer Drugs: Preclinical and Clinical Development. Oncotarget (2018) 9(12):10765–83. doi: 10.18632/oncotarget.24297

21. Vinceti, M, Filippini, T, Del Giovane, C, Dennert, G, Zwahlen, M, Brinkman, M, et al. Selenium for Preventing Cancer. Cochrane Database Syst Rev (2018) 1:CD005195. doi: 10.1002/14651858.CD005195.pub4

22. Lubinski, J, Marciniak, W, Muszynska, M, Huzarski, T, Gronwald, J, Cybulski, C, et al. Serum Selenium Levels Predict Survival After Breast Cancer. Breast Cancer Res Treat (2018) 167(2):591–8. doi: 10.1007/s10549-017-4525-9

23. Fontelles, CC, and Ong, TP. Selenium and Breast Cancer Risk: Focus on Cellular and Molecular Mechanisms. Adv Cancer Res (2017) 136:173–92. doi: 10.1016/bs.acr.2017.08.001

24. Babaknejad, N, Sayehmiri, F, Sayehmiri, K, Rahimifar, P, Bahrami, S, Delpesheh, A, et al. The Relationship Between Selenium Levels and Breast Cancer: A Systematic Review and Meta-Analysis. Biol Trace Elem Res (2014) 159(1-3):1–7. doi: 10.1007/s12011-014-9998-3

25. Suzana, S, Cham, BG, Ahmad Rohi, G, Mohd Rizal, R, Fairulnizal, MN, Normah, H, et al. Relationship Between Selenium and Breast Cancer: A Case-Control Study in the Klang Valley. Singapore Med J (2009) 50(3):265–9.

26. Charalabopoulos, K, Kotsalos, A, Batistatou, A, Charalabopoulos, A, Vezyraki, P, Peschos, D, et al. Selenium in Serum and Neoplastic Tissue in Breast Cancer: Correlation With CEA. Br J Cancer (2006) 95(6):674–6. doi: 10.1038/sj.bjc.6603292

27. Chunmei, D, and Feng, J. Serum Inorganic Elements Levels in Patients With Different Clinical Stage of Breast Cancer. Stud Trace Elem Health (2017) 34(02):23–5.

28. Wadhwa, DR, and Care, AD. Effects of Strontium on the Absorption of Calcium, Magnesium and Phosphate Ions From the Ovine Reticulo-Rumen. J Comp Physiol B (2000) 170(3):225–9. doi: 10.1007/s003600050279

29. Chen, LJ, Tang, LY, He, JR, Su, Y, Cen, YL, Yu, DD, et al. Urinary Strontium and the Risk of Breast Cancer: A Case-Control Study in Guangzhou, China. Environ Res (2012) 112:212–7. doi: 10.1016/j.envres.2011.11.005

30. Zenda, S, Nakagami, Y, Toshima, M, Arahira, S, Kawashima, M, Matsumoto, Y, et al. Strontium-89 (Sr-89) Chloride in the Treatment of Various Cancer Patients With Multiple Bone Metastases. Int J Clin Oncol (2014) 19(4):739–43. doi: 10.1007/s10147-013-0597-7

31. Hama, Y. Antitumor Effect of 89Sr for Multiple Bone Metastases of Breast Cancer: Diagnosis by 18F-FDG PET/CT. Clin Nucl Med (2014) 39(4):e290–1. doi: 10.1097/RLU.0b013e318292f35c

32. Mendel, RR, and Bittner, F. Cell Biology of Molybdenum. Biochim Biophys Acta (2006) 1763(7):621–35. doi: 10.1016/j.bbamcr.2006.03.013

33. Terpilowska, S, and Siwicki, AK. Pro- and Antioxidant Activity of Chromium(III), Iron(III), Molybdenum(III) or Nickel(II) and Their Mixtures. Chem Biol Interact (2019) 298:43–51. doi: 10.1016/j.cbi.2018.10.028

34. Ray, SS, Das, D, Ghosh, T, and Ghosh, AK. The Levels of Zinc and Molybdenum in Hair and Food Grain in Areas of High and Low Incidence of Esophageal Cancer: A Comparative Study. Glob J Health Sci (2012) 4(4):168–75. doi: 10.5539/gjhs.v4n4p168

35. Zhuang, Y, Liu, P, Wang, L, Luo, J, Zhang, C, Guo, X, et al. Mitochondrial Oxidative Stress-Induced Hepatocyte Apoptosis Reflects Increased Molybdenum Intake in Caprine. Biol Trace Elem Res (2016) 170(1):106–14. doi: 10.1007/s12011-015-0450-0

36. Galani, A, Tsitsias, V, Stellas, D, Psycharis, V, Raptopoulou, CP, and Karaliota, A. Two Novel Compounds of Vanadium and Molybdenum With Carnitine Exhibiting Potential Pharmacological Use. J Inorg Biochem (2015) 142:109–17. doi: 10.1016/j.jinorgbio.2014.10.004




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Xue, Qiao, Yan, Yang, Liang, Liu, Xie, Cui and Cao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-646534-g001.jpg
Se

Mo Sr
150 25 80,
200 T
60
_1oof F I _ 1 I _ T
E E'S E I 1
2 2 240 =
1.0
50
0.5 201
‘Grade | or Il Grade Il 0.0’ “Grade | or | Grade Il o

g





OEBPS/Images/fonc.2021.646534_cover.jpg
’ frontiers
in Oncology

The Correlation Between
Potential “Anti- Cancer” Trace
Elements and the Risk of Breast
Cancer: A Case-Control Study
in a Chinese Population





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Correlation Between Potential “Anti- Cancer” Trace Elements and the Risk of Breast Cancer: A Case-Control Study in a Chinese Population

      

        		

          Backgrounds

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study Design and Participants

          



          		

            Serum Sample Preparation and Trace Element Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Demographic and Clinical Characteristics of Recruited Participants

          



          		

            Comparisons of Concentrations of Se, Mo, and Sr Between Cases and Controls

          



          		

            Comparisons of Concentrations for Se, Mo, and Sr Between Cases With Low and High Histologic Grade

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
ETMs Unit Case (n = 45)

Se ng/ml, mean + SD 106.22 + 20.95

Mo ng/ml, median (IQR) 1.84 (1.57, 2.09)

Sr ng/ml, median (IQR) 4453
(39.85, 54.60)

ACalculated by two-tailed independent t-test.
bCalculated by two-tailed Mann-Whitney U-tests.

Control (n = 95)

117.02 + 22.79
1.88 (1.62, 2.26)
46.64
(40.57, 55.43)

p-values

0.014%
0.733°
0.628°
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Se Low
High
Mo Low
High
Sr Low
High

Case

71.1)
28.9)
57.8)
42.2)
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26
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25
20 (44.5)

Control

50.5)
49.5)
50.5)
49.5)
50.5)

48
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48
47 (49.5)

Model 1 Model 2 Model 3
UOR (95%Cl) P AOR1 (95%Cl) P AOR2 (95%Cl) P
0.433 (0.202, 0.925) 0.031 0.403 (0.182, 0.889) 0.024 0.395 (0.178, 0.877) 0.023
0.783 (0.384, 1.597) 0.502 0.712 (0.338, 1.5) 0.372 0.648 (0.3, 1.4) 0.270
0.778 (0.381, 1.592) 0.493 0.636 (0.297, 1.361) 0.244 0.622 (0.286, 1.349) 0.229

UOR, Unadjusted odds ratio; AOR, adjusted odds ratio.
Model 1: Calculated by an unconditional logistic regression model.

Model 2: Calculated by an unconditional logistic regression model with adjustment of age and BMI.
Model 3: Calculated by an unconditional logistic regression model with adjustment of model 2 plus smoking, drinking, and menopause status.
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Variable Case (n=45) Control (n =95) p-values

Age, year, mean + SD 52,69 + 1415  46.96 + 12.35 0.028%
Smoker (n, %) 122 332 1.000°
Drinker (n,%) 5(11.1) 15 (15.8) 0.460°
Histologic grade (n, %)
| 6(13.3)
1 24 (53.3)
[l 15 (33.3)
Menopause status (n, %)
Yes 25 (55.6) 42 (44.2) 0.209°
No 20 (37.3) 53 (55.8)
Family history of cancer (n, %)
Yes 3(6.7) 0(0.0) 0.011°
No 42 (93.3) 95 (100.0)
BMI, kg/m?, mean + SD 2412+ 2.78 23.02 +3.21 0.0497
Underweight 0(0.0) 332
Normal 24 (53.3) 59 (62.1)
Overweight 17 (37.8) 25 (26.3)
Obesity 4(8.9) 8(8.4)

BMI, body mass index.

"p values were calculated by two-tailed independent t-test.
bCalculated using the Fisher's exact test.

°Calculated using the Pearson’s chi-square test.





