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Abstract: In cancer patients, oxidative stress (OS) plays an important role in the initiation, promotion, progression of 

disease, in addition to, the continuous exposure to OS throughout the surgical procedure, chemotherapy and radiotherapy. The 

present study was designated to evaluate the role of vitamin D3 and B6 supplementation in combination with anti-cancer 

therapies in maintenance the redox status and their impact on angiogenesis, the main step in cancer progression and 

aggressiveness, as well as on the side effect of surgery, chemotherapy and/or radiotherapy. Our investigations were at two 

levels, firstly, assessment of chemical parameters for redox status and angiogenic factors, secondly, assessment level of 

circulating endothelial cells by applying immunoassay using antibodies coupling nanoparticles. Blood samples were collected 

once from 15 apparently healthy women (GP-I) and four times from 20 BC patients; (GpII)before mastectomy (B. M.), after 

mastectomy (A. M.), after ending of chemotherapy course (A. C.) and after 3 months later (A.3M) for both subgroups to 

Monitor the oxidant-antioxidants status (MDA and TAS) and angiogenic biomarkers (VEGF, ES and CECs). Our data reveals 

that comparing to control group, BC patients show significant elevation of MDA, VEGF and CECs (P<0.001) as well as ES 

(P<0.05). The serum level of CECs decreased significantly (P<0.001) in BC patients supplemented with vitamins from the 

beginning of chemotherapy comparing to those receiving chemotherapy alone and then supplemented with vitamins for three 

months later. Supplementation with vitamins D3 and B6 reduces the oxidative stress, the side effects of chemotherapy and 

radiotherapy as vomiting and fatigue, in addition to interfere with angiogenesis. 
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1. Introduction 

Breast cancer (BC) is the greatest lethal cancer among 

women worldwide. In Egypt, BC incidence is estimated for 

37.7% of all reported tumor and high mortality rate in 

addition to the aggressiveness of disease due to limited 

access of early diagnosis in rural areas [1]. Several risk 

factors increase the incidence of BC as age, reproductive and 

menstrual history, hormonal factors, family history, lifestyle, 
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environmental factors and race [2]. Of these, OS plays the 

major role from the initiation to promotion of carcinogenesis 

and throughout the treatment strategies including surgery, 

chemotherapy and radiotherapy. Additionally, continuous 

generation of ROS within mammalian cells enhances the 

tumor cell production of the angiogenic factors which lead to 

increase risk factor of cell motility, invasion, metastasis, 

recurrence and aggressiveness of BC. Therefore, 

exacerbation of OS consequences can be contributed to the 

failure in antioxidant defense mechanisms in cancer patients 

[3, 4]. Tumor cells secrete a large amount of pro-angiogenic 

factors, of these; Vascular Endothelial Growth Factor 

(VEGF) which plays the major role. On other hand, the main 

anti-angiogenic factor ES induced tumor regressions by 

inhibiting of ECs proliferation and increasing tumor cell 

apoptosis. Subsequently, losing of angiogenic balance in 

cancer cells directed several studies to focus on inhibition of 

angiogenesis that is the most important factor in the 

progression of cancer as well as the most promising novel 

approaches for the treatment of cancer [5].
 

In addition, enumeration and characterization of CECs 

may offer a unique opportunity for monitoring the efficacy of 

and the optimal biological dose of anti-angiogenesis 

therapies [6]. Vitamin D3 involves in cell cycle regulation 

and reduces both incidence and recurrence rate of BC 

through a variety of different mechanisms as it induces 

BRCA1 gene expression, differentiation, apoptosis, 

inhibition of cellular proliferation and angiogenesis in normal 

and malignant breast cell [7]. Similarly, vitamin B6 serves as 

a coenzyme for many reactions that suppress cell 

proliferation, angiogenesis and subsequently reduce risk of 

cancer [8, 9]. The present study intends to clarify the major 

issues surrounding the controversy of vitamin 

supplementation in combination with standard therapy for 

BC by assessment of oxidative homeostasis and angiogenic 

balance markers to understand whether there are benefits of 

vitamins D3 and B6 supplementation, also to clarify the 

interaction between vitamins and conventional anti-cancer 

therapy. 

2. Materials and Methods 

2.1. Subjects 

Informed consent was obtained from all participants, and 

the study was approved by the research Ethics board of 

Medical Research Institute, Alexandria University. The 

present study is carried out on 15 healthy women as control 

group (Gp-I) and 20 BC patients who have been 

histopathologically proved BC (Gp-II). All patients were 

diagnosed with primary infiltrating ductal cancer of breast 

(stage II, III) ( age: 45±1.7) who had underwent modified 

radical mastectomy at Cancer Management and Research 

Department and the Clinical Surgical department of Medical 

Research Institute (MRI). Patients who were pregnant, 

lactating women, aged more than 70 years old were 

excluded. Only BC patients that did not receive pre-operative 

neoadjuvant chemotherapy were enrolled in our study. 

After mastectomy, Gp-II was divided into two subgroups; 

1) Gp-IIa; 10 patients received the recommended 

chemotherapy and 2) Gp-IIb; 10 patients received 

recommended chemotherapy plus supplementation with D3 

(800 IU/day) and vitamin B6 (50mg/day) [6, 8]. At the end of 

chemotherapy cycles, the patients of both subgroups (Gp-IIa 

and Gp-IIb) were supplemented with the same doses of 

vitamin B6 and D3 for three months.  

Blood Samples were collected from the 20 patients with 

BC one day before mastectomy (B. M.), 2 days after 

mastectomy (A. M.), at the end of chemotherapy cycles (A. 

C.) and finally after three months later (A.3 M). Blood 

Samples from 15 healthy women as control group (Gp-I) 

were also collected. Samples were divided as following: 1) 

Fresh whole blood was prepared for determination of CECs; 

2) Serum was prepared and divided into aliquots and frozen 

at -80°C for the biochemical investigations of MDA, TAS, 

VEGF and ES. 

2.2. Chemicals & Kits 

All the chemicals used in the study were of analytical 

grade and purchased from Sigma-Aldrich (St. Louis, MO, 

USA). Serum level of VEGF and ES were measured using 

ELISA Kits from (Bender MedSystems GmbH, Vienna and 

Ray Biotech, Inc.) respectively) according to manufacture 

instructions. Assessment of CECs in peripheral blood was 

carried out by using Dynabeads M-450 Pan Mouse IgG 

(DYNAL Biotech) which were coated with murine anti-CD-

146 antibody (BioCytex Marseille, France). 

2.3. Biochemical Investigations 

2.3.1. Assessment of Redox State 

Redox state was profiling as the total serum antioxidants 

(TAS) activity and Malondialdehyde (MDA); the TAS 

activity was evaluated by the phosphomolybdenum method 

according to the procedure described previously. The assay is 

based on the reduction of Mo (VI)–Mo (V) by the extract and 

subsequent formation of a green phosphate/Mo (V) complex 

[10, 11]. Also, MDA was monitored by reacting with 

Thiobarbituric Acid (TBA) to generate the MDA-TBA 

adduct which can be quantified colorimetrically at 532 nm 

[12].
 

2.3.2. Angiogenic Markers 

Three angiogenic markers were assessed by quantitative 

measurement of human VEGF-A in serum used Human 

VEGF-A ELIZA assay [13], quantitative measurement of 

serum human ES using Human Endostatin ELIZA [14] and 

determination of circulating endothelial cells (CECs) in 

peripheral blood based on isolation of ECEs by Dyna beads. 

Briefly, 1ml blood was mixed with 1 ml isolation buffer 

(Phosphate Buffer Saline (PBS) free from Ca2+ or Mg 2+, 

0.1 % Bovine serum Albumin (BSA), 2mM EDTA, PH 7.4.) 

at 4°C. 20µL blocking agent and 50 µL antibody-coated 

Dynabeads (10 µg/ml) were added and mixed thoroughly. 

Then the sample was mixed for 30 min at 4°C. Between each 
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washing procedure, the sample was flushed 4 times with 100 

µL buffer. After washing, the cells were suspended in 

acridine orange (10g/ml in PBS) and counted with 

fluorescence microscope (Olympus, USA) [15]. 

2.4. Statistical Analysis 

 Statistical analysis was performed using SPSS 

Programmes software package Version 13.0 (SPSS Inc., 

Chicago, USA). Student t-test was used for the comparison 

of patients and controls or patients subgroups. Dependent 

Paired t-test was used to compare the same group or 

subgroups before mastectomy, after mastectomy, after 

chemotherapy and after three months later. Differences were 

considered statistically significant at p < 0.05.
 

3. Results 

3.1. Clinical Study 

Clinical and pathological characteristics of the patients 

included in current study are shown in Table 1. The age range 

of the participants in the present study was 35-58 for Gp-I 

(mean age = 45±1.7) and 39-67 for Gp-II (mean age = 

53.7±2.1). Among Gp-II, 17 BC patients had positive lymph 

node (LN) (85%) and 3 had negative LN (15%). There 

were16 BC patients had positive ER (80%) and 4 had 

negative ER (20%). There were 15 BC patients had positive 

PR (75%) and 5 had (25%) negative PR. It is noticed that 

there is a decrease of adverse effect of chemotherapy as 

vomiting, fatigue and nausea in Gp-IIb comparing to Gp-IIa. 

Table 1. Characterization of the two subgroups of BC patients, Gp-(IIa) and Gp-(IIb). 

Patients Age ER PR LN 

GP-IIa (BC patients were treated with chemotherapy alone) 

1 65 +++ +++ N3 

2 39 + ++ N3 

3 50 +++ +++ N1 

4 54 + + N1 

5 43 ++ ++ N3 

6 48 ++ +++ N1 

7 47 +++ +++ N2 

8 60 - - N2 

9 65 +++ +++ N3 

10 45 + + N1 

Gp-IIb (BC patients were treated with chemotherapy plus vitamin D3 and B6) 

11 44 +++ ++ N0 

12 43 +++ +++ N3 

13  67 + - N2 

14 62 + + N0 

15 60 + + N2 

16 50 - - N1 

17 45 - - N3 

18 65 - - N3 

19 67 + + N3 

20 48 +++ ++ N0 

ER: estrogen receptor expression; PR: progesterone receptor expression; LN: lymph node, N0 (0 lymph node), N1 (1-3 lymph nodes), N2 (4-9 lymph 

nodes), N3 (10 or more lymph nodes). 

 

3.2. Biochemical Investigations 

Comparing to healthy women, highly oxidative stress was 

detected in BC patients where mean serum MDA 2.07±0.185 

µmol/l vs TAS 0.39±0.062µg/ml. It is noticed that 

persistence of OS throughout the follow up after mastectomy 

where serum MDA 2.58±0.282 µmol/l vs TAS 

0.32±0.045µg/ml) and persist without insignificant change 

after chemotherapy alone serum MDA 2.87±0.231 µmol/l vs 

TAS 0.2±0.039µg/ml comparing to those supplemented with 

vitamins serum MDA 1.5±0.166µmol/l vs TAS 

1.16±0.089µg/ml. However, BC patients supplemented with 

vitamins D3 and B6 from the commence of chemotherapy 

course and continued for three months later show significant 

decline in OS where serum MDA 0.44±0.076 µmol/l vs TAS 

1.76±0.121µg/ml comparing to those supplemented with 

vitamins for three months only after completion 

chemotherapy course serum MDA 0.81±0.175 µmol/l vs 

TAS 1.27±0.098µg/ml. Interestingly, it is noticed that at the 

end of follow up, the level of serum TAS in BC patients 

supplemented with vitamins D3 and B6 from the commence 

of chemotherapy and continued for three months later was 

approximated to the physiological level. 

In parallel to OS, significant elevation of VEGF (562± 

87.9pg/ml, p 0.001) was observed in BC patientsand 

continued after mastectomy (313.5 ±40.7pg/ml, p<0.001) and 

after chemotherapy alone without insignificant change (177± 

8.4pg/ml). However, significant decrease of serum VEGF 
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level in BC patients after chemotherapy plus vitamins D3 and 

B6 (155± 9.4pg/ml, p<0.05). After three months later, 

significant decrease of serum VEGF level was noticed in BC 

patients either supplemented with vitamins D3 and B6 from 

commence of chemotherapy (144 ±10.2pg/ml, p<0.05) or 

those supplemented with vitamins after chemotherapy course 

(113.5± 5.9pg/ml, p<0.01). On the other hands, serum ES 

level in BC patients higher than those in healthy women 

(24.6±2.0ng/mlvs22.9±1.5ng/ml, p<0.05). The higher ES 

level was continued after mastectomy without significant 

change (23.7 ±1.9ng/ml), after chemotherapy alone (28.9± 

1.2ng/ml, p<0.001) or plus vitamins (38± 1.8ng/ml, 

p<0.001). Comparing to its level after chemotherapy, 

significant increase of serum ES level was noticed in BC 

patients who supplemented with vitamins from the 

commence of chemotherapy and continued supplementation 

for three months later (48.3± 8.6 ng/ml, p<0.001) and those 

supplemented with vitamins for three months after the ending 

of chemotherapy course (38.3± 6.3 ng/ml, p<0.01). However, 

no significant difference in serum ES level was noticed 

between both subgroups at the end of the follow up. 

To investigate the impact of oxidative stress on endothelial 

migration, the present work assesses CECs. Serum CECs in 

BC patients (3060±632 cells/ml) was higher than in healthy 

women (70±52cells/ml). After mastectomy, Serum CECs 

level was declined (1775± 443 cells/ml) and continued this 

decline after chemotherapy alone (960±383 cells/ml), 

however, this decline was observed clearly in those received 

chemotherapy plus vitamins D3 and B6 (600 ±163 cells/ml). 

Moreover, serum CECs level in BC patients supplemented 

with vitamins for three months after chemotherapy course 

(400±210 cells/ml) comparing to those level in BC patients 

supplemented with vitamins from the commence of 

chemotherapy and continued for three months (220±91 

cells/ml). 
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Figure 1. Changes in mean levels of serum MDA in panel A, TAS in panel B, 

VEGF in panel C, Endostatin in panel D, CECs in panel E throughout 

treatment time intervals in BC patients (Gp-II) and two BC patients 

subgroups; BC patients were received chemotherapy alone (Gp-IIa) and BC 

patients were received chemotherapy plus vitamins (Gp-IIb). Black star 

mentions to significant difference throughout the time intervals. White star 

mentions to the significant difference between the two subgroups Gp-IIa and 

Gp-IIb at the same time interval. All values are presented as mean±S. E., 

significant difference was considered p<0.05. 

 
Figure 2. Immunofluorescence analysis of CECs isolated from Gp-(I) in 

panel A, from Gp-(II) B. M. in panel B, Gp-(II) A. M. in panel C, (Gp-IIa) 

A.C in panel D, (Gp- IIb) A. C in panel E, Gp-(IIa) (A.3M.) in panel F, (Gp-

IIb) (A.3M.) in panel G. 

3.3. Correlation Studies 

Serum TAS was negatively correlated with serum VEGF 

and CECs (P<0.001) but positively correlated with serum ES 

(P<0.001). Serum MDA level was negatively correlated with 

serum ES (P<0.05), but positively correlated with serum 

VEGF and CECs, (P<0.01) and (P<0.001), respectively. 

Serum CECs was negatively correlated with serum ES 

(P<0.001) but positively correlated with serum VEGF 

(P<0.001) as shown in figure 3. No correlation was detected 

between any of the biochemical parameters and clinical 

parameters (i.e. age, ER, PR and LN) (data not shown). 

 
Figure 3. Correlation between serum TAS and serum ES throughout 

treatment of BC patients, P<0.001 in panel A, correlation between serum 

TAS and serum VEGF throughout treatment of BC patients, P<0.001 in 

panel B, correlation between serum TAS and serum CECs throughout 

treatment of BC patients, P<0.001 in panel C, correlation between serum 

MDA and serum ES throughout treatment of BC patients, P<0.05 in panel D, 

correlation between serum MDA and serum VEGF throughout treatment of 

BC patients, P<0.01 in panel E, correlation between serum MDA and serum 

CECs throughout treatment of BC patients, P<0.001 in panel F, correlation 

between serum VEGF and serum CECs throughout treatment of BC patients, 

P<0.001 in panel G, correlation between serum ES and serum CECs 

throughout treatment of BC patients, P<0.001 in panel H 

4. Discussion 

In the present study, following mastectomy, most BC 

patients underwent treatment with a combination of the 

anticancer therapy for six cycles including 

cyclophosphamide, doxorubicin, and 5-fluorouracil (CAF 

regimen). Administration of supra-dietary doses of 
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antioxidant agents during chemotherapy and radiotherapy 

argues the greatest controversy. A point of view depends on 

evidence revealed that excessive supplements of antioxidants 

decrease the efficacy of the chemotherapy and radiotherapy 

[16, 17]. On the other hand, several studies have been 

demonstrated that antioxidants enhance the growth-inhibitory 

effects of X-irradiation and chemotherapeutic agents on 

tumor cells, depending upon the dose, form and type of 

antioxidant, chemotherapeutic agent and tumor [18]. 

Subsequently, following up the anti-angiogenic effect of 

supra-dietary doses of vitamins as an adjuvant therapy in BC 

patients may help in solving the controversy about vitamins 

supplementation during the conventional anti-cancer therapy 

and may add a great benefits in ongoing clinical trials 

studying anti-angiogenic agents, the advanced anti-cancer 

therapies. 

4.1. Effect of Tumorgenesis 

The observed elevation of OS and CECs in BC patients 

supports that OS enhances the angiogenesis since MDA 

disrupts collagen integrity so facilitate ECs migration which 

have been already proliferate 45 times intratumor faster than 

ECs in adjacent benign stroma [19]. Although the high level 

of ES, as a result of lacking elastase in cancer tissues, the 

active angiogenesis in BC patients may be explained as high 

level of VEGF overcome the anti-angiogenic action of ES 

[20]. 

4.2. Effect of Mastectomy 

Numerous cytokines and cells that are involved during the 

three phases of wound healing were studied. Of these, VEGF, 

ES and CECs are the major determinants of angiogenic 

outcome and regulated by redox homeostasis. The 

persistence of OS accompanied with shifting of angiogenic 

balance towards anti-angiogenic effect as an observed decline 

in serum VEGF and CECs levels support theory revealed that 

the main source of these parameters is tumor and its 

microenvironment [21]. Consistently, a previous study 

emerged the role of OS after surgery in VEGF production 

and ECs migration [22]. 

4.3. Effect of Vitamin D3 and B6 Supplementation 

The goal of the present study was to examine the relevance 

of vitamins D3 and B6 supplementation in combination with 

chemotherapy, especially, several mechanisms by which 

chemotherapy induced-OS were documented [23]. In this 

aspect, several studies hypothesized that high levels of D3 

might reduce the risk of BC through a variety of different 

mechanisms as inhibition of cellular proliferation, inducing 

differentiation, apoptosis and inhibition of angiogenesis in 

normal and malignant breast cell. Also, the anti-carcinogenic 

effects of D3 on transformed mammary cells have been well 

characterized and include cell cycle arrest in G0/G1, 

induction of differentiation markers, and activation of 

apoptosis. It has been demonstrated that vitamin B6 suppress 

tumorigenesis, metastasis, anaemia in cancer patients as well 

as reducing fatigue, irritability, moodiness/depression, fluid 

retention, and breast tenderness in premenstrual syndrome 

(PMS), in addition to its antioxidant role. Following 

mastectomy, BC patients received six cycles of combined 

chemotherapy. The data showed the persistence of OS in BC 

patients received chemotherapy alone while significant 

improving in the antioxidant status was noticed in BCpatients 

who received chemotherapy plus vitamins D3 and B6. In this 

aspect, OS resulting from chemotherapeutic agents has a 

strong consequence in inducing adverse effects including 

fatigue, nausea and vomiting in addition to enhance 

angiogenesis progression, metastasis and recurrence in 

cancer patients [3, 24, 25]. On the other hands, vitamin B6 

reduces the OS, inflammation and carcinogenesis, in addition 

to, reverses side effects in patients receiving chemotherapy 

without interference with its efficacy and increases survival 

of cancer patients [26, 27]. Also, it was revealed that 

supplementation with vitamin D3 contributed to diminish 

MDA level [28].
 

Despite the insignificant change of ES level, the 

observed decline in CECs emphasis the anti-angiogenic 

action of vitamin D3 and B6 in combination with 

chemotherapy comparing to those received chemotherapy 

alone. The insignificant change in serum ES level between 

the two subgroups doesn’t mean that vitamins D3 and B6 

supplementation have no effect on ES action since it has 

been demonstrated that the anti-angiogenic and antitumor 

activity of ES operates over a biphasic curve meaning that 

higher serum levels are less active than lower levels [29]. 

This means that vitamins D3 and B6 supplementation may 

help in maintaining ES within its active level. In this 

aspect, it has been demonstrated that the anti-proliferative 

effect of vitamins D3 and vitamin B6 contributed to 

improve endothelial function and systemic inflammation 

[30, 31]. However, controversial data exist in the literature 

regarding to the effect of vitamin D3 on VEGF expression 

while a study revealed that vitamin D3 suppresses VEGF 

expression another study showed that vitamin D3 

increases VEGF expression. One explanation is that 

vitamin B6 regress the activation action of vitamin D3 on 

VEGF pathway. Another explanation may be that the 

action of vitamin D3 in normal tissues differs from that in 

tumor tissues [32- 34]. Collectively, the present study 

reveals that the anti-angiogenic action of vitamin D3 and 

B6 isn’t limited to reduce angiogenesis via decreasing 

VEGF level but also keep ES within its active level 

suggesting that the combination of vitamins D3 and B6 

strengthen the anti-angiogenic action of chemotherapy and 

thus interfere with metastasis in BC patients. Thus, the 

present findings may add benefits in selecting treatment 

regimen that based on combination of anti-oxidants and 

anti-angiogenic therapy since many ongoing clinical trials 

based on anti-angiogenic therapy [35]. 

Another goal of the present study was to study whether 

vitamins D3 and B6 supplementation with chemotherapy or 

after chemotherapy course is preferable. So it was designed 

to supplement both subgroups of BC patients with vitamin 
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D3 and B6 for three months later either who were received 

chemotherapy alone or chemotherapy plus vitamins. 

Especially, after completion of chemotherapy cycles, most 

BC patients always treated with radiotherapy which 

enhanced generation of superoxide agents resulting in 

deficiency in micronutrients. This deficiency may be more 

detrimental than radiation itself. It has been demonstrated 

that micronutrients may selectively induce apoptosis, inhibit 

cell proliferation in cancer cells in addition to spare normal 

cells [36]. In this aspect, the present data showed that BC 

patients received vitamins D3 and B6 from the beginning of 

chemotherapy course and continued vitamins 

supplementation for three months later during radiotherapy 

course show significant decline in CECs compared to BC 

patients received vitamins D3 and B6 for three months after 

completion of chemotherapy course. However, there is no 

data about enumeration of CECs after radiotherapy course. 

Also, our findings underscore the impact of vitamins D3 and 

B6 in reducing OS and strengthen the anti-angiogenic effect 

of radiotherapy. This aspect gains support by observations 

that vitamin D3 enhances the cytotoxic effects of gamma 

irradiation. In addition; vitamin B6 counteracts the side 

effects of radiotherapy and enhances the survival rate of 

cancer patients [37-39]. Our data emerge the potential 

interaction between vitamin B6 and D3 in improving the 

clinical outcomes of cancer patients and development of new 

therapeutic approaches to prevent invasion and metastasis of 

tumors locally relapsing after radiotherapy. 

To our knowledge, it is the first time reports the role of 

vitamins D3 and B6 in decreasing the level of CECs in serum 

meaning that their effectiveness in counteracting the cancer 

progression and reduce the side effect of chemotherapy and 

radiotherapy. 

The small sample size is the limitation of the present study. 

5. Conclusion 

It can be concluded that vitamins D3 and B6 strengthen the 

anti-angiogenic action of chemo- and radiotherapy and 

subsequently interfering with metastasis, in addition to 

minimize the side effects of chemo- and radiotherapy as 

nausea, fatigue and vomiting and improving the clinical 

outcomes as well as the efficacy of the conventional anti-

cancer therapies. In this aspect, the multiple actions of 

vitamins may be extended beyond their anti-oxidation to anti-

angiogenesis and interfering with cancer progression. From 

this view, wide ranges of studies are required to formulate the 

proper schedule based on combination between vitamins, 

chemotherapy and radiotherapy. 
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