
 

i 
 

DECLARATION BY THE STUDENT 

 

I, Ashok Kumar Dogra,  declare that the thesis entitled, “Vitamin D 

Receptor Gene Polymorphisms (VDR) and Steroid Receptor Status 

in Breast Cancer Patients” is my own work conducted under the 

supervision of  Dr. Archana Prakash (Supervisor)  and (Co-

Supervisors) Dr. Sanjay Gupta and Dr. Meenu Gupta at Swami Rama 

Himalayan University, Dehradun, Department of Biochemistry 

approved by D.R.C.  

I further declare that to the best of my knowledge the thesis does not 

contain any part of any work which has been submitted for the award of 

any degree either in this University or in any other University/ Deemed 

University without proper citation. 

Besides this: 

I have successfully completed the Course work of one semester as per 

UGC- Regulation 2016 norms. 

I have also given a pre-Ph.D. presentation and successfully incorporated 

the changes suggested on the basis of feedback and comments received. 

I have also published one research paper in a journal from the research 

work of the thesis and presented two papers in Conferences/Seminars and 

has produced an evidence of the same in the form of acceptance letter/or 

the reprint. 

       

  

  
 

 

Signature 

 

 
Name of Candidate 

  

 



 

ii 
 

CERTIFICATE 
 
 

 

This is to certify that Ashok Kumar Dogra in the department of 

Biochemistry of this University has fulfilled the requirements prescribed 

for the Ph.D. degree of the Swami Rama Himalayan University, 

Dehradun. 

The thesis entitled, “Vitamin D Receptor Gene Polymorphisms 

(VDR) and Steroid Receptor Status in Breast Cancer Patients” was 

carried out under my direct supervision. No part of the thesis was 

submitted for the award of any degree or diploma prior to this date. 

 

Clearance was obtained from the University Ethics Committee/ 

University Animal Ethics for carrying out the study 

 

 

 

 

Supervisor 

Dr. Archana Prakash, 

Prof. Dept. of Biochemistry 

         
 

 

 

 

 

 

 

 

 

 
                                        



 

iii 
 

CERTIFICATE 
 
 

 

This is to certify that Ashok Kumar Dogra in the department of 

Biochemistry of this University has fulfilled the requirements prescribed 

for the Ph.D. degree of the Swami Rama Himalayan University, 

Dehradun. 

The thesis entitled, “Vitamin D Receptor Gene Polymorphisms 

(VDR) and Steroid Receptor Status in Breast Cancer Patients” was 

carried out under my direct supervision. No part of the thesis was 

submitted for the award of any degree or diploma prior to this date. 

 

Clearance was obtained from the University Ethics Committee/ 

University Animal Ethics for carrying out the study 

 

 

 

 

 

 

 

Co-Supervisor 

Dr. Sanjay Gupta, 

Prof. and Head, Dept. of Biosciences 

  



 

iv 
 

CERTIFICATE 

 
 

 

This is to certify that Ashok Kumar Dogra in the department of 

Biochemistry of this University has fulfilled the requirements prescribed 

for the Ph.D. degree of the Swami Rama Himalayan University, 

Dehradun. 

The thesis entitled, “Vitamin D Receptor Gene Polymorphisms 

(VDR) and Steroid Receptor Status in Breast Cancer Patients” was 

carried out under my direct supervision. No part of the thesis was 

submitted for the award of any degree or diploma prior to this date. 

 

Clearance was obtained from the University Ethics Committee/ 

University Animal Ethics for carrying out the study 

 

 

 

 

Co-Supervisor 

Dr. Meenu Gupta, 

Prof, Dept. of Radiation Oncology  

 

 

 

 

Font 

14  

Times 

New 

Roman 

Bold 

not 

caps 



 

v 
 

CERTIFICATE FOR PLAGIARISM 

It is certified that Ph.D./M.Phil. thesis entitled “Vitamin D Receptor 

Gene Polymorphisms (VDR) and Steroid Receptor Status in Breast 

Cancer Patients”  by Ashok Kumar Dogra has been examined by us. 

We undertake & declare that: 

a. This thesis has significant new work/knowledge as compared to 

already published or are under consideration to be published 

elsewhere. No sentence, equation, diagram, table, paragraph or 

section has been copied verbatim from previous work unless it is 

placed under quotation marks and duly referenced. 

b. The work presented is original and own work of the author (i.e. 

there is no plagiarism). No ideas, processes, results or words of 

others have been presented as Author’s own work. 

c. There is no fabrication of data or results which have been 

compiled/analyzed. 

d. There is no falsification by manipulating research materials, 

equipment or processes, or changing or omitting data or results 

such that the research is not accurately represented in the research 

record. 

e. The thesis has been checked using TURNITIN (copy of originality 

report attached).  

 

 

 

Signature                                                         Signature 

Name of candidate                                         Supervisor 

Ashok Kumar Dogra                               Prof. (Dr). Archana Prakash 

 

 

Signature                                                          Signature 

Co-Supervisor            Co-Supervisor 

Prof. (Dr). Sanjay Gupta     Prof. (Dr). Meenu Gupta 

Font 

14  

Times 

New 

Roman 

Bold 

not 

caps 

Font 

14  

Times 

New 

Roman 

Bold 

not 

caps 

Font 

14  

Times 

New 

Roman 

Bold 

not 

caps 

Font 

14  

Times 

New 

Roman 

Bold 

not 

caps 



 

vi 
 

  



 

vii 
 

  



 

viii 
 

  



 

ix 
 

  



 

x 
 



 

xi 
 

  



 

xii 
 

  



 

xiii 
 

  



 

xiv 
 

  



 

xv 
 

  



 

xvi 
 

  



 

xvii 
 

CERTIFICATE OF VIVA-VOCE OF Ph.D. 

STUDENT 
 

 

 

 

“VITAMIN D RECEPTOR GENE 

POLYMORPHISMS (VDR) AND STEROID 

RECEPTOR STATUS IN BREAST CANCER 

PATIENTS” 
 

  

 

Submitted by 

Ashok Kumar Dogra 

 

For the degree of 

Doctor of Philosophy in 

 

                                          Biochemistry 

 

      is evaluated and approved by 

 
 

 

 

 

Prof. (Dr). Archana Prakash 

            SUPERVISOR                                                      EXAMINER                

             

 

 

 

Prof. (Dr). Sanjay Gupta    Prof. (Dr). Meenu Gupta 

CO-SUPERVISOR                                                    CO-SUPERVISOR                    

 



 

xviii 
 

Undertaking for submission of Ph. D. thesis 

 
 

 

I solemnly declare that research work presented in the thesis titled “Title 

Vitamin D Receptor Gene Polymorphisms (VDR) and Steroid 

Receptor Status in Breast Cancer Patients”       is solely my research 

work with no significant contribution from any other person. Small 

contribution/help wherever taken has been duly acknowledged and that 

complete thesis has been written by me. 

I understand the zero tolerance policy of the SWAMI RAMA 

HIMALAYAN UNIVERSITY (SRHU) towards plagiarism. Therefore I 

as an Author of the above titled thesis declare that no portion of my thesis 

has been plagiarized and any material used as reference is properly 

referred/cited.  

I undertake that material of the thesis submitted in hard bound and soft 

copy are same and no alteration has been done. If found guilty in future 

University may take any action against me. 

I undertake that if I am found guilty of any formal plagiarism in the above 

titled thesis even after award of PhD degree, the University reserves the 

rights to withdraw/ revoke my PhD degree. 

 

 

                                                       Ashok Kumar Dogra 

      Roll No. SRHU1900385 

                                                     Department of Biochemistry, 

                                                               Swami Rama Himalayan University,  

Jolly, Grant, Dehradun, 

Uttarakhand, India 

                                                        Pin. 248001      



 

xix 
 

ACKNOWLEDGEMENT 

 

I bow to the Almighty for providing me with the strength and ability to 

carry out this work regardless of all the obstacles that came my way 

during the process. Whenever you want to acknowledge the individuals 

who support you in your goal-setting, words betray you. The opportunity 

to thank each and every one of those who contributed to this work makes 

me feel proud. With the grace of God, I take this opportunity to express 

my sagacious gratitude to my Ph.D. Supervisor Prof.(Dr.) Archana 

Prakash, Department of Biochemistry, and Controller of Examinations, 

Swami Rama Himalayan University, Dehradun, Uttarakhand, India, 

through her constructive criticism and valuable ideas. I attribute my 

success to the constant advice, encouragement, and inspiration she has 

given me throughout my research. She supervised me in a concerned way, 

her advice and productive comments have contributed to this study and 

enhanced my experience. I extend my heartfelt gratitude to my Co-

supervisors Prof. (Dr.) Sanjay Gupta, Head, Department of Biosciences 

and Prof. (Dr.) Meenu Gupta, Department of Radiation Oncology, 

Swami Rama Himalayan University, Dehradun, Uttarakhand, India, 

without whose constant support, this work would not have been possible. 

I owe my sincere thanks to both for the research idea, designing, and 

execution of this study. This work would have been merely a dream 

without both support and help in enrolling patients, valuable guidance in 

patient handling, providing samples, and clinical research supervision. I 

would like to thank the patients and control individuals who provided 

samples (blood) to work on. I pray for them and hope that my efforts 

through this work may benefit them in the future, in whatever small way it 



 

xx 
 

can. Special thanks to the Laboratory and official Staff for their valuable 

support in patient handling and collection of samples.  

I would like to extend my sincere gratitude to our Principal: Prof (Dr.) 

A.K. Deorari, Vice-Principal; Dr. D.C. Dhasmana, Scientific Advisor; 

Dr. C.S. Nautiyal, Vice-Chancellor; Dr. Rajendra Dobhal and Director, 

Research. Research and Development Cell for providing me with an 

excellent conducive environment for research in the university. 

Dr. Akilesh Kumar, and Dr. Vikas Singh Jadon, in the Department of 

Biosciences, deserve special mention for their immense cooperation in 

my research work. Their able guidance and ideas have been an integral 

part of this study. I would like to be thankful to all my lab colleagues and 

the whole staff, who made me learn things by sharing their experiences 

and were always ready to help me in every way possible. The time spent 

with them will always be cherished. I would like to thank Prof.(Dr.) Anita 

Sharma, Head, Department of Biochemistry, and Prof.(Dr.) Vivek 

Kumar, Department of Biosciences, Swami Rama Himalayan University, 

Uttarakhand, India, for regular presentation of my work. I would also 

like to thank Financial support from the Intramural project is gratefully 

acknowledged.  

Last but by no means the least, I express a deep sense of indebtedness 

and affection to my beloved mother and Father and my sisters without 

their support and love, I would not have achieved anything in my life. My 

family and friends have been the source of my strength. Very special 

thanks to little cute flowers such as Ravya, Shanaya, Viha, and Mehraj. 

Thanks to all those who helped me in some way or the other in pursuing 

this elusive work.  

 

Ashok Kumar Dogra 



 

xxi 
 

TABLE OF CONTENTS 

 

S.No.                                              INDEX Page No. 

1. Declaration by the Student i 

2. Certificate by the Research Supervisor ii 

3. Certificate by the Research Co-Supervisor iii 

4. Certificate by the Research Co-Supervisor iv 

5. Certificate for Plagiarism v-xvi 

6. Certificate of Viva-Voce of Ph.D. Student xvii 

7. Undertaking for submission of Ph. D. thesis xviii 

8. Acknowledgment xix-xx 

9. Tables of Contents  xxi-xxv 

10. List of Tables  xxvi-xxvii 

11. List of Figures  xxviii-xxx 

12. List of abbreviations xxxi-xxxii 

13. Abstract    xxxiii-xxxiv 

14. Chapter-I Introduction 1-6 

15. 1.1 Aim, Objectives, and Research Questions 5-6 

16. Chapter-II Literature Review 7-46 

17. 2.1 Cancer incidence of the breast 7 

18. 2.2 Globocan's Indian Scenario 7 

19. 2.3 Breast Cancer Types 99 

20. 2.4 Breast Cancer Risk Factors 10 

21. 2.5 Different Available Approaches for Breast Cancer 12 

22. 2.6 The Synthesis and Signaling of Vitamin D 

 

12 



 

xxii 
 

23. 2.7 Antiproliferative and Anticarcinogenic Effects of Vitamin D 

and its Associated VDR-Mediated Signaling 

15 

24. 
2.8  Vitamin D serum concentration and breast cancer risks 

19 

25. 2.9 The structure and polymorphisms of the Vitamin D Receptor 

(VDR) gene 

23 

26. 2.9.1 VDR gene Structure 23 

27. 2.9.2 Gene Polymorphisms 24 

28. 2.9.3 Polymorphisms in the VDR gene 25 

29. 2.9.4  Breast cancer and VDR gene polymorphism 29 

30. 2.9.5 Fok1 gene polymorphism and breast cancer 29 

31. 2.9.6 Bsm1 gene polymorphism and breast cancer   30 

32. 2.9.7 Taq1 gene polymorphism and cancer of the breast 31 

33. 2.9.8 Apa1 gene polymorphism and breast cancer 32 

34. 2.9.9 cdx2, poly (A), Tru91 gene polymorphisms and breast 

cancer 

33 

35. 2.10 Steroid Receptors State in Cancer of the Breast 37 

36. 2.10.1 Estrogen Receptor 38 

37. 2.10.2 Progesterone Receptor 39 

38. 2.10.3 Estrogen/Progesterone Receptor across Breast Cancer 40 

39. 2.10.4 Androgen Receptors across Breast Cancer 42 

40. 2.10.5 Her2/new  Receptor in Breast Cancer 44 

41. 2.11 Breast Cancer VDR Polymorphisms and hormone receptor 

status 

46 

42. Chapter-II Materials and Methods 49-62 

43. 3.1 Study population and design 49 



 

xxiii 
 

44. 3.1.1 Study Design 49 

45. 3.2 selection criteria  50 

46. 3.2.1 Breast cancer patients' inclusion criteria 51 

47. 3.2.2 Breast cancer patients' exclusion criteria 51 

48. 3.2.3 Control Selection 51 

49. 3.3 Data Collection 51 

50. 3.4 Sample Collection and DNA Extraction 52 

51. 3.4.1 Assessment of serum levels of vitamin D 52 

52. 3.4.2 Chemicals and Reagents
 

53 

53. 3.4.3 Reagents Preparation 53 

54. 3.4.4 Methodology for manual DNA extraction 55 

55. 3.4.5 Genomic DNA: qualitative and quantitative assessment 56 

56. 3.5 Genotyping analysis  56 

57. 3.5.1 Polymerase Chain Reaction (PCR) 56 

58. 3.5.2 Materials 57 

59. 3.5.3  Standard Procedure 57 

60. 3.5.4 Restriction fragment length polymorphism (RFLP) 59 

61. 3.5.5 Setting up a Restriction Enzyme Digestion 59 

62. 3.5.6 Agarose Gel Electrophoresis 60 

63. 3.6 Statistical Analysis 62 

64. Chapter-IV Results 64-114 

65. 4.1 Demographic Characteristics.      64 

66. 4.2 Clinicopathological features. 69 

67. 4.3 Anthropometric Characteristics, Vitamin D Levels, and DNA 

Ratios Assessment. 

75 



 

xxiv 
 

68. 4.4 Analysis of FokI (rs 2228570) polymorphisms of the VDR 

and breast cancer. 

78 

69. 4.5 Analysis of ApaI (rs 7975232) VDR polymorphisms with 

Breast Cancer. 

80 

70. 4.6 Analysis of BsmI (rs1544410) VDR polymorphisms with 

Breast Cancer. 

82 

71. 4.7 Vitamin D levels and genotypes distribution. 85 

72. 4.8 Association of  VDR genotypes. 88 

73. 4.9 Menopausal Status and Genotypes Association. 92 

74. 4.10 Tumor Grade and Genotypes Association. 94 

75. 4.11 Lymph Node Status and Genotypes Association. 97 

76. 4.12 Stage Groupings and Vitamin D Levels Association. 99 

77. 4.13 Tumor Grade and Vitamin D Levels Association. 101 

78. 4.14 Hormone Receptor Status and Genotypes Association. 103 

79. 4.15 Stage Groupings and Genotypes Association. 108 

80. 4.16 Comparative analysis of vitamin D levels 111 

81. 4.17 Comparative analysis of genotypes and vitamin D levels 

amongst breast cancer patients and the control group. 

112 

82. Chapter-V Discussion 115-127 

83. Chapter-VI Conclusion 128-130 

84. Chapter-VII Summary  131-133 

85. References 134-179 

86. Appendix-I 180 



 

xxv 
 

87. Appendix-II 181-184 

88. Appendix-III 185-190 

89. Appendix-IV 191 

90. List of Publications 192 

91. List of Paper/Poster presentations 193 

92. Awards/Certificates 194-197 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

xxvi 
 

LIST OF  TABLES 

 
S.No. Table Topic Page No. 

1. Table 1: The table summarizes the various factors and their 

outcomes contributing to breast development risk. 

11 

2. Table 2: The Vitamin D levels in the blood 20 

3. Table 3: List of the common and rare polymorphisms identified in 

the promoter, exonic, intronic, and 3’ UTR regions of the VDR 

gene and their corresponding genotypes. 

26 

4. Table 4: Research studies in different VDR gene polymorphisms 

and Breast cancer. 

35-37 

5. Table 5: RBC Lysis Buffer, denoted as Lysis buffer R (10X) 

100ml, contains 

53 

6. Table 6: Nucleic acid Lysis Buffer, denoted as Lysis buffer N 

(10X) 100ml,  contains 

54 

7. Table 7: TAE Buffer (50X) 250ml,  contains 54 

8. Table 8: Reagents for making a 25 µl PCR reaction mix 57 

9. Table 9: The details of the primer sequences and their annealing 

temperatures. 

58 

10. Table 10: Restriction Enzyme protocol for FokI and BsmI  59 

11. Table 11: Restriction Enzyme protocol for ApaI  60 

12. Table 12: The VDR gene SNPs with respective restriction 

enzymes 

61 

13. Table 13: Distribution of demographic determinants and breast 

cancerous risk factors among cases and matched controls within 

the study population 

64 

14. Table 14: The Clinicopathological features of  breast cancer 

patients 

69 

15. Table 15: Comparative assessment of Anthropometric 

Characteristics, Vitamin D Levels, and DNA Ratios along Breast 

Cancer Patients (Cases) and their Matched Controls 

76 

16. Table 16:  Distribution of Vitamin D Levels & Genotypes (FokI, 85 



 

xxvii 
 

BsmI, and ApaI) Linking Patients of Cancer of the Breast and 

Matched Controls in the Study Population 

17. Table 17: Association between Genotypes along with breast 

cancerous patients and controls in the study population 

89 

18. Table 18: Association between Menopausal Status and Genotypes 

among breast 

 cancer patients 

92 

19. Table 19: Association between Tumor Grade and Genotypes 

among breast cancer patients 

95 

20. Table 20: Association between Lymph node status and Genotypes 

among breast cancer patients 

97 

21. Table 21: Association between Stage Groupings and Vitamin D 

levels (nmol/l) among Breast cancer patients 

100 

22. Table 22: Association between the Tumor Grade and Vitamin D 

Levels (nmol/l) among Breast cancer patients 

101 

23. Table 23: Association between Hormone receptor status and 

Genotypes among Breast cancer patients 

103-104 

24. Table 24: Association between the Stage Groupings and 

Genotypes among Breast cancer patients 

109 

25. Table 25: Comparison of Vitamin D levels (nmol/l) and Ratio 

among Breast cancer patients and control groups 

111 

26. Table 26: Comparison of Genotypes & Vitamin D levels (nmol/L) 

among Breast cancer patients and Control groups 

112 

 

 

  



 

xxviii 
 

LIST OF FIGURES 

 
S.No. Figures Topic Page No. 

1. Figure1: Globocon 2020 estimates the number of new cases in 2020 in 

Indian females excluding non-melanoma skin cancer(NMSC) 

8 

2. Figure 2: Globocon 2020 estimates the number of Prevalent cases in 2020 

in Indian females excluding non-melanoma skin cancer(NMSC) 

8 

3. Figure 3: A detailed diagram of histopathological classification and 

molecular classification of the biological basis regarding breast cancer. 

9 

4. Figure 4: The human VDR molecule is schematically represented, 

including the receptor's ligand binding domain, nuclear localization 

domain, heterodimerization domain, transactivation domain, and two major 

phosphorylation sites. AF-2 is an activation function. 

14 

5. Figure 5: An illustration showing the endogenic synthesis of vitamin D and 

subsequential signaling pathways. 

16 

6. Figure 6: Diagram illustrating Vitamin D's effects on breast cancer. 17 

7. Figure 7: Schematic representation of hVDR chromosomal gene containing 

11 exons (black vertical bars) and 3 of which are involved in the 

transcription of the VDR transcript's 5' UTR. 

24 

8. Figure 8: Diagram illustrating the research design and statistical analysis. 50 

9. Figure 9 : Distribution of the study population according to their Age 

Group 

66 

10. Figure 10: Distribution of study population according to their Areas 66 

11. Figure 11: Distribution of the study population according to their 

Menopausal stage 

67 

12. Figure 12: Distribution of study population according to their BMI 

Category 

67 



 

xxix 
 

13. Figure 13: Distribution of the study population according to their family 

history 

68 

14. Figure 14: Distribution of the study population according to their Age at 

Diagnosis 

72 

15. Figure 15: Distribution of the study population according to their Co-

morbid conditions 

72 

16. Figure 16: Distribution of the study population according to their Breast 

Cancer laterality 

73 

17. Figure 17: Distribution of the study population according to their Tumor 

size    

73 

18. Figure 18: Distribution of the study population according to their Tumor 

grade 

74 

19. Figure 19: Distribution of the study population according to their Hormone 

receptor Positive/Present Status 

74 

20. Figure 20: The FokI amplified PCR products of VDR gene stained with 

ethidium bromide on a 2% agarose gel. 

78 

21. Figure 21: A picture of two percent agarose gel stained with ethidium 

bromide illustrating amplification products digested by Fok1. 

79 

22. Figure 22: The Apa1 amplified PCR products of VDR gene stained with 

ethidium bromide on a 2% agarose gel. 

80 

23. Figure 23: This image shows Apa1 digested amplification products of two 

percent agarose gel stained with ethidium bromide. 

81 

24. Figure 24: The PCR amplification of the Bsm1 gene is shown in this 

picture with the ethidium bromide stain on a 2% agarose gel. 

82 

25. Figure 25: Picture of two percent agarose gel stained with ethidium 

bromide showing PCR products of VDR gene digested by Bsm1. 

83 



 

xxx 
 

26. Figure 26: Distribution of the study population as per their Vitamin D 

levels 

87 

27. Figure 27: Distribution of the study population according to their 

Genotypes  

87 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xxxi 
 

LIST OF ABBREVIATIONS 

AR   Androgen Receptor 

ER      Estrogen Receptor 

PR   Progesterone Receptor 

Her2   Human epidermal growth receptor 2 

VDR   Vitamin D receptor receptor 

RXR   Retinoid X receptor 

CDK   Cyclin dependant Kinase 

UVB   Ultraviolet B 

SNP   Single nucleotide polymorphism 

RFLP   Restriction fragment length polymorphism 

VNTR                         Variable number of tandem repeats 

LD   Linkage disequilibrium 

DFS   Disease-free survival 

OS   Overall survival 

TNBC   Triple-negative breast cancer 

HRT   Hormone replacement theory 

PCR   Polymerase chain reaction 

25-OHD3                    25-hydroxyvitamin D3  

1,25-OH2D3               1, 25-dihydroxy vitamin D3 

MAPK              Mitogen-activated protein kinase 

ERK                         Extracellular signal-regulated kinase 

EGFR                         Epidermal growth factor receptor 

GWAS                        Genome-wide association study 

RCT                            Randomization control trials 

HRE                           Hormone-responsive genes 



 

xxxii 
 

SERM                        Selectable estrogen receptor modulators  

DHT                          Dihydrotestosterone 

FISH                          Fluorescence in situ hybridization 

OR             Odd ratios 

CI             Confidence interval 

 

 

 

 

  


