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ABSTRACT 

Breast cancer ranks as the second most common cause of mortality among women. Timely 

detection and suitable treatment, accompanied by diligent monitoring, are crucial in 

minimizing the impact of this fatal disease. In the present study, we aimed to identify 

biomarkers that could assist in early and non-invasive breast cancer diagnosis. We isolated the 

exosomes from the saliva of HER-2-positive breast cancer patients with grade II ductal 

carcinoma and performed comparative proteomics using label-free LC-MS.  

Through comparative proteomics, we observed that most of the differentially expressed 

proteins (DEPs) were involved in the regulation of enzyme activity, binding with actin filament, 

regulation of various signalling pathways (VEGF and IL-17 signalling), and neutrophil 

extracellular trap formation. Among the DEPs, HSPB1, ANXA1, SERPINB3 and CSTB were 

upregulated; and FLNA, CAP1, and CST4 were downregulated. We further validated two 

upregulated and downregulated proteins through Western blotting. The obtained salivary 

biomarkers could be employed in the early diagnosis of HER2-positive breast cancer.  

Exosomes are extracellular vesicles released by cells that mediate intercellular communication 

by shuttling their cargo of biomolecules, including proteins and nucleic acids. Besides having 

diagnostic roles, exosomes also play a role in cancer progression, angiogenesis, and metastasis. 

Inhibiting exosome release from cancer cells could be used as a therapeutic. To address this, 

we investigated the inhibitory effects of Acorus calamus extract on exosome secretion from 

breast cancer cells. Our approach involved targeting Rab27a and nSMase2 (neutral 

sphingomyelinase 2). We observed that treatment with A. calamus significantly downregulated 

the expression of Rab27a and nSMase2 in all tested breast cancer cells (MDA-MB-453, MCF-

7, and MDA-MB-231). In addition, we observed that A. calamus enhanced the efficacy of 

tipifarnib and GW4869 in downregulating Rab27a and nSMase2. Immunofluorescence 
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staining revealed a decreased fluorescence intensity of Rab27a and nSMase2 in all treatment 

groups compared to the untreated control. We observed a reduced exosome secretion from 

breast cancer cells as revealed by NTA and decreased acetylcholine esterase activity. Next, we 

conducted metabolomic profiling of A. calamus extract to reveal the phytochemicals present 

and docked them on Rab27a and nSMase2 to decipher the compounds responsible for protein 

inhibition. Molecular dynamic simulations were conducted on lead compounds, and we 

observed that calcitriol lactone showed the most stable binding interactions with nSMase2. 

Treatment of breast cancer cells with calcitriol lactone significantly downregulated nSMase2 

expression. These findings suggest that A. calamus could inhibit exosome secretion, potentially 

paving the way for cancer therapeutics. 

Historically, medicinal plants have been used to manage breast cancer. However, the ability of 

these plants to specifically reduce HER2 protein expression lacked scientific backing. This 

study aimed to evaluate the anti-cancer properties of extracts from ten medicinal plants against 

HER2-positive breast cancer cells. Using the SRB assay, we observed that all extracts inhibited 

the proliferation of HER2-positive breast cancer cells. Notably, extracts from Terminalia 

chebula, Berberis aristata, and Punica granatum significantly downregulated HER2 

expression in these cancer cells. In addition, we observed that treatment with plant extract 

induced apoptosis in breast cancer cells, as revealed by increased Bax/Bcl-2 ratio, AO/EB 

staining, and flow cytometry. A comparative proteomic analysis showed modulation in the 

proteome profile of breast cancer cells after treatment with T. chebula, B. aristata, P. granatum, 

M. pruriens, and A. calamus. Metabolic profiling of lead plants was done, and molecular 

docking was performed with the HER-2 receptor. The top hits obtained during docking were 

subjected to MD simulation, and we observed that Protopine, hypoxylone, Cyclonovobiocic 

acid and OSI-7904 showed stable binding with HER-2. Our study suggests that these plants 

hold promise as novel therapeutic approaches for HER2-positive breast cancer. 
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In conclusion, we identified salivary exosome proteins as potential biomarkers for early 

detection of HER2-positive breast cancer. We also found that the aqueous extract of Acorus 

calamus downregulated Rab27a and nSMase2 in breast cancer cells, leading to reduced 

exosome secretion compared to the control group. 
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साराांश 

स्तन कैं सर महिलाओ ंमें मृतु्य का दूसरा सबसे बडा कारण िै। इस घातक बीमारी के प्रभाव को कम करने 

में समय पर पता लगाना और उहित उपिार के साथ-साथ लगन से हनगरानी करना मित्वपूणण िै। वतणमान 

अध्ययन में, िमने बायोमाकण र की पििान करने का लक्ष्य रखा िै जो स्तन कैं सर के शुरुआती और गैर-

आक्रामक हनदान में सिायता कर सकते िैं। िमने गे्रड II डक्टल काहसणनोमा वाले एिईआर-2 पॉहजहिव 

स्तन कैं सर के रोहगयो ंकी लार से एक्सोसोम को अलग हकया और लेबल-फ्री एलसी-एमएस का उपयोग 

करके तुलनात्मक प्रोहिओहमक्स का प्रदशणन हकया।  

तुलनात्मक प्रोहिओहमक्स के माध्यम से, िमने देखा हक अहिकांश हवभेहदत रूप से व्यक्त प्रोिीन (DEPs) 

एंजाइम गहतहवहि के हवहनयमन, एक्टक्टन हिलामेंि के साथ बंिन, हवहभन्न हसग्नहलंग मागों (वी. ई. जी. एि. 

और आई. एल.-17 हसग्नहलंग) के हवहनयमन और नू्यिर ोहिल बाह्य कोहशकीय जाल हनमाणण में शाहमल पाए 

गए। डी. ई. पी. में HSPB1, ANXA1, SERPINB3 और CSTB को अपगे्रहडत हकया गया था और FLNA, 

CAP1 और CST4 को डाउनरेगू्यलेि हकया गया था। िमने आगे वेस्टनण ब्लॉहिंग के माध्यम से दो 

अपे्रगुलेिेड और डाउनरेगुलेिेड प्रोिीन को मान्य हकया। प्राप्त लार बायोमाकण र को एिईआर2-पॉहजहिव 

स्तन कैं सर के प्रारंहभक हनदान में हनयोहजत हकया जा सकता िै।  

एक्सोसोम कोहशकाओ ंद्वारा जारी बाह्य कोहशकीय पुहिकाएं िैं जो प्रोिीन और नू्यक्टिक एहसड सहित 

जैव अणुओ ं के अपने कागो को बंद करके अंतरकोहशकीय संिार में मध्यस्थता करती िैं। नैदाहनक 

भूहमकाओ ंके अलावा, एक्सोसोम कैं सर की प्रगहत, एंहजयोजेनेहसस और मेिासे्टहसस में भी भूहमका हनभाते 

िैं। कैं सर कोहशकाओ ंसे एक्सोसोम ररलीज को रोकने का उपयोग एक हिहकत्सीय के रूप में हकया जा 

सकता िै। इसका समािान हनकालने के हलए, िमने स्तन कैं सर कोहशकाओ ं से एक्सोसोम स्राव पर 

एकोरस कैलमस के अकण  के हनरोिात्मक प्रभावो ंकी जांि की। िमारे दृहिकोण में Rab27a और nSMase2 
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(नू्यिर ल क्टफंगोमाइहलनेज 2) को लहित करना शाहमल था।िमने देखा हक ए. कैलमस के साथ उपिार ने 

सभी परीिण हकए गए स्तन कैं सर कोहशकाओ ंमें Rab27a और nSMase2 की अहभव्यक्टक्त को कािी 

कम कर हदया. इसके अलावा, िमने देखा हक ए. कैलमस ने Rab27a और nSMase2 को डाउनरेगुलेि 

करने में हिहपिाहनणब और जीडबू्ल्य4869 की प्रभावकाररता को बढाया। इमू्यनोफ्लोरेसेंस से्टहनंग से पता 

िला हक अनुपिाररत हनयंत्रण की तुलना में सभी उपिार समूिो ंमें Rab27a और nSMase2 की प्रहतदीक्टप्त 

तीव्रता में कमी आई िै। िमने एन. िी. ए. द्वारा प्रकि स्तन कैं सर कोहशकाओ ंसे एक कम एक्सोसोम स्राव 

देखा और एहसिाइलकोलाइन एसे्टरेस गहतहवहि में कमी आई। इसके बाद, िमने उपक्टस्थत 

िाइिोकेहमकल्स को प्रकि करने के हलए ए. कैलमस एक्सिर ैक्ट की मेिाबोलोहमक प्रोिाइहलंग का 

संिालन हकया और प्रोिीन अवरोि के हलए हजमे्मदार यौहगको ंको समझने के हलए उन्हें Rab27a और 

nSMase2 पर डॉक हकया। आक्टिक गहतशील हसमुलेशन लीड यौहगको ंपर आयोहजत हकए गए थे, और 

िमने देखा हक कैल्सीहिर योल लैक्टोन ने nSMase2 के साथ सबसे क्टस्थर बाइंहडंग इंिरैक्शन हदखाया। 

कैल्सीहिर योल लैक्टोन के साथ स्तन कैं सर कोहशकाओ ंका उपिार कािी िद तक nSMase2 अहभव्यक्टक्त 

को कम करता िै। इन हनष्कर्षों से पता िलता िै हक ए. कैलमस एक्सोसोम स्राव को रोक सकता िै, 

हजससे संभाहवत रूप से कैं सर हिहकत्सा का मागण प्रशस्त िो सकता िै। 

ऐहतिाहसक रूप से, स्तन कैं सर के प्रबंिन के हलए और्षिीय पौिो ंका उपयोग हकया गया िै। िालांहक, 

इन पौिो ंकी हवशेर्ष रूप से एिईआर 2 प्रोिीन अहभव्यक्टक्त को कम करने की िमता में वैज्ञाहनक समथणन 

का अभाव था। इस अध्ययन का उदे्दश्य एिईआर 2-पॉहजहिव स्तन कैं सर कोहशकाओ ंके क्टखलाि दस 

और्षिीय पौिो ंसे अकण  के कैं सर हवरोिी कैं सर गुणो ंका मूल्ांकन करना िै। एसआरबी परख का उपयोग 

करते हुए, िमने देखा हक सभी अकण  एिईआर 2-पॉहजहिव स्तन कैं सर कोहशकाओ ंके प्रसार को रोकते 

िैं। हवशेर्ष रूप से, िहमणनहलया िेबुला, बबेररस अररस्टािा, और पुहनका गै्रनािम  के अकण  ने इन कैं सर 

कोहशकाओ ंमें एिईआर 2 अहभव्यक्टक्त को कािी कम कर हदया।इसके अलावा, िमने देखा हक स्तन 

कैं सर कोहशकाओ ंमें पौिे के अकण  से पे्रररत एपोप्टोहसस के साथ उपिार, जैसा हक बढे हुए बैक्स/बी. सी. 
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एल.-2 अनुपात, ए. ओ./ई. बी. िंुिलापन और फ्लो साइिोमेिर ी से पता िलता िै। एक तुलनात्मक 

प्रोहिओहमक हवशे्लर्षण ने िी. िेबुला, बी. अररस्टािा, पी. गे्रनािम, एम. पु्रररयन्स और ए. कैलमस के साथ 

उपिार के बाद स्तन कैं सर कोहशकाओ ंके प्रोहिओम प्रोिाइल में मॉडू्यलेशन हदखाया। लीड प्ांि्स की 

मेिाबोहलक प्रोिाइहलंग की गई और HER-2 ररसेप्टर के साथ मॉहलकू्यलर डॉहकंग की गई। डॉहकंग के 

दौरान प्राप्त शीर्षण हिि एमडी हसमुलेशन के अिीन थे, और िमने देखा हक प्रोिोपीन, िाइपोक्टक्सलोन, 

साइिोनोवोबायोहसक एहसड और ओएसआई-7904 ने एिईआर-2 के साथ क्टस्थर बंिन हदखाया। िमारा 

अध्ययन बताता िै हक ये पौिे HER2-पॉहजहिव स्तन कैं सर के हलए उपन्यास उपिारात्मक तरीको ंके रूप 

में आशाजनक िैं। 

अंत में, िमने एिईआर2-पॉहजहिव स्तन कैं सर का जल्द पता लगाने के हलए संभाहवत बायोमाकण र के रूप 

में लार एक्सोजोम प्रोिीन की पििान की। िमने यि भी पाया हक एकोरस कैलमस के जलीय अकण  ने स्तन 

कैं सर कोहशकाओ ंमें Rab27a और nSMase2 को कम कर हदया, हजससे हनयंत्रण समूि की तुलना में 

एक्सोसोम स्राव कम िो गया।  
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HIGHLIGHTS 

The following key findings emerged from this study: 

• CD63 and CD81 were upregulated in breast cancer patients compared to healthy 

individuals.  

• HSPB1 and ANXA1 were significantly upregulated in the patient cohort, while CAP1 

and FLNA were downregulated in the patient cohort compared to the control group.  

• Treatment with Acorus calamus significantly reduced exosome secretion from breast 

cancer cells via downregulating the expression of Rab27a and nSMase2. 

• An in-silico study identified calcitriol lactone as having the most stable binding 

interactions with nSMase2. 

• Treatment with calcitriol lactone downregulated nSMase2 expression, but no changes 

in the expression of Rab27a were observed. 

• Berberis aristata, Terminalia chebula, and Mucuna pruriens reduced HER-2 

expression, cell migration, plating efficiency, and triggered apoptosis in breast cancer 

cells. 

• Protopine, cyclonovobiocic acid, hypoxylone and OSI-7904 exhibited minimal 

structural fluctuation during MD simulations, suggesting stable binding with HER-2. 

  



 

xi 

 

TABLE OF CONTENT 

CERTIFICATE ......................................................................................................................... i 

ACKNOWLEDGEMENTS .................................................................................................... ii 

HIGHLIGHTS ......................................................................................................................... x 

TABLE OF CONTENT ........................................................................................................ xi 

LIST OF FIGURES ........................................................................................................... xvii 

LIST OF TABLES .............................................................................................................. xix 

ABBREVIATIONS & SYMBOLS ........................................................................................ xx 

1 CHAPTER-1 INTRODUCTION .................................................................................... 1 

1.1 INTRODUCTION ..................................................................................................... 2 

1.2 BRIEF OVERVIEW OF RESEARCH ...................................................................... 5 

1.3 RATIONALE OF THE CURRENT STUDY ............................................................ 6 

1.4 OBJECTIVES ............................................................................................................ 7 

2 CHAPTER-2 REVIEW OF  LITERATURE ................................................................ 8 

2.1 BREAST CANCER CLASSIFICATION .................................................................. 9 

2.1.1 HISTOLOGICAL CLASSIFICATION OF BREAST CANCER ........................... 9 

2.1.2 MOLECULAR CLASSIFICATION OF BREAST CANCER ............................. 12 

2.2 DIAGNOSIS ............................................................................................................ 14 

2.2.1 IMMUNOHISTOCHEMISTRY ........................................................................ 14 

2.3 LIQUID BIOPSY..................................................................................................... 15 

2.3.1 EXOSOMES ..................................................................................................... 16 



 

xii 

 

2.3.2 EXOSOME BIOGENESIS ................................................................................ 18 

2.3.3 EXOSOMES IN CANCER DIAGNOSIS .......................................................... 20 

2.3.4 EXOSOMES IN CANCER PROGRESSION .................................................... 22 

2.4 TARGETED CANCER THERAPEUTICS ............................................................. 24 

2.4.1 MOLECULAR MECHANISM OF TRASTUZUMAB AND PERTUZUMAB ... 25 

2.4.2 LIMITATIONS .................................................................................................. 26 

2.5 PLANT-BASED CANCER THERAPEUTICS ....................................................... 27 

2.6 INHIBITING EXOSOME RELEASE AS CANCER THERAPEUTICS ............... 31 

2.6.1 MOLECULAR MECHANISM OF TIPIFARNIB AND GW4869 ...................... 32 

2.6.2 LIMITATIONS .................................................................................................. 33 

2.6.3 STRUCTURE AND FUNCTIONS OF RAB27A .............................................. 33 

2.6.4 STRUCTURE AND FUNCTIONS OF NSMASE2 ........................................... 35 

3 CHAPTER-3 TO FIND EXOSOME-BASED NOVEL BIOMARKERS FOR 

BREAST CANCER DIAGNOSIS ........................................................................................ 38 

3.1 INTRODUCTION ................................................................................................... 39 

3.2 RESULTS ................................................................................................................. 40 

3.2.1 Characterization of salivary exosomes ............................................................ 40 

3.2.2 Comparative Proteomics Analysis Reveals Unique Protein Signatures in Breast 

Cancer 43 

3.2.3 Gene Ontology, KEGG enrichment and STRING analysis of salivary exosomal 

DEPs in control vs. patient cohorts ................................................................................. 44 

3.2.4 Validation of proteomics data .......................................................................... 49 



 

xiii 

 

3.3 DISCUSSION .......................................................................................................... 51 

4 CHAPTER-4 TO FIND NOVEL INHIBITORS OF EXOSOME 

BIOGENESIS/RELEASE AS THERAPEUTICS AGAINST BREAST CANCER ......... 63 

4.1 INTRODUCTION ................................................................................................... 64 

4.2 RESULTS ................................................................................................................. 67 

4.2.1 Preliminary screening revealed A. calamus mediated downregulation of Rab27a 

and nSMase2 .................................................................................................................... 67 

4.2.2 Cytotoxic effects of tipifarnib, GW4869 and A. calamus on breast cancer ..... 68 

4.2.3 A. calamus enhances the inhibitory effect of known inhibitors ....................... 69 

4.2.4 Reduction in acetylcholinesterase (AChE) activity in breast cancer cells post-

treatment 71 

4.2.5 Treatment-mediated decrease in the number of exosome particles ................. 72 

4.2.6 Immunofluorescence analysis of Rab27a and nSMase2 revealed decreased 

fluorescence intensity in treatment groups ....................................................................... 75 

4.2.7 Identification of phytochemicals of A. calamus through LC-MS ..................... 76 

4.2.8 In silico screening revealed binding of A. calamus phytochemicals with Rab27a 

and nSMase2 .................................................................................................................... 77 

4.2.9 Drug likeliness prediction of lead compounds ................................................. 83 

4.2.10 Molecular dynamic simulations of top lead compounds.................................. 84 

4.2.11 In vitro validation of MD simulation results using immunoblot assay. ........... 86 

4.3 DISCUSSION .......................................................................................................... 87 



 

xiv 

 

5 CHAPTER-5 TO FIND PLANT-BASED THERAPEUTICS AGAINST HER-2 

POSITIVE BREAST CANCER ........................................................................................... 93 

5.1 INTRODUCTION ................................................................................................... 94 

5.2 RESULTS ................................................................................................................. 98 

5.2.1 Plant extract reduced the proliferation and plating efficiency of breast cancer 

cells 98 

5.2.2 Plant extract treatment reduced the cell migration of breast cancer cells .... 102 

5.2.3 Plant extracts induced DNA damage in breast cancer cells .......................... 104 

5.2.4 AO/EB Dual-staining and Flow cytometry reveal that plant extracts induced 

apoptosis in cancer cells ................................................................................................ 106 

5.2.5 Plant extracts modulate the proteome of breast cancer cells ........................ 109 

5.2.6 Metabolomic Insights into Plant Extracts...................................................... 116 

5.2.7 Molecular docking of plant metabolites with HER-2 receptor ...................... 117 

5.2.8 Drug likeliness prediction of lead compounds ............................................... 120 

5.2.9 Molecular dynamic simulations of top lead metabolites. .............................. 122 

5.3 DISCUSSION ........................................................................................................ 124 

6 CHAPTER-6 MATERIALS AND METHODS ......................................................... 130 

6.1 Cell culture ............................................................................................................. 131 

6.2 Study Design .......................................................................................................... 131 

6.3 Exosome isolation .................................................................................................. 131 

6.4 Atomic Force Microscopy ..................................................................................... 132 

6.5 Transmission Electron Microscopy ....................................................................... 132 



 

xv 

 

6.6 Nanoparticle Tracking Analysis ............................................................................. 132 

6.7 Sample preparation for LC/MS .............................................................................. 133 

6.8 Liquid chromatography-mass spectrometry (LC/MS) ........................................... 133 

6.9 Proteomics data analysis ........................................................................................ 134 

6.10 Western blotting ..................................................................................................... 134 

6.11 Real-time PCR ....................................................................................................... 135 

6.12 Preparation of extracts ........................................................................................... 136 

6.13 Cell viability assay ................................................................................................. 136 

6.14 Acetylcholinesterase (AChE) activity.................................................................... 136 

6.15 Fluorescence Microscopy ...................................................................................... 137 

6.16 Metabolomic profiling of plant extracts using LC/MS .......................................... 137 

6.17 Molecular Docking ................................................................................................ 138 

6.18 Prediction of drug-likeliness and ADMET ............................................................ 138 

6.19 Molecular Dynamic Simulation ............................................................................. 139 

6.20 Acridine orange-Ethidium Bromide (AO-EB) dual fluorescent staining .............. 139 

6.21 Scratch assay .......................................................................................................... 140 

6.22 Clonogenic assay ................................................................................................... 140 

6.23 Comet assay ........................................................................................................... 141 

6.24 DAPI staining......................................................................................................... 141 

6.25 Flow cytometry ...................................................................................................... 141 

6.26 Statistical analysis .................................................................................................. 142 



 

xvi 

 

7 CONCLUSION AND FUTURE DIRECTIONS ....................................................... 143 

8 REFERENCES ............................................................................................................. 146 

9 APPENDICES .............................................................................................................. 186 

10 AUTHOR’S RESUME ................................................................................................ 193 

 

  



 

xvii 

 

LIST OF FIGURES 

Figure 2.1 Anatomy of the breast. ............................................................................................ 10 

Figure 2.2 Grade of breast cancer. ........................................................................................... 11 

Figure 2.3 Molecular classification of breast cancer. .............................................................. 12 

Figure 2.4 Liquid biopsy components and their applications in cancer. .................................. 15 

Figure 2.5 Composition of exosome. ....................................................................................... 17 

Figure 2.6 Exosome biogenesis pathway. ................................................................................ 19 

Figure 2.7 Structure of Human Epidermal Growth Factor Receptor 2 (HER2). ..................... 25 

Figure 2.8  Structure of Rab27a complexed with Exophilin4. ................................................ 34 

Figure 2.9 Structure of catalytic domain of neutral sphingomyelinase 2. ............................... 36 

Figure 2.10 Model for activation of neutral sphingomyelinase 2. ........................................... 37 

Figure 3.1 Characterization of salivary exosomes isolated from the control and patient samples.

.................................................................................................................................................. 42 

Figure 3.2 Visualization of Differentially Expressed Proteins (DEPs) by volcano plot and heat 

map. .......................................................................................................................................... 44 

Figure 3.3 Gene Ontology and protein-protein interaction analysis of upregulated differentially 

expressed genes (control vs patient group). ............................................................................. 47 

Figure 3.4 Gene Ontology and protein-protein interaction analysis of downregulated 

differentially expressed genes (control vs patient group). ....................................................... 49 

Figure 3.5 Validation of Proteomics data by western blotting and its association with mRNA 

expression pattern. ................................................................................................................... 51 

Figure 4.1 Western blot analysis showing the effect of different plant extracts on the expression 

of Rab27a and nSMase2 in MDA-MB-453 breast cancer cells. .............................................. 67 

Figure 4.2 Effect of different drugs on breast cancer cell viability measured by MTT assay. 68 



 

xviii 

 

Figure 4.3 A. calamus downregulated Rab27a and nSMase2 expression in tested breast cancer 

cells. ......................................................................................................................................... 70 

Figure 4.4 Drug-induced reduction in AChE activity in breast cancer cells. .......................... 71 

Figure 4.5 Drug-induced reduction in exosome release in breast cancer cells. ....................... 73 

Figure 4.6 Immunofluorescence microscopy demonstrates reduced levels of Rab27a and 

nSMase2 in the treatment groups. ............................................................................................ 76 

Figure 4.7 LC-MS chromatogram of aqueous extract of Acorus calamus in (A) positive and 

(B) negative ionization mode. .................................................................................................. 77 

Figure 4.8 Molecular docking of phytochemicals with Rab27a and nSMase2 highlights 

potential amino acid interactions. ............................................................................................ 82 

Figure 4.9 MD simulations of protein-ligand complexes. ....................................................... 85 

Figure 4.10 Calcitriol lactone downregulated the expression of nSMase2. ............................ 87 

Figure 5.1 HER2 mediated antiproliferative potential of plant extracts on breast cancer cells.

................................................................................................................................................ 101 

Figure 5.2 Plant extract reduced cell migration in breast carcinoma. .................................... 104 

Figure 5.3 Plant extracts induced DNA damage in breast cancer cells. ................................ 105 

Figure 5.4 Plant extracts induced apoptosis in breast cancer cells. ....................................... 108 

Figure 5.5 Plant treatment mediated modulation in the proteome of breast cancer. .............. 112 

Figure 5.6 Binding affinities and interactions of plant metabolites with HER2 receptor. ..... 119 

Figure 5.7 MD simulations of HER2-ligand complexes. ...................................................... 123 

 

 

 



 

xix 

 

LIST OF TABLES 

Table 3.1 List of upregulated proteins. .................................................................................... 56 

Table 3.2 List of downregulated proteins. ............................................................................... 61 

Table 4.1 Percentage reduction of exosomes compared to untreated control. ......................... 74 

Table 4.2 Binding energy for molecular docking interactions between ligands and Rab27a. . 79 

Table 4.3 Binding energy for molecular docking interactions between ligands and neutral 

sphingomyelinase 2 (nSMase2). .............................................................................................. 80 

Table 4.4 Drug likeliness properties of top lead compounds. .................................................. 83 

Table 5.1 List of plants used in this study. ............................................................................... 96 

Table 5.2 Proteome modulation of SKBr-3 cells after treatment with plant extracts. ........... 113 

Table 5.3 Proteome modulation of MDA-MB-453 cells after treatment with plant extracts. 114 

Table 5.4 Binding interactions between phytochemicals and HER2 receptor. ...................... 119 

Table 5.5 Drug likeliness properties of top lead compounds. ................................................ 121 

Table 6.1 List of primers used in the study. ........................................................................... 135 

 

 

  



 

xx 

 

ABBREVIATIONS & SYMBOLS 

  

% Percent 

~ Approximately 

°C Degree Celsius 

µg Microgram 

2D Two-dimensional 

3D Three-dimensional 

Å Angstrom 

AChE Acetylcholinesterase 

ADT AutoDock Tools 

AFM Atomic Force Microscopy 

ANOVA Analysis of Variance 

ANXA1 Annexin A1 

AO Acridine Orange 

Bax Bcl-2-associated protein x 

Bcl-2 B-cell lymphoma 2 

BRCA Breast cancer gene 

CAP1 Cyclase-associated actin cytoskeleton 

regulatory protein 1 

CD Cluster of differentiation 

cDNA Complementary Deoxyribonucleic Acid 

CEACAM Carcinoembryonic antigen-related adhesion 

molecules 

CGenFF CHARMM General Force Field 

CHARMM Chemistry at Harvard Molecular Mechanics 

CST4 Cystatin 4 

CSTB Cystatin B 

DAPI 4′,6-diamidino-2-phenylindole 

DEPs Differentially Expressed Proteins 

DMEM Dulbecco’s Modified Eagle’s Medium 

DMSO Dimethyl Sulfoxide 



 

xxi 

 

DNA Deoxyribonucleic acid 

DNTB 5,5′-Dithiobis 2-nitrobenzoic acid 

DTT 1, 4-Dithiothreitol 

EB Ethidium Bromide 

EDTA Ethylenediaminetetraacetic acid 

FBS Fetal Bovine Serum 

FITC Fluorescein isothiocyanate 

FLNA Filamin A 

FOXM1 Forkhead Box Protein M1 

g gram 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 

GO Gene Ontology 

HCl Hydrochloric Acid  

HER2 Human Epidermal Growth Factor Receptor 2 

HSPB1 Heat shock protein family B (small) member 

1 

IC50 Half-maximal inhibitory concentration 

ILVs Intraluminal vesicles 

JAB1 c-Jun activation domain-binding protein-1 

kb Kilobase pair 

kcal kilocalorie 

kDa Kilo Dalton 

KEGG Kyoto Encyclopedia of Genes and Genomes 

kJ kilojoule 

LC-MS Liquid Chromatography-Mass Spectrometry 

MD Molecular Dynamics 

mg Milli gram 

miRNA microRNA 

mM Milli molar 

mRNA Messenger Ribonucleic acid 

MVBs Multivesicular bodies 

Na2HPO4 Sodium phosphate dibasic 

NaCl Sodium Chloride 



 

xxii 

 

NaOH Sodium Hydroxide 

nm Nanometer 

ns nanosecond 

nSMase2 Neutral sphingomyelinase 2 

NTA Nanoparticle Tracking Analysis 

PAGE Polyacrylamide Gel Electrophoresis 

PBS Phosphate buffer saline 

PCR Polymerase Chain Reaction 

PDB Protein Data Bank 

PEG Polyethylene glycol 

PI Propidium Iodide 

PMSF Phenyl methyl sulfonyl fluoride 

PSMA8 Proteasome 20S Subunit Alpha 8 

RMSD Root Mean Square Deviations 

RMSF Root mean square fluctuation 

RNA Ribonucleic Acid 

rpm Revolutions per minute 

RT Room temperature 

RT-PCR Real-Time Polymerase Chain Reaction 

SDS Sodium dodecyl sulphate 

SEM Standard Error of Mean 

SERPINB3 Serpin Family B Member 3 

SRB Sulforhodamine B 

STRING Search Tool for the Retrieval of Interacting 

Genes/Proteins 

TAE Tris-acetate-EDTA 

TEM Transmission Electron Microscopy 

TEMED N, N, N’, N’-Tetramethylethylenediamine 

TIP3P Transferable intermolecular potential 3P 

TNF Tumor Necrosis Factor 

VEGF Vascular endothelial growth factor 

μl Microliter 

μM Micromolar 



 

xxiii 

 

  


