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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 4. 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 nSMase?2.
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 7. 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.



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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W IR Afarstt H Jog H1 G¥RT Yo 31 HRUI ¢ | T °IdD SIHRT & UG Bl HH B
T T TR U AT SR I SUAR & W1Y-A1Y T ¥ AR 631 78 qul 8 | adH
3T T, §HA IRHIGR BI Ugd B 1 A&T IWT § il T HaR o YISATT 3R TR-
3MThTHe FEH & FETadl R hd & | §HA IS 11 SaTd BIRIAMT It Tag$fR-2 Tifeifead
A HER P AR B AR Y TR DI ST 5T 3R Ad-161 T ]-THTH BT JUIRT
P JerTeTD Uife e &1 wax fobar

JeHTES TSl & A1y ¥, g9 ¢l [ iz fanfed =0 ¥ e UIdH (DEPs)
ToeH fafafe & fafraem, ufde fthamic & ary e, faft Rmfe ot (. . o T,
3R 3. Ud.-17 RyuifeiT) & faf o= SR <2iftha sTa1 SiRies g sira fAmfor & wnfire o
M S S, Ul HFHSPB1, ANXA1, SERPINB3 31 CSTB & 3OS d f5am T AT 3R FLNA,
CAP1 3R CST4 ®I S¥NIYWC a1 1 UT| §A W d%e sdlfeT & Moy § &
NS 3R SRS WITH B A fohdT | U TR SRR Bl Tag 3R2-Tifvied
T HIR b YR e | Faiford fovar St gebdi g

TR BIRBIHT GRT RIS SRS Yiebid § ol UIEH 3R Yfokied TRYS Afgd
SIq SU[3{T & 3T BN Bl 6 IXPb ARDIABIT TAR T TORIAT TRl g1 QD
YIPpTaN o SfeiTal, TORAIRIH cheR o1 TTI, TRSTaSIRI 3R Aere R # +ff Hf#et FHTd
81 FER BRSBTS W TR Reliel Bl Acb) b1 IUUN Tep FRAfbiia & U # foban o
ThdT 3| ST JHIYH Fdem & e, 399 T HIR SIfRBel I TeRE Jd R
ThRY HTHY & 3fch & FARIYTHD THTA 1 ol B! | THR BT H Rab27a AR nSMasc2

vii



(I RRBTHTRIRMS 2) ®! T BT M UTITHA <& b U. Faey & Y SUIR A
Tt Teror fhT T T HIR BIRTBIST T Rab27a 3R nSMase2 B HfUHTHT B BT
HH B 1. SqP STTdT, §H ST fob T HEHI A Rab27a 3R nSMase2 H1 SIFRITIC
A 1 fefmmiia iR Sliesg4869 & UHTGHIRGT HI TGN SRIAGRAININY WHAT J UdT
Tl fob SrIueiRd fa=01 &1 gar & Tt SuaR T9g! # Rab27a 3R nSMase2 &1 Hfdeiia
Had H T oS 31 g9 T, . T gRI Ube W IR PITAB131 I U HH T IH A1d
3@ SR TReRddRT W™ Tl § St oMl 3P 9IE, gHY SURRd
BIECIbHSHe Bl Uhe P & T T Sy TeHcae $1 Aeraidliie WHIgferT &1
e foban SR Ui SraRly & fore forieR AfiTeT ol THe & ot 3% Rab27a 3R
nSMase2 TR 31 fha1| 3nfige nfaxiia RugezH s 9ifte! W smaifoe feg e 9, ok
B 3T 6 Peiifedid dae A nSMase2 P 1Y Fad FRR FrEfeT se¥are feamn
SR AFe b TTY T HIR DIRABT3H BT ITAR FHIB! B dP nSMase2 fafad
B HH AT 5| 37 PN Y U1 Iod @ 6 T ey TN 919 i AP Gabdl o,
forae uTfad T & HeR fafdrean &1 anf u=Rd 8 9l 8|

UfAETRIe U I, T HIR P Ugy & forw 3wl gqief o1 ST fovan a1 1 gTifop,
< Urdl 1 fIRY U ¥ TR 3R 2 U SHfteufad Pl H 3 1 &l H dx1-d gad=
BT T UT| T 3T BT I TISIR 2-Uiforfed T HaR HIfRIHpel & s g
3N Qe F 3rh & HER fARVEN HTR TUiT BT Heich=T BT 2 | THIIRS TRE DT ITANT
A BU, §HA o1 b it ordh TeRaiR 2-uifvifed T iR SIfRIa13fl & TR & Adha
g1 fadw =0 @, <fifafern Sgan, sdka e, 3R g Ired & o 3 31 W
PIRBTN H TISAR 2 Ul B BB HH B feTTISTP QTdl, §H ST fob T
HIR HIRBIS H N & 31h Y IR TP & 1Y IUER, o fob ¢ gU Sa/all. .
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TA.-2 UM, T 33 &t gyamH SR el Ascie! ¥ Udl Iadl ¢l U Ja-eld
st fazayor 3 &. 3ga, . siftwerer, 0. IM1eH, T, gRa=T $iR . haay & a1y
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T 3T g |
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HIR PRGBS T Rab27a 3R nSMase2 I HH Hx T, o =01 a9g &1 gamn o

THRINIH 919 HH 8 14T
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HIGHLIGHTS

The following key findings emerged from this study:

e (D63 and CDS81 were upregulated in breast cancer patients compared to healthy
individuals.

e HSPBI and ANXAI were significantly upregulated in the patient cohort, while CAP1
and FLNA were downregulated in the patient cohort compared to the control group.

e Treatment with Acorus calamus significantly reduced exosome secretion from breast
cancer cells via downregulating the expression of Rab27a and nSMase2.

e An in-silico study identified calcitriol lactone as having the most stable binding
interactions with nSMase2.

e Treatment with calcitriol lactone downregulated nSMase2 expression, but no changes
in the expression of Rab27a were observed.

e Berberis aristata, Terminalia chebula, and Mucuna pruriens reduced HER-2
expression, cell migration, plating efficiency, and triggered apoptosis in breast cancer
cells.

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

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

% Percent

~ Approximately

°C Degree Celsius

ug Microgram

2D Two-dimensional

3D Three-dimensional

A Angstrom

AChE Acetylcholinesterase
ADT AutoDock Tools

AFM Atomic Force Microscopy
ANOVA Analysis of Variance
ANXAI1 Annexin Al

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 Difterentially Expressed Proteins

DMEM Dulbecco’s Modified Eagle’s Medium

DMSO Dimethyl Sulfoxide

XX



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

FOXMI1 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

JABI1 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
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NaOH
nm

ns
nSMase2
NTA
PAGE
PBS
PCR
PDB
PEG

PI
PMSF
PSMAS
RMSD
RMSF
RNA
rpm

RT
RT-PCR
SDS
SEM
SERPINB3
SRB
STRING

Sodium Hydroxide

Nanometer

nanosecond

Neutral sphingomyelinase 2
Nanoparticle Tracking Analysis
Polyacrylamide Gel Electrophoresis
Phosphate buffer saline

Polymerase Chain Reaction

Protein Data Bank

Polyethylene glycol

Propidium Iodide

Phenyl methyl sulfonyl fluoride
Proteasome 20S Subunit Alpha 8

Root Mean Square Deviations

Root mean square fluctuation
Ribonucleic Acid

Revolutions per minute

Room temperature

Real-Time Polymerase Chain Reaction
Sodium dodecyl sulphate

Standard Error of Mean

Serpin Family B Member 3
Sulforhodamine B

Search Tool for the Retrieval of Interacting
Genes/Proteins

Tris-acetate-EDTA

Transmission Electron Microscopy

N, N, N’, N’-Tetramethylethylenediamine
Transferable intermolecular potential 3P
Tumor Necrosis Factor

Vascular endothelial growth factor
Microliter

Micromolar
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