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Highlights:

* Indole-based analogs mimicking steroids scaffobdendesigned and synthesized.

« All newly synthesized analogs enrolled into vitro screening against estrogen receptor
dependent cancer cell lines and estrogen recejtdiniy assays.

* YMA-005 and YMA-006 showed significant reduction the tumor size in the animal
model of Ehrlich ascites carcinoma solid tumomad tose levels.

* YMA-005 and YMA-006 showed reductions in the immtmstochemical expression of
ER-o expression at two different dose levels.
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Abstraet: /

Offering novel scaffolds targeting estrogen recemi@ates huge necessity to overcome the

evolving resistance developed by tumors. Strudhased drug design coupled with ring opening
strategy of the steroids skeleton revealed thenpiateof indole-based analogs to be synthesized
targeting the ligand binding domain of estrogereptor«. In vitro studies revealed the potential
of the total sub-classes of the synthesized andlegshow anti-proliferative activity against
estrogen receptor-dependent cancer cell linessgtréidging from 28.23 to 57.13 pM. This was
further validated by evaluating the potential of thynthesized analogs to compete along with
estradiolvia ER-o. ELISA assay to show inhibitory profile atdg&ranging from 1.76 to 204.75
nM. Two analogs (YMA-005 and YMA-006) showed sigeaint reduction in tumor size at two
dose levels with extensive degeneration and necrBsith YMA-005 and YMA-006 showeid-

situ reduction of ERx Immunohistochemical expression at both dose levditgmately, novel
analogs of indole-based biomimetic of estrone stddf were offered as estrogen receptor-

inhibitors.
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1. Introduction:

Human Breast carcinoma is the second leading dauseortality among women. According to
the latest statistics issued by American CancereBpom 2017, reporting an estimate of 252,710
newly diagnosed cases of invasive breast canceAl63newly diagnosed cases of breast
carcinoman situ, and 40,610 breast cancer deaths [1]. Breast casebeen classified into four
main categories; where estrogen receptdER-o positive) sub-type is the principle cause for
60-80% of breast cancer cases [2,3]. ER is a nugeaptor with known physiological functions
regulating normal growth, development of reprodwetorgans, protecting the cardiovascular
system by decreasing cholesterol level, and boneebstasis [4]. The structural organization of
ER is composed of two main domains, DNA binding don{DBD) and ligand-binding domain
(LBD) linked by hinge region, in addition to N a@dterminal domains [5].

ER is expressed in two isoforms, Rand ERS, where they share up to 95% homology at the
DBD and 55% homology at the LBD [5]. Typically, JFestradiol is acting as agonist for
induction favorable conformation for coactivatondiing surface of the LBD called activation
function-2 (AF2), where helix-12 (H-12) harbors @&s helix-11 and helix-3 (H-11 and H-3)
leading to formation of one side of the AF2 surfalmading to promotion of ER-gene
expression [6]. Estrogen and estradiol have beawhknfor their promoter role for cancer

proliferation accompanied with increased tumor siwa. Therefore, the conceptual basics for

tackling ER dependent breast cancer are built oreldpment of new chemical entities

inhibiting the binding of estrone family to ER.




Several FDA approved drugs, such as Tamoxifendekvolutionary step towards treatment
of ER dependent breast cancer, acting as agonistvatloses and antagonist at high doses to
be categorized as selective estrogen receptor rmmitulSERM) [7]. In addition, Fulvestrant
showed potent anti-estrogenic activity in all tisswith no agonistic activity to be known as
selective estrogen receptor down regulator (SERE)) Both of SERM and SERD showed
their antagonisnvia competing with the natural endogenous substraté8B to inhibit ER-

a gene expression [8]. However, the endocrine théchigmotherapeutic agents are typically
associated with the evolution of drug resistance;other words, cancer cells develop
resistance against the administered drugs; leatbngerious complications [9]. Different
scaffolds were synthesized to target estrogen tecephether inspired from Estrone or
Tamoxifen skeleton lacking the typical bulky sideaim [10-12], as shown iRigure 1.

Herein, two fundamental strategies in the drug aiscy, biologically inspired organic
synthesis (BIOS) and ring opening based on theistalr skeleton at B/C ring juncture were
explored to assemble novel indole-based scaffdids ¢an be categorized as conformers to
biomimic estradiol configuration targeting ER-as shown irFigure 2. The whole design
strategy focused on overcoming the rigidity pressrthe steroidal scaffold to offer structural
flexibility via assembly of indole ring along with substitutedheit sulfonamide or

carboxamide derivatives. This was followed tvy vitro biological screening against ER-

dependent breast cancer cell lines, inhibitory ifgsffor the synthesized analogs against ER-

a. This was followed by selecting two top hiitsvivo biological evaluation.

2. Results and Discussion:

2.1. Insilicovirtual screening:



The initial hypothesis started with employment wlisture-based drug design (SBDD) strategy
via design of a virtual library of energy-minimizedadogs including amide and sulfonamide
analogs coupled with 6-amino indole. The librarydemvent multi-conformer generation for
molecular docking study against BEReceptor (PDB ID: 1ERE), to be sorted out basedhen
binding energy profiles related to the endogenobrstsates of the receptors of interest [13].

The indole-based analogs exhibited promising bipdiffinity towards ligand binding domain
(LBD) of ER-u via hydrophobic—hydrophobic interactions and intergsthydrogen bond
between —NH of indole ring along with Threonine ()TB47: A, as shown ifigure 3. Thr 347:

A is one of the featured amino acid residues fancstiral antagonism towards ER[14,15],
suggesting that the analogs will disrupt H-12 iatgion, dislocating the co-activators, leading to

inhibition of gene expression.

2.2.  Synthetic strategy and chemistry:

The structural insights of inhibitors design showvikd significance of employment of BIOS
strategy coupled with ring opening to end up withnformational mimetics to steroid
scaffolds while overcoming the known steroidal adeeeffects. Synthetic schemes towards
synthesis of the best scoring indole-based ligath@sefore, were outlined.

2.2.1. General synthetic pathway for indole-based analogs.

Ten final indole-based analogs were selected frbm library and synthesized for initial
biological screening. Initially, reduction of 6-rotindole to 6-amino indole was accomplished
using stannous chlorideonditions [16]. Acylation and sulfonylation of &&o indole with
substituted benzoyl chlorides and substituted hemaelfonyl chlorides in basic conditions and

aprotic solvents under nitrogen ended up with tvednnelasses of substituted NH-indol-6-yl)



benzamide and substituted M--indol-6-yl) benzene sulfonamide, respectively,saewn in
schemes 1 and 2.

Coupling of substituted benzoyl chlorides with dithged 4- or 5-amino indole derivatives or
coupling of substituted benzene sulfonyl chlorigéth substituted 4-amino indole derivatives
were previously reported [17-20]. The present maohmgy for the synthesis of substituted N-
(1H-indol-6-yl) benzamide and substituted MNHfindol-6-yl) benzene sulfonamide in basic
conditions targeting estrogen receptor, howevarngisly reported. Wherein, the whole objective
of the synthesis is to offer novel non-steroidafad based on the initial SBDD screening to
create focused library.

2.3. Biological Screening:

2.3.1. In vitro anti-proliferative MTT assay against estrogen receptor dependent cancer
cell lines: The synthesized indole-based analogs underwenviedility assays againsistrogen
receptor dependent cancer cell lines (MCF-7 andJTdéll lines) to exhibit inhibitory behavior
ranging from 28.23 to 57.13 pM, compared to Tanexif34 uM), as shown itable 1. This
suggested the potential of the synthesized anatogfiave inhibitory activities against
proliferation of breast cancer cell lines.

2.3.2. ER-a competitive binding assay:

The synthesized analogs underwent &ERLISA competitive binding assays to evaluate the
potential of the analogs to compete along withoggtn on LBD, where they showed the
inhibitory competitive manner against ER-anging from 1.76 to 204.75 nM, as showrtahble

1. Two representative compounds from each class, Y0@8 and YMA-006, were further
selected for investigation of their vivo biological behavior.

2.3.3. Invivo anticancer activity and safety of YMA-005 and Y M A-006:



Two compounds, YMA-005 and YMA-006, were selected furtherin vivo animal studies
based on their promising vitro activity. The safety of the selected compounds ol@Eserved in
normal mice at a dose of 10 mg/mouse where theg whkserved for short-term acute signs of
toxicity. No toxic signs were observed and the asnshowed no signs of behavioral changes.
Moreover, no mortality was seen in all groups &datwith either YMA-005 or YMA-006. The
two compounds were tested at two dose levels, 51&8ndhg/mouse, in an animal model of
Ehrlich ascites carcinoma (EAC) solid tumor andirtrefficacy was compared to that of
Fulvestrant (FULV). Both compounds, especially YNB5, showed better reductions in tumor
size, compared to both control and FULV-treatedugso After nine and twelve days of
treatment, YMA-005 caused significant reductionstumor size at both low and high doses,
compared to FULV. On day fifteen after treatmendl gust before scarification, low dose of
YMA-005 and high dose of YMA-006 showed reductiamsumor volume, compared to FULV,
whereas the remaining compounds showed only sogmifireductions compared to untreated
control group. In addition, there was no significahange in body weights among different

treated groups compared to control group, as showigure 4.

2.3.4. Histopathological examination and necrotic indices:

The effect of YMA-005 and YMA-006 treatments on thestopathological changes in the
present model was examined using hematoxylin asoh€bl&E) staining for necrotic changes /
areas of malignant viable cells. The group treatél a low dose of YMA-006 showed tumor
sections with the least areas of necrosis. HoweYBtA-006 (10 mg)-treated group showed
mixed viable and focal necrotic areas in the deppeétis of the tumor mass. YMA-005 (10 mg)-
treated group, on the other hand, demonstratech&xte necrotic areas as well as degenerated

tumor cells and less extensive areas of viable turalls in the outer zone of the tumor mass, as



shown inFigures 5 and 6. The necrotic indices in H&E-stained tumor seditelonging to the
different groups were also estimated where low dufs¥ MA-005 showed the highest index
compared to both control and FULV-treated groups.

2.3.5. Estrogen-a expression:

Primary monoclonal antibody against ERreceptor was used to evaluate the effect of
compounds on ER-expression in tumor sections of different groupsth YMA-005 and
YMA-006 at the two dose levels showed reductionSRio. expression, compared to control and
FULV-treated groups. YMA-005 showed 64.71% and @%3reduction in ERx expression,
compared to control, and 57.75% and 22.54% reducttompared to FULV at low and high
doses, respectively, as shownFigure 7. Likewise, YMA-006 showed 58.24% and 37.65%
reduction, compared to control, as well as 50%2:85% reduction, compared to FULV at low
and high doses, respectively. Expression ofoteR-EAC animal model was reported to decrease
with estrogen receptor modulators.

2.3.6. Structural activity relationship analysis.

Applying BIOS and ring opening strategies enabledauoffer novel pharmacophore as indole-
based biomimetic analogs to steroidal scaffold$ wihibitory activity against ER-dependent
breast cancer. We managed to synthesize top teparords based on structure-based drug
design for indole-based analogs representing twio lasses; (1) substituted NH-indole-6-

yl) benzamide derivatives and (2) substituted1N-¢indol-6-yl) benzene sulfonamidin vitro
screening against ER--dependent breast cancer cell lines andoEd®mpetitive binding assay
were executed to elucidate preliminary structuretivily correlation. Generally, benzamide
analogs showed better inhibitory profiles again€€fvi7 and T-47D cell lines as well as better

inhibitory competitive binding affinity towards E&-



The substituted Ni{H-indole-6-yl) benzamide derivatives showed inhibjt@rofiles in the
following manner 3-trifluromethyl > 4-cyano > 4-bmo > 4-trifluromethyl > 4-fluoro. The
electron-withdrawing group showed promising bindaffinity. Trifluromethyl atmeta position
showed the best binding affinity with respect te #nergy profile prior to the synthesis to show
the best biological activity against ERdependent breast cancer cell lines andoERmMpetitive
binding assay.

The substituted Ni{H -indol-6-yl) benzene sulfonamide showed inhibitggofiles in the
following manner 4-fluoro > 4-methoxy > 4-bromo scBloro > 4-methyl. This suggests that the
presence of electron withdrawing group could be artgmnt for the activity against E&-
dependent breast cancer cell lines andoEf®mpetitive binding assay.

This study represents an introduction of novel Isgtitally feasible scaffolds targeting ER-
dependent breast cancer.

3. Conclusions:

Two sets of indole-based class were designed taggestrogen receptor based on two main
approaches; BIOS starting with steroidal scaffoldgh its known biological activity,
followed by ring opening strategy. Indole-basedlags were initially screenedia SBDD
principles showing well-tailored binding affinityowards ERvia hydrophobic-hydrophobic
interactions at the LBD and hydrogen bond alonghwiiHR 347:A. Ten indole-based
derivatives were synthesizefa two step reactions; starting with reduction ofiGaindole,
followed by nucleophilic substitution reactions wibenzoyl or benzene sulfonyl chlorides in
basic conditions. YMA-005 and YMA-006 s inhibit tekoliferation of ER-dependent cancer
cell lines, which was further confirmed by BRnhibitory assayln vivo studies where they

exhibited significant reduction in tumor size of EAearing mice at two dose levels with



remarkable necrosis and reduction in &Rxpression in tumor sections. In the present study
promising novel indole-based scaffolds as biomimetnalogs targeting estrogen receptor
were developed.

4. Experimental Section:

4.1. Insilicovirtual screening

A virtual library of indole-based analogs along lwiéstradiol and estrone structures were
designed in the two-dimensional (2D) structurese Tstructures were exported to three-
dimensional (3D) configuration to be ready for gyeminimized using MMFF94 force field.
The energy minimized compounds underwent semifflexdocking using Omega and FRED

along with the box assigned for the receptor (PDBIERE), as previously described [21-25].

4.2. Chemistry

4.2.1. General: Spectroscopic data'H{ and *C NMR spectra) were done using Bruker
AVANCE-400MHz and 100 MHz NMR spectrometer, in deuteratedvesuls of dimethyl
sulfoxide (DMSO-d) and chloroform (CDG). Chemical shiftsd) are reported in ppm and
couplingJ-constants in Hz. The signals are reported adedi{g), doublet (d), triplet (t), quartet
(q), or multiplet (m). TLC analyses were performesing pre-coated silica gel sheets visualized
at short and long wavelengths. Mass spectra wereepsed at Al-Azhar University, Nasr City,
Cairo, Egypt, using Thermo-scientific GCMS 1SQ.e@hcals and reagents were purchased

from Sigma Aldrich and used as received.

4.2.2. Synthesis of 6-amino indole:



To a solution of 6-nitro indole (1 eq.) in a mixtuof acetic acid (0.15 M) and hydrochloric
acid (0.6 M), SnGl (10 eq.) was added. The reaction mixture proceededH NMR was
recorded, as previously reported [16].

4.2.3. General Synthesis of substituted N-(1H-indole-6-yl) benzamide derivatives:

A flask was charged with 6-amino Indole (1eq.)he presence of dichloromethane (DCM, 0.5
M) and BN (1.2 eq.) under nitrogen at 0 °C. This was fokowby addition of substituted
benzoyl chlorides (1 eq.) to stir at room temperatavernight. The reaction mixture was
guenched by water to be extracted with ethyl aeesstd dried over anhydrous 1$&,. The
ethyl acetate layer was evaporaiedvacuo. The crude product was purified using silica gel
column chromatography using ethyl acetate/hexalveisomixture (50:50) to obtain substituted
N-(1H-indole-6-yl) benzamide derivatives.

4.2.3.1. YMA-001: 4-fluoro-N-(1H-indol-6-yl) benzamide; white powder; yield, 904t NMR
(400 MHz, DMSO-¢): & 11.07 (s, 1H), 10.18 (s, 1H), 8.06 (m, 3H), 7.d49J¢ 8.31 Hz ,1H),
7.27-7.39 (m, 4H), 6.39 (d= 8.31 Hz, 1H). Addition of BO quenched -NH peaks at11.07
and 10.18°C NMR (100 MHz, DMSO-g¢): 165.5, 164.9, 163.6, 139.6, 131.9, 130.9, 130.8,
129.1, 120.9, 120.4, 115.9, 115.7; MS calcd fesHzaFN,O, 254.09, found fz: 253.26 [M-1,
100%)

4.2.3.2. YMA-002: N-(1H-indol-6-yl)-4-(trifluoromethyl) benzamide, buff wie powder;
yield, 75%."H NMR (400 MHz, DMSO-g): § 10.50 (s, 1H), 10.08 (s, 1H), 8.35 - 8.22 (m, 1H),
7.65 (d,J = 8.07 Hz. 1H), 7.49 (d] = 8.07 Hz, 1H), 6.96 - 6.86 (m, 3H), 6.70 -6.6Q @Hl),
6.50 (s, 1H)*°C (100 MHz, DMSO-g): 166.5, 137.6, 135.9, 134.6, 130.8, 129.1, 12625.6,
124.9, 124.5, 120.4, 113.5, 104.6, 102.1; M.S.ccdtr G Hi11FN20, 304.08; foundwz

303.26 [M-1, 100 %]



4.2.3.3. YMA-003: 4-cyano-N-{H-indol-6-yl) benzamide, white powder; yield, 80%
NMR (400 MHz, DMSO-g): § 11.10 (s, 1H), 10.01 (s, 1H), 8.14 - 8.01 (m, 5H}K0 (d,J=
8.31 Hz, 1H), 7.30 (dJ = 7.82 Hz, 2H), 6.39 (s, 1H). M.S. calcd forsGH1:N30, 261.09;
foundmvz: 260.28 [M-1, 100%]

4.2.3.4. YMA-004: 4-bromo-N-@H-indol-6-yl) benzamide, yellowish white powder; e75

%. 'H NMR (400 MHz, DMSO-g): § 11.50 (s, 1H), 10.20 (s, 1H), 8.06 (m, 3H), 7.d9)=
8.31 Hz, 1H), 7.27-7.39 (m, 4H), 6.39 (d}, 5 8.31 Hz, 1H)**C NMR (100 MHz, DMSO-g):
165.1, 135.6, 132.5, 131.7, 129.8, 125.2, 124.8,2012115.3, 115.01, 113.2, 102.5, 100.6. M.S.
calcd for GsH11BrN,O, 314.01; foundn/z 313.17 [M-1, 70%]

4.2.3.5. YMA-005: N-(1H-indol-6-yl)-3-(trifluoromethyl) benzamide, buff wile powder;
yield, 85%.'H NMR (400 MHz, DMSO-g): § 11.06 (s, 1H), 10.35 (s, 1H), 8,59 — 7.60 (m, 4H),
7.35 (d,J= 2.69 Hz, 2H), 7.09 (dJ= 2.69 Hz , 2H), 6.65 (s, 1H)°*C NMR (100 MHz, DMSO-
ds): 6 169.5, 135.3, 132.5, 131.2, 130.0, 129.9, 1220,8, 119.01, 115.09, 114.8, 112.9, 103.7,
101.5. M.S. calcd for G H11FsN,0, 304.08; foundn/z: 303.26 [M-1, 100%]

42.4. General Synthesis of substituted N-(1H -indol-6-yl) benzene sulfonamide
derivatives:

A flask was charged with 6-amino indole (1 eq.}he presence of mixture of anhydrous THF /
Ether (1:1, 0.5 M) and anhydrous pyridine (1.2 eqder nitrogen at 0 °C. This was followed by
addition of substituted benzene sulfonyl chlorided.) to stir at room temperature overnight.
The reaction mixture was quenched by addition adew# be extracted with ethyl acetate and
dried over anhydrous N8O,. The ethyl acetate layer was allowed to evapdrat@cuo. The
crude product was purified using silica gel coluammomatography using ethyl acetate / hexane

mixture (60:40) to obtaisubstituted N-(1H -indol-6-yl) benzene sulfonamide.



4.2.4.1. YMA-006: 4-fluoro-N-(1H-indol-6-yl) benzene sulfonamide; purple powdereldi
95%; *HNMR (400 MHz, CDCJ): & 8.39 (s, 1H), 7.59 (dl= 2.69 Hz, 2H), 7.30 (d= 2.69 Hz,
2H), 7.22 (s, 1H), 6.83 — 6.78 (m, 2H), 6.20 (s).1¥C NMR (100 MHz, CDG): & 166.3,
163.8, 135.8, 134.8, 130.2, 130.1, 130.0, 126.8,512121.1, 116.2, 116.2, 116.0, 106.8, 102.2;
M.S. calcd for G4H1:FN,O,S, 290.05; foundnz 289.31 [M-1, 100%)]

4.2.4.2. YMA-007: 4-chloro-N-@H-indol-6-yl) benzene sulfonamide; dark tan powdeeid,
85%; *HNMR (400 MHz, CDCY): 5 8.25 (s, 1H), 7.55 (d] = 8.31 Hz, 2H), 7.36 (dl = 8.31 Hz

, 2H), 7.22 (s, 1H), 7.09 (m, 1H), 6.58 (= 7.82 Hz, 1H), 6.39 (s, 1H ¥*C NMR (100 MHz,
CDCl): 6 139.3, 137.4, 135.8, 130.1, 129.2, 128.7, 12625.3, 121.2, 116.3, 106.9, 102.4;
M.S. calcd for GsH11CIN,O,S, 306.02; foundn/z: 306.00 [M, 100%)]

4.2.4.3. YMA-008: 4-Methyl-N-(1H-indol-6-yl) benzene sulfonamide; purple powdeeldi
90%:;*H NMR (400 MHz, CDCY): & 8.21 (s, 1H), 7.53 (d} =7.82 Hz, 2H), 7.35 (d] =8.07 Hz ,
2H), 7.26 (s, 1H), 7.08 — 7.06 (m, 1H), 6.58 Jd=8.07, 1H), 6.39 (s, 1H), 2.26 (s, 3HjC
NMR (100 MHz, CDC})); 6 143.6, 136.1, 135.8, 130.7, 129.5, 127.3, 12&5,d 121.0, 116.1,
106.4, 102.4, 21.5; M.S. calcd foi4E14N,0,S, 286.08; founavz: 285.35 [M-1, 100%]

4.2.4.4. YMA-009: 4-Bromo-N-(H-indol-6-yl) benzene sulfonamide; purple powderelyi
80%;H NMR (400 MHz, CDCY): & 8.29 (s, 1H), 7.47 (d} =8.07 Hz, 2H), 7.36 (d] =8.07 Hz,
2H), 7.22 (s, 1H), 7.07 (s, 1H), 6.59 (0=8.31, 1H), 6.38 (s, 1H}*C NMR (100 MHz, CDG)):

0 138.0, 135.8, 132.2, 130.0, 129.1, 130.8, 12&38,8], 126.4, 125.3, 121.2, 116.3, 106.9, 102.5;
M.S. calcd for G4H1:BrN,0,S, 351.97; foundz: 350.21 [M-2, 70%]

4.2.4.5. YMA-010: 4-Methoxy-N-({H-indol-6-yl) benzene sulfonamide; purple powdegldi
90%;'H NMR (400 MHz, CDCY) & 8.20 (s, 1H), 7.56 (d] =7.82 Hz, 2H), 7.38 (d] =8.07 Hz ,

2H), 7.28 (s, 1H), 7.10 — 7.08 (m, 1H), 6.60 Jd=8.07, 1H), 6.40 (s, 1H), 3.81 (s, 3HjC



NMR (100 MHz, CDC}); 6 143.6, 136.1, 135.8, 130.7, 129.5, 127.3, 12&5,d 121.0, 116.1,
106.4, 102.4, 57.5. M.S. calcd fogs814N-05S, 302.07; founavz 301.5 [M-1, 100%]

4.3. Biological Screening:

4.3.1. Invitro anti-proliferative MTT assay against MCF-7 and T47D cedll lines:

Cell Lines: Cells were obtained from American Ty@alture Collection (ATCC). The cell
lines (MCF-7 and T47D) were sub-cultured in a samfilashion mode, as previously reported
[26], before being treated without or with 5- fodetrial dilutions of YMA compounds in
triplicates for 2. The cells were harvested, washed with PBS, iadtb by addition of 2QL

of MTT to each well, and incubated fohZefore 20QuL DMSO was added. The absorbance

was measured on an ELISA reader (Multiskan EX, gpdtems) at a wavelength of 57it.

4.3.2. ER-o competitive binding assay:

The ERe activity assay was carried out using Estrogen ReceAlpha ELISA Kit (ABCAM,
Cambridge, MA), according to the manufacturer'srugdions. The absorbance for the tested
compounds and controls (Tamoxifen) was measurexhdfLISA plate reader at 450n.

4.3.3. Invivo anticancer activity and safety of YM A-005 and Y M A-006:

Swiss albino female mice were used in the presgperement of Ehrlich ascites carcinoma
(EAC) solid tumor animal model [27Dn the day of induction, EAC cells were collecteahi

the ascitic fluid of a female mouse bearing asditimor, diluted with sterile saline to produce
~12.5x16 per 1 mL. 0.2 mL was then injected intramusculanlythe left thigh of all female

mice. When mice developed palpable mass (~108)nneatment was started (day 0). EAC-



bearing mice received a once weekly i.p. injecobreither, fulvestrant (FULV) at a dose of 5
mg/mouse as well as YMA-005 and YMA-006 at a doséband 10 mg/mouse for each.
Treatments were delivered in 10% Tween 80 starfindays after inoculation. Mice in the
control groups received drug vehicles. Tumor volunas measured using a digital caliper at
different times after treatment, according to thkofving equation:

Tumor volume (mr) = Length (mm) x [Height (mmY]x 0.52

Mice belonging to different groups were overnigbhod-deprived before scarification under

anesthesia after 15 days of starting treatment. orumsues were then collected for further

analysis.

The safety of YMA-005 and YMA-006 was observed mrmal mice at a single dose of 10
mg/mouse, i.p., where they were monitored for stearh acute signs of toxicity or mortality for
7 days. All experimental procedures were carriedim@accordance with the National Institutes

of Health guide for the care and use of Laboratorynals.

Histopathological analysis:

Tumors were collected, fixed in 10% formalin sabuti and embedded in paraffin. They were
stained with hematoxylin and eosin (H&E) to examine histopathological changes. Moreover,
the necrotic index for each group was determinetiCimandom fields per section per animal in

the treated and control groups using Leica applinatomputer analyzer system.
4.3.4. Immunohistochemical analysis.

Immunohistochemistry was performed using an avidatin complex immunoperoxidase
technique with anti-mouse primary monoclonal ardipagainst ERx receptor diluted at 1:100,

in PBS. For detection, a streptavidin-biotin-pedase preformed complex and peroxidase- 3,3



diaminobenzidine (DAB) were used, according torttenufacturer’s instructions. Sections were
counterstained with Mayer’'s hematoxylin and mountéti DPX medium. Positive and negative
control slides were included. Tumor section with pranary antibody was used as negative
control. Percentage of positively stained cellsredated with the expression of ERwas

estimated in 10 random fields per section per ahusilmg Leica application computer analyzer

system [28].

4.35. Statistical analysis: Data are presented as mean + S.D., and analyzeohé&yway
analysis of variance (One-way ANOVA) followed byKey Kramerpost hoc test for multiple
comparisons using GraphPad Prism version 5 (GrapBBtware, CA, USA). Values of P<0.05
were considered to be statistically significant.
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and @) Sulfonamide bond along with estrogen receptohal(PDB ID: 1ERE), showing the
hydrophobic interactions with the ligand binding@n and hydrogen bond interactions of —NH
of indole along with THR 347:A represented by grdetted lines.
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Table 1. Inhibitory activity of indole-based analogs agaiastrogen receptor dependent cancer

cell lines and ERx ELISA competitive binding assays

NH
B
/ = NH
R
o
Molecular
(g/mol)




YMA-001 4-F 254.09 45.93 £ 0.98 35.06 £ 0.75 69.46
YMA-002 4- CF; 304.27 63.43+2.14 51.34 +0.98 8.15
YMA-003 4-CN 261.28 33.56 £ 0.46 35.75 £ 0.95 2.40
YMA-004 4-Br 315.17 38.14 £ 0.85 63.74 £ 2.30 4.71
YMA-005 3-CF; 304.27 30.63+0.72 28.23 £ 0.95 1.76
Tamoxifen 371.51 42.40 £0.78 3442 £0.83 1.50
NH
R
NH
S
o// \0
Mole:cular 1Cso MCF-7 IC5o T-47D IC50 (ER—a)
Compound weight (M) (M) (M)
(g/mol)
YMA-006 F 290.31 30.89 £ 0.96 32.96 £ 0.69 3.31
YMA-007 Cl 306.76 54.02+£0.84 46.16 +1.76 44.43
YMA-008 CH; 286.35 37.2+1.20 57.13+1.43 204.75
YMA-009 Br 351.22 37.75+1.08 40.06 +1.53 22.67




YMA-010 OCH; 302.35 57.22 £2.02 45.04 +0.89 7.53
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Figure 4. (A) EAC solid tumor-bearing mice in control and YMA-G0&nd YMA-006-treated
groups at 15 days of treatme(®) Tumor volume (mr) in EAC-bearing mice of control and
treated groups at different time poini€-G) Bar charts showing tumor volume (fjmat 3, 6, 9,
12, and15 days of treatmen{H) Body weight of animals in treated and control gruat
different time points. Values are presented as s®e&D (n=10). One-way analysis of variance
(One-way ANOVA) followed by Tukey Kramer post hoest was applied for statistics.
Significant difference compared to control at *F3&). **P<0.01, **P<0.001. Significant
difference compared to FULV &#0<0.05,P<0.01
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Figure 5. Photomicrographs of H&E-stained tumor sections Q®4in (A) control group
showing widespread viable tumor cells sheets wiéimymmitotic figures (arrows) and prominent
nucleoli in the outer zone of tumor mass. Limiteada#l area of necrotic tissue was observed in



the deeper zone of the examined sections (qf8))Fulvestrant- andC) YMA-005 (5 mg)-
treated groups showing moderate size areas of sis@nd degenerated cells (star), infiltrated by
viable sheets of tumor cells as well as inflammatcells (arrow),(D) YMA-005 (10 mg)-
treated group demonstrating the most extensiveotie@reas (star) as well as degenerated tumor
cells (dashed arrow]E) YMA-006 (5 mg)-treated group showing tumor secsiovith the least
areas of necrosis, an@) YMA-006 (10 mg)-treated group showing mixed vialled focal
necrotic areas (star) in deeper parts of tumor m@eattered apoptotic cells were observed
(arrows) between viable active tumor cells.
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Figure 6. Photomicrographs of H&E-stained tumor sections (Q1€howing areas of necrosis in
(A) control group and groups treated wiB) fulvestrant,(C) YMA-005 (5 mg),(D) YMA-005
(10 mg),(E) YMA-006 (5 mg), andF) YMA-006 (10 mg).(G) Necrotic indices as assessed in
H&E-stained tumor sections in control and treatesligs. Values are presented as me=pb
(n=10). One-way analysis of variance (One-way ANQV@éllowed by Tukey Kramer post hoc
test was applied for statistics. Significant difflece compared to control at *P<0.05,
**P<0,001. Significant difference compared to FUIa¢**P<0.01.
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Figure 7. Photomicrographs of immunohistochemically stain{imgmunostain, DAB, X400)
using primary monoclonal antibody against estrogipia (ERe) receptor in tumor sections
from (A) control group and groups treated witB) fulvestrant,(C) YMA-005 (5 mg), (D)
YMA-005 (10 mg), (E) YMA-006 (5 mg), and (F) YMA-006 (10 mg). (G)
Immunohistochemical expression of ERm tumor sections of control and treated groups.
Values are presented as meai®D (n=10). One-way analysis of variance (One-wayOMQ)
followed by Tukey Kramer post hoc test was applfed statistics. Significant difference
compared to control at *P<0.05, **P<0.001. Sigo#nt difference compared to FULV at
P<0.001.



