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Abstract

Activation of STAT3 via Y705-phosphorylation is wWelocumented across multiple cancer types and fihumss the
basis of canonical pathway to judge STAT3 activati®ecently, important roles of two other post-stational
modification (PTM) sites, i.e. S727-phosphorylatimmd K685-acetylation, leading to STAT3 activateme reported.
However, their critical mode of function in contimy STAT3 dimerization and signaling, independehtcanonical
activation remains elusive. Therefore, to understdre functional relevance of each STAT3 PTMs ieast cancer
(BC), cell models are developed by stable overesgioa of PTM-site specific point mutants, i.e. YFQ%727A or
K685R, in a 3'UTR-STAT3 knockdown BC cell backgraurResults using this model system reveal novalirfigs
showing that phosphorylation at S727 can lead tATSTactivation independent of phosphoY705. We @lesmonstrate
that loss of pS727 or K685ac significantly affeftisctional phenotypes such as cell survival andifpration as well as
downstream transcriptional activity (Twist 1, SacsaMyc, Bcl-1 and Mcl-1) of STAT3. Thereafter, hyilizing a
BRET biosensor for measuring STAT3 phosphorylatioriive cells, a crucial role of pS727 in dictatirRrAT3
activation and homodimerization formation is unaede Further by performing retrospective IHC anialgs total and
phospho-forms of STAT3 in a cohort of 76 triple atige breast cancer (TNBC) patient samples, afsgnit dominant
expression of phosphoS727 over phosphoY705 PTM.(Q04) is found in STAT3 positive case$Ve also focus on
validating known STAT3 inhibitor molecules for theiction against both pY705 and pS727 activatidns Btudy for
the first time demonstrates that an anti-helmimtigccompound, Niclosamide, is capable of inacth@tioth phospho-

PTM sites on STAT3 and exhibits excellent anticamtgcacy in preclinical TNBC tumour model.
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1. Introduction

Signal transducer and activator of transcriptiof83AT3) is a mediator of cellular signals from celembrane to the
nucleus. In response to soluble cytokines (e.g, @@costatin M etc.), hormones (leptin, thrombotioietc.) or growth
factors (EGF, PDGF etc.), it has been shown ovdraser that the activated receptors induce phostdtan of Y705
residue of STAT3 leading to form a homodimer [1,@hce STAT3 dimer forms, it translocate to theleus and acts
as a transcription factor of key genes involvedintogenic functions such as cell survival, prodifem, apoptosis,
differentiation, angiogenesis and cytokine funci¢®, 4]. STAT3 is reported to overexpress in meawgcer cell lines
and primary tumours such as breast, prostate, laead neck, lung, gastric as well as several haeogitall
malignancies [5, 6]. Literatures clearly suggest tinore than 50% of breast cancer (BC) cases aitvieofor STAT3
overexpression, which plays a pivotal role in dése@rogression [7-9]. STAT3 is reported to interaith DNMT1
[DNA (cytosine-5)-methyltransferase 1] and methylahe promoter of EdR gene in ER negative B(LO].
Phosphorylation at S727 residue (pS727) of STAT&$s reported to have negative correlation with BR status in
BC [11]. Also, phosphoY705 activation mark has bielemtified as a predictive biomarker for invasB€ [12].

Activation of STATS3 via its classical pY705 PTMgi.canonical pathway) is well documented and isatroonsidered
synonymous. However, recent reports have shownegxie of an alternative activation mechanisms &A1 via S727
phosphorylation and K685 acetylation (K685ac), &inas noncanonical pathway [13-15]. Initially pSTeas thought
to be required for full transactivation of STAT3dawould occur only after pY705 activation [16]. Redy independent
occurrence of pS727 mediated activation of STAT@&®orted, showing that in certain cancer typeATlactivation
can happen even in the absence of pY705. In chigmiphocytic leukaemia [17] and ER negative BC [11$727
overexpression is observed in tumour tissue evahdmabsence of pY705 activation and thus affeatiely survival.
Predominant expression of pS727 over pY705 STAT3aints radiation resistance in glioblastoma that akrves as a
predictive marker for poor clinical outcome [18].1On the other hand, acetylated K685 residue wpserted to cause
STAT3 dimerization and downregulate expressionuofidur suppressor genes in breast and ovarian cfl@ep0].
However, so far there is no investigation done ictmB1g canonical and noncanonical STAT3 activatiogether and
hence the possibility of interdependent or indepahdnode of STAT3 activation by these PTM markB@ context is
not understood.

To study protein homodimer or heterodimer formatioriving mammalian cells, bioluminescence resagaenergy
transfer (BRET) assay has been used for a vast euaflendocrine receptor targets as well as cysopia signaling
molecules [21-23]. BRET, which follows the Forsterergy transfer principle between luciferase damat fluorophore
acceptor, can precisely indicate a definite proiintiue to dimer formation. This assay is highlytahie to follow
dimerization dynamics in live cell conditions arelays direct influence exerted by varying activatorinhibitor
molecules in real time [24-26]. Here, for the fitishe, we extend the application of our previousveloped STAT3
BRET biosensor [27], to analyse phosphorylationS3AT3 mediated by its key PTM marks as a measurésof
oncogenic activation.



Therefore, in this comprehensive study we addiessignificance of canonical vs. noncanonical PThtiated STAT3
activation in BC. First, by utilizing a robust pipt®-BRET sensor platform technology [27], direddewnce of STAT3
dimerization, activation and downstream biologittaictions is gathered using engineered 3'UTR STAm8ckdown
BC cell line model. After this we verified oim vitro observations by performing IHC analysis for taatl phospho
(pY705 and pS727) STAT3 in 76 paired (pre and po&CT) clinical samples of triple negative breashoer cases.
Considering the importance of the new and clinjcalevant understanding developed here, the sisidyrther
extended to provide a solution by validating a rppsed drug inhibitor that can effectively blockttb@anonical and

noncanonical STAT3 signaling and show potentialcanter effect on preclinical breast cancer model.

2. Materialsand M ethods
2.1 Materials

Stattic (#57024, Selleckchem, USA), Niclosamide3&hND, Sigma-Aldrich, USA); IL6 (#200-06) and EGRAE100-
15) were procured from Peprotech (USA):-Luciferin Firefly, potassium salt (# L-8220) wdsom Biosynth
(Switzerland). Mouse-anti-STAT3 (#9139), rabbitiaatetyl-K685 STAT3 (#2523) and rabbit-anti-pY703 /33
(#9145) antibodies were from Cell Signalling (USAdabbit-anti-pS727-STAT3 (#E121-31), mouse-anti-RFP
(#ab125244) and rabbit-anti-Cyclin D1 (#ab1341f8)tedies were from Abcam. Secondary antibodies dikti-mouse
HRP (#ab6728), rabbit- HRP/DAB detection IHC kiak80436) from Abcam and anti-rabbit-HRP (#3146@)mfr
Invitrogen. iClick EAU AndyFluor647 cell prolifeiiah kit from Genecopia (USA, #A006). Nanoluc antlgaand gene
sequence were obtained as a generous gift and &iriensubstrate (#N1110) was procured from Pror@&gporation
(USA). IVIS Spectrum pre-clinicah vivo imaging system equipped with 20 nm bandpassdiltevering the range of
500-850 nm and IVIS Lumina Il with filters from 5@20 nm was from Perkin Elmer (USA).

2.2 Recombinant plasmid DNA constructions

The Nluc-STAT3 (donor) and Turbo-STAT3 (acceptausibn gene vectors were generated by sub-cloning PC
amplified full length STAT3 in-frame in our previsly designed pCMV-Nanoluc or pCMV-TurboFP plasmiding C-
terminus restriction sites Xhol and Sacl. Positilanes were sequence verified for the gene inserRespective point
mutants of STAT3 on both acceptor and donor plasmigire prepared by sequential site directed muesigapproach
using primers listed as i@upplementary Table 1. For knockdown of endogenous STAT3, a 3UTR STARRNA
annealed oligo sequence was cloned between HpaXlamidsite under the U6 promoter of pLL3.7-GFP ieinal vector

as per standardized protocol [28].

2.3 Establishment of cell lines

MCF7 cells were maintained in RPMI-1640 medium $epented with 10% FBS (US origin, Gibco) and 1% -Bérep
and incubated at 3C with 5% CQ. MDA MB 231 cells were cultured in L-15 medium watlt NaHCQand 10% FBS
and 1% Pen-strep in G@ee incubator at 3T as per ATCC recommended condition. MDA MB 231DBEI2LN cell

line (Perkin Elmer) was used for tumor xenografdgt MCF7 stable cell overexpressing STAT3 pointatians were



generated by transfecting plasmids containing NBUi&T3 variants - Wt, Y705F, S727A or K685R desdaiilimfore.
Using 50Qug/ml Zeocin antibiotic selection, positive cloneere selected and verified for Nluc expression bpgis
furimazine substrate. For establishing endogendissTS knockdown lines, first the lentiviral particlevere produced
using HEK293FT cells co-transfected with pLL3.7-G#ttor containing 3'UTR STAT3 shRNA cassette alovith
capsid and envelop plasmids in optimized ratio.tivénal transduction of MCF7 STAT3 mutant over-egpsing clones
as well as baseline MDA MB 231 cells were doneersegtablished protocol [28]. GFP positive cellsensorted out as
virally transduced cells and knockdown populatiomsre established after three rounds of GFP celingprover
subsequent passages.

2.4 Livecdl luciferase assay

For luciferase assay, live Nluc expressing cellsevseeded in triplicates at a density of 5000 @000cells/ well in a
black 96 well plate with clear bottom. %0 furimazine (1:1000 diluted in medium) substrataswadded per well and

luminescence photons were measured using VIS smegthoton imager in open filter setting.

2.5Immunoblotting

Cells were seeded at required density for eitheg dreatment or ligand stimulation experiments. Tledls were
harvested and lysed in lysis buffer containing: h® NaF, 100mM NgvO, 2mM EGTA, 5mM EDTA, 10ul/ml
protease inhibitor and 2ul/ 1ml PMSF, 20mM Tris-pH 7.4, followed by sonication and centrifugatioh a
14000rpm/30min/AC. Protein estimation in the supernatant was daieguBradford reagent. 50468 protein was
loaded and separated in 10% SDS gel followed msfeat in nitrocellulose membrane using semi drpgfer assembly
at 15V for 1 hour. Membrane was blocked with 5% -fetndry milk and incubated overnight at/@ with primary
antibodies for total STAT3 (1:1000 dilution), pS73TAT3 (1:1000 dilution), pY705 STAT3 (1:500) andb85ac
STAT3 (1:500). Following day HRP conjugated secopdantibody incubation was given followed by
chemiluminescence detection using ECL substrate kit

2.6 Céll Survival and Proliferation Assay

For clonogenic cell survival assay, 1000 cells/wedre seeded in duplicates in 6 well plates andhta@ied in normal
culture condition. Clones were allowed to form o%érdays, followed by fixing with chilled methareshd staining with

0.5% crystal violet stain. Colonies formed werertted using an illuminated stereo binocular.

EdU AndyFluor647 proliferation kit was used as ey manufacturer’s instructions. EdU incubation wa®n for 16h

for MCF7. Images were acquired in LSM780 (Leicagmscope using 633 nm and DAPI filter.

2.7 Quantitative Real Time PCR

Total RNA from control and experimental cells wesgracted using RNA extraction mini kitu@ RNA per sample was

used for preparing cDNA using SuperScript Il Kitvitrogen, USA). GAPDH was used as internal rafeszcontrol.



Real time PCR was set in Applied Biosystems® Quadis™ 7 Flex System. All oligo sequences relatethts study
are enlisted irsupplementary Table 1.

2.8 Immunopr ecipitation

For co-immunoprecipitation study MCF7 cells ovepsessing Nluc-STAT3 constructs — Wt, Y705F, S727#&d a
K685R were seeded in duplicate at appropriatedegibity. Next day the respective acceptor plasmidliurbo-STAT3-
Wt, or any of the PTM mutant Y705F, S727A and K68®Rs transfected in respective donor cells. 48ht pos
transfection cells were serum starved for 24 haandsstimulated with IL6 (10ng/ml) for 2hr beforerViesting the cells.
Cells were lysed in ECS lysis buffer (50mM Tris48H 8.0, 125mM NaCl, 0.5% NP40, 5mM EDTA, 2mM EGTA,
100mM NaF, 100mM N&/O, 10ul/ml protease inhibitor anqu2 1ml PMSF) and centrifuged at 14000rpm/30mi@4
From the supernatant collected, protein estimatvas done using Bradford reagent. Protein G sepbdreads (GE
healthcare) were equilibrated by washing in NETRInG®1 Tris-Cl pH 8.0, 200mM NacCl, 0.1% NP40 and 1mMT)
buffer thrice at 2000rpm/5minf&. The beads were blocked with 5% BSA (in NETN egffor 3h/13rpm/4C. For pull
down Jug protein was incubated withullanti-Turbo antibody (ig/ul) and 2@l Protein G beads in NETN buffer for
overnight/13rpm/a4C. Next day, bound fraction was collected after hirag the beads with NETN buffer thrice. Final
pellet was re-suspended in 1X denaturing bufferlaaded in 7.5% SDS gel. Immunoblotting was perfedrwith anti-
Nluc antibody (1:1000).

2.9BRET Assay

To perform BRET assays, Nluc expressing cells (NGTAT3 CI1 to CI8) were seeded in 12 well plateaatensity of
1X1075 cells/well. Next day, each well was transfelcwith respective acceptor plasmid i.e. Turbo-33ACI1 to CI8

and one set of donor alone cell type was kept agpaB6h post transfection cells were counted aeded in 96 black
well plate at a density of 20,000 cells/well ingarfree medium. 24h post serum starvation BRETyassa performed
using IVIS spectrum equipped with donor (500+20 ran)l acceptor (640+20 nm) filter sets with or with&GF

(100ng/ml) and IL6 (10ng/ml) as ligand and furimmezisubstrate (1:1000 dilute). For inhibition studglls are pre-
treated with inhibitors for 12h prior to EGF triggend BRET signal measurement.

BRET ratios were calculated using the following &tipn [29]:

BL acceptor channel ~ Cf

B&anor channel

BRET Ratic =

BL acceptor channel

Where, Cf:

BJenor channel Donor alone cells



2.10 Clinical samplesand Ethics Statement

The clinical protocol for IHC analysis of STAT3, & and pY705 was reviewed and approved by théutishal
Ethical Committee 11l (IEC IIl). Formalin fixed anglraffin embedded (FFPE) blocks were acquired foopast cancer
excision specimens. Waiver of consent from patiemts approved by the IEC committee for this protoéée obtained
tumor tissue blocks of triple negative breast carft&lBC) cases both diagnostic core biopsy (CB) paded post
NACT (neoadjuvant chemotherapy) for individual pati A total of 76 tissue samples were collectedhfpatients of
age group 24-72 years recruited in between 20126ad. All cases were grade lll, invasive ductaticeoma (IDC),
no special type classified as negative for ER, PR Her2 (triple negative) based on immunohistockami The
demographic description of the patient cohort iswshin Supplementary Table 2. Majority of the patients received
Taxane based Neoadjuvant chemotherapy regimenhvititudes docetaxel, paclitaxel, carboplatin eithilene or in
combination followed by surgery. We also acquinaghdr tissue blocks from a few other subtypes ol&ireancer i.e.
HerZ" (n=5) and ERPR’ (n=5).

2.11 Immunohistochemistry (IHC)

IHC was performed as per reported protocol [30jefBr, 5 um thick paraffin embedded tissue sectia@s taken on a
glass slide and de-paraffinized in xylene followsd rehydration with gradients of alcohol (100%, 9@#td 75%).
Endogenous peroxidase activity was blocked usiBfo0+40, solution. Antigen retrieval was performed with sodi
citrate pH 6.0 treatment using microwave followsdhtbocking with blocking reagent provided with tki¢ (#ab80436
IHC Kit). Primary antibody incubation at respectitution (1:100 for total STAT3, pS727 STAT3 andQ@ for pY705
STAT3) was done overnight at€€ in humidified chamber. After respective HRP cgajted rabbit secondary antibody
treatment, DAB detection kit was used for stainargl subsequent steps were followed as per the actogr's

instructions.

2.12 IHC Scoring M ethods

For IHC scoring, the Allred method (used for Horraaeceptors in breast cancer) was followed whera fcore is
assigned based on both proportion of cells stajfiedo stain,1- less than 1%, 2- 1-10%,3-11-33%468 % and 5-
67-100% cell stained) and intensity of the stainjf@gnegative, 1- weak, 2- intermediate and 3-ngjretain). A total

score is assigned out of 8 [31].

For digital scoring IHC Profiler plugin of the Imad software is used. Analysis was performed asiomed [30, 32]
The final score obtained is either 0= negative =lweak positive, 2+ = positive and 3+ = strong fiesi Depending

upon the location of the target protein, nuclearydoplasmic mode of analysis was selected.



For assigning score of different clinic-patholodiparameters, H & E stained tissue samples werd fmeboth core
biopsy and post NACT specimens and 10 differefd fieere analysed. Mitotic population score wasgrssil based on
average mitotic count over ten field. 1+: 0-9 mites2+: 10-20 mitoses and 3»20 mitoses per 10 high power field.
Apoptosis was graded as Grade 3+/brisk when alfithés showed apoptosis, 1+ when it was seen iontne or two
fields and 2+ for the intermediates. Fibrosis assest was attempted both in core biopsy and exclsimpsy samples
in spite of the understanding that sampling and NA®ay induce variability. Dense fibrosis was whewrdcupied >
50% of sample, +1 was when < 10% of tumour shoviledis. Stromally located tumour infiltrating lydngcytes
(sTIL) were graded in multiples of 10 as <10% agatige, 10-20% as +1, 30-40% as 2+, >50% as 3+348]3,

2.13 Breast cancer xenogr aftsand anti-tumour efficacy studies

For developing orthotopic breast cancer tumour madedy protocol was approved by the InstitutioAaimal Ethical
Committee (IAEC). All animal experiments were penfied in compliance with the standard protocol atfdcel
guidelines of the animal facility of the institutX1(® luciferase labelled MDA MB 231-LucD3H2LN cells veer
implanted onto the "5s mammary fat pad of 6-8 weeks old female NOD-SClizemWhen the tumours attained
approximate size of 100mnmice were randomly segregated into two groupsijclelcontrol (n=4) and treatment
(n=4). Drug (Niclosamide, 50mg/kg) was administewéal intraperitoneal route in 1Q0volume for consecutive 21
days. Tumour growth was monitored non-invasivelyijgcting 3mg D-luciferin (100ul in saline) viatiaperitoneal
injection and performing non-invasive bioluminesmeimaging using IVIS Lumina Il once every weekegv 7" day
of the treatment). Post treatment schedule, miae wacrificed andx vivo BL imaging was performed on different
organs to monitor metastasis. Tumor volume was anedsonce in every 7th day using the formula: [tengnm) x
(breadth(mmy]/ 2

2.14 Statistical analysis

All statistical analysis was done using SPSS 1Gffistical software. Kruskal Wallis H test wapligd for non-
normal distribution and one-way ANOVA for normakttibution. Chi square test, student t-test, Mcnet@st and post
hoc test were applied for comparing variables witthie group. Two-tailed p value <0.05 was considiestatistically
significant.

3 Reaults

3.1 Noncanonical (pS727 or K685ac) STAT 3 activation can operate independent of canonical (pY 705) activation
in BC cdlls

Considering the contradictory literature availablemode of STAT3 activation, we decide to invesggahether the
two arms of STAT3 activation (pY705 vs. pS727 and{685ac) operate in interdependent or independemner in
BC. To address this, expression plasmids for wite t(Wt) or respective PTM mutants (Y705F, S7274 KB85R) are
designed by fusing with Nanoluciferase (Nluc) réporgene at 5’endFig. 1A). Thereafter, MCF7 STAT3-KD
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established cell line is transfected with theseresgion plasmids and confirmed for fusion gene esgion by
measuring Nluc activityFig. 1B and Supplementary Fig. 1A-C). Expression of intact fusion protein of higheresis
indicated by arrowhead in the Wt and mutant STAXBressing cells is shown by immunoblottifigig. 1C). As
expected, Y705F mutant expressing cells show b82p and K685ac forms present. In case of K6856hgaide
pY705 and pS727 activation, an acetylation banalde seen despite of K685R point mutation, whicly & due to
non-specific recognition of adjacent acetylatedinlgsresidues at 679, 707 and 709 amino acid pasifRb].
Surprisingly, in S727A mutant expressing cellsslo$ serine site shows total loss of K685ac. Tahtir validate this
interesting observation, Wt, Y705, S727 and K685Ramt expressing cells are subjected to eitherdl&GF ligand
treatment for 2h and probed with the same set tibadies to judge STAT3 activation stat(lsig. 1D-E). Results
confirm that even in ligand induced condition, YR@nd S to A amino acid conversion in phospho-ntateause total
inactivation of the respective PTM sites. Agaim, Koto R mutant an acetylation band is observed tdueonspecific
recognition of adjacent lysine residues. Furthecase of Y705 loss, no significant change is akeskn pS727 levels,
but K685ac is increased significantly in the preseaf IL6 or EGF induction. Similarly, for K685R rant an evident
increase in pS727 activation is withessed posttigatimulation. However, S727 loss causes totattivation of
K685ac site. Interestingly, for Wt, S727A and K68BRtant overexpressing cells, pY705 level increasgsificantly
when treated with IL6 ligand. Taken together ieigdent that while Y705 or S727 phospho-activatian take place
independently, but STAT3 activation by K685 acedtfglaresidue essentially requires presence of pS727

3.2 S727A and K685R mutant expressing cells show lower proliferation and survival advantage than Y 705F

overexpressing cell

As activated STAT3 is known to be a key signalinglenule for cell growth and survival under both mat and
oncogenic conditions, how the loss of different IBAPTM marks may affect cell proliferation is fugthinvestigated.
EdU incorporation assay is performed using the alldiCF7 cell lines. Results show that loss of nowcacal
activation marks (S727A and K685R) significantlwkr (p<0.01 and p<0.05 respectively) cellular geodition ability
than cells with Y705 loss or Wt STAT@Eig. 2A). The difference in cell proliferation is furthevigenced by cell
survival assessment, where S727A and K685R cloeld exhibit significantly lower number of colonidsrmed
(p<0.001) when compared to Wt. In comparison thod@a5F clone also forms significantly lower numloércolonies
(p<0.01), the number of colonies formed within #ane time frame is much higher than the other tiidl Pnutant

lines(Fig. 2B). The size of colonies formed in S727A or K685R als® noticeably smaller than Y705F or Wt clones.

We further judge whether STAT3 PTM status can diyempact important downstream gene targets engsfll, Socs3,
c-Myc, Mcl-1, Bcl-2 and Cyclin D1. With overexpréms of Wt construct, an increment in mRNA transtzifevel of
these STAT3 target genes is noticed (p<0.01). Hewewn mutant clones, more specifically S727A anG8%R,
expression level of Twistl, Socs3, c-Myc, Bcl-2 addl-1 is much lower than Wt counterpaig. 2C-F and
Supplementary Fig. 2A). However, Cyclin D1 transcript and protein expi@ssnajorly remained unaltered in both Wt

or mutant overexpressing cell linéSupplementary Fig. 2B-C). These results clearly suggest that more than Y705



S727 and K685 sites are essential for transcriptiantivity of STAT3 for its target genes except @yclin D1, whose

levels can be maintained with either one of thessittact.

3.3 pS727 plays pivotal rolein STAT3 dimer formation

It is well established in literature that post-eation STAT3 forms homodimer, which is a key step STAT3
signaling. As a result of homodimer formation itsckear-cytoplasmic distribution changes as thevatd protein
moves to the nucleus. Therefore, next we raisejtiestion on how do the PTM specific mutations atrtfajor sites of
activation alter STAT3 homodimer formation. To aekl this, a novel STAT3 phospho-BRET molecular gens
designed by fusing STAT3 (either Wt or a PTM mufamith either Nluc donor or TurboFP635 acceptort@iro is
employed. As the Nluc-STAT3 and TurboFP-STAT3 fasforms dimer, BRET signal increases indicatingxpmity
driven transfer of resonance energy from the ddwothe fluorescent acceptor molecule. Therefore,alding
furimazine substrate, a precise measurement of STédivation can be done from live cell environmémiodel
illustration prepared using full length STAT3 senoe from i-Tassein-silico protein structure prediction software)
(Fig. 3A). To thoroughly investigate the role of individRTMs in governing the dimerization, we have prepaa
library of recombined BRET constructs carrying eithVt or any one of already validated PTM mutanés, Y705F,
S727A or K685R or a combination of any two or eedinthree mutants of STAT3 as shownHiy. 3B. By transfecting
these expression plasmid vectors in MCF7 endoge8dA9 3 knockdown line, stable clones are estahtidbeperform
the following experiments. As indicator of STAT3 rhodimerization in the presence or absence of IL6,
immunoprecipitation is performed by using TurboFRiteody and are probed by Nluc and TurboFP antilfodytheir
binding. In comparison to the Wt, Y705F or K685RIZ;eS727A mutant shows maximally reduced bandnisitg of
STAT3 homodimers (2.68-fold lower than Wt), thusnfioning the importance of this phospho-PTM site in
dimerization Fig. 3C-D). Now for the live cell BRET experiment, equal rhan of clonal cell variants are plated in
replicates and for each clone BRET ratio is congbfite un-induced, IL6-induced and EGF-induced ctiads. For all
clones, IL6 ligand treated conditions show sigaificincrease in BRET ratio indicating higher STAdiferization and
activation. Further, the data also shows that anahthe single mutant, S727 PTM loss (CI3) hasdhamatic drop
(~3.5-fold) in BRET ratio when compared to the wiyghe clone (CI1). Whereas, in comparison CI2 (YT@s) or Cl4
(K685 loss) has relatively lesser drop in BRET aldirig. 3E). Similar effect is observed in EGF ligand stimigat
condition(Fig. 3F). Together, these results indicate that S727 PTaylsph dominant role in STAT3 activation. Further,
in CI5-ClI7, which either retains only one of theNPBites, the BRET ratio drops further in un-induaedL6 induced
condition. It is also important to note that inthiése clones, IL6 ligand stimulation remains prilpaneffective except
for CI5 where ligand stimulation still makes a sfigant induction in dimerization. However, in Céihd 8 (where both
Y705/S727 sites are mutated), dimerization is cetepy prevented as indicated by a negative BRE® natun-induced
condition and insignificant change under IL6 indlict These observations were equally replicatedguanother cell
line model i.e. MDA MB 231 cells (with endogenou$/AS 3 KD) (Supplementary Fig. 3A-C). The important role
played by the Y705 and S727 phospho-PTM marks iNTSThomodimerization is thus revealed here.
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3.4 Total and phosphoS727 STAT 3 expression positively correlatesin TNBC subset of BC patient tumour

samples

Intrigued by thein vitro observations for superior role of pS727 in cofitigl STAT3 dimerization and activation
functions, we next decide to explore STAT3 actatprofile in clinical scenario. Previous reportsvé highlighted
significant role of STAT3 in controlling tumour gath of triple negative breast cancer (TNBC). STAiE3even
considered as an emerging target for therapy IBECE [36]. Thus, to investigate which pathway ofA3B activation
dominates in TNBCs, a total of 76 TNBC core biopaynples were acquired to perform immunohistocheyn{#tiC)
analyses for total STAT3, phosphoY705 and phospBéS3upplementary Table 2). Intense to moderate nuclear
staining for STAT3 and pS727 and a strikingly wéaknoderate nuclear signal for pY705 is observeth@jority of
cases studiefFig. 4A). A previously identified positively stained sampliea TNBC case is kept as control for pS727,
while an oral cancer case is used as control tat ®TAT3 and pY705 in each batch of staining. Rieed scoring
method (score value 0-4 considered as negative5#hds positive) employed shows 86% (66/76) of TNfases are
positive for total STAT3 and more than 92% of STAJ@&sitive cases are constitutively phosphorylatgdtd pS727
residue. In comparison, pY705 form is found to bespnt in only 15% of STAT3 positive cases (p<0)qFig. 4B).
The observations made using Allred scoring methredadso cross-verified by our IHC Profiler digisadoring method.
IHC Profiler scoring analysis confirms a strong leac STAT3 expression (2+ to 3+ score) associatéd pre-
dominant pS727 positivity (2+ to 3+ score) in a onigy (71/76) of cases. Further, STAT3 positiveasagsire either
found as pY705 negative or weak positive (0, (Fiy. 4C). These results clearly indicate predominant exgoesof
pS727 over its canonical phospho-PTM counterpaifNBC tumours and this situation prevails in bo#ired core
biopsy and post-NACT specimens analysed. By peifagrimdependent correlation analysis of total STAWith either
pS727 or pY705 in both core biopsy and post NAC&cspens, a significantly strong to moderate positigsociation
(r=0.4987, p<0.0005) between pS727 and total STAAFession is obtained. On contrary, pY705 showiginificant
low positive correlation (r=0.2086, p<@.0808). Further, the Pearson correlation coeffici@lue calculated based on
Allred and IHC Profiler scoring method do not charsignificantly Table 1). To confirm if the prominent activation of
STATS3 via pS727 is exclusive to TNBC subtype, weerg the IHC scoring analyses in a few additiomahbt cancer
cases representing other major subtypes (n=1®otim HerZ and luminal subtypissue samples, 90% cases show that
the expression of total STAT3 is either negativeveak cytoplasmic, and therefore expectedly phosprd (pY705
and pS727) staining is found negative in them (datashown).

Further, by comparing the expression of total amal ttvo phospho-PTMs of STAT3 in paired pre- andtposCT
TNBC tissue samples, significant drop in positivetgined cases in post-chemo condition is notiddsk percent
frequency obtained for total STAT3 drops from 86.2963.2% (p<0.001), for pS727 92.1% to 64.4% (p&0) and for
pY705 15.8% to 3.4% (p<0.01) respectiv€Bupplementary Fig. 4A-C). Correlative expression of the three protein
markers with various clinico-pathological paramgter.g. apoptosis, necrosis, mitosis, stromal $isrand lymphocytic
infiltration, are analysed as shown Supplementary Table 3 and Table 4. Both total and pS727 STAT3 shows
significant high mitotic score in both pre- (p<010€r both markers) as well as post-NACT (p<0.0p%0.008
respectively) samples. Stromal lymphocytic infiitba is also found to be higher in post-NACT caséth high STAT3
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and pS727 expression (p=0.01, 0.004 respectivelgyvever, other parameters compared, do not showsigmjficant

associations in either pre- or post-NACT tissuepgem

3.5 The anti-helminth drug Niclosamide can inhibits the major STAT3 activation signals

The results so far have revealed that presencaybiae of the two phospho-PTM marks serves as nuaj@lyst for
STAT3 protein activation and drive the downstreaignaling in breast cancer. Therefore, to inactivefEAT3
molecule, inhibition of both phospho-PTM sites figpbrtant. In an attempt to test various inhibitofsSSTAT3, we
choose niclosamide (NSA) which was previously shdwrinhibit pY705 activation and compared NSA drgion
with Stattic that is known to prevent docking of A3 onto the SH2 domain of activated receptors.rétuee, site-
specific inhibition of total and phospho-PTM site® checked by western blot in MDA MB 23id. 5A-B) and MCF
7 cells Gupplementary Fig. 5A). In line of the past reports, our results alsovsithat both Stattic and NSA
significantly blocks STAT3 activation via inhibitio of phosphoY705 in a dose specific manner, whe®AN
concentration required is at least 5-fold lowert Bdditionally, NSA shows specific inhibition of p&7 in both the cell
lines, while Stattic was majorly ineffective foridhPTM mark even at higher drug concentration. Afténessing site
specific inhibition of phospho-STAT3, these twoilitors are tested for their ability to inhibit STA dimer formation
using MDA MB 231 cells expressing STAT3 phospho-BR&ensor. Here also, NSA treatment significantiyckéd
live cell STAT3 dimer formation (1.78 mBRET ratio 4uM drug dose, p< 0.01) at much lower dose thatti& (1.73
MBRET ratio at 10 uM drug dose, p< 0.01), when camreg to the EGF treated contr{#g. 5C-D). Furthermore, upon
EGF stimulation NSA could successfully retain thpmressive activity on STAT3 molecule (2.02 mBRETfia at 4uM
drug dose, p< 0.01), for which Stattic failed (3rBBRET ratio at 10 uM drug dose, p< 0.0Smilar results obtained
from MCF 7 cell are shown iSupplementary Fig. 5B-C. To verify how STAT3 dimerization inhibition mattein BC
cell survival, long term clonogenic survival asgesst is done in MDA MB 231 parent and STAT3 KD sgllvhere
both drugs show reduced cell survival in a doseedéent manner (p<0.01 for low dose and p<0.00hifgher dose).
However, the effect of drug induced cell deathésrsmore prominently in the STAT3 KD condition (386 10uM
Stattic and 1% for 2uM NSA, p<0.001) as comparetthéoparent counterpart (13.84% for 10uM Stattitt 22.30% for
2UM NSA, p<0.001), where again NSA is found to hmrereffective than Statti¢-{g. 5E). Further, similar assessment
is done for the STAT3 PTM mutant overexpressing MCEIl line model. Here results show that Wt celimted with
same amount (5uM) of NSA and Stattic drug respanadarly (~50% survival fraction than untreatechttol), while
NSA shows slightly higher efficacy than Stattic .85 % vs. 68.77 % respectively) against Y705F ntuflgiy. 5F). In
comparison, survival fraction seen in S727A lin@1s61% for NSA and 19.19% for Stattic and for KB83.8.22 % for
NSA and 38.59% for Stattic. Both S727A and K685Rscghow much lower survival than Wt or Y705F muténe.
Therefore, unlike Stattic, NSA acts as a dual phodpTM blocker, resulting in significantly highemhiibition of
STAT3 activation. Hence, based on the evidencelegad here, the new molecular basis of NSA drugtian is
revealed, which is important towards possible rppsing of NSA as an anti-cancer agent in activ&€AT3 positive
TNBCs.

3.6 Niclosamide treatment effectively reducesin vivo tumour growth and distant metastasis
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Thus far, considering the prevalence of phosphoSvigdiated noncanonical STAT3 signaling in clinicalses of
TNBCs, we have mechanistically determined independmd critical role of S727 PTM in governing STAT3
dimerization and has shown how NSA treatment canepto be a better inhibitor option. To furtheresssthe potential
of NSA as an anti-cancer drug against TNBCs, MDA BB orthotopic tumour xenograft model is developedpled
with non-invasive bioluminescence (BL) imaging agwh. By implanting luciferase labelled MDA MB 231-
LucD3H2LN cells orthotopically at the mammary fatdpin immunocompromised mice, tumour growth is raved
using serial BL imaging. Mice with well grown tuntguare segregated into control and treatment gr@upé each).
Treatment group mice receiving 50mg/kg NSA drugseautively for 21 days show significant inhibitiom primary
tumour growth as compared to the vehicle controugr(p<0.001)Fig. 6A-B and Supplementary Fig. 6A). As MDA
MB 231-LucD3H2LN cells are also reported to metsige@ato bone in particular, we check for distantastasis spread
to both bones and lunggx vivo BL imaging of the femur from the same side of phienary tumour confirms no bone
metastasis in case of NSA treated colfBit.. 6C). Further, NSA treated mice also show significatdhyer growth of
lung metastatic nodules than the control grékig. 6D). However, the body weight for both control andatneent
group mice did not show any significant change riuthe treatment periogBupplementary Fig. 6B). Collectively
these results confirim vivo anti-cancer efficacy of NSA as potent drug inlibégainst TNBCs.

4 Discussion

Mounting number of evidences strongly place STAT3he central node of targeted cancer therapy.alPérg to
multiple PTM sites that can initiate STAT3 signaglincurrent scenario demands for a better understgaf this
oncogenic pathway based on which future drug desjgapproach can be modified. Hence, to understaadevel of
interdependent or independent operation of difiei ®hAT3 PTMs, clonal cell library overexpressingldviype or
mutants at respective PTM sites, individually oicombination, are developed. Upon ligand (IL6 orFEGtimulation
cells devoid of Y705 site show that both pS727 E685ac expression increases, indicating that STAd8/ation is
intact. However, in S727A line, only pY705 expressgoes up in stimulated condition and K685 residcetylation
fails to show any induction. Similar is not true 685R mutant, where both pY705 and pS727 activais efficiently
induced despite K685 acetylation loss. These resléarly indicate that phosphorylation of Y705 &%27 STAT3 can
operate independently. Whereas, K685 acetylatidausd to be linked with prior pS727 activation.rffermore, BC
cells devoid of S727 and K685 PTM sites also shigwificantly lower proliferation rate and survivability than either
Wt or Y705F expressing cells. As no such effectelular phenotype was apparent in Y705F mutarityrther affirms
the possibility that canonical pathway is not tledriver of STAT3 mediated biological functions lireast cancer
cells. Assessing the levels of key downstream trgutsonal targets such as Twistl, Socs3, c-MycJ-Mand Bcl-2
indicates that S727 and K685 sites are more impbazer canonical Y705, for executing the trand@imal activity of
STAT3 molecule inside the cells. Except for Cydhif-whose cellular levels can be maintained evemé of the sites
is active or by other common transcription fact@sllectively, these observations clearly spedify important role of
noncanonical pathway in controlling STAT3 activatand downstream functions in breast cancer.
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Previously it was reported that K685 acetylatior?,[38] and phosphoS727 can independently mediateTST
activation and nuclear localization even in theealbe of canonical pY705 [17]. Taking the advantafj@roximity
dependent measurementdafnovo dimer formation, we developed live cell BRET-phiosgylation assay to define the
role played by different STAT3-PTM marks. This ietfirst time, this study evidently shows that pB7hd pS727
independently mediates STAT3 activation, leadinggalimerization in live cell. In cells with S72@ss, either alone
(CI3) or in combination with other mutants (CI50i78), drastic abrogation in BRET signal indicgpescise loss of the
proximity between the STAT3 molecules. Further,emcbndition where cells are incubated with a l@a@l3 fails to
show improvement in molecular proximity, but Y7@s3$ (CI2) or K685 loss (Cl4) alone can still shdficeent dimer
formation. The observations made by BRET basedsaswnt are further supported by co-IP experimemrevis727A
mutant clearly shows reduced dimerization All thed®servations point out critical role of pS727 \aatiion in

controlling dimerization of STAT3 upon ligand trigg

Based on convincing data gathered for independentenof pS727 mediated STAT3 activation, we nexiidiet to
validate this observation at the patient level. \8ng number of evidences strongly point toward #ssociation of
STAT3 with ER negative tumours [10, 11]. Therefore, decided to validate our observations in TNB&ssti of breast
cancer cases. By performing IHC analysis for tqig€l/27 and pY705 STAT3 in 76 paired core biopsy@ost NACT
TNBC cases, astonishingly high incidence and espwasof pS727 in STAT3 positive cases (86%) intigws for
further investigation of the underlying biology abncanonical mode of operation in TNBC. As phosphi®A
expression is correlative to protein activation7 B dominance over its canonical counterpart pYT@%ns important
evidence for noncanonical mode of STAT3 operatiorthis subtype. In contrary, absence of pY705 ang®r27
expression in luminal and Her2 high cases (N=1@xjgected, as the expression of total STAT3 iseitlegative or low
positive (data not shown). However, conductingrgdescale analysis across all subtypes of breasecas important to
draw any conclusion. Considering the major rolé&s®AT3 in immune regulation a positive associatietizen total
STAT3 and pS727 expression is seen with stromabturimfiltrating lymphocytes (sTIL) [>30% sTIL] ipost NACT
samples. This observation is in accordance to pusly published reports where an independent astsmtibetween
pSTAT3 expression and tumor infiltrating lymphoc/ie observed [39, 40]. However, presence of imnuatis in the
tumour tissue does not necessarily indicate thet #ne active. The immune suppressive and tun@oamvironment
modulatory functions of STAT3 can inactivate tunagsociated immune cells to cause their functioaalndregulation
[41]. Future studies are required in this directionfurther explore the immune modulatory role aGfAS3 in the
microenvironment of breast cancer tumours. ApastnfrsTIL, both total and pS727 STAT3 also showeditpes
association with miotic score in pre- and post-NA€Imples. Being a key player in centrosome dupdicatigh
mitotic cell count in STAT3 positive tumours is @lfustified [42]. Taken together, these clinicaketyations point
towards an important and dominant functional rdlp®727 STAT3 PTM site in TNBCs.

Based on the above evidences, it is now perceikat for complete inhibition of STAT3 activity tatigg both
canonical and noncanonical arm is essential. Horyelre current drug screening strategy for STATignprily targets

pY705 specific inhibition and not pS727 activati@3-46]. Towards finding a solution to this probleme also test
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verify two known STAT3 inhibitors — Stattic [47] dnNiclosamide [48, 49]. Ouim vitro test results show that
Niclosamide is more potent than Stattic, as it@fely inhibits both activation marks of STAT3.ijgY705 and pS727,
reduces STAT3 dimerization ability and thus abregdhe cell survival significantly. This drastidfeience in STAT3
inhibitory activity between Stattic and niclosamickn be attributed to their specific mode of acti@tattic is a small
non-peptide molecule that prevents the bindingTA B3 SH2 domain with the activated receptor (pTtif) and thus
inhibits its dimerization and DNA binding ability4T]. Inhibition of STAT3 by this mechanism majorblocks
activation of its pY705 residue, however the pSsie is still activated by multiple other kinasexdted in the
cytoplasm such as MAPK (mitogen activated kinases)un, PKCé (protein kinase C delta) and CDK5 (Cyclin-
dependent kinase 5)[50], that are unaffected bitiStAlSA on the other hand, not only blocks pY&@Sivation but it
also targets other cellular signaling pathways.[5¥¢ believe that NSA with its multipath targetiagility is able to
block multiple downstream kinases responsible f&73¥ activation thereby causing dual inhibition TAT3
molecule. Further, in preclinical study, NSA traant of the orthotopic mammary tumours show sigaift retardation
in the primary tumour growth. Alongside NSA treatrhalso demonstrates reduced frequency and groingboondary

nodule in distant organs, such as bone and lungstenb0% or lesser BLI signal is noticed.

5 Conclusion

In conclusion, the present work provides both clhiand experimental evidences for dominant modepefation by
noncanonical STAT3 pathway in breast cancer. Adiingsthe issue at bench, an in-depth molecularfandtional
basis is established showing that at least S727TSTAIM plays an independent and pivotal role in $BActivation,
dimerization and thus promoting its oncogenic afstin BC and more specifically in TNBCs. Therefpne future IHC
based profiling to determine whether canonical @amaanonical arm is actively operating will hold tkey for patient
stratification and treatment success. In this diec we also show that anti-helminth drug Niclog@gencan be
repurposed as a targeted therapeutic agent thaificigtly inhibits both STAT3 PTM functiongFig.7). We also
believe that with the help of the robust cell-baseening platform developed by using STAT3 phosghtion BRET
sensor, it will provide an opportunity for high daighput screening of drug libraries to discover mevdentify existing

molecules (like niclosamide) with potential STATRiibitory action.
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Figure L egends

Fig. 1. Independent activation of canonical and noncanonical STAT3 pathway. (A) Schematic representation of expression
plasmids showing Nanoluc fusion with Wt—-STAT3 ar RTM specific mutant{B) Live cell luciferase activity of stable MCF7-
Nluc-STAT3 variant constructs done by adding furdina substrate in 96-well plates seeded with 5K Hdid cells/well. Bottom
graph represents average radiance value calcdtatedch samplgC) Immunoblot showing intact fusions of Nluc-STAT 3rieants

in MCF7 stable cells (3’'UTR STAT3 KD background)oped for total, pY705, pS727 and K685ac STAT3 usapgcific
antibodies(D) Immunoblot representing differential pattern ofAAB activation (pS727, pY705 and K685ac) acrosstal PTM
mutants, in response to 2h treatment with IL6 (18hgor EGF (100ng/ml)(E) Bar graphs represent densitometric analysis of
normalized band intensities for western blots shawi.

Fig. 2. Effect of STAT3 PTM mutants on downstream functional and transcriptional activity in M CF7 cells. (A) Quantitative
analysis of percent EdU incorporation in MCF 7 SBATutant construct expressing cells, after 16mofibation with EdU (n=250
cells).(B) Clonogenic cell survival assay of STAT3 Wt and amitconstructs. Photograph of representative Watepvith colonies
that appeared post 14 days of culturing. Graph stexgrage number of colonies counted with respetttet parent MCF7 cell§¢C-
F) Charts representing downstream target gene expnegss baseline MCF7, Wt and PTM mutant overexpgresslones for
TWIST1(C), SOCS3ID), c-Myc (E) and Mcl-1 F). Graphs represent mean value, error bars repre&dt Significance levels are
indicated as *p<0.05, ** p<0.01, *** p<0.001 and nen-significant.

Fig. 3. STAT3 phospho-BRET sensor to study STAT3 dimerization in live cell. (A) Schematic representation of STAT3 BRET
sensor. STAT3 is fused with Nanoluc donor and TER®GB5 acceptor. In the presence of ligand as STdiff&rizes, the energy
released from catalysis of furimazine substrateNlayoluc enzyme is successfully transferred to TEHR&B5 acceptor protein
located in the closest proximity (<10 nm). As aufesTurboFP635 is excited and we get two resulpaaks, one in donor filter and
other one in acceptor filter (640 nm). While in tidesence of ligand, donor and acceptor molecutefuather apart from each other,
preventing the energy transfer to the acceptoreprand thus resulting in only donor signal. 3D eloof full length STAT3 was
developed using i-Tasser in-silico protein struetprediction software. The best model with highesicore was selected for
schematic representation of the STAT3 BRET sensitr mvodelled N-terminal domairiB) Library of PTM mutants developed for
STAT3 BRET vectors, where either individual resiglwg a combination of them are mutated as indichied or — sign against
each.(C) Co-immunoprecipitation to verifin vitro STAT3 dimer formation. Pull down was done usingi-anrboFP antibody
followed by probing with anti-Nanoluc and anti-TofP antibody. Positive control is cell lysate fraduc-STAT3 (Wt)
overexpressing MCF7 cell§D) Graph representing relative intensity of pull-doband normalized with input contrdE) BRET
Ratio (milli BRET unit) determined from CI1-8 celis absence or presence of 10ng IL6 ligaff). Wt and single mutant clones
(Cl1-4) are further tested for respective BRETaati absence or presence of 100ng EGF ligand. €hepresent mean value of
triplicate measurements, Y-axis error bars repteS&m. Significance levels are *p< 0.05, **p< 0.G%*p< 0.001 and ns as non-
significant.

Fig. 4. pS727 STAT3 predominates over pY705 STAT3 in TNBC cases. (A) IHC photomicrographs of pre- and post-NACT
TNBC cases DAB-stained for total STAT3, pS727 ad@b STAT3. An oral cancer tissue section was wed positive control
for total STAT3 and pY705 STAT3, while a TNBC casas used as a positive control for pS727 stairthogle bar represent 1004.
(B) Distribution of Allred scores (0-8) for total, 05 and pS727 STAT3 expression in all 76 pre- asl-DACT TNBC samples.
(C) Similar distribution of digital scoring (0-3) BAC Profiler method for the same cohort.
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Table 1. Pearson’s correlation analysis for expressiototall STAT3 with pS727 or pY705 in core biopsy gubt NACT samples
analyzed using two different scoring methods (IHGfifer and Allred scoring).

Fig. 5. Effect of Niclosamide and Stattic treatment on STAT3 inhibition. (A-B) Western blot of MDA MB 231 cells treated with
Stattic (5, 10 and 20uM) for 24h or with NSA (2 ahdM) for 2, 4, 8 and 12h. Cell lysates were pregand levels of total STAT3,
pS727 and pY705 STAT3 was determined using speaiftibodies(C-D) Charts showing milli BRET ratio obtained from MDA
MB 231 STAT3 BRET cells after 12h of Stattic or N$#atment in presence or absence of EGF (100gghdi stimulation(E)
Chart represents clonogenic survival result foebas and STAT3 KD MDA MB 231 cells in absence oegence of the inhibitor
drugs. F) Chart represents clonogenic survival assay rdsulMCF7 Wt and PTM mutant clones in response daa¢ amount
(5uM) of Stattic and NSA drug treatment. Each greggresents mean = SEM. Significance levels are(08, **p< 0.01, **p<
0.001 and ns as non-significant.

Fig. 6. Niclosamide inhibits primary tumour growth and reduces distant organ metastasis in MDA MB 231 orthotopic
xenogr aft model. (A) Representative non-invasive BLI images of conamdl NSA treated female SCID mice (50mg/kg, i.p @out
for consecutive 21 days) implanted with luciferkeeelled MDA MB 231-LucD3H2LN cells. Imaging wasm®on every 7 day of
the treatment by injecting D-luciferin (3mg vigiroute). Yellow arrowheads indicate primary tumtmagation on mammary fat pad
and arrow indicates distant metastasis appearBtlimaging. (B) Quantitative analysis of BLI signal (average radgnfrom both
control and treatment group. Significance levelpg¥*0.001. C) Representativex vivo images of excised lungs of mice for both
control and NSA treatment groups. Bar graph remtssaverage signal measured from respective l(bDyRepresentativex vivo
images of excised femur bone of mice for both adrend NSA treatment groups. Bar graph represerdgsage signal measured
from respective bones. Charts represent mean + SEM.

Fig.7. Schematic illustration for alternative therapeutic approach to target STAT3 positive TNBC tumours. The two alternate
pathways — canonical pY705 and noncanonical pS@@dwed by K685 acetylation, can independently\ateé STAT3 molecules
to form a stable homodimer. Thus, targeting STAT3blocking these two arms is essential for treatna@proach to inactivate
STATS signaling in tumours. Taking the example MNBIC subtype of BC cases studied here, noncano&€&lT3 activation
(pS727/K685 Ac) is predominant than the classiealonical path (pY705). Treatment with inhibitoreeliStattic primarily blocks
the canonical activation without affecting the pB#fark. Hence STAT3 signalling still remain actiged resulting treatment
failure. Whereas, as the study results detailirey rtiechanism of drug action revealed here, candglath as Niclosamide can
effectively blocks both pS727 and pY705 and thus/jole better therapeutic efficacy.
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Table 1. Pearson’s correlation analysis for expressiotot#l STAT3 with pS727 or pY705 in core biopsy
and post NACT samples analyzed using two diffesenting methods (IHC profiler and Allred scoring).

CoreBiopsy samples

Post NACT Samples

Samples N Pear son p Value N Pear son p Value
Correlation Correlation
Coefficient (r) Coefficient (r)
(IHC Profiler M ethod)
Total STAT3 76
Vs. pS727 0.4985 0.0005 58 0.5497 0.0005
Total STAT3 76 58
Vs. pY 705 0.187 0.09 0.129 0.337
(Allred Scoring Method)
Total STAT3 76
Vs. pS727 0.4987 0.0005 58 0.4776 0.0006
Total STAT3 76 58
Vs. pY 705 0.2086 0.0808 0.2342 0.1091
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