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As indicated by the name of “ triple negative” that comes from the lack of
three common drug targets, most cancer drugs are not effective for triple negative breast cancers
(TNBC). In this this study, we developed a light-responsive nanoparticle (NP) based on rational
design and modification of covalent organic framework (COF) which is a new class of polymeric
materials. The COF NPs are able to initiate cellular Ca2+ influx through photothermal activation of
transient receptor potential vanilloid 1 (TRPV1) channels, and consequently inhibit Wnt signaling
pathway that is essential for TNBC survival. The results indicate COF NPs are potentially useful as
a novel photo-agent for TNBC treatment.
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Triple negative breast cancer (TNBC) is one of the most challenging cancers to treat. It is called as triple
negative because it doesn’t have three markers associated with other types of breast cancer, which are
important for prognosis and treatment. Wnt signaling might be a potential therapeutic target because it is
particularly activated in TNBC. However, disruption of Wnt signaling in non-cancerous cells also
influences normal cellular functions. Therefore, traditional Wnt interfering agents with insufficient
targeting ability may cause severe side effect.

Nanomaterials have potentials to manipulate cellular activities by specific targeting photothermal sensitive
Ca®* channels. Transient receptor potential vanilloid 1 (TRPV1) is a calcium-permeable ion channel best
known for its ability to control many cellular processes via Ca2* modulation. TRPV 1 channels are activated
by heat (>43 degrees C) and are overexpressed in numbers of tumor types including TNBC. Emerging
evidenceindicatesintracellular Ca?* overload resulted from TRPV 1 activation compromises Wnt signaling.
Therefore, developing TRPV 1-targeting nanoparticles (NPs) that covert light energy to heat for Ca?* influx
induction could be a promising therapeutic option for treating TNBC. Furthermore, the light-guided
activation of TRPV 1 channels can limit Wnt-mediated therapy only on TNBC without harming normal
tissues.

TNBC is an aggressive disease that grows quickly and metastasizes early. There are no effective therapies
for TNBC, so new strategies are needed. The goal of this project isto meet this need using light-activatable
NPs that can optically control TNBC-associated signaling transductions on demand. Specific goals of this
study include: (1) design and functionalization of NPs for TRPV1 targeting, (2) elucidate the molecular
mechanism of action of these NPs by studying their interaction with TNBC cells, and (3) validate whether
they can safely prevent the growth of TNBC under light irradiation.

This study started from synthesis of light-harvesting NPs, followed by surface functionalization for TRPV1
targeting. Live cell imaging was conducted to investigate NPs’ effect on TRPV 1 activation triggered by
near infrared (NIR) light (785 nm). Treatment conditions (such as NPs concentration, light intensity,
irradiation time, etc.) were optimized to avoid over-heating the cells while initiating Ca2* influx. The
subsequent impacts on Wnt signaling was studied using TNBC cells (MDA-MB-231). After finding out
mechanism of interaction between light-driven NPs and Wnt signaling, the therapeutic performance of NPs
was determined by examining the viability of TNBC cells after the treatment.

(1) Construction of light-activatable COF NPs COF
Due to the pre-designable optical properties, covalent organic e *

framework (COF) holds a great promise in optical control of cellular | Light-harvesting
functions. Several nanostructured COF containing light-absorbing unit
units were synthesized by solvothermal method, and evaluated for
light-to-heat conversion efficiency (785 nm laser, 5 min). Among them,
a porphyrin-based COF NPs showing best performance was selected \\ r/i/

for further modification with TRPV1 antibody ( 1). The resulted ~
nanoconjugates showed good water dispersibility with an average size | TrRpv1 antibody 1
around 140 nm.
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(2) Targeted Ca* influx by light irradiation 1. COF NPs

TRPV 1-enriched and -compromised cancer cells were established for comparing the antibody-mediated
targeting efficiency of COF NPs. To examine whether light-induced COF NPs is able to activate TRPV 1
Ca?* channels, a Ca?* indicator plasmid (GCaMP6) was transfected into TNBC cells (MDA-MB-231). The
stably established cells were subsequently incubated with COF NPs, and subjected to live cell imaging for



in situ Ca?* detection. The results showed arobust increase in fluorescence signal after NIR light irradiation
(2, suggesting light-driven COF NPs are capable of inducing Ca?* influx in TNBC cells.
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(3) Molecular analysis of Wnt signaling in TNBC

B-catenin, the main effector of Wnt signaling, was investigated using COF NPs-treated TNBC cells.
Western blotting and luciferase reporter assays showed that, light-induced cellular Ca?* influx repressed the
activity of p-catenin, and attenuate its nucleus transocation. Consequently, its downstream Wnt target
oncogenes responsible for TNBC growth were inhibited after thistreatment ( 3).
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(4) Therapeutic evaluation of COF NPs for TNBC

To investigate the anticancer effect of COF NPs, TNBC cells were incubated with COF NPs for 6 hours,
and exposed to NIR light for 5 min. Cell viability was evaluated by WST-8 assay after further incubation
of 24 hours. In addition to TNBC cells, normal fibroblasts (MRC5) was also used to confirm the safety of
COF NPs for non-cancerous cells. As shown in 4, COF NPs-treated TNBC cells showed significant
reduction in viability upon NIR light irradiation, whereas normal cells showed negligible decrease. Of note,
COF NPsalone (without light) did not affect the survival of both cells, suggesting COF NPs haslow toxicity.
Collectively, above results indicate light-induced COF NPs is able to kill TNBC through interfering Wnt
signaling.
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