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ABSTRACT

Breast cancer is a highly heterogeneous disease with dynamic changes in
the tumor microenvironment. Precision medicine will in the future provide the
possibility to treat each individual cancer patient with the right (combination)
therapy specifically tailored to personal needs. However, in order to accomplish this,
more accurate biomarkers for precise diagnosis, prognosis, therapy response, and
target-specific drugs are required. Although an increasing number of (epi)genetic
driving alterations have been reported in breast cancer, the major stumbling block
for clinical application of many of them is that they are difficult to therapeutically
target. Deubiquitinases (DUBs) are emerging drug targets that play important roles
in cancer progression. Hence, we devoted our efforts to uncover the global DUB
activity landscape of breast cancer in order to discover potential novel biomarkers
or therapeutic targets. We developed a specific DUB activity-based inhibitor and
probe and applied it to obtain new insights into breast cancer.

INTRODUCTION the treatment of advanced breast cancer patients.
DUBs are a large group of proteases that play
important role in ubiquitin system by removing the
covalent attachment of a 8.5 kDa protein, called
ubiquitin from proteins and other molecules. Ubiquitin
conjugation can regulate the stability, activities and/
or subcellular localization of substrates [4]. More than

histological and molecular characteristics: triple- 100 human DUBs have been identified and classified
negative, human epidermal growth factor receptor into seven evolutionarily conserved families, over

2 (HER2)-eprlched, lummal. B-like HER,Z p051t1ye, 90% of them are cysteine proteases containing the
luminal B-like HER2 negative, 'rfmd lumm.al A-like catalytic triad [5]. The well-defined active sites and
[2-3]. Among all th? subtypes, triple negative breast catalytic common feature render DUBs to become
cancer (TNBC), which lacks estrogen receptor (ER), attractive targets to develop activity-based probes

progte;lsteronet rectepttorf (PR)d arllld 1 IHEI,U exiiessmn% (ABPs) and inhibitors [6]. The fluorogenic ABPs enable

are the most metastatic and challenging su eo . . .

breast cancer to treat. Metastasis isg‘[hég mainysause -qulc.k clinical samples profiling and they can .be used
: in high-throughput drug screens [7]. The biotinylated

011: death .m brgast canc.e;r with thti]e to hnoh curable ABPs allow accurate quantitative profiling of precious
therapeutic optloEs untt n?w. ¢ 9ugl ¢ dere arei clinical samples when they are combined with mass-
some treatments that can prolong survival and contro spectrometry (MS)-based proteomics [8].

treatment-associated toxicity, almost all the patients Using these powerful tools, we established two

Yrvlllth rlrcletastatlc brle?a§t clancer Wlllfdlle ml 2-3lyears [3]. platforms to perform DUB activity screens in 52 breast
eretore, more clinical meaningiul moiecular targets cancer cell lines that encompassed all the subtypes,
and specific low-toxicity drugs are urgently needed for

Breast cancer is still the most prevalent cancer
among woman worldwide, approximately one in eight
women will develop breast cancer during their life
[1]. As a highly heterogeneous disease, breast cancer
has been classified into five subtypes based on the
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and 52 breast cancer patients tissues that included ER
positive and negative subtypes [9]. In one platform
we used 5-carboxytetramethylrhodamine (TAMRA)-
ubiquitin-vinyl methyl ester (VME) ABP, which is
labeled on the N-terminus with a TAMRA fluorescent
dye and equipped with a reactive carboxy (C)-terminal
VME warhead (Figure 1A). In the other parallel DUB
activity profiling we employed Biotin-ubiquitin-
VME ABP combined with liquid chromatography
(LC)/MS-MS analysis (Figure 1B). TAMRA ABP is
like a Polaroid which can take a snapshot of global
DUBs activity landscape, while Biotin ABP is like a
microscope that can provide high-resolution photos of
each DUB.

Based on two DUB activity screens, we identified
ubiquitin carboxy-terminal hydrolase L1 (UCHL1) as
a highly active DUB in TNBC cell lines and biopsies
from ER negative breast cancer patients. In subsequent
studies using mice and zebrafish xenograft breast
cancer invasion/metastasis models, we were able to
ascribe a metastasis-promoting function to UCHLI.
Mechanistically, we found UCHLI1 could promote the
transforming growth factor-p (TGFB)-SMAD canonical
signaling pathway by protecting the cell surface TGFf
type I receptor and its downstream intracellular effector

SMAD?2 from proteasomal degradation. We further
synthesized a specific small molecule UCHLI1 activity
inhibitor and demonstrated its powerful inhibitory
effect on TGFB/SMAD-induced signaling responses and
TNBC metastasis. Besides, we detected significantly
higher UCHLI level in the serum of TNBC patients
than healthy donor samples. UCHL1 was detected in
vesicles secreted by cells called exosomes. We are now
working to develop a specific UCHLI activity probe that
can be used to obtain more mechanistic insights into
UCHLI1 function and as biomarker. Our overarching
aim is to translate our fundamental discovery into
clinical application to improve the life quality of breast
cancer patients.
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Figure 1: Schematic overview of DUB activity profiling with ABPs in breast cancer.
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