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Abstract

Although proteolysis targeting chimeras (PROTACS) have become promising therapeutic
modalities, important concerns exist about the potential toxicity of the approach owning to
uncontrolled degradation of proteins and undesirable ligase-mediated off-target effects. Precision
manipulation of degradation activity of PROTACs could minimize potential toxicity and side
effects. As a result, extensive efforts have been devoted to developing cancer biomarker activating
prodrugs of PROTACSs. In this investigation, we developed a bioorthogonal on-demand prodrug
strategy (termed click-release ‘c/PROTACS’) that enables on-target activation of PROTAC
prodrugs and release of PROTACS in cancer cells selectively. Inactive PROTAC prodrugs
TCO-ARV-771 and TCO-DT2216 are rationally designed by conjugating a bioorthogonal #rans-
cyclooctenes (TCO) group into the ligand of the VHL E3 ubiquitin ligase. The tetrazine (Tz)
modified RGD peptide, (RGDyK)-Tz, which targets integrin a3 biomarker in cancer cells,
serves as the activation component for click-release of the PROTAC prodrugs to achieve targeted
degradation of proteins of interest (POISs) in cancer cells versus noncancerous normal cells. The
results of studies accessing the viability of this strategy show that the PROTAC prodrugs are
selectively activated in an integrin a.,p3-dependent manner to produce PROTACs, which degrade
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POls in cancer cells. The ¢c/PROTAC strategy might be a general, abiotic approach to induce
selective cancer cell death through the ubiquitin-proteasome pathway.
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INTRODUCTION

Emerging proteolysis-targeting chimaeras (PROTACS) exploit cellular quality control
machinery to selectively degrade target proteins including those that are undruggable

such as transcriptional factors and scaffold proteins.1~* PROTACs, which do not rely

on occupancy-driven pharmacology, offers unparalleled advantages over traditional small-
molecule inhibition strategies because they can be designed to degrade protein targets in

a sub-stoichiometric, catalytic fashion and overcome drug resistance.> However, toxicity
arising from degradation of proteins in healthy cells and undesirable ligase-mediated
off-target effects could limit clinical applications of PROTACs.5~7 To address these

issues, PROTAC prodrugs have been devised to be selectively delivered and/or activated

at the tumor sites. These prodrugs rely mainly on tumor biomarkers8, such as tumor
microenvironment,? folate,10 and aptamers.11 However, these approaches are plagued by
several issues including activation before the prodrug enters cancer cells. Moreover, protein
receptors are rarely tumor cell specific and in many cases the expression level between
cancer and normal cells is not significant.12-13 Additionally, mutation of protein receptors
that brings about therapeutic resistance enhances the vulnerability of these targeting
approaches in treating cancer.14-16 In addition, highly selective antibody-drug conjugates
(ADCs) have also been applied in new PROTAC based methodologies.1’~22 Unfortunately,
the use of antibodies suffers from drawbacks including high production cost, receptor
saturation, poor solid tumor penetration and severe immunogenicity.23 In addition, each
mADb developed is applicable to only a certain types of cancer because the targeted protein
receptors are cancer type selective. Abiotic light-activatable PROTACs have been devised to
achieve spatiotemporal regulation of PROTAC activation.24-29 Nevertheless, methods based
on this strategy are limited to cancer types that have light accessibility and in some cases,
and they sometimes require the use of UV light irradiation that can promote undesired tissue
damage.
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Bioorthogonal-activatable prodrug-based methods have promise because they enable precise
delivery and abiotic activation of drugs.3%-33 The high reaction rate, and the excellent
bioorthogonality and biocompatibility enable the tetrazine (Tz) and frans-cyclooctene
(TCO)-engaged inverse-electron-demand Diels-Alder (IEDDA)3441 to proceed efficiently
in complex biological context. As a result, TCO-caged prodrugs have attracted the attention
of medicinal chemists, who have been the first to utilize TCO-caged prodrugs in clinical
studies of anticancer drug delivery in human.*2-44 However, studies of the prodrug strategy
have focused mainly on caging and releasing cytotoxic agents, while applications to the
delivery of PROTACs has not been reported.4> Moreover, because the Tz components
devised to date lack targeted delivery and activation capacities, they need to be utilized
generally in excessively large amounts that can result in side effects.

aP3 Integrin is one of the most well-studied targets for drug delivery into cancer cells
because of its highly expressed on surface of certain cancer cells and the key role it plays
in cell invasion and proliferation during tumor vascular remodeling and angiogenesis.*6-
48 As such, the a3 integrin-targeting strategy has been used for decades for tumor
imaging and diagnosis, as well as cancer-targeted drug delivery.#%-51 These features
stimulated us to incorporate the a,B3 integrin binding ligand ((RGDyK)>2 in the design

of the tetrazine containing conjugate (RGDyK)-Tz for selective activation of TCO-caged
PROTAC prodrugs in cancer cells. We believe that this approach would enable controllable
targeted degradation of a protein of interest (POI) and minimize potential toxicity to normal
tissues (Figure 1A). Toward this end, we designed TCO-PROTACs, TCO-ARV-771 and
TCO-DT2216, which possess the TCO moiety on hydroxyl group of the well-studied
VHL-based PROATCs, ARV-7717 and DT2216 (Figure 1B).53-55 We anticipated that these
prodrugs would be stable and bioorthogonal to biological systems and that they would be
selectively activated by IEDDA reaction with (RGDyK)-Tz. This process would release
the corresponding ARV-771 and DT2216 in cancer cells to recruit endogenous VHL E3
ubiquitin ligase to ubiquitinate a POI for subsequent degradation in the proteasome (Figure
1A).

RESULTS AND DISCUSSION
Design and synthesis of TCO-ARV-771 prodrugs and a3 integrin targeted c(RGDyK)-Tz.

As described above, we envisioned that incorporation of the TCO moiety into PROTACS
would generate the bioorthogonal PROATC prodrugs. Critical to the viability of this
approach is that introduction of the TCO moiety should abolish the degradation activity of
the PROTAC. Moreover, to ensure that the TCO-PROTAC design is generally applicable,
we proposed to install the TCO group into a widely used E3 ubiquitin ligase VHL
ligand.>6 Importantly, the critical role played by the hydroxyl group in the VHL ligand

and in recruiting VHL E3 ubiquitin ligase®>’~58 was demonstrated in previous studies that
show that caging the —OH group in this ligand with folatel® and aptamers!! blocks its
degradation promoting activity. These observations guided design of a TCO caged PROTAC
in which the TCO moiety is linked via a carbonate group to the hydroxyl group of the
well-studied VHL-based bromodomain (BRD) degrader, ARV-771 (Figure 1B). The results
of molecular docking studies with the TCO-caged ligand suggested that this modification
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would dramatically decreased the interactions with residues in the binding pocket of the
VHL protein (Figure 1C and Figure S1). It is expected that the TCO-ARV-771 should be
inactive and stable in biological media, whereas it can be bioorthogonally activated by Tz to
trigger release of ARV-771 degrader. In previous described studies, the Tz component of the
TCO prodrug activator are not cancer selective. To achieve cancer cell selective activation in
the approach, we designed the Tz moiety is conjugated with the a3 integrin binding ligand
ARGDyK) through a PhMeTz linker chosen because of its balanced stability and reactivity
and easy preparation (Figure 1A and 1B).*! To explore the viability of the approach
described above, (RGDyK)-Tz and TCO-ARV-771 were synthesized, characterized and
employed in the following biological studies (Scheme S1 and S2).

In vitro study of click-release of TCO-ARV-771 and fluorescence imaging of c(RGDyK)-Tz in
ayPs integrin expressed Hela cells.

To demonstrate the click-release capability of the newly designed TCO-ARV-771 (1.0 mM),
its IEDDA reaction with (RGDyK)-Tz (5.0 mM) was carried out in a pH 7.4 phosphate
buffer. Real-time monitoring using UFLC (Ultra Fast Liquid Chromatography) showed that
TCO-ARV-771 was almost completely consumed within 30 min in this process (Figure
S2A), and that ca. 62% of consumed substance was converted to ARV-771. The rate of this
reaction was determined using the reported UV-Vis spectroscopic method by monitoring
changes in the absorption intensity of the 330 nm band with 5.0 uM of TCO-ARV-771

and 50 uM of o(RGDyK)-Tz.5 The IEDDA reaction takes place rapidly in association

With Kops = 2.1 x 1072, t1, = 32.78 s, and ky = 420 M~1s71 (Figure S2B). This finding

is consistent with the results arising from UFLC monitoring of the process. Finally, the
stability of TCO-ARV-771 and (RGDyK)-Tz were determined using UFLC, and separated
incubation of each substance in cell culture Dulbecco’s Modified Eagle Medium (DMEM),
which contains 10% Fetal bovine serum with UFLC. The results show that TCO-ARV-771
and o(RGDyK)-Tz are stable over 3 h, a period that is more than sufficient to completion of
the click-release process (Figure S3).

As indicated above, (RGDyK)-Tz is designed to selectively deliver the corresponding
PROTAC to cancer cell via cancer cell surface integrin. To validate this proposal, the
fluorescence imaging studies were conducted in HelLa cells that overexpresses a3
integrin.®0 After optimization of pre-incubation time, we chose to pre-incubate o(RGDyK)-
Tz (500 nM) for 3 h in HeLa cells, then fluorescence imaging probe TCO-Cy5 was added
and incubated for 15 min, washed before being subjected to fluorescent imaging. The results
revealed that the ((RGDyK)-Tz treated cells exhibited a red color associated with Cy5
(Figure 1D). In contrast, cells treated with DMSO or the control (RGDyK) ligand did not
exhibit fluorescence. In addition, the cell imaging method was used to probe HS-27 (normal
cell, low expression of a, B3 integrin) and MDA-MB-231 (breast cancer cell, overexpression
of a,P3 integrin). Red colored fluorescence was observed in images of (RGDyK)-Tz
treated MDA-MB-231 cells but very weak emission arose from treated HS-27 (Figure

S4). These observations suggest that (RGDyK)-Tz selectively and efficiently enters a3
integrin overexpressing tumor cells.
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BRD4 degradation in HeLa cells and cell viabilities promoted by bioorthogonal activation
of TCO-ARV-771 with c¢(RGDyK)-Tz.

Having demonstrated that (RGDyK)-Tz capable of a3 integrin dependent entry into
Hel a cells, we next tested the capability of TCO-ARV-771 to undergo click-release of

the PROTAC, ARV-771. HelLa cells were incubated with RGDyK)-Tz for 3 h, then then
washed by PBS buffer, followed by the addition of TCO-ARV-771 for a specified time

with different concentrations of both reagents. We found that, as predicted, TCO-ARV-771
itself does not possess the ability to degrade BRD4 in HeLa cells at concentrations in

the range of 100-400 nM (Figure 2A). However, treatment of the cells containing 0.4

UM TCO-ARV-771 with various concentrations (0.4-2.0 uM) of (RGDyK)-Tz induced
degradation (Figure 2B). At a concentration of 0.4 uM TCO-ARV-771 used, q(RGDyK)-Tz
elicited concentration-dependent degradation of BRD4 with complete degradation at 1.0 pM
ARGDyK)-Tz (3 h, pre-treatment) (Figure 2B). Notably, comparable degradation activity
was observed at the same concentration of TCO-ARV-771 prodrug (0.4 uM) and parent drug
ARV-771 (Figure 2B, C). This implies that the Tz-mediated click-release drug strategy was
able to deliver and activate the active drug ARV-771 highly efficiently. We then conducted
the experiments by varying the concentration of TCO-ARV-771 with 1.0 yM ((RGDyK)-Tz
(3 h, pre-treatment). Again, complete degradation of BRD4 could be achieved at 0.4 uM
TCO-ARV-771 (Figure 4D). Finally, assessments of Hela cell viabilities showed that TCO-
ARV-771 prodrug and q(RGDyK)-Tz have much lower cell killing propensities with I1Cg:
4.45 uM and >10 uM, respectively (Figure 2E). However, cells treated by both substances to
promote the c/PROTAC process have cytotoxicities (ICsq: 389 nM) that are similar to those
of ARV-771 (ICsq: 466 nM). Taken together, these observations validate the proposal that
protein degradation is dependent on the presence of both TCO-ARV-771 and (RGDyK)-Tz,
that the Tz-mediated click-release of ARV-771 from TCO-ARV-771 is highly efficient, and
that supported that our the c/PROTAC strategy enables efficiently activation and release of
ARV-771 in the a3 integrin highly expressed HeLa cells.

Degradation of BRD4 by ARV-771 produced from the bioorthogonal reaction of TCO-
ARV-771 with RGDyK)-Tz is believed to take place via the ubiquitin-proteasome
pathway involving ubiquitination and subsequent proteasome degradation. Experiments
were performed to confirm this proposal. Specifically, HeLa cells treated with 1.0 uM
ARGDyK)-Tz, incubated for 3 h, washed with PBS, and then incubated for 16 h with either
TCO-ARV-771 at various concentrations, ARV-771 and DMSO as control. As described
above, 0.4 uM TCO-ARV-771 promoted a level of BRD4 degradation which matches that
caused by ARV-771. The results revealed that when the concentration of TCO-ARV-771
was 0.4 uM, the BRD4 protein was degraded efficiently at a similar level to that with
ARV-771, and no degradation was observed with DMSO (Figure 3A). However, when the
proteasome inhibitor MG-132 was present, BRD4 protein was not degraded (Figure 3B).
Furthermore, degradation was reduced significantly when the HelLa cells was first treated
with the free VHL ligand, because the VHL ligand competed with generated ARV-771
for ubiquitination (Figure 3C). In a control experiment, co-treatment (RGDyK) peptide,
which does not contain the tetrazine group, with TCO-ARV-771 did not induce BRD4
degradation (Figure 3D). The studies show that ARV-771 formed by ¢/PROTAC process
promotes protein degradation via the ubiquitin-proteasome pathway.

JAm Chem Soc. Author manuscript; available in PMC 2024 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Page 6

Selective degradation of BRD4 in other a3 integrin highly expressed cancer cells.

We have shown that the bioorthogonal on-demand and on-target strategy described above
selectively activates TCO-ARV-771 prodrugs in a.,f3 integrin overexpressed HeLa cells to
release the active PROATC ARV-771 for degradation of BRD4 proteins. To demonstrate
the generality of this selective delivery and activation of approach, our studies focused

on U87 and MDA-MB-231 cancer cell lines, which overexpress a3 integrin as well
(Figure S7).51-63 In this effort, low a.,B3 integrin expressing normal fibroblast HS-27 and
WI-38 cells were used as controls (Figure S7).84-65 The same protocol used in HeLa cells
was employed in both tumor and normal cell lines. Incubation of U87 cells with 0.4 uM
TCO-ARV-771 and 1.0 uyM o(RGDyK)-Tz gave rise to a BRD4 degradation activity level
that is comparable to that induced by treatment of U87 cells with 0.4 uM ARV-771, and
when HelLa cells were treated in the same manner (Figure 4A). In the absence of TCO-
ARV-771 or 1.0 uyM ((RGDyK)-Tz, no BRD4 degradation occurred. Similar observations
were made in studies using MDA-MB-231 cells (Figure S5). In addition, blocking a.,p3
integrin by its inhibitor (RGDyK) affected the efficiency of (RGDyK)-Tz uptake,
subsequent click-release event and ultimately degradation activity. Specifically, compared
to MDA-MB-231 cells directly treated with (RGDyK)-Tz, those pretreated with (RGDyK)
and then incubated (RGDyK)-Tz and TCO-ARV-771 displayed a significantly decreased
BRD4 degradation propensity (Figure S5C). In contrast, protein degradation activity was
not promoted in normal cells (HS-27 and WI-38) when they were treated with 0.4 uM
TCO-ARV-771 and 1.0 uM (RGDyK)-Tz. These findings suggest that {RGDyK)-Tz was
not selectively delivered into HS27 or WI-38 cells due to the lack of a3 integrin (Figure
S8), which is believed to play the roles in targeting and drug transport (Figure 4B and
Figure S6). The effective targeted delivery of ARV-771 from TCO-ARV-771 in U87 cells
enabled inducing potent toxicity (ICsg 667 nM), which is comparable to those of cells,
treated directly with ARV-771 (ICgq 345 nM, Figure 4C) and similar to those of HeLa cells
treated in the same manner. In contrast, a significantly lower cytotoxicity (ICsq: 7.58 uM)
was displayed by HS27 cells (Figure 4D). Taken together, the findings demonstrate that the
TCO-tetrazine prodrug strategy can be employed to bioorthogonally and selectively target
and activate prodrugs in the a,p3 integrin-positive cancer cells.

Bioorthogonal reaction of TCO-ARV-771 and ¢(RGDyK)-Tz induces apoptosis in HelLa cells.

Flow cytometry experiments were performed to determine if the bioorthogonal (RGDyK)-
Tz promoted release of ARV-771 from TCO-ARV-771, which induces BRD4 degradation,
causes cell apoptosis. While treatment with only 0.4 uM TCO-ARV-771 showed a low toxic
effect on HeLa cells (Fig. 5A), 13.58% apoptosis of these cells was induced when the cells
were incubated with both TCO-ARV-771 (0.4 uM) and 1.0 pM o(RGDyK)-Tz group (3 h). A
similar high apoptosis level was reached when Hela cells were treated with ARV-771 alone
(Figure 5A and 5B).

Proteomic analysis demonstrating that crPROTAC selectively degrades BRD4 protein.

A quantitative multiplexed approach was employed to evaluate the selectivity of BRD4
degradation promoted by the bioorthogonal ¢/PROTAC. For this purpose, the levels of
cellular protein in the proteome of HeL a cells treated with TCO-ARV-771 or ¢c/PROTAC
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(TCO-ARV-771 + ((RGDyK)-Tz, 3 h) (Figure 6). In contrast to the TCO-ARV-771 treated
cells, those in the c/PROTAC treated group displayed an increase in the levels of 120
proteins and a decrease in the levels of 328 proteins (Figure S8). Moreover, the results
(Figure 6A) showed that the level of BRD4, decreased significantly in the ¢/PROTAC
treated group. In addition, changes occurred in the levels of up/down-stream proteins,
which might be associated with BRD4. For example, we found a decrease took place

in expression level of the BCOR protein, which is an interacting corepressor of BCL-6

that enhances BCL-6-mediated transcriptional repression in cancers.6-68 Furthermore, the
level of thioredoxin-interacting protein (TXNIP) increased the ¢c/PROTAC treated group.
TXNIP, a member of the alpha-arrestin family that prevents proliferation by inducing the
apoptosis signal-regulating kinase 1 enzyme (ASK1).6%-72 The changes detected in these
tumor-related proteins suggest that a potential correlation exists between BRD4 and BCOR
or TXNIP proteins. The significant changes in the protein levels are listed in Figure 6B and
Figure S7. It should be noted that the information gained from this analysis could be used to
better understand the mechanism for degradation of BRDA4.

crPROTAC of TCO-DT2216 and c(RGDyK)-Tz induces Bcl-X| degradation in HeLa cells.

In the final phase of this effort, we demonstrated that the c/PROTAC mediated bioorthogonal
strategy is applicable to other VHL-based PROTACS. For this purpose, we designed and
synthesized TCO-DT2216 prodrug (Figure 7A), which could release DT2216 that is known
to degrade the Bcl-X|_ protein in HeLa cells.>3-55 TCO-DT2216 was synthesized in a
similar manner that one employed to prepare TCO-ARV-771 (Scheme S3). The results of
experiments conducted to examine the prodrug strategy, we found that DT2216, formed

by in cell reaction of TCO-DT2216 with (RGDyK)-Tz, degraded Bcl-X_ as efficiently

as DT2216 (Figure 7B). No degradation activity was observed when the HeLa cells were
treated with (RGDyK) alone. We also confirmed that the produced DT2216 degraded

the Bcl-X|_ protein through the ubiquitin-proteasome pathway. Finally, we found that

the presence of the VHL ligand (Figure 7C) and proteasome inhibitor MG-132 (Figure

7D) significantly blocked the Bcl-X| degradation activity promoted by ¢/PROTAC [TCO-
DT2216 + o(RGDyK)-Tz].

CONCLUSION

In the investigation described above, we have developed a new bioorthogonal on-demand
prodrug strategy for selective control of PROTAC’s on-target degradation activity in a cancer
cell selective manner. Differing from conventional prodrugs for PROTACS, which rely on
cancer cell biomarkers or tumor microenvironment for drug delivery and activation, the new
bioorthogonal on-demand approach enables on-target activation and release of PROTACs at
tumor sites and consequently the approach minimizes premature drug activation. We have
also demonstrated that inactive PROTAC prodrugs TCO-ARV-771 and TCO-DT2216 are
selectively activated in cancer cells, not in noncancerous normal cells owing to the presence
of the a.,B3 integrin binding ligand (RGDyK) in activating agent (RGDyK)-Tz. The
results of the effort also show that the c/PROTAC process produces ARV-771 and DT2216
in cancer cells where they promote protein degradation through the ubiquitin-proteasome
pathway. Further studies of ¢c/PROTACs will be pursued to evaluate their /n vivo efficiency
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this protocol. We believe that the novel approach developed in this investigation will
generally applicable to all VHL-recruiting PROTACSs that degrade POls in cancer cells
lectively.

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

A) Bioorthogonal activation and release of TCO-PROTAC prodrugs by a,f3 integrin
targeted (RGDyK)-Tz in tumor cells. B) Structures of TCO-ARV-771 and (RGDyK)-Tz
TCO-Tz and The “click and release’ reaction between TCO-ARV-771 and ((RGDyK)-Tz
releases the activated ARV-771. C) Molecular docking data between VHL protein and VHL
ligand. D). HeLa cells imaging with DMSO, qRGDyK) and ((RGDyK)-Tz. After the 3 h
incubation of HeLa cells with DMSO, o(RGDyK) (500 nM) or (RGDyK)-Tz (500 nM),
the cells were washed three times with PBS and then treated with TCO-Cy5 (5.0 uM) for
another 15 min. After the cells were washed by PBS three times, the images were taken
under the 60 x camera.
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Figure 2: The degradation ability of TCO-ARV-771 with ¢(RGDyK)-Tzin HeLa cells.
A) Immunoblot analysis of BRD4 levels from HelLa cells treated with TCO-ARV-771

for 16 h. B) Immunoblot analysis of BRD4 levels from HeLa cells treated with 0.4 uM
TCO-ARV-771 and various concentration of (RGDyK)-Tz. HeLa cells were treated with
different concentrations of (RGDyK)-Tz for 3 h followed by treatment with TCO-ARV-771
(0.4 uM) for 16 h. C) Immunoblot analysis of BRD4 levels from HeLa cells treated

with positive control ARV-771. D) Immunoblot analysis of BRD4 levels from HeLa cells
treated with various concentrations of TCO-ARV-771 and 1.0 UM (RGDyK)-Tz. HeLa
cells were treated with 1.0 pM ((RGDyK)-Tz for 3 h followed by treatment with different
concentrations of TCO-ARV-771 for 16 h. E) Cell viability of HeLa cells with ARV-771,
TCO-ARV-771, RGDyK)-Tz or TCO-ARV-771 and (RGDyK)-Tz (2.5 equivalent, 3 h
pretreatment) for 72 h.
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Figure 3: The degradation ability of TCO-ARV-771 with ¢(RGDyK)-Tzin HeLacells.
A) Western blot analysis of BRD4 protein levels from HeLa cells treated for 16 h. B)

Western blot analysis of BRD4 and GAPDH levels in HeLa cells after the co-treatment with
5 UM MG-132 and ¢/PROTAC (TCO-ARV-771 + (RGDyK)-Tz, 3h) for 16 h. C) Western
blot analysis of BRD4 and GAPDH levels in HeLa cells after the co-treatment with VHL
ligand and ¢/PROTAC (TCO-ARV-771 + (RGDyK)-Tz, 3h) for 16 h. D) Western blot
analysis of BRD4 and GAPDH levels in HeLa cells after the co-treatment with (RGDyK)
(3 h) and TCO-ARV-771 for 16 h.
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Figure 4: The degradation ability of TCO-ARV-771 with ¢(RGDyK)-Tzin U87 and HS27 cells.
A) Western blot analysis of BRD4 protein levels from U87 cells treated with the indicated

doses of treatments for 16 h. B) Western blot analysis of BRD4 and GAPDH levels in
HS27 cells with different concentrations of TCO-ARV-771 for 16 h. C, D) Cell viability of
U87 or HS27 cells treatment with ARV-771, TCO-ARV-771, (RGDyK)-Tz or c/PROTAC

[TCO-ARV-771 + (RGDyK)-Tz (2.5 equivalent, 3 h pretreatment)] for 72 h.
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Figure5: Flow cytometry of apoptosis assays.
A) Effects of compounds TCO-ARV-771, c/PROTAC (TCO-ARV-771 + q(RGDyK)-Tz, 3 h)
and ARV-771 on the induction of apoptosis in HeLa cells. HeLa cells were cultured with

or without TCO-ARV-771 and q(RGDyK)-Tz and ARV-771 for 16 h, and Annexin V and
7-AAD staining for flow cytometry was performed. Representative dot-plot graphs of each

group. B) Apoptosis comparison.
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Figure 6: The proteomic analysis of TCO-ARV-771 and crPROTAC.
HeL a cells were treated with either compound 0.4 uM TCO-ARV-771, or 1 pM c(RGDyK)-

Tz (3 h, pretreatment) + 0.4 uM TCO-ARV-771 for 16 h. Lysates were subjected to

mass spec-based proteomics analysis. A) Volcano plot shows protein abundance (log2)

as a function of significance level (-log10). B) Heat map analysis to screen between TCO-
ARV-771 and ¢/PROTAC groups (TCO-ARV-771 + (RGDyK)-Tz, 3 h).
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Figure 7: The degradation assay of TCO-DT 2216 with ¢(RGDyK)-Tz.
A) The “click’ reaction between TCO-DT2216 and (RGDyK)-Tz releases the activated

DT2216. B) Western blot analysis of Bcl-X

protein levels from HeLa cells treated with the

indicated doses of treatments for 16 h. C) Western blot analysis of Bcl-X and GAPDH
levels in HelL a cells after the co-treatment with 10 pM VHL ligand and ¢/PROTAC

(TCO-DT2216 + ((RGDyK)-Tz, 3 h) for 16

h. D) Western blot analysis of BRD4 and

GAPDH levels in HeLa cells after the co-treatment with 5 uM MG-132 and ¢/PROTAC

(TCO-DT2216 + q(RGDYK)-Tz, 3 h) for 16

h.
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