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Abstract

A focused PROTAC library hijacking cancer therapeutic target CDK6 was developed. A design 

principle as “match/mismatch” was proposed for understanding the degradation profile differences 

in these PROTACs. Notably, potent PROTACs with specific and remarkable CDK6 degradation 

potential were generated by linking CDK6 inhibitor palbociclib and E3 ligase CRBN recruiter 

pomalidomide. The PROT AC strongly inhibited proliferation of haematopoietic cancer cells 

including multiple myeloma and robustly degraded copy-amplified/mutated forms of CDK6, 

indicating future potential clinical applications.
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INTRODUCTION

Cell cycle regulation is one of the vital and house-keeping activities in most types of the 

cells1. Cyclin-CDK dual complexes are the major driving machinery for cell cycle 

progression1. Among the CDKs, CDK6, plays a significant role in cell cycle entrance and is 

frequently overexpressed or hyper-activated in cancer samples2. Therefore, small molecule 

inhibitors of CDK6 have been officially approved or clinically tested to act against cancers 

including breast cancer, lymphoma and multiple myeloma3–5. However, overexpression of 

CDK6, instead of its close homolog CDK4, induced by gene amplification or loss of FATl 

gene functions, has been reported to be correlated to CDK4/6 inhibitor resistance in breast 

cancer cell lines and patient samples (Fig. 1A)6,7. Moreover, point mutation of CD K6 could 

possibly result in attenuation of drug binding affinity or hyper-activation of CDK6, though 

not yet reported in clinical samples (Fig. 1A)8,9. Thus, there is an urgent need to develop a 

practical strategy against CDK6-centered malignancy.

PROTAC (PROteolysis TArgeting Chimera) is an emerging chemical biology approach for 

targeted protein depletion by exploiting the intracellular ubiquitin-proteasome system10. A 

typical PROTAC molecule is bifunctional by combining a target-selective ligand and a 

specific E3 ligase recruiting ligand via a linker11. The resulting PROTAC could thus recruit 

the E3 ligase onto target protein and induce the ubiquitination and protein degradation via 

the proteasome (Fig. 1B)11,12. The concept of targeted protein degradation was first proved 

by the groups of Crews and Deschaies in 2001 and was later successfully applied in multiple 

targets with different subcellular localizations, especially in hijacking cancer-related 

kinases13–26. Notably, overexpressed BRD4 and drug-resistant mutated form of BTK and 

AR, which have been implicated in several different cancers, could be efficiently degraded 

through the PROTAC technique15–17,27,28. These studies present the PROTAC technique as a 

promising alternative approach against cancer. Although this field has observed tremendous 

achievements in recent years, there is still a vast amount of challenges for PROTAC design 

to overcome. Various factors including ligand binding affinity, linker, spatial orientation, E3 

ligase ligand and cell permeability play vital roles in the functional capacity of PROTAC. 

Therefore, further investigation and evaluation of how these factors cooperate and function 

is a significant scientific issue to resolve. We selected CDK6 as the primary target to discuss 

how these critical factors are involved in the functional readout of successful PROTACs. We 

also propose that the resulting PROTAC molecules hold potential advantages over parental 

inhibitors in certain contexts with clinical significance. For example, specific subtype of 

cancers and intrinsic or acquired resistance caused by target (here as CDK6) overexpression 

or mutation (Fig. 1B).

In this study, we report the design and synthesis of CDK6-targeting degraders using 

PROTAC strategy. These PROTACs could efficiently and specifically degrade CDK6 in low 

concentrations. More importantly, our newly designed PROTACs also significantly induced 
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the degradation of mutant CDK6. Furthermore, our PROTAC molecules strongly inhibited 

proliferation of multiple myeloma, leukemia and mantle cell lymphoma cells. These data 

demonstrate the significance and potential for developing PROTAC-based therapeutic 

molecules.

RESULTS AND DISCUSSION

Based on literatures14,26,29 and our previous experiences17–19, we hypothesized that the 

degradation strength or efficiency of a certain PROTAC molecule was at least dictated by the 

following three major factors: the linker length, the spatial orientation of the target and the 

E3ligase upon PROTAC conjugation, and binding affinity between PROTAC and its target. 

The success or failure of PROTAC is decided by the “match” or “mismatch” between 

PROTAC, E3 ligase and target. Therefore, we applied various CDK6-targeting compounds, 

distinct E3 ligases and multiple types of linker in PROTAC design. Specifically, we chose 

the three FDA-approved CDK4/6 inhibitors (palbociclib, ribociclib, and abemaciclib) which 

possess strong binding affinity but different terminal orientation to target CDK630. The 

common terminal piperazine in the inhibitors from palbociclib, ribociclib and abemaciclib 

stretched into solvent via distinct angles31 (Fig. 2A).

For palbociclib and abemaciclib, their piperazine moieties both stretch into the solvent 

horizontally, with slight deviation to N-terminal β-sheet of CD K6. In contrast, the terminal 

piperazine ring of ribociclib is farther from the solvent zone and folds toward the C-terminal 

α-helix. This may determine the overall rough spatial directions of deriving PROTACs. 

Nonetheless, the aminopyrimidine stretches into the pocket and forms pivotal hydrogen 

bonds with surrounding amino acids to stabilize the complexes31. The NH group in 

piperazine of palbociclib is exposed to the solvent, making it the most suitable site for 

attachment of linkers without disrupting critical binding interactions31,32. Meanwhile, 

linking groups at E3 ligase end can also profoundly affect the interacting angle between 

CDK6 and ligase, prompting us to introduce flexible and rigid groups, such as alkyl and 

alkyne, into the CRBN recruiting moiety pomalidomide. Additionally, nutlin-3b, VH032, 

and bestatin were also applied as recruiting moiety for E3 ligase MDM2, VHL and cIAP 

respectively, for the reason that we could not predict which ligase match or mismatch with 

CDK630,33. Integrating the above principles, we designed and constructed a small focused 

library containing different types of PROTACs (Fig. 2B and Table S1). For control, we also 

synthesized two negative control PROTAC molecules named CP-9 and CP-23 

(corresponding to CP-2 and CP-10, respectively) by ethylation of pomalidomide end and 

thus blocking the binding between pomalidomide and CRBN, and abrogating C DK6 

ubiquitination33.

We evaluated the degradation potential of all the designed CDK6-targeting PROTACs by in 
vitro assays (Summarized in Tables 1, 2, see also Fig. S2). Interestingly, we found that 

CDK6 proteins were degraded only when PROTAC recruited CRBN but not the other three 

E3 ligases (Fig. 3A, B). The degradation of CDK4 was less significant compared to CDK6 

even though the target-binding molecules were believed to target both CDKs at similar 

potency, which will be discussed later. And again, CDK4 degradation was only observed in 

samples treated with CRBN-recruiting PROTACs. We ruled out the possibilities of E3 ligase 
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deficiency and cell context specificity because the U251 glioblastoma cells express all these 

E3 ligases and the somehow CRBN-preference in CDK6 degradation was also observed in 

medullablastoma cell line DAOY (Fig. S1). In theory, updating E3 recruiting ligand potency 

can enhance the degradation potential of PROTAC, for example, introducing cIAP ligands 

with more potency than bestatin may facilitate CDK6 degradation. However, previous 

successful target degradation by PROTACs harboring the same ligands we used suggested 

that the CRBN preference we observed in this study could be more on the intrinsic/

PROTAC-induced substrate selectivity of E3 ligases, which needs future investigation. 

Among the CRBN-recruiting PROTACs, palbociclib-derived degraders CPs were moderately 

superior to abemaciclib-derived CP-As, while ribociclib-derived CPRs could barely induce 

CDK6 degradation (Fig. S2 and Tables 2, S1). This may be explained by the distinct binding 

mode of ribociclib from the other two drugs (Fig. 2A). Herein, we discussed PROTAC 

molecules based on palbociclib and pomalidomide primarily.

To be noted, linker length dependence was observed in CDK6 degraders. PROTACs with 

shorter linker such as CP-10 and CP-5, possessed higher degradation capacity, which 

implied these shorter molecules held preferable spatial positions for CRBN recruitment 

towards CDK6. Moreover, exchanging linker-attaching end at palbociclib side among amide, 

triazole and methylene yielded PROTACs with similar degradation potential (DC50 of CP-5 

≈ 1.1 nM, DC50 of CP-10 ≈ 2.1 nM, DC50 of CP-15 ≈ 1.6 nM).

At pomalidomide side, however, degradation potency was decreased by nearly 8 fold when 

flexible imino group on linkers was replaced by rigid alkyne (DC50 of CP-14 ≈ 10.6 nM, 

DC50, of CP-21 ≈ 81.6 nM, DC50 of CP-22 ≈ 86.8 nM), but slightly enhanced when imino 

group was substituted by methylene (DC50, of CP-13 ≈ 5.3 nM, DC50, of CP-16 ≈ 1.7 nM). 

These data suggested that CDK6 protein was insensitive to the rotation of linkage moieties 

near its kinase active pocket, allowing the accession of CRBN from various obvious 

preference of flexible linker due to its narrow binding pocket. We also found out that, 

CP-13/14 possessing alkyl linker and CP-15 removing triazole group excelled CP-10 in 

CDK6 degradation strength, which may be resulted from enhancement of molecule 

flexibility, hydrophobic solubility and membrane permeability. Among these CRBN-

recruiting PROTACs, CP-10 with the conjugation of palbociclib and pomalidomide 

demonstrated the best degradation efficacy with the simplest synthesis procedures (Tables 

1,2, S1). CP-10 induced nearly 72% degradation of CDK6 at l0 nM and 89% at 100 nM 

inhuman glioblastoma U251 cells (Fig. 3C). The degradation of CDK4 induced by CP-10 

was far weaker than that of CDK6 (DC50 50~80 fold), albeit similar palbociclib affinity and 

sequence homology of these two kinases (Fig. 3C)31. Time-lapse analysis showed that 

CDK6 degradation began at roughly 2 h, and was completed by 6 h (Fig. S3).

Control experiments dearly demonstrated that palbociclib, pomalidomide or unconjugated 

PROTAC arms could not induce CDK6 degradation (Fig. S3). In contrast, palbociclib or 

pomalidomide could competitively inhibit the degradation effect of CP-10. Additionally, 

carfilzomib, a proteasome inhibitor, could completely disable the PROTAC effect34. Strong 

inhibition was also observed with the neddylation inhibitor MLK-4924, which was in 

accordance with the requirement of neddylation for processive E3 ligase activity of CRllN35 
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(Fig. S3). The above observations confirmed that degradation of COK6 was mediated by the 

ubiquitin-proteasome system.

We also examined the responses of several other CDKs and kinases to CP-10 and found out 

that CP-10 was highly selective for CDK6 without significant off-target effect (Fig. 3D). 

Quantitative proteomic analysis also showed that CDK6 stood out as the most down-

regulated protein in the cell upon 4-hour CP-10 treatment, further confirming the selectivity 

of CP-10 for CDK6 (Fig. S4A). We did observe several other down-regulated proteins, 

including ZFP91 and MAP2K7 (MKK7) (Fig. S4B). The modest degradation of COK4 was 

reasonable because of the high concentration of CP-10 applied. ZFP91 was previously 

reported to be IMiD-dependent substrate of the CRL4CRBN ubiquitin ligase36. However, 

ZFP91 remained unchanged after 24 h CP-10 treatment (Fig. S4), indicating that the ZFP91 

decrease observed in proteomic analysis was a transient response to high-dose 

pomalidomide arm. MKK7 also stayed unchanged after 24 h CP-10 incubation, in contrast 

to the steady and significant degradation of CDK6 (Fig. S4).

In vitro kinase assay indicated that the kinase inhibitory activity of CP-10 for CDK4 or 

CDK6 was 10–25 fold weaker than that of PD, implying the compromised binding affinity 

between CP-10 for CDK4 or CDK6 (Fig. S4C). Difference in endogenous abundance for 

both could be ruled out since FLAG-tagged CDK6 was degraded with greater percentage 

than FLAG-tagged CDK4 when they were expressed at the same level (Fig. S4D). The 

selectivity could be partially explained by the more stable complex formed by CP-10 and 

CDK6 than CDK4, or more “match” as displayed by the docking simulation (Fig. 3E). The 

fact that CDK4 has less lysine residues (11 in CDK4 vs 18 in CDK6) for ubiquitination may 

also contribute to the selectivity, which awaits further exploration. Nonetheless, preferred 

degradation of CDK6 over CDK4 indicates that PROTAC CP-10 is in a better match for 

CDK6 than CDK4, via proper linker and favorable orientation. A stable and “matched” 

ternary complex of target, E3 ligase and PROTAC could be formed despite attenuated target-

binding affinity.

As CDK6-dependency was claimed mostly in haematopoietic cells37, we selected several 

such cell lines to further assess the effect of CP-10 in vitro. Human leukemia cell lines 

THP-1 and HL-60, human mantle cell lymphoma cell line Mino and jeKo-1, human multiple 

myeloma cell lines MM.lS and RPMI8226 were then treated with increasing concentrations 

of CP-10 and the corresponding inhibition of cell proliferation was evaluated with CCK-8. 

For control, we also performed parallel experiments with parental drug PD and non-

degrading control molecules CP-9 and CP-23. We found that CP-10 displayed a much better 

cell inhibition potential (IC50≈10 nM) than PD(IC50≈200 nM) in multiple myeloma cell 

MM.lS and mantle cell lymphoma cells (in Mino, CP-10 IC50≈8 nM, PD IC50≈45 nM) or 

comparable activities in leukemia cells (Fig. 4A and Fig. S5). However, CP-10 was far 

weaker than PD in another multiple myeloma cell RPMI8226 (Fig. S5). As expected, non-

degrading PROTACs CP-9 and CP-23 barely inhibited the cell proliferation, or at very high 

concentrations (Fig. 4A and Fig. S5). Protein levels ofCDK4/6 and phospho-Rb (S780), as 

an indicator of their kinase activities, were in line with the proliferation assay results (Fig. 

S5). These data dearly demonstrated that the inhibition on proliferation by CP-10 was 

mainly achieved via degradation of target protein instead of residual kinase inhibitory 
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activities. The differential response to CP-10 in multiple cell lines suggested cell context 

specificity or specific dependence on endogenous CDK4 or CDK6 levels or their ratios. For 

example, the residual CDK4 proteins upon CP-10 treatment in HL-60 cells probably 

attenuated the cellular sensitivity to CP-10 compared to PD, and also, indicating that HL-60 

cells were not simply dependent on CDK6. We were also surprised to observe the superior 

potency of CP-1 0 in MM.1S than pomalidomide and the combination of PD and 

pomalidomide, as pomalidomide is an approved agent for multiple myeloma treatment (Fig. 

S5). Collectively, these data strongly supported the promising potential of CDK6-degraders 

in fighting against cancers of hematopoietic origin.

As mentioned in the beginning, the CDK6 overexpression could result in resistance to 

CDK6 inhibitors in reported preclinical and clinical cases. Therefore, we introduced 

additional copies of CDK6 into the Ewing’s sarcoma cell line A-673 which expressed scarce 

CDK6, by lentivirus infection. Indeed, CP-10 cut down the expression levels of over-

expressed CDK6 (Fig. S6). This result indicates that the CDK6-targeting PROTAC 

degraders may represent a new strategy against CDK6-overexpression induced drug 

resistance. We tested CP-10 in two independent palbociclib-resistant breast cancer cell lines 

resulting from CDK6 copy amplification (MCF-7 CDK6N2) and FAT1 loss (MCF-7 FAT1 

CR)6,7. We found CP-10 could induce degradation of CDK6 and CDK4 and inhibit the 

proliferation of these palbociclib resistant cell lines (Fig. S6).

Moreover, D163G mutation in CDK6 was previously predicted to attenuate palbociclib 

binding and S178P was predicted to min1ic CDK4 activation and result in CDK6 hyper-

activation8,9. Both mutations may lead to clinical resistance for CDK6 inhibitors. As 

observed, CP-10 induced degradation of these mutants as efficiently as the wild type CDK6, 

indicating the robustness for CP-10 induced degradation (Fig. 4B). The degradation of 

CDK6 D 163G was a little bit compromised compared to wildtype but still significant, 

suggesting that target binding affinity of palbociclib arm of CP-10 was compromised due to 

binding hotspot mutation, but sufficient to facilitate CDK6 degradation. Again, successful 

degradation of palbociclib binding site mutant supported the “match” between CP-10 and 

mutated CDK6 in spite of compromised binding affinity in theory. These preliminary data 

supported the application potential of overcoming palbociclib resistance via approaches of 

CDK4/6 degradation.

CONCLUSION

In summary, a focused library of CDK6-degrader was developed and factors including linker 

length, spatial orientation and binding affinity were systematically evaluated to help 

understand the match/mismatch between PROTAC and target and deduce the best strategy 

for future design or optimization of CDK6 degradation. Remarkably and interestingly, we 

found out that i) pomalidomidebased PROTACs recruiting CRBN, instead of other tested E3 

ligases, resulted in functional degraders; ii) the dual CDK4/CDK6 ligand palbociclib we 

applied surprisingly resulted in CDK6 selective PROTACs; iii) the representative 

palbociclib-derived PROTAC CP-10 could inhibit proliferation of several haemetopoietic 

cancer cells with impressive potency including multiple myeloma; iv) mutated and 

overexpressed CDK6 can be still degraded by CP-10. These data added to the growing 
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trends of potential clinical benefits of PROTAC techniques and also suggested the specific 

application of CDK6 degradation in certain cancers.

EXPERIMENTAL SECTION

Chemistry.

All reactions were carried out under atmosphere or argon. Glassware was oven-dried prior to 

use. Unless otherwise indicated, common reagents or materials were obtained from 

commercial source and used without further purification. Flash column chromatography was 

performed using silica gel60 (200–300 mesh). Analytical thin layer chromatography (TLC) 

was carried out on Yinlong silica gel plates with QF-254 indicator and visualized by UV. 

The 1H and 13C NMR spectra were recorded at 400 MHz, respectively, on Bruker 400 MHz 

NMR spectrometer.

All NMR spectra were measured at 25 °C in CDCl3 or DMSO-d6. Chemical shifts (δ) are 

reported in parts per million, and coupling constants (J) are reported in hertz. The resonance 

multiplicities in the 1H NMR spectra are described as “s” (singlet), “d” (doublet), “t” 

(triplet), “quint” (quintet), and “m” (multiplet), and broad resonances are indicated by “br.” 

Residual protic solvent of CDCl3 (1H, δ 7.26 ppm; 13C, δ 77.16 ppm), DMSO-d6 (1H, δ 
2.50 ppm; 13C 39.50 ppm) was used as the internal reference in the 1H- and 13C-NMR 

spectra. Low-resolution mass spectral analyses were performed with a Waters AQUITY 

UPLCTM/MS. Purities of the tested compounds, determined by HPLC, were > 95%. 

Preparative HPLC was carried out on 250 × 10 mm C-18 column using gradient conditions 

(l – 90% B, flow rate = 3.5 mL/min, 30min). The eluents used were: solvent A (H20 with 

0.1% TFA) and solvent B (CH3CN with 0.1% TFA).

Synthetic route of target compound CP-10.

As shown in Scheme 1. Intermediate 12 was prepared according to the patent 

W02014128588A138. Firstly, compound 10 was synthesized via a substitution reaction 

between 8 and 9 in presence of isopropylmagnesium chloride. I-PrMgCl was chosen as the 

base. With this condition, the transformation in step 1, scheme 1 afforded target product in 

excellent yield.

Subsequent intermolecular heck reaction coupled 10 with n-butyl vinyl ether followed by 

acidolysis led to compound 11. The Bocprotecting group of piperazine was then removed 

under acid condition to afford 12. An alkynyl group was introduced to 12 by reacting with 

propargyl bromide, generating intermediate 6. Finally, desired degrader CP-10 was obtained 

through a click reaction coupling the azide group in 13 with the alkynyl group in 639.

6-acetyl-8-cycolpentyl-5-methyl-2-((5-(4(prop-2-yn-1-yl)piperazin-1-yl)pyridine-2-
yl)amino)pyrido[2,3-δ]pyrimidin-7(8H)-one (6).

To the solution of Palbociclib (500 mg, 1.12 mmol) in DMF were added 3-bromopropyne 

(106 μl, 1.23 mmol), K2CO3 (136 mg, 1.34 mmol) and TBAB (36 mg, 0.11 mmol). The 

reaction was stirred at 90 °C for 3 h, then washed with water and the organic layer was 

concentrated to dryness. Flash column chromatography (CH2Cl2/MeOH, 40:1, vol/vol) give 
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compound 9 (438 mg, 81%) as yellow solid. Rf = 0.4, CH2Cl2/MeOH 20:1; 1H NMR (400 

MHz, CDCl3) δ 8.83 (s, 1H), 8.38 (s, 1H), 8.16 (d, J = 9.0 Hz, 1H), 8.07 (d, J = 2.8 Hz, 1H), 

7.33 (dd, J1 = 9.1 Hz, J2 = 3.0 Hz, 1H), 5.92 to 5.83 (m, 1H), 3.39 (d, J = 2.4 Hz, 2H), 3.24 

(t, J = 4.8 Hz, 4H), 2.77 (t, J = 4.8 Hz, 4H), 2.54 (s, 3H), 2.37 to 2.33 (m, 5H), 2.29 (t, J = 

2.4 Hz, 1H), 2.07 to 2.04 (m, 2H), 1.92 to 1.85 (m, 2H), 1.70 to 1.66 (m, 2H); 13CNMR (400 

MHz, CDCl3) δ 202.84, 161.59, 158.25, 157.40, 155.70, 145.09, 143.73, 14.95, 136.81, 

130.87, 126.06, 113.76,107.88, 78.55, 73.70, 54.19, 51.78, 49.54, 47.07, 31.70, 28.23, 

25.91, 14.12, 8.23; LC-MS (EST+): m/z calculated for C27H31N7O2: 486.25 [M+H]+; found 

487.6194.

4-((2-(2-(4-((4-(6-((6-acetyl-8-cyclopentyl-5-methyl-7-oxo-7,8-dihydropyrido [2,3-
d]pyrimidin-2-yl)amino)pyridin-3-yl)piperazin-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)ethoxy)ethyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (CP-10).

Compound 6 (15 mg, 0.03 mmol), compound 13 (0.04 mmol, 1.2 eq), sodium ascorbate 

(17.8 mg, 0.09 mmol) was dissolved in tBuOH/DCM: 1 ml/0.5 ml, then the solution of 

CuSC4 (9.6 mg, 0.06 mmol) in 0.5 ml water was added. The resulting mixture was stirred at 

room temperature for 10 min. After the reaction was completed, the solvent was removed 

and then dealt with 7 M ammonium hydroxide, organic layer was separated and 

concentrated to dryness. Flash column chromatography (CH2Cl2/MeOH, 20:1, vol/vol) give 

compound CP-10, (0.019 mmol, 63%) as solid. Rf = 0.4, CH2Cl2/MeOH 10:lH NMR 

(400MHz, CDC3) δ 10.34 (s, 1H), 8.79 (s, 1H), 8.22 (s, 1H), 8.12 (d, J = 9.1 Hz, 1H), 8.02 

(d, J = 2.5 Hz, 1H), 7.75 (s, 1H), 7.51 (dd, j1 = 8.3 Hz, J2 = 7.3 Hz, 1H), 7.30 (dd, J1 = 9.1 

Hz, J2 = 2.5 Hz, 1H), 7.14 (d, J = 7.3 Hz, 1H), 6.90 (d, J = 8.3 Hz, 1H), 6.63 (t, J = 5.3 Hz, 

1H), 5.89 to 5.84 (m, 1H), 4.92 to 4.88 (m, 1H), 4.60 to 4.60 (m, 2H), 3.94 to 3.87 (m, 3H), 

3.72 to 3.63 (m, 3H), 3.43 to 3.41 (m, 2H), 3.24 to 3.19 (m, 4H), 2.76 to 2.69 (m, 7H), 2.54 

(s, 3H), 2.36 to 2.32 (m, 5H), 2.19 to 2.15 (m, 1H), 2.07 to 2.03 (m, 2H), 1.89 to 1.83 (m, 

2H), 1.70 to 1.66 (m, 2H); 13C NMR (400 MHz, CDCI3) δ 202.87, 712.18, 169.99, 169.54, 

167.62, 161.58, 158.25, 157.39, 155.68, 147.07, 141.99, 136.42, 132.69, 130.81, 126.09, 

124.75, 117.17,112.30, 110.93, 107.79, 77.39, 69.91, 69.61, 68.12, 54.23, 52.84, 52.49, 

50.67, 49.18, 49.06, 42.40, 31.69, 31.55, 29.84, 28.20, 27.06, 25.87, 25.76, 23.20, 14.10; 

LC-MS (ESI+): m/z calculated for C44H49N13O7: 437.195 [M+2H]2+; found 437.2669. 

Purities of CP-10 determined by HPLC, were > 95% (Shown in Supporting information).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Resistance to CDK6 inhibitor and PROTAC technique for overcoming resistance. (A) 
Mechanisms for CDK6-centered resistance to CDK6 inhibitors. CDK6i, CDK6 inhibitor. 

Ovcrexpression here indicate CDK6 overexpression resulting from CDK6 gene 

amplification or upstream FAT1 loss. Mutation here implies potential point mutation that 

hampers binding affinity of CDK6 inhibitor. (B) induced degradation of wild type (wt) and 

mutated (mt) CDK6 proteins by PROTAC. E3ligase is recruited to the proximity of target 

protein CDK6 and mediates poly-ubiquitination of CDK6, which is then processed into 

proteasome for degradation
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Figure 2. 
Design of CDK6-targeting PROTACs. (A) Superimposed complex of CDK6 with 

palbociclib (yellow, PDB: 2euf), abemaciclib (green, PDB: Sl2s), ribociclib (orange, PDB: 

512t). (B) Representative structures of designed PROTACs library. Models were prepared 

with Pymol.
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Figure 3. 
Screen and characterization of potent CDK6-degrading PROTACs. (A/B) CDK6 levels in 

U251 cells upon 24 h drug treatment. All drugs were administrated at 1 μM. PD 

(palbociclib) and PD.HCI (commercialized inhibitor, salt) were applied here as control. (C) 
CP-10 induced more significant degradation of CDK6 than CDK4. Relative expression 

levels of CDK4/6 normalized to β-Tubulin were labeled. Thus calculated DC50 of CDK6 

was about 2.1 nM while DC50 of CDK4 was about 150~180 nM. (D) CP-10 induced specific 

degradation of CDK6. Immunoblots of representative proteins in samples from two groups 

of replicates. U2Sl cells were treated with 500 nM PD, CP-1 0 or vehicle control (DMSO) 

for 4 h. (E) Docking of CP-10 onto CDK4(PDB: 2w96) or CDK6(PDB: 2euf)via Maestro 

11.3 (Schrödinger). Docking scores were presented.
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Figure 4. 
CP-10 inhibited proliferation of cancer cells and induced degradation of amplified/mutated 

forms of CDK6. (A) A panel of different cancer cells were treated with CP-10/PD/CP-9/

CP-23 for 84 h before cell viability measurement by CCK-8. Relative absorbance was 

plotted. Error bar, SD. (B) CP-10 induced robust degradation of WT, D163G and S178P 

forms of CDK6. WT, D163G and S178P forms of CDK6-FLAG were stably introduced into 

MCF-7 cells via lentivirus. Cells were then treated as indicated for 24h before harvest for 

immunoblotting. Data were representatives of independent replicate experiments for at least 

three times.
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Scheme 1. 
Synthetic route of target compound CP-10
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