Journal Pre-proof %

Preparation and evaluation of 9ngc-LabeIed HYNIC-Palbociclib analogs for cyclin-
dependent kinase 4/6-positive tumor imaging

Qiangian Gan, Xiaoqing Song, Xuran Zhang, Junbo Zhang //
PILI: S0223-5234(19)31190-0
DOI: https://doi.org/10.1016/j.ejmech.2019.112032

Reference: EJMECH 112032
To appearin:  European Journal of Medicinal Chemistry

Received Date: 10 November 2019
Revised Date: 24 December 2019
Accepted Date: 31 December 2019

Please cite this article as: Q. Gan, X. Song, X. Zhang, J. Zhang, Preparation and evaluation of gngc-

Labeled HYNIC-Palbociclib analogs for cyclin-dependent kinase 4/6-positive tumor imaging, European
Journal of Medicinal Chemistry (2020), doi: https://doi.org/10.1016/j.ejmech.2019.112032.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Masson SAS.


https://doi.org/10.1016/j.ejmech.2019.112032
https://doi.org/10.1016/j.ejmech.2019.112032

Journal Pre-proof

. /@-,\6 Purification free post-labeling
o O-)‘\(j\ ’/°\| Good water solubility
)m /’(j/ ) _"—ﬁl\/t/ " Specific accumulation in CDK4/6-expressing tumors
5 P

P Te-tricine-TPPTS-L.



Preparation and Evaluation of *™Tc-Labeled HY NI C-Palbociclib Analogs for
Cyclin-Dependent Kinase 4/6-Positive Tumor 1 maging

Qiangian Gah Xiaoging Son§ Xuran Zhang, Junbo Zhang*

Key Laboratory of Radiopharmaceuticals, Ministry Edlucation, College of Chemistry, Beijing Normal
University, Beijing, 100875, P. R. China.

Abstract

Overexpression and amplification of cyclin-dependémase 4/6 (CDK4/6) occur in many cancers and b@the cause of
resistance to CDK4/6 inhibitors in preclinical msdéHowever, there are few investigations on treessment of CDK4/6
expression in tumors or other tissues. Palbocislibich was approved in 2015 to treat ER+/HER2- &fremncer in
combination with letrozole, is a selective CDK4#hibitor. In this study, an intermediate (compo@dwhich could be
hydrolyzed into the ligand (compouhd consisting of palbociclib as the bioactive molecand 6-hydrazino nicotinamide
(HYNIC) as the bifunctional chelator, was synthesizCompound. was radiolabeled witf®™Tc using tricine/TPPTS or
tricine/TPPMS as co-ligand€™Tc-tricine-TPPTS: and**™Tc-tricine-TPPMSE were prepared with high radiochemical
purity without postlabeling purification. They hagreat in vitro stability. Both radiotracers were hydrophilic, but
99MTc-tricine-TPPTS: had a lower lodP value.In vitro cell uptake studies in MCF-7 cells showed thaltital uptake was
blocked by preincubation with palbociclib, suggegtia CDK4/6-mediated uptake mechanism. Biodistidlouin mice
bearing MCF-7 tumors showed tH&l'Tc-tricine-TPPTS: had higher tumor uptake thdH"Tc-tricine-TPPMSE, while
they had comparable tumor-to-muscle and tumor-dodlratios. Radioactivity accumulation in tumorsswabvious in
micro-SPECT/CT images witf*™Tc-tricine-TPPTS:. When mice were preinjected with palbociclib, tunuptake of
99MTc-tricine-TPPTS: significantly decreased and the tumor accumulatiaa clearly lost, confirming CDK4/6 specificity.
All results in this work indicated th&t™Tc-tricine-TPPTS: is a promising tumor imaging agent that target&@/.

K ey words: CDK4/6 [F°™Tc [palbociclibCHYNIC Ctumor imaging

1. Introduction

There are four distinct phases (G1, S, G2, M) endéll cycle. Before entering G1 phase, nondividialis stay in a resting

or quiescence state called GO pHéi§é.CeII cycle dysregulation leads to uncontrolled @ebliferation, subsequently



resulting in tumorigenes[%]. Specific proteins are in control of the cell cyd®yclin-dependent kinases (CDKs), belonging
to the serine-threonine protein kinase family,theeprimary proteins that regulate the cell cy€leey are triggered by their
corresponding cycIinLé.”. Among the twenty-one CDKs that have been founelaaly, CDK4 and CDKG6 are a pair of CDKs
sharing 71% amino acid homology as well as sinfilactions? They control progression from G1 to S phase thnaihe
cyclin D-CDK4/6-INK4-pRb pathwa&?.’s] The CDKA4/6-cyclin D complex phosphorylates pRbe tproduct of the
antioncogene, causing the dissociation of the pRb-€omplex. Then, free E2F begins to play the obla transcription
factor to motivate the cell cycle transition fromd @ S phasE?: 10] Overexpression of CDK4/6 has been observed in many
cancers, such as breast cafiteroral cancét? and gliom&®. Therefore, selective inhibition of CDK4/6 has bean
attractive target for its potential to enhancedhemotherapeutic effects of tumor treatnftht.

There have also been reports that the amplificatio@DK4/6 might be related to the resistance tok@IB inhibitors in
preclinical model§™ Therefore, an assessment of CDK4/6 expressiammons or other tissues may help to select patients
that could be responsive to CDK4/6 inhibitors adl @e to reveal the mechanisms of drug resistaNcelear medicine
technology with the proper tracers can noninvagigehieve this goal at the molecular and cellidaels in living systems.
Disappointedly, there have been few investigatmmshe development of radiotracers targeting CDKdf@he diagnosis
of cancer. The first reported radiotracers of CDidaging were[***I]CKIA and[**]CKIB. Unfortunately, these
compounds showed poor performarineivo. They were rapidly metabolized to other substaresdes £4]1,. Their
radioactivity accumulation in FaDu xenografts wasateworthy in micro-PET images and only margimalex vivo
autoradiograph®

With the development of hardware and image recoastm methods, the quality of SPECT images haatlyrémproved.
Remarkable physical propertidg= 6 h,E, = 140 keV) and convenient availability mak&Tc still the most widely used
radionuclide for SPECT imaging in the clinic. Futimore,**™Tc can easily coordinate with biomolecules throwgh
bifunctional chelator, such as isonitrile E8) and 6-hydrazino nicotinamide (HYNIC). Thus, &shdrawn our attention to
develop®™™Tc-labeled radiotracers for CDK4/6 imaging.

In our previous work”, four isocyano-containing palbociclib derivativesre synthesized and radiolabeled with a



[**™T'c(COY]* core. Thesé”™Tc complexes had godd vitro andin vivo stability. The corresponding Re chelates showed
high affinity for CDK4 and good selectivity for CBKversus CDK2 in CDK kinase inhibition assays. gn#ficant reduction

of MCF-7 cellular uptake was observed in the presesf palbociclib, indicating a CDK4/6 specific akgé mechanism.
Biodistribution studies showed considerable tunmiake and tumor-to-muscle ratios of all four radioers, and the tumor
was obviously visible in micro-SPECT/CT images. Tésults that the tumor uptake®8fTc-L 4 could be blocked by excess
palbociclib, both in its biodistribution and by meeSPECT/CT imaging, confirmed its specificity fdDK4/6. However, the
highest radioactivity accumulation was found in #islomen, especially in the liver, which might hes do their good
lipophilicity. In this study, we aimed to lower thipophilicity of **™Tc-labeled complexes to reduce the uptake in thee.li
HYNIC has been a popular and efficient bifunctionaélator for’*™c. We maintained the target vector palbociclib but
changed the bifunctional chelator to HYNIC. TW8'Tc-labeled HYNIC-palbociclib complexes using trielfiPPTS or
tricine/TPPMS as co-ligands were prepared and atedufor their potential to be tumor imaging ageaigeting CDK4/6.

2. Results
2.1. Chemistry and radiochemistry

The overall synthesis of compouBdnd the labeling procedures are shown in ScherAeHlYNIC-containing active ester
(compound?) using hydrazone to protect the hydrazine group syathesized in three steps. Then, palbociclilstgubed
the NHS ester o2 under basic conditions to obtain compowdvhich could be hydrolyzed to produce ligandunder
acidic conditions (pH 3.5-5.({?)8.] All intermediates were characterized by NMR, **C NMR and MS (spectra are shown
in Supplementary dataj®™Tc-tricine-TPPTS: and *™Tc-tricine-TPPMSE were prepared in one pot. The speculative
structures of the complexes are shown in Schenfes shown in Figure 2, the retention time of #i&Tc chelates were
completely different from that oP™TcO, (14.00 min for®™Tc-tricine-TPPTS:, 16.29 min for*™Tc-tricine-TPPMSkE
and 2.67 min fof*™TcOy). The radiochemical purity of both complexes wasrd®0%, so purification was not performed

in subsequenn vitro andin vivo studies considering the low concentration of conmat8 used during radiolabeling.
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Figure 1. (A) Numbering of the pyrido-[2,8]pyrimidin-7-one scaffold and (B) the structure afipociclib.
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Scheme 1. Synthetic route and speculative structures*8fc-tricine-TPPTS: and *™c-tricine-TPPMSL. Reagents and conditiona:
hydrazine hydrate, 100 °C, 4 h; sodium 2-formylbenzenesulfonate, r.t., 3ch;N-hydroxysuccinimide, DCC, r.t., 18-hreflux, 1 h;d.
palbociclib, TEA, DCM, r.t., 6 he. tricine, TPPTS, Sngk2H,0, pH 4-5, NangcO4, 100 °C, 30 minf. tricine, TPPMS, Sngl 2H,0, pH 4-5,

Na**™c0,, 100 °C, 30 min.
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Figure 2. Radiochromatograms of (RJ™TcQy, (B) **™Tc-tricine-TPPTSk:, and(C) **™Tc-tricine-TPPMSE .

2.2. Stability assessment and partition coefficient

The results of thén vitro stability assessment (Figure 3) showed that téochemical purities of thé*™Tc-labeled
radiotracers were still beyond 90% after incubafimm4 h either in the reaction mixture at room pemature or in mouse
serum at 37 °C, indicating godd vitro stability of both complexes. The Idg values of**™Tc-tricine-TPPTS: and
9MTc-tricine-TPPMSE  were -2.951 + 0.078 and -0.350 + 0.024, respdgtivehich demonstrated that they were

hydrophilic.
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Figure 3. Radiochromatograms 8i"Tc-tricine-TPPTSE (red) and®™Tc-tricine-TPPMSE (blue) after incubation in the reaction mixture /A
room temperature or (B) in mouse serum at 37 °C tor 4

2.3. Cdlular uptake studies

The cellular uptake in the presence of 80 of palbociclib decreased by approximately 84% amé&o from unblocked
conditions (Figure 4Ap < 0.05), respectively. These results indicated&L6-mediated uptake mechanism. The binding

affinity of %™c-tricine-TPPTS: measured by saturation binding assay exhibitéghalue of 4.68 + 1.84 nM.
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Figure 4. (A) In vitro uptake by MCF-7 cells incubated withi"Tc-labeled tracers in the absence (black colummresence (red column) of a
final concentration of 2QM palbociclib at 37 °C after 120 min. Statisticabfysis was carried out using a bilateréést of equal variance (¢

< 0.05). (B) Saturation binding study 8f'Tc-tricine-TPPTS: by measuring the cellular uptake at different esmi@ations as indicated.

2.4. Biodistribution experiments

The biodistribution results of radiotracéf&Tc-tricine-TPPTS: and*™Tc-tricine-TPPMSE in MCF-7 xenograft-bearing
BALB/c nude mice (n = 3) at 1 and 2 h post-injetiare shown in Figure 5. MCF-7 tumors showed mughdr uptake of
99MTc-tricine-TPPTS: (3.83 + 1.33% ID/g at 1 h post-injection and 2470.58% ID/g at 2 h post-injection) than that of
99MTc-tricine-TPPMSE (0.52 + 0.04% ID/g at 1 h post-injection and 0460.01% ID/g at 2 h post-injection); the muscle
and blood showed similar results, which resultedcamparable ratios of tumor-to-muscle and tumadpitmd of
9MTc-tricine-TPPTS:  and *™Tc-tricine-TPPMSE. ®™c-tricine-TPPTS: had good retention in the tumor, with
approximately 70% radioactivity remaining after ohmetabolism. Fof®™Tc-tricine-TPPMSL, the tumor uptake even
increased slightly at 2 h post-injection comparéith what at 1 h post-injection, of which the traeeas also observed in the
liver, kidney and spleen. Among the nontargeteslifis, the kidney showed the highest uptak&'dt-tricine-TPPTS:,
and the liver had the highest uptake®8fTc-tricine-TPPMSE. Low stomach and thyroid (not presented) accuriaulat
implied the absence 8™TcO, in vivo. *™Tc-tricine-TPPTS: had rather high blood uptake at 1 h post-injectiohwas
cleared quickly, with only 57% of the initial up&lbeing retained at 2 h post-injection. There were differences in
99MTc-tricine-TPPMSE uptake in blood between 1 h post-injection anddst-injection.

To assess the specificity for CDK4/6, a group ofer(in = 3) bearing MCF-7 xenografts received patitc30 min prior



to receiving®™Tc-tricine-TPPTS:. As shown in Figure 5A, the tumor uptake in theckkd mice showed a significant

decrease compared with that in the unblocked mic&(+ 0.30% ID/g vs 2.70 + 0.58% ID/g,= 0.03), confirming the

CDK4/6-mediated tumor uptake mechanism obseinve&dro.
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Figure 5. Biodistribution in MCF-7 xenograft-bearing BALB/mide mice (n = 3) at 1 and 2 h post-injection. (R)Tc-tricine-TPPTS: (* p <

0.05) and (BY*™c-tricine-TPPMSE .

Table 1. Comparison of®™c-labeled tracers in BALB/c nude mice bearing MCkefiografts at 2 h post-injection (mean +*S% ID/g, n =

3)
99MTc-tricine-TPPTS: 99MTe-tricine-TPPMSE 9MreL 4
log P -2.951 £ 0.078 -0.350 £ 0.024 1.616 + 0.066
liver 4,16 +£0.33 20.84 +£0.98 62.10 £6.71
kidney 14.71 £1.09 3.94+0.40 10.97 £1.48
spleen 1.59 £ 0.04 3.87+0.70 9.88 +1.39
intestine 2.61+£0.51 1.66 £0.32 0.38£0.10
muscle 1.34 +0.21 0.27 £0.01 1.92 +0.76
tumor 2.70 £ 0.58 0.61 +£0.01 1.43+0.10
blood 6.92 +0.61 1.43+0.14 5.52 +0.92

238D is the standard deviation.

2.5. Micro-SPECT/CT imaging

According to the biodistribution results, the tumgtake of’*™Tc-tricine-TPPMSE was indeed much lower than that of
99MTc-tricine-TPPTS:. Therefore, a micro-SPECT/CT imaging study wasfopered with *°™Tc-tricine-TPPTS: in
tumor-bearing mice. Because the tumor-to-muscletambr-to-blood ratios were enhanced and the updekeeased over
time in the nontarget tissues and organs, suchhaskidney and intestine, scans were carried ouf di after

99MTc-tricine-TPPTS: injection. The SPECT/CT images were consistertt tie biodistribution results. As seen in Figure



6A, the radioactivity accumulated clearly in thentur (ROI of 3.94 + 0.28). The specificity for CDKAvas again
confirmed by the receptor inhibition study, whene pretreatment of palbociclib suppressed the twptake to a ROI of

0.95 £ 0.18 (Figure 6B).
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Figure 6. Micro-SPECT/CT images of°™Tc-tricine-TPPTSE in MCF-7 xenograft-bearing BALB/c nude mice 2 h aftediotracer
administration. (A) An unblocked mouse and (B) ackéxl mouse. In the blocking study, one hundred agi@ms of palbociclib was injected
intravenously via the tail vein 30 min before thrénistration of*™Tc-tricine-TPPTSE. The images are shown as coronal plane (a), ahgitt
plane (b) and transverse plane (c).

2.6. Toxicity study

We conducted the MTT assay to determine the cyiotgxof compound3, the prodrug of ligand., in MCF-7 cells. As
shown in Figure 7, no remarkable cell death wasdletl after incubation with compouBdin a further abnormal toxicity
study, none of five mice showed abnormality or diéiér 48 h. If one takes a person weighing 6Qthe dose received by a
mouse was 250-278 times as much as a human recpereltilogram, suggesting the high safety of thkitgan of

9mretricine-TPPTS-.
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Figure 7. Cell viability after incubation with compourfiat different concentrations. Each sample wasdédsteextuplicate with results given as
the mean + SD.

3. Discussion

Palbociclib, the first selective CDK4/6 inhibitopmroved by FDA in 2015, has the potential to beoadgand available
molecular skeleton to obtain novel ligands for CiK#naging if the modifications had little interéarce with the affinity
and selectivity. Palbociclib was selected from asst of pyrido-[2,d]pyrimidin-7-one scaffolds (Figure 1A) that had
favorable selectivity for CDK#Y The introduction of the C5 methyl group led to nmyed selectivity for CDK#% The
C6 position appeared to tolerate a range of subksiis, but small substituents were preferred. htiquéar, an acetyl or
ethyl ester substituent at the C6 position coopdrdietter with the C5 methyl group to give riseatboenhancement in
potency for CDK4. A cycloalkyl group was requiredtiae N8 position, and a cyclopentyl group held blest balance of
potency and selectivity for CDK#" Both the substituents at the C6 and N8 positicztupied the hydrophobic back
pocket of the ATP binding pockét: 3! Although substitution of the aniline with a 2-amayridine diminished the potency,
excellent selectivity for CDK4 was achievét.Studies have revealed that the NH at the C2 pasithd the nitrogen at the
N3 position play a key role in the interaction witte kinase hinge regidfi! The 2-aminopyridine nitrogen is fundamental
for CDK4 selectivity. The piperazine moiety attadh® the 2-aminopyridine is preferred for its betelubility, but
substitution of the piperazine for other heteroicygroups or modification at the terminal NH pamitihave proven

sufferable in light of their small influences orethotency and selectivi§’ * Based on these findings, foll'Tc-labeling



complexes were prepared successfully and provetarget CDK4/6, which indicated that this combinatiwith a
bifunctional chelator for radiometal labeling at Niperazine was also practicable. However, theardgigoophilicity might
be the cause of high liver uptake, which sequéwntiet to poor quality imagéy.] Therefore, it is worth an attempt to
lower the lipophilicity by changing the chelatoorin isocyano-group to others that can chelate Witfic and other
hydrophilic co-ligands in further studies. In adifit, the bifunctional chelator is expected to faarstable”™Tc complex
with high efficiency at very low amounts of thedigd. The HYNIC moiety is one such chelator thaisBes the above
demands. However, it has been reported that tHatesb hydrazine group of the HYNIC-biomolecule cagte was
unstable, especially under basic conditiéhis?® 2! Aldehydes or ketones extracted from various plaatid rubber
materials during preparation could react readilyhvthe hydrazine group to form a hydrazone, whicbught about
difficulties in maintaining the purity of the ligdn On the other hand, this characteristic couldubed to protect the
hydrazine group if there was already a hydrazongtydhat was inert to reaction with aldehyde amtbbke impurities,
formaldehyde in particular, but was not stable gmoto hydrolyze under a certain condition to obtaifree hydrazine
during radiolabeling. A hydrazone with a 2-sulfaisnzaldehyde group has been reported to be aaymice!® 2" It is
inert toward formaldehyde and unstable at pH 306t form enough of the free hydrazine group dufific Iabeling[.ls]
Furthermore, it is easy to prepare and solubledtes Compoun@ was synthesized according to the literat§ref which
the NHS ester could be replaced readily by palllibcimder basic conditions. However, the low sdityof palbociclib in
DCM limited the yield of compound.

The preparation of™Tc-HYNIC complexes was easy to operate. Not onlg laaeling accomplished in one pot, but it was
also purification free postlabeling since the ratiemical purity was greater than 90% and onlyid®f compound, the
potential bioactive molecule for CDK4/6, had beeltled. Based on this, for the convenience®8Tc labeling, a kit
formulation is under consideration.

Choosing HYNIC as the bifunctional chelator hasthepadvantage. Although the certain configuratbi®™Tc-HYNIC
[28-32]

complexes has not been confirmed, it is clear HH&NIC occupies only part of the radiolabeling sprenf®™Tc.

Therefore, co-ligands are required to completeuteccupied sites of th&™Tc coordination spheres, which provides an



opportunity to adjust the efficiency of the labgligield, the stability of thé*™Tc chelates, and thie vivo performance of
%Mre complexes upon the selection of co-ligaitis® Tricine is a weakly chelating primary co-ligandjt luseful for
ligand exchange to obtain more stable and more hemepus ™ Tc-HYNIC conjugateé%‘” TPPTS and TPPMS were used
as the secondary co-ligands in this work. As shawifrigure 1, only one new species that definitehd fa different
retention time fron?®™TcO, was detected in each labeling mixture by the mma@iphase HPLC method. The speculative
structures of*™Tc-tricine-TPPTS: and ®™Tc-tricine-TPPMSE are depicted in Scheme 1. Two more sulfonic groups
make TPPTS more water-soluble than TPPMS. Thereifoie reasonable that substitution of the coAi@PPTS in the
complex ®™c-tricine-TPPTS: and the co-ligand TPPMS in the comp@%Tc-tricine-TPPMSE led to a significant
decrease in hydrophilicity. Additionally, the treimdthe logP values was also consistent with the radio-HPL@nthn
time of each complex, where the retention timé®Bfc-tricine-TPPTS: was shorter than that df"Tc-tricine-TPPMSE
(Figure 2). As expected, changing the bifunctionhklator from an alkyl isocyanide to the hydrazicotinamide
significantly decreased the lipophilicity of tA&'Tc-labeling palbociclib derivatives due to the autuction of water soluble
co-ligands, which might reduce the nonspecific kptia normal organs or tissues such as the liveérsamall intestine.

The goodin vitro stability of **™Tc-tricine-TPPTS:= and *™Tc-tricine-TPPMSE established the foundation for further
studies. An internalization study suggested thatiaB0% of total uptake was found inside the cail$20 min, consistent
with the previous observation that CDK 4/6 were tiyo®cated intracellularl\[f’5] A significant reduction of uptake in
MCF-7 cells was observed with excess treatment péilbociclib, implying a CDK4/6-targeting uptake chanism. The
results of furthern vivo studies, both biodistribution and micro-SPECT/@iRaging, confirmed this conjecture by blocking
experiments. When mice received palbociclib prittte injection of °*™Tc-tricine-TPPTS:, the tumor uptake and the
ROI value decreased by approximately 45% (from 210068% ID/g to 1.49 + 0.30% ID/g) and 76% (from48+ 0.28 to
0.95 £ 0.18), respectively.

Consistent with previous results, the higher tpephilicity of the complex, the higher the uptaKettee liver'” *® The
liver uptake of ®™Tc-tricine-TPPTS: was obviously lower than that 6f™Tc-tricine-TPPMSE, while both were

significantly lower than that of th&™Tc-labeled isocyano-containing palbociclib derivasi (Table 1). The uptake of



99T c-tricine-TPPTS: in the kidney was significantly higher than thaf¥'Tc-tricine-TPPMSE . This might suggest their
different metabolismin vivo; renal clearance for the former and a hepatopilipathway for the latter. Comparing
99MTc-tricine-TPPTS: with the most promisingCDK4/6 imaging agent®"Tc-L4 among®*™Tc-Ln (n = 2, 3, 4, 5),
although the soluble co-ligands tricine and TPPE&upied several vector molecules, the tumor upsaksved hardly any
interference, while better water solubility (loweg P value), lower hepatic and splenic uptake were misk as shown in
Table 1. However*™Tc-tricine-TPPTS- failed to reduce blood uptake.

4. Conclusion

In this study, a hydrazone-protected HYNIC-contaniNHS ester reacted with palbociclib at the NHepgzine to
successfully obtain compoun8 The hydrolysate of compound, L, was labeled with®®™Tc in the presence of
tricine/TPPTS and tricine/TPPMS in high radiocheahicyield and radiochemical purity. Both complexes,
9MTc-tricine-TPPTS:= and ™ c-tricine-TPPMSE, were hydrophilic and stable for up to 4rhvitro. Palbociclib could
significantly suppress the uptake of these compléxdViCF-7 cells as well as the tumor uptaké®8fc-tricine-TPPTS:

in an MCF-7 tumor-bearing mouse model, which intlidea CDK4/6 specific uptake mechanism. In micaibgaMCF-7
tumors, *™c-tricine-TPPTS: had much higher tumor uptake th&H'Tc-tricine-TPPMSEL. In the micro-SPECT/CT
imaging study,®™Tc-tricine-TPPTS: successfully visualized the tumor. Based on theeati results, we recommend
99MTc-tricine-TPPTS: as the best choice of tumor imaging agent with @BKspecificity amongd®™Tc-labeled derivatives
due to its purification-free preparation, good waiubility and favorable biological performance.

5. Experiments

5.1. Materials

All chemicals were purchased from commercial souir@ed used without further purification. Palboticlvas obtained
from Beijing Lunarsun Pharmaceutical Co. LMHTris(hydroxymethyl)methyl]glycine (tricine) wasupchased from Ark
Pharm. Triphenylphosphine-3,3',3"-trisulfonic acid trisodium salt (TPPTS) and sodium
diphenylphosphinobenzene-3-sulfonate (TPPMS) wermehased from TCIl (Shanghai) Development Co., IN#R

spectra were obtained on a 400 MHz NMR spectrom@®@EL). Mass spectra (MS) were recorded on an ABEX



TripleTOF™ 5600 spectrometer (AB Sciex, Concord, Canada)shFrdld®™TcO, eluent was obtained from a
“Mo/**™c-generator (Chinese Institute of Atomic Energ@adiochemical purity was analyzed by analytical
high-performance liquid chromatography (HPLC) oWaters 600 binary HPLC pump equipped with a Raytmbi
radioactivity detector and a Waters 2487 UV abswmbalual detector (Milford, MA, USA). A C18 column (@m, 250 x 4.6
mm, Kromasil) was used with a flow rate of 1 mL/rmrthe following system: solvent A ;B with 0.1% TFA; and solvent B,
CH3CN with 0.1% TFA (gradient: 0-2 min 10% B, 2-20 nl®-90% B, 20-28 min 90% B, 28-40 min 90-10% B).
Radioactivity counts were recorded by a PerkinElsystem (WIZARDB, 2480 Automatic Gamma Counter). Imaging studies
were performed on a Triumph SPECT/CT scanner (Tirif@ging, California, USA).

5.2. Chemical synthesis

Compoundsl-2 were synthesized according to the reported liteedt”! and the details are shown in the Supplementary
data. The synthesis of compoud@vas as follows: Palbociclib (447 mg, 1 mmol) andhpound2 (440 mg, 1 mmol) were
added to 30 mL of dichloromethane in a 100 mL rehottom flask, followed by the addition of 2@Q of trimethylamine.
The mixture was allowed to stir at room temperafares h. The solvent was then removed under redipcessure, and the
residue was purified via silica gel column chronga#phy (dichloromethane/methanol = 10/1) to obtimpound3 as
yellow powder (178 mg, yield 23%)H NMR (400 MHz, DMSOsdg) & 11.26 (s, 1H), 10.12 (s, 1H), 8.98 (s, 1H), 8.81 (
1H), 8.22 (ddJ = 2.3, 0.8 Hz, 1H), 8.05 (d,= 2.9 Hz, 1H), 7.99 (dd] = 7.8, 1.4 Hz, 1H), 7.86 (d,= 9.0 Hz, 1H), 7.75
(dd,J = 7.7, 1.5 Hz, 1H), 7.70 (dd,= 8.6, 2.3 Hz, 1H), 7.47 (dd,= 9.1, 3.0 Hz, 1H), 7.38.30 (m, 1H), 7.2&.21 (m,
2H), 5.78 (pJ = 8.9 Hz, 1H), 3.66 (m, 4H), 3.19 (m, 4H), 2.383Hl), 2.26 (s, 3H), 2.22.15 (m, 2H), 1.94..79 (m, 2H),
1.74 (m, 2H), 1.641.49 (m, 2H)*C NMR (100 MHz, DMSQOd,) § 203.04, 168.25, 161.28, 159.00, 158.78, 158.39,285
148.19, 146.36, 145.34, 143.69, 142.62, 141.36,123836.53, 132.56, 129.83, 129.27, 128.13, 127.3%.96, 125.66,
122.17, 115.51, 107.16, 106.17, 53.49, 49.25, 48183, 28.10, 25.67, 14.16. HRM®/%): 749.2618 (calc. 749.2618 for
Ca7H37N1006S [M-Na]).

5.3. Radiosyntheses

The radiosynthesis 6f™Tc-tricine-TPPTS: was as follows: In a clean penicillin bottle, imie (20 mg) and TPPTS (5 mg)



were dissolved in 0.2 mL of saline. After the amditof 25uL of SnCh « 2H,0 (1 mg/mL in 0.1 N HCI), the pH was
adjusted to 4-5. Then, 30 of 3 (1 mg/mL in DMF) and 0.5 mL of freshly eluted R&rc0O, (37-370 MBq) solution were
added. The reaction mixture was incubated at 10@0fCG0 min under vacuum. After cooling to room p@rature, the
radiochemical yield and purity were analyzed byiogddPLC. The only difference between the radiosgsth of
99MTc-tricine-TPPTS: and®*™c-tricine-TPPMSE was the replacement of TPPTS by TPPMS.

5.4. Stability studies

The in vitro stability study of*®™Tc-labeledL was in accordance with the literat¥e.In brief, 200uL of the reaction
mixture was kept at room temperature or incubaie2DOuL of mouse serum at 37 °C. After 4 h, an aliquothaf reaction
mixture was loaded onto the HPLC for assessmeithisofadiochemical purity.

5.5. Determination of the partition coefficient

To evaluate the hydrophilicity 87™Tc-labeled complexes, the partition coefficientimn 1-octanol and phosphate buffer
(0.025 mol/L, pH 7.4) was determined accordingh®rmethod described previou?@.The final partition coefficient value
was expressed as |6yt SD.

5.6. Cédll culture and tumor models

The human breast adenocarcinoma MCF-7 cell line puashased from the Chinese Infrastructure of Cieé Resource
and cultured in DMEM containing 10% FBS (fetal bwviserum) and 1% penicillin-streptomycin in a hufigd incubator
at 37 °C with 5% C@ Female BALB/c nude mice (18-20 g) were obtaineuinf Beijing Vital River Laboratory Animal
Technology Co., Ltd. The left armpit of the micera/énoculated subcutaneously with nearly 1 % délls in 0.1 mL of
DMEM. After 7-10 days, biodistribution and microSET/CT imaging studies were carried out when timeons reached
5-10 mm in diameter.

5.7. Cédll studies

To demonstrate whether the uptake of the compleyethe tumor cells was CDK4/6-mediated, MCF-7 c¢lisx 10
cells/well in 24-well plates) were pretreated withlbociclib (60uM/well) for 30 min. Then *™Tc-tricine-TPPTS: or

99MTc-tricine-TPPMSE (7.4 kBq) was added followed by incubation at 87f8r 2 h. The cells were then rinsed with 0.5



mL of cold PBS with 0.2% BSA twice and lysed wittbGnL of 1 M NaOH. Radioactivity counts were measuwith a
y-counter. The experiment was repeated in triplicate

Saturation binding assays were performed as destiib the literatur€® In brief, approximately 2 x fOMCF-7 cells
were seeded in every well of 96-well plates andvedld to attach overnight. After removal of the nedl
99MTc-tricine-TPPTS: at different concentrations (15-1000 nM) was adftéidwed by incubation with the cells at 32
for 1 h. Post-incubation treatments were the sagrgeacribed above. The radioactivity was expreasdtie percentage of
applied activity. The resulting data was used fetetmining the potency of™Tc-tricine-TPPTS: against CDK4/6 by
calculating the dissociation constaity), which was calculated by GraphPad Prism 5.0. Emday was performed four
times in parallel.

5.8. Biodistribution experiments

For biodistribution studies, every MCF-7 tumor-begr mouse received 0.1 mL of’™Tc-tricine-TPPTS: or
99MTc-tricine-TPPMSE (74 kBq) by intravenous injection via the tail veMice were sacrificed by decapitation at 1 or 2 h
post-injection. The tumor, blood and other tissokterest (liver, lung, kidney, spleen, stomasmall intestine, bone,
muscle and thyroid) were harvested, weighed anduned for their radioactivity viaacounter. The radioactivity of every
organ or tissue was expressed as the percent upfatke injected dose per gram of tissue (% IDA).confirm the
CDK4/6-specific uptake by tumors, we performed @cking study. In the blocking group, mice were abgel with 100ug

of palbociclib 30 min before the injection Bf'Tc-tricine-TPPTS: (74 kBq). Mice were sacrificed at 2 h post-injentio

5.9. Micro-SPECT/CT imaging

MCF-7 tumor-bearing BALB/c nude mice (n = 3) wengetted intravenously with 0.1-0.2 mL 8f"Tc-tricine-TPPTS:
(18.5 MBQ). Acquisition of SPECT/CT images was pearied while the mice were anesthetized with 1.58iugsane in air
at 500 mL/min at 120 min post-injection. A blockistydy was also carried out in the micro-SPECT/@a&ging study. On
the same day, another mouse was pretreated withd.®0palbociclib by i.v. injection via the tail weifollowed by 0.1-0.2
mL of **™c-tricine-TPPTS: (18.5 MBq). Then, a SPECT/CT scan was acquiredaeh by means of the same method. A

protocol consisting of an SPECT acquisition (ped® &eV, 20% width, no rotation, MMP930 collimatéoy 20 min and a



CT scan (512 views, 2 x 2 binding, 75 kV, expoduree 230 ms) for 4 min was performed. The SPECTifGdges were
acquired using the HISPECT software and the Vivo®aab software.

5.10.Toxicity study

To evaluate the cytotoxicity of compoud MTT assay were carried out in MCF-7 cells acaaydio the literatur€”
Briefly, MCF-7 cells were seeded in a 96-well plég@00 cells/well) and incubated for attachmenteA& night, different
concentrations (0.1, 1, 100 uM) of compouhdere added and incubated with cells for 24 h. Tladter the addition of
MTT solution (5 mg/mL), cells were incubated at “€7 in darkness for another 4 h. At the end of iratidm, the culture
media were removed after centrifugation. 50 pL &i$D was added to each well to dissolve the purpystal. The
absorbance of each well at 570 nm was measured Ugia0 Multiabel counter. For most radiopharmaceaildi the
abnormal toxicity was within consideration. Therefowe studied the toxicity of the solution Bf'Tc-tricine-TPPTS:
according to the regulation of pharmacopoeia ofpRe® Republic of China (2015 Edition). The totallwme of the
reaction mixture was adjusted to 6 mL with salifieraradiolabeling. Then, 0.5 mL of this solutioreng injected to
Kunming mice (n = 5, female, 18-20 g) via the tain. The toxicity of the solution was determingddibserving the death
and survival of mice in the next 48 h.

Compliance with ethical standards

All animal studies were performed according toRegulations on Laboratory Animals of Beijing Mupality.
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Highlights

1. Two *™Tc-labeled HY NIC-palbociclib analogs were prepared as
cyclin-dependent kinase 4/6-positive tumor imaging agents.

2. A CDK4/6-mediated uptake mechanism in MCF-7 cells was observed.

3. ¥™Tc-tricine TPPTS-L showed specific accumulation in CDK 4/6-expressing

tumors at 2 h post-injection.
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