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ABBREVIATIONS

2D: two-dimensional

BrdU: bromodeoxyuridine

CAK: CDK-activating kinase

CDK: cyclin-dependent kinase

FBS: fetal bovine serum

IP: immunoprecipitation

PAGE: polyacrylamide gel electrophoresis
PBS: phosphate buffer saline

PD033: PD0332991

pRb: retinoblastoma susceptibility protein
SDS: sodium dodecyl sulphate

SEM: standard error of the mean



ABSTRACT

CDK4 and CDKG6 bound to D-type cyclins are master integrators of G1 phase cell cycle
regulations by initiating the inactivating phosphorylation of the central oncosuppressor pRb.
Because of their frequent deregulation in cancer, cyclin D-CDK4/6 complexes are emerging
as especially promising therapeutic targets. The specific CDK4/6 inhibitor PD0332991 is
currently tested in a growing number of phase I/l clinical trials against a variety of pRb-
proficient chemotherapy-resistant cancers. We have previously shown that PD0332991
inhibits not only CDK4/6 activity but also the activation by phosphorylation of the bulk of
cyclin D-CDK4 complexes stabilized by p21 binding. Here we show that PD0332991 has
either a positive or a negative impact on the activation of cyclin D-CDK4/6 complexes,
depending on their binding to p21. Indeed, whereas PD0332991 inhibits the phosphorylation
and activity of p21-bound CDKA4/6, it specifically stabilized activated cyclin D3-CDK4/6
complexes devoid of p21 and p27. After elimination of PD0332991, these activated cyclin
D3-CDK4/6 complexes persisted for at least 24 h, resulting in paradoxical cell cycle entry in
the absence of a mitogenic stimulation. This unsuspected positive effect of PD0332991 on
cyclin D3-CDK4/6 activation should be carefully assessed in the clinical evaluation of

PD0332991, which until now only involves discontinuous administration protocols.



INTRODUCTION

Eukaryotic cell cycle progression is tightly regulated by cyclin-dependent kinase (CDK)
complexes. CDK4 and CDKG®, activated by D-type cyclins induced by mitogens, initiate in G1
phase the phosphorylation of the tumor suppressor pRb.>*** This leads to pRb inactivation
and release of the E2F transcription factor activity necessary for DNA synthesis and cell cycle
progression. pRb phosphorylation is then maintained independently of D-type cyclins, and
hence of mitogens, by a positive feedback loop linking pRb to E2F-dependent transcription of
cyclin E, which leads to CDK2 activation and further phosphorylation of pRb.® In addition,
cyclin D-CDK4/6 complexes play a second, noncatalytic function in G1 phase progression
through the sequestration of the Cip/Kip CDK inhibitors p21 and p27, thereby facilitating
CDK2 activation.® Activation of CDK4/6 is a multistep process that absolutely requires first
the binding to a D-type cyclin, which is opposed by INK4 CDK inhibitors such as p16, and
then an activating phosphorylation in the T-loop.”®*° In contrast to the weak T177
phosphorylation of CDK®6, our previous work has identified the activating T172
phosphorylation of CDK4 as the last highly regulated step determining CDKA4
activity.'%!12813 Whereas CDK?7, the catalytic component of CDK-activating kinase (CAK),
is clearly involved in CDK4/6 activation,"**® other proline-directed kinases could
phosphorylate CDK4 but not CDK6 which lacks the adjacent proline present in the
phosphoacceptor domain of CDK4.*3**® The impacts of p21 and p27 on CDK4/6 activation
are complex and remain much debated. They play positive roles by stabilizing cyclin D-
CDK4/6 complexes and targeting them to nuclei but they can also inhibit CDK4/6 activity.'®®
Less stable cyclin D3-CDK4 complexes in p21/p27 null cells are hyperactive.'”*®*® How can
p21 and p27 shift from an inhibitory to an activation mode is still poorly understood. One
debated possibility is related to different stoichiometries of the binding of these proteins to

cyclin-CDK complexes.'®®® On the other hand, as first exemplified by T187 phosphorylation



of p27,2* phosphorylations of Cip/Kip proteins, including by oncogenic tyrosine kinases, have
also emerged as other potential mechanisms for CDK regulation®*?*2*. Consistent with this
idea, we have recently demonstrated that S130 phosphorylation of p21 inside the cyclin D-
CDK4/6 complexes is catalysed by other active CDK4/6 and CDK2 complexes and is
required for the activating T172 phosphorylation of p21-bound CDK4 complexes.’ Later at
G1/S transition, S130 phosphorylation of p21 leads to its recognition by the SCF/Skp2
ubiquitin ligase complex and proteasomal degradation of cyclin/CDK-bound p21, hence

contributing to CDK?2 activation.?>%

Aberrant regulation of cell cycle is a hallmark of cancer.?” CDKA4/6 activity is deregulated
through various genetic alterations in many human tumors. These include amplification or
mutation of the CDK4 and CDKG6 genes, amplification of the genes encoding D-type cyclins
and deletion or silencing of the CDKN2A/B gene encoding the INK4 inhibitors p16 and
p15.22% Such a deregulation is crucial for various oncogenic transformation processes
suggesting that many cancer cells are addicted to high CDK4/6 activity.***! By contrast,
normal development of most tissues can take place in the absence of cyclin D-CDK4/6
complexes.?%* CDK4/6 activity thus appears as a promising therapeutic target for cancer
treatment.® Several highly selective inhibitors of CDK4 and CDKG® are currently being tested
in phase II/111 clinical trials against a variety of pRb-proficient chemotherapy-resistant cancers
(ClinicalTrials.gov).*® Among them, PD0332991*" (palbociclib, Pfizer) is the most advanced
one. Preclinical studies have demonstrated that PD0332991 induces G1 arrest in pRb-positive
cell lines and suppresses the growth of various tumors in xenografts.®3°40414243 | different
cancer models, treatment with PD0332991 has not only a cytostatic effect but also triggers

44,30,45

either senescence or apoptotic cell death of tumoral cells . In the currently tested

discontinuous oral treatments (e.g. given for 14 consecutive days in 21-day cycles)



PD0332991 is generally well tolerated with cytopenia being the main side effect. 4"

Preliminary reports indicate that PD0332991 induces an ‘unprecedented improvement of
progression-free survival’ of women with advanced breast cancer.* This compound received

in 2013 the FDA “Breakthrough Therapy’ status allowing an accelerated clinical evaluation.>

In this study, we report the serendipitous observation that interruption of PD0332991
treatment paradoxically induces pRb phosphorylation and DNA synthesis in serum-deprived
quiescent cells. This prompted us to further characterize the effects of PD0332991 on
CDK4/6 complexes and to find out that this compound unexpectedly stabilizes activated

cyclin D3-CDK4/6 complexes that are devoid of p21 and p27.
RESULTS

T98G glioblastoma cells are defective for CDKN2A,B,C and sensitive to CDK4/6 inhibition.*°
Continuous treatment of these cells with 250 nM PD0332991 for 16 h completely prevented
their serum-induced entry into S-phase (Fig. 1A). As expected, this was associated with a
reduction of the CDK4/6-specific phosphorylations of pRb at T826, S780 and S807/811 and
with an increase of the hypophosphorylated form of pRb. CDK4/6 inhibition did not affect the
expression of CDK4 and cyclin D3 but PD0332991 increased the levels of cyclin D1 (Fig.
1B), as observed by others.****? Also interestingly, PD0332991 treatment prevented the
disappearance of p21 but not of p27 (Fig. 1B). p21 and p27 are marked for proteasomal
degradation by the SCF/Skp2 ubiquitin ligase complex depending on their phosphorylation at
S130 and T187, respectively.?? The differential effect of PD0332991 on p21 was consistent
with our observation that S130 phosphorylation of p21 is mainly effected by CDK4 or
CDKS6," whereas T187 of p27 is phosphorylated by CDK2 but not by CDK4.% This p21
accumulation might also prevent the export and degradation of cyclin D1,> thus explaining

the accumulation of cyclin D1 induced by PD0332991.



Arrest of PD0332991 treatment induces DNA synthesis and some pRb phosphorylations
in serum-deprived cells. In control conditions of experiments that were designed to
investigate kinetics of cell cycle recovery after withdrawal of PD0332991 treatment, we
unexpectedly discovered that a pre-treatment of T98G cells with PD0332991 sufficed to
induce DNA synthesis, as analysed 16 h or 24 h after elimination of PD0332991 in cells that
were continuously maintained without serum (Fig. 2A). In these experiments, cells were
serum-deprived for 3 days with or without PD0332991 and then rapidly rinsed twice with
PBS and subsequently incubated in culture medium without serum and PD0332991. This
paradoxical induction of DNA synthesis in response to a discontinued PD0332991 pre-
treatment was confirmed in the MCF7 breast carcinoma cell line (Fig. 2B), a well-described

model of cell cycle arrest by PD0332991.%

To understand how the discontinued treatment with PD0332991 could allow the cells to exit
their quiescent state despite the absence of serum, we analysed the phosphorylation of pRDb.
As shown in Fig. 2C, cells that have been pre-treated with PD0332991 exhibited an elevated
pRb phosphorylation compared to untreated counterparts. The effect was more pronounced 24
h after PD0332991 withdrawal and it could not be explained by modulations of the expression
of cyclin D1, cyclin D3, CDK4 or CDK6. p21 accumulation was nevertheless reduced in

PD0332991-pretreated cells (Fig. 2C).

Interestingly, not all CDK4/6-specific phosphorylation sites of pRb were equally affected.
The effect of PD0332991 pre-treatment on the S780 phosphorylation was stronger compared
to the other phosphorylation sites (S807/811 and T826)(Fig. 2C). Quantification of the

different phosphorylations of pRb detected 24 h after the withdrawal of PD0332991 revealed



a fold change of about 2 for the phosphorylations at S807/811 and T826, whereas the
phosphorylation of S780 increased about 6 times compared to untreated cells (Fig. 2D). T821
phosphorylation was also more strongly increased (Fig. 2 C and D). We have previously
demonstrated that S780 of pRb is more efficiently phosphorylated by cyclin D3-CDK4/6
complexes, whereas cyclin D1 more efficiently drives the phosphorylation at S807/811 and
T826.>® Moreover T821 is a specific target of CDK®6 in addition to CDK2.>* Our results
suggested that pre-treatment of T98G cells with PD0332991 could somehow increase
CDKA4/6 activity and that this impact could more selectively target cyclin D3-associated

activity.

PD0332991 has an unexpected positive impact on the activation of cyclin D3-CDK4/6
complexes. To evaluate whether PD0332991 could have an unsuspected positive effect on
cyclin D3-CDK4/6 complexes, we next analysed the composition and the pRb-kinase activity
of these complexes, after their immunoprecipitation using cyclin D3 or CDK6 antibodies,
from T98G cells that were treated or not treated with PD0332991 for 16 h in the presence or
in the absence of serum. Importantly, the kinase activity of the immunoprecipitated
complexes was assayed in vitro, i.e. in the presence of a physiological 2 mM ATP
concentration but in the absence of added PD0332991. Continuous treatment of cells with
PD0332991 in the presence of serum dramatically enhanced this in vitro activity of CDK6
complexes and cyclin D3 complexes containing both CDK4 and CDKG6 (Fig. 3A). This effect
was not explained by greater amounts of CDK4/6 or cyclin D1/D3 in the complexes.
PD0332991 treatment also increased the weak basal pRb-kinase activity associated with

cyclin D3 and CDKG®6 in serum-deprived cells (Fig. 3A).



The positive effect of PD0332991 on the activation of cyclin D3-CDK4/6 complexes is fast
and persists after elimination of the drug. To explain the impact of the pre-treatment with
PD0332991 on the entry into S-phase observed in Fig. 2 A and B, the effect of the drug on the
cyclin D3-associated in vitro activity should persist even after its elimination. Experiment
described in Fig. 3B shows that the dramatically increased activity of the cyclin D3
complexes was indeed maintained at least 24 h after PD0332991 withdrawal. Moreover, this
stimulatory effect of PD0332991 on cyclin D3 complexes was fast as it was already detected

1 h after administration of the inhibitor (not shown).

The activating effect of PD0332991 on CDK4/6 is specific of cyclin D3 complexes that
are not associated with p21 or p27.

As illustrated in Fig. 4A, the positive impact of PD0332991 on CDKA4/6 activation was
specific of the cyclin D3 complexes, as the compound rather decreased cyclin D1-bound
activity despite the larger amount of cyclin D1 complexes in T98G cells. The selective impact
on cyclin D3-bound complexes was consistent with the preferential impact of PD0332991 on
the cyclin D3-dependent S780 phosphorylation of pRb versus the other CDK4/6-specific

phosphorylations (as shown in Fig. 2C and D).

On the other hand, as previously shown, PD0332991 treatment suppressed the pRb-kinase
activity associated with p21 (Fig. 4A), which we explained by the inhibition of CDK4/6-
dependent S130 phosphorylation of p21, which in turn prevents the activating T172
phosphorylation of p21-bound CDK4." The opposite impact of PD0332991 on cyclin D3-
and p21- containing complexes necessarily implied that the cyclin D3-associated complexes
that were durably activated by PD0332991 could not be associated with p21. They could not

be associated with p27 either, as in T98G cells p27 containing complexes are almost inactive®



and were not activated by PD0332991 (Fig. 4A). Therefore, PD0332991 appeared to favor the
formation of cyclin D3-CDK4/6 complexes that were devoid of p21 or p27. Interestingly,
PD0332991 might more specifically increase the presence of p21/p27-free cyclin D3-CDKG6
complexes in T98G cells, as a reduction of CDKG6 association was observed in p27 and p21
immunoprecipitates in response to PD0332991, whereas the association of CDK6 with cyclin
D1 and cyclin D3 was unaffected (Fig. 4A). The association of cyclin D3 with p27 was also

reduced (Fig. 4A).

Specific activation of cyclin D3 complexes by PD0332991 was also observed in HCT116
human colon carcinoma cells (Fig. 4B). In these cells too, PD0332991 oppositely affected the

activation of complexes associated with cyclin D3 or p21.

The activating effect of PD0332991 on cyclin D3-CDK4/6 does not involve an increase of
the activating phosphorylations of CDK4/6.

PD0332991 could enhance cyclin D3-associated pRb-kinase activity by increasing the
activating phosphorylation of CDK4 or CDK®6. The relative presence of phosphorylated and
non-phosphorylated forms of CDK4 and CDKG6 in the different complexes was assessed as
previously® using 2D-gel electrophoresis. We have previously identified the activated
phosphorylated forms of CDK4 and CDK6 as the most negatively charged ones using
different approaches: [32P] phosphate incorporation, a phosphospecific antibody, in vitro
phosphorylation by recombinant CAK, and analysis of T172A-mutated CDK4 or T177A-
mutated CDK6.%** Treatment of HCT116 cells (Fig. 5A) and T98G cells (not shown) with
PD0332991 did not increase the phosphorylation of cyclin D3-bound CDK4. Cyclin D3-
bound CDK®6 was not detectably phosphorylated as previously shown, ** even in PD0332991-

treated cells (Fig. 5A). Instead, PD0332991 treatment reduced the faint phosphorylation of
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CDKS6 detected in cyclin D1 and p21 immunoprecipitates and, as previously shown,* the
phosphorylation of p21-bound CDK4 (Fig. 5A). Finally, as evaluated by 2D-gel
electrophoresis separation, PD0332991 did not grossly affect the posttranslational profile of
cyclin D3 (Fig. 5B) and it similarly reduced the S130 phosphorylation of p21 either bound to

cyclin D3 or cyclin D1 (Fig. 5C), as previously shown.*

PD0332991 stabilizes and activates p2l-free cyclin D3-CDK4 complexes. In the
experiments described above, the activity of CDK4 complexes could not be investigated
directly due to the lack of a CDK4 antibody that preserves activity. In order to directly
compare the effect of PD0332991 cell treatment on cyclin D3-CDK4 complexes bound or not
to p21, we transfected vectors of myc-tagged CDK4 and cyclin D3 with or without a p21
vector in CHO cells which do not express endogenous p21. As previously observed with p27?,
co-expression of p21 with cyclin D3 and CDK4 increased their expression levels possibly due
to the stabilization of these proteins in complexes assembled by p21 (Fig. 6A). In the absence
of p21 expression, PD0332991 cell treatment also increased the total amounts of cyclin D3
and CDK4 (Fig. 6A), which was associated with a much increased formation of cyclin D3-
CDK4 complexes (Fig. 6B). This effect of PD0332991 was not observed in the presence of a
p21 co-expression, suggesting that PD0332991 and p21 competed for the stabilization of
cyclin D3-CDK4 complexes (Fig. 6 A and B). PD0332991 not only increased the amount of
cyclin D3-CDK4 complexes, but it even more potently stimulated their in vitro pRb-kinase
activity as seen in co-immunoprecipitations using anti-cyclin D3 or anti-myc (CDK4)
antibodies (Fig. 6B). When comparing similar amounts of cyclin D3-CDK4 complexes
purified from cells that were treated or not treated with PD0332991 (Fig. 6B), or when
normalizing the pRb-kinase activity to the amount of CDK4 in complexes, 4-5 fold increases

of activity were observed in response to PD0332991 (Fig. 6C). Again, activation of cyclin
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D3-CDK4 complexes by PD0332991 was not associated with an increased phosphorylation of
CDK4 (Fig. 6D). Finally, the effects of PD0332991 on the formation and activity of cyclin
D3-CDK4 complexes did not result from a cell cycle inhibition, as CHO cells were

completely insensitive to PD0332991-induced cell cycle arrest (data not shown).

To conclude, this study highlights an unexpected positive impact of PD0332991 on CDK4/6
involving the stabilization and the activation of cyclin D3-CDK4/6 complexes devoid of p21
and p27. This persistent effect is likely to generate the paradoxical mitogenic response that

could be observed upon cessation of PD0332991 cell treatment.

DISCUSSION

Many cancers harbor genetic alterations leading to aberrant activation of cyclin D-CDK4/6
complexes while keeping a normal pRb expression. In several cancer models, deregulation of
CDK4/6 leads to addiction to the activity of these kinases and the CDKA4/6 inhibitor
PD0332991 induces either apoptosis or senescence. Direct inhibition of CDK4/6 activity thus
appears as a promising strategy to treat cancers by reactivating a normal pRb function, a hope
which is encouraged by recent preliminary reports from phase Il clinical trials.*® We have
recently shown that the activation of CDK4 by phosphorylation is a central node in the cell
cycle decision. Indeed, CDK4 phosphorylation is not only a converging target of various
signaling cascades, %2 put it is also influenced by positive feedbacks mediated by CDK4
and CDK2 to sustain CDK4 activation.® Most cyclin D-CDK4/6 complexes exist in cells in
stoichiometric association with their stabilizing partners p21 or p27, and we have shown that
PD0332991 also interferes with the activation of p2l-bound CDK4 by preventing the

CDK4/6-dependent phosphorylation of p21 at S130 and hence T172 phosphorylation of
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CDK4." Therefore, by different mechanisms, PD0332991 interferes both with activity and

activation of CDK4/6.

Here, we report a completely opposite impact of cell treatment with PD0332991 on cyclin
D3-CDK4/6 complexes that are unbound to p21 or p27. This paradoxical positive effect was
associated neither with an increased phosphorylation of CDK4 or CDK6 nor with a
modification of the 2D-gel electrophoresis profile of cyclin D3. Collectively, our data suggest
that PD0332991 durably stabilizes the assembly of cyclin D3-CDK6 and cyclin D3-CDK4
complexes that are devoid of p21 and p27 and, as a result, become hyperactive upon arrest of
PD0332991 treatment. Even in cells such as T98G and MCF-7 that are bona fide models of
inhibition of pRb phosphorylation and G1 cell cycle arrest in response to CDK4/6 inhibition
by PD0332991,**' this accumulation of activated p21/p27-free cyclin D3-CDK4/6
complexes was sufficient to generate a mitogenic response in serum-deprived quiescent cells

upon PD0332991 withdrawal.

How could PD0332991 favor the formation of cyclin D3-CDK4/6 complexes that are not
bound to p21 or p27 ? p21 and p27 bind the CDK moiety of cyclin-CDK complexes by
inserting their 310 helix into the catalytic ATP-binding cleft, thus inhibiting the activity.*®>"*®
It is therefore likely that PD0332991, as a high affinity ATP-competitive drug, would also
compete for p21/p27 binding to CDK4 and CDKG6. Moreover, PD0332991 appeared to
somehow mimic the effect of p21 binding as a stabilizing factor for cyclin D3-CDK4/6
complexes. Curiously, unlike p21 binding, the stabilizing effect of PD0332991 on cyclin D3-
CDKA4/6 did not require a stable interaction but it was durable, even persisting 24 h after

withdrawal of the drug. It also remains unclear why this effect specifically affects complexes

associated with cyclin D3 and not those associated with cyclin D1. Cyclin D3-CDKG6
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complexes were also shown to be specifically more resistant to p21 and p27, perhaps due to
their higher intrinsic stability.>® Further crystallographic and biophysical investigations should
evaluate conformational changes induced by PD0332991 interaction with CDK4 and CDK®6
and their impact on the association with D-type cyclins. Noteworthy, direct conformational
changes were also invoked to explain the dimerization/transactivation effects of ATP-
competitive RAF inhibitors on wild-type RAF, leading to paradoxical activation of the MAPK

pathway and enhanced proliferation.®®®*

PD0332991 is undeniably the most promising cell cycle based therapy to date for most pRb-
positive cancers. Acquired resistance to this drug may arise through activation of CDK2.52*
Another side effect of PD0332991 treatment could be the acquisition of a more invasive
phenotype as observed in pancreatic cancer cell lines.>! The clinical efficacy of PD0332991
and other CDK4/6 inhibitors, either as a monotherapy or in combination with various other
drugs, was until now only tested in discontinuous treatments with one week off treatment
every two or three weeks (clinicaltrials.gov).*® Especially in tumors that express high levels of
cyclin D3, the undesired aspect of PD0332991 pharmacology demonstrated here could thus
allow hyper-activation of cyclin D3-CDK4/6 complexes and proliferation of cancer cells
during the treatment interruption. This might explain tumor response failures and favor
acquired resistances, suggesting that discontinuous PD0332991 protocols might need to be
carefully considered. On the other hand, a burst of tumoral cell proliferation upon withdrawal
of PD0332991 treatment might also open a window of increased responsiveness to genotoxic
chemo/radiotherapeutics. This might be exploited in sequential treatments which would

alternate PD0332991 and genotoxic therapeutics. Finally, it remains to be verified whether

such a stabilization of activated CDK4/6 complexes could also occur in response to the other
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clinically assessed CDKA4/6 inhibitors including LEE-011 and LY2835219. Unfortunately

these molecules were not made widely available for academic research.

MATERIALS AND METHODS

Cell culture, BrdU incorporation and transfection. T98G, HCT116 and CHO cells were
cultured as described. ' After starvation without FBS for 3 days, cells were growth
stimulated by 10 % FBS. MCF7 cells were cultured as described® in the presence of 5 % FBS
and 6 ng/ml insulin. They were then starved for 3 days in DMEM without phenol red, insulin
and FBS. PD0332991 (Selleck Chemicals) was dissolved in DMSO and used at a final
concentration of 250 nM or 1 puM. In all control conditions, cells were given the same
concentration of DMSO. DNA replicating cells were identified by a 30 min incubation with
BrdU.®* CHO cells were transfected for 48 h using JetPEI (Polyplus Transfection) with 6 pg
of pcDNAS3 vector encoding myc-tagged CDK4 and Xpress-cyclin D3, and 6 g of PE vector

encoding p21."

Immunoblot analyses. Equal amounts of whole cell extract proteins were separated
according to molecular mass and immunodetected using the following antibodies: monoclonal
antibodies against cyclin D1 (DCS-6), cyclin D3 (DCS-22) (from Neomarkers), anti-total pRb
monoclonal antibody (#554136, BD Pharmingen), monoclonal anti-phospho-pRb (T826)
antibody (Abcam-Epitomics), monoclonal anti-phospho-pRb (S780 and S807/811) antibodies
(Cell Signaling), polyclonal anti-phospho-pRb (T821) antibody (Biosource), monoclonal
(DCS-31) or polyclonal (H-22) anti-CDK4 antibodies, polyclonal antibodies against p21 (C-
19), p27 (C-15) and CDKG6 (C-21) (all from Santa Cruz Biotechnology). Secondary antibodies
were either coupled to horseradish peroxidase (Amersham Biosciences) for detection by

enhanced chemiluminescence (Western Lightning, Perkin-Elmer) or to DyLight 680 and 800
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(Pierce Biotechnology) for infrared fluorescence detection using the Odyssey scanner (LI-
COR).

Immunoprecipitation. Co-immunoprecipitations were performed as described '°%

using
monoclonal antibodies against cyclin D1 (DCS-11), cyclin D3 (DCS-28) (Neomarkers), a
mixture of the K25020 anti-p27 monoclonal antibody from BD-Pharmingen and the C-15 p27
polyclonal antibody (Santa Cruz Biotechnology), polyclonal antibodies against CDK6 (C-21)
or p21 (C-19) (Santa Cruz Biotechnology) and monoclonal anti-myc tag (9E10) (Santa Cruz
Biotechnology).

pRb-kinase assay. As described,**®

immunoprecipitated protein complexes were incubated
with 2 mM ATP and a recombinant pRb fragment (Sigma), before SDS-PAGE separation of
the incubation mixture and western blotting detection of the T826-phosphorylation of the pRb

fragment, cyclin D1, cyclin D3, CDK4, CDKG6, p21 and p27.

Two-dimensional (2D)-gel electrophoresis. As described,® immunoprecipitated protein
complexes were denatured in a buffer containing 7 M urea and 2 M thiourea. Proteins were
separated by isoelectric focusing on immobilized linear pH gradient (pH 3 to 10) strips,

separated by SDS-PAGE and immunoblotted.
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FIGURE LEGENDS

Figure 1

Inhibition of DNA synthesis and pRb phosphorylation by continuous PD0332991 treatment.
(A,B) Quiescent T98G cells were stimulated (+) or not stimulated (-) with 10 % FBS for 16 h
in the presence (+) or in the absence (-) of 250 nM PD0332991. (A) DNA synthesis was
evaluated from duplicate dishes by counting the percentage of nuclei having incorporated
BrdU during the last 30 min of stimulation (mean + range from duplicate dishes). (B) Western
Blotting analyses from whole cell lysates with the indicated antibodies. Arrow indicates the

hyperphosphorylated forms of pRb.

Figure 2

Withdrawal of PD0332991 induces DNA synthesis and pRb phosphorylation in serum-
deprived cells. As a pre-treatment, T98G (A,C,D) and MCF7 cells (B) were serum starved
during 3 days in the presence (+) or absence (-) of a 250 nM PD0332991. Cells were then
washed twice in PBS to eliminate PD0332991 and cultured for the indicated times without
serum. DNA synthesis (A,B) was evaluated from duplicate dishes by counting the percentage
of nuclei having incorporated BrdU during the last 30 min of treatment. (A) Results from
T98G cells are means + SEM from two independent experiments. (B) Results from MCF7
cells are means + range from duplicate dishes. (C) Western Blotting analyses with the
indicated antibodies from whole cell lysates. Arrow indicates the hyperphosphorylated forms
of pRb. (D) Densitometric quantitation of western blotting detections of pRb phosphorylation
on different residues at the 24 h time point. Results show for each phospho-specific pRb
antibody the ratio between cells that were pre-treated or untreated with PD0332991 (fold

change (+ PD/ -PD)).
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Figure 3

PD0332991 cell treatment durably increases the activity of cyclin D3-CDK4/6 complexes
measured in vitro. (A,B) Quiescent T98G cells were stimulated (+) or not stimulated (-) with
10 % FBS for the indicated periods in the presence (+) or in the absence (-) of 250 nM
PD0332991. In (B), cells that were treated for 16 h with FBS and PD0332991 (FBS+PD033
pre-treat.) were then rinsed twice with PBS to eliminate the inhibitor and put back (+) or not
(-) in the presence of 250 nM PD0332991 for 1, 4, 8 or 24 h. (A,B) Cell lysates were
immunoprecipitated (IP) with anti-cyclin D3 (D3) and anti-CDKG6 antibodies. These
immunoprecipitates were incubated in vitro with ATP and a pRb fragment. The incubation
mixture was then separated by SDS-PAGE and immunoblotted with the indicated antibodies
to detect co-immunoprecipitated proteins and the T826 phosphorylation of the pRb fragment

(pRb-kinase). High and low exposures of the pRb-kinase blot are shown in (A).

Figure 4

PD0332991 cell treatment specifically increases the activity of p21/p27-free cyclin D3-
CDK4/6 complexes. Serum-deprived T98G (A) and HCT116 (B) cells were stimulated (+) or
not stimulated (-) with 10 % FBS for the indicated periods in the presence (+) or in the
absence (-) of 250 nM PD0332991. Cell lysates were immunoprecipitated (IP) with anti-
cyclin D1 (D1), anti-cyclin D3 (D3), anti-p21 or anti-p27 antibodies. These
immunoprecipitates were incubated in vitro with ATP and a pRb fragment. The incubation
mixture was then separated by SDS-PAGE and immunoblotted with the indicated antibodies
to detect co-immunoprecipitated proteins and the T826 phosphorylation of the pRb fragment

(pRb-kinase). High and low exposures of the pRb-kinase and p21 blots are shown in (B).
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Figure 5

PD0332991 cell treatment neither increases the activating phosphorylation of CDK4/6 nor
modifies the 2D-gel electrophoresis profile of cyclin D3. Serum-deprived HCT116 cells were
stimulated (+) or not stimulated (-) with 10 % FBS for the indicated periods in the presence
(+) or in the absence (-) of 250 nM PD0332991. Cell lysates were immunoprecipitated (IP)
with anti-cyclin D1 (D1), anti-cyclin D3 (D3) or anti-p21 antibodies and these
immunoprecipitates were separated by 2D gel electrophoresis followed by immunodetection
of CDK4 and CDK®6 (A), cyclin D3 (cyc D3)(B) or p21 (C). Black arrows in (A) indicate the
position of T172-phosphorylated CDK4 and T177-phosphorylated CDKG6. Noteworthy,
detection of the very minor phosphorylated form of CDK®6 in (A) required the overexposure
of the blots. Colored arrows in (C) indicate the main phosphorylated forms of p21. 1P 130, 1P
98 and 2P 98,130 indicate p21 phosphorylated at S130, S98 or both sites, respectively, as

previously identified and characterized.®

Figure 6

PD0332991 stabilizes and activates p21-free cyclin D3-CDK4 complexes. CHO cells were
transfected for 48 h with plasmids encoding cyclin D3 (D3) and myc-CDK4 alone or together
with p21. Transfections were done in the absence (-) or presence (+) of 1 uM PD0332991. (A)
Western Blotting analyses with the indicated antibodies from whole cell lysates. (B) Cell
lysates were immunoprecipitated (IP) with anti-cyclin D3 (D3), anti-myc or anti-p21
antibodies. These immunoprecipitates were incubated in vitro with ATP and a pRb fragment.
The incubation mixture was then separated by SDS-PAGE and immunoblotted with the
indicated antibodies to detect co-immunoprecipitated proteins and the T826 phosphorylation
of the pRb fragment (pRb-kinase). As CHO cells transfected with cyclin D3 and CDK4 alone

and treated with PD0332991 expressed approximately 5 times more cyclin D3 and CDK4
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than their untreated counterparts (as quantified from whole cell lysate immunodetections in
(A)), immunoprecipitations from PD0332991-treated cells were also performed with a 1/5
volume of cell lysate (1/5), in order to compare the pRb-kinase activity of similar amounts of
CDK4 complexes from cells cultured with or without PD0332991. (C) Western blotting
detections obtained from the myc (CDK4)-immunoprecipitations in (B) were subjected to
densitometric analysis and the ratio of pRb-kinase activity versus CDK4 was calculated. (D)
Cell lysates were immunoprecipitated (IP) with anti-cyclin D3 (D3) antibody and separated

by 2D-gel electrophoresis followed by CDK4 immunodetection.
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