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IntroductionIntroduction

A.  What is p21?A.  What is p21?
-- p21 is a gene found on chromosome 6 at 6p21.2p21 is a gene found on chromosome 6 at 6p21.2
-- this gene produces a protein involved in cell cycle this gene produces a protein involved in cell cycle 

regulationregulation
-- its protein function is to act as a its protein function is to act as a cyclincyclin--dependent dependent 

kinasekinase inhibitor (inhibitor (CdkCdk inhibitor) to promote cell cycle inhibitor) to promote cell cycle 
suppression through the inhibition of suppression through the inhibition of 
phosphorylationphosphorylation by by cyclincyclin--dependent dependent kinaseskinases ((Cdk’sCdk’s))
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Introduction Cont’dIntroduction Cont’d

B.B. How does p21 cause tumor suppression?How does p21 cause tumor suppression?
-- tumor growth within tissues results from tumor growth within tissues results from 
uncontrolled cell growth after DNA damageuncontrolled cell growth after DNA damage
-- tumor suppression by p21 occurs in several tumor suppression by p21 occurs in several 
steps:steps:

1.  Cellular DNA becomes damaged by 1.  Cellular DNA becomes damaged by 
chemical mutagenesis or radiationchemical mutagenesis or radiation
2.  Tumor suppressor gene, such as p53, is 2.  Tumor suppressor gene, such as p53, is 
activatedactivated

Introduction Cont’dIntroduction Cont’d

3.  p53 then binds to a response element on p21, 3.  p53 then binds to a response element on p21, 
which becomes activatedwhich becomes activated
4.  p21 then binds to either Cdk2, Cdk3, Cdk4, and 4.  p21 then binds to either Cdk2, Cdk3, Cdk4, and 
Cdk6 to cause cell cycle arrest through its inhibition Cdk6 to cause cell cycle arrest through its inhibition 
of of cyclincyclin--dependent dependent kinaseskinases
5.  Cell cycle arrest at Go/G1 continues until the 5.  Cell cycle arrest at Go/G1 continues until the 
DNA is repaired and p53 levels decline as a result of DNA is repaired and p53 levels decline as a result of 
p21 inactivation p21 inactivation 



3

Structure and Function of p21Structure and Function of p21

A.A. Function of p21Function of p21
1.  Role of p21 in cell cycle regulation1.  Role of p21 in cell cycle regulation

-- acts as a acts as a CdkCdk inhibitor and promotes cell inhibitor and promotes cell 
cycle arrest after DNA damagecycle arrest after DNA damage

2.  Location of p21 actions in cell cycle2.  Location of p21 actions in cell cycle
-- the p21 protein product causes cell cycle the p21 protein product causes cell cycle 
arrest at Go/G1, which occurs just before S arrest at Go/G1, which occurs just before S 
phasesphases

Structure and Function of p21 Cont’dStructure and Function of p21 Cont’d

3.  Effectors of p21 include tumor suppressor 3.  Effectors of p21 include tumor suppressor 
genes and in particular p53, which binds to the genes and in particular p53, which binds to the 
response element on p21response element on p21
4.  p21 is able to bind to Cdk2,Cdk3, Cdk4, and 4.  p21 is able to bind to Cdk2,Cdk3, Cdk4, and 
Cdk6 at the restriction point, Go/G1, in the cell Cdk6 at the restriction point, Go/G1, in the cell 
cyclecycle

-- various concentrations of p21 are required various concentrations of p21 are required 
for inhibition of different for inhibition of different Cdk’sCdk’s (See next (See next 
slide for data results on inhibition by p21)slide for data results on inhibition by p21)
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GSTGST--RbRb kinasekinase assay using sf9 assay using sf9 
extracts and p21 concentrationsextracts and p21 concentrations

Structure and Function of p21 Cont’dStructure and Function of p21 Cont’d

5.  p21 deficiency has been shown to cause tumor growth in 5.  p21 deficiency has been shown to cause tumor growth in 
various tissues, including the pituitary and thyroid gland, livevarious tissues, including the pituitary and thyroid gland, liver, r, 
and pancreasand pancreas

6.  The synergistic interaction of p21 and p18 can result in tis6.  The synergistic interaction of p21 and p18 can result in tissue sue 
specificityspecificity

-- The loss of both p21 and p18 result in more The loss of both p21 and p18 result in more 
rapidly forming tumors than p21 deficient mice, rapidly forming tumors than p21 deficient mice, 
especially in the pituitary and lungespecially in the pituitary and lung
-- No tumor growth is present when a functional No tumor growth is present when a functional CdkCdk
inhibitor is present in the absence of p21, such as p18inhibitor is present in the absence of p21, such as p18
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Tumor Formation in p21Tumor Formation in p21--//-- mice mice 
occurs in various tissuesoccurs in various tissues

P21 and P21 and CyclinCyclin--Dependent Dependent KinaseKinase
Expression in Various TissuesExpression in Various Tissues
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Structure and Function of p21 Cont’dStructure and Function of p21 Cont’d

B.B. Structure of p21Structure of p21
1. The promoter region and binding site for 1. The promoter region and binding site for 
p53 can be shown through deletion analysisp53 can be shown through deletion analysis

-- deletions performed on the first 164 amino deletions performed on the first 164 amino 
acid residues of the promoteracid residues of the promoter
-- results indicate amino acid residues 1results indicate amino acid residues 1--80 80 
are most important for inhibition of Cdk2 at are most important for inhibition of Cdk2 at 
the S phase restriction pointthe S phase restriction point

P21 Structure and Deletion AnalysisP21 Structure and Deletion Analysis
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AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interaction with p21Interaction with p21

A.A. DaunomycinDaunomycin and its effects on p21 expression and its effects on p21 expression 
in HCT116 and MCF7 cells, which are human in HCT116 and MCF7 cells, which are human 
colorectal and breast cancer cells respectivelycolorectal and breast cancer cells respectively
1.  What is 1.  What is DaunomycinDaunomycin??

-- a drug which causes cell cycle arrest a drug which causes cell cycle arrest 
through the indirect activation of p21through the indirect activation of p21

AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interaction with p21 Cont’dInteraction with p21 Cont’d

2.  Western Blot Analysis Results2.  Western Blot Analysis Results
-- Increase in p21 expression with Increase in p21 expression with 
DaunomycinDaunomycin treatment in cancer cellstreatment in cancer cells

3.  Analysis of p53 after 3.  Analysis of p53 after DaunomycinDaunomycin treatmenttreatment
-- Drug causes a greater amount of cells Drug causes a greater amount of cells 
arrested at Go/G1 after treatment arrested at Go/G1 after treatment 
-- Drug also causes an increase in cell Drug also causes an increase in cell 
apoptosis after treatmentapoptosis after treatment
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Effects of Effects of DaunomycinDaunomycin on p21 on p21 
expression in Human Cancer cellsexpression in Human Cancer cells

Role of p53 in cell cycle arrest and Role of p53 in cell cycle arrest and 
apoptosis after apoptosis after daunomycindaunomycin
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AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interaction with P21 Cont’dInteraction with P21 Cont’d

3.  Overall effects and benefits of 3.  Overall effects and benefits of DaunomycinDaunomycin
treatmenttreatment

-- Drug is a potent inducer of both p21 and Drug is a potent inducer of both p21 and 
p53 in human colorectal and breast cancer p53 in human colorectal and breast cancer 
cellscells
-- Use of Use of daunomycindaunomycin allows inhibition of allows inhibition of 
cellular metastasis through activation of p21cellular metastasis through activation of p21

AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interaction with p21 Cont’dInteraction with p21 Cont’d

B.B. Effects of Effects of ApicidinApicidin on p21 activation in on p21 activation in 
human prostate carcinoma cellshuman prostate carcinoma cells
1.  1.  ApicidinApicidin

-- histonehistone deacetylasedeacetylase inhibitorinhibitor
-- activates expression of both p21 mRNA activates expression of both p21 mRNA 
and protein (See next figure)and protein (See next figure)
-- activation occurs through the activation occurs through the 
accumulation of acetylated accumulation of acetylated histoneshistones in the in the 
p21 chromatinp21 chromatin
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Induction of p21 mRNA and protein Induction of p21 mRNA and protein 
by by ApicidinApicidin

AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interaction with P21 Cont’dInteraction with P21 Cont’d

2.  2.  ApicidinApicidin mechanism of actionmechanism of action
-- Activates p21Activates p21
-- Causes loss of viability in human prostate Causes loss of viability in human prostate 
carcinoma cells in a concentrationcarcinoma cells in a concentration--
dependent mannerdependent manner
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Effects of Effects of apicidinapicidin on Human on Human 
Prostate Carcinoma CellsProstate Carcinoma Cells

AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interaction with p21 Cont’dInteraction with p21 Cont’d

3.  p21 promoter activation by 3.  p21 promoter activation by apicidinapicidin
-- FullFull--length vs. 93S p21 promoter length vs. 93S p21 promoter luciferaseluciferase
reporter constructs (See next figure)reporter constructs (See next figure)
-- Results: 93S construct had higher amount Results: 93S construct had higher amount 
of p21 induction of p21 induction 
-- Conclusion:  93S section of p21 promoter Conclusion:  93S section of p21 promoter 
is essential for p21 responsiveness to is essential for p21 responsiveness to 
apicidinapicidin
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P21 promoter activation by P21 promoter activation by ApicidinApicidin

AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interactions with p21 Cont’dInteractions with p21 Cont’d

4.  4.  HistoneHistone acetylationacetylation by by apicidinapicidin
-- Levels of Levels of histonehistone H3 and H4 H3 and H4 aceytlationaceytlation
increased over time in pancreatic carcinoma cellsincreased over time in pancreatic carcinoma cells
-- Immunoglobulin control showed no Immunoglobulin control showed no histonehistone
acetylationacetylation (See next figure)(See next figure)
-- Conclusion: inhibiting Conclusion: inhibiting histonehistone deacetylasedeacetylase
allows allows apicidinapicidin to promote to promote hyperacetylationhyperacetylation of of 
specific specific histoneshistones, H3 and H4, in the chromatin of , H3 and H4, in the chromatin of 
the p21 genethe p21 gene
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H3 and H4 accumulation induction H3 and H4 accumulation induction 
by by ApicidinApicidin

AntiAnti--Cancer Drugs and Their Cancer Drugs and Their 
Interactions with p21 Cont’dInteractions with p21 Cont’d

5.  Overall effects and benefits of 5.  Overall effects and benefits of apicidinapicidin
-- Causes cell cycle arrest in pancreatic carcinoma Causes cell cycle arrest in pancreatic carcinoma 
cells through transcriptional activation of p21cells through transcriptional activation of p21
-- Causes accumulation of acetylated Causes accumulation of acetylated histoneshistones H3 H3 
and H4 that are associated with the p21 and H4 that are associated with the p21 
promoterpromoter
-- p21 is a key target in growth inhibition by p21 is a key target in growth inhibition by 
apicidinapicidin in several tissues besides pancreatic in several tissues besides pancreatic 
carcinoma cell linescarcinoma cell lines
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P21 P21 TransfectionTransfection in Carcinoma Cell in Carcinoma Cell 
LinesLines

A.  Human A.  Human GliomaGlioma CellsCells
-- Occur by a malignant transformation of low Occur by a malignant transformation of low 
grade grade astrocytomaastrocytoma

B.  Northern Blot analysisB.  Northern Blot analysis
-- increase in p21 mRNA after p21 increase in p21 mRNA after p21 transfectiontransfection
into into gliomaglioma cells (See next figure)cells (See next figure)

Increase in p21 mRNA and Protein Increase in p21 mRNA and Protein 
expression in p21 expression in p21 TransfectantsTransfectants



15

p21 p21 TransfectionTransfection in Carcinoma Cell in Carcinoma Cell 
Lines Cont’dLines Cont’d

C.  p21 C.  p21 transfectiontransfection vs. control cell linesvs. control cell lines
-- p21 p21 transfectiontransfection promotes a decrease in promotes a decrease in 
tumor cell growth through the accumulation of tumor cell growth through the accumulation of 
p21 p21 transfectedtransfected cells in the Go/G1 phase (See cells in the Go/G1 phase (See 
next figure)next figure)

Effects of p21 Effects of p21 transfectiontransfection in Human in Human 
GliomaGlioma CellsCells
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p21 p21 TransfectionTransfection in Carcinoma Cell in Carcinoma Cell 
Lines Cont’dLines Cont’d

D.  ConclusionsD.  Conclusions
-- Decrease in Decrease in gliomaglioma tumor cell growth by p21 tumor cell growth by p21 
transfectiontransfection
-- Growth inhibition was followed by Go/G1 Growth inhibition was followed by Go/G1 
cell cycle arrest as the result of p21 cell cycle arrest as the result of p21 activationactivation

ConclusionsConclusions

A.A. p21 is directly activated by p53 binding to its p21 is directly activated by p53 binding to its 
response element in the promoter regionresponse element in the promoter region
-- Occurs after DNA damageOccurs after DNA damage

B.B. Cells accumulate at the Go/G1 checkpointCells accumulate at the Go/G1 checkpoint
-- Occurs at this stage to prevent further S Occurs at this stage to prevent further S 
phase replication of the damaged cellphase replication of the damaged cell

C.  p21 binds to various C.  p21 binds to various cyclinscyclins in Go/G1, such as in Go/G1, such as 
cyclincyclin B, to promote B, to promote CdkCdk inhibitoninhibiton and cell and cell 
cycle arrestcycle arrest
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Conclusions Cont’dConclusions Cont’d

D.D. ApicidinApicidin and and DaunomycinDaunomycin are currently used are currently used 
to treat patients that contain a p21 deficient to treat patients that contain a p21 deficient 
genegene

E.  More current treatments also help to promote E.  More current treatments also help to promote 
a reduction in tumor progression, including a reduction in tumor progression, including 
p21 p21 transfectiontransfection in cells containing a p21 gene in cells containing a p21 gene 
deletiondeletion


