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The Study of Cell CycleThe Study of Cell Cycle



Cell CycleCell Cycle

•• Techniques for measuring cell cycle parameters most Techniques for measuring cell cycle parameters most 
often use often use thymidinethymidine analogues that are taken up in S analogues that are taken up in S 
(DNA synthesis) phase (DNA synthesis) phase 

–– TritiatedTritiated thymidinethymidine (autoradiography). (autoradiography). 

–– BromodeoxyuridineBromodeoxyuridine (fluorescent antibody)(fluorescent antibody)



Fix and stain microscope Fix

Flash label with
3H-dTTP or Br-dUTP for 20 mins

If Br-dUTP
labeled

If 3H-dTTP 
labeled

Mitotic Index (M.I.)
= λ TM/TC

Labeling Index (L.I.)
= λ TS/TC

Methods for studying Cell cycleMethods for studying Cell cycle



Measurement of Cell Cycle ParametersMeasurement of Cell Cycle Parameters

1.1. Cell cycle time (Cell cycle time (TcTc) ) 

2.2. Mitotic Index (Mitotic Index (MIMI) => ) => TmTm

3.3. Labeling Index (Labeling Index (LILI) => ) => TsTs

4.4. Percent Labeled Mitosis Percent Labeled Mitosis (P(PLMLM) => ) => 

TcTc, Tm, Ts, T, Tm, Ts, TG1G1, T, TG2G2

5.5. FACSFACS



Cell Cycle Time (Cell Cycle Time (TcTc))

Cell Growth CurveCell Growth Curve
((Counting cell numberCounting cell number))

Percent labeled mitosisPercent labeled mitosis

FACSFACS



Cell Cycle Time (Cell Cycle Time (TcTc))
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Mitotic Index (MI)Mitotic Index (MI)

M.I. = Tm/M.I. = Tm/TcTc

= = λλ Tm/Tm/TcTc
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M. I.M. I.



Mitotic Index (MI) Mitotic Index (MI) cont.cont.



Labeling Index (LI)Labeling Index (LI)

L.I. = Ts/L.I. = Ts/TcTc

= = λλ Ts/Ts/TcTc
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Percent Labeled Mitosis (PLM)Percent Labeled Mitosis (PLM)
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Percent Labeled MitosesPercent Labeled Mitoses
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Percent Labeled Mitoses Percent Labeled Mitoses (cont.)(cont.)



Percent Labeled Mitoses Percent Labeled Mitoses (cont.)(cont.)

TsTs

TcTc



Percent Labeled Mitoses Percent Labeled Mitoses (cont.)(cont.)



Table 21.1Table 21.1



Cell Cycle Analysis by Flow Cell Cycle Analysis by Flow CytometryCytometry

1. label DNA with 1. label DNA with propidiumpropidium iodideiodide
(fluorescent dye)(fluorescent dye)

2. measure light output by 2. measure light output by 
flow flow cytometrycytometry

3. analyze DNA histograms3. analyze DNA histograms

G1G1
SS

G2G2 MM

2n2n

2n + 2n + δδ nn

4n4n 4n4n

2n2n 4n4n

# cells# cells

degree of fluorescencedegree of fluorescence



FACSFACS

LASER

Cells in fine stream

PM tubes

Most cell cycle 
work now uses 
flow cytometry
where a laser 
excites dye in 
cells and output 
is collected by 
photomultiplier 
tubes.DNA can 
be labeled by 
propidium
iodide (P.I.) and
S phase cells by 
BrdUrd
(detected using 
a fluorescent 
antibody)



Fluorescence Activated Cell Sorting



Principles of Using FACSPrinciples of Using FACS

•• Size difference (FSC)Size difference (FSC)

•• Granularity difference (SSC)Granularity difference (SSC)

•• Binding ability to Binding ability to fluorochromesfluorochromes

•• FL1FL1

•• FL2FL2

•• FL3FL3

•• FL4FL4



Applications of FACSApplications of FACS

•• Cell cycle analysisCell cycle analysis

•• Chromosome analysis (DNA analysisChromosome analysis (DNA analysis))

•• Cell SortingCell Sorting

•• Cell Cell PhenotypingPhenotyping

•• ApoptosisApoptosis

•• Functional studiesFunctional studies



Cell Cycle

22NN

44NN

22N<  >4NN<  >4N



Cell Cycle (DNA) AnalysisCell Cycle (DNA) Analysis

with PI

L.I.
G2/M.I
G1.I.



RTRT--induced Ginduced G22/M block/M block

7.5 hr 9.0 hr 10.5 hr 11.5 hr 13.0 hr

(50MHz)

(3 Gy)

Cancer Cell International 2002, 2:3



Cell Cycle: Cell Size AnalysisCell Cycle: Cell Size Analysis

FSCFSC

FSC HISTOGRAMFSC HISTOGRAM



Cell Cycle: DNA Analysis IICell Cycle: DNA Analysis II

CellCell
++

BrdUTPBrdUTP

FACSFACS

++
AbAb--BrdUTPBrdUTP

FITCFITC
PLM



Cell cycle detectionCell cycle detection



RTRT--induced cell cycle delayinduced cell cycle delay

MOLECULAR AND CELLULAR BIOLOGY, Feb. 2002, p. 1049–1059



FACS FACS -- TsTs



Functional Studies of FACSFunctional Studies of FACS

•• Measurement of Measurement of Calcium FluxCalcium Flux

•• pH MeasurementpH Measurement

•• Measurement of Measurement of Reactive OxygenReactive Oxygen

•• Measurement of Intracellular Measurement of Intracellular GlutathioneGlutathione

•• Measurement of  Measurement of  Membrane potentialMembrane potential

•• PhagocytosisPhagocytosis

•• Measurement of Green Fluorescent ProteinMeasurement of Green Fluorescent Protein

•• Membrane polarizationMembrane polarization



Chromosome Analysis IChromosome Analysis I



Chromosome Analysis IIChromosome Analysis II

GC Rich DNAGC Rich DNA
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DNA DNA PloidyPloidy



Measurement of [CaMeasurement of [Ca++++]]



Reactive OxygenReactive Oxygen



GlutathioneGlutathione



FACS for [HFACS for [H22OO22] & [Glutathione]] & [Glutathione]



Membrane PotentialMembrane Potential



FACS ApplicationFACS Application



PhagocytosisPhagocytosis



Cell DeathCell Death
NecrosisNecrosis

ApoptosisApoptosis



Apoptosis IApoptosis I



Apoptosis IIApoptosis II

DIGDIG--dUTPdUTP



Apoptosis IIIApoptosis III



SpleenSpleen
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Tumor : Dot PlotTumor : Dot Plot
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Tumor KineticsTumor Kinetics



Potential Doubling Time (Potential Doubling Time (TpotTpot))

Growth Fraction (G. F.) Growth Fraction (G. F.) 
= P / (P + Q)= P / (P + Q)
P: Proliferation cellsP: Proliferation cells
Q: NonQ: Non--Proliferating Proliferating 

quiescent cellsquiescent cells

if G.F. = 1 if G.F. = 1 

TpotTpot = = TcTc = = λλ Ts/L.I., Ts/L.I., 

or or TpotTpot = = TcTc/G.F./G.F.

GG00



Growth FractionGrowth Fraction



Clinical Results: Clinical Results: Role of Role of TTpotpot in Radiotherapyin Radiotherapy
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Kinetic of Theoretical Tumor GrowthKinetic of Theoretical Tumor Growth



Cell Loss Factor (Cell Loss Factor (ΦΦ))

Cell loss factor (Cell loss factor (ΦΦ))

=  1 =  1 –– TpotTpot/Td/Td

Td: observed tumor doubling Td: observed tumor doubling 
timetime



Factors Result in Cell LostFactors Result in Cell Lost

Cell Death Cell Death 

MetastasisMetastasis

ExfoliationExfoliation



Cell Loss Factor (Cell Loss Factor (ΦΦ))



Roles of Cell Loss Roles of Cell Loss 
Factor in RadiotherapyFactor in Radiotherapy



http://http://mx.nthu.edu.twmx.nthu.edu.tw/~/~cschiangcschiang



Cell Cycle: Marker Protein ICell Cycle: Marker Protein I



Cell Cycle: Marker Protein IICell Cycle: Marker Protein II



Tumor Control ProbabilityTumor Control Probability
(Chap. 3 page 46)(Chap. 3 page 46)

•• TCP: Probability of no cell survival at allTCP: Probability of no cell survival at all
•• Poisson statistics Poisson statistics ::

TCP = e TCP = e -- M x SFM x SF

where M = total number of cells.where M = total number of cells.
•• For SF = e For SF = e -- k Dk D (e.g. single(e.g. single--hit killing)hit killing)

•• A sigmoid curveA sigmoid curve
•• NTCP: Normal tissue complication probabilityNTCP: Normal tissue complication probability

lnM)(kDkD eeMSFM eeeTCP
−−− −⋅−⋅− ===

= e-(number of cell left)



Calculation of tumor cell kill (p.46)Calculation of tumor cell kill (p.46)

1. A tumor consists of 109 clonogenic cells.  The effective dose-response 
curve, given in daily dose fractions of 2 Gy, has no shoulder and a D0 of 
3 Gy.  What total dose is required to give a 90% chance of tumor cure?

A:A:
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Poisson Statistical DistributionPoisson Statistical Distribution
•• Probability of r number of drops in the bucket:Probability of r number of drops in the bucket:

–– For 0 drop, r = 0, P (0) = eFor 0 drop, r = 0, P (0) = e-- mm

–– For 1 drop, r = 1, P (1) = m eFor 1 drop, r = 1, P (1) = m e-- mm

–– and so on ...and so on ...
–– Probability of "no hit at all" (i.e. survival fraction) = P Probability of "no hit at all" (i.e. survival fraction) = P 

( r = 0 ) = e ( r = 0 ) = e --mm
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TCP vs NTCPTCP vs NTCP
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