DNA and Cell Cycle
Ana ﬂyS|s by Flow
cytometry

Dynamic Solutions in Immunology
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CV vs. Core diametre
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é Coefficient of Variation
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Doublett Discrimination
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Methods for Doublet
Discrimination

Peak vs. Area

&) | Ratio vs. Area

TOF vs. Area

Width vs. Area
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é Cell cycle and DNA
Staining
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é DNA and Cytokeratin
Staining

Human bladder cancer cells, stained with
Pl and Cytokeratin
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Plotter




Ancient tools
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Planimeter
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DNA Analysis,
Background

- DNA Analysis and Cell Cycle Analysis

IS studied In:

m Routine Labs in the assessment of the malignancy and
prognosis of cancers

m Clinical research in the development of new treatment
for malignant diseases

m Pharmaceutical industry in drug development
m Breweries for monitoring the fermentation process
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é Staining Principle

- DNA can be stained by different dyes
that intercalate into the double
strand

- The staining is stoichiometric, i.e.
the amount of dye bound is directly
proportional to the amount of DNA
present in the cell

- The dye has to enter the nucleus to
stain the DNA strands
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DNA dyes

- DNA dyes fall into two
main categories:

- EXxcitable by 488nm laser
light:
m Propidium iodide
m Acridine Orange
m Coriphosphine O

- EXcitable by UV light:
m DAPI
m Hoechst
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g Dyes Useful for Cell
Cycle Analysis

Excitation Emission Fixation

(nm) (nm)
Propidium lodide ABE 620 yes
7 AAD 488 675 yes
Ethidium Bromide AB8 590 yes
TO-Pro 3 633 673 yes
Hoechst 33342 and
33358 U.V. 410up yes/no
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The Cell Cycle

- G, - the cell is resting, the DNA content is 2N

- G, - the cell enters the cycle, the DNA content is
still 2N

- S - the cell starts replicating its DNA strands, the
DNA content varies between 2 and 4 N

- M - the cell is in Mitosis, the two daughter cells
are still attached, the DNA content for each cell is
again 2N
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é Signal Shape Analysis

Since two cells attached to each other have the

same DNA content as one cell with two times the DNA,
the pulse shape has to be used to separate clumps from
single cells. Several methods may be used that lead

to the same result.

*DNA area vs. DNA width

*Time of Flight vs. DNA area
*DNA area vs. DNA peak

*Ratio (Integral/peak) vs. Integral
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Information from Cell
Cycle Analysis

- People are mainly interested in two

pieces of information:

m Size of the S-phase, i.e. how many cells are
proliferating?

m How many G, peaks are present, i.e. is more than one
type of DNA content present in the cells? (malignant
cells often display different DNA content, compared to
healthy cells)
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Drug Treatment and

Cell Cycle
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grown in medium. N
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Combined Immuno-
é phenotyping and DNA
staining

Method:

- For a surface antigen
—> Stain and then fix

- For an intracellular antigen
—>Fix and then stain

D €y anias misi e SEORs eIt i€ o pnt s i 1 | BT 1T T ST S RO SO Y



é DNA staining and BrdU
Incorporation

- In order to study DNA synthesis, the
base analog on BrdU (Bromode-
oxyuridine), iIs. introduced during cell
proliferation and stained later.

- 'The cells are then permeabilised and
stained with PI.
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é Proliferation Studies
Using Cell Cycle
Analysis

- Pulse Labeling with
Bromodeoxyuridine (BrdU)
m Analogous to Tritiated Thymidine Assay
- Calculation of the Doubling Time of
Cell Populations
m /n Vivoand /n Vitro labeling
- Detection of Nuclear Antigens

Associated with Proliferation
m Ki67, PCNA, p105
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BrdU Labeling
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g Cells Labeled with 5’
Bromodeoxyuridine
transiting the Cell Cycle

1hr | 2hr | 3hr

Green BrdU Staining
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Proliferation Associated
Antigens

- Advantages of flow cytometry

m can relate directly to cell cycle phase
m can measure cellular subsets

- Disadvantages of flow cytometry
m sometimes difficult to confirm antibody specificity
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Cell Cycle Associated
Antigens

DNA polymerase a :
Thymidine kinase

‘Histone H1'
- MAP
- Nucleolin
Lamin



g Nuclear Antigens Associated
With Proliferation

cyclinB/cde2

- Ki67
- PCNA
« Cyclins

cyclinA/edk
linD/cdk4

cyclinE/cdk2 ps3
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Cyclin Expression

Control
I9G *Cyclin A reaches its maximum in G1, but is absent on mitotic cells

i / *Cyclin B1 reaches its maximum in G2 and mitotic cells

*Cyclin E . reaches the maximum in early S-phase

Cyclin A / Cyclin B1 Cyclin E
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Cyclin Expression In
Human Lymphoblastoid
Cells
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é Kie7 and PCNA

- Ki67 Is a nuclear antigen of 345 and 395
kDa

- Ki67 Is expressed during all phases of the
cell cycle except G,

- Ki67 Is a specific marker for proliferating
cells, i.e. entering the cell cycle from G, to
Mitosis

- PCNA expression increases during cell
cycle, but is also present in G, phase
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PCNA vs. Pl

HELA cells stained
- T simultaneously with PCNA and Pl

- _' The PCNA staining Is
o directly related to the S-phase
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Ki67 and Pl staining

Fine needle aspirate from a human breast cancer

Normal cells
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é DNA staining and
apoptosis

One of the simplest methods, but also
one of the least reliable methods, is
the staining of DNA of apoptotic cells
with Pl. The fragmented DNA
strands will result in a typical sub-G,
peak. The size of this peak can be
used as a rough-indicator of the
number of apoptotic cells.
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é Sub-G, Peak

Before Induction After Induction

3% Apoptosis 47% Apoptosis
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é DNA staining and
Apoptosis

- In order to get a clearer picture of
apoptotic cells, the cells may be
stained simultaneously with P1 and
Annexin V.

« This assay allows a clear distinction
of the various stages of apoptosis.
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Annexin V and Pl Staining

Secondary necrotic
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Dead Cells
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é Proliferation Assays

On Day 0, CFSE (Carboxyfluorescein Succinyl Ester)
used to stain cells

— Dye binds irreversibly
to cell constituents

Cell Viability remains
high (>99%)
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é Proliferation Assays (cont.)

|1ol |1|:|2

With Each Division Cell Intensity Halves




Proliferating T Cells

Some cells have gone through
No proliferation, all cells t0 4th generation

Day O ytensw Day 2 ‘\4
: J g

Day 3
1 Most cells have gone through 4

~— 7 generations, some 5

d
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Proliferation Kinetics

Percentage of Proliferating T Cells in each
Generation after Stimulation

100 O unstim
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Pecentage of Cells
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No of Generations after Initial Staining
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Functionality Test
(viability )

Scatterlight-Gate
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Cell Cycle Analysis DNA -

Contentlce” Discrimination
of Doublets
E :
)
T
pulse height
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Pl - Fluorescence ( DNA - Content)
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Cell cycle analysis

Calculation of the relative proportions in each cycle

phase
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Applications 11
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Applications 111
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