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Cell cycle

Cancer therapy strategies
 Cell cycle inhibition (mitogen inhibition)
« Cancer cell targeting & killing (antibody & drug delivery)

» Genetic recovery (mutated gene restoring etc.)
* Blocking of angiogenesis (only solid tumor)

 Blocking of metastasis (invasion)
» Receptor regulation (specific cancer type)
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Cell cycle

The chromatin

in a single human |
body cell is about |
J| two meters long |:

e o

Chromosomes




Cell cycle

breakdown of nuclear membrane spindle fibers appear
sister chromatids chromosomes condense
centromere A U x A spindle fibers attach to chromosomes
loosely coiled /"J = ~F

/
replicated chromosomes—;
P / chromosomes condense

chromosomes align

e centromeres divide
(w1 &7 == sister chromatids move to
279 opposite poles

| nuclear membrane reforms
]
\ ; chromosomes decondense

TELOPHASE

Chromosomes replicate

S g spindle fibers disappear
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6-9 hour® - cytoplasm divides
Figure 19-2 Biokogy of Humans, 2/e { 5 } 1S parent cell becomes
©2007 Pearson Prentice Hal Inc. ey 2 daughter cells with
~ identical genetic information

© Clinical Tools, Inc

Cyclins & Cyclin dependent Kinases (CDKs) are systemically regulated.




Cell cycle - metaphase

Animal

INTERPHASE
Celi is carrying out its
normal life activities.
Chromosomes become
duplicated.

EARLY PROPHASE
Nuclear envelope begins
to disappear. Nucleolus
disappears. Long fibers of
chromatin become evident
and begin to condense
as visible chromosomes.

LATE PROPHASE
Chromosomes continue to
shorten and thicken. Spindle
forms between centrioles,
which have moved to the
poles of the cell. Kinetochores
begin attaching to microtubules.

METAPHASE
Spindle fibers attach to the
kinetochores of the
chromosomes, which line
up along the cell's midplane.

ANAPHASE
Chromatids separate at
centromeres, and one
group of chromosomes
moves toward each pole.

TELOPHASE
Chromosomes have arrived
at the poles, and the nuclear
envelopes begin to form.
Cytokinesis produces two
daughter cells.

INTERPHASE
Daughter celis formed
are genetically identical
to the parent cell.

© Brooks/Cole — Thomson Learning




Cell cycle — analysis tools

FACS analysis (Fluorescence Assisted Cell Sorting, flow cytometry) :
DNA staining with PI (Propidium lodide, red dye) - Cell counting via DNA contents
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| Cell cycle — analysis tools |

Immunostaining with Ki-67, PCNA & BrdU (integration & staining)

— R BrdU

Nature Reviews | Cancer




Indirect analysis of cell cycle
» Cyclins / CDKs expression level check
* Cell cycle regulatory proteins level check

» Growth kinetics check (proliferation analysis)




Cell culture introduction

What is Cell Culture?

The removal of cells from an animal or plant and their subsequent growth in a
favorable artificial envrionment

* Primary culture / Cell line

What you need for Cell Culture

Laminar flow hood (Cell Culture hood, biological safety cabinet)

CO, incubator: gas (0,, CO,), temperature

Flasks or dishes for growing cells

Media; Essential nutrients (amino acids, carbohydrates, vitamins, minerals,
growth factor, hormones), pH

* Microscopes
* Cryopreservation equipment
» Others: Water bath, Refrigerator, Pipette aid, Centrifuge, Autoclave



Cell culture introduction

Biosafety Levels

Low
Hazard

Biosafety Level 1 (BSL-1)
; Basic level of protection common to most research &
Clinical laboratories.
SEs e 2ER.
Biosafety Level 2 (BSL-2)
; Moderate-risk agents. Most cell culture labs should be
at least BSL-2.
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Biosafety Level 3 (BSL-3)
; Agents that may cause serious and potentially
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lethal infections.
28 SHILE RSN =5 0| Mo, D85 EH 2R.
Biosafety Level 4 (BSL-4)

; Agents that pose a high individual risk of life-threatening.
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Cell culture introduction ‘

Biosafety Levels

Biosafety Level 3 (BSL-3)
; Agents that may cause serious and potentially
lethal infections.
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Biosafety Level 4 (BSL-4)

; Agents that pose a high individual risk of life-
threatening.
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Cell culture introduction
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Sterile Work Area:
*Wipe the work surface with 70% ethanol
*Turn on Ultraviolet light




Cell culture introduction

Contamination ¢ Biological contaminants
|. bacteria, yeast, mold, mycoplasma,

li. cross contamination by other cell lines

Bacteria: most common contamination
l“o?#"‘ T TEITALSN A 7 Lﬂ:.
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Molds (fungi): grow
unattached to the cell or flask,
infect via airborne (heating
and air-conditioning system)

Mycoplasma

" the smallest (0.2 — 0.3um) wall-less
bacteria (cannot be detected by light
microscopy)

= associated with the mammalian cell
membranes

= can cause changes in cell growth,

inhibition cell metabolism, and can alter

transfection rates and virus susceptibility
.




Cell culture introduction

History

Ross Harrison (1907)- frog embryo nerve fiber outgrowth in vitro

Carrel (1912)- chick connective tissue, heart muscle contractile for 2-3 months
Rous & Jones (1916)- trypsinization and subculture of explants

Keilova (1948)- use of antibiotics in tissue culture.

Gey et al. (1952)- First Human cell line Hela established

Eagle (1955)- development of defined media

Sorieul & Ephrussi (1961)- Cell fusion; somatic cell hybridization

Kleinsmith & Pierce (1964)- Pluripotency of embryonal stem cells

Raham & Van der Eb (1973)- DNA transfer-calcium phosphate

Rheinwald & Green (1975)- Skin culture

Ham & McKeehan (1978) -Serum free media

Butler (1991)- Industrial scale culture of transfected cells for biopharmaceuticals
Freshney (2004)- Exploitation of tissue engineering



Cell culture introduction

Types of Tissue Culture
 Cell Culture — primary culture, cell line culture
 Histotypic Culture (3D culture)

* Organotypic Culture — explant culture

Primary culture
* Cells placed in culture directly from the tissue of origin

e Called primary cultures until the first subculture

* Isolation of tissues - mechanical / enzymatic, combination
Mechanical methods : chopping, pipetting
Enzymatic methods : trypsin, collagenase, elastase, dispase, DNAase &
combinations via tissue specific hardness & components



Cell culture introduction

Isolation of tissues

* Must comply with local legislation and medical ethical rules.

* Sterilize the site with 70% alcohol or other sterilization methods
* Remove tissue aseptically.

* Transfer to the laboratory in transport medium on ice.

* If delay in transporting to lab, keep at 4°C for up to 72hours generally,

but immediate transporting is the best.



Cell culture introduction

Primary culture procedure

4 stages of the culture after first isolation of the cells, but before the first
subculture :

1) acquisition of samples,

2) isolation of tissues,

3) disaggregation,

4) culture seeding into culture vessel.

Enzymetic Mechanicday 0 Mechanic day 10




Cell culture introduction

Established Cell Lines

= Primary culture = Trypsinization & first subculture: called secondary
culture =2 if continued passage is possible: called ‘cell line’

= Cell line: established or immortalized cells has the ability to proliferate

= Cell line examples below

Hela Human Cervical cancer

293-T Human Kidney (embryonic)

A-549 Human Lung carcinoma
ALC Murine Bone marrow
CHO Hamster Ovary

HB54 Hybridoma Hybridoma

FM3 Human Metastatic lymph node




ATCC

PRODUCTS SERVICES

Home » Products » All Products » CCL-27

Hela (ATCC® CCL-2")

STANDARDS

Signin | Create a Profile

DOCUMENTS AND LITERATURE

Quick Order | “w Shopping Cart (0 items) | South

Korea

I Search by Keyword or Catalog Mo.

Advanced Search

TOMER SUPPORT ABOUT ATCC

Organism: Homo sapiens. human / Cell Type: epithelial / Tissue: cervix / Disease: adenocarcinoma

SHARE | EMAIL | P

GENERAL INFORMATION CHARACTERISTICS CULTURE METHOD SPECIFICATIONS HISTORY DOCUMENTATION < =

Organism

Tissue

Cell Type

Product Format

Morphology

Culture Properties

Biosafety Level

Disease

Age

Gender

Ethnicity

Applications

Storage Conditions

Homo sapiens, human

cervix

epithelial

frozen

epithelial

adherent

2 [Cells contain human papilloma virus]

adenocarcinoma

31 years adult

female

Black

These cells are a suitable transfection host.

This cell line can be used to screen for Escherichia coli strains

with invasive potential.

liquid nitrogen vapor phase

Hela
ATCC® CCL-2"

frozen For-Profit: $431.00
Non-Profit: $359.17
Qty: Add to Cart

RECOMMENDED FOR THIS PRODUCT

Eagle's Minimum Essential Medium (EMEM)
[ATCC® 30-2003™

Qy | Addto ™ For-Profit: $19.00

500 mL Non-Profit: $19.00
EFetal Bovine Serum (FBS) (ATCC® 30-20207)

Qy | Addto ¥ For-Profit: $324.00

frozen 500 mL Non-Profit: $324.00

Trypsin-EDTA Solution, 1X (ATCC® 30-2101™)

Qy | Addto ¥ For-Profit: $13.00
frozen 100 mL Non-Profit: $13.00

Dimethylsulfoxide (DMSO} (ATCC® 4-X™

Gy | Addto For-Profit: $47.00

% 5 mL vials Non-Profit: $47.00
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Cell culture introduction

Suspension cells

Adherent cells

Hanging
Stir Bar

Grow floating in culture medium

Cells survive and proliferate
without the attachment to culture
container

blood, some neural stem cells

Vertical
Impeller

luel sl lelele

v' Grow as a monolayer attached to

the surface of culture container

v Fibroblasts, epithelial cells,

neurons

v" Most of the time require the

specialized surface

Cell layer —>

Basement
membrane — >

Connective
tissue / stroma

Integrins Proteoglycans

Receptors with intracellular  Low affinity, transmembrane
signaling domain and receptors, without signaling
variable extracellular domain: domains: bind matrix

bind fibronectin, vitronectin,  proteoglycans, collagen, and
laminin, collagen growth factors




Cell culture introduction

Basic Constituents of Media

Media type Examples Uses )
® PBS, Hanks BSS, Ea'r)Ies salts v |n0rgan|C salts
Balanced salt solutions g:g: Form the basis of many complex media
eBss v’ Carbohydrates
MEM Primary and diploid cultures.
. Modification of MEM containing v . Aminn Acide
Basal media

DMEN

GMEN

RPMI

Color reflects buffering capacity
And quality medium!

Complex media

Iscove

Leibov

CHO

Serum Free Media |HamF
Ham F

DMEN




Cell culture introduction

How to culture?

Stationary phage

» Cell Maintenance 10¢

Subculture

Media Exchange

Subculturing = Passaging

Cell density

10°
> Cell Freezing i Lag phage |
: v y (expontential) :
» Cell Thawing 104 | Log phase growtn
0 2 4 6 8 10
Days

<Growth Pattern of Cultured Cells>



I Cell culture introduction

How to Subculture? -Adherent Cells

Confluent monolayer
growing in flask after
about one week

Medium removed,
monolayer washed
in PBSA

Cells spreading
after a few hours

Cells reseeded in

fresh flask

Cells resuspended
in medium, ready
for counting and
reseeding

RO g e N e e o
R - 300 8 B 0 O

Trypsin removed,
leaving residual film ﬂ

Cells rounding

up after incubation ‘f

~

Fig. 12.3. Subculture of the Monolayer. Stages in the subculture and growth cycle of mon-
olayer cells following trypsinization. (See also Plates 5-8.)

Labeled with the
— Name of cell line

— Passage Number
— Additives

. — Date made ,



Cell culture introduction

How to Cell Freezing? -Adherent Cells

» Cryopreservation
v Genetic drift, Senescence, Contamination
v To maintain best cells
v Seed stock (earlier passages)
v Working stock
; Optimal freezing conditions depend on the cell line in use

» Requirements
v Cryoprotective agent: DMSO or glycerol
v Cryovials
v’ Cryo-freezing container, Liquid nitrogen (tank)

-196°C




Cell culture introduction

How to Cell Thawing?

> Guideline

v Thawing is stressful to frozen cells
v Working quickly ensures high cell survival

» Procedures
v" Quickly thaw the cells (<1min) by gently swirling the vial in the 37°C
v" Before opening in laminar flow, wipe the outside of the vial with 70% EtOH
v’ Transfer the thawed cells into the pre-warmed complete growth medium
v’ Centrifuge the cells
v’ Discard the supernatant
v Add the new culture media
v’ Transfer them into the prepared culture vessel
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History of Stem Cells Research
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Types of Stem Cells
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Concept of Stem Cells Therapy
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