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Research tools
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Diagnostic tools
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History 

-1907 Ross Harrison: Showed development of nerve fibers from frog embryo tissue 
in vitro.

- 1912 Alexis Carrel: Kept fragments of chicken embryo heart alive and discovered 
cell passaging/sub-culturing.

- Till 1950 mainly tissue explants were used for culture techniques. After this year 
dispersed cells in cell culture media were used.
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Cell culture

Removal of cells of an animal or plant and their subsequent growth in a 
favorable artificial environment.

A)  Primary cells: Passage by sub-culturing.
B)  Cell line: Infinite, continuous.
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HeLa: The most commonly used cell line

In the early 1980s, German virologist Harald zur Hausen 
found that HeLa cells contained multiple copies of human 
papillomavirus 18 (HPV-18), a strain of HPV later found to 
cause the type of cervical cancer that killed Lacks.
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Cancer research initiatives, such as the Cancer
Genome Atlas, prefer to use primary cells rather
than cell lines to sequence cancer genomes
because they are more biologically relevant.
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Equipment

Particular conditions of treatment and culture: temperature, air in a sterile 
incubator, sterile laminar flow hood, water bath, centrifuge etc.
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There are six main ingredients 
found in cell culture media:
1.Carbon source (e.g., glucose).
2.Buffering system (e.g., HEPES).
3.pH Indicator (e.g., phenol red).
4.Serum.
5.Metabolites, vitamins, minerals 
and secrets (e.g. 2-me).
6.Antibiotics.

Cell Culture Media
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Standard Operating Procedures (SOP) for Cell Culture Room
November 2023
The policies outlined here are to be used for common routine maintenance and cleaning of the cell culture facilities in
National Hellenic Research Foundation.

General

• Wear clean laboratory coats, not contaminated with blood or any other animal tissue.

• Wear gloves. Dispose of gloves when overtly contaminated or when the integrity of the glove is compromised. This is
crucial as specific assays will utilize immune cells which are sensitive to activation even with remnants of dermal cells,
dust, etc. Do not wear disposable gloves for touching "clean" surfaces (keyboards, telephones, etc.), and do not wear
them outside the lab.

Important: gloves should be passed with 70% ethanol when they come in contact with surfaces outside of the hood.

• All bench and work areas should be kept clean with as few items and pieces of equipment as possible. Keep the
access door for the culture rooms closed when the incubator door is open and/or the hoods are operating.

• No items should be stored inside the hoods unless the supplies are off the surface of the hood (Exception: sterile
pipettes, tips).

• Wipe down with 70% ethanol for every item placed in the hood such as pipetting devices, bottles of pre-warmed
media, aliquots, ice buckets, tip boxes etc.
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To be done daily

• Hood and bench work surfaces (including microscope working areas) must be cleaned and wiped
down with water and then 70% ethanol before and after every use.

• If full, biohazard bags and other trash receptacles must be sealed and removed from the lab at the
end of the workday and a new empty bag placed in the receptacle. When a bag is full, specific
cleaning personnel (Anastasia) should be aware to sent it or sterilization.

• Important: Glass pasteur pipettes must be sent for sterilization by the person that finishes the box.
After sterilization, the box must be dried in the oven of Chemical Carcinogenesis lab.

• The incubator’s temperature and CO2 readings should be confirmed in the morning and before
placing any cell culture dishes.

• The most important for our experiments: please be extremely careful with the microscope as the
lamp is very easily overheated, thus be sure that when you leave the microscope (even for some
minutes) the microscope is closed, in order to avoid the destruction of the lamp that is very
expensive/ time-consuming to be replaced.

• Do not forget to turn off the vacuum pump motor when it is not used (e.g. during trypsinization).
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Good Cell Culture Practice (GCCP), an effort to develop minimum quality standards
applicable in academia. 

A major reason for the current reproducibility crisis in life sciences is the poor
implementation of quality control measures and reporting standards è
Improvement is needed, especially regarding increasingly complex in vitro methods.
- Development of induced pluripotent stem cells (iPSCs) and gene-edited cells.
- Human stem-cell-derived models and bioengineering of organo-typic cell cultures.
- Including organoids, organ-on-chip and human-on-chip approaches. 
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è Not only are most experiments not reproduced, most are probably not reproducible.



Haruko Obokata
The spectacular fall of the scientist who claimed to have 
triggered stem cell abilities in regular body cells is not 
uncommon in the scientific community. Stap cells.

The culprit: carelessness and hubris in the drive to make a historic discovery.
Alexis Carrel
Surgeon and biologist who was awarded the Nobel Prize in 
Physiology of Medicine in 1912 for pioneering vascular suturing 
techniques. He invented the first perfusion pump with Charles 
A. Lindberghn opening the way to organ transplantation.
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Thomson JA et al, “Embryonic stem cell lines derived from human blastocysts.”
Science 1998 Nov 6;282(5391):1145-7.

Η9 cell line: ΧΧ, normal karyotype

 Origin: ‘Fetus after IVF, informed consent

 Number of passages: 32, 8 months

ES colonies (3 days in vitro culture)

Stem cell cultures

18



Dr. Shinya Yamanaka, PhD
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IPS:
“Adult cells that have been genetically
reprogrammed to an embryonic stem
cell–like state by being forced to express
genes and factors important for
maintaining the defining properties of
embryonic stem cells.”

IPS (Induced Pluripotent Stem cells)
Αdult stem cells differentiate into iPS cells

Oct-4

Takahashi et al. Cell 2007;131:861-872.

Human fibroblasts
Self-renewal
Pluripotency

Stem cell cultures for restoration/regeneration
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Stem cell cultures for research and therapies 



Immune cell isolation and culture

Quaresma et al. Clinical microbiology 2019
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Immune cell culture

Adaptive and innate immune systems featured in the work of Paul Ehrlich and Ilya 
Metchnikov, who were awarded the Nobel Prize in Physiology or Medicine in 1908. 
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How tumors evade the host immune response? 

è Expression of programmed death ligand 1 (PD-L1). The interaction of PD-L1 with PD-1 receptors on T cells inhibits their 
antitumor activity. 
Pembrolizumab and nivolumab are monoclonal antibodies (mAbs) that block the PD-1 interaction with PD-L1 can restore 
antitumor responses. 
Ipilimumab, which blocks cytotoxic T lymphocyte antigen-4 (CTLA-4), another immune checkpoint inhibitor, is also effective 
against tumors. 

è Tumor immunotherapy with these antibodies results in objective responses and prolonged survival in patients e.g. with 
metastatic melanoma. 

Jillian H. Hurst J Clin Invest. 2015 



Immune cell cultures for cancer treatment

- NK cell culture with cytokines
for activation.

- DC vaccination: Dendritic cell
culture for encounter and maturation
with neoantigens derived from
patient’s tumor.

- T regulatory (Treg) cell culture
to “ease” their suppressive
phenotype and expand them.

- CART cell therapy:
T cell engineering and expansion
to induce their anti-tumor effective
phenotype- tumor related
TCR specificity.
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- CART cell therapy: T cell engineering and expansion to induce their anti-tumor effective
 phenotype- tumor related TCR specificity.



Immune cell cultures for vaccine development
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ELISPOT assay:

assay to determine
cytokine producing cells
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T cell responses:                 E7-flanked-specific
ELISPOT at 9 days after 3 weekly immunizations (45h).

IFN-γ 

Cutoff value: Confidence:
12,21 99.9%

PADRE-specific

Example of an experiment of vaccine/cancer immunotherapy development:
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Group N* Treatment

Mice: 18
1 3 (F) 40ug SVLP/PADRE(Cha) + 10ug E7-flanked
2 3 (F) 40ug SVLP/PADRE(Cha) + 10ug E7-flanked + 1ug poly(I:C)
3 3 (F) 40ug SVLP/PADRE(Cha) + 10ug E7-flanked + 10ug poly(I:C)
4 3 (F) 10ug SVLP/PADRE(Cha) + 10ug E7-flanked + 10ug poly(I:C)
5 3(F) 10ug SVLP/PADRE(Cha) + 10ug E7-flanked 
6 2 (F) FP 10μg + poly(I:C) 10μg + IFA (positive ctrl)
7 1 (F) Naïve

-Bigger spleens with 1ug/mouse of polyI:C.
-Bigger spleens/LNs with 10ug/mouse of polyI:C.



Types of cell cultures:

de Dios-Figueroa et al. Biomedicines, 2021. 31
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e.g. cancer cell cultures:
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Three-Dimensional (3D) Cell Culture (Microphysiological-MPS) 
Platforms as Drug Development Tools
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A Focus on Liver 
and Cardiac Platforms
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Quality Control Criteria to Ensure the Reproducibility of Liver 
Microphysiological Systems and Engineered Heart Tissues
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Engineered heart tissues (EHTs) recapitulate the 3D nature of heart muscle tissue (e.g., 
contractile alignment), as shown on the blood vessels, (BVs). By immobilizing these tissues 
between force sensors, researchers analyzed drug-induced variations in the contractility of 
these platforms and derived functional parameters.
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Bone organoids

42



Growing organoids from clinical cancer specimens
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Law Andrew M. K., Rodriguez de la Fuente Laura, Grundy Thomas J., Fang Guocheng, Valdes-Mora Fatima, Gallego-Ortega 
David
 

Advancements in 3D Cell Culture Systems for Personalizing Anti-Cancer Therapies  

Frontiers in Oncology 2021

Over 90% of potential anti-cancer drug candidates results in translational failures in clinical trials. The main reason for 
this failure can be attributed to the non-accurate pre-clinical models that are being currently used for drug development 
and in personalised therapies. To ensure that the assessment of drug efficacy and their mechanism of action have clinical 
translatability, the complexity of the tumor microenvironment needs to be properly modelled. 3D culture models are 
emerging as a powerful research tool that recapitulates in vivo characteristics. Technological advancements in this field 
show promising application in improving drug discovery, pre-clinical validation, and precision medicine. In this review, we 
discuss the significance of the tumor microenvironment and its impact on therapy success, the current developments of 
3D culture, and the opportunities that advancements that in vitro technologies can provide to improve cancer 
therapeutics.
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MPS DB: The BioSystics Analytics Platform
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iPSC Portal
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Neutralization Assays
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Brain organoid
applications
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The end.

Thank you!

For further questions or lab visit: 
6972212037


