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Outline

• Mayor benefits of Raman spectroscopy 

for investigation of biological samples

• Example of stem cells (and some others 

applications)

• Conclusion
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Raman spectroscopy & 

biological testing

• Raman spectroscopy 

– has proved to be a versatile technique to study 

biological samples, providing information 

regarding molecular structure and interactions 

and intracellular effects (Notingher et al., 2002). 

– provides a convenient non-destructive and 

location-specific means of probing cellular 

physiology and tissue physiology at sub-micron 

length scales (Huser & Chan, 2015).



Mayor benefits of Raman spectroscopy

for investigation of biological samples 

and processes are:

• the distribution and metabolic products of small 

molecules that cannot be labelled with fluorescent dyes 

can be analysed (Huser & Chan, 2015);

• quantification of pathogens according to specific DNA 

sequences with Raman spectroscopy (e.g.: disease 

specific DNAbased SERS assay that demonstrates the 

simultaneous detection of three bacterial meningitis 

pathogens) (Gracie et al., 2014);

• Raman spectral measurements allow repeated 

investigations of live biological samples (e.g. cell 

cultures) (Ghita et al., 2015).
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Potentials for R&D colaboration

Development of methods for:

• Non-distuctive monitoring of stem cell differentiation 

and tracking of differentiation specific metabolites (in 

terms of evaluation of stemness, differentiation 

potential and therapeutic potential of isolated/cultured 

cell population). 

• Nanoparticle interaction with cells (in terms of 

monitoring tests in ecology and nanoparticle delivery 

for cell regulation).

• Microorganism detection/diagnostics in biological 

fluids.
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Example of stem cells
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Stem cell types

Fetus          → birth → adult

5-7  day

Embrional

stem cells

Fetal

stem cells

Stem cells isolated

from obstetric

tissues
-Umblical cord blood

-Umblical cord

-Amnionic membrane

Adult stem cells
-Bone marrow

-Adipose tissue

-Other tissues

Different stem cell

types (e.g.  

MSC, HSC, VSEL)

(pluripotentne celice)

Multipotentne celice

Unipotentne celice
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Differentiation & therapeutic

potential of MSC
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In vitro differentiation of stem cells

Chondrocytes

(auricular)

-In vivo tissue

formation

MSC

- In vitro

differentiation

ASC

- In vitro
differentiation
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Investigation of stem cell

differentiation

• Limited access to stem cell sources 

• Time dependant process

• Biological variability 

– among parallel samples, 

– among donors, 

– influence of in vitro conditions
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Example of test set-up: Study of 

adipose derived mesenchymal

stem cell differentiation
(Girandon, L.: doctoral thesis 2011)
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Proliferation of 

adipose derived

stem cells in 

different culture

conditions
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Ca+ deposition of 

adipose derived stem
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conditions

Each dot requires destruction of cell culture

With a relevant non-destructive method we could obtain 8X more data



Investigation of 

donor variability

• 3 donors

• 4 time points
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Example of test set-up: 

Study of adipose derived

mesenchymal stem cell differentiation

Each culture well requires destruction of cell culture

With a relevant non-destructive method we could obtain cultures for 

4X more parallel measurements.



3x107 cells needed for 

each of parallel 

samples:

• DNA content

• Hard tissue 

histology 

• SEM

• Measurements in 

final time point 
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Example of test set-up: Study of MSC 

osteogenic differentiation for tissue 

engineering of temporomandibular bone

A: before cell seeding

B: after 5 weeks – static conditions

C: after 5 weeks – bioreactor cultivation
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Example of monitoring of MSC osteogenic

differentiation with Raman spectroscopy
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Raman spectroscopy in 

diagnostics of bone 

disease: distinguishing

between osteoarthritic

and healthy bone

Kerns et al.



Quantification of pathogens according to specific 

DNA sequences with Raman spectroscopy

18



Conclusion

• Raman spectroscopy has been proved

to be suitable for solving some 

biomedical problems.

• Future?
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Thank you for your attention!
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