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Introduction: Immunosenescence

Senescence occurs on
ALL CELLS!

➢ Immunosenescence (Immune+Senescence)

Age-related changes in the immune system

• Abundance and transcriptome data of innate and adaptive immune cells 

Immunosenescence only in old age?

• Young age, old immune profile

Immune profile = true biological age of our body?

• Determines body health and the development of diseases.

• Abundances of immune cells and the expression of immune proteins fluctuate with age

“The immune cell composition was found to be 
a significant factor influencing the variation on 

epigenetic clock”

Raman/SERS approach:
• Raman spectra follows sample 

composition
• Minimum sample preparation
• Specificity & Sensitivity: Fingerprint
• Versatile sample type

Raman Spectroscopy (Bruker, Edinburth Instruments) 2
*SERS: Surface Enhanced Raman Spectroscopy



Raman Spectroscopy Principle

Principle or raman scattering (K. Liu et al., 2022)

Example of a Raman spectrum of a biological sample (Conforti et al., 2024)

➢ What is it?

• Analytical technique that provide detail information about 

molecule through fingerprint.

• Non-destructive method with high sensitivity.

➢ Raman Spectrum

• Number of peaks, showing the intensity and wavelength 

position of the Raman scattered light.

Measure
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Raman spectra of ethanol and methanol (Horiba, 2024)



Surface Enhanced Raman Spectroscopy (SERS) Principle

Source: https://link.springer.com/article/10.1007/s10103-016-1976-x

➢ What is it?

• One of Raman techniques that amplify Raman spectra

• Provides all the advantages of Raman spectroscopy with higher sensitivity

• Enhanced up to 1010

➢ How it works?

• Molecules adhered to metallic surfaces (gold, silver)

• Enhancement via plasmon resonance

• Localized surface plasmons resonates creating "hot spots."

• Hot spots enhance the local electric field near the metal surface
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Comparison of the conventional Raman and SERS spectra of a serum sample

Schematization of the Surface-enhanced Raman Scattering 
(SERS) mechanism (Horiba, 2024)



Immunosenescent CD4 + T cell (T helper cell)
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These cells are aberrant, undergo changes and affect the immune system function.

Expression: CD28- / CD57+ / KLRG1+(Immunosenescent); NKG2D+ (Pathogenic)  

Cytokine: IL-17; IFN-Gamma

Th Cells, CD4+:
• Activated by antigen recognition by MHC Class II molecule

• Coordinating immune response:

⚬ Cytokine secretion

• Develop long-lived memory cells
Th cells as 

“conductor”
Changes

T cell dysfunction:
Progression of disease

Importance for Early 
Detection



Conceptual Framework
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Objective

General objective:

• To differentiate the immune profiling from serum and small biomolecule (extracellular 

vesicle, exosome) of individuals with high and low percentage of pathogenic / 

immunosenescent CD4+ T cells by using portable Raman spectroscopy/SERS

Hypothesis

Individuals with high and low percentage of pathogenic/immunosenescent CD4+ T cells 

are possible to be differentiated by analyzing its serum and exosome by using Raman 

spectroscopy/SERS
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Study Design
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Anticipated Outcomes

• Raman spectra of serum and extracellular vesicle/exosome from individual with high and low 

immunosenescent profile

• Raman spectroscopy/SERS as a new tool for detection of high and low profile of 

immunosenescence in the individual

• New platform to detect immunosenescent condition in clinical samples (serum, extracellular 

vesicle/exosome)
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Flow Cytometry

10

➢ Done:
• Training on principle and running samples

• Order KLRG-1 antibody

• Setting parameter for immunosenescent profiling

❑ Immunosenescence panel:

• CD57+

• CD28-

• KLRG-1 ❑ Pathogenic panel:

• NKG2D+

❑ Cytokine panel:

• IFN-gamma

• IL-17

❖ To do:

• Setting up parameter for KLRG-1

• Data analysis training

• Optimization of the whole panel

Marker Fluorescence
Anti-CD3             FITC

Anti-CD4   APC-Cy7        

Anti-CD28 PE-Cy7           

Anti-CD314/NKG2D APC              

Anti-CD57 PE  

Anti-KLRG1 BV785

Anti-IL17 PerCP-Cy5

Anti-IFNγ BV421



Raman Spectroscopy/SERS

11

Raman Spectroscopy (Bruker, Edinburth Instruments)

➢ Done:
• Training on principle and instrument operation

❖ To do:

• Sample trial (dry vs wet comparison), Raman & SERS

• Data analysis trial



Exosome Isolation
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➢ Done:
• Searching for exosome isolation kit and comparison

❖ To do:

• Order isolation kit

• Trial exosome isolation

Kit Name Catalog Brand Input Exosome Storage

100uL serum

The Original ExoQuick, EXOQ5A-1
Sysytem 

Biosciences
250uL serum

2°C to 8°C (1 week)
≤20°C for long-term storage

Use directly or freezing

Total Exosome Isolation 

Reagent (from serum)
4478360 Thermo



Conclusion
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➢ Training:

▪ Flow Cytometry: Setting up parameter for KLRG-1 & Optimization whole panel

▪ Raman Spectroscopy: Sample preparation, running & optimization

▪ Exosome Isolation: Order kit & training exosome isolation

➢ Thesis Proposal

➢ EC application

Future Work
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Thesis Plan
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Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

1 Coursework

2 Literature review and planning

3 Proposal Writing

4 Proposal Examination

5 EC Application

6 Specimen collection

7 Flow Cytometry

8 Raman & SERS

9 Data Analysis

10 Manuscript preparation & publication

11 Thesis Defense

Manuscript preparation

2025 2026 2027
Activities#

Laboratory

Future work
On process

Done

Credit: 3
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