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• Cancer cases is predicted to be 28.4 

million in 2040  [1].

• In Kazakhstan, cancer is the second leading 

cause of death after cardiovascular diseases. 

Due to a lack of medical equipment for 

diagnosis and treatment[2].

• Cancer metastasis is responsible for more 

than 90% of cancer-related death [3].

• CD44 is one of the proteins that play a 

significant role in cancer metastasis [4]. 

Introduction
Table 1. Significance and function of CD44 [4].



Figure 1. CD44-mediated downstream signaling

pathways [4].

• Cluster of differentiation 44 (CD44): important tumor
protein associated with metastasis [4].

• Overexpressed on the cell surface in cancer stem cells
[5].

• CD44 protein is in soluble form found in serum [6].

• CD44 is a prognostic and diagnostic biomarker for
several types of cancer [6].

• Overexpression of CD44 in the human body signals
tumor progression [4].

Importance of CD44



CD44 detection methods

● ELISA : Commercially available, time consuming, not 

label free

● OncAlert: fast but not label free 

● Electrochemical and photo-electrochemical biosensors: 

can not be used in vivo

Problem:

Accurate, easy to use CD44 biomarker detection method is 

needed that can help in the improvement of cancer 

treatment outcome. 

Significance of the study

Figure 2. 3D image of ball resonator created from 

profilometry data [8]



Hypothesis: 

Biocompatible, sensitive, label free, optical fiber biosensor with a small size, low cost is a good candidate 

for CD44 biomarker detection. 

Aims and Objectives:

Construction of an accurate biosensing platform that detects cancer biomarker CD44 in a dynamic setup 

using a fiber optic sensor fabricated in the lab.

The following objectives are pursued in this regard: 

 Fabrication of the sensor

 Calibration, functionalization of sensor 

 Building in-vitro platform

 Protein measurements

Hypothesis and Aims



Methodology



Methods: Optical fiber ball resonator 
fabrication

Figure 3. Fujikura LZM-100 machine (A) with interaction

window (B) and single mode fiber placing area (C).

Figure 4. Created report by FPS when ball resonator was 

successfully fabricated (A). The real image of sensor.  
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Methods: Sensor calibration and 
functionalization

Figure 5. Optical fiber ball resonator surface functionalization [9].



Methods: proteins measurements

Figure 6. In-vitro CD44 and control proteins measurement using dynamic setup.



Pressure characterization 
and surface morphology study

Figure 7. Pressure measurement study.



Results and Discussion
Table 2. Optical fiber ball resonators used in dynamic setup. 

Figure 8. RI calibration of the sensor.



Figure 9. In-vitro CD44 detection (A). Intensity change as a function of protein concentration (B).

In-vitromeasurements

A
B



Figure 10. Reproducibility test results for 3 sensors (A). Solid line = average from three different sensors; shaded 

region = range between minimum and maximum of response (B).

Repeatability results
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Figure 11. Evaluation of the specificity and quality of functionalization for the 
CD44 biosensor.

Specificity studies



Figure 12. The pressure measurement of ball resonator with a diameter of 499-494 μm.

Pressure sensitivity



AFM analysis

Figure 13. AFM height images and 3D images of sensors at different stages of functionalization. 

After treatment in Piranha solution (A), APTMS (B), Heat treatment after APTMS (C), Glutaraldehyde 25%(D).

A B

C D



AFM analysis

Figure 14. AFM height images and 3D images of sensors at different stages of functionalization. After treatment Antibodies (A), m-PEG (B), 

CD44 protein (C).

A B
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Conclusion

 In vitro setup that imitated the blood flow was optimized. 

 Optical fiber biosensor was able to detect CD44 in dynamic condition.

 Reproducibility studies were done. 

 Optical fiber  biosensor was specific towards CD44.

 Optical fiber biosensor was pressure insensitive. 



Limitations:

 Availability of optical fiber ball resonators due to equipment issues

 Bubble formation during in-vitro measurement  

Future work:

 Hand model building with skin material

 More complex media

 Measurement of CD44 expressing cell with optical fiber biosensor, moving towards 
more complex analyte

 Optimization of biosensor functionalization with hyaluronic acid, natural ligand
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