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Background 
Testicular cancer 

● Gonadal germ cell tumors (GCTs) most common
● Diagnosed using ultrasound, blood tests, biopsy, CT, MRI, and PET

Multiple types of testicular germ cell tumors

● Seminomas
● Yolk sac tumors
● Choriocarcinomas
● Embryonal cell carcinomas
● Teratomas 



Biomarkers

Staging and diagnosis of type of testicular cancer dependent on clinical 
examination, histopathology, radiology exams, and serum blood markers

● Allow differentiation between types of  
germ cell tumor 

● Categories of markers:
○ α-fetoprotein (AFP)
○ β-human chorionic gonadotropin (β-hCG)
○ Lactate dehydrogenase (LDH)

● Useful in diagnosis, staging, in
monitoring therapeutic response, and 
in detecting tumor recurrence 



Intro to BioMEMS

Purpose: Create a centrifugal lab-on-disk BioMEMS device that detects serum 
biomarkers for diagnosing germ cell tumors in testicular cancer

Why BioMEMS?

● Allows for quick, efficient, and less invasive method to detect blood serum 
biomarkers in the diagnosis and staging of germ cell tumors 

What theories & principles are at work? 

● Centrifugal lab-on-disk, ELISA Assay, Fluorescent tagging and detection

 



Centrifugal Mechanism

● Takes advantage of different forces 
● Intrinsic forces: due to presence or 

absence of centrifugation
○ Pseudo forces depend on disk radius and 

angular rotational frequency
■ centrifugal, Coriolis, Euler

○ Non-pseudo forces: viscous, pneumatic, 
capillary, fluidic inertia, drag

● Extrinsic forces: used when centrifugation 
alone is not enough

○ Paramagnetic beads for mixing
○ Pneumatic stirring
○ Electricity to aid separation

Pseudo forces involved in centrifugation



The Device 

Fabrication Overview: 

● Materials: PMMA film
○ Biocompatible material for microfluidics purposes
○ Similar biomechanical behavior as biological tissues

● PMMA is injection molded to form bottom and top plates
● UV adhesive applied and cured to seal plates together
● Appropriate use of microvalves to transfer sample amongst centrifugal device 

chambers 



Fabrication of 
Centrifugal Device 

● Device composed of top and bottom 
plate

● Injection molded plates of PMMA
● Top and bottom plates bonded using 

UV adhesive
● UV adhesive applied to bottom plate 

in pattern according to UV bonding 
image for device

● Top plate and bottom plate aligned, 
assembled and UV cured for 10 
seconds

● Inlet holes present on top plate for 
sample

Injection Molding Process



Valve Actuation Strategy 

● Valves control microfluidic transport through different chambers of device
● Valves include capillary and active valves
● Most common active valves in centrifugal systems involve paraffin wax, which 

can be melted easily
● Cho et. al report use of laser irradiated ferrowax microvalve (LIFM) in 

microfluidic platform for control of flow through the device



Flow Through centrifugal device 

● Plasma is separated from blood 
elements through centrifugation

● Plasma transferred to reaction 
chamber where ELISA reaction 
occurs with mixing by 
centrifugation

● Sample transferred to detection 
chamber where fluorescence 
spectroscopy occurs



Reaction Chamber 
● After blood separation, plasma is transferred 

into reaction chamber
● In reaction chamber, the analytes (LDH, hCG and 

AFP) bind to polystyrene labeled antibody with 
mixing occurring by clockwise and 
counterclockwise rotation

● QD labelled antibodies specific for target 
analyte-antibody complex bind to targets

● After ELISA reaction, sample is washed and 
transferred to the detection chamber



Capture protein and Detection protein 

● Capture protein consists of covalent 
conjugation of anti-LDH, anti-hCG and anti-AFP 
to polystyrene beads (used for easy mixing and 
better separation with centrifugal forces)

● Detection protein consists of CdSe/ZnS 
core-shell quantum dots of varying crystal size 
fused to antibodies specific for the respective 
analyte antibody complex



Sandwich ELISA 

● PS beads conjugated to anti-LDH, 
anti-hcG and anti-AFP antibodies 
bind to target analyte within mixing 
chamber

● Secondary antibody fused to 
nanoparticle bind these conjugated 
protein complexes

● 3 different nanoparticles with 
different emission wavelengths (ie 
480, 510, 540 nm) for simultaneous 
detection in detection chamber



Detection Chamber 

● By varying QD crystal dimensions, 
emission spectrum is tunable

● Use of fluorescent spectrophotometry to 
detect LDH, hCG and AFP labelled with 
QDs

● Single excitation wavelength (330 nm) 
required for CdSe/ZnS core-shell QDs

● Emission spectrum at 480, 510, 540 nm 
detected



Testing

● Compare microfluidic device measured concentrations for LDH, hCGP and 
AFP with standard lab assessment used currently

● Compare with control (cancer free patients)
● Obtain lowest serum concentration detectable to assess ability to detect 

cancer recurrence and/or track therapy during cancer



Limitations

● Depends on appropriate separation of blood components, specific binding of 
primary and secondary antibody, washing and appropriate tracking of sample 
though microfluidic device

● Patient intervariability in serum concentration of serum biomarkers and their 
correlation with cancer presence (though limitation with currently used 
methods as well)



Conclusion

Using the techniques of centrifugal lab-on-disk, Sandwich ELISA, and fluorescent 
tagging and detection, we were able to design a microfluidics device for the 
staging and prognosis of Testicular germ cell tumors. This allows for a faster, more 
portable, and less invasive method to detect biomarkers important in the diagnosis 
of testicular cancer than methods currently used in clinic. 

Future uses:

● Apply device to other Cancer detection and diagnosis 
● Used to detect any serum proteins



References
Abstracts of the 17th International Symposium on Bioluminescence and Chemiluminescence ‐ (ISBC 2012. (2012). Luminescence, 27(2), 95-178.

Jiwoon Park, Vijaya Sunkara, Tae-Hyeong Kim, Hyundoo Hwang, and Yoon-Kyoung Cho. Lab-on-a-Disc for Fully Integrated Multiplex Immunoassays. 
Anal. Chem. 2012, 84, 5, 2133-2140. Publication Date:January 25, 2012

Lin, Yen-Heng & Chen, Ying-Ju & Lai, Chao-Sung & Chen, Yi-Ting & Chen, Chien-Lun & Yu, Jau-Song & Chang, Yu-sun. (2013). A 
negative-pressure-driven microfluidic chip for the rapid detection of a bladder cancer biomarker in urine using bead-based enzyme-linked 
immunosorbent assay. Biomicrofluidics. 7. 10.1063/1.4794974.

Minghui Tang, Guanghui Wang 2, Siu-Kai Kong 3 and Ho-Pui Ho. A Review of Biomedical Centrifugal Microfluidic Platforms. Micromachines 2016, 7, 26; 
doi:10.3390/mi7020026

Morgia, Giuseppe. “New Advances in Clinical Biomarkers in Testis Cancer.” Frontiers in Bioscience, vol. E2, no. 2, 2010, pp. 456–477., doi:10.2741/e105.

NHS. “Diagnosis of Testicular Cancer.” NHS Choices, NHS, 14 June 2019, www.nhs.uk/conditions/testicular-cancer/diagnosis/.

Petryayeva E, Algar WR, Medintz IL. Quantum Dots in Bioanalysis: A Review of Applications Across Various Platforms for Fluorescence Spectroscopy 
and Imaging. Applied Spectroscopy. 2013;67(3):215-252.

Proceedings Volume 8367, Smart Biomedical and Physiological Sensor Technology IX; 83670E (2012) https://doi.org/10.1117/12.919933



References 

Rao, Brinda, and Lance C. Pagliaro. “Testicular Germ Cell Tumors.” Radiology Key, 6 Mar. 2016, radiologykey.com/testicular-germ-cell-tumors/.

Sharma, Vipin. “Ca Testis - Tumor Marker and Stain.” LinkedIn SlideShare, 26 May 2018, 
www.slideshare.net/drvipinDrvipinsharma/ca-testis-staging-tumor-marker.

Souza, Andrews & Ribeiro, João & Araújo, Fernando. (2019). Study of PDMS characterization and its applications in biomedicine: A review. Journal of 
Mechanical Engineering and Biomechanics. 4. 1-9. 10.24243/JMEB/4.1.163. 

Sposito AJ, Kurdekar A, Zhao JQ, Hewlett I. Application of nanotechnology in biosensors for enhancing pathogen detection. Wiley Interdisciplinary 
Reviews-Nanomedicine and Nanobiotechnology. 2018;10(5).

Strohmeier, O.; Keller, M.; Schwemmer, F.; Zehnle, S.; Mark, D.; Stetten, F. V.; Zengerle, R.; Paust, N. Centrifugal Microfluidic Platforms: Advanced Unit 
Operations and Applications. Chemical Society Reviews 2015, 44 (17), 6187–6229.



Questions?


