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Ovarian carcinoma possess the highest mortality rate 
amidst all gynecologic cancers. This is largely secondary to 
unreliable early screening tests in symptom-free patients 
leading to late stage diagnoses with metastatic disease. 
Less than twenty percent of ovarian carcinomas are 
detected early on, emphasizing the necessity of further 
research in this field. Not only would reliable biomarkers 
identify early disease processes, but would also help 
monitor disease progression and efficacy of treatment 
interventions. The purpose of our study is twofold: the first 
is to establish reliable biomarkers that can serve the above 
purpose, the second is to establish a time-efficient method 
to identify these markers that is both reliable and sensitive.  !

Cell lines and sample preparations – Five distinct established ovarian cancer cell lines were 
used from American Tissue Type Collection. The supernatant from each line was collected and 
stored at -80°C. Aliquots from the same supernatant was used in both immunoblotting and guided 
mode resonance (GMR) system detection.!
Antibodies – The antibodies utilized were mouse anti-fibronectin, mouse anti-apolipoprotein A1, 
mouse anti-calreticulin, rabbit anti-collagen type 1, mouse anti-mitogen-activated protein kinase 
13 and mouse anti-tissue inhibitor of metalloproteinases 3. Antibodies of the same lot number 
were used for both imaging methods. !
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis – Samples were denatured in 
6x SDS buffer and boiled. Equal volume of supernatants were loaded into gels. Proteins were 
separated electrophorectically in a running buffer. Total protein concentration was determined 
using bicinchoninic acid assay. Proteins were transferred to nitrocellulose membrane for 1 hour. 
Immunoblots were developing using the Luminata Forte Western HRP substrate and processed 
on a Minolta film processor. !
Determination of Standard Curve –  The density was determined by using ImageJ software and 
the application of a densitometer standard with a Model 303 Sensitometer. The density of known 
amounts of recombinant protein standards for each antibody were corrected for background and 
used to create a standard curve (Figure 1a) !
GMR Detection System – This is a label-free sensory system that was provided by Resonant 
Sensors Incorporated (RSI). When illuminated with a broadband light, a certain wavelength of 
light is reflected back at a specific angle. Therefore, after the binding of an analyte, there will be a 
corresponding shift in wavelength that can be monitored in real time while using a system free of 
labels (ie fluorescent or radioactive tags). The only limit on test time is the analyte-receptor 
binding time. The covalent attachment of a selective layer (such as DNA) on the sensor surface 
allows for increased specificity. This detection system is multifunctional given that the only 
modification required to detect distinct targets is chemical alterations of the surface layer. !
Protein Determination using GMR Sensor – The protein biomarkers were quantified with 
antibodies that were covalently bound to the sensor surface. Each antibody was first immobilized 
on the sensor via a cross linking agent. The plate was blocked with bovine serum albumin 
solution. Results of all the protein detection data were repeated four times and then averaged 
after major outliers had been removed. !
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è In our study, we identified three proteins 
from a panel of six possible protein biomarkers 
that have the potential to serve as protein 
biomarkers to differentially diagnose primary 
versus metastatic ovarian carcinoma. !
These three proteins are:!
• Fibronectin!
• Apolipoprotein A1 !
• TIMP-3!

We were able to accomplish this by using two 
modalities: the use of immunoblotting as well 
as the RSI GMR sensor detection system. !
!
è We determined that the RSI GMR system 
proved to be a reliable and rapid testing 
modality that demonstrates similar precision 
as immunoblot analysis. The RSI GMR system 
also demonstrates increased sensitivity.!
!
è The incorporation of the RSI GMR system 
would contribute significantly to patient care in 
the clinical setting. One benefit would include 
allowing providers to identify early disease in 
high risk patients. Another benefit of this 
system would be to permit efficient monitoring 
of patients already diagnosed with disease as 
well as efficacy of treatments.  Further studies 
into the pathophysiological role of these 
protein biomarkers are needed to determine 
consistency in the clinical setting. !
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Schematic of the label-free GMR sensor system (single channel illustrated) operating in reflection 
mode. The collimated beam from a broadband source is incident on the sensor at normal incidence.  
The reflected spectral response is monitored in real time with an optical spectrum analyzer. As binding 
events occur at the sensor surface, resonance peak changes (only one polarization depicted in plot) can 
be tracked as a function of wavelength (Δλ).  

(A) Representative immunoblot for fibronectin, and (B) the standard curve derived from immunoblot. 
The line of best fit following linear regression is shown (R2=0.987). (C) Histogram showing the 
quantification of cell supernatant levels of fibronectin using quantitative immunoblotting, and (D) using 
the novel RSI detection system. (E) Relative fibronectin protein levels, expressed as the ratio of protein 
in the supernatant after 48 hr of cell growth and maintenance versus media control. Fibronectin levels 
have increased approx. 2-fold over a period of 48 hr in Caov3 and SK-OV-3 lines. M: media control, S: 
supernatant. (F) Similar data are obtained when calculating the relative protein level measured with the 
RSI detection system.   

(A-C) Calreticulin protein levels were detected in cell supernatants and media controls using 
quantitative immunoblotting (A) and the RSI detection system (B). Relative protein levels were 
calculated for measurements obtained from both systems (C), showing high concordance between the 
two systems. (D-F) The same analyses were performed for collagen type 1. Collagen showed larger 
variation than the other antibodies used in the present study, which may be the result of non-specific 
antibody binding to other targets as evident by non-specific bands (data not shown). (G-I) 
Apolipoprotein A1 protein levels were quantified using both approaches. As corroborated by both 
approaches, apolipoprotein A1 levels were much higher than in media control in TOV-112D cells, yet 
much lower in SK-OV-3 cells, making apolipoprotein A1 a prime candidate for future protein 
biomarker panels for the differential diagnosis of primary versus metastatic ovarian carcinoma.  

(A) We validated the accuracy of the RSI detection system by linear regression analysis. Taking into 
account all protein biomarkers jointly, the line of best fit had an R2 value of 0.979, indicative of high 
correlation between both measurements. (B) Similarly, correlational analysis of the relative protein 
biomarker concentrations resulted in a similarly linear relationship with an R2 value of the line of 
best fit of 0.837.  
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TIMP3 levels are elevated in TOV-112D cells. The RSI detection system showed enhanced sensitivity 
over traditional quantitative immunoblotting approaches and reproducibly and accurately detected 
TIMP3 levels in supernatants. This is the first report of elevated TIMP3 protein levels in a model for 
metastatic ovarian cancer, making it a prime biomarker candidate.  


