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Abstract— In this paper we present an idea for a graphene 
biosensor to detect cancer antigens in human bodily fluids.  By 
electro spinning a solution of poly-vinyl alcohol, graphene and 
silk onto a printed circuit board then seeding it with cancer 
antibodies we plan to create a sensing platform that will detect 
the presence of cancer antigens in bodily fluids such as saliva.  It 
will utilize antibody/antigen binding behavior to act as a resistor 
in a circuit providing impedance data that will allow us to detect 
and quantify cancer antigens in a saliva sample and thereby 
detect the presence of cancer in the human body.  
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I. INTRODUCTION  

Cancer is one of the leading causes of death in the world 
today [29; 30; 31; 44; 53; 54; 55; 56; 62; 63].  It is the second 
most common cause of death in the United States. It is 
responsible for 1 out of every 4 deaths annually and was 
responsible for approximately 580,350 deaths, or more than 
1,600 deaths per day, in 2013[1].  Early detection and 
monitoring of the advancement or remission of cancer is of the 
utmost importance in oncological medicine today and 
pprevious research has shown early detection of cancer 
increases the odds of patient survival[17; 46].  For high risk 
patients, such as those with a genetic pre-disposition to cancer 
and/or those who have already been diagnosed and treated for 
the disease, periodic monitoring for early detection of recurring 
cancer has been shown to be vital to long term survival rates in 
these types of patients[14; 52].  Currently, these patients must 
undergo continuous examinations and occasional biopsies by 
their health care professional to monitor the regression or 
progression of the disease.  These procedures are expensive, 
time-consuming and invasive.  We propose a new biosensor 
that uses a micrometer size circuit incorporating a polymer, 
graphene and silk bio-sensing platform seeded with cancer 
antibodies that creates a device for the detection of cancer 
antigens in human bodily fluids such as saliva.  Previous 
research has shown the emerging importance of saliva as a 
diagnostic tool [26; 35; 37; 45].  Our device will allow quick, 
inexpensive, sensitive and accurate detection of cancer 

antigens in bodily fluids and hopefully provide unprecedented 
early detection of cancer in the human body. 

The biosensor technology we propose to use as a starting 
point for our device already exists and was designed and built 
by Mannoor and company to detect bacteria in the saliva (fig 1) 
[42]. Their device consists of a micro scale resonant circuit 
overlaid on a graphene sheet foundation and attached to an 
inductive coil antenna.  Peptide linker molecules, attached to 
the graphene attract and bond with bacteria in the saliva and 
the accumulation of the bacteria on the surface of the circuit act 
as a resistor and change its resistance.  This change in 
resistance is detected wirelessly through the inductive coil 
antenna. 

Figure 1 

 
(a) Graphene film with resonant circuit and inductive coil antenna is 

printed onto bioresorbable silk substrate, (b) Transfer of the sensor onto tooth 
surface, (c) Magnified view of sensor and inductive coil antenna, (d) Binding of 
bacteria on graphene surface. [42]  

We have developed an idea for using this successful 
research by Mannoor and expanding on it.  We plan to create a 
biosensor that utilizes antigen concentrations in a bodily fluid 
such as saliva to detect the presence of cancer in the human 
body by creating a sensor that uses natural silk and a synthetic 
polymer as a matrix.  With graphene as a conductor, and cancer 
antigens as a resistor, we plan to create a sensing platform that 
can detect and quantify concentrations of cancer antigens in the 
saliva and hopefully diagnose the presence of cancer.  We 
hypothesize that by analyzing resistance data provided by our 
sensor we will be able to determine the concentration of cancer 
antigens in the sample and ultimately the presence of cancer in 
the body.   



Although we used Mannoor and company’s biosensor as 
our inspiration, our concept is unique and novel and differs 
from theirs in several key aspects.  Where Mannoor used sheet 
graphene and bacteria linker molecules overlayed onto a gold 
resonant circuit to detect bacteria, we plan to electro spin a 
polymer, silk, graphene solution onto a printed circuit board 
then seed it with cancer antibodies and use it to detect cancer 
antigens.  The function will be similar but the construction will 
be very different.  We will be creating a “fabric” of nanoscale 
polymer fibers impregnated with graphene and antibodies and 
applying it over a small circuit.  The operational concept of our 
biosensor is that the circuit on the printed circuit board (PCB) 
will conduct an applied electric current through the sensor.  
The graphene will disperse electricity through the silk/polymer 
matrix and the antibodies will act as a resistor.  When a bodily 
fluid sample such as saliva is placed onto the PCB, cancer 
antigens, if present, will be attracted to the immobilized 
antibodies attached to the silk/polymer surface and will 
spontaneously self-assemble and accumulate on the sensor 
surface.  Since graphene is conductive and will deflect part of 
the electrical current path in the circuit through the silk, the 
binding of the antigens with the antibodies attached to the silk 
should affect the electrical properties of the circuit, namely its 
resistance.  Our hypothesis is that any permanent deviation in 
the impedance of the circuit from a predetermined baseline 
after application of a saliva sample will be due to the binding 
of antigens to the antibodies on the silk/polymer matrix.  This 
change can then be measured, quantified and analyzed to 
estimate the concentration of antigen in the sample and then in 
the body. 

 Our device has the potential of high sensitivity, high 
selectibility and significantly decreased response time in 
detecting cancer antigens in the body.  With this sensor we 
hope be able to detect cancer at its earliest possible stages, long 
before tumor formation.  This unprecedented early cancer 
detection should lead to quicker intervention with medical 
treatment and will hopefully result in more positive outcomes 
in cancer patients. 

II. RESEARCH METHODS 

A. Literature Review 
This paper utilizes the literature review centric research 

approach according to LePine & Wilcox in which a researcher 
reviews “existing theories and research”, with the focus on 
combining the most important “previously established studies 
and concepts” and which “synthesizes recent advances and 
ideas into fresh new theory”[27].  I have done extensive 
research searching the scientific literature for pre-existing 
research on this subject and to check for feasibility of concept.  
I have searched several databases and checked hundreds of 
journal papers to date and I have found no previous literature 
utilizing this type of biosensor specifically to detect cancer 
antigens in the human saliva.  I have also reviewed many 
articles on all the different technologies that are involved in the 
construction of this biosensor.  I researched the literature for 
cancer antibody/antigen behavior [5; 7; 23], graphene as a 
biosensor platform [11; 42], gold resistor circuits and 
impedance [10; 42], and antibody/antigen binding effects on 

impedance [66].  The goal of my literature research was to 
determine if these technologies could be combined into one bio 
sensor to detect cancer.  I found records of successful research 
on all technologies of biomedical engineering necessary to 
build this device and I found no reasons why these 
technologies cannot be combined to create our biosensor.  
Although our physical research to build a working proto-type 
has just begun, when complete, we are confident it will 
perform as expected and confirm the feasibility of the concept.  

B. Scientific Causal Model 
The model consists of a cause and effect tree diagram 

describing how our device will interact with the saliva at 
various stages in the function of the biosensor to detect the 
presence of cancer antigens (fig 2).  Recent research has shown 
the growing importance of saliva as general diagnostic tool[47] 
and particularly in the detection and diagnosis of cancer[4; 35; 
49; 68].  The goal in our model (dependent variable) is to 
detect cancer early and non-invasively in the human body. 
“Detecting antigens in saliva” and “detecting cancer” are two 
very different things and we feel we need to exercise caution 
here.  There has been plenty of research linking antigens in the 
body and the presence of cancer[3; 5; 6; 15; 40; 41] but the 
exact relationship between antigen levels in the saliva and the 
presence of cancer in the body still remains unclear and has led 
to misdiagnosis in the past[16; 58; 61].  Our ultimate goal is to 
detect cancer in the body at the earliest possible stage of the 
disease progression and our hypothesis is that future research 
will show a direct correlation between the concentration of 
cancer antigens in the saliva and the presence of cancer in the 
body.  

The model also contains four factor boxes (independent 
variables).  Each box is a hypothesis about a biosensor function 
in the presence or absence of cancer antigens in the saliva. 

 

Figure 2 

 
The hypothesis in factor #1 is that cancer antigens, if 

present in the patient saliva, will spontaneously bind with the 
antibodies attached to the silk/PVA platform incorporated in 
the biosensor.  Antibody/antigen binding behavior has been 



well studied and there is ample scientific research literature 
available on the subject.  Prostate Specific Antigen (PSA) 
binding behavior is routinely used to predict the presence of 
prostate cancer[36].  Binding behavior of monoclonal antibody 
19-9 has been used to identify pancreatic and gastrointestinal 
cancers [18, 26, 61].  Human lung cancer antigen binding has 
been used to detect lung cancer [28].  Research has been done 
with antigen binding of HER-2 for the diagnosis and treatment 
of breast cancer [33, 34].  And, mouse monoclonal antibodies 
have been used in binding assays to target cancer cell lines 
[35].  We feel confident that this resource of existing research 
will successfully guide us when the time comes for us to 
incorporate antibody/antigen binding behavior into our device. 

The hypothesis in factor #2 is that bound cancer 
antibody/antigen structures will affect the internal resistance of 
the graphene circuit.  Previous research has been done on the 
effects of antibody-antigen binding and impedance[64; 67]. 
Manoor and other researchers have successfully used bacteria 
as a resistor in their experimentation [19; 42; 51; 66].  The 
change in impedance in the circuit due to this binding activity 
will allow us to obtain quantifiable data to analyze how 
binding is affected by antigen concentration.  Due to some 
biomarkers being gram-positive and some being gram-negative 
this change in impedance will be realized as a net increase or 
net decrease in resistance respectively.  The change in 
resistance will then be detectable as a variation from the 
baseline resistance point of the circuit.  

The hypothesis in factor #3 is that antibody/antigen binding  
and its effect on resistance in the biosensor will translate to a 
correlation with antigen concentrations in the saliva.  The 
degree of variation from the base resistance point will have 
some correlation to antigen concentration in the saliva but the 
exact correlation is yet unknown and will required 
experimentation to quantify.  We theorize that it will depend 
greatly on the specific antigen being targeted due to individual 
antigen binding behaviors.  Manoor and company found there 
to be a linear relationship with their biosensor when describing 
the effect of bacteria S.aureus being bound on a graphene RLC 
circuit [42].  Other research has shown this to be a linear 
relationship also when dealing with similar research to ours 
involving antigens and resistance[66].  We expect to see a 
similar linear relationship between antigen concentration in 
saliva and circuit impedance also when we build our biosensor.  
A linear relationship is desirable because it will allow us to 
easily predict the results of future assays and estimate levels of 
antigens in saliva and their probability of being indicative of 
cancer in the body.  

The hypothesis in factor #4 is that elevated levels of cancer 
antigens in the saliva will be indicative of cancer in the body.  
There is a great deal of previous research indicating a 
correlation between elevated cancer antigens in the body and 
the presence of cancer [20; 61] but as stated earlier we need to 
proceed with caution here because the exact link to antigen 
levels and cancer is not yet well understood and has led to 
misdiagnosis in the past[16; 36].  Over-expression of prostate 
stem cell antigen (PSCA) has been linked to pancreatic 
cancer[3].  Cancer testis antigen (CTA) has been linked to 
hepatocellular carcinoma [21] and antigens c-erbB-2 and 
HER2 have been seen in elevated levels in breast cancer 

patients [15; 34].  Several antigen biomarkers have been used 
to detect prostate cancer [61].  It is safe to say there is an 
abundance of literature showing that there are elevated levels 
of various cancer antigens present in patients with active 
cancers [20; 28; 32].  We are unsure at this point as to which 
cancer antigen we will use as a biomarker going forward in our 
research.  Our selection of which antigen to pursue will be 
based on additional research findings to determine which one is 
the best candidate for reliable detectability in the saliva 
combined with proven correlation with a specific cancer.  
Since our biosensor should be adaptable to just about any 
antigen, our first choice of target antigen is simply to prove 
feasibility of our concept.  Future research will more than 
likely be done to modify our device to detect many different 
antigens, maybe even multiple antigens on one device creating 
a “lab-on-a-chip” device that will be able to screen for multiple 
cancers with one salivary test.  Our basic assumption going 
forward in this research is that we will find correlations 
between elevated cancer antigens and specific types of cancer 
for use in our research.  

C. Experimental Research 

The goal of our experimental research is build a working 
prototype of the biosensor described above.  It is a device that 
will utilize the effect antibody/antigen binding has on the 
impedance of a circuit to determine antigen concentration in 
the saliva or other bodily fluid.  Our method will consist of 
electro-spinning a solution that contains poly-vinyl alcohol, 
silk, graphene onto a printed circuit board, creating a “fabric” 
that covers the circuit.  Then we will seed that fabric with 
antibodies to attract a specific antigen.  Our experimental 
research method consists of several steps to design, build and 
test this device but first, it is important to list the components 
we used and the reasons why we chose them.   

1) Components 

We chose poly-vinyl alcohol (PVA) for our electro 
spinning polymer for several reasons.  It is water soluble and 
has been widely used in previous electro spinning research 
including electro spinning involving graphene [18; 22; 39; 48; 
60] and has been used in similar research to ours involving the 
anchoring of antibodies[12; 65].  It has also been successfully 
used in electro-spinning research by UB’s own Ashish Aphale 
and Prof. Prabir Patra utilizing a electro-spinning machine of 
their own design and construction[2].  Its familiarity, desired 
properties, ease of accessibility and the use of our own custom 
spinning machine made this the obvious choice for our 
synthetic polymer base. 

The silk we chose to use in our research is Sericin Bombyx 
mori purchased from Sigma-Aldrich Inc, Allentown PA.  It is 
available in a processed powdered form, having been already 
boiled and degummed.  This option saved us valuable lab time 
in preparing the silk for use in solution.  Bombyx mori silk is a 
widely used protein polymer for biomedical applications.  It 
has remarkable mechanical properties, is bio-compatible and 
has been previously used to immobilize growth factors [50].  It 
has been used in similar research to ours as a substrate to 
immobilize enzymes [9] and has been previously used in 



electro spinning applications [18; 69].  It is also readily 
available and is relatively inexpensive.   

Graphene is used for this device due to its unique physical 
properties.  It is biocompatible, incredibly strong and highly 
conductive due to its nanoscale structure.  Single atom thick 
graphene possesses amazing electrical, mechanical and analyte 
sensing properties which were essential in our biosensor 
design.  It has already been successfully used in many micro 
and nanoscale electronic devices [8; 13; 38].  It was used by 
Manoor and company in their device[42] and has been used in 
other similar biosensor devices [10].  Graphene is highly 
conductive[59] and has been used in previous research similar 
to ours to bind antibodies and antigens[25].  It has also been 
shown to provide excellent intersurface adhesion to different 
substrates due to the high van der Waal forces of its nanoscale 
structure [33].  This adhesion property may prove important in 
the evolution of this sensor into an “in-vivo” device.  All of 
these characteristics make graphene a perfect choice for a 
conductive platform for our biosensor. 

We have not decided on which cancer antibody to use in 
our research but, as stated earlier, previous research has shown 
there are several cancer antigens that can be targeted in human 
saliva that present in elevated levels in cancer patients[26; 35; 
43; 57; 68].  Other biomarkers are present in other bodily fluids 
also.  HER2 is present in most patients with breast cancer[15].  
Prostate Specific Antigen (PSA) is a biomarker for prostate 
cancer[16].  Antigen 19-9 presents in patients with pancreatic 
and gastrointestinal cancers[24].  We feel it is safe to assume 
that previously published cancer antibody/antigen binding 
behavior research data will be able to be adapted and applied in 
our future research involving this biosensor.  

2) Experimental Methods 

We devised several steps to build and test this device.  
First, we needed to create our polyvinyl alcohol solution for 
electro-spinning.  We did this by creating a 6% v/v solution of 
PVA and buffered H2O.  This ratio has been used in previous 
research here at UB for electro spinning purposes and based on 
previous results we felt this concentration will work well for 
our purposes.  We separated several 1ml samples from this 
solution to be used to create different concentrations of final 
graphene and silk solutions.  We took small quantity of this 
solution and applied it to a glass slide and set it aside to dry.  
This was to be used later as a control when testing different 
solutions for their conductive properties. 

Next we added graphene to two of the 1ml 6%PVA/H2O 
samples we previously made.  We created two solutions of 
2.5% w/v and 5.0% w/v.  Again, we took small samples from 
these solutions and applied them on glass slides and set them 
aside to dry for later conductivity testing. 

We then created the silk solution.  To be useful in our 
research the silk must be prepared for electro spinning.  The 
fibroin proteins in natural silk must be dissolved in solution for 
use in regenerative silk protein fiber experimentation.  This is 
accomplished by dissolving the degummed silk in a lithium 
bromide (LiBr) solution.  We followed the preparation 
instructions provided by Chen, et al in their paper on silk 

solutions[9] and created a 9.3M LiBr/buffered water solution to 
be used in our experiments.  This is also the concentration used 
by Mannoor in preparing their silk[42].  Powdered Bombyx 
mori silk was then added in a 5% w/v ratio to the LiBr/H2O 
solution.  The finished solution was then thoroughly mixed on 
a magnetic mixer for at least 30 minutes to ensure the 
dissolving of the silk fibers.  Again, we created glass slides 
from this solution to be used later as a control in our graphene 
conductivity testing.  We then added this solution to our 
previous 6%PVA/graphene solutions (both 2.5% and 5.0%) in 
a 1:1 ratio.  We once again took samples from these solutions 
and created glass slides.  These were our primary samples for 
graphene/PVA/silk conductivity testing. 

Special Note: It was at this point we noticed a problem 
with our samples.  The idea was to smear samples of each 
solution onto glass slides, let them air dry and then test each 
one for conductivity.  After plating numerous slides we found 
that some did not air dry when left out at room temperature, 
even after one week.  We tried heating some of these slides to 
dry them.  When exposed to 105 º C heat for approx. 30 
minutes the samples appeared to dry but to our surprise, shortly 
after removal from the heat, the samples would return to a gel 
state.  After some additional experimentation we found it to be 
the lithium bromide and water solution that would not 
precipitate.  According to the instructions by Chen, et al, that 
we followed to create the 9.3M LiBr/H2O solution, it should 
air dry at room temperature (20ºC and 50% humidity) in 2–3 
days[9].  Ours did not.  At the time of this writing we are still 
unclear as to why this is occurring and are working to figure it 
out.   
 We then tested each slide for conductivity. We did 
this by attaching electrodes to either end of the sample.  We 
then connected a constant 10V DC source to the electrodes, 
passing a current through the samples (fig 3).  We then 
measured the voltage potential in the sample on each slide.  
The conductivity results showed that the PVA/graphene/silk 
solution is indeed conductive (table 1).  It is clear that the 
samples that contained the graphene were much more 
conductive than the control slides.  Although two of the 
control slides had dried into a solid and the test samples did 
not, we don’t feel this has affected our data.  Control slide 3 
remained a gel and in comparing that with test slides 1 and 2 it 
is clear that test slides with the graphene are much more 
conductive than control slide.   
 
 
 
Table 1 
Control 1 Control 2 Control 3 Test 1 Test 2 
Plain glass 
slide 

6% PVA 
(SOLID) 

6% PVA 
5% Silk 
(GEL) 

6% PVA 
5% Silk 
2.5% 
Graphene 
(GEL) 

6% PVA 
5% Silk 
5.0% 
Graphene 
(GEL) 

3.2mV 6.3mV 1.2V 3.6V 4.7V 
 
 
 
 



Figure 3 

                
 
 
     This concludes the extent of our experimental progress so 
far. We believe we have produced a conductive 
polymer/graphene solution that can be electro spun and then 
seeded with antibodies.  Our future ongoing research will 
involve further conductivity testing on our control sample 
slides including developing methods to quantify resistance 
though the samples.  We will be electro spinning our 
PVA/silk/graphene solution onto a simple printed circuit 
board.  We will also be selecting a cancer antibody and 
seeding it into the electro spun polymer/graphene fabric.  
Finally we will apply saliva samples containing the targeted 
antigen to our newly constructed biosensor and then test them 
for changes in resistance.   Hopefully we will see a correlation 
between antigen accumulation and resistance. 

III. SENSITIVITY AND SELECTIBILITY 
Previous research by Mannoor with their bacteria 

biosensor which is similar to ours has shown that micro-scale 
graphene circuits are able to detect minute changes in 
resistance due to accumulated biomarkers on its surface [42].  
The results of experiments by Mannoor and company show 
sensitivity and selectibility of their sensor on targeted bacteria 
and its effects on circuit impedance and are relevant to our 
research. 

For sensitivity testing they prepared their graphene/micro 
circuits with bonding peptides to attract S.aureus bacteria.  
They soaked the sensor in a 1 µL solution containing 
approximately 100 S.aureus bacteria cells for 400 seconds.  
They then thoroughly rinsed the circuit with DI water to 
remove any bacteria not bonded and loosely attached to the 
surface.  They noted a dramatic change in resistance over time 
even after rinsing, indicating permanent bacteria binding with 
peptides on the biosensor surface.   

Mannoor conducted additional assays to determine the 
lower limit of detectability with the goal of detecting a single 
bacterium.  Biosensors were prepared with binding peptide 
linkers for E.coli. bacteria.  A single E.coli bacterium was then 
introduced to the sensor surface.  Their results showed a 
consistent and permanent change in resistance over time due to 
the binding of the single bacterium to a peptide linker on the 
sensor.  Assays like this were also done with various 
concentrations of S.aureus in solution.   

Two additional assays were prepared to determine 
selectivity.  They prepared an assay where a non-

functionalized sensor with incomplete peptide bonding linkers 
was exposed to S.aureus in solution.  They also used a fully 
functionalized sensor exposed to solution with non-target 
erythrocytes.  In both assays, there was a temporary shift in 
resistance but once the sensor is rinsed with DI water, 
resistance goes back to close to control levels indicating 
permanent binding of non-target biomarkers did not take 
place.   

If we can expect results similar to that obtained by Manoor 
our biosensor should be able to detect minute increases in 
antigen concentrations in the saliva and be highly selective 
against unwanted substances affecting resistance.  

IV. CONCLUSION 
      Our device could revolutionize early cancer detection.  
The proven technology involved along with high expected 
sensitivity will result in a biosensor that is cheap and accurate.  
“Off the shelf” technology will allow economy and scalability 
of manufacture and should result in a very low per unit cost.  
If our device proves to have comparable sensitivity seen by 
Mannoor and company we may be able to detect antigen 
concentrations as small as 100 antigens per µL of saliva.  This 
kind of sensitivity could provide early cancer detection at 
levels never seen before.  We should be able to detect rises in 
antigen concentrations in the body almost in real time and 
certainly well before any tumor growth.  Our device was 
originally conceived for use in high risk patients who need 
monitoring over an extended period of time but, this device 
may be able to be used as part of a routine check-up where a 
saliva sample is tested for cancers in the doctor’s office.  
Other possibilities may be an in-vivo device where a small 
biosensor patch is placed on the patients tongue for 5-10 
minutes then checked for cancer antigen concentrations.  This 
idea may also be adaptable to a “lab-on-a-chip” concept where 
a single patch has the ability to detect multiple antigens in a 
single saliva sample.  One patch could detect many different 
types of cancer.  This could lead to a single comprehensive 
test for the screening of all cancers in the body.  We envision a 
single, in-office device to screen for all cancers at all levels in 
the human body.  That may be possible in the future with the 
evolution of this cancer antigen detection device. 
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