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A B S T R A C T   

Metamaterial-inspired biosensors have been extensively studied recently years for fast and low-cost THz 
detection. However, only the variation of the resonance frequency has been closely concerned in such sensors so 
far, whiles the magnitude variation, which also provide important information of the analyte, has not been 
sufficiently analyzed. In this paper, by the observation of two degree of variations, we propose a label-free 
biosensing approach for molecular classification of glioma cells. The metamaterial biosensor consisting of cut 
wires and split ring resonators are proposed to realize polarization-independent electromagnetic induced 
transparency (EIT) at THz frequencies. Simulated results show that the EIT-like resonance experiences both 
resonance frequency and magnitude variations when the properties of analyte change, which is further explained 
with coupled oscillators model theory. The theoretical sensitivity of the biosensor is evaluated up to 496.01 GHz/ 
RIU. In experiments, two types of glioma cells (mutant and wild-type) are cultured on the biosensor surface. The 
dependences of frequency shifts and the peak magnitude variations on the cells concentrations for different types 
give new perspective for molecular classification of glioma cells. The measured results indicate that the mutant 
and wild-type glioma cells can be distinguished directly by observing both the variations of EIT resonance fre
quency and magnitude at any cells concentrations without antibody introduction. Our metamaterial-based 
biosensor shows a great potential in the recognition of molecule types of glioma cells, opening alternative 
way to sensitive biosensing technology.   

1. Introduction 

Gliomas are the most common malignant intracranial tumors with 
rapid growth, high invasiveness, and poor prognosis Asthagiri et al. 
(2007); Gilbertson and Rich (2007); Omuro and DeAngelis (2013). 
Recently, the understanding and treatment of gliomas have been 
significantly changed by the discovery of mutations involving the iso
citrat edehydrogenase (IDH) enzymes Sun et al. (2013). Researchers 
found that the patients of gliomas with a mutation in the IDH gene have 

higher survival rate than those of wild-type cases. Rapid and accurate 
early detection is extremely important for the diagnosis and treatment of 
malignant gliomas. Hematoxylin and eosin-stained histological biopsy is 
the current rapid intraoperative diagnosis mean of glioma Asthagiri 
et al. (2007); Chen et al. (2017). However, the strong dependence on the 
subjective judgment of brain surgeons only enables tumors morpho
logical observation and pathological grade determination. Owing to the 
advantages of high precision and selectivity, bio-labeling techniques 
including enzyme linked immunosorbent assay Kirnbauer et al. (1994), 
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radioimmunoassay Bast et al. (1983), and immunohistochemistry Zaha 
(2014) have been applied in clinic to achieve glioma cell molecular 
typing. Although all these techniques are efficient, they are associated 
with major limitations including being time consuming and expensive 
while require well-trained personnel as well as restrictive experimental 
conditions. Therefore, it is necessary to develop a rapid, high-sensitive 
and yet simple cell detection method for the diagnosis of glioma tu
mors, which would be extremely useful for identifying the intra
operative glioma molecular types and guiding doctors to formulate more 
accurate clinical treatment strategies. 

In recent years, biosensing technology opens up new opportunities 
for high-sensitive detection of cancer cells. Owing to the well- 
established micromachining techniques, various biosensors have been 
proposed based on the principle of surface plasmonic resonance Hu et al. 
(2006); Lertvachirapaiboon et al. (2018), interferometric Bast et al. 
(1983), as well as optrode-based fiber Quero et al. (2016). Recently, the 
rapid development of terahertz (THz) technology is ushering in a 
tantalizing feasibility for another label-free and non-invasive biosensor 
approach Yu et al. (2012); Menikh et al. (2004); Yang et al. (2016); 
Wallace et al. (2006). THz radiation has quite low photon energy 
effectively avoiding harmful ionization to biomolecules and can excite 
low-frequency intermolecular interactions, including hydrogen bonds, 
van der Waals and framework vibration. However, due to the weak 
interaction between THz waves and natural materials, THz spectroscopy 
commonly has poor sensitivity in practical applications. To improve the 
sensitivity, various efforts have been devoted to exploring unconven
tional sensing techniques with the utilization of electromagnetic meta
materials. Metamaterials are composed of artificial periodic 
subwavelength structures and have extraordinary properties that not 
available in natural materials, which become a powerful tool for the 
manipulation of electromagnetic waves and their interaction with 
matters Chen et al. (2006, 2012); Landy et al. (2008); Salim and Lim 
(2018). For examples, Rodrigo et al. exploited the unique electro-optical 
properties of graphene based metamaterial to demonstrate a tunable 
plasmonic biosensor for chemical label-free detection of protein mono
layers Rodrigo et al. (2015). The concept of electromagnetic induced 
transparency (EIT) which refers to an extremely narrowband trans
parency window has been introduced in metamaterials providing a 
potential way to achieve ultrasensitive sensor in the THz region Papa
simakis et al. (2008); Yang et al. (2014); Tassin et al. (2012); He et al. 
(2017); Wei et al. (2017). Liu et al. (2010) demonstrated a comple
mentary metamaterial sensor based on EIT at optical frequencies, 
yielding a high sensitivity for refractive index. Yan et al. (2019) exper
imentally proposed an EIT-like biosensor for detection of oral cancer 
cells (HSC3), showing maximum sensitivity of 900 kHz/cell ml− 1. Later 
on, Yang et al. (2019) experimentally achieved analogous detection of 
lung cancer cells based on an EIT metamaterial. However, in all these 
metamaterial-inspired sensing techniques, only the frequency shifts 
induced by the refractive index of the analyte are monitored, while the 
magnitude responses, another significant characteristic of the sensors, 
have not been sufficiently analyzed. By examining both the frequency 
and magnitude variations, metamaterial sensors may perform more 
fruitful functions in practical applications. Furthermore, it is unavoid
able to work with unpolarized terahertz beam in practical biological 
detection, and the polarization state of incident THz wave may change 
after passing through different layers of analytes. Therefore, the 
polarization-independent metamaterials are essential for application in 
terahertz biosensing. 

In this paper, we propose an EIT metamaterial biosensor for highly 
sensitive detection and quick molecular typing of glioma cells, offering 
neurosurgeons the accurate clinical treatment strategy for malignant 
glioma tumors. The proposed EIT metamaterial consists of metallic cut 
wires and split ring resonators (SRRs), which enables to generate a 
polarization-independent transparency window at 2.24 THz. Such a 
metamaterial sensor shows potentials for quantitative concentration 
detection and qualitative molecule type identification. As the proof of 

concept, two types of glioma cells (mutant, wild-type) are cultured and 
adhered on the metal surface of the proposed metamaterial biosensor. 
By measuring the THz transmission spectra, both frequency and 
magnitude responses for different concentrations of cells are obtained. 
The maximum experimental sensitivity can approach 248.75 kHz/cell 
ml− 1 at 8× 105 cells/ml for wild-type glioma cell. More critically, the 
dependence of the resonance frequency shift and peak magnitude vari
ation on cell concentrations enable to directly distinguish different types 
of cells without any antibody introduction and cellular staining. Such 
novel EIT-like biosensors exhibit promising potentials for future bio
logical detection of glioma cells. 

2. Simulation and experimental method 

The schematic illustration and geometric parameters of our proposed 
metamaterial biosensor are shown in Fig. 1. The unit cells of resonant 
metamaterial are arranged in a periodical array and the substrate is 
adopted as 500μm-thick quartz glass (ε = 3.85). Full-wave numerical 
simulations are performed using the commercial software CST Micro
wave studio. In simulations, periodical boundary conditions with 
Floquet-port are employed in the x- and y-directions and open (add 
space) boundary conditions are utilized in the z direction along the 
propagation of the incident plane wave. 

The proposed biosensor samples were fabricated by standard 
photolithography technology followed by the deposition of 10 nm 
chromium and 100 nm gold. It is noted that the chromium layer is used 
for adhesion in fabrication. In simulations, the chromium and gold are 
modelled as lossy metals with the conductivities of 8 × 106 S/m and 
4.561 × 107 S/m, respectively. The optical microscope image of the 
fabricated biosensor sample is shown in Fig. 2(a–c), which has 100 unit 
cells along both the x- and y-directions. The whole physical dimension of 
the metallic array is 5 ​ mm× 5 ​ mm. In order to verify the performance 
of the proposed biosensor, mutant glioma cells (U87IDH¡) and wild-type 
glioma cells (U87) were chosen as analytes. The two types of glioma cells 
are cultured in Dulbecco’s modified Eagle medium (DMEM) containing 
10 % fetal bovine serum and 10% penicillin streptomycin (both from 
Gibco) at 37 ∘C with 5% CO2 in a humidified atmosphere. Then, the 
adherent cells were collected by a series of biological operations 
[digesting with trypsin-EDTA (Gibco), centrifugal treatment and 
counting the cell numbers]. After the proposed biosensor were sterilized 
with 75 ​ % ethanol, a cell suspension of a certain concentration was 
seeded on the surface of the biosensor and cultured again at the envi
ronment mentioned before. Fig. 2(e–g) show the micrographs of the 
fabricated biosensor cultured with different cells concentrations. Before 
measurement, the fabricated biosensor was washed twice with 

Fig. 1. a) Schematic illustration of the proposed metamaterial biosensor: THz 
beams normally penetrate through the devices on which different types of cells 
were cultured. b) and c) The structural configuration and the top view of unit 
cell consisting of metal patterns and substrate, respectively. The structure pa
rameters are listed as: px = py = 50μm, l = 38μm, w = 3μm, s = 15μm, g =

5μm, d = 6μ m and.ε = 3.85 
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phosphate-buffered saline, followed by drying treatment using blotting 
papers. 

As shown in Fig. 2(d), the THz transmission spectra of the biosensor 
samples were measured by applying a commercial THz-TDS system 
(Advantest TAS7500SP), with the spectral resolution of 7.6 GHz. The 
effective frequency region ranges from 0.1 to 4.0 THz. After the cells 
culture and pre-preparation, the biosensors were fixed on the sample 
holders in the THz-TDS system, which were perpendicular to the con
necting line between the radiation transmitter and detector. The THz 
transmission spectra of the biosensor covered with glioma cells were 

detected at room temperature of 26 ◦C and a relative humidity below 
3%. The time domain data of the measured spectra were converted into 
frequency domain data based on Fourier transform and then normalized 
the transmission values with the reference of air. 

3. Results and discussion 

Fig. 3(a–c) exhibit the simulated transmission spectra of the pro
posed metamaterial biosensor, as well as the results for cut wires and 
SRRs. It is seen in Fig. 3(b) that the both cut wires and SRRs can be 

Fig. 2. a) Physical photograph of the proposed biosensor. b) and c) Photomicrograph of the fabricated metasurface in a small zone. d) The measurement setup. The 
micrograph of glioma cells adhered on metamaterial surface with the concentration of e) 20 × 104 cells/mL, f) 60 × 104 cells/mL and g) 80 × 104 cells/mL, 
respectively. 

Fig. 3. a) Simulated transmission spectra of the EIT-like metamaterial under x- and y-polarized incident wave. b) Simulated transmission spectra of SRRs and cut 
wires. c) Simulated transmission spectrum of bright mode (blue line) and dark mode (red line). The surface currents distribution of d) bright mode, e) dark mode and 
f) whole metamaterial at 2.24 THz. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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excited by x-polarized incident waves and their resonant frequencies are 
nearly equal to 2.24 THz. Then the horizontal cut wire together with two 
diagonal SRRs whose gap is perpendicular to the direction of the inci
dent polarization are defined as a narrow bright mode while the other 
structures are defined as a broad dark mode. Fig. 3(c) shows that the 
bright mode alone generates a strong resonance with high Q factor. In 
contrast, the dark mode has weak interaction with the incident wave, 
generating a lower Q factor resonance. When the bright and dark modes 
are put together, the two resonances destructively interfere with each 
other, resulting in a narrow transparency between two transmission 
dips. In Fig. 3(a), we show the transmission spectra under x- or y- 
polarized incident waves are well overlapped, indicating the polariza
tion independence of the proposed metamaterial due to its four-fold 
rotational symmetry. It is also seen that the peak transmission of EIT 
spectrum is about − 1.76 dB (67%) and the energy is mainly consumed 
by the losses of the metal resonators. A narrower EIT spectrum typically 
means a higher Q-factor of the resonance, and thus higher field 
enhancement around the metamaterial. As a result, it will be more 
sensitive to the environment changes, showing higher sensitivity of the 
EIT spectrum. On the other hand, the transmission of EIT will reduce 
when increasing the Q value of the metamaterial due to the metal losses 
of resonators. Hence, the design of our proposed metamaterial is a 
perfect trade-off between high Q-factor and low energy losses. In order 
to further investigate the physical mechanism of the EIT resonance, the 
surface current distributions of bright mode, dark mode, and the entire 
metamaterial at 2.24 THz are plotted in Fig. 3 (d-f). As shown in Fig. 3 
(d), when an x-polarized THz wave is incident on the bright mode alone, 
a strong enhancement of surface currents is directly excited concen
trating on the horizontal cut wire and the inner side of SRRs. In contrast, 
the vertical cut wire and other two diagonal SRRs scarcely show any 
responses to the x-polarized incidence. By combining the cut wires with 
the two pairs of SRRs to form a whole unit cell, the strong surface current 
enhancement entirely transfers to the dark mode resonator through the 

near field coupling with the bright mode resonator, and obvious circu
lated surface charges along the SRRs whose gaps are parallel to the di
rection of incident electric fields, indicating an induced magnetic dipole 
on dark mode with small radiative loss. Since the strength of the indirect 
resonance of the dark mode is comparable to that of the direct resonance 
of the bright mode, the destructive interference between them gives rise 
to the narrow transparency window at 2.24 THz. 

In order to explore the sensitivity of the metamaterial sensor, we first 
evaluated the refractive index sensing performance by numerical sim
ulations. In the simulation, an analyte layer with a thickness of ha =

10μm was added onto the metamaterial. Fig. 4(a) illustrates that when 
the refractive index of the analyte increases from 1.1 to 1.9, the trans
parency peak experiences an obvious red-shift in frequency and insig
nificant variation in magnitude. The working frequency of EIT effect is 
determined by the resonant structure and surrounding dielectric me
dium. When covering the analyte with high refraction index onto the top 
surface of metal resonators, the equivalent dielectric constant of sur
rounding medium increases correspondingly which leads to the varia
tion of induced electric fields and eventually shifts the central peak. The 
related frequency shift Δf and absolute peak transmission under 
different refractive index n were displayed in Fig. 4(b). We can see a 
nearly linear relationship between the frequency shift Δf and the 
refractive index n. In addition, owing to the high Q value of EIT effect, 
the theoretical sensitivity of the proposed biosensor can be calculated as 
S = Δf/Δn ≈ 496.01 GHz/RIU which is sensible in practical application. 

We further studied the influence of the thickness of the analyte on the 
proposed metamaterial biosensor. Fig. 4(c) and (d) show the moving 
tendency of the THz spectra under different thicknesses of the analyte ha 
when the refractive index is set to 1.6. It can be seen that the proposed 
biosensor is sensitive to the thickness of the analyte, and the frequency 
shift Δf increases with the increase of ha. Furthermore, the relationship 
between Δf and ha shows that the frequency of the transparency peak 
shifts significantly when the thickness varies from 1μm to 8μm and 

Fig. 4. a) The simulated transmission spectra of the proposed biosensor covered by 10 μm-thick analyte with the refractive index increasing from 1.1 to 1.9. b) The 
relations between frequency shift (peak transmission) and the refractive index of the analyte. c) The dependence of transmission on the analyte thickness increasing 
from 1 to 16 μm under the fixed refractive index of 1.6. d) The relations between frequency shift (peak transmission) and the thickness of the analyte. e) The 
dependence of transmission on the loss tangent of the analyte increasing from 0 to 0.2. f) The relations between frequency shift (peak transmission) and the loss 
tangent of the analyte. 
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almost keeps unchanged when the thickness reached 14μm. This is 
because the excited-field and the coupling effect of the metal structure is 
localized on its surface area. 

Besides, the dielectric loss of the analyte can also affect the EIT-like 
transmission spectrum of the proposed biosensor. Here, the loss tangent 
(tanδ) is used to characterize the dielectric loss of the analyzed cells in 
simulations. From Fig. 4(e) and (f), it is seen that when the loss tangent 
increases from 0 to 0.2 under the fixed refractive index of 1.6 and 
thickness of 10μm, the frequency shift Δf changes slightly while the 
peak transmission magnitude reduces significantly from 0.83 to 0.57. 
Compared with the other cases shown in Fig. 4(b),(d) and (f), it can be 
concluded that the dielectric loss is the most sensitive factor that 
affecting the magnitude of EIT-like transmission peak. Such a feature 
offers a new degree of freedom for applications in bio-molecule 
detection. 

In order to reveal the physical mechanism of the proposed EIT 
metamaterial, a coupled harmonic oscillator model is employed to 
quantitatively describe the near field coupling between the bright and 
dark mode resonators. The concept of EIT is derived from a media 
transparent phenomenon in the three-level atomic system Boller et al. 
(1991). The interference in the proposed metamaterial can be described 
by the coupled differential equations Gu et al. (2012); Meng et al. 
(2012): 

ẍ1 + γ1ẋ1 + ω2
0x1 + Ωx2 = gE0ejωt,

ẍ2 + γ2ẋ2 + (ω0 + δ)2x2 + Ωx1 = 0,
(1)  

where x1, x2, γ1 and γ2 represent the magnitudes and losses of the bright 
and dark mode resonances, respectively. ω0 is the resonance frequency 
of the bright mode oscillator (γ2≪γ1≪ω0), δ and Ω represent the fre
quency detuning factor and coupling coefficient between the dark mode 

and bright mode oscillators (δ≪γ1). g is a geometric parameter indi
cating the coupling strength of the of the bright mode resonator with the 
source field E0ejωt. Under the condition of ω − ω0≪ω0 and 
ω2

0 − ω2 ≈ − 2ω0(ω − ω0) Liu et al. (2009), the susceptibility χ of the EIT 
metamaterial can be derived as Luo et al. (2016): 

χ = χr + iχi∝
(ω − ω0 − δ) + iγ2

2(

ω − ω0 +
iγ1
2

)(

ω − ω0 − δ + iγ2
2

)

− Ω2

4

(2) 

Due to the ultrathin thickness of metal resonators and the large 
mismatch of the wave vector between the metamaterial and far-field, the 
scattering of incident waves is very weak and most of the energies are 
dissipated in the EIT system. Therefore, the energy loss is always pro
portional to the imaginary part of χ, and therefore the transmittance T 
can be written as: T∝1 − χi = 1 − gχi. Ding et al. (2014); Xiao et al. 
(2018) As shown in Fig. 5(a) and (c), the transmission spectra of the 
proposed EIT-like metamaterial are theoretically fitted according to the 
coupled harmonic oscillator model, exhibiting a good consistency with 
the CST simulation results. The related fitting parameters as a function 
of the refractive index and the loss tangent of the analyte are shown in 
Fig. 5(b) and (d), respectively. It is seen in Fig. 5(b) that δ and γ2 are 
almost constant while γ1 and Ω reduce slightly with the increasing of the 
refraction index. In Fig. 5(d), both γ1 and γ2 experience significant 
growth with the increasing of the loss tangent of the analyte while Ω 
decreases slightly from 0.38 to 0.32 THz. The results in Fig. 5 demon
strate that the physical properties of the analyte may affect the local field 
on the surface of the EIT-like metamaterial, thus changing the self and 
mutual coupling between bright and dark modes. Therefore, both the 
frequency and magnitude variation of the EIT peak occur in the trans
mission spectra, offering significant potential for sensing applications. 

Fig. 5. The fitting theory results of coupled harmonic oscillator model to simulated transmission spectra with different a) refractive index and c) loss tangent. b) The 
dependence of γ1, γ2, δ and Ω extracted by fitting the transmission curves on b) refractive index and d) loss tangent, respectively. The unit of Ω is THz2. 
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The practical performances of the EIT-like metamaterial for bio
sensing are experimentally studied. Two types of glioma cells are 
cultured onto the surface of the metamaterial. First, we investigate the 
ability of the proposed biosensor to detect the variation of cell concen
trations. Fig. 6(a–b) show the measured THz spectra of the proposed 
biosensor covered by mutant or wild-type glioma cells with different 
concentrations. The THz spectra of bare samples are also provided for 
comparison. It is seen that the transmission spectra of both types of 
glioma cells experience obvious variations on the resonant frequency 
and peak magnitude. For example, when the concentration of mutant 
glioma cells raises from 2 × 105 cells/mL to 8 × 105 cells/mL, the 
resonant frequency shifts from 2.274 THz to 2.228 THz while the peak 
magnitude slightly reduces from 36.73% to 34.21%. Similar trends are 
found in the wild-type glioma cells. The practical sensitivity in experi
ment is defined as S = Δf/Δc, where Δc is the variation of the cell 
concentration. The maximum sensitivities for the mutant and wild-type 
glioma cells are accordingly calculated as 122 kHz/cell ml¡1 and 248.75 
kHz/cell ml¡1, respectively. These results demonstrate that the pro
posed EIT-like metamaterial is a promising platform for the sensitive 
detection of the glioma cells from physical perspective. The difference 
between the simulated and measured sensitivity is due to the slight 
changes of cells’ refractive index and the noises from the measurement 
environment. 

Subsequently, the ability of the proposed biosensor to distinguish 
different types of cells is studied. Fig. 6(c) shows the measured THz 
spectra of the biosensor covered by mutant or wild-type glioma cells at 
the same concentration of 4 × 105 cells/mL. It is seen that the resonant 
frequencies of the two types of glioma cells are obviously different. The 
measured results indicate that the proposed biosensor successfully 
realize the recognition of cancer cells at the specific cells concentration. 

However, it’s time-consuming to culture sample with specific cells 
concentration in practical detection. In order to recognize molecular 
types of the glioma cells efficiently, the frequency shift combined with 
the peak magnitude variation are evaluated simultaneously and their 
dependences on concentrations for mutant and wild-type glioma cells 
are illustrated in Fig. 6(d). It is seen that for the wild-type glioma cells, 
the variation of cells concentration leads to the resonance frequency 
shift nearly up to 0.2 THz. While for the mutant glioma cells, the fre
quency shift is only 0.12 THz and the concentration changes are mainly 
reflected in peak magnitude variation. Moreover, the two polylines in 
Fig. 6(d) are separated with each other, indicating the variation regions 
of frequency and magnitude for mutant cells (blue zone) and wild-type 
glioma cells (yellow zone). This clearly shows that once two degrees of 
variations are measured, the type of the glioma cells as well as its con
centration can be directed read from Fig. 6(d). It is worth noting that two 
types of glioma cells have different water content and nuclear size, 
which results in the differences in both the refractive index and dielec
tric loss. As theoretically analyzed in Fig. 4, the variations of resonance 
frequency and magnitude in the proposed metamaterial sensor are 
highly related to the refractive index and dielectric loss of the analytes. 
Although the proposed biosensor is only designed for distinguishing the 
specific types of target cells at present, the experimental results 
demonstrate the significant potentials in practical application of glioma 
molecular classification, offering a new route for the fast and low-cost 
detection for cancer cells. 

4. Conclusion 

In this paper, we have proposed a novel biosensing technology based 
on polarization-independent metamaterials for molecular classification 

Fig. 6. The measured transmission spectra of the proposed biosensor covered by a) the mutant IDH glioma cells and b) the wild-type IDH glioma cells. c) The 
measured transmission spectra of twotypes of cells with same cells concentration of 4 × 105 cells/mL. d) The resonate frequency shifts and the peak magnitude 
variations for mutant and wild-type glioma cells as the concentration changes. 
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of glioma cells. A metamaterial biosensor composed of SRRs and cut 
wires was designed, which induced an EIT-like resonant peak at 2.24 
THz. The corresponding electric fields and surface current distributions 
verify that the EIT-like phenomenon is attributed to coupling and the 
destructive interference between bright mode and dark mode. The 
coupled harmonic oscillator model was used to reveal the physical 
mechanism of the EIT effect. In simulation, it is found that resonant 
frequency of the proposed biosensor experiences a red shift with the 
increase of the analyte’s refractive index. The corresponding theoretical 
sensitivity of the biosensor is calculated up to 496.01 GHz/RIU. More
over, we also investigated the variation of peak magnitude which de
pends on the dielectric loss of the analyte. Such characteristics are of 
great benefit to the cell detection. In experiments, two types of glioma 
cells (mutant and wild type) are cultured on the surface of the proposed 
biosensor with different cells concentrations. The maximum experi
mental sensitivity approaches 248.75 kHz/cell ml¡1 which enables 
sensitive detection of the glioma cells activity from physical perspective. 
Furthermore, the resonate frequency shift combined with peak magni
tude variation were evaluated simultaneously. The measured results 
demonstrated that their dependence on cell concentration are quite 
different between mutant and wild-type glioma cells, which can account 
for the glioma tissue discrimination. Therefore, the proposed biosensor 
shows the significant potentials in the application of glioma molecular 
classification and also offers a novel way to obtain the fast and low-cost 
cells detection. 
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