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A B S T R A C T   

Myelin oligodendrocyte glycoprotein reactive immunoglobulin G antibody (MOG-IgG) is in patients with central 
nervous system demyelination. Reliability of the conventional detection method relies on technician skills and 
pipetting error accumulation. This work develops a microfluidic system for semi-automatic MOG-IgG detection 
using cell-based immunofluorescence (IF) assay. The polydimethylsiloxane (PDMS) microfluidic was modified by 
poly-L-lysine to enhance the adhesion of Human embryonic kidney (HEK) cell. The untransfected and GFP-MOG 
transfected HEK cells were cultured, fixed, and stained in the microfluidic with the feeding reagents regulated by 
a syringe pump. Cell characterization, limit of detection (LOD), and turnaround time of the IF assay operation in 
microfluidic were compared to those in standard microplate. In microfluidic, cell-clumping formation can be 
avoided and thus signal variations that are caused by cell overlapping can be significantly reduced. LOD of MOG- 
IgG detection in the microfluidic is at least 2.5 times better than that in the microplate. Signal intensities of the IF 
staining for 1 h in microfluidic are comparable to those stained for overnight in the standard microplate. By 
integration with a serial dilution microfluidic, the optimal cutoff titer for MOG-IgG positivity in the patient 
samples was determined by Receiver operating characteristic curve (ROC) analysis.   

1. Introduction 

Myelin oligodendrocyte glycoprotein reactive immunoglobulin G 
(MOG-IgG) is a serological autoantibody that has been found in patients 
who have autoimmune disease related with CNS demyelination such as 
Neuromyelitis Optica Spectrum Disorder (NMOSD), myelitis, cortical 
encephalitis, and acute disseminated encephalomyelitis [1–3]. Clinical 
features of MOG antibody disorder (MOG-AD) are similar to many CNS 
inflammatory related disorders especially in NMOSD [4,5]. However 
different patterns of the serological MOG-IgG positivity are disparate in 
some clinical symptom characterization and prognosis of the disease 

[6–9]. Investigations of serological AQP4-IgG and MOG-IgG are thus 
required for differential diagnosis and individual treatment planning in 
the patients. 

Laboratory techniques for MOG-IgG detection consists of tissue- 
based immunoassay [10,11], ELISA [12], western blot (WB) [13], 
radio immunoprecipitation assay [14], and cell-based assay (CBA) 
[15,16]. Tissue-based assay encounters the problems of MOG antigen 
quantity control and the resource consuming in the tissue sample 
preparation process. Both ELISA and WB techniques lack of depend
ability to define MOG-IgG distinction in CNS demyelination related 
disorders [17,18]. Because the immunological interaction of MOG-IgG is 
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strictly conformational dependent, ELISA and WB techniques that apply 
either liner peptide detection or denatured MOG protein as the immu
nological target fail to recognize pathogenic MOG-IgG [1,19]. Cell-based 
assay (CBA) employs full-length human MOG expressing cell for the 
immunostaining assay, in which posttranslational modification and 
conformation of MOG protein can be preserved similarly to native MOG 
protein. Thus, sensitivity and specificity for the detection of pathogenic 
MOG-IgG are better than WB and ELISA-based techniques. The CBA- 
based technique has been used either in fixed cell-based immunofluo
rescence (IF) test or in live flow cytometry (fluorescence-activated cell 
sorting [FACS]) test. Both IFT and FACS tests are currently recom
mended as the gold standard method for MOG-IgG detection [12]. The 
previous research demonstrated that live FACS-CBA technique provided 
good correlative results among the international multicenter examina
tion [18]. However live FACS-CBA technique is difficult to be operated 
in clinical laboratory because the technique requires extensive cell 
culture infrastructure for live cell preparation. The test also has to be 
conducted in an expensive flow cytometer by a skilled technician. Fixed 
cell based IF test in which the cells can be prior fixed in the microplate is 
more practical for clinical laboratory operation. However, Staining 
quality and reproducibility of the technique are depended on technician 
skills and are relied on manual pipetting errors. Positivity of the cell is 
examined by visual observation under a fluorescence microscope. Thus, 
reliability of the result is also based on subjective experiences of the 
medical staffs. The optimal cutoff titers of MOG-IgG to classify group of 
CNS demyelinating patients are also different depending on the diag
nosis platform [12,18,20,21]. 

This work develops a cell-based microfluidic system for serological 
MOG-IgG detection. IF assay operation in microfluidic consumes ulti
mate low volumes of both sample and reagents. Method variations and 
contamination risk can be avoided by integration of the microfluidic 
with an accurate liquid flow regulator. Combining with image analysis 
program, positivity of the IF-stained cells can be determined based on 
measurable fluorescence signal intensity. An optimal cutoff titer was 
determined by Receiver operating characteristic curve (ROC) analysis 
using 20 patient samples, which were previously examined for MOG-IgG 

positivity by an external reference laboratory. The samples were fed 
through a serial dilution microfluidic chip, in which 8 different serum 
titers can be evaluated simultaneously. 

2. Material and methods 

2.1. Cell-based microfluidic preparation 

The microfluidics were fabricated by mixing polydimethylsiloxane 
(PDMS) prepolymer and curing agent (DOW CORNING Co., Midland, U. 
S.A.) at 10:1 ratio. The mixer was casted on a silicon wafer with 1500 ×
30,000 × 50 μm in width × length × depth microchannel pattern. Then, 
the prepolymer was degassed and solidified at 75 ◦C for 2 h. PDMS 
microchannel was bonded on flat PDMS sheet by oxygen plasma treat
ment at 30 watts RF power for 150 s. The microfluidic chip was baked at 
95 ◦C for 3 min then inlet and outlet tubes were lined. The microfluidic 
channels were immediately incubated with 0.01% poly-L-lysine (PLL) 
(SIGMA-ALDRICH Co., St. Louis, U.S.A.) for at least overnight. The 
modified microfluidic chips were kept at 4 ◦C until use. Before cell 
seeding, the microfluidics were washed with 200 μl phosphate buffer 
saline (PBS) pH 7.4 (MERCK, Darmstadt, Germany). The suspensions of 
untransfected and GFP-MOG transfected HEK cells at 3–5 × 106 cells/ml 
in Dulbecco’s Modified Eagle Medium (DMEM) (GIBCO, New York, U.S. 
A.) with 10% fetal bovine serum (FBS) (SIGMA-ALDRICH Co., St. Louis, 
U.S.A.) supplementation were filled in the PLL modified microfluidics. 
Cells in the microfluidics were incubated for 48 h in moist chamber at 
37 ◦C with 5% CO2. Cell adhesion in microfluidic chip was observed 
under a phase contrast microscope. The behavior of HEK cells suspended 
in the multiphase flow inside the microfluidic chip was simulated by 
using the commercial CFD software ANSYS FLUENT 2020R2 [ANSYS 
2020]. The Discrete Phase Model (DPM) was used to predict the HEK- 
cell distribution in a Lagrangian reference frame. The input parame
ters for simulation were the DMEM density of 10% FBS at 1.009 g/cm3 

[22], the average HEK-cell diameter of 10–15 μm [23,24], and the HEK- 
cell wet weight of 2.55 ng [25]. The channel had one inlet and one outlet 
with the same circular diameter of 500 μm. Only half of the channel 

Fig. 1. A schematic demonstrates the step protocol for the serological examination of MOG-IgG in patient serum. A cell-based microfluidic with HEK cell fixing (A) 
was assembled with a serum dilution microfluidic (B). Both inlets of the dilution microfluidic were connected with syringe pumps to feed the equilibrating buffer (C). 
Serum sample and dilution buffer were fed via the serum and buffer inlets to prepare different titers of the serum sample (D). Then the cells were sequentially stained 
with Alexa Fluor 555-conjugated human IgG, DAPI counterstain before washing with PBS (E). The stained cells in the microfluidic were observed under a fluo
rescence microscope (F). 
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domain was considered because the fluid domain was symmetrical with 
respect to the symmetry plane, which was located in the middle of the 
channel width as shown in Fig. 1. 

2.2. Cell-based IFT performing in the microfluidic 

Before the IF staining process, the untransfected and GFP-MOG 
transfected HEK cells in the microfluidics were washed for 15 min by 
PBS. Then the cells were fixed with 4% paraformaldehyde for 30 min, 
washed with 0.1% tween 20 (USB Co. Cleveland, U.S.A.) in PBS buffer, 
permeabilized with 0.5% triton X-100 (USB Co. Cleveland, U.S.A.) in 
PBS buffer for 30 min, and washed with PBS buffer for 15 min. The cells 
were incubated with 5% bovine serum albumin (BSA) in 0.1% tween 20 
(USB Co. Cleveland, U.S.A.) in PBS for at least 1 h to block non-specific 
antibody binding. The cells were stained with either rabbit anti-human 
MOG IgG (SINO BIOLOGICAL, Pennsylvania, U.S.A.) for method eval
uation or with patient sera for ROC curve analysis. The cells were 
washed for 15 min and stained with Alexa Fluor 555 conjugated anti
body to detect either rabbit IgG or human IgG (Life Technologies, New 
York, U.S.A.) regarding to the primary antibody used in the previous 
step. Nucleus of the cells were stained for 5 min with 1 μg/ml 4′,6- 
Diamidino-2-Phenylindole, Dihydrochloride (DAPI) (Life Technologies, 
New York, U.S.A.) and washed with PBS buffer for 15 min. All reagents 
were sequentially fed into the microfluidic channel at a constant flow 
rate of 20 μl/min by a multichannel syringe pump regulation. Each 

microfluidic channel was filled with glycerol before collecting the 
fluorescence images under a fluorescence microscope at 100× magni
fication. Fluorescence images of the cells in each field of view were 
captured via blue, green and red filter cubes of the fluorescence 
microscope. 

2.3. Standard cell-based IFT in 96-well microplate 

The untransfected and GFP-MOG transfected HEK cells at approxi
mate 6000 cells were seeded into each well of a black microtiterplate. 
The cells were grown for 48 h in 37 ◦C with 5% CO2 supplementation. 
Cells in each well were washed, fixed, blocked, and stained with the 
sequence of solutions as previously described in the staining protocol 
used in the microfluidic platform. Cell images in each well were 
collected under a fluorescence microscope at 100× magnifications by 
blue and red filter cubes of the fluorescence microscope. Fluorescence 
signal of on each cell was individually analyzed by utilizing the fluo
rescence image analysis protocol as described below. 

2.4. Immunoserological assay examination 

The cell-based microfluidic was further evaluated with the patient 
serum samples, which its MOG-IgG positivity results were previously 
examined using the reference method by an external laboratory. The 
cell-culture microfluidic was assembled to a serum dilution microfluidic 

Fig. 2. Simulation of the cell flow in one-fourth of each microfluidic channel in the microfluidic chip (A). Top view of the cell flow tracks indicating HEK cell 
distribution after feeding through the inlet (B). Velocity vector of the cell flow revealing the flow pattern in the microfluidic chip (C). Microscopic image demon
strating the distribution of HEK cells in the microfluidic chip (D). 
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chip. After 15 min of cell equilibration by 5% BSA in 0.1% tween 20 in 
PBS (equilibrating buffer), a serum sample and the dilution buffer were 
flowed through the dilution microfluidic chip as the schematic proced
ure shown in Fig. 1. In the dilution microfluidic chip, different pro
portions of the microfluidic channels were designed to generate 
different titers of the serum sample. The serum sample and the dilution 
buffer were mixed together by a serpentine microfluidic structure as the 
details described in our previous work [26]. HEK cells fixed in the cell 
culture microfluidic were incubated with different titers of the serum 
sample for 1 h. Then the cells were washed and sequentially stained as 
described previously described in 2.2. The cell culture microfluidic was 
disassembled from the dilution microfluidic. Fluorescence images of the 
cells that were stained in each microfluidic channel were collected under 
a fluorescence microscope at 100× magnification. 

2.5. Fluorescence image analysis 

Locations of the individual cell were observed from DAPI nuclear 
staining. Each of cells was arbitrarily cropped to obtain at least 200 cells 
per sample. Mean fluorescence intensity (MFI) of every pixel in each cell 
was determined regarding to their grayscale level (8-bit grayscale 
image; black (0) – white (225)). MFIs of green and red signals were 
measured by ImageJ 1.44 image analyzer program [27]. Green and red 
MFIs of the individual cell indicate the success of GFP-MOG transfection 
and MOG-IgG IF staining, respectively. 

2.6. Plasmid construction and GFP-MOG expression in HEK293T cell 

pSF-MOG-daGFP plasmid was constructed by PCR amplification of 
pMD18-T-simple containing human MOG transcript variant 1 
(HG10364-M) (Sinobiological Inc., China) using 5′-AGGAGGTACC
CACCATGATGGCAAGCTTATCAAGA-3′ forward primer and 5′- GAG
GAGACAACTTCTATCAGAAGGGATTTCGTAGCT-3′ reverse primer. The 
construction plasmid was transfected into HEK293T cell by using Lip
ofectamine® 3000 reagent. The transfected cell was cultured in DMEM 
medium supplemented with 10% FBS under the optimal cell culture 
condition. 

2.7. Serum samples 

Negative control sample is a pool of the leftover sera collected from 
at least 50 healthy blood donors who attended their blood donation at 
department of transfusion medicine, Siriraj hospital. Clinical serum 
samples using in this study were collected from patients who attended to 

neurology clinic, Siriraj hospital. All sample collections were conducted 
by an appropriate sample management protocol approval from Siriraj 
Institutional Review Board (approval number SI 330/2016). 

2.8. Statistical analysis 

Statistical analysis was conducted by SPSS software. Between-group 
comparison of average MFIs obtained from the untransfected and GFP- 
MOG transfected HEK cells were analyzed by Mann-Whitney U test. 
The microfluidic system was evaluated with 20 clinical samples that 
were previously examined by an external laboratory using standard 
reference method. ROC curve that is a plot between sensitivity versus 1- 
specificty (false positive rate) of 20 serum sample evaluations in the 
microfluidic comparing to those evaluated by the standard reference 
method was conducted using the result agreement at 95% confidence 
interval (CI). ROC curves of the serological examination by using 
different serum titers were analyzed to find the titer that offers the best 
sensitivity and specificity (the highest area under the ROC curve) for 
serological MOG-IgG detection in the microfluidic platform. 

3. Results 

3.1. Cell-based microfluidic preparation 

For the cell-seeding step, all microfluidic channels were filled with 
HEK cells suspended in the microfluidic chip as shown in Fig. 2 (A). The 
simulation result of the cell flow is demonstrated in Fig. 2 (B) and (C). 
Fig. 2 (B) reveals the cell flow tracking simulation in one-fourth of a 
microfluidic channel. The result indicates that HEK cells, whose di
ameters are 10–15 μm [23,24], can be spread throughout the micro
fluidic substrate. The velocity vector plot in Fig. 2 (C) demonstrates the 
flow pattern of HEK cells suspended in the microfluidic channel. With 
this flow pattern in Fig. 2 (C), the HEK cells are forced to flow orderly in 
multilayers above the substrate surface where the maximum velocity is 
in the middle of the channel (half height of the channel). The HEK cells 
with the maximum velocity are forced to flow out from the microfluidic 
channel but, as the flow velocity decreases toward the substrate surface 
and becomes zero at the substrate surface, the HEK cells in the lowest 
layer (at about 8 μm) adjacent to the substrate surface are stagnant and 
eventually stick to the substrate surface. Fig. 2 (D) reveals the HEK cells 
remaining on the substrate surface in the microfluidic chip that were 
observed under a 100× phase contrast microscope. The microscopic 
image confirms the single layer of HEK cells spreading over the micro
fluidic surface. 

Fig. 3. Adhesion efficacy of HEK cell in oxygen plasma activated microfluidics with and without PLL modification at 0 h (A and B) and after 48 h (C and D) in
cubation. Average number of HEK cell per field of view in oxygen plasma activated microfluidic with and without PLL modification (E) at 0 h (gray bar) and after 48 h 

(black bar) incubation (n = 5). 
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Due to inherit hydrophobicity of PDMS, the microfluidic was modi
fied by PLL to enhance the adhesion of HEK cell. Fig. 3 shows the 
adhesion of HEK cells in the oxygen plasma activated microfluidic 
channels with and without PLL modification. Oxygen plasma activated 
microfluidics with and without PLL modification were filled with 3 × 106 

cell/ml HEK cell suspension. Immediately after cell seeding, average 
numbers of the cell per field of view (FOV) in the microfluidics with and 
without PLL modification are not significantly different. However, 
average number of the attached HEK cells after 48 h incubation in PLL 
modified microfluidic is 5 times higher than those attached in the 
microfluidic without PLL modification. The result indicates that the 
oxygen plasma activated PDMS with PLL modification significantly 
improve the HEK cell adhesion in the PDMS microfluidic channel. 

3.2. Correlation between GFP-MOG protein expression and IF staining 
signal 

The cells in PDMS microfluidic were stained for 1 h by various 

concentrations of rabbit anti-Human MOG solution. After IF staining, 
the cells were individually measured for their green and red MFIs using 
imageJ program. Green and red fluorescence signals indicate the success 
of GFP-MOG expression and MOG-IgG staining efficacy on each cell, 
respectively. The relative plots in Fig. 4 show the correlative increase of 
red and green MFIs. These results indicate positive correlation between 
GFP-MOG protein expression and immunofluorescence staining efficacy 
on each cell. Average green MFIs of GFP-MOG transfected cells are 
significantly higher than those of the untransfected cells. Average red 
MFIs of negative control, 0.01%, 0.02%, and 0.1% rabbit anti-Human 
MOG solutions staining on the GFP-MOG transfected cells are 0.6040 
(95%CI [0.5069, 0.7011]), 4.0381 (95%CI [3.7016, 4.3745]), 7.6807 
(95%CI [7.0696, 8.2918]), and 26.6787 (95%CI [25.4403, 27.9171]) 
higher than those staining on the untransfected cells. Results in this 
study demonstrate the successfulness of GFP-MOG transfection and 
MOG-IgG IF staining on the transfected cell in the microfluidic platform. 

Fig. 4. Relative correlation plots of green against red MFIs on the untransfected HEK cells (gray dot) and GFP-MOG transfected (black dot) HEK cells that were 
stained by 0 (A), 0.01 (B), 0.02 (C), and 0.1 (D) % V/V of rabbit anti-Human MOG in the dilution buffer. Examples of blue, green, and red fluorescence images of the 
untransfected (i, ii, and iii) and GFP-MOG transfected cells (iv, v, and vi) that were stained by each of rabbit anti-Human MOG concentrations. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 5. IF images and average IF signal obtained from the untransfected and GFP-MOG transfected HEK cells in standard microplate (Upper) and in microfluidic 
(Lower). The fluorescence images showing the blue signal of DAPI nuclear staining and the red IF signal of MOG-IgG IF staining on the untransfected (i and ii), and on 
GFP-MOG transfected cells (iii and iv), and average IF signals of both (v) cells in microplate and in microfluidic. (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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3.3. Cell distribution in the culture vessels 

Fig. 5 demonstrates IF images of the cells that were stained by 0.5% 
rabbit anti-Human MOG in standard microplate for overnight and in 
microfluidic channel for 1 h. 

The fluorescence images show that cell clumping formations can be 
found in standard microplate particularly at the edge of the microplate. 
The cells are well distributed in the microfluidic. Adequate cell distri
bution in microfluidic can be a further benefit to the image processing 
protocol, in which cell overlapping causing an accumulative error of the 
signal collection can be avoided. Average MFIs as shown in Fig. 5; A5 
and B5 obviously indicate that IF signals on GFP-MOG transfected cell 
are significantly higher than that on the untransfected cells. The average 
MFI of GFP-MOG transfected cells that were stained for 1 h in micro
fluidic are comparable to that of the cells that were stained for overnight 
in standard microplate. 

3.4. Limit of detection of the IF assay 

The untransfected and GFP-MOG transfected HEK cells were stained 
by rabbit anti-human MOG IgG at 0, 0.01, 0.02, 0.05, 0.1, 0.2, and 0.5% 
(V/V) in for overnight in microplate and for 1 h in microfluidic. After 
sequential IF staining process, MFI of red fluorescence signal on each cell 
was measured by ImageJ program. The differences between average 
MFIs of the untransfected and MOG-GFP transfected HEK cells are 
shown in Fig. 6. The differentiated signals in the microfluidic are obvi
ously higher than those in the microplate. In microfluidic, the signal 
difference rapidly increases with the IgG concentration until reaching 
the saturated level at 0.2% (V/V). Limit of detection (LOD) of the cell 
staining in each platform was estimated as described previously in 2008 
by Armbruster and Pry [28]. LODs for MOG IgG investigation in 
microplate and in microfluidic are, 2.56 and 0.94, respectively. This 
experiment confirms that microfluidic platform obviously improves LOD 
of the cell-based IF assay for MOG-IgG detection. 

3.5. Effect of incubation period on the IF staining efficacy 

Cells in standard microplate and in microfluidic channel were 
stained with 0.05% rabbit MOG-IgG and anti-rabbit IgG by the incuba
tion periods varying from 15 to 60 min. The immunostaining results are 

demonstrated in Fig. 7. For all incubation periods, the differentiated 
signals that were performed in the microfluidic are obviously better than 
the signals from microplate. In microfluidic platform, the incubation 
period can be reduced to 15 min with only approximated 5% differen
tiated signal reduction. This result demonstrates advantages of the liquid 
flow phenomenon in microfluidic that can improve turnaround time of 
the cell based IF assay. 

3.6. Clinical sample test and receiver operating characteristic curve 
(ROC) analysis 

The cell-based microfluidic platform was evaluated with 20 patient 
serum samples. Negative control sample was collected from at least 50 
healthy blood donors. Serum samples of the patients were screened at 
1:4 on the GFP-MOG transfected HEK cells fixed in the microfluidic 
channel. The samples that reveal positive signal at 1:4 titer over the 
signal obtained from the negative control sample staining were further 
evaluated for an optimal cutoff dilution by using ROC analysis. Each 
serum sample at the titer of 1:4 was flowed through a 2-fold serial 
dilution microfluidic chip connected to the cell-culture microfluidic 
channel as demonstrated in Fig. 8. The serum sample and the dilution 
buffer were mixed in the microfluidic serpentine structure that were 
previously optimized and evaluated in our previous work [26]. Serum 
sample and the dilution buffer were fed into the sample inlet and the 
buffer inlet of the serial dilution microfluidic to generate 8 sample titers. 
Thus, the untransfected and GFP-MOG transfected cells in each cell- 
culture microfluidic channel were stained by different titers of the 
sample varying from 1:4–1:256. Average MFIs of GFP-MOG stained cells 
in each of the cell-culture microfluidic channels were subtracted by 
average MFIs of the untransfected HEK cell stained by the same sample 
titer. The sample titers at 1:4 and 1:8 equally reveal the maximum area 
under ROC curve, which is 0.957. This result indicates that the sample 
titers at 1:4 and 1:8 are the optimal cutoff titers that offer the best 
sensitivity and specificity for serological MOG-IgG detection in the 
microfluidic platform using the serological examination by standard 
cell-based immunoassay as a reference method. 

4. Discussion 

PDMS is one of the most well known polymers that have been widely 
used for microfluidic fabrication [29]. However, its inherit hydropho
bicity has to be modified to inhibit non-specific adsorption of proteins 
and to enhance attachment of the cell [30,31]. The functionalization 

Fig. 6. The IF signal differences between the untransfected and GFP-MOG 
transfected HEK cells that were stained by different MOG-IgG concentrations 
varying from 0 (Negative) to 0.5%V/V rabbit anti-human MOG IgG in standard 
microplate (dashed line) and in microfluidic channel (solid line). 

Fig. 7. Average MFI differences between the untransfected and GFP-MOG 
transfected HEK cells that were stained in standard microplate (gray bars) 
and in the microfluidic (black bars) by using the incubating period varying from 
at 15 to 60 min. 
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materials that have usually been applied to modify the hydrophilicity of 
PDMS are consisted of extracellular matrix components, hydrophilic 
polymers, and non-ionic surfactants [32–35]. In our previous study, we 
compared efficiency of the PDMS microfluidic modified either by an 
extracellular matrix (poly-L-lysine; PLL), a hydrophilic polymer (poly
vinyl alcohol; PVA) or a non- ionic surfactant (pluronic F127) to enhance 
surface hydrophilicity and the adhesion of HEK cell. We found that PLL 
modification obviously promotes the adhesion of HEK cell even though 
the hydrophilicity of PLL modified PDMS did not significantly differ 
from that of the unmodified PDMS [36]. The untransfected and GFP- 
MOG transfected HEK cells were cultured in the PLL modified PDMS 
microfluidics to prepare the cell-based microfluidic chip for serological 
MOG-IgG examination. 

Basic advantages of the microfluidic application in the field 
biomedical diagnosis are ultimate reduction of reagents and sample 
consuming, affordable mass production, available for an automatic flow 
regulation system, portability, and flexibility in design [37–39]. The 
liquid flow behavior in microfluidic devices is usually laminar (or 
smooth and orderly). The steady laminar flow of liquid can be readily 
controlled, thus biomolecule transportation in the liquid can be regu
lated in the predictable manner [40]. Regarding to the microfluidic 
dimension of 1500 × 3000 × 50 μm in width × length × depth that has 
been used in this study, the ratio of initial force to viscose force (Rey
nolds number) within the liquid inside is equal to 4.605 and the constant 
pressure at outlet. Because the Reynolds number of the liquid flow inside 
this microfluidic chip is much less than 2000, the HEK cells suspended 

inside this microfluidic chip is supposed to be affected by laminar flow 
[40,41]. Based on the laminar flow effect, the HEK cells suspended in the 
liquid layers can be uniformly spread throughout the substrate surface. 
Cell suspension on the substrate surface is forced by the laminar flow. 
Therefore, the HEK cells located in the microfluidic chip are well 
distributed as a single layer. In standard microplate where gravity force 
dominates capillary force, cell clumping can be typically found on the 
substrate. The cells that locate under the cell clumps are lacked of nu
trients and supplementations. So, the cell clumps cannot firmly attach 
on the substrate of the microplate and can be easily peeled off during IF 
staining process. Cell overlapping also lead to the variation of the IF 
signals analysis. Because LOD of the platform has been calculated by the 
summation of an average MFI of blank sample and standard variation of 
signal measured from the low concentration of analyst multiplied by 
1.645. Therefore, the platform that offers the lower signal of blank and 
lower standard variation can give better LOD for the IgG determination. 
In micro-scale chamber, MOG-IgG molecules in the sample solutions are 
forced to incubate closer (in micrometer range) to the target cells. 
Therefore, incubation period of the IF assay operating in microfluidic 
can be greatly reduced. 

5. Conclusion 

This work develops a cell-based microfluidic system for serological 
MOG-IgG detection. The PDMS microfluidic was modified by PLL to 
immobilize MOG protein expressing cell. Apart from general advantages 

Fig. 8. The microfluidic system (A) consisted of the cell-based microfluidic chips (B) a serial dilution microfluidic chip that provides 2-fold serial dilutions of serum 
sample varying from 1:2 to 1:128 titers (C). ROC curve of MOG-IgG examination in 20 serum samples at 1:4 and 1:8 titers evaluated by the microfluidic platform 
compared to the results from reference method examined by an external laboratory using the result agreement at 95% CI (D). 

N. Khemthongcharoen et al.                                                                                                                                                                                                                  



Sensing and Bio-Sensing Research 34 (2021) 100458

9

of the microfluidic such as the potential of the device for enabling 
affordable mass production, ultimate reduction of reagents and sample 
consuming, and allowance of automatic flow regulation, we demon
strate that laminar flow in the microfluidic can promote cell distribution 
and the IF staining efficacy. Cell-based IF assay preformed in the 
microfluidic platform can improve LOD and can reduce turnaround time 
of the IF assay for MOG-IgG detection. 
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