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Abstract
Surface Plasmon Resonance (SPR) is an established technique for detection of molecular binding. More recently,
new experimental set ups transformed SPR in a label-free and real-time detector of specific cell binding to an
immobilized ligand.
In this work, Surface Plasmon Resonance Imaging (SPRi) was employed to investigate the feasibility of a multiplex
sensor to detect simultaneously 44 different cell surface antigens. For this purpose, a total of 5 cancer cell lines
KG1a, MCF7, MG-63, NCI-H460 and SK-BR-3 and peripheral blood cells from healthy donors were used to
illustrate the potential of this sensor.
For cancer cells, SPR curves showed a variety of responses to each one of the targeted antigens, proving
the ability of this sensor to characterize multiple cell surface molecules. Regarding the peripheral blood
cell measurements, frequent leukocytes populations such as T-cells and Granulocytes were easily identified.
Furthermore, measurements performed on samples spiked with cancer cells showed that based on specific
cancer antigens response, cancer detection in a complex sample is possible.
Exploring the factors behind the detected SPR signals, a comparison with flow cytometry showed a relation
between the response intensity and the number of antigens on the cell surface. A study of the number of cells
binding to the sensor and the cell area effect on the signal also demonstrated a proportional relation with intensity.
Also, single-cell image based analysis indicated that individual cell binding can be monitored by reflectivity
variation.
In conclusion, here it was illustrated that SPRi allows the simultaneous observation of cell binding to multiple
markers and suggests that antigen quantification can be achieved.
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1. Introduction

1.1 Surface Plasmon Resonance

The electrons part of the conduction band of noble met-
als, such as gold, can undergo a collective oscillation
when excited by an oscillating electromagnetic field like
light [1]. These oscillating electrons, corresponding to
a propagating electronic density wave, are called plas-
mons. At a specific light wavelength, the resonance of
the plasmons causes the exciting light extinction.

Surface plasmons (SP), occurring on the interface
between a metal and a dieletric, have their resonance
highly dependent on the media dielectric constant and

therefore on the refractive index [2]. For the resonance
to occur, a specific light, with a certain wavevector, must
induce a polarization of the electrons of the metal con-
duction band and enter resonance with the plasmons
[3].

Both structures, metal and dielectric metal, dimen-
sions influence the optical properties of plasmons. In
case of structures with dimensions superior to light wave-
length, like the case of thin metallic films, plasmons can-
not be directly excited [5]. To achieve the resonance
frequency, the light wavevector must be incremented
such a way that light frequency equals ksp, see Equa-
tion 2.
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For the SP excitation to occur light must be p-polarized,
such that its electric field oscillates in the z-direction.
The resulting SP will also oscillate in the z-direction, as
can be seen in Figure 1.

Figure 1. Excitation of surface plasmons with a prism coupling config-
uration. Extracted from [5].

The exciting light frequency Kx can be given by orig-
inal frequency Ko, incident angle θ, and the dielectric
constant ηD, Equation 1:

Kx = KoηD sin(θ) =
2π

λ
ηD sin(θ) (1)

Hence, for an equal plasmon frequency Equation 2
is obtained:

Kx = Ksp;
2π

λ
ηD sin(θ) =

ω

c

√
εm(λ )εs(λ )

εm(λ )+ εs(λ )
(2)

According to these equations, the light wavevector
can be modulated by changing the light wavelength or
angle of the incidence beam. The light frequency mod-
ulation by incident angle is called scanning angle con-
figuration, and the wavelength modulation is known as
wavelength-modulated SPR [5]. The commercial SPR
instrument used in this work has a scanning angle con-
figuration.

1.2 Surface Plasmon Resonance biosensing
As mentioned previously a thin metal layer can be used
as a plasmon source material. The SP generated will
be sensitive to the dielectric constant of a thin layer
in contact with the metal. Therefore, a change in the
refractive index (thus dielectric constant) due to bulk
or biding events, will lead to a consequent change in
SP wavelength or the light beam angle. A limitation to
a direct application of the SP resonance, is that any
type of change on the evanescent field will be sensed
without any specificity. For biosensing purposes, efforts

have been made to improve a surface chemistry capable
of immobilizing a molecular receptor and an analyte-
specific molecular receptor such as an antibody.

When an analyte is captured by its respective molec-
ular receptor, it will cause a small but detectable change
of the local refractive index hence, a change in the SPR
signal. The change in the SPR signal is translated to an
angle shift of the SPR dip.

The SPR dip corresponds to the angle of resonance
where light is resonating with plasmons and therefore it
is not reflected back to the detector. The angle or SPR
dip plotted as a function of time is called a sensorgram,
see Figure 2. Typically, the angle shift overtime is rep-
resented in resonance units (RU). One RU corresponds
to an angle shift of 0.1 m◦.

Classical SPR biosensing is used for biomolecules
such as proteins. The RU response gives an indica-
tion of the amount of molecules bound to the surface
compared with the baseline.

1.3 Cell detection using SPR
In recent years, cell detection has been gradually ex-
plored, showing promising results and applications. The
SPR principle, previously explained for the detection of
analytes in the close surroundings of a sensing metal
layer, is now applied to detect a small part of the cell
surface, correspondent to the evanescent field (approxi-
mately 300nm much smaller than cell height) that inter-
acts with the immobilized ligand.

Despite the small sensing depth, many valuable cel-
lular studies can be performed, including physiological
changes, interaction with the surface and response to
the ligand. Also, variety of cells such as bacteria, mam-
malian cells and virus have been reported [7].

The great majority of the available studies, explored
cell detection based on specific molecular receptors
that recognize a specific molecule on the cell plasma
membrane [8], [9], [10] among others. However, some
studies where the goal was to investigate differences
on cell response caused by external stimuli, described
cell growth on the top of the sensor previous to the
measurement, without the use of any specific marker
[11] and [12].

1.4 Cell surface molecules as biomarkers
NIH defines a biomarker as a characteristic that is objec-
tively measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or pharma-
cologic responses to therapeutic.

In this sense, cell surface molecules that can be
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Figure 2. Schematic experimental set-up of surface plasmon resonance excitation and its representation over time. On the left: a sensor with a
gold coating is placed on a hemisphere (or prism). Reflected light intensity is measured in the detector (disk). At a certain angle of incidence (j),
excitation of surface plasmons occurs, resulting in a dip in the intensity of the reflected light. On the right: The change in refractive index will
cause an angle shift from A to B that is plotted over time in a sensogram.Extracted from [4].

detected and quantified are considered biomarkers for
both cell differentiation and pathology indicators.

The multiplex sensor developed in this work had
the objective of detecting firstly, cancer cells, and sec-
ondly peripheral blood cells, using cell surface molecules
as biomarkers to characterize and distinguish both cell
types.

Cell surface antigens that are overexpressed, mu-
tated or selectively expressed compared with normal
tissues are considered as potential biomarkers.

Based on literature reported cancer and blood rele-
vant biomarkers, a total of 44 antigens were selected
as targets for the intended sensor in this study. The se-
lected antigens were divided into cell origin, drug targets
and cell adhesion markers, see Tables 1 2 and 3.

2. Materials and Methods
Cells
For the conducted SPR measurements, cells from 5 dif-
ferent cell lines were selected: KG1a (ATCC R©CCL246.1TM)
derived from bone marrow presenting acute myeloge-
nous leukemia, MCF7(ATCC R©HTB-22TM) derived from
mammary gland adenocarcinoma, MG-63(ATCC R©CRL-
1427TM) derived from osteosarcoma, NCI-H460(ATCC R©HTB-
177TM) derived from large cell lung carcinoma, and SK-
BR-3(ATCC R©HTB-30TM) derived from mammary gland
adenocarcinoma.

For cell harvesting and subculture purposes, 0.05%
Trypsin-0.02% EDTA (Sigma-Aldrich R©) was used to
loosen adherent cells from the flask bottom wall.

Blood Samples
Blood samples, from anonymous healthy donors, used in
this work were provided by the ECTM donor service, part
of the MIRA institute (Twente University). Blood samples
were drawn shortly before the performed measurements.

Table 1. Cell Origin markers for blood and cancer cells.
Cell Origin markers

Marker Expression References

CD3 T lineage cells [19] [20]

CD8a T lineage cells [19] [21]

CD11c Dendritic cells [19] [22]

CD14
Monocytes and

osteoclast progenitors
[19] [23]

CD19
B cells

Malignant B cells

[19] [24]

[25]

CD20 Mature B cells [19] [26]

CD25 Regulatory T-cells [19] [27]

CD33
Myeloid lineage

Overexpression on monocytes and macrophages
[19] [28]

CD45 All leukocytes [19]

CD56

NK cells

Neuro cells

Embryonic tissue

and tumors

[19]

CD61
Platelets and

megakaryocytes
[19]

CD66b Granulocytes [19] [29]

CD105
Vascular endothelial cells

Mesenchymal cells

Intra-tumor expression

[19] [30]

CD123
Committed hematopoietic progenitor cells

Dendritic cells
[31]

CD140a
Megakaryocytes

Myeloid precursors

Endothelial cells

[19]

CD146
Endothelial cells

Some epithelium

Melanoma cells

[19]

CD235a Erythrocytes [19]

CD326
Epithelial cells

Tumors

[19]

[32]

To facilitate peripheral blood cells detection on SPR, the
blood samples were lysed.

SPRi
The Continous Flow Microspotter (CFM) (Wasatch mi-
crofluidics LLC R©) was used for ligand spotting on the
sensor surface. In this work only unlabeled antibodies
were used as ligands. Different spot densities were ob-
tained by dilution of commercial antibody solutions in
the immobilization buffer (1.93 parts of sodium acetate
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Table 2. Drug Targets markers for blood and cancer cells.

Marker Expression References

Drug target markers

CD71
Acute myeloid leukemia

Breast carcinomas

[33]

[34]

[35]

CD117
Overexpressed in small-cell lung carcinoma and

Gastric cancer

[36]

[37]

CD221
Overexpressed in Multiple myeloma

Glioma, Breast, Prostate, Pancreas

and Thyroid cancer

[38]

[39]

[19]

CD227
Overexpressed in Breast, Colon,

Lung and Ovarian cancers

[40]

[41]

[42]

CD261 2*
Colon, Lung and Pancreas tumors

Hematological malignancies

[43]

[19]

CD262 2*
Colon, Lung and Pancreas tumors

Hematological malignancies

[44]

[19]

CD309 Angiogenesis regulation
[45]

[46]

[19]

EGFR
Overexpressed in Glioma, Lung, Breast,

Colon and Head/Neck tumors

[47]

[48]

[49]

[50]

[19]

HER2
Overexpressed in Breast, Colon,

Ovarian and Prostate cancer

[51]

[52]

[19]

HER3
Overexpressed in Breast, Colon,

Ovarian and Prostate cancer

[53]

[19]

and 3.07 parts of acetic acid).
The SPR gold layer sensors used in all the conducted

SPR measurements were the Easy2spotTMpre-activated
G-type sensor (Ssens R©). This sensor has a modified
surface chemistry containing active ester groups that
allow a covalent biding of the ligants.

Before SPR cell measurement, it was necessary
to deactivate the sensor in order to avoid unspecific
adherent behavior. Sensor deactivation was achieved
injecting two buffers separately, 1% Bovine Serum Albu-
min (BSA) solution in ligand immobilization buffer and
100mM 2-aminoethanol solution with a pH of 8 [13].

The SPR platform used for the measurements pre-
sented in this work, is the IBIS MX96 (IBIS Technologies R©).
The regions-of-interest ROIs, which represent the areas
where the shift of the resonance angle is determined,
can be placed manually on top of the printed spots. In
addition, ROIs used as references can be placed next to
the spot of interest and subtracted in post-measurement
analysis, in a process called local referencing.

Flow cytometry
Flow cytometry is the established gold-standard tech-
nique used to analyze cell surface antigens, with the
advantage of providing a reliable and precise antigen
quantification.To validate the results obtained with the

Table 3. Cell adhesion markers for blood and cancer cells.

Marker Expression References

Cell adhesion markers

CD24
B lineage cells

Overexpressed in pancreatic, ovarian, breast,

prostate, small cell lung and CSC

[54]

[55]

[56]

CD44
Leukocytes and erythrocytes

Gastric, Colon, CSC and breast cancers

[56]

[57]

[58]

[59]

CD49a
Activated T-cells

Monocytes and NK cells

Fibroblasts, Hepatocytes and melanoma

[60]

[19]

CD49b
Platelets and T-cells

Overexpressed in colon and breast cancer

[61]

[19]

CD49c
T and B cellsAdherent cell lines

Overexpressed in pancreatic cancer

[62]

[19]

CD49d
T and B cells

Monocytes

Colon cancer

[63]

[19]

CD49e
T and B cells

Osteoblasts and endothelia
[64]

CD49f

Platelets, Monocytes

and T cells

Adherent cell lines

Colorectal and prostate cancer

[65]

[66]

[19]

CD103
Lymphocytes and T-cells

Overexpressed in lymphomas

[67]

[19]

CD104
Cells on the basal layer of epithelia

Overexpressed in squamous cell carcinoma,

thyroid, colon, gastric and pancreatic carcinomas.

[68]

[19]

CD106
Endothelial cells

Colorectal cancer

[69]

[19]

CD113
Epithelial cells

Overexpressed in Breast cancer
[19]

CD144
Endothelial cells

Overexpressed in melanomas
[19]

CD166
CSC

Overexpressed in Colon and Breast cancer
[19]

CD324
Overexpressed in Breast and

Gastric Carcinomas
[19]

SPR cell measurements, antigen quantification was ob-
tained using BD FACS Aria II R©flow cytometer. Fluores-
cent immunostaining was achieved using an anti-IgG PE
(Abcam R©).

Additionally to the fluorescent labeled cells measure-
ments, QuantiBRITE PE beads (BD R©) were also used
to quantify the number of antigens bound per cell (ABC).

3. Results and Discussion

3.1 Cell response measurement conditions
Cell response to spot density
The primary objective was to identify the effect of the
antibody spot density on cell response, using multiple
markers and various cell lines. This would allow the
selection of an optimal concentration of the antibody
solution to use in subsequent measurements. For this
purpose, antibodies solutions were prepared with immo-
bilization buffer (pH 4.45) in serial dilutions (1:2) starting
from 10 down to 0.08µg/mL.
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Figure 3. Analysis of CRT900 values obtained from the sensorgrams
of the cell response associated with the tested spot densities. Filled
bars in the graph correspond to the average CRT900 value and the
small bars to the data standard deviation.

To find an actual quantifiable difference between the
various spot concentrations and their cell response (RU)
at 900s of association time (CRT900) values were taken
into account and an average was obtained for each
tested density Figure 3. Concerning denser spots, it is
noticeable that for antibody densities of 10µg/mL and
5µg/mL the average response is actually similar (aver-
age difference is less than 4 percentage points). To
lower densities there is a constant decrease of the aver-
age response up until the lowest density of 0.08µg/mL,
which is practically indistinguishable from the signal ob-
tained from the sensor background.

Considering this cell response analysis, 5µg/mL was
the spot density used for further measurements, prevent-
ing excessive use of antibodies and allowing to obtain
a cell response quite close to the maximal response
typical from a denser spot.

Cell response to temperature and measurement
buffer
The secondary objective of this SPR analysis study, was
to investigate the influence of measurement conditions,
namely temperature and buffer solution used to resus-
pend the cell sample.

In order to evaluate the effect of these conditions
on a SPR measurement four different scenarios were
tested, combining two possible temperatures: 37 and 25
◦C (approximately room temperature), and two suitable
buffers for short period measurements: PBS and com-
plete culture medium RPMI-1640 (Sigma-Aldrich R©).

Once again, for the sake of quantitative comparison,
the values of CRT900 were taken into account and their
average was plotted in Figure 4. It is clear that the cell
response is higher for a measurement at 37◦C when
compared to 25 ◦C independently of the buffer.

For the further presented measurements, the tem-
perature was settled at 37◦C and both buffers were used
depending no the sample to be tested: culture medium
for cancer cell lines and PBS for peripheral blood cells.

Figure 4. Analysis of CRT900 values of the cell response associated
with temperature and buffers. Filled bars in the graph correspond to
the average CRT900 value and the small bars to the data standard
deviation.

Figure 5. Multiplex sensor scheme example used for SPR measure-
ments. From the available 48 spots, 44 were used for the selected
biomarkers and 4 as spot controls. CFM spotter was used to print the
antibodies with a density of 5µg/mL on a G-type sensor.

3.2 SPR analysis
After defining the SPR measurement parameters that
positively affect the cell response, a sensor was de-
signed with 44 biomarkers relevant for cancer cells and
peripheral blood cells. The final goal of this project was
to investigate the feasibility of a multiplex platform de-
veloped in a commercially available SPRi technology, a
total of five cell lines and a small number of peripheral
blood samples where tested in the designed sensor.

Cancer cell lines
The multiplex concept has already been explored in the
SPR field applied to protein ligands. Regarding cell mea-
surements, up to this date few studies have communi-
cated to use a considerable number of different markers.
Here the possibility of measuring simultaneously, in a
real-time and label-free manner, the cell biding to 44
different antibodies targeting relevant antigens present
on the surface of cancer cells was investigated. The sen-
sorgrams on Figure 6 show that cancer cell detection
can be achieved by characterization of multiple surface
antigens. For the five studied cell lines is possible to
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find unique responses for several available biomarkers
on the designed sensor. Flow cytometry, as referred, is
currently the gold-standard technique used to examine
cell surface antigens. Typical flow cytometry instruments
have about 12-colours systems but up to 17 different col-
ors plus two physical parameters have been described
[70]. Multiparameter cytometry was also used to iso-
late malignant plasma cells in multiple myeloma [71].
However, the configuration of this type of measurement
is quite complex, a precise system calibration and an
optimal fluorescent resolution are necessary to avoid
channel cross-talk that can affect a correct detection[72].
Roughly comparing, a multiplex SPR analysis seems to
overcome the complexity of such cytometry multipara-
metric measurement, allowing to detect a clear signal for
each of the markers without the necessity of a multiple-
label staining protocol or calibration. Regardless, the
study of SPR cell detection is in a too early stage to be
considered as an alternative to flow cytometry, since no
precise antigen quantification is not yet possible.

Peripheral blood cells
It is possible to detect peripheral blood cells binding
specifically to the designed SPR sensor as it as been
demonstrated by the label free detection of erythrocytes
[73]. Highly frequent cells, such as T-cells and Granulo-
cytes, can easily be identified in the sensorgrams and
visualized in the sensor images, see Figure 7. Using
specific antibodies to certain cell sub-types creates the
opportunity to discriminate sub-populations on these
cells. For less frequent and more complex antigen char-
acterization cells such as B-cells and NK-cells, SPR
analysis does not seem to be not conclusive. The im-
possibility of measuring multiple markers simultaneously
for the same cell, does not allow to conclude about the
presence of those cells types in the blood sample.

Spiked blood
Taking the advantage of a multiple marker measure-
ment, cancer cells were spiked in the peripheral blood
samples (sample A, B and C), and their detection was
investigated. KG1a, MCF7 and SK-BR-3 cells were har-
vest for spiking purpose and concentrated/diluted to a
concentration of 1M cells/mL. To demonstrate the exis-
tence of specific cancer markers that allow to distinguish
its presence in blood, three separated measurements
were performed: lysed blood sample, solely cancer cells
and cancer spiked blood samples.

Figure 6. Sensograms obtained with the multiplex sensor for KG1a,
MG-63 and SK-BR-3 cells with a concentration of 1 million cells/mL.

Figure 7. Sensorgrams from the 3 different blood samples (A,B and
C) for specific T-cells and Granulocytes markers. The cell sample was
obtained by erythrocytes lysis.

For KG1a cells, the cancer cells sample revealed that
cell binding occurred to spots of antibodies widely used
to characterize peripheral blood cells. Being derived
from a macrophage cell population, the antigen similarity
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Figure 8. Detection of KG1a cancer cells spiked blood sample A by
SPR analysis. Comparison of relevant markers for this cell lineage.

with leukocytes would be expected. Considering all the
markers with cell binding curves for both single cells
sample and spiked sample, anti-CD71 seems to appear
only when KG1a cells are present (see Figure 8).

Figure 9. Detection of MCF7 cancer cells spiked blood sample B by
SPR analysis. Comparison of relevant markers for this cell lineage.

MCF7 cells show a more distinct antigen profile when
comparing cancer cells sample measurement with the
peripheral blood sample B (see Figure 9). Looking for
markers that show cell binding only in the presence
of MCF7 cells, three spots are discovered anti-EGFR,
anti-HER2 and anti-HER3.

In the same way, SK-BR-3 cells present an antigen
profile closer to MCF7 cells than to the peripheral blood
sample C (see Figure 10). Comparing SK-BR-3 binding
spots to the spiked sample a total of five specific SK-
BR-3 markers are encountered anti-CD49c, anti-CD71,
anti-EpCAM, anti-EGFR, anti-HER2 and anti-HER3.

Figure 10. Detection of SK-BR-3 cancer cells spiked blood sample C
by SPR analysis. Comparison of relevant markers for this cell lineage.

3.3 Flow cytometry analysis
To validate the detection of cell binding in SPR mea-
surements, antigen quantification was performed by flow
cytometry analysis. Regarding SPR analysis, cells from
the same cell population used for the cytometry analy-
sis, were measured on a multiplex sensor, ensuring that
cell binding signals can be directly compared with the
number of antigens determined by cytometry.

In Figure 11 a scatter plot of all the ABC number and
their correspondent CRT900 values was constructed. Ad-
ditionally to this data, two reference limits were imposed:
the average ABC value found for the unstained controls
in flow cytometry analysis and the average CRT900 value
from which cell binding becomes visible in the sensor
image.

Figure 11. Scatter plot of the ABC value versus CRT900 for 36 markers
studied for KG1a, MCF7, MG-63, NCI-H460 and SK-BR-3 cells. Data
points were distributed into four ABC categories. Horizontal and
vertical axis are represented in logarithmic scale to highlight the data
distribution. The black and dashed lines represent the average limits
of positive detection for both FACS and SPR measurements.

Figure 11 shows a clear positive slope trend be-
tween ABC and CRT900 values and the distribution of
the four ABC groups seems to follow an ascending or-
der. It should also be noted that a logarithmic scale was
used, in order to highlight the data distribution.



Multiplex detection of cell surface markers using Surface Plasmon Resonance Imaging — 8/14

Figure 12. Scatter plot of the ABC value versus CRT900 for the data
points above cell detection lower limit. At the top of the plot, the linear
regression coefficients are shown.

Moreover, the data enclosed in the defined FACS
and SPR limits looks to have a linear proportionality.
To explore the possibility of a linear regression being
present between the two variables under study, the log-
arithmic (base 10) values of this selected data were
calculated and plotted in Figure 12. The linear regres-
sion fit represented in the plot has a slope of 0.60 and
intercepts the y-axis at -0.019. The goodness of the fit
has a R2 value of 0.83. Translating the linear relation
to ABC and CRT900 absolute values, the expression is
presented in Equation 3.

log10(CRT900) = 0.60log10(ABC)−0.019 (3)

Overall, the linear relation found for the logarithmic
values of ABC and CRT900 indicates that antigen quan-
tification based on SPR intensity can be achieved, even
considering that SPR is only sensitive to part of the cell
surface. Further testing of SPR technique with more cell
lines and calibrated antibody coated beads can provide
additional evidence for this relation.

3.4 Image analysis
Up to this point, the analysis of SPR and cytometry
results allowed to conclude that spot density and antigen
expression influence somehow the cell binding to the
sensor spots.

Cell number analysis
The first imaging feature to be analyzed was the number
of cells visible on the sensor spots and its relation with
the SPR signal intensity. To achieve a gradient of the
number of cells biding to the spots, six serial dilutions
starting from 1 M cells/mL down to 31 000 cells/mL,
were prepared.

The outcome of cell counting revealed that there is a
significant CRT900 value difference between the highest

Figure 13. Cell counting analysis. For each of the three tested spot
densities (10,5 and 2.5µg/mL) MCF7 cells were counted at 900s of
association phase, for anti-CD71, anti-HER2 and anti-CD49b markers.

expressed marker CD49b and the two less expressed
markers HER2 and CD71 for the three densities.

Here, linear regressions were applied to each marker
and spot density as shown in Table 4. Analyzing the
curve slopes, it seems that, for the same marker, there is
no significant difference between spots densities, mean-
ing that the relation between the number of cells and
CRT900 is not affected by spot density. Additionally, the
maximum number of cells for each marker does not
show a considerable difference considering the three
tested densities. This suggests that spot density does
not influence the number of cells landing on a spot.

Table 4. Linear regression coefficients obtained for the relation be-
tween cell number and correspondent CRT900 values, obtained for
three different expressed markers anti-CD71, anti-HER2 and anti-
CD49b in three different spot densities 10, 5 and 2.5µg/mL.
Linear regression coefficients

anti-CD71 anti-HER2 anti-CD49b

R2 Slope y-interception R2 Slope y-interception R2 Slope y-interception

10 µg/mL 0.90 4.1 40.56 0.98 5.97 16.41 0.96 17.28 -89.33

5 µg/mL 0.85 3.71 56.70 0.99 5.25 14.69 0.92 17.35 -151.50

2.5 µg/mL 0.87 1.096 97.75 0.99 5.31 28.47 0.98 11.35 -65.93
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Regarding the antigen expression, the highest cal-
culated slope corresponds to the highest expressed
marker, CD49b, suggesting that for the same number
of cells a higher CRT900 value is achieved for higher
expressed marker. This information comes accordingly
to the relation found between the number of the antigens
and CRT900 value Figure 12.

Cell area analysis
The second feature to be studied in this image analysis
section was the cell area, and its effect on SPR cell
response. The SPR platform IBIS MX96 used through-
out this work, has an image resolution of 2 megapixels,
where pixel has a size of 5.5 x 5.5 µm. Although being
sufficient to identify cells, only significant morphological
changes can be precisely detected.

For these reasons, SK-BR-3 cells were measured
with three different markers, where a significant increase
of cell size as been observed. Anti-CD71, anti-HER2,
and anti-CD49b spots were printed with a density of
5µg/mL. Taking the cytometry analysis results into ac-
count, the expression levels for these three markers
were 35 500 for CD71, 158 838 for HER2 and 20 942
for CD49b.

Figure 14. Sensorgrams of SK-BR-3 cells binding to anti-CD71, anti-
HER2 and anti-CD49b spots with a density of 5ug/mL. Spots were
printed into a G-type sensor with CFM spotter.

In Figure 14, sensorgrams for anti-CD71, anti-HER2
and anti-CD49b are presented. Surprisingly, the highest
CRT900 value does not correspond to highest expressed
marker HER2, but to CD49b.

Spot images were selected for the correspondent
sensogram curves Figure 15. Assuming that cells have
an approximate circular shape, five cells were randomly
selected and their diameter was measured in pixels.
The results for the obtained radius are presented in
Figure 15. Comparing the radius evolution overtime,
is possible to observe that the average radius for cells
on anti-CD49b and anti-HER2 spots, increases contin-
uously. For anti-CD71 the average radius shows little
variation after time points higher than 300s. Relatively
to the absolute average radius value, from 300s of cell
association, cells on anti-CD49b spot present the largest

radius when compared to anti-HER2 and anti-CD71.

Figure 15. Cell radius analysis overtime. For each marker presented
in Figure 14 five random SK-BR-3 cells were selected and their radius
was measured in pixels overtime. Here the average radius is analyzed
for nine time points.

Observing the RU curves acquired from the same
time points used for image analysis, is possible to distin-
guish two different characteristic slopes. In the first 500s
of cell association a high slope is present, followed by a
significantly smaller slope for cell signal over 500s, see
Figure 16. Taking into account the variations observed
for the number of cells and cell radius overtime, one can
conclude that the initial high slope is due to a double
factor: the increase number of cells landing into the
spot and the slight increase of cell radius. The smaller
slope observed after the number of cells visible on the
spot is constant, seems to be due to the continuous cell
spreading.

This observation could open new possibilities to SPR
as a biosensor to study the binding behavior of cells to
different ligands.

Single cell image analysis
A previous study conducted with the same SPR platform
mentioned that small ROIs, per example of cell size,
would give rise to higher response with the downside of
becoming more sensitive to background noise [13].

Using differential image, a study was conducted to
investigate whether a single cell image based measure-
ment was possible.

The sensor background brightness changes accord-
ingly to the scanner angle, therefore a fixed angle of
-750m◦, corresponding to the background resonance an-
gle, was used. A first image of the sensor was acquired
prior to the cell injection, to be continuously subtracted
from future images, removing the spot brightness contri-
bution.
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Figure 16. Cell number and radius comparative analysis. SPR sen-
sograms for anti-CD71, anti-HER2 and anti-CD49b Figure 14 were
normalized by the end point RU value. In the same way cell number
and radius were normalized by the final value correspondent to the
SPR end point value.

For these measurements MCF7 cells were used, and
three different spot markers were printed: anti-EpCAM,
anti-EGFR and anti-CD24. In Figure 17 the average
cell pixel intensity values obtained for the three single
cell areas are shown. From a general point of view, the
pixel intensity observed seems to follow a curve similar
to a classic SPR RU units sensorgram.

The conducted analysis shows that individual cells
can be monitored by the analysis of single cell average
pixel intensity. However, the improvement of the imaging
hardware with increased resolution and an automatic
software for identification of cell positioning is needed
and would greatly contribute to the use of SPR as a
single cell analyzing technique.

Figure 17. Variation of cell pixel intensity over time. Pixel intensity
was analyzed for 3 different cells biding anti-EpCAM spot with a spot
density of 10 µg/mL.

4. Conclusion
In this work, the multiplex detection of cancer and pe-
ripheral blood cells using Surface Plasmon Resonance
Imaging was investigated.

A primary study of the measurement parameters
that could affect the cell binding, revealed that the cell
signal intensity is proportional to spot antibody density.
A maximal response was obtained for antibody densities
of 5 and 10ug/mL. A temperature of 37◦C and culture
medium as measurement buffer, seemed to promote an
optimal cell binding.

The 44-plex analysis was conducted on five different
cancer cell lines and peripheral blood cells from healthy
donors. The obtained results demonstrate that multi-
plex SPR analysis is capable of characterizing multiple
antigens present on the cell surface.

Also, based on the cell binding to specific markers it
was possible to identify frequent blood cells such as T-
cells and Granulocytes. Additionally, the measurements
with spiked blood successfully detected the added can-
cer cells, proving that a multiplex set up can be used to
detect sub-populations in complex samples.

To validate the detection of the cell antigens with
SPR, flow cytometry was used to obtain antigen quantifi-
cation. An interesting relation between antigen expres-
sion and the cell SPR signal intensity was discovered.
This suggests that SPR cell analysis might be explored
as a quantitative detection method for surface antigens.

Further exploring the cell binding detection, an image
analysis was conducted to evaluate the contribution of
the number of cells and cell area to the SPR signal. As
observed in previous studies, a higher number of cells
binding to the spot contributes to a higher signal intensity.
A new observation was found when comparing different
markers expressions of a cell lineage, for the same
number of cells a higher signal intensity is achieved for
a higher expressed antigen.

Considering the cell area influence, exceptional cases
where significant cell spreading occurred, demonstrated
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that the signal varies in proportion with the increase of
cell radius, independently of antigen expression.

In order to access if an image based single cell SPR
analysis could be feasible, a final study was performed
on differential sensor images. The pixel intensity varia-
tion of a single cell area, indicates that cell binding can
be monitored by image processing. Nevertheless, both
technological and cell testing efforts should be made to
further validate these observations.

In conclusion, the reported results prove that SPR
can be considered a viable technique for cell surface
antigen characterization and quantification.
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