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Abstract
Multiplexed lateral flow assays (LFAs) offer efficient on-site testing by simultaneously detecting multiple biomarkers from a 
single sample, reducing costs. In cancer diagnostics, where biomarkers can lack specificity, multiparameter detection provides 
more information at the point-of-care. Our research focuses on epithelial ovarian cancer (EOC), where STn-glycosylated 
forms of CA125 and CA15-3 antigens can better discriminate cancer from benign conditions. We have developed a dual-label 
LFA that detects both CA125-STn and CA15-3-STn within a single anti-STn antibody test line. This utilizes spectral separa-
tion of green (540 nm) and blue (450 nm) emitting erbium (NaYF4:Yb3+, Er3+)- and thulium (NaYF4: Yb3+, Tm3+)-doped 
upconverting nanoparticle (UCNP) reporters conjugated with antibodies against the protein epitopes in CA125 or CA15-3. 
This technology allows the simultaneous detection of different antigen variants from a single test line. The developed proof-
of-concept dual-label LFA was able to distinguish between the ascites fluid samples from diagnosed ovarian cancer patients 
(n = 10) and liver cirrhosis ascites fluid samples (n = 3) used as a negative control. The analytical sensitivity of CA125-STn 
for the dual-label LFA was 1.8 U/ml in buffer and 3.6 U/ml in ascites fluid matrix. Here we demonstrate a novel approach 
of spectrally separated measurement of STn-glycosylated forms of two different cancer-associated protein biomarkers by 
using UCNP reporter technology.
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Introduction

Lateral flow assays (LFAs) are simple, easy-to-use diagnos-
tic tests that provide information quickly. Because of these 
features, they are often used in point-of-care and resource-
limited settings instead of sample analysis in a central labo-
ratory. Conventional LFAs rely on visual detection and are 
typically used in infectious disease and pregnancy testing. 
However, recently there has been a growing interest in shift-
ing from conventional LFAs towards luminescent LFA tech-
nology, and thus expanding the scope of traditional LFAs. 
By using luminescent nanoparticle reporters instead of 
visually detectable nanoparticles, the LFA detection sen-
sitivity can be increased in infectious disease testing [1–3]. 
Quantitative detection of certain analytes in LFA format 
can provide a simple and affordable solution to be used in 

point-of-care settings [4, 5]. Luminescent LFA reporter tech-
nology combined with a portable reader instrument serves as 
a promising alternative for a point-of-care testing platform. 
Reader-based point-of-care testing systems are becoming 
more and more popular and accepted for disease testing in 
resource-limited settings (REASSURED criteria) [6]. The 
main focus of LFA testing has been in infectious disease 
testing but there is a growing interest of cancer testing in 
this format [7] as the global disease profile is changing [8].

Cancer diagnostics in clinical practice is a complicated 
procedure and the diagnosis made by the physician is often 
based on many methods such as evaluation of physical symp-
toms, imaging, biopsies, and blood testing. Blood testing is a 
desired method because of its less invasive nature and easi-
ness in clinical practice. However, many blood-based cancer 
biomarkers suffer from poor specificity for a certain cancer 
type and often it is difficult to distinguish between malignant 
and benign conditions based on blood protein biomarkers. 
Alteration in protein glycosylation during posttranslational 
modification is a common feature in tumor cells [9, 10]. 
Some cancer biomarkers have cancer-specific glycosylations 
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which improve the specificity of the glycovariant assay in 
contrast to traditional biomarker assay [11]. Furthermore, 
multiparameter assays for more than one biomarker can 
provide the physician with more information regarding 
the status of the patient. This has been shown potentially 
to improve the diagnostic accuracy, e.g., in ovarian cancer 
[12, 13].

Epithelial ovarian cancer (EOC) is the most lethal form 
of gynecological malignancies [14]. EOC symptoms are 
often vague and unspecific, appear often in later stages, 
and are associated with many other non-malignant condi-
tions. Because of this, EOC is commonly diagnosed at late 
stage; the relative survival rate at 5 years is globally around 
30–40% [15]. Early diagnosis of EOC could increase the 
5-year survival rate up to 90% [16]. Currently, EOC diag-
nosis is based on imaging techniques and laboratory tests 
but these methods lack in sensitivity and accuracy. Present 
laboratory diagnostics of EOC mostly rely on serum bio-
marker CA125 which is used as a tool for differential diag-
nosis and for monitoring disease progression and therapy 
response [17]. However, serum CA125 concentration is 
commonly elevated in several benign gynecologic condi-
tions such as endometriosis [18]. CA125 is also present in 
elevated concentrations in many other malignant carcinomas 
[19, 20]. Alterations in CA125 glycosylation, particularly 
the expression of the sialyl-Tn antigen (STn), are shown to 
be a potential biomarker for the early and specific detection 
of EOC, and the detection of sialylated CA125 improves 
the diagnostic performance of the immunoassay in con-
trast to the traditional immunoassay against CA125 protein 
epitopes [21]. In addition, another cancer-associated antigen 
CA15-3 with STn glycosylation has been shown to differ-
entiate early-stage EOC from healthy and benign subjects 
[22]. Measurement of glycosylated forms of CA15-3 and 
CA125 in parallel could potentially improve the accuracy 
of EOC diagnostics.

Simultaneous on-site measurement of different sub-
stances from a single sample is a desired feature in many 
fields of application, e.g., drug testing and clinical diagnos-
tics, for achieving efficient and high-throughput analysis. 
Multiplexed LFA can be used for the detection of multiple 
biomarkers within one test strip and it has several benefits, 
including improving the efficiency of testing and reducing 
costs. Multiparameter rapid testing is particularly desired for 
those on-site applications in which advanced decision-mak-
ing is requested or availability of samples is limited [23]. 
LFA test strip architecture inherently enables aligning more 
than one detection site in a single analytical device. The spa-
tial separation of multiple detection sites is easily obtained 
by applying several test lines or dots within the nitrocel-
lulose membrane and is up to date the most popular way to 
conduct multiplexing in LFA [23, 24]. However, result inter-
pretation of a multi-line LFA is not as simple as that of a 

conventional single-line LFA, particularly when the read-out 
is visual. Another approach for multiplexing LFAs is using 
individual strips arranged in an array-like format, which can 
be carried out in different cartridge designs built around the 
conventional single-line test strip [25]. Sometimes, spectral 
separation by reading the signal of two different reporters 
within a single test line is an elegant and feasible way of 
multiparameter detection in LFA. Spectrally multiplexed 
LFAs have been developed with different reporter technol-
ogies including enzyme labels [26], quantum dots (QDs), 
and sometimes with mixed-color visual detection [27, 28]. 
Spectral multiplexing approach has been previously success-
fully demonstrated in simultaneous detection of two different 
tumor markers, alpha fetoprotein (AFP) and carcinoembry-
onic antigen (CEA), by using multicolor QDs [29].

We have established a dual-label LFA for the simultane-
ous detection of STn-glycosylated ovarian cancer–associated 
antigens CA125 and CA15-3 by using spectrally separated 
dual-color upconversion luminescence (UCL) measurement 
(Fig. 1). Upconverting nanoparticles (UCNPs) were selected 
as reporters as they have narrow emission peaks in optically 
separable wavelengths, Tm-doped UCNPs at 450 nm and Er-
doped UCNPs at 540 nm. UCNPs are also stable and do not 
photobleach and due to the anti-Stokes phenomenon, which 
eliminates the background autofluorescence originating from 
the components of the test device or sample matrix, they 
are applicable for high-sensitivity applications [30]. UCNPs 
have previously been used successfully in many LFAs with 
highly sensitive detection, including the detection of STn-
glycosylated CA125 [31].

In this study, the UCNP reporters were conjugated with 
antibodies targeted against CA125 and CA15-3 protein 
epitopes. STn-glycosylated forms of these proteins were cap-
tured by anti-STn antibody immobilized within the test line 
on LFA nitrocellulose membrane. Here we demonstrate the 
use of two different color UCNPs in dual-parameter meas-
urement within a single test line in an LFA test device.

Materials and methods

Materials and reagents

Monoclonal anti-CA125 antibody (4602) was provided by 
Medix Biochemica Oy (Espoo, Finland). Monoclonal anti-
CA15-3 antibody (Ma552), monoclonal anti-STn antibody 
(STn1242), and the CA125-STn glycovariant isolated from 
NIHOVCAR-3 cell line (OVCAR3-CA125) used as a cali-
brator material were provided by Fujirebio Diagnostics AB 
(Sweden). Rabbit anti-mouse IgG (RAM) was purchased 
from Invitrogen (MA, USA).

Backing card (Standard Grade Backing Laminate) and 
cover tape (KN-CPP1-Clear Kenosha cover plastic) were 
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purchased from Kenosha Tapes (Amstelveen, Netherlands). 
Nitrocellulose (LFNC-C-BS023-70) was purchased from 
Nupore Filtration Systems Pvt. Ltd. (Ghaziabad, India). 
Glass fiber sample pad 8951 was purchased form Ahlstrom-
Munksjö Oyj (Helsinki, Finland) and cellulose absorbent 
pad CFSP223000 was purchased from Merck Millipore 
(Burlington, MA, USA).

UCNP synthesis and characterization

Er-UCNPs (NaYF4: 17% Yb3+, 3% Er3+) and Tm-UCNPs 
(NaYF4: 20% Yb3+, 0.5% Tm3+) were synthesized in-house 
with high-temperature co-precipitation in organic oils as 
described earlier [32]. The oleic acid–capped UCNPs were 
characterized by transmission electron microscopy (TEM), 
by dispersing to 0.3 mg/ml in toluene and applying 3 µl on 
300-mesh carbon-formvar-coated copper grid (Agar Scien-
tific, Essex, UK), and imaging with JEM-1400 Plus (JEOL, 
MA, USA) under 80-kV electron beam. UCNP size was 
measured from TEM images with semi-automatic in-house 
program based on setting color shade thresholds. Emission 
spectra of UCNPs were measured with a Varian Cary® 
spectrophotometer modified with a 980-nm excitation laser 
source from 1 mg/ml dilutions of oleic acid–capped UCNPs 
in DMSO. The UCNPs were polyacrylic acid (PAA, Mw 
2000) coated and bioconjugated following a previously 
published protocol with a small modification [33]. Er-
UCNPs were conjugated with anti-CA125 Mab 4602 and 
Tm-UCNPs were conjugated with anti CA15-3 Mab Ma552 
using EDC/sulfo-NHS chemistry. For anti-CA125, the EDC/
sulfo-NHS activation was done with 2.5 mM EDC and for 
anti-CA15-3 the activation was done with 12.5 mM EDC.

Samples

Ascites fluid from 10 ovarian cancer patients and 3 liver 
cirrhosis patients were obtained from Turku University 
Hospital. The Ethics Committee of the Hospital District of 
Southwest Finland and the University of Turku, Turku, Fin-
land, approved the use of clinical materials applied (Clini-
calTrials.gov identifier NCT01276574). The samples were 
previously measured with CanAg CA125 EIA and CanAg 
CA15-3 EIA from Fujirebio and in-house glycovariant 
microwell assays as described earlier [21].

Preparation of LFA strips

Nitrocellulose, width of 25 mm, was laminated on a backing 
card. Test line 500 ng/cm of anti-STn Mab STn1242 and 
control line 500 ng/cm RAM in printing buffer (10 mM Tris 
pH 8, 5% EtOH, 1% sucrose, 40 µg/ml cherry red) were dis-
pensed onto nitrocellulose 10 mm from the front end of the 
membrane and 5 mm apart from each other, using a Lino-
mat 5 printer (Camag, Muttenz, Switzerland). After printing, 
the cards were allowed to dry overnight at +35 °C. Sample 
pads (16 mm wide) were blocked by saturating with block-
ing buffer (10 mM borate buffer pH 7.5, 0.05% Tween-20, 
1% BSA) and dried for a minimum of 2 h at +35 °C. The 
sample pad and 34-mm-wide absorbent pad were assembled 
on the membrane card and the nitrocellulose membrane was 
protected by clear cover tape. Cards were cut into 4.8-mm-
wide strips and 100 ng/2 µl/strip UCNP conjugates in dry-
ing buffer (0.05 M Tris-HCl, pH 7.5, 0.04% NaN3, 2 mM 
KF, 1% BSA, 0.05% Tween-20, 0.5 M NaCl, 5% sucrose, 
5% trehalose, and 0.05% PAA) were dried to the middle of 
the sample pad in a desiccator, at +35 °C for 1.5 h. Strips 

Fig. 1   Working principle of the 
spectrally separated dual-label 
LFA. Antibodies recognizing 
cancer-specific STn-glycosyla-
tion are immobilized on the 
test line (T). STn-glycovariants 
of cancer-associated biomark-
ers CA125 and CA15-3 are 
detected with erbium (Er3+) and 
thulium (Tm3+) doped UCNPs 
conjugated with antibodies 
against the protein epitopes. 
Illustration created with 
BioRender
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were stored at room temperature, protected from light and 
humidity.

Dual‑label lateral flow immunoassays

The general protocol for the LFAs was the following: First, 
35 µl sample and 25 µl assay buffer (0.05 M Tris-HCl, pH 
7.5, 0.04% NaN3, 2 mM KF, 1% BSA, 0.05% Tween-20, 
0.5 M NaCl, and 0.05% PAA) were added to a microtiter 
well, followed by the placement of the LF strip containing 
dried UCNPs to the well. The strip was allowed to absorb 
the liquid for 9 min and then moved to a separate microtiter 
well containing 50 µl of washing buffer (10 mM Bis-Tris, 
pH 6.5, 250 mM NaCl, 1% BSA, 0.5% Tween-20, and 2 
mM KF). The wash buffer was allowed to run 21 min and 
then the strips were measured after total assay time of 30 
min with an UCL reader device (Upcon, Uniogen Oy, Fin-
land). The UCL signals from test line and control line for 
CA125-STn detection (Er-UCNPs) were measured at 540 
nm and for CA15-3 detection (Tm-UCNPs) at 450 nm. The 
nitrocellulose membrane was scanned (160 scan points over 
the range of 25 mm, 1 mm emission spot size, and 100 ms 
measurement time) with 976-nm excitation laser using 100% 
relative laser power. The average baseline signal before and 
after test line was subtracted from the maximum signal of 
the test line [2].

For determining the suitability of measuring both CA125-
STn and CA15-3-STn from a single anti-STn test line, three 
liver cirrhosis ascites fluid samples (LC) and ten ascites fluid 
samples from ovarian cancer patients (OvCa) (diluted 1:10 
in 7.5% BSA-TSA) were measured with dual-label LFA con-
taining dried reporters for the detection of both CA125-STn 
and CA15-3-STn, ‘singleplex’ CA125-STn LFA and ‘single-
plex’ CA15-3-STn LFA. The discrimination between the LC 
and OvCa samples was calculated based on the cutoff signal 
level that was obtained from the average signal plus 3xSD 
from the LC samples.

Analytical sensitivity of the dual‑label LFA 
for CA125‑STn

The immunoassay analytical sensitivity of the dual-label 
LFA was determined as defined in the literature [34] with 
CA125-STn calibrator spiked in pooled LC sample or in 
7.5% BSA-TSA buffer within the concentration range of 
1–2500 U/ml. The 0 U/ml calibrator samples were assayed 
in 12 replicates and the concentrations 1–2500 U/ml were 
assayed in 6 replicates each. The cutoff for analytical sensi-
tivity was calculated as the average of the zero concentration 
plus 3xSD. The experiment was done only with CA125-STn, 
as there was no CA15-3-STn calibrator available.

Interference study

Potential interference from high CA125 concentration at 
the anti-STn test line with the CA15-3 measurement was 
studied. Ascites samples of ovarian cancer patients were 
spiked with 1000 U/ml of CA125-STn calibrator. The sam-
ples were assayed with the dual-label LFA and measured for 
both CA125-STn and CA15-3-STn.

Crosstalk between Er3+and Tm3+ UCNPs

Crosstalk between Er3+ and Tm3+ UCNPs was determined 
by measuring UCL from test line containing only either 
Er3+-UCNPs or Tm3+-UCNPs for both Er and Tm channel. 
The Er channel was filtered with a bandpass filter (545 nm, 
bandwidth 7 nm) and an IR-filter provided by Uniogen. The 
Tm channel was filtered with a bandpass filter (460 nm, band-
width 20 nm) from Hidex Sense reader (Hidex Oy, Finland).

Results

The UCNPs were characterized and based on the TEM 
images (Fig. 2A and B); the average diameters of the Er- 
and Tm-doped UCNPs were 25.8 ± 1.7 nm and 27.8 ± 0.8 
nm, respectively. In the emission spectra measurements 
(Fig. 2C), there was no significant overlapping of the meas-
ured spectra within the measurement range. In the strip 
reader, the measured crosstalk of Er-signal to Tm-channel 
was 0.30%, and that of Tm-signal to Er-channel was 0.16%.

The developed dual-label LFA was evaluated by assaying 
ascetic fluid samples from patients with diagnosed ovarian 
cancer (OvCa, n = 10) and ascetic fluid samples from liver cir-
rhosis (LC, n = 3) patients as negative control. The dual-label 
LFA was compared with the ‘singleplex’ LFA strips contain-
ing components only for the detection of either CA125-STn 
or CA15-3-STn. All the performed LFAs (dual-label LFA, 
CA125-STn LFA, and CA15-3-STn LFA) were measured by 
using a UCL reader either with emission measurement at 540 
nm (CA125 detection) or at 450 nm (CA15-3 detection). In the 
case of CA125 measurement (Fig. 3), the ‘singleplex’ CA125-
STn LFA and dual-label LFA showed similar results with both 
ovarian cancer–positive and ovarian cancer–negative ascites 
fluid samples. The signal measured from CA15-3-STn strips 
was below the cutoff level. Respectively, the CA15-3 measure-
ment discriminated well between the positive and negative sam-
ples in the case of both the ‘singleplex’ CA15-3-STn LFA and 
dual-label LFA (Fig. 4). CA125-STn LFA strips did not give 
any interfering signal above the cutoff in CA15-3 measurement.

A method comparison for the developed dual-label LFA and 
in-house well-based assay described earlier [21] is presented in 
Fig. 5. The correlation was good for both CA125 and CA15-3 
measurements, with R2 values of 0.77 and 0.85, respectively.
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A standard series of CA125-STn calibrator material 
diluted in either buffer or LC pooled sample matrix 
was assayed with the dual-label LFA strips. The cali-
bration curves for both matrixes are shown in Fig. 6. 
The analytical sensitivities, determined based on cut-
off value calculated as the sum of average signal of 
the blank sample and 3xSD of the blank sample, were 
1.8 U/ml for buffer-based system and 3.6 U/ml in LC 
ascites fluid.

The possible interference of high concentrations of 
CA125 with the CA15-3 measurement was studied by spik-
ing CA125-STn calibrator in the ovarian cancer–positive 
ascites fluid samples. The results shown in Fig. 7 indicate 
that this potential effect remains minimal as the signal levels 
did not significantly rise or decrease after the addition of 
CA125-STn antigen (Fig. 7A). As expected, the addition of 
CA125-STn to the samples increased the signal levels in the 
case of CA125 measurement (Fig. 7B).

Fig. 2   TEM images of non-functionalized Er3+-UCNPs in toluene 
(A) and Tm3+-UCNPs in toluene (B), under 80,000× magnification, 
and their respective emission spectra (C) in DMSO, under 980-nm 

excitation, both normalized by their highest intensity emission peaks, 
which for Er-UCNP was at 540 nm and for Tm-UCNP at 450 nm
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Discussion

The research shows a proof of concept of spectrally sepa-
rated dual-label UCNP-LFA for the detection of aberrantly 
glycosylated cancer-associated biomarkers within one test 
line. The UCNPs were selected as LFA reporters as they 

are available in different colors within their emission spec-
tra. Er-doped UCNPs emit light within green wavelength 
at around 540 nm and Tm-doped UCNPs have an emission 
peak at blue wavelength at 450 nm. Typically, the emis-
sion peaks of UCL are sharp and easily separable from each 
other and from the excitation wavelength, which is within 
the infrared area. This anti-Stokes phenomenon has been an 
advantage in creating highly sensitive immunoassays [33, 
35]. The observed crosstalk of dual-label measurement was 
considered insignificant for the LFA results and was not fur-
ther used as a correction factor for the measurements.

In the developed dual-label LFA, we used a single anti-
body within the test line. The used antibody was targeted 
against the STn-glycan structure, which has been observed 
to be present in both protein antigens CA125 and CA15-3, 
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Fig. 3   Measurement of CA125 (erbium emission at 540 nm) with 
CA125-STn LFA (black), CA15-3-STn LFA (blue), and dual-label 
LFA (purple). Liver cirrhosis (LC) ascites fluid samples (n = 3) were 
used as negative controls and they were assayed with ovarian cancer 
(OvCa)–positive ascites fluid samples (n = 10)
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CA125-STn LFA (black), CA15-3-STn LFA (blue), and dual-label 
LFA (purple). Liver cirrhosis (LC) ascites fluid samples (n = 3) were 
used as negative controls and they were assayed with ovarian cancer 
(OvCa)–positive ascites fluid samples (n = 10)

0 1000 2000 3000 4000

0

1x10
5

2x10
5

D
u
a
l-
la
b
e
l 
L
F
A
, 
U
C
L
 5
4
0
 n
m
 (
A
.U
.)

In-house well-assay, CA125-STn (U/ml)

A

0 1000 2000 3000

0

1x10
5

2x10
5

3x10
5

4x10
5

D
u
a
l-
la
b
e
l 
L
F
A
, 
U
C
L
 4
5
0
 n
m
 (
A
.U
.)

In-house well-assay, CA15-3-STn (U/ml)

B

Fig. 5   Method comparison between the dual-label LFA and in-house 
well-based assay for the detection of CA125-STn (A) (R2 = 0.77) and 
CA15-3-STn (B) (R2 = 0.85). The method comparison was done with 
the ovarian cancer ascetic fluid samples (n = 10)



Spectrally separated dual‑label upconversion luminescence lateral flow assay for…

and this glycosylation pattern has been particularly asso-
ciated with ovarian cancer. Glycovariant assays have been 
widely studied in cancer diagnostics, and they provide 
increased cancer specificity. The currently used detection 
methods relying only on detection components against 
protein epitopes of cancer-associated biomarker tend to be 
less specific, as the protein biomarkers are present in many 
benign conditions. Development of diagnostic assays for 
the glycovariant detection can provide more cancer-specific 
diagnostic tools for clinical practice.

As only one detection antibody was used at the test line, 
its capacity of binding excess amounts of STn-glycosylated 
proteins was studied. If the analyzed sample contains a vast 
amount of STn-glycosylated protein, it could interfere with 
the detection of other proteins. The effect of adding a clini-
cally high concentration of CA125 in the ascites fluid sam-
ples was studied with the CA15-3 measurement. Addition 
of CA125 did not interfere with the CA15-3 measurement, 
as the signal levels obtained from the samples remained 
the same as in the untreated samples. When the presence 
of CA125 was measured, CA125 addition to the samples 
increased the signal levels as expected. The signal response 
after addition of 1000 U/ml was not completely linear. This 
may be because of a minor matrix effect occurring in the 
ascites samples, which is a typical phenomenon with real 
patient samples as the sample fluid contains an abundance 
of different biological compounds. The effect was not stud-
ied vice versa, as there was no CA15-3 calibration mate-
rial available. We expect that the result would be similar 
also in this case, as the binding capacity of the test line was 

sufficient even with high concentrations of STn-glycosylated 
protein present.

In this study, we report the development of a quantita-
tive and analytically sensitive assay to detect ovarian can-
cer–specific CA125-STn glycovariant. Sensitivity of the 
developed dual-label LFA was measured only with CA125 
for the above-mentioned reason. The detection sensitivity 
was 1.8 U/ml in the buffer-based system and 3.6 U/ml in the 
ascites fluid sample matrix. The healthy range of circula-
tory CA125 concentration is commonly set below 35 U/ml. 
This threshold applies for the conventional CA125 protein 
assays but can be considered as directional for glycovariant 
assays as well. However, the concentration of STn-glyco-
variant is considered to be lower than the concentration of 
total CA125, and thus more sensitive assays are preferred for 
the glycovariant detection. Around 20% of ovarian cancer 
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patients have CA125 levels between 35 and 100 U/ml, and 
60% present with cancer at 100 U/ml or more [36]. The lin-
ear range of the developed dual-label LFA for the detection 
of CA125 was between 1 and 2500 U/ml. One out of five 
ovarian cancer patients does not produce CA125 (they have 
CA125 levels < 35 U/ml) [36], and these could be missed by 
screening only CA125 with the conventional detection meth-
ods. However, sensitive detection of glycovariant CA125 has 
been suggested to offer an opportunity for earlier detection 
of EOC particularly in postmenopausal women and early‐
stage carcinomas [22].

The developed dual-label LFA was able to detect not 
only CA125-STn but also CA15-3-STn in the ascites fluid 
samples from diagnosed ovarian cancer patients. Here we 
demonstrate for the first time STn-glycovariant detection 
of CA15-3 in a 30-min rapid lateral flow test format. Both 
CA125 and CA15‐3 are reported to be elevated in patients 
with advanced EOC stage [37, 38]. It has been suggested 
that the sensitive detection of STn-glycosylated forms of 
CA125 and CA15-3 at very low biomarker concentrations 
could improve the early EOC detection [22, 39]. Based 
on these recent research findings, the simultaneous meas-
urement of CA125 and CA15-3 STn-glycovariants could 
improve the diagnostic accuracy for early stage of the dis-
ease. The multiparameter analysis for other biomarker panels 
has been shown to improve the accuracy of ovarian cancer 
diagnosis [12, 13].

In this study, we used ascites fluid samples from ovarian 
cancer and liver cirrhosis patients to show the dual-label 
LFA’s ability to discriminate between the ovarian cancer 
cases and healthy control. For point-of-care use, the sam-
ple type should be easily collected like blood. To make the 
developed LFA suitable for point-of-care use, the study of 
blood samples should be applied. Previously, performance 
of the CA125-STn-LFA has been reported with serum sam-
ples [31].

The developed spectrally separated dual-label LFA serves 
as a proof of concept of using dual-color UCNPs detected at 
the same test line within one LFA strip. Similar multiplexing 
could be used for other applications requiring a biomarker 
panel assay for advanced decision-making. The approach 
could be expanded for example for infectious disease testing 
or for assaying a panel of cardiac markers [40–42]. The dual-
color measurement could also enable ratiometric detection 
of two different variants of an antigen, and the scope of the 
technology could be expanded, e.g., for the detection of viral 
infections and virus variants. Multiplexing of an LFA by 
using a single test line enables keeping the LFA test device 
miniaturized as only a single standard-sized strip is required. 
Use of a single line also reduces the risk of invalid LFA 
runs, as the sample does not need to reach multiple lines at 
the farther distance within a nitrocellulose membrane.

Globally, 47% people have little or no access to suf-
ficient diagnostic testing services. Due to remote loca-
tions, the accessibility of diagnostic testing at primary 
health care is a critical feature to guarantee equal access 
to diagnostics and correct treatment [43]. The devel-
oped dual-label LFA for STn-glycovariants of CA125 
and CA15-3 is rapid to perform within 30 min, which 
suggests that after further validation with point-of-care 
compatible sample matrix, this kind of rapid test could 
be used for cancer screening at primary health care pro-
viding more people with access to diagnostic testing.

Conclusion

As a conclusion, the developed dual-label LFA was able to 
distinguish STn-glycovariants of CA125 and CA15-3 within 
a single test line in ovarian cancer ascites fluid samples. The 
simultaneous detection of these biomarkers was achieved by 
using spectrally different color UCNP reporters. The meas-
urement of Er and Tm emission signals from the single test 
line was feasible, and the crosstalk and interference in this 
system was minimal, thus suggesting that this developed 
dual-label LFA platform could be applied for different dual-
biomarker assays.

Acknowledgements  We thank the Electron Microscopy Laboratory, 
Institute of Biomedicine, University of Turku, and Biocenter Finland.

Author contribution statement  Miikka Ekman: investigation, 
methodology, formal analysis, writing—original draft. Teppo 
Salminen: conceptualization, funding acquisition, methodology. 
Kirsti Raiko: investigation, formal analysis, visualization. Tero 
Soukka: conceptualization, funding acquisition. Kamlesh Gid-
wani: conceptualization, methodology. Iida Martiskainen: formal 
analysis, methodology, project administration, supervision, visu-
alization, writing—original draft. All authors: writing—review 
and editing.

Funding  Open Access funding provided by University of Turku 
(including Turku University Central Hospital). This work was carried 
out within the project titled Future of Diagnostics (FUDIS) funded by 
Business Finland (grant number 40932/31/2020).

Declarations 

Ethical approval  The Ethics Committee of the Hospital District 
of Southwest Finland and the University of Turku, Turku, Finland, 
approved the use of clinical materials applied (ClinicalTrials.gov iden-
tifier NCT01276574).

Source of biological material  Ascites fluid from 10 ovarian cancer 
patients and 3 liver cirrhosis patients were obtained from Turku Uni-
versity Hospital.

Conflict of interest  The authors declare no competing interests.



Spectrally separated dual‑label upconversion luminescence lateral flow assay for…

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Martiskainen I, Talha SM, Vuorenpää K, Salminen T, Juntunen 
E, Chattopadhyay S, et al. Upconverting nanoparticle reporter–
based highly sensitive rapid lateral flow immunoassay for hep-
atitis B virus surface antigen. Anal Bioanal Chem [Internet]. 
2021;413(4):967–78. Available from: https://​doi.​org/​10.​1007/​
s00216-​020-​03055-z

	 2.	 Salminen T, Mehdi F, Rohila D, Kumar M, Talha SM, Prakash 
JAJ, et al. Ultrasensitive and robust point-of-care immunoassay 
for the detection of Plasmodium falciparum malaria. Anal Chem 
[Internet]. 2020 Nov 23 [cited 2020 Dec 9]; Available from: 
https://​pubmed.​ncbi.​nlm.​nih.​gov/​33228​352/

	 3.	 Corstjens PLAM, van Lieshout L, Zuiderwijk M, Kornelis D, 
Tanke HJ, Deelder AM, et al. Up-converting phosphor technol-
ogy-based lateral flow assay for detection of Schistosoma circu-
lating anodic antigen in serum. J Clin Microbiol [Internet]. 2008 
[cited 2019 May 17];46(1):171–6. Available from: http://​www.​
ncbi.​nlm.​nih.​gov/​pubmed/​17942​645

	 4.	 Bayoumy S, Martiskainen I, Heikkilä T, Rautanen C, Hedberg 
P, Hyytiä H, et al. Sensitive and quantitative detection of cardiac 
troponin I with upconverting nanoparticle lateral flow test with 
minimized interference. Sci Rep [Internet]. 2021;11(1):18698. 
Available from: https://​doi.​org/​10.​1038/​s41598-​021-​98199-y

	 5.	 You M, Lin M, Gong Y, Wang S, Li A, Ji L, et al. Household 
fluorescent lateral flow strip platform for sensitive and quanti-
tative prognosis of heart failure using dual-color upconversion 
nanoparticles. ACS Nano [Internet]. 2017 Jun 27 [cited 2023 Sep 
21];11(6):6261–70. Available from: https://pubs.acs.org/doi/
full/https://​doi.​org/​10.​1021/​acsna​no.​7b024​66

	 6.	 Land KJ, Boeras DI, Chen XS, Ramsay AR, Peeling RW. 
REASSURED diagnostics to inform disease control strate-
gies, strengthen health systems and improve patient out-
comes. Nature Microbiology 2018 4:1 [Internet]. 2018 [cited 
2023;4(1):46–54. Available from: https://​www.​nature.​com/​artic​
les/​s41564-​018-​0295-3

	 7.	 Mahmoudi T, de la Guardia M, Baradaran B. Lateral flow 
assays towards point-of-care cancer detection: a review of cur-
rent progress and future trends. TrAC Trends Anal Chem. 
2020;1(125):115842.

	 8.	 Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi 
N, et al. Global, regional, and national age-sex-specific mor-
tality for 282 causes of death in 195 countries and territories, 
1980–2017: a systematic analysis for the Global Burden of Dis-
ease Study 2017. The Lancet [Internet]. 2018 [cited 2020 Oct 
14];392(10159):1736–88. Available from: https://​vizhub.​health

	 9.	 Fuster MM, Esko JD. The sweet and sour of cancer: glycans as 
novel therapeutic targets. Nature Reviews Cancer 2005 5:7 [Inter-
net]. 2005 [cited 2023 Sep 21];5(7):526–42. Available from: 
https://​www.​nature.​com/​artic​les/​nrc16​49

	10.	 Satomaa T, Heiskanen A, Leonardsson I, Ångström J, Olonen A, 
Blomqvist M, et al. Analysis of the human cancer glycome iden-
tifies a novel group of tumor-associated N-acetylglucosamine 
glycan antigens. Cancer Res [Internet]. 2009 [cited 2023 Sep 
21];69(14):5811–9. Available from: https://​doi.​org/​10.​1158/​
0008-​5472.​CAN-​08-​0289

	11.	 Gidwani K, Huhtinen K, Kekki H, Van Vliet S, Hynninen J, Koi-
vuviita N, et al. A nanoparticle-lectin immunoassay improves 
discrimination of serum CA125 from malignant and benign 
sources. Clin Chem [Internet]. 2016 Oct 1 [cited 2023 Sep 
21];62(10):1390–400. Available from: https://​doi.​org/​10.​1373/​
clinc​hem.​2016.​257691

	12.	 Muinao T, Deka Boruah HP, Pal M. Multi-biomarker panel 
signature as the key to diagnosis of ovarian cancer. Heliyon 
[Internet]. 2019 Dec 1 [cited 2023 Sep 20];5(12). Available 
from: /pmc/articles/PMC6906658/

	13.	 Han C, Bellone S, Siegel ER, Altwerger G, Menderes G, Bon-
azzoli E, et al. A novel multiple biomarker panel for the early 
detection of high-grade serous ovarian carcinoma. Gynecol 
Oncol [Internet]. 2018 [cited 2023 Sep 20];149(3):585. Avail-
able from: /pmc/articles/PMC5986604/

	14.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA 
Cancer J Clin [Internet]. 2018 [cited 2023 Sep 21];68(1):7–30. 
Available from: https://​onlin​elibr​ary.​wiley.​com/​doi/​full/​10.​
3322/​caac.​21442

	15.	 Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang 
XS, et al. Global surveillance of cancer survival 1995–2009: 
analysis of individual data for 25 676 887 patients from 279 pop-
ulation-based registries in 67 countries (CONCORD-2). Lan-
cet [Internet]. 2015 Mar 3 [cited 2023 Sep 20];385(9972):977. 
Available from: /pmc/articles/PMC4588097/

	16.	 Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian 
cancer: a review. Cancer Biol Med [Internet]. 2017 [cited 2023 
Sep 20];14(1):9. Available from: /pmc/articles/PMC5365187/

	17.	 Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovar-
ian cancer. The Lancet [Internet]. 2019 [cited 2023 Sep 
20];393(10177):1240–53. Available from: http://​www.​thela​
ncet.​com/​artic​le/​S0140​67361​83255​22/​fullt​ext

	18.	 Hirsch M, Duffy JMN, Davis CJ, Nieves Plana M, Khan KS. 
Diagnostic accuracy of cancer antigen 125 for endometriosis: a 
systematic review and meta-analysis. BJOG [Internet]. 2016 Oct 
1 [cited 2023 Sep 20];123(11):1761–8. Available from: https://​
onlin​elibr​ary.​wiley.​com/​doi/​full/​10.​1111/​1471-​0528.​14055

	19.	 Björkman K, Mustonen H, Kaprio T, Kekki H, Pettersson K, 
Haglund C, et al. CA125: a superior prognostic biomarker for 
colorectal cancer compared to CEA, CA19-9 or CA242. Tumor 
Biology. 2021Jan 1;43(1):57–70.

	20.	 Saad HM, Tourky GF, Al-kuraishy HM, Al-Gareeb AI, Khattab 
AM, Elmasry SA, et al. The potential role of MUC16 (CA125) 
biomarker in lung cancer: a magic biomarker but with adversity. 
Diagnostics 2022, Vol 12, Page 2985 [Internet]. 2022 Nov 29 
[cited 2023 Sep 20];12(12):2985. Available from: https://​www.​
mdpi.​com/​2075-​4418/​12/​12/​2985/​htm

	21.	 Gidwani K, Nadeem N, Huhtinen K, Kekki H, Heinosalo T, 
Hynninen J, et al. Europium nanoparticle-based sialyl-Tn mono-
clonal antibody discriminates epithelial ovarian cancer–associ-
ated CA125 from benign sources. J Appl Lab Med [Internet]. 
2019 Nov 1 [cited 2023 Sep 21];4(3):299–310. Available from: 
https://​doi.​org/​10.​1373/​jalm.​2018.​028266

	22.	 Jain S, Nadeem N, Ulfenborg B, Mäkelä M, Ruma SA, Terävä 
J, et al. Diagnostic potential of nanoparticle aided assays for 
MUC16 and MUC1 glycovariants in ovarian cancer. Int J Can-
cer [Internet]. 2022 Oct 10 [cited 2023 Sep 20];151(7):1175. 
Available from: /pmc/articles/PMC9546485/

	23.	 Anfossi L, Di Nardo F, Cavalera S, Giovannoli C, Baggiani C. 
Multiplex lateral flow immunoassay: an overview of strategies 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00216-020-03055-z
https://doi.org/10.1007/s00216-020-03055-z
https://pubmed.ncbi.nlm.nih.gov/33228352/
http://www.ncbi.nlm.nih.gov/pubmed/17942645
http://www.ncbi.nlm.nih.gov/pubmed/17942645
https://doi.org/10.1038/s41598-021-98199-y
https://doi.org/10.1021/acsnano.7b02466
https://www.nature.com/articles/s41564-018-0295-3
https://www.nature.com/articles/s41564-018-0295-3
https://vizhub.health
https://www.nature.com/articles/nrc1649
https://doi.org/10.1158/0008-5472.CAN-08-0289
https://doi.org/10.1158/0008-5472.CAN-08-0289
https://doi.org/10.1373/clinchem.2016.257691
https://doi.org/10.1373/clinchem.2016.257691
https://onlinelibrary.wiley.com/doi/full/10.3322/caac.21442
https://onlinelibrary.wiley.com/doi/full/10.3322/caac.21442
http://www.thelancet.com/article/S0140673618325522/fulltext
http://www.thelancet.com/article/S0140673618325522/fulltext
https://onlinelibrary.wiley.com/doi/full/10.1111/1471-0528.14055
https://onlinelibrary.wiley.com/doi/full/10.1111/1471-0528.14055
https://www.mdpi.com/2075-4418/12/12/2985/htm
https://www.mdpi.com/2075-4418/12/12/2985/htm
https://doi.org/10.1373/jalm.2018.028266


	 Ekman M. et al.

towards high-throughput point-of-need testing. Biosensors 
2019, Vol 9, Page 2 [Internet]. 2018 Dec 26 [cited 2023 Sep 
20];9(1):2. Available from: https://​www.​mdpi.​com/​2079-​
6374/9/​1/2/​htm

	24.	 Li J, Macdonald J. Multiplexed lateral flow biosensors: techno-
logical advances for radically improving point-of-care diagnoses. 
Biosens Bioelectron. 2016Sep;15(83):177–92.

	25.	 Huang L, Tian S, Zhao W, Liu K, Ma X, Guo J. Multiplexed detec-
tion of biomarkers in lateral-flow immunoassays. Analyst [Inter-
net]. 2020 Apr 14 [cited 2023 Sep 21];145(8):2828–40. Available 
from: https://​pubs.​rsc.​org/​en/​conte​nt/​artic​lehtml/​2020/​an/​c9an0​
2485a

	26.	 Wang W, Su X, Ouyang H, Wang L, Fu Z. A novel immunochro-
matographic assay based on a time-resolved chemiluminescence 
strategy for the multiplexed detection of ractopamine and clenb-
uterol. Anal Chim Acta. 2016;21(917):79–84.

	27.	 Di Nardo F, Alladio E, Baggiani C, Cavalera S, Giovannoli C, 
Spano G, et al. Colour-encoded lateral flow immunoassay for the 
simultaneous detection of aflatoxin B1 and type-B fumonisins in 
a single test line. Talanta. 2019;15(192):288–94.

	28.	 Yen CW, De Puig H, Tam JO, Gómez-Márquez J, Bosch I, 
Hamad-Schifferli K, et al. Multicolored silver nanoparticles for 
multiplexed disease diagnostics: distinguishing dengue, yel-
low fever, and Ebola viruses. Lab Chip [Internet]. 2015 Mar 3 
[cited 2023 Sep 21];15(7):1638. Available from: /pmc/articles/
PMC4375736/

	29.	 Wang C, Hou F, Ma Y. Simultaneous quantitative detection of 
multiple tumor markers with a rapid and sensitive multicolor 
quantum dots based immunochromatographic test strip. Biosens 
Bioelectron. 2015;15(68):156–62.

	30.	 Riuttamäki T, Soukka T. Upconverting phosphor labels for bio-
analytical assays. In: Advances in chemical bioanalysis [Internet]. 
Cham: Springer International Publishing; 2013 [cited 2019 Jun 
3]. p. 155–204. Available from: http://​link.​sprin​ger.​com/​10.​1007/​
11663_​2013_3

	31.	 Bayoumy S, Hyytiä H, Leivo J, Talha SM, Huhtinen K, Poutanen 
M, et al. Glycovariant-based lateral flow immunoassay to detect 
ovarian cancer–associated serum CA125. Commun Biol [Inter-
net]. 2020;3(1):460. Available from: https://​doi.​org/​10.​1038/​
s42003-​020-​01191-x

	32.	 Palo E, Tuomisto M, Hyppänen I, Swart HC, Hölsä J, Soukka 
T, et  al. Highly uniform up-converting nanoparticles: why 
you should control your synthesis even more. J Lumin. 
2017May;1(185):125–31.

	33.	 Raiko K, Lyytikäinen A, Ekman M, Nokelainen A, Lahtinen S, 
Soukka T. Supersensitive photon upconversion based immunoas-
say for detection of cardiac troponin I in human plasma. Clin 
Chim Acta [Internet]. 2021 [cited 2023 Sep 22];523:380–5. Avail-
able from: https://​pubmed.​ncbi.​nlm.​nih.​gov/​34688​634/

	34.	 Davies C. Immunoassay performance measures. The immunoas-
say handbook: theory and applications of ligand binding, ELISA 
and related techniques. 2013;1:11–26.

	35.	 Sirkka N, Lyytikäinen A, Savukoski T, Soukka T. Upconvert-
ing nanophosphors as reporters in a highly sensitive heteroge-
neous immunoassay for cardiac troponin I. Anal Chim Acta. 
2016;21(925):82–7.

	36.	 Narod SA. Is there a future for ovarian cancer screening? JAMA 
Intern Med [Internet]. 2018 [cited 2023 Sep 22];178(5):611–2. 
Available from: https://​jaman​etwork.​com/​journ​als/​jamai​ntern​
almed​icine/​fulla​rticle/​26725​43

	37.	 Doubeni CA, Doubeni ARB, Myers AE. Diagnosis and manage-
ment of ovarian cancer. Am Fam Physician [Internet]. 2016 [cited 
2023 Sep 22];93(11):937–44. Available from: https://​www.​aafp.​
org/​pubs/​afp/​issues/​2016/​0601/​p937.​html

	38.	 Jeschke U, Wiest I, Schumacher AL, Kupka M, Rack B, Stahn R, 
et al. Determination of MUC1 in sera of ovarian cancer patients 
and in sera of patients with benign changes of the ovaries with 
CA15-3, CA27.29, and PankoMab. Anticancer Res. 2012;32(5).

	39.	 Ricardo S, Marcos-Silva L, Pereira D, Pinto R, Almeida R, Söder-
berg O, et al. Detection of glyco‐mucin profiles improves specific-
ity of MUC16 and MUC1 biomarkers in ovarian serous tumours. 
Mol Oncol [Internet]. 2015 [cited 2023 Oct 2];9(2):503. Available 
from: /pmc/articles/PMC5528651/

	40.	 Conway SR, Wong HR. Biomarker panels in critical care. Crit 
Care Clin [Internet]. 2020 [cited 2023 Sep 25];36(1):89–104. 
Available from: http://​www.​criti​calca​re.​thecl​inics.​com/​artic​le/​
S0749​07041​93007​03/​fullt​ext

	41.	 Song G, Rho HS, Pan J, Ramos P, Yoon KJ, Medina FA, et al. 
Multiplexed biomarker panels discriminate zika and dengue virus 
infection in humans. Molecular and Cellular Proteomics [Inter-
net]. 2018 [cited 2023 Sep 25];17(2):349–56. Available from: 
http://​www.​mcpon​line.​org/​artic​le/​S1535​94762​03227​4X/​fullt​ext

	42.	 Goodacre SW, Bradburn M, Cross E, Collinson P, Gray A, Hall 
AS. The Randomised Assessment of Treatment using Panel Assay 
of Cardiac Markers (RATPAC) trial: a randomised controlled trial 
of point-of-care cardiac markers in the emergency department. 
Heart [Internet]. 2011 [cited 2023 Sep 25];97(3):190–6. Available 
from: https://​heart.​bmj.​com/​conte​nt/​97/3/​190

	43.	 Fleming KA, Horton S, Wilson ML, Atun R, DeStigter K, Flani-
gan J, et al. The Lancet Commission on diagnostics: transforming 
access to diagnostics. The Lancet [Internet]. 2021 [cited 2024 
Feb 14];398(10315):1997–2050. Available from: http://​www.​thela​
ncet.​com/​artic​le/​S0140​67362​10067​35/​fullt​ext

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.mdpi.com/2079-6374/9/1/2/htm
https://www.mdpi.com/2079-6374/9/1/2/htm
https://pubs.rsc.org/en/content/articlehtml/2020/an/c9an02485a
https://pubs.rsc.org/en/content/articlehtml/2020/an/c9an02485a
http://link.springer.com/10.1007/11663_2013_3
http://link.springer.com/10.1007/11663_2013_3
https://doi.org/10.1038/s42003-020-01191-x
https://doi.org/10.1038/s42003-020-01191-x
https://pubmed.ncbi.nlm.nih.gov/34688634/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2672543
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2672543
https://www.aafp.org/pubs/afp/issues/2016/0601/p937.html
https://www.aafp.org/pubs/afp/issues/2016/0601/p937.html
http://www.criticalcare.theclinics.com/article/S0749070419300703/fulltext
http://www.criticalcare.theclinics.com/article/S0749070419300703/fulltext
http://www.mcponline.org/article/S153594762032274X/fulltext
https://heart.bmj.com/content/97/3/190
http://www.thelancet.com/article/S0140673621006735/fulltext
http://www.thelancet.com/article/S0140673621006735/fulltext

	Spectrally separated dual-label upconversion luminescence lateral flow assay for cancer-specific STn-glycosylation in CA125 and CA15-3
	Abstract
	Introduction
	Materials and methods
	Materials and reagents
	UCNP synthesis and characterization
	Samples
	Preparation of LFA strips
	Dual-label lateral flow immunoassays
	Analytical sensitivity of the dual-label LFA for CA125-STn
	Interference study
	Crosstalk between Er3+and Tm3+ UCNPs

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


