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A B S T R A C T

Background: Development of a test card based on up-conversion phosphor technology-based immune lateral
flow (UPT-LF) assay as a near-patient detection tool for serum Prothrombin induced by vitamin K absence or
antagonist II (PIVKA-II).
Methods: Up-converted phosphor nanoparticles (UCPs) were used to bind to PIVKA-II monoclonal antibodies as
labeled probes to develop the test card for detecting serum PIVKA-II. The UPT-LF test card was evaluated by the
limit of detection, linearity, stability, recovery rate, precision and interference. Preliminary clinical validation
was conducted by detection of 498 serum samples from 228 patients with hepatocellular carcinoma (HCC), 170
patients with liver benign lesion (LBL) and 100 healthy controls (HC). Additionally, the correlation of serum
PIVKA-II detection between UPT-LF assay and Chemiluminescence enzyme immunoassay (CLEIA) assay were
performed.
Results: Modified and activated UCPs bound to monoclonal antibodies powerfully to form the luminescent la-
beled probes. Limit of detection and linear range of UPT-LF test card for serum PIVKA-II were 2.66 and
4.8–20,000 ng/ml, respectively. Test card had good 25 °C thermal and 4 °C validity period stability,
93.1%–99.2% of recovery rate, 2.6–5.8% and 5.4–8.9% of intra-assay and inter-assay CVs, and strong anti-
interference ability for 8 common serum analytes. The sensitivity and specificity (vs LBL+HC group) of test
card for HCC were 71.5% and 88.9%, respectively. The R2 between UPT-LF assay and CLEIA assay was 0.901.
Conclusions: UPT-LF assay provides a reliable, rapid and convenient test for quantitative detection of serum
PIVKA-II as well as diagnosis of HCC by a point of care testing way.

1. Introduction

Prothrombin induced by vitamin K absence or antagonist II (PIVKA-
II) is an abnormal prothrombin with loss of normal coagulation func-
tion. PIVKA-II was first reported to be overexpressed in the serum of
hepatocellular carcinoma (HCC) patients by Libman et al. [1]. About
95% of HCC patients with tumor nodules> 5 cm in diameter have
extremely increased PIVKA-II concentrations with a median of 6000

mAU/ml in sera [2]. Yoon et al. [3] found that the overall sensitivity
and specificity of PIVKA-II for HCC are 48%–62% and 81%–98%, re-
spectively, which are substantially higher than 39%–64% and
76%–91%, respectively, of α-fetoprotein (AFP). Given that serum
PIVKA-II exceeds 90 mAU/ml, the sensitivity and specificity to predict
the microvascular invasion of HCC cells can reach 70% and 63%, re-
spectively [4]. Additionally, in reference to increased serum AFP,
aberrantly increased serum PIVKA-II concentrations are reportedly
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responsible for the larger tumor volume, and proportion of poor dif-
ferentiation and portal vein thrombosis in HCC patients [5,6]. As a
result, PIVKA-II has been shown great potential in the management of
diagnosis, illness assessment and prognosis judgment of HCC. Cur-
rently, serum PIVKA-II testing is conducted on the chemiluminescence
enzyme immunoassay (CLEIA) assay, chemiluminescence immunoassay
(CLIA), and liquid binding assay (LBA) [7–10]. However, these assays
require relatively complex analyzer, which are limited in large bio-
chemical department or specialist centralized laboratory and not sui-
table for point-of-care testing (POCT). Given the clinical need for near-
patient assessment, a POCT assay may be a good alternative to serum
PIVKA-II detection.

Up-conversion phosphor technology (UPT)-based immune lateral
flow (UPT-LF) assay may be an excellent representative of numerous
POCT methods [11,12]. Compared with the traditional biolumines-
cence probe, inorganic up-converted phosphor nanoparticles (UCPs)
doped with the rare earth Ln3+, a new generation of fluorescent bio-
labeling material, have many advantages such as high luminescence
stability, low background fluorescence interference, narrow absorption
and emission spectrum, and long half-life, and have been widely ap-
plied in many prospects [13,14]. Meanwhile, the immune lateral flow
test (LF), an assay widely used in semi quantitative analysis of analyte
with the advantages of relatively short detection time and low cost, is
not only suitable for laboratory testing, but also for POCT assay
[15–17]. In the present study, we describe the development of a test
card based on UPT-LF assay by using NaYF4:Yb3+, Er3+ nanoparticles
co-doped with two types of rare earth Ln3+ element, yttrium (Yb3+)
and erbium(Er3+), as the luminescent matrix material of the bio-la-
belling probe [18–20],and a strip as a solid-phase reaction medium.
This system enabled the POCT detection of serum PIVKA-II concentra-
tions in HCC patients.

2. Materials and methods

2.1. Materials and instruments

UCPs (NaYF4:Yb3+, Er3+), UPT exclusive shell, lamination card,
absorbent pad, nitrocellulose membrane (NC membrane, 503C), glass
fiber SB08, PIVKA-II monoclonal antibody 1 (mIgG1), PIVKA-II mono-
clonal antibody 2 (mIgG2), goat anti-mouse IgG, PIVKA-II recombinant
antigen and Heterophilic Blocking Reagent mouse IgG (HBR-IgG) were
provided by the Beijing Hotgen Biotech. According to the manufacturer
Beijing Hotgen Biotech, the specific epitopes of anti-PIVKA-II mIgG1
and mIgG2 are proprietary. 3-Aminopropyltriethoxysilane (APES),
nonionic emulsifier CO-520 and tetraethoxysilane (TEOS) were pur-
chased from Hangzhou Dadi Chemical. Lumipulse® G PIVKA-II detec-
tion kit (CLEIA) was from Fujirebio Inc.

Continuous Dispenser and Sprayer and High Speed Sensor Cutter
were from Hangzhou Autokun Technology. UPT-3A-1800 biosensor
was from Beijing Hotgen Biotech (Beijing, China). Lumipulse® G1200
(Fujirebio Inc.).

2.2. Reagents

Solutions were prepared with the following components and con-
ditions: sample dilution (0.02mol/l PBS, 0.15% BSA, and 0.1% NaN3;
pH 7.4), PIVKA-II recombinant antigen and antibody buffer (0.02mol/
l PB; pH 7.4), reaction system buffer (0.02mol/l Tris-HCl, 0.1% Tween-
20, and 0.15% BSA; pH 7.4), conjugate storage buffer (0.02mol/l PBS,
0.1% BSA, 0.3% TritonX-100, 0.02% NaN3; pH 7.4), and conjugate
lyophilization buffer (5% trehalose, 1% BSA, 2% mannitol, 1% glycine,
0.01% TB, 0.5% casein, and 0.1% NaN3; pH 7.4). All the reagents
mentioned above were provided by Beijing Hotgen Biotech.

2.3. Patients and samples

All sera involved in this study were collected from Fujian Provincial
Hospital from June 2015 to December 2017. The use of sera was ap-
proved by the Ethics Committee of Fujian Provincial Hospital. Sera
were obtained from 100 healthy controls (HC) (median age 44 y; 47
males and 53 females), 170 patients with liver benign lesion (LBL),
including 90 patients with chronic hepatitis B (CHB) (median age 48 y;
57 males and 33 females), 80 patients with liver cirrhosis (LC) (median
age 63 y; 54 males and 26 females), 228 patients with HCC (median age
56 ys; 199 males and 29 females). All the HC subjects were serologically
negative with hepatitis B surface antigen, normal in liver function, and
had no masses under ultrasound or CT/MRI imaging. The patients with
LC were confirmed by abdominal ultrasonography or liver tissue
biopsy. All patients with CHB were serologically positive with hepatitis
B surface antigen for more than six months. The patients with HCC were
confirmed by pathological examination after liver biopsy under ultra-
sound guidance or liver surgery. All serum samples were preserved
strictly in accordance with the following requirements: 5 ml of per-
ipheral venous blood was collected under early morning fasting, left at
room temperature for 2 h, centrifuged at 3000 rpm for 5min to separate
the serum, dispensed in two tubes, and frozen at −80 °C from
1.5 months to 2.0 y until use.

2.4. Development of UPT-LF test card

2.4.1. Silica coating and surface modification activation of UCPs
The UCPs (Supplementary Fig. 1(A)) were developed in accordance

with the nanoparticle modification method [21]. The procedure was as
follows: 40mg UCPs and 95ml cyclohexane were dissolved in water
and sonicated to complete suspension, and 2.5ml nonionic emulsifier
CO-520 was added. After sonication in water for 20min, 0.35ml am-
monia (30 wt%) and 0.09ml TEOS were added for 24 h under the
magnetic stirring. Then, 16ml ethanol was added, and the supernatant
was removed after centrifugation. Finally, the precipitate was dissolved
with 90ml isopropanol, followed by 0.9 ml APES addition, magnetic
stirring for 2.5 h, centrifugation and washing for 3 times.

2.4.2. Assembly of the UPT-LF test card
The assembly of the UPT-LF strip was carried out as previously

described [22]. The procedure of optimization was as follows: 5 mg
modified and activated UCPs with protein binding activity bound to the
labeled antibody mIgG1 (0.075mg/ml) in 1ml reaction system buffer
to form a luminescent label probe. The UCPs- mIgG1 conjugates were
diluted by conjugate storage buffer and conjugate lyophilization buffer,
and then attached to the blank glass fiber SB08 at 0.1ml/cm to form a
conjugated pad. The pad was freeze-dried at −60 °C for 8 h. The blank
glass fiber SB08 was treated with HBR-IgG and casein as a sample pad.
The test antibody (mlgG2) and the control antibody (goat anti-mouse
IgG) were diluted by antibody buffer to 2.0 and 0.6 mg/ml, respec-
tively, and then the detection line (T line) and the quality control line
(C line) were drawn apart from 3mm on the NC membrane by using a
continuous dispenser and sprayer, The NC membrane was dried at 37 °C
for 2 h. The conjugated pad and sample pad were cut into 0.5 and
2.0 cm widths, respectively. The absorbent pad, NC membrane, the
conjugated pad, and the sample pad were attached to the lamination
card, successively, and then cut into 4mm wide strips by using a high
speed sensor cutter (Supplementary Fig. 2(B)). The strip was packed in
a UPT exclusive shell (Supplementary Fig. 2(A)) to complete the entire
assembly process. The relationship between the structure of strip and
the window position of the shell is shown in Supplementary Fig. 2(C).

2.5. The procedure of UPT-LF assay

The peripheral venous blood of a resident patient was collected by
medical staff and centrifuged at bedside by a compact microcentrifuge
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at 3000 rpm for 5min to separate the serum. 40 μl of serum was re-
moved and mixed with 60 μl of sample diluent and then added to the
sample adding window of the test card, and successively passed through
the sample pad, conjugated pad, NC membrane and absorbent pad
under the siphon effect of the absorbent pad (Fig. 1(C)). After 15min,
the test card was scanned in the detection hole of the UPT-3A-1800
biosensor (Fig. 1(A)), and the labeled probe launched the visible light of
the 541.5 nm wavelength under the 980 nm NIR excitation light (Sup-
plementary Fig. 1(B)). The biosensor converted the received light sig-
nals from T line and C line into electrical signals with “T value” and “C
value”, and the results were described as the ratio of T to C values (T/C
values) (Fig.1(B)). The T/C value was positively correlated with the
concentration of detected antigen.

2.6. Evaluation of the UPT-LF assay

2.6.1. Limit of detection (LoD) and linearity
The limit of blank (LoB) was calculated using 60 replications of

blank (sample dilution with no analyte), LoB=mean blank+ 2 (SD
blank). The LoD was calculated using 60 replications of low concentra-
tion sample (0.5 ng/ml) and LoD= LoB +2 (SD low concentration sample)
[23].

After two-fold serial dilutions to 40,000, 20,000, 10,000, 5000,
2500, 1250, 625, 312, 156, 78, 39, 19.5, 9.7, 4.8 and 2.4 ng/ml, each
concentration of the PIVKA-II calibrator (PIVKA-II recombinant an-
tigen) was detected twice, and the average value (Co) was calculated.
The linear regression curve was drawn by using log (Co) as the ordinate
X and log (T/C- mean blank) as the abscissa Y. The regression equation
was “Y= a×X+b”. The a and b in the equation were the parameters
of the test card, which determined the conversion relationship between
the T/C value and the concentration of the detected antigen.

2.6.2. Stability
The PIVKA-II recombinant antigen and the sera of HCC, LC, CHB

and HC were detected by UPT-LF test cards, which were stored at 25 °C
for 0, 7, 15, 30 and 60 days (d), at 37 °C for 0, 1, 3, 5 and 7 d, and at 4 °C
for 0 d and 18months (m) (Reference to the validity period of other test
cards based on the UPT-LF assay in Beijing Hotgen Biotech), respec-
tively. Each sample was detected twice, and the relative deviation (δ)

was calculated by comparing the results of test cards at different time
points with that at 0 d. δ < 15% was considered acceptable.

2.6.3. Recovery rate
The PIVKA-II recombinant antigen was diluted to 55, 1000 and

15,000 ng/ml, respectively, and added to normal serum sample at a
volume ratio of 1:9. The mixed samples and serum sample were re-
peatedly detected for 3 times, and the mean was calculated. The re-
covery rate was calculated in accordance with the following equation:

=
+ × −

×R V V C V C
V C

( ) 100%0 1 1 1

0 0

In the equation, the volume and concentration of PIVKA-II re-
combinant antigen was V0 and C0, respectively. The volume and con-
centration of serum sample was V1 and C1, respectively. The con-
centration of mixed sample was C. The recovery rate was R, and a
recovery rate of 85%–115% was considered acceptable.

2.6.4. Precision
Serum samples with low concentration (26.3 ng/ml), medium con-

centration (1052.9 ng/ml) and high concentration (15,925.9 ng/ml) of
PIVKA-II were selected for intra-assay and inter-assay precision eva-
luation. Three different concentrations of serum samples with 20 du-
plications were then tested to obtain intra-assay variation. These serum
samples were tested on 20 different days, with each concentration
having two replicates to obtain inter-assay variation. Precision was
evaluated by intra-assay/inter-assay CV (%). The intra-assay
CV < 10% and inter-assay CV < 15% were considered acceptable.

2.6.5. Interference
Distilled water and eight common interferents including 5mg/dl

AFP, 0.20 μg/ml carcinoembryonic antigen (CEA), 750 IU/ml rheuma-
toid factor (RF), 65mg/dl bilirubin, 7 g/dl albumin, 12.30mg/dl vi-
tamin C, 0.35 g/dl hemoglobin (Hb) and 500mg/dl triglyceride (TG)
were added to serum samples from HC and HCC patient, with 7.7 ng/ml
and 527.8 ng/ml PIVKA-II at a volume ratio of 1:9, respectively. The 8
mixtures and serum sample were detected for 3 times. The anti-inter-
ference performance of UPT-LF assay was evaluated by bias (δ
%)= (concentration of mixture - concentration of serum sample) /
concentration of serum sample ×100%. δ % < 15% was considered
acceptable.

2.6.6. Cutoff, sensitivity and specificity for the diagnosis of HCC
The concentrations of serum PIVKA-II of 228 cases in HCC group,

170 cases in LBL group (80 cases with LC, 90 cases with CHB) and 100
cases in HC group were detected by the UPT-LF assay. The differences
in serum PIVKA-II concentration between the HCC group and control
group (LBL+HC), and among the control groups (LC, CHB, and HC)
were assessed by Mann-Whitney U test and Kruskal-Wallis test, re-
spectively. The diagnostic performance for HCC was analyzed by re-
ceiver operating characteristic (ROC) curve, and the best Youden index
(YI) was used as the basis for determining the cutoff in diagnosis of
HCC.

2.6.7. Comparison between UPT-LF assay and CLEIA assay
Serum PIVKA-II concentrations of 178 cases in HCC group, 60 cases

in LBL group (30 cases with LC and 30 cases with CHB) and 35 cases in
HC group were detected by UPT-LF test card and Lumipulse® G PIVKA-
II detection kit (CLEIA), respectively. The sensitivity and specificity (vs
LBL+HC) of PIVKA-II for HCC were compared between two assays,
and the correlation of PIVKA-II concentrations of 178 HCC cases be-
tween two assays was evaluated. The LoD, linear range, and cutoff for
HCC of Lumipulse® G PIVKA-II detection kit (CLEIA) were 1.37 mAU/
ml, 5–75,000 mAU/ml, and 40 mAU/ml, respectively. In accordance
with the instruction of the Lumipulse® G PIVKA-II detection kit from
FUJIREBIO INC., 1 mAU/ml=1 ng/ml.

Fig. 1. Schematic diagram of the UPT-LF test card for the detection of serum
sample. (A) The test card was scanned by UPT-3A-1800 biosensor. (B) The
detection results were displayed on the screen of UPT-3A-1800 biosensor. (C) a
schematic diagram of the immunoreaction on the strip.
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3. Statistical analysis

Mann-Whitney U test was used to compare continuous measurement
data with a non-normal distribution between two groups. Kruskal-
Wallis test was employed while comparing three groups. The correla-
tion between two assays was evaluated using Pearson's correlation
coefficient (R). Statistical analysis was performed using the software
SPSS 20.0 (SPSS), GraphPad Prism 5.0, and Excel. P < 0.05 was con-
sidered as statistically significant.

4. Results

4.1. Surface silicification and functionalization of UCPs

Given the synthesis methods, UCPs generally had a layer of hydro-
phobic oleic acid ligands on the surfaces [24], whereas nonionic
emulsifier CO-520 may cause the particles to monodisperse as far as
possible by reducing the surface-tension of the particles and enhancing
the water solubility. The surface silicification and activation process of
UCPs were shown in Supplementary Fig. 1(C). After TEOS and am-
monia water were added, the nano-SiO2 was formed and adhered to the
surface of the particles, making the surface of the particles coated with
a layer of nano-SiO2 [25]. When a silane coupling agent APES was
added in the reaction, one end of the nano-SiO2 on the surface of UCPs
can then be connected to silicon, whereas the other end can carry an
active carboxyl group. As a result, the functionalized UCPs can bind to
various bioactive molecules, such as antibodies.

4.2. Detection system of UPT-LF assay

The detection system consisted of PIVKA-II sample dilution, test
card, and UPT-3A-1800 biosensor (Fig. 1). The test card consisted of the
shell and internal strip. The shell included an upper shell and a bottom
shell. The upper shell was successively equipped with a sample adding
window, a sample scanning window and a chromatography end in-
dicating window. The strip was put in the groove of the bottom shell,
with the sample pad with HBR-IgG, conjugate pad with bio-probes, NC
membrane with T (2.0 mg/ml) and C line (0.6 mg/ml), and absorbent
pad by the direction of chromatography. The portable UPT-3A-1800
biosensor was an ideal candidate available for the serum PIVKA-II
POCT test, with a relatively cheap infrared light source and recharge-
able batteries.

4.3. LoD and linearity of UPT-LF assay

The Mean blank, SD blank and SD low concentration sample were 0.112,
0.0064 and 0.0041, respectively, and the T/C values of LoB and LoD
were 0.125 and 0.129, respectively, which corresponded to the con-
centrations of 2.25 and 2.66 ng/ml, respectively, under the linear re-
gression equation (shown below).

The linearity of UPT-LF assay for the quantitative detection of
PIVKA-II was presented in Fig. 2, where a significant linear relationship
with PIVKA-II concentration ranging from 4.8 to 20,000 ng/ml
(R2=0.984, P < 0.01) was achieved. However, no linear relationship
was observed for the PIVKA-II concentrations< 4.8 or > 20,000 ng/
ml (data not shown). Accordingly, log (Co) and log (T/C- mean blank) of
13 concentrations from two-fold serial dilutions were calculated, and
the linear regression equation was deduced as follows: Y=0.827X –
1.871 (N=13, P < 0.01).

4.4. Stability

The results of UPT-LF test cards stored at 25 °C for 0, 7, 15, 30, and
60 d were shown in Fig. 3(A) and (B), which bias (δ) calculated by
comparing the results at different time points with that at 0 d was<
15%. Meanwhile, the results of test cards stored at 37 °C for 0, 1, 3, 5,

and 7 d were presented in Fig. 3(C) and (D), with a calculated δ>15%
when the results at 7 d were compared with that at 0 d. Finally, the
results of test cards stored at 4 °C for 0 d, and 18m (recommended
validity period) were displayed in Supplementary Fig. 3 and corre-
sponded with a calculated δ<15% when the results of test cards at
18m were compared with that at 0 d.

4.5. Recovery rate

The accuracy of UPT-LF assay was evaluated by recovery rate. Three
different concentrations of serum were analyzed by adding the low,
medium, and high concentrations of PIVKA-II recombinant antigen to
normal serum sample. The recovery rates of low, medium and high
concentrations were 93.1%, 97.7%, and 99.2%, respectively, which
were between 85% and 115%.

4.6. Precision

The results of intra-assay and inter-assay precision determined by
three different concentration PIVKA-II serum sample were shown in
Table 1. The intra-assay CV was<5%, and the inter-assay CV was<
10%.

4.7. Interference

The specificity of UPT-LF assay was evaluated by interference. Eight
common interferents were added to serum samples from HC and HCC
patient, respectively, and anti-interference ability of the UPT-LF assay
was presented in Table 2, where all δ (%) of eight common interferents
were < 10%.

4.8. Cutoff, sensitivity and specificity for HCC diagnosis

The quantitative detection results of the serum samples by UPT-LF
assay were presented in Fig. 4(A). The concentration (Co, ng/ml) of
serum PIVKA-II in HCC group (median, 53.2 ng/ml, and inter-quartile
range [IQR], 20.6–322.3 ng/ml) was significantly higher than that of
the control group (LBL+HC group) (median, 9.2 ng/ml, and IQR,
4.8–15.4 ng/ml) (Z=−13.7, P < 0.01). The differences among the LC
group (median, 10.8 ng/ml, and IQR, 7.0–20.1 ng/ml), CHB group
(median, 10.7 ng/ml, and IQR, 5.4–16.3 ng/ml) and HC group (median,
6.7 ng/ml, and IQR, 3.1–14.2 ng/ml) were observed not to reach sta-
tistical significance (Χ2= 5.67, P > 0.05). ROC curve analysis (HCC vs
LBI+HC group) indicated that the area under the ROC (AUC) of serum
PIVKA-II was 0.85 (P < 0.001) (Fig. 4(B)). Given the optimal cutoff for
the diagnosis of HCC was set at 25.3 ng/ml (T/C value of 0.29) by the
maximum YI of 0.6, sensitivity and specificity of serum PIVKA-II for
HCC were 71.5% and 88.9%, respectively.

Fig. 2. Standard curve for UPT-LF assay. The T/C value is the mean of each
diluted level detected twice; the mean blank and Co are the background value
and the diluted level (ng/ml) of PIVKA-II calibrator, respectively. The same
base logarithms of T/C– mean blank and Co are taken as Y and X axis, respec-
tively, to draw the curve.
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4.9. Comparison between UPT-LF assay and CLEIA assay

Considering the concentration of 25.3 ng/ml set as the cutoff for the
diagnosis of HCC in UPT-LF assay, the sensitivity and specificity were
70.2% and 90.5%, respectively, which were comparable to that of
CLEIA assay with the sensitivity of 67.4% and specificity of 91.6%. In
addition, a significant linear relationship of serum PIVKA-II con-
centrations was noted between UPT-LF assay and CLEIA assay; the
linear regression equation was Y=0.08X – 4.50 (R2=0.901,
P < 0.01) (Fig. 5).

5. Discussion

Ten carboxylated glutamic residues exist in the molecular structure
of prothrombin precursor, and are modified to γ-carboxyglutamic acid

(Gla) residues by the glutamyl carboxylase in hepatocytes [26]. Because
vitamin K is deficient or glutamyl carboxylase activity is impaired,
abnormal prothrombin devoid of one to ten Gla residues and no pro-
coagulant activity is produced and released to the bloodstream in HCC
patients [27]. Accordingly, serum PIVKA-II detection has comprehen-
sively demonstrated its potential in the diagnosis of HCC. For example,
a multicenter study comprised of 1034 serum samples from different
regions of China indicated the higher accuracy of PIVKA-II than that of
AFP in distinguishing HCC from various other liver lesions, including
LC, liver metastasis, liver hemangiomas, and CHB. Additionally, the
superiority of PIVKA-II to AFP was presented to be profound in the
surveillance of early HCC with a diameter< 3 cm and AFP-negative
HCC [28]. Similar observations were obtained by Pote et al. [29] and
Zakhary et al. [30]. Furthermore, PIVKA-II combined with AFP or AFP-
L3 was reported to be conductive to improving the diagnostic sensi-
tivity for HCC, especially at early stage [31–34]. Besides the excellent
performance for HCC diagnosis, serum PIVKA-II has been shown to be a
valuable serological indicator responsible for the illness assessment and
prognosis judgment of HCC [2,4–6].

With in-depth understanding of the relationship between PIVKA-II
and HCC, several traditional assays for serum PIVKA-II have been in-
troduced in succession; these assays include the radioimmunoassay [1],
enzyme-linked immunosorbent assay (ELISA) [35], and conventional
enzyme immunoassay (EIA) [36]. However, considering the dis-
advantages such as the long and labor-intensive process, insufficient
sensitivity and precision, to name a few, existed in the above traditional

Fig. 3. Line chart of quantitative detection results for PIVKA-II recombinant antigen and PIVKA-II in sera of HCC, LC, CHB and HC by the test card stored at 25 °C and
37 °C for five time points. The quantitative detection results of the test card stored at 25 °C for 0, 7, 15, 30 and 60 d were presented in (A) and (B). The quantitative
detection results of the test card stored at 37 °C for 0, 1, 3, 5 and 7 d were presented in (C) and (D).

Table 1
Intra-assay and Inter-assay precision of PIVKA-II in serum samples.

PIVKA-II Intra-assay (N=20) Inter-assay (N=20)

(ng/ml) Mean (ng/ml) SD CV (%) Mean (ng/ml) SD CV (%)

26.3 27.4 1.6 5.8 26.8 2.4 8.9
1052.9 1025.7 35.7 3.4 1064.1 69.2 6.5
15,925.9 15,884.5413.0 2.6 15,923.7859.9 5.4

N: number of serum samples.

Table 2
Interference evaluation of UPT-LF assay.

HC serum Common interferents

HCC serum AFP CEA RF Bilirubin Albumin Vitamin C Hb TG

PIVKA-II (ng/ml) 7.7 8.1 7.9 8 8.2 7.9 7.9 8.3 8.1
523.4 531.5 519.2 539.7 542.9 528.9 533.6 546.4 536.3

δ (%) 5.2 2.6 3.9 6.5 2.6 2.6 7.8 5.2
1.5 −0.8 3.1 3.7 1.1 1.9 4.4 2.5

AFP: 5mg/dl, CEA: 0.20 μg/ml, RF: 750 IU/ml, bilirubin: 65mg/dl, albumin: 7 g/dl, vitamin C: 12.30mg/dl, Hb: 0.35 g/dl, TG: 500mg/dl.
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assays, new assays with improved analytical performances for serum
PIVKA-II detection have been developed in recent ys, including CLEIA
[7,8], CLIA [9], LBA [10], a micro-total analysis system (μTAS) based
on the LBA of electrokinetic analyte transport assay (EATA) as well as
capillary zone electrophoresis (CZE) [7], and immunomagnetic reduc-
tion (IMR) assay [37]. For instance, as a representative of various
PIVKA-II assays, Lumipulse® G system provided an automated CLEIA
assay for the quantitative detection of serum PIVKA-II, with a total
imprecision<5% CV for the concentrations between 41 and 62,825
mAU/ml, a limit of qualification of 1.37 mAU/ml, and a wide linear
range (5–75,000 mAU/ml) [8].

The luminescence principle of UCPs is anti-Stokes shift [38]; thus, a
near infrared semiconductor laser can be used as the excitation source
under such technology. Given the infrared light with the advantages of
no effect on biological tissue or blood and low background noise [39],
UCPs have a higher sensitivity and signal-to-noise ratio than that of
conventional luminescent probes [14]. According to several previously
reported studies, UPT-LF assay has been successfully applied for the
quantitative detection of some proteins, nucleic acids, and bacteria in
human specimens (such as whole blood or serum) [18,22,40–41].

In this study, we report a test card for the quantitative detection of
serum PIVKA-II based on UPT-LF assay for the first time. In this test
card, UCPs labeled anti-PIVKA-II monoclonal antibody is used as a
probe, and the strip is used as a solid-phase carrier of immunoreaction.
The developed UPT-LF assay was shown to be applicable to not only a
wide linear range (4.8–20,000 ng/ml) for serum PIVKA-II, but also a
high sensitivity with LoD of 2.66 ng/ml. The stability evaluation re-
vealed the test card can be kept stable at 4 °C during validity period and
has good thermal duration at room temperature. However, the thermal

stability of test card at 37 °C is not as good as that at 25 °C, with a
calculated δ > 15% when the detection results at 7 d were compared
with that at 0 d. This effect may be related to the degradation of the
antibodies on the conjugate pad or the antibodies coated on the NC
membrane stored at a relatively high temperature for a long time.
Additionally, the recovery rates of UPT-LF assay for low, medium, and
high concentrations of PIVKA-II recombinant antigen vary from 93.1%
to 99.2%, the CVs of intra-batch and inter-batch are< 5% and < 10%,
respectively, and all δ (%) of eight interferents are< 10%. All above
evidences reveal the fact that the developed UPT-LF assay can reliably
detect serum PIVKA-II concentration with excellent detection perfor-
mance of good sensitivity, linearity, stability, accuracy, precision, and
specificity. In particular, the UPT-3A-1800 biosensor equipped with the
near infrared semiconductor laser as the excitation light source in de-
tection system of UPT-LF assay, is an ideal immunoassay analyzer for
POCT, with the advantages such as small size, easy to carry, and short
detection time no>15min [12]. As such, the UPT-LF assay has become
available for a near-patient detection of serum PIVKA-II concentration
and hence enables “on-the-spot” decision-making and overcomes the
dependence on sample shipment to special sites such as large bio-
chemical department and specialist centralized laboratory, where
serum PIVKA-II is measured on complex CLEIA analyzer in batches, and
sometimes not on a daily basis. However, as a POCT, we have to ac-
knowledge that there are challenges for this assay's use at the patient's
bedside, since it requires centrifugation of whole blood followed by
separation of the serum.

We further explore the performance of test card based on UPT-LF
assay for HCC diagnosis. The serum PIVKA-II concentration in HCC
group is significantly higher than that of the control group (LBL+HC
group) (P < 0.01), whereas no significant differences are noted among
the LC group, CHB group, and HC group (P > 0.05). Additionally, no
significant differences in serum PIVKA-II concentrations were noted
between females and males in our study, which is supported by the
following statistical data from the Mann–Whitney U test: Z=−0.628,
P= 0.530 in the HCC group; Z=−0.255, P=0.798 in the LC group;
Z=−1.117, P= 0.264 in the CHB group; and Z=−0.237, P= 0.813
in the HC group. As expected, UPT-LF assay results presented herein
exhibit good diagnostic performance for HCC, given the significant
differentiation of HCC from LBL and HC with an AUC reaching 0.85. As
the concentration of 25.3 ng/ml is set as cutoff, the best performance of
test card for HCC can be achieved, with the diagnostic sensitivity and
specificity (vs LBL+HC) of 70.2% and 90.5%, respectively, which are
comparable to that of commercially available CLEIA kit. In addition, on
the basis of result of the linear regression analysis, a good linear re-
lationship (R2= 0.901) is observed between UPT-LF assay and CLEIA
assay for the quantitative detection of serum PIVKA-II in HCC patients.

Indeed, UPT-LF assay developed in this study provides a reliable,
rapid and convenient test for the quantitative detection of serum
PIVKA-II by a POCT way. This advancement may greatly contribute to

Fig. 4. Evaluation of the performance of UPT-LF
assay for serum PIVKA-II detection in four groups by
using scatter plot and the diagnostic performance for
HCC by using receiver operating characteristic
(ROC) curve. (A) The detection results (log(Co)) of
UPT-LF assay for serum PIVKA-II in HCC, LC, CHB
and HC group. The horizontal line represented
median level of serum PIVKA-II, and the vertical line
represented inter-quartile range. (B) The ROC for
HCC (vs LBL+HC). The area under ROC (AUC) is
0.85 (P < 0.001).

Fig. 5. Linear relationship between the UPT-LF assay and the CLEIA assay for
the quantitative detection of serum PIVKA-II in 178 HCC patients. The linear
regression equation is Y= 0.08X – 4.50, and correlation coefficient R2 between
two assays is 0.901 (P < 0.01).
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the further popularization of serum PIVKA-II detection, further im-
provement of the screening and diagnosis of HCC, and then reducing
the mortality of patients.
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