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Study on upconversion nanoparticles-based rapid fluorescence procalcitonin quantitative detection technology
LEI Meng . XU Xingiang , JI Tianxing ,ZHOU Qiang®
(Department of Clinical Laboratory ,Second A f filiated Hospital ,Guangzhou Medical
University ,Guangzhou,Guangdong 510260 ,China)
Abstract . Objective

verting nanoparticles(UCNP)-based rapid fluorescence quantitative procalcitonin(PCT) detection. Methods

To research and develop the immunochromatographic detection technology of upcon-

UCNP (NaYF,:Yb*" ,Er*"t) was prepared by solvothermal method, which was the compound of rare earth yt-
terbium and erbium with four fluorine sodium yttrium. UNCP was conducted the modification and silica
(Si0O,) packing by using the reverse microemulsion method. Then the PCT determination method was estab-
The water-soluble UCNP with

good dispersibility was successfully prepared by using the reverse microemulsion method. The lowest detection

lished by using the dry-type immunochromatographic technology. Results

limit for detecting PCT by UCNP-based dry-type immunochromatographic technology was 0. 02 ng/mlL, the
linear range was 0. 05 —44. 00 ng/mL, the intra-batch and inter-batch coefficients variable(CV) were <10%
and 13% respectively. Conclusion UCNP-based immunochromatography technology is a rapidly and
sensitively effective method for quantitatively detecting serum PCT.

procalcitonin

Key words: upconverting fluorescence nanoparticles; immunochromatographic test strip;

- g K B G OB (UCNP) 2 (1 43 8 48 2
4 K BURE T . UCNP &6 B 8 K0 I i 6w
LR AN SUER 5 SN Ve AN o=l o Wl SR
PE. Kk, UCNP & BCh#E A B 2R ) K5 7 Fl i
BRI 32 FF % o A — AR R e R RS R
J (PCT) J2& TG ¥ 25 0 M i 8 8 L J2 12 B ik B3 1l
4 70 A0 TR RIS B RS I PR T R 25 0 48 SR T I I
EFRIC Y . ARSI LE S b R ok TR S
RER T HCAR W] PCT B I 2 46 0 4 R
1 #MRE5EHE
L1 50 9O a 6 E T (RE-5301PC) 1y
T H AN &S HE T 85 (TEM, JEOL-
200CX) W 7 H AWy 7 ik A et s XYZ = 4 S s s <5

YEE RN 5 1 L WP A TE B - 2 DA 50T IR A A I e AR B 5E

L CHM3030) W T i S An A YRk He A R A /. W EE
I3 51h 99, 99 %Y E AL AL (Y, 0 VAL EE (Yh, O, Fl
AN (Er, O W F g REIE AL A BR 2 /s iR .+
JNH R 2 ke IE i B2 & s (TEOS) ., Iy F Sigma-
Aldrich R 5 A R #]; PCT Hr)i JGO1,PCT #
Pt JGO3 . PCT B4t JGO5 ., EHi Bl 1gG Wy T4 I J %2
W ARG R s v-(2.3 BRE T D TR 5k = AR
fiEBE (GPTMS) Wy T4t 57 54 [ A 90 B R A BR 2 7 s 1l
PR 21 4t R0 Tl Sk B e Ik A R 23 A

1.2 ik

1.2.1 NaYF,:Yb"" Er'" il & FMEmEM R
FIRGER % NaYF, . Y JES B FREL 1. 76 g A fk
£,(Y,05), 0.79 g FALEE (Yb, O, F1 0. 077 g A fL4H

1# {5 1€ , E-mail : qiangzhou70@163. com,

ARSI AR 0L VR SR AL A IR T B R OR TOL PHUE BRI PCT BeARBFFE [T, [ bR 3 B2 2% 44 7. 2018, 39(1) 1 67-69.



e 68 EFmIE¥ 4% 2018 £ 1 A% 39 %% 13 Int ] Lab Med,January 2018, Vol. 39,No. 1

(Er,O) A 36 mL /K H1 6 mL EhE2 (36 % ~38%),
TEIE RO A5 2 A LAY . B 0. 32 g Hil & R
&AM A 10 mL JhER A 11 mL /U A A
B4 AR Y 30 min, B I B E . S A 10
mL L 200 mg S &AL B (NaOH) F1 150 mg %
b8 (NH, ) L, Z iRk 4E 30 min, SO H Bk H
FEAIK . FERRY R G I E 330 °C IR F5 b
J# 60 min, RV . LBEEFIER CKE B0 UE I 5 R
BB H 2R, SR AR SFL . A IE B R £ e
(TEOS) 7ER& 1 ¥ 45 T 7K fift , 76 UCNP 2 [ 3 He 4
R E — 2 R R (S0 2 B 2 mL Eak
UCNP A 9 mL ¥ C ke, @875 . A 0.5 mL
i $7 58 X-100 (TritonX-100),0. 1 mL 44 7K (25% ~
28%) 487 20 min. FiJ5 .M A 0. 04 mL TEOS, #
7 2 min, JE BB B W . E W N 48 he RN 4G
WG BB I e 5 i T oK 418 B REAL IS
) UCNP(UCNP@SiO,) ,

1.2.2 UCNP #rig PCT B oy B L 0 A1 G 9% 2 H7 ik
A% v-(2,3 AN A N = F & S RE b
(GPTMS) A fig 5 LALLM BL 45 & 1 W A, A AT
SH ARSI ARSI A GPTMS fifi
UCNP@SIO, FEYE S FHE . I 2 mg UC-
NP@SIO, /08 F 1 mL TR S, A 20 pL v
(2,3 AN FO NI = H AL RELE(GPTMS) , fE E i
TR 12 h, 153 5] 7 A b 94 ok BB (UCNP @ Si0, @
GPTMS), 40 ng UCNP@SiO, @GPTMS A 15 pg
PCT BT & Hi& JG03, 7 0. 1 mol/L.pH K 9.0 Y
MR ZZ v P 25 A, E3E T Y 30 min; W] FR X
NAKZ I 10 % BSA (100 pL) &[] 30 min,
PBS #£#% 2 K5 E & T 500 uL PBS ¥ (& 0. 1%
BSA.0.25% i 20)

il £ 4 i) UCNP-JGO3 454 W F R R st 4 3 s 7
PR A4 b, Wiy 1 pl/em, 0. 3 mg/mL Y
PCT i pdifk 1GO5 J% 0.3 mg/mL (¢4 B 1gG
JH S W 58 < A8 5 591 S0 T i PR £ 4 3R T 1 o A B AG: ) 1X
R X LA 1 pl/om, AR S 4 bR fil
TR £T 4 25 K K W 7K #8459 40 285 7 & 2 4 (PVO) Jig
M b AN ESE 2 mm.4 CTREAFH.

1.2.3 Witk ktizt  FH LS8z
Fre AR (UPT-ICA) & kil PCT L5, B A [R) v J3E
PCT U bRE s 60 L 80 21 21 & 47 1) S 7 )2 A i 4K
b RARE S Z P TR 8. 6 10 min, ] UPT
B E A T AT R, ) T/C R/om Ll 5 %%
JEHR S IE L, TR B A I PCT i H .

1.2.4  FEEIR N K 2980 fe 9 2 A ik 4R 45 19 5 11
b DAWER AN 2% vh Y VR R LT GO3 PR AR id &2 . UC-
NP-JGO3 & & Y& Al KPR JGO5 WM K &R . it
DU R 2 =K IR RS AL AR A g LR 1. ik
BBHMEAEA S=T1/C1 5P A N=T0/Co 1t

B (S/ND de KB B 45 iR 4R S e iE T 20 451 . Jethe
SN By 22 ng/mL 1 PCT 700 i 20 4L 5
Ol IR 2R 5 B 692 G ELE (T/O) #a T g i

Ay e A S B T
*x1 MEZEARRKEELZIXE

KT 02 ik ke L7 TRE/IRLN UCNP-JG03  Jfigk¥iik JGO5

(mol/L) J(}03 i(‘ug) Eé%i(gL/Cm) ‘?i%[ﬁ(mg/ml,)
1 0.07 9 0.5 0.1
2 0.10 15 1.0 0.3
3 0.15 21 2.0 0.5
1.2.5 PEREVEAY  PBSfE b= gxf B, B 60 pL

UPT-ICA i, 10 min J& I b %% 4 9¢ ) 5@ = 4 #r 1Y
BEBGRAC S T M C L2 el -1 T/C 1MH.
Rl 10 . THAHEEE S 3 AR 2= Z AL B R
KA B s PBS B il PCT $T B & 81 4% #E Wi (0. 05,
0.10.0. 50,2, 20.5. 00,10. 00,22, 00, 30. 00, 44. 00
ng/mL) , [F]FE AL 7 3545 1 T/C W{A . 2 il b e i
2 BRI B AT I 3 W 43 il 0. 5.2.0,20. 0
ng/mL ) PCT Hi 57 (9 b P9 K %5 B A e [a) s 2% %, &
210k,

2 & L)

2.1 EEAAK IR BHE i HT S R AE UCNP
PR S X DR VAN K LN | ANy N VA R N i N AW
& UCNP HA3 5 & 6om S . A S5 % FH ¥ 771 #4
Pl £ 1) UCNP(NaYF, . YO LEF ) A ik, HF R
U b5 B LR OG5 P 0 545 nm, DL 1,
FH 980 nm 3648 B B % UCNP(NaYF, . Yb*',
Er’ ) IR AT WL &80, ¥Rk & i UCNP 4k
Shy 7K P R 3 T B U TS R S AR R TR A A
AL A A B A i FL VA K UCNP 3% i % — )2
Si0, » BB il 5 B4 HICE 388 47 1 7K 5 P I 7 40 K i
Wi, BPERT UCNP(NaYE, . Yb* L Erf ) B H 42N
25 nm, B )5 B UCNP(NaYE, . Yb'' LEr' ) @
SiO, ¥ EH £ N 50 nm, WLE 2,

400

300 1

200 1

£ 51387 (a.u.)

100 1

N\

450 500 550 600 650 700 750
KA (nm)
1 980 nm FHE X BE T UCNP By & §f itk

2.2 EES K RO 2 BT i AR A% A e B Ak R
b B AC S AN O PR3 L o IE 58 3K 5 X G ) 5
M DR 28 R AT Ok . G R Ak % o A TR BE (A L JGO3
ik bric & (B) \UCNP-JG03 B & ¥t (O) JHadiik




ERmIE¥ 452018 4 1 A% 39 %% 13 Int ] Lab Med,January 2018, Vol. 39,No. 1 e 69 -

JGOS5 ¥ B (D) o K BHPE AR AR 5 BH M b A 75 1 BH
FRAGEN B (S) % F T1/CL. 5 B P FEA 96t
(NDZEFT0/CO, 55 H 5 M kb S/N E K/, BLS/N
VB A f A S 8 2% 1 RO AR B . 224 B0 AR 9 3k B8 Sk 0. 07
mol./L,JGO3 HikbRic &K 15 pg, UCNP-JG03 & 4
YIS LS A8 LA RN 1 pl/om, SR BT JGOS ¥
JE4 0.3 mg/mL i, S/N f5 K. By f K6 0 4% 14
DL 2. LRI fa) X R A 5 e 0L P 3.4 KT 10
min J5 , R 4L S L (T) 5 R (O 58 LA
FRoEARA, B e & UPT-ICA £l PCT #9 B [6] 2

10 min,

() R PERT UCNP 5 (b) Ry fF UCNP@ SiO,
& 2 K fF UCNP & 51 BB+ 2 % &

®2 UCNPRBEMRXAFELKRER

A B C D

Tt H S N S/N
(moL/L) (pg) (pl/cm) (mg/mL)
1 0.07 9 0.5 0.1 10.24 9.28 1.10
2 0.07 15 1.0 0.3 35.99 23.35 1.54
3 0.07 21 2.0 0.5 55.34 37.00 1.49
4 0.10 9 1.0 0.5 28.82 20.13 1.43
5 0.10 15 2.0 0.1 60.61 49.70 1.22
6 0.10 21 1.0 0.3 17.66 16.31 1.08
7 0. 15 9 2.0 0.3 60.09 49.67 1.21
8 0. 15 15 0.5 0.5 68.51 61.70 1.11
9 0.15 21 1.0 0.1 50.09 38.26 1.31
B
8000 - [ C
6000 -
g
s
& 4000+ g
% 2 0
18
i
il
,_..Z né 15535 |

B[ (min)
T KL C o B4k
3 UPT-ICA 1M & 5 Rz & K B EREMERX R

2.3 UCNP-ICA Kl ¥EREVEAY A 5256 X6 Jir 2 57 (1
PCT b &SGR B AR AT THEREPEAr . 3L b A Ul
fKBR M 0. 02 ng/mL;PCT 7£ 0. 05~44, 00 ng/mL i
BINE T/CBELMEXR, LWHRIF RN Y=

1.621 6X+3.221 1(+*=0.983 8), WL 5, [FKl,7E
0.5.2.0.20.0 ng/mL Bt A B R CV<<10% , $it ]
W CV<<13%., L3 3.

[—m—T/c]

+HH
2" /

0 T T T T — ——T—

2 4 6 8 10 12 14 16 18 20
i /8] (min)
T AR L C o R4
4 UPT-ICA & 5 Rz &N L L ERA B X &R

100+
90+

804 y=1.6216X+3.2211
70 r=0.9838

60

50+

SIN

40

T T T T T T 1

T T T T
0 5 10 15 20 25 30 35 40 45 50

WRE (ng/mL)
B 5 UCNP XK K& E WM PCT KR A4 th &k

*3 UPT-ICA gyt R Fn#it B E LB (%)

e (ng/mL) o CV e CV
0.5 9.8 12.6
2.0 6.3 9.7
20.0 5.1 6.8

3 i it

ABIRGE T T B ) XeF G 0 11 5 W o i 5 G
B[] B S I AR A% T\ C 2R 98O0 5t B2 32 7 1 ik . B3
20 min J5. T.C &30 B B A oE ARG E R &
T/CHLAE B A 10 min J5 . 18485 T/C GE
PEARERS . LA R LY R T/C {EH o ZE Al Y
AR A E B A I R — 5 R R b T AR OE AR SR ER BT Y
AR

Zi E ik, NaYF, . Yb'', Er'" UCNP & 6 hri0
5B ML JZ A A 25 11 1 495 202 Wyt 0 e AR
RV pesge A i PCT 19 A 28 T Be o HAT T R 19 W IR E
A E .

S % ik

[1] HAMPL ], HALL M,MUFTI N A. et al. Upconverting
phosphor reporters in immunochromatographic assays|[ ] ].
Analy Biochem,2001,288(2):176-187.  (F#:45 73 B()



Bl EFRE208F1AF9HEE 1Y

Int ] Lab Med,January 2018, Vol. 39,No. 1

o« 73 o

%k

[1]

[2]

(3]

[4]

(5]

(6]

7]

[8]

(9]

[10]

[11]

SEHGAL C V,BAJWA S J,CONSALVO J A,et al. Clin-
ical conundrums in management of sepsis in the elderly
[J].] Transl Int Med,2016,3(3):106-112.

LIAQ K,ECKL J,GEIGER C,et al. A novel and effective
method to generate human porcine-specific regulatory T
cells with high expression of IL-10, TGF-81 and IL-35
[J7]. Sci Rep,2017,7(1):3974-3974.

VENKATESHA S H,DUDICS S,ACHARYA B A. Cy-
tokine-Modulating strategies and newer cytokine targets
for arthritis therapy[ J]. Int J Mol Sci, 2015,16 (1) ;: 887-
906.

PANDIYAN P.ZHU ] F. Origin and functions of pro-in-
flammatory cytokine producing Foxp3 (+) regulatory T
cells[J]. Cytokine,2015,76(1) ;13-24.

PENG G,ZHEN Z S,LV XUE J L,et al. Interluekin-35
in asthma and its potential as an effective therapeutic a-
gent[ ] ]. Mediators Inflamm,2017,59(3) :1865-1868.
HATLEY M E,PATRICK D M, GARCIA M R, et al.
Modulation of K-Ras-dependent lung tumorigenesis by
MicroRNA-21[J]. Cancer Cell,2010,18(3) :282-293.
MEDINA P P,NOLDE M,SLACK F J. OncomiR addic-
tion in an in vivo model of microRNA-21-induced pre-B-
cell lymphomalJ]. Nature,2010,46(7) :86-90.

THUM T, GROSS C, FIEDLER ], et al. MicroRNA-21
contributes to myocardial disease by stimulating MAP ki-
nase signalling in fibroblasts[ J]. Nature, 2008, 44 (2)
980-984.

LEVY M M, FINK M P, MARSHALL ] C,et al. 2001
SCCM/ESICM/ACCP/ATS/SIS international sepsis def-
initions conference[ J . Intensive Care Med, 2003,29(4) .
530-538.

KALBITZ M,FATTAHI F, HERRON T ], et al. Com-
plement destabilizes cardiomyocyte function in vivo after
polymicrobial sepsis and in vitro[J]. ] Immunol, 2016,
197(6) :2353-2361.

VIGNALI D A, KUCHROO V K. I1.-12 family cytokines:
immunological playmakers[ J]. Nat Immunol, 2012, 13 (8):
722-728.

[12]

[13]

[14]

[15]

[16]

[17]

18]

[19]

[20]

KOCHETKOVA I, GOLDEN S, HOLDERNESS K, et
al. IL-35 stimulation of CD39" regulatory T cells confers
protection against collagen Il-induced arthritis via the
production of IL-10[J]. J] Immunol,2010,184(12) :7144-
7153.

ZHOU Y L.ZHANG H.,LI Y M. IL-35 expression in pe-
ripheral blood CD4(+) T cells from chronic hepatitis B
virus-infected patients directly correlates with virus load
[J]. Cytokine,2015,73(1):169-175.

BAI J.QIU S L,ZHONG X N, et al. Erythromycin en-
hances CD4 + Foxp3 + regulatory T-cell responses in a
rat model of smoke-induced lung inflammation[ J ]. Media-
tors Inflamm,2012,79(5) :4102-4132.

LOBODA A,SOBCZAK M,JOZKOWICZ A,et al. TGF-
B1/smads and miR-21 in renal fibrosis and inflammation
[J]. Mediators Inflamm,2016,83(1):9283-9239.
LATRUFFE N,LANCON A,FRAZZI R, et al. Exploring
new ways of regulation by resveratrol involving miRNAs,
with emphasis on inflammation[ J]. Ann Sci, 2015, 1348
(1):97-106.

WANG Z P,YAO W,LI K,et al. Reduction of miR-21 in-
duces SK-N-SH cell apoptosis and inhibits proliferation
via PTEN/PDCD4 [ ] ]. Oncol Lett, 2017, 13 (6):4727-
4733.

HUANG J H., CAO Y. ZENG L. et al. Tetrameth-
ylpyrazine enhances functional recovery after contusion
spinal cord injury by modulation of MicroRNA-21,
FasL, PDCD4 and PTEN expression [ ] ]. Brain Res,
2016,64(8) :35-45.

ZHANG X M, NG W L, WANG P, et al. MicroRNA-21
modulates the levels of reactive Oxygen species by targe-
ting SOD3 and TNFq[J]. Cancer Res,2012,72(18) :4707-
4713.

HASHIMI S T,FULCHER ] A,CHANG M H, et al.
MicroRNA profiling identifies miR-34a and miR-21 and
their target genes JAG1 and WNT1 in the coordinate reg-
ulation of dendritic cell differentiation[ ] ]. Blood, 2009,
114(2) :404-414.

(Wi B3 :2017-07-20 &[] A #:2017-10-06)

(35 69 7D

[2]

(3]

(4]

FAE X4 ML % NaYF, . Yb, Er 3356644
KBRS R EAE M [T ], AR K=k (A R B
%),2010,20(2) :232-235.

WANG J,SONG H, XU W, et al. Phase transition, size
control and color tuning of NaREF4:Yb*" ,Er*' (RE =
Y, Lu) nanocrystals[ J]. Nanoscale, 2013, 5 (8): 3412-
3420.

Wk . Aok SiO, f 2 TE vk A 58 B L)L Ak 7 1

[5]

[6]

AR, 2015,43(8) :244-246.

LI Z.ZHANG Y. An efficient and user-friendly method
for the synthesis of hexagonal-phase NaYF,:Yb,Er/Tm
nanocrystals with controllable shape and upconversion
fluorescence[ J ]. Nanotech,2008,19(34) :345606.

AR RN B A 4 G J2 M A 4R A% S A N IR A A A
HI R P AR ID]. B A B K, 2014,

(Wi B #7:2017-06-20 &[] H 19 .2017-09-21)



