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SERS IMAGING OF NASOPHARYNGEAL CARCINOMA MARKERS USING
AN ANTIBODY-CONJUGATED GOLD NANOPARTICLES PROBE
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Surface-enhanced Raman scattering (SERS) nanotags as an ultrasensitive nanoprobe is becoming
popular for the detection of biomarkers. Herein, antibody-conjugated gold nanoparticles (AuNPs) were used
to target LMP2A in an LMP2A-infected CNE?2 cell line. SERS maps showed that the LMP2A4 was distributed
around the cell, which was consistent with the results of immunofluorescence staining in the previous report.
This location could be due to the specific binding of the bioconjugated nanotags to the receptors on the cell
surface. However, the CNE2 cell line without LMP2A-infected showed no detectable signal at 1044 em”.
The results demonstrated the potential feasibility of AuNPs nanotags as highly sensitive probes conjugated
at the subcellular level for detection and localization of cancer markers in nasopharyngeal carcinoma (NPC).
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IIpu obnapysicenuu buomaprepos nonyIsAPHO UCNONbIOBAHUE AGNEHUS NOBEPXHOCIMHO20 YCUNEHUS KOM-
ounayuonnozo pacceanus ceema (SERS) na nanouacmuyax. B nacmosweil pabome anmumeno, conpsicen-
Hoe ¢ Hanoyacmuyamu 3010ma (AuNPs), ucnonvzosano npu onpeoenenuu LMP2A 6 epynne kiemox CNE2.
Juacpammor SERS noxazvieatom nanuuue LMP2A 6 nopasicennou kiemke, UCCiIe008aHHOU panee MemoooM
UMMYHOQDIYOPECYEHMHO20 OKPAUUBAHUA. DMO Modcem Obimb 00YCI06NIEHO CEA3bIGAHUEM HAHOYACMUY C
peyenmopamu nogepxrHocmu kiemxu. Ilpu uccnedosanuu 300poswix xremox CNE2 cuenan na oaune gonnvl
1044 e’ ne obnapyacen. Tlonyuennvie pesynvmamsl 0eMOHCIPUPYIOM 803MOMCHOCMb npumerenusi AuNPs
6 Kauecmee 6blCOKOUYECHIGUMENbHBIX 30H008 NPU OOHAPYICEHUU U OnpeoeleHuy Mecma pacnon0HCeHUs.
Mapkepoe KapyuHoMbl HOCOIOMKU.

Knioueevie cnosa: kapyurnoma nocoenomru, LMP2A, mapkep, nanouacmuywl 30n10ma, CNE2.

Introduction. Surface-enhanced Raman scattering (SERS) is popular in the imaging of biological or
chemical processes occuring at the cellular level. It is reported that the SERS method yields a signal of am-
plitude 15 orders greater than Raman scattering and therefore allows for chemically specific imaging [1].
These narrow ‘fingerprint’ Raman spectra unique to the chemical species is called SERS-active nanoparti-
cles (SERS nanotags) [2]. SERS nanotags are constructed by attaching strong Raman active (reporter) mole-
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cules onto Au nanoparticles (AuNPs) and encapsulating them in a polyethylene glycol (PEG)/silica/bovine
serum albumin shell [3, 4]. These nanotags can be easily functionalized with various receptor moieties for
specific and active in vivo targeting of biomarkers with the following advantages: (i) multiplex detection
capability due to spectral fingerprinting, (i) low susceptibility to photo-bleaching, and (iii) low cytotoxicity
due to the use of AuNPs [5]. Thus, SERS nanotags are successfully used for the early detection of cancer
biomarkers [6, 7]. For example, AuNPs are used for detecting different types of cancer [8—12]. Raman re-
porter-labeled hollow gold nanospheres (HGNs) show much better correlations between concentration and
intensity than the conventional point-based assay [13]. Histological SERS imaging may outperform conven-
tional immunohistochemistry staining as recently described for the detection of LMP1 in nasopharyngeal
tissue sections [14]. Near infrared (NIR) active SERS nanotags constructed with an Au/Ag hollow shell have
also been obtained for passive in vivo multiplex detection when they are subcutaneously injected [15]. Re-
cently, a fiber optic-based Raman endoscope system has been fabricated. It has the capability to detect and
quantify the presence of single or multiplexed SERS nanoparticles [16].

The Epstein-Barr virus (EBV) is the first identified human tumor virus associated with various malig-
nancies, most notably nasopharyngeal carcinoma (NPC). It is reported that LMP2A, the Epstein-Barr virus
encoded latent protein, plays an essential role in oncogenic processes. Although both LMP1 and LMP2A are
detectable in NPC samples, the majority of authors focus on LMP1 because of its known oncogenic proper-
ties in B cells. However, LMP2A is detected in more than 95% of NPC samples at the mRNA level, and
about 50% of these specimens at the protein level, whereas LMP1 is detected only in 65/35% of NPC sam-
ples at the mRNA/protein level, respectively. In addition, the high LMP2A content in NPC samples is corre-
lated with cellular invasion and metastasis. Thus, LMP2A can be considered as a novel target for NPC can-
cer [17]. Herein, LMP2A in a CNE2 cell line is analyzed on the basis of the following model. The anti-
Imp2a MoAb 4A11B3A3 conjugated with AuNPs is considered as SERS substrates for LMP2A SERS imag-
ing in a CNE2 cell line. The original CNE2 cell line without LMP2A and AuNPs is used as a control sample.
The obtained SERS images are compared with the published work done by our group using immunofluores-
cence staining. To the best of our knowledge, this is the first report about anti-lmp2a labeled AuNPs com-
bined with SERS imaging for detection of LMP2A.

Experimental methods. Gold nanoparticles (AuNPs) are provided by Jinan University [18]. They were
prepared by reducing chloroauric acid with trisodium citrate. Briefly, 10 mL of 1% trisodium citrate was
quickly added to 50 mL of the boiling chloroauric acid solution (1.0x10° M) under vigorous stirring. The
color of the solution turned from pale yellow to wine red. This solution was allowed to react under heating
for 15 min. When the heating mantle was removed, this solution was stirred at room temperature for another
2 h. The prepared gold colloids were stored at 4°C to maintain the stability.

Preparation of antibodies-conjugated gold nanoparticles: 1 mL of AuNPs was mixed with 200 mL of
0.2 M deoxygenated cysteamine solution for 12 h at 4°C. Cysteamine-modified AuNPs were separated by
centrifugation (5000 rpm, 10 min) and washed with PBS (pH 7.4) three times to remove unimmobilized cys-
teamine. Amine-functional AuNPs were re-dispersed in 1 ml of PBS (pH 7.4). In order to conjugate the
anti-lmp2a MoAb antibody with the AuNPs surface, 0.5 mL of the aqueous solution of 0.1 mM anti-lmp2a
MoAb 4A11B3A3 was incubated with 1 mL of the cysteamine-modified AuNPs solution containing 0.25 M
EDC for 12 h at 4°C. Then the antibody-conjugated AuNPs solution was separated by centrifugation
(5000 rpm, 10 min) and washed three times with PBS (pH 7.4) to remove unconjugated anti-lmp2a MoAb.
Finally, antibody-conjugated nanoprobes were re-dispersed in 1 mL of PBS (pH 7.4) and kept at 4°C.

LMP2A-overexpressed CNE2 cells were generated by the following methods. The poorly differentiated
nasopharyngeal carcinoma cell line (CNE2) was maintained in an RPMI 1640 medium (Life Technologies,
Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS) in a humidified 5% CO, incubator at 37°C.
The LMP2A monoclonal antibody was obtained from Proteintech Group Inc. ABCG2 (Cat. 3380). CNE2
cells (5%10%) were seeded per 100-mm dish and transfected the next day with 8 pg of pCR3.1-LMP2A to-
gether with 1 pug of the EGFP-expressing vector using the FuGENE 6 reagent. EGFP positive cells were
sorted out from the co-transfected cells 48 h later. To establish stably expressed LMP2A cell lines, CNE2
cells were infected with the virus expressing LMP2A in the pBabe vector, followed by selection with
0.5 pg/mL of puromycin (Sigma-Aldrich, St Louis, MO) [17].

Raman measurements. A 10-uL drop of suspended live cells in PBS was deposited on a pure aluminum
flake, where the cells were allowed to settle and become immobilized after drying, ~15 pm above the alumi-
num surface. Raman imaging was performed using a Renishaw inVia confocal Raman system (controlled by
WIRE 3.2 software) coupled with a Leica DM 2500 microscope. The spectrometer was equipped with
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a 785 nm near-infrared diode laser (5 mW). A 50x objective lens (~1 pm laser spot size) was used to focus
the laser beam and to collect the Raman signal. Raman spectral mapping was performed in a streamline
mode at an integration time of 1 s (~0.06 s per pixel) using the point intensity at several enhance bands. The
integration time for each spectrum was 1 s, and the spacing between adjacent scanning spots was 2 um. The
images of CNE2 cells were acquired after incubating with antibody-conjugated AuNPs for 2 h.

Results and discussion. The obtained assignment for the RS of the CNE2 cell line is presented in Ta-
ble 1. Figure 1 shows the representative Raman spectra for CNE2 cell lines in the range 750-1750 cm ! with
and without antibody-conjugated AuNPs after background removal and normalization, respectively. The
fluorescence background of the original data was removed using a fifth-order polynomial; the steady band at
1004 cm ' assigned as phenylalanine was used for normalizing the RS curves, which enable a better com-
parison of the spectral shapes and relative Raman band intensities among different organs and anatomical
regions [19]. It can be seen that the SERS spectra had the characteristics peak at 1044 cm ' exhibiting much
increased signals as compared to the CNE2 cell line; the other bands had almost the same shape with the
previously obtained spectrum. Detailed band assignments are shown in Table 1 [20]. The strong band at
1044 cm' was assigned to the C-N stretching vibration in previous SERS studies [21, 22], suggesting the
location of antibody-conjugated AuNPs nanotags and LMP2A infected CNE2, which might be associated
with an increase in the relative amount of protein (or DNA, RNA) bases relative to the whole SERS-active
constituents.
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Fig. 1. SERS (a) and RS (b) antibody-conjugated AuNPs spectra of CNE2
after background removal and normalization.

TABLE 1. Band Assignment for RS of CNE2 Cell Line

v, cm Assignment
784 DNA, RNA (PO, symmetric stretching)
830 DNA (PO, asymmetric stretching), tyrosine
854 v(C-C) of proline, (CCH) ring breathing of collagen
940 v(C-C) of a-helix conformation for proteins
964 Lipids, proteins (CH;3 deformation)
1004 n(C—C) ring breathing of phenylalanine
1033 Phenylalanine, protein C—N stretching
1044 C—N stretching vibration
1101 C—C stretching of phospholipids
1128 Protein C—N stretching
1157 DNA (ribose-phosphate)
1174 Tyrosine, phenylalanine, protein (C—H bend)
1208 Tyrosine, phenylalanine, protein (Amide III)
1320 Gyanine, protein (C—H deformation vibration)
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Continue Table 1

v, cm Assignment
1337 Adenine, guanine, protein (C—H deformation vibration, CH;CH, twisting
of nucleic acids)
1448 Lipids/pronein (CH; deformation, CH, bending)
1577 Guanine, adenine, heme C=C bending of pyrimidine ring of nucleic acids
1606 Tyrosine, phenylalanine, protein (C=C)
1619 (n(C=C) of porphyrins) protein
1665 Amide I v(C=0) of proteins, a-helix conformation

The bands at 1004, 1044, 1320, and 1445 cm ' are constructed and mapped in Fig. 2. The bar scales on
the bottom displayed the color decoding for SERS intensity. The Raman peak intensity level at each pixel
was coded by pseudo colors, black representing the lowest intensity, and red representing the highest. The
Raman peak at 1004 cm ' was a prominent and stable Raman signal reflecting the changes of phenylalanine.
The intensities indicated the amount of phenylalanine at the spot of the cell. In the same way, the maps based
on the bands at 1320 and 1445 cm ' exhibited their content of protein and lipid in the cell according to Ta-
ble 1. The bar scales on the right of the maps showed values different from Fig. 2. The changes of these mo-
lecular components might reflect more chemical interaction between the molecule and the microenvironment
occurring in cancer cells. Interestingly, intensity mapping at 1044 cm™' (Fig. 2b) showed a completely differ-
ent shape from the above-mentioned maps. The Raman signal gave strong bright scattering spots on the cell
surface. These bright spots were due to the light scattering property of the AuNPs in the bound nanotags.
The antibody conjugated SERS nanotags bound to the biomarkers (LMP2A), which are cell membrane
bound receptors, to give strong bright scattering spots on the cell surface. The map confirmed the specific
interaction and binding of the bioconjugated nanotags to the biomarker on the cell surface, because LMP2A
was attached to anti-lmp2a MoAb 4A11B3A3, which was conjugated to AuNPs. However, the nonconju-
gated nanotags did not bind to the cell surface, and thus no bright scattering spots were observed. This loca-
tion was in agreement with the reported results of our immunohistochemical analysis [17], where it was said
that LMP2A was mainly expressed on the CNE2 cell membrane and preferentially located at the tumor inva-
sive front. According to the bar scale, the black color in the center still had the Raman signal, indicating that
AuNPs or LMP2-AuNPs were incorporated into the cells. The representative SERS based on points 4, B, C
is shown in Fig. 3. Figure 3C shows that point C still had the characteristics peak at 1044 cm ', although it
only had half of the intensity compared with that of point 4. The value was consistent with the morphologi-
cal brightness of Fig. 2b.

In this way, the strong and stable characteristics of SERS signals of Raman reporters in the cells demon-
strate biocompatibility and stability. SERS nanotags constructed with Au nanospheres, which has the surface
plasmon resonance in the NIR range coupled with the plasmonic heating associated photothermal property,
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Fig. 2. SERS mapping results with SERS nanotags demonstrating the expression and relative distribution

of the biomarkers (LMP2A) on the cell surface bound to the antibody-conjugated SERS nanotags

(anti-lmp2a MoAb 4A11B3A3), map at 1004 (a), 1044 (b), 1320 (c), and 1450 cm ' (d); the bright field
of CNE2 with antibody-conjugated AuNPs (e).
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Fig. 3. SERS spectra from LMP2A-CNE2 cell line showing the peaks at 1044 cm ' from nonbioconjugated
SERS nanotags corresponding to points 4, B, and C in Fig. 2b respectively. Signal intensity gave
an enhancement of two orders of magnitude from the cell membrane to cell.

can be employed in developing these particles as sensitive theranostic probes. Such probes will find applica-
tion in efficient cancer detection and therapy, especially when SERS tags are administered to bind to multi-
ple biomarkers on cancer cells.

The location of cancer biomarkers using biocompatible SERS nanotags has recently emerged as the
most promising tool for biosensing and imaging by the characteristics spectra. SERS nanotags with antibod-
ies specifically interacted and actively bound to their receptors and thus contributed to the prolonged signal
at the tumor site, whereas SERS nanotags without antibodies dissipated fast from the tumor site. This way,
these tags can be used to quantify the levels of biomarkers and thus monitor the cancer progression or the
therapy effectiveness.

LMP2A plays an important role in oncogenic processes. It was reported that LMP2A was observed in
57.6% of NPC tumor samples. It was mainly localized at the tumor invasive front. Moreover, the larger the
LMP2A amount in NPC samples, the worse the prospect of survival. In addition, LMP2A dramatically af-
fects the properties of epithelial cells: their ability to accelerate anchorage-independent growth, promote tu-
mor growth in nude mice, and activate cell motility. On the other hand, LMP2A strongly upregulates the
cancer stem cell-like population in NPC, which can explain the onset of metastases and the high rate of re-
currence for these tumors. This raises the possibility that this viral protein plays a key role not only in EBV
latency and persistence but also in the progression of NPC. Thus, the detection of LMP2A in tumor tissues is
important in predicting the NPC progression, and LMP2A can be considered as a novel therapeutic target for
this cancer [23, 24].

The results of the investigation of NPC patients’ biopsies revealed that for 19 out of 33 (57.6%) paraf-
fin-embedded samples it showed moderate to strong staining of LMP2A in most of the tumor cells and scat-
tered infiltrated lymphocytes in some of them. No positive staining was detected in adjacent noncancerous
epithelial cells [17]. LMP2A is detected in NPC samples at various levels. Its localization at the invasive
front indicates a potential role in promoting tumor invasion. From nude mice inoculated with CNE2-LMP2A
cells, we established a level of LMP2A that was comparable to that found for the NPC biopsies. Hence,
physiological levels of LMP2A can exist. Thus, further studies of LMP2A function are necessary. Thus,
LMP2A-infected CNE2 cells were applied to simulate the NPC tissue; and clone MoAb 4A11B3A3, which
was anti-lmp2a, was attached to AuNPs for detecting the biomarker (LMP2A). Thus, the level of LMP2
markers (protein) proteins is the main reason to change the shape of the spectra. SERS with antibody-
conjugated AulNPs is emerging as a powerful new tool for targeting and imaging specific cancer markers in
living cells.

To our knowledge, this is the first report to locate LMP2A, can be used as a biomarker of NPC from the
LMP2A-infected CNE2 cell line by conjugating the anti-lmp2a MoAb 4A11B3A3 to AuNPs. In our meas-
urement, a characteristics peak at 1044 cm ' was detected, which did not exist in the RS of CNE2, suggesting
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the peak is caused by AuNPs. Because LMP2A-infected CNE2 can conjugate to anti-lmp2a MoAb
4A11B3A3, which is connected with AuNPs, LMP2A can be obtained from the intensity of the peak at 1044
cm '. What’s more, the Raman imaging constructed by the band at 1044 cm ' demonstrated that the intensity
in each cell was enhanced, but cell membrane was brighter than the center, suggesting that LMP2A located
mostly at the cell membrane. The result agreed with our previous report using immunofluorescence staining
with four different LMP2A MoAb clones [17]. Our findings are in agreement with the previous observation
of a direct SERS and can provide detailed information for cell biologists.

Conclusion. We considered the LMP2A biomarker a novel target for NPC diagnostics using SERS
nanotags. The characteristics peak at 1044 cm ™' was observed from the SERS, which did not exist in the RS
of the CNE2 cell line. The SERS map at 1044 cm ™' demonstrated the brighter scattering spot around the cell,
suggesting the membrane localization of LMP2A in the LMP2A-infected NPC cells, because the anti-lmp2a
MoAb 4A11B3A3 attached to AuNPs. The light distributions were consistent with the results obtained by
immunofluorescence staining. The detection of LMP2A by SERS specific nanotags can be useful in predict-
ing NPC progression.
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