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Purpose: A novel CYPA-targeted, SiO, encapsulated Au star@AgAu yolk-shell nanostructure (YSNS) was synthesized and used for
ovarian cancer early diagnosis and therapy.

Methods: Diverse spectroscopic and microscopic methods were utilized to investigate the pattern of the yolk-shell nanostructure. In
addition, in vitro and in vivo experiments were carried out.

Results: It can be found that the ratio of HAuCl, and AgNO; played a critical role in the constitution of the yolk-shell nanostructure.
The as-prepared yolk-shell nanostructure showed excellent SERS performance, which could be utilized as SERS substrate for specific
sensitivity analysis of ovarian cancer markers cyclophilin A (CYPA) with detectable limit of 7.76*107'° ug/mL. In addition, the as-
prepared yolk-shell nanostructure possessed outstanding photothermal performance, which could be used as photothermal agent for
ovarian cancer therapy. Experiments in vitro and in vivo proved that the as-prepared yolk-shell nanostructures are ideal candidate for
carly diagnosis and therapy for ovarian cancer in one platform.

Conclusion: This work holds promise to offer a new method for the detection and therapy of ovarian cancer in the early stage.
Keywords: yolk-shell nanostructure, surface-enhanced Raman scattering, early diagnosis, cancer targeted therapy

Introduction

There are numerous genital tumors that threaten women’s health around the world, one among them is ovarian cancer. In
2022, the American Cancer Society estimates that an additional 19,880 women will suffer from ovarian cancer and
12,810 deaths.' In the early stage, the clinical symptoms of ovarian cancer are relatively hidden and difficult to be
detected, so most patients cannot be diagnosed until the advanced stage, missing the best treatment opportunity.>
Therefore, it is urgent to explore the effective biomarkers and methods for diagnosis of the early stage of ovarian cancer.
Currently, there are only a few publicly recognized ovarian cancer tumor markers, carbohydrate antigen 125 (CA125) and
humanepididymisprotein4 (HE4) which were most used in clinical.*”” However, when the stage of benign ovarian cyst,
hysteromyoma, infection, the sensitivity and specificity are poorer, the overall showed a trend of increase [8]. According
to previous reports and our research, the concentration of CYPA in patients with early ovarian cancer was significantly
increased, compared with healthy women and benign group, and the proportion of CYPA positive reaction was higher in
I/11 stage.* '° In addition, the secretion of CYPA in serous ovarian cancer is much higher than that in nearby tissues, and
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the advanced of ovarian cancer is also closely related to the expression of CYPA.'® All these indicate that the
overexpression of CYPA is intimately associated with the occurrence of ovarian cancer. At present, most of the detection
methods of CYPA are chemiluminescence and ELISA, but their detection limit is about 10 *~10 >ug/mL, which makes
its clinical application in early diagnosis of tumors greatly limited.*'" '

Surface-enhanced Raman spectroscopy (SERS) is an ideal approach to solving problems above attributed to its high
sensitivity, straightforward, and simple, which has been extensively studied and applied in medical diagnosis, chemistry,
biology, environment and other fields.'> ' For SERS application, SERS active nanomaterials are essential.>>** Precious
metals represented by gold and silver are relatively popular and have great development potential. Ag nanostructures
have been widely favored in the application of SERS. However, its chemical properties are not very stable and its surface
is easy to be oxidized, which has become the most difficult drawback for Ag to become SERS substrate. On the contrary,
nanostructured Au has a lower damping rate, a more stable structure and greater biocompatibility, but its ability to
enhance SERS is much lower than that of Ag nanoparticles of the same size. These characteristics greatly restricted the
application of SERS employing single metal Au and Ag nanomaterials. Comparatively, bimetallic nanoparticles have
attracted attention for their good chemical stability, enhanced catalytic and SERS properties.'>~*** Some Au-Ag nano-
alloys or Au@Ag nano-hybrids with enhanced catalytic or SERS properties were also prepared in the past decades.” %’
However, we still require to focus on the unique shape, size and internal hierarchy of bimetallic nano hybrid materials,
and constantly design and attempt to obtain better SERS performance.

In addition to early diagnosis, conventional tumor treatment has some limitations, which makes the early therapy of
tumor become a difficult problem in the present. For example, surgery is invasive treatment and cannot accurately
remove the nidus that are invisible in the stage of cancer. Radiotherapy and chemotherapy can cause many adverse
effects, which will damage to normal tissue. Recently, photothermal therapy (PTT), due to its special advantages in
improving the specificity of tumor detection and reducing the side effects of tumor treatment, it has attracted wide
attention.””>' The basic principle of photothermal therapy is that nanomaterials with light conversion function (photo-
thermal nanoagents) accumulated at the tumor site and elevated the local temperature by absorbing the energy of light
and converting light energy into heat energy. When the local temperature reaches 42—47°C, the tumor cells can be
quickly killed and cleared.**** Compared to other photothermal agents, gold nanomaterials are considered as promising
anti-tumor photothermal therapy agents. They can form a transient excited state in light, and they can also efficiently
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convert light energy into internal energy. Owing to their non-toxic property, tunabe optical behavior, gold nanomaterials
are expected to integrate early diagnosis and therapy in one platform.**¢ A variety of gold-based nanomaterials have
been prepared as reagents for photothermal conversion.’”*®* However, according to the current situation, the design and
construction of CYPA-targeted Au nanostar-based yolk-shell structure was not reported. It is necessary to fabricate the
new nanostructure because it can develop a new method of tumor diagnosis and treatment to overcome the limitation of
traditional tumor markers and traditional theranostic methods.

Inspired by these advantages, in this paper, we developed a novel CYPA-targeted SiO, encapsulated Au star@AgAu
yolk-shell nanostructure (Au@AgAu YSNS), which could be used as “nano-theranostics” for ovarian cancer early
diagnosis and therapy by SERS and PTT method, respectively. Au@AgAu YSNS were prepared by adjusting the Ag/
Au ratios and its SERS performance was screened with Raman spectrometer. Then, SERS probe molecule crystal violet
(CV) was absorbed on the surface of Au@AgAu YSNS, followed by SiO, encapsulation. Next, antibody was coupled
with Au@AgAu@CV@SiO,, which was employed to detect CYPA antigen proteins in plasma using the SERS method.
In addition, the photothermal conversion performance Au@AgAu YSNS was also investigated. Experiments in vitro and
in vivo were carried out, indicating that the prepared yolk-shell nanostructures could be employed as photothermal
therapy agents for ovarian cancer.’>*** The new information obtained from this study may be beneficial to promote the
construction of novel nanostructures and their medical application.

Materials and Methods

Materials

The following are the chemical reagents necessary to complete this work, including chloroauric acid (HAuCl,-4H,0), sodium
citrate dihydrate (C¢HsNa3O5-2H,0), hydrochloric acid (HCI), silver nitrate (AgNO3), ascorbic acid (AA), cetyltrimethy-
lammonium bromide (CTAB), N-hexadecyltrimethylammonium chloride (CATC), sodium hydroxide (NaOH), crystal violet
(CV), 3-aminopropyltriethoxysilane (APTES), phosphate buffer saline (PBS), bovine serum albumin (BSA), human
Cyclophilin A protein (CYPA), Human Cyclophilin A, Antibody CYPA. All chemicals square measure analytically pure
and were used as received while not more purification. Deionized water was used throughout the experiment.

Preparation of SiO, Encapsulated Au@AgAu YSNS

The preparation of Au@AgAu YSNS was modified according to the related synthetic methods of nanorods.?>*!'**
Firstly, Au nanostar (Au NS) was synthesized according to the previous reports.*> Then, to replace CTAB in AuNS
solution, the prepared AuNS was first centrifugally washed with CTAC (80 mM) solution, and then 500 pL AgNO;
(0.01M) and 25 pL ascorbic acid (0.1M) were added to the CTAC solution of AuNS. The solution was then placed in
a water bath and reacted at 65°C for 4.5 h. After centrifugation and washing twice, Au@Ag core-shell nanostar (Au@Ag
NS) solution was obtained. Then, 10 mL CTAB (0.1 M), 102.96 pL. HAuCl, (24.28 mM), 100 uL AA (0.1 M), 10 pL
NaOH (1M) were added into the as-prepared Au@Ag core-shell nanostar solution successively and incubated at 30°C for

12 h. After washing by centrifugation, Au nanostar@AgAu yolk-shell nanostructures were obtained.

SiO, Encapsulation and CYPA Antibody Modification

CV was added into the as-prepared Au@AgAu YSNS to form the CV- Au@AgAu YSNS, which showed obvious SERS
signals. After washing by centrifugation and redispersion in 10 mL ethanol, 40 nL. APTES (10%, w.t.) was added and
stirred overnight. After washing by centrifugation and redispersion in 10 mL PBS solution, add CYPA antibody (100 pL,
10 pg/mL), incubate at 4°C for 24 hours, shake continuously during this period so that it does not precipitate, and then
add bovine serum albumin (100 uL, w.t. 3%). Finally, the solution needs to be centrifuged and preserved at 4°C to
maintain its effectiveness.

Enzyme-Linked Immunosorbent Assay (ELISA)
The level of anti-CYPA in Au@AgAu@CV@SiO,was measured by ELISA according to the manufacturer’s instructions
(Shanghai Jining Shiye, China). The samples and standard substances were added into the micropores pre-coated with the
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captured antigen of human CYPA. Biological antibodies were added for antibody biotinylation. After incubation and thorough,
HRP labeled detection antibodies were added, and after incubation and thorough washing. With the substrate TMB color, TMB
under the catalysis of peroxidase into blue, and under the action of acid into the yellow. The intensity of color was positively
correlated with the level of human cyclophilin A antibody (CYPA Ab) in the sample. The absorbance (OD value) was measured
at 450nm wavelength and the sample concentration was calculated.

Characterization

The morphology of as-prepared nanostructures was investigated on a transmission electron microscopy (TEM, FEI
Tecnai 12, America). UV-vis absorption spectra were recorded on a UV-vis spectrometer (AOE, UV-1902, China). With
the aid of Via Raman spectrometer (532 nm laser) and thermo scientific DXR3 smart Raman spectrometer (785 nm laser)
at room temperature, the SERS performance were acquired on Renishaw in the vary of 600-1800 cm .
Determination of CYPA with SERS

The prepared CYPA antibody modified Au@AgAu@CV@SiO, was added in CYPA protein with different concentra-
tions in 2 mL glass bottle, followed by a constant temperature reaction at 37°C for 2 h, and then determined by DXR3
smart Raman spectrometer.

Photothermal Conversion Performance

In order to explore the photothermal conversion performance of Au@AgAu YSNS, we used 808 nm near infrared (NIR,
Beijing Leibo Photoelectric Technology Co., Ltd.) laser thermal imager to characterize the nano preparation. The specific
procedure was as follows: Au@AgAu YSNS suspension (1 mL) was added to an ordinary test tube, and 808 nm laser
was placed to irradiate it. The temperature changes were recorded by an infrared thermal imaging camera throughout the
whole process. The other photothermal experiments included different concentrations of dispersing solution of
Au@AgAu YSNS, five “laser on—off” cycles. The conversion efficiency was also investigated using the same instrument.

The Anti-Cancer Performance of Au@AgAu YSNS in vitro

To evaluate the anticancer activity of CYPA targeted Au@AgAu@CV@SiO,, normal ovarian cells IOSE80 and ovarian
cancer A2780 cells were incubated with CYPA targeted Au@AgAu@CV@SiO, for cytotoxicity test and therapeutic
effect. IOSE80 and A2780 lines were supplied by China Center for Type Culture Collection (Shanghai, China). The two
kinds of cells were transplanted into 96-well plates containing DMEM medium (pL) for 24h. CYPA targeted
Au@AgAu@CV@SiO, was added, and incubated for another 12 h. Then, add 10 pL. CCKS8 solution into each well,
gently knock the culture plate to mix, and incubate in the incubator for 3h. Finally, OD values of each pore at 450nm
wavelength were detected by enzyme marker, and the cytotoxicity results were obtained. A similar treatment was used to
investigate cell death in cancer cells A2780 irradiated and unirradiated by near infrared laser (808 nm, 1.5 W/cm?, 10
min). In order to more clearly reflect the effect of the prepared material on cell activity, cancer cells were first inoculated
in 6-well plates, cultured with DMEM medium for 12h, and then treated with fresh DMEM medium containing CYPA
targeted Au@AgAU@CV@Si0,. After 12h incubation, the cells were irradiated by near infrared laser and treated by
non-near infrared laser, and then the cells incubated with the material solution were stained with propidium iodide (PI),
which could only stain DNA of dead cells, and calcein-AM, which could only stain living cells. After 10min, the
distribution of living cells and dead cells was observed by fluorescence microscope.

The Anti-Cancer Performance of Au@AgAu YSNS in vivo

Male Balb/c mice (8 weeks, female) were used in our work. All experimental protocols involving animals were carried
out with permission from the Institutional Animal Care and Use Committee (IACUC) of Xuzhou Medical University, and
the procedures were as per the regulations and guidelines of IACUC (Guidelines for ethical review of experimental
animal welfare in Xuzhou Medical University). A2780 cells (1¥107 cells per mL in PBS) were subcutaneously injected
into the right flanks of the mice to establish the tumor bearing mouse model. Three groups (n = 3 per group) were
employed: (i) the control group mice were injected with saline; (ii) the mice were injected with nano (CYPA targeted
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Au@AgAu@CV@Si0,) of 6 mg/kg; (iii) the mice with laser irradiation (1.5/cm? W, 5min) and injection of nano (CYPA
targeted Au@AgAu@CV@SiO,) of 6 mg/kg. During the treatment, the size and weights of the tumors were monitored
every two days for 2 weeks. Infrared thermography of the tumor was acquired in real time using a Fotric 225 infrared
thermography camera, and the spatial temperature distribution was performed. Finally, we immediately took out the
organs of mice for H&E staining to observe the damage degree of the nano-composite material to the organs.

Results and Discussion
Characterization of Au@AgAu YSNS

The morphology and of the as-prepared nanostructures were investigated by a transmission electron microscopy and UV-vis
spectrum in Figure 1. Figure 1 A depicts that uniform Au nanostars (Au NS) with about 70 nm in size were obtained according
to the previous reports.*> When AgNO; was introduced, a layer of silver on the surface of Au nanostars in Figure 1B,
indicating the formation of Au star@Ag nanostructures (Au@Ag NS). After the addition of HAuCly, the outer silver shell of
Au@Ag NS is eroded away by Au®*, forming an approximately 80 nm yolk-shell nanostructure with Au nanostar inside and
AuAg alloy layer on the outer surface in Figure 1C, which was named Au@AgAu YSNS. Au@AgAu YSNS has yolk-shell
structure and many voids, which will enhance the SERS performance.”>*° The UV-visible absorbance spectra further
confirmed the formation of the Au@AgAu YSNS in Figure 1D. It can be observed that the absorption peak of Au nanostar
is range from 600 to 900 nm, which agree with the early reports.** However, when the formation of Au@Ag nanostar, its
absorption peak blue shifted to 475 nm, which is attributed to the formation of Ag layers on the surface of Au star. For
Au@AgAu YSNS, the absorption peak further red shifted to about 650 nm due to the corrosion of Ag layer, which indicated
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Figure | TEM images of (A) Au nanostar, (B) Au@Ag NS, (C) Au@AgAu YSNS (D) Ultraviolet spectra of Au nanostar, Au@Ag NS, Au@AgAu YSNS.(E) The SERS
performance of Au NS, Au@Ag core-shell nanostructure and Au@Ag YSNS using CV (10 M) as probe molecule.
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the successful preparation of Au@AgAu YSNS. Compared with other morphologies of noble metal nanostructures, the yolk-
shell nanostructures with internal gaps were reported as ideal SERS substrates due to their high sensitivity. The SERS
performance of Au stars, Au@Ag core-shell nanostructure and Au@Ag yolk-shell nanostructures were investigated by
choosing crystal violet (CV) as Raman probes in Figure 1E. Typical Raman peaks of CV can be clearly determined. The
intensity of SERS spectra of CVon Au@AgAu YSNS is 3.2 folds of that on Au@Ag core-shell nanostructure and 10.6 folds
of that on Au nanostars. Herein, Au@AgAu YSNS were synthesized by replacement reaction using Au@Ag nanostars as
sacrificial template and HAuCl, solution as etching agent, HAuCly is essential to the formation of Au@AgAu YSNS. The
impact of the ratio of AgNO; and HAuCl, on the formation of Au@AgAu YSNS and their SERS performance were also
investigated in Figures S1 and S2. As the amount of chloroauric acid increased, the silver layer on the surface of Au NS was
gradually eroded, and the star structure gradually diminished and egg yolk shell nanostars were formed. It can be found that
many star like structures with branches were observed in 1:0.25 and 1:0.4 group, which indicated Au@AgAu YSNS has not
been completely eroded away. However, little star like structures with branches were found in the 1:0.5 (Figure 1) 1:0.8, and
1:1 group (Figure S1). The Raman signal intensity gradually increases with the increase of the molar ratio of Ag: Au, reaching
the maximum at 1:0.5, and then declines. It can be found that appropriate Ag/Au ratio plays a key role in the formation of
Au@AgAu YSNS and their corresponding SERS performance.

Construction of CYPA Targeted, SiO, Encapsulated CV@Au@AgAu YSNS SERS
Probe

Raman probe including tags molecules was widely used in biomedical detection and diagnostics. However, tag molecules often
fall off during sample processing, resulting in inaccurate test. SiO, encapsulation is a good method to overcome this
shortcoming.***® To detect CYPA antigen proteins in plasma, CYPA antibody and SiO, encapsulated CV@Au@AgAu
YSNS SERS probe was constructed in this work. Herein, CV, as a Raman tag molecule, was absorbed on the surface
Au@AgAu YSNS due to its enhanced Raman signal. As shown in Figure 2A, obvious SERS signal was still found after
encapsulation. TEM also confirmed that a thin layer of SiO, was found on the surface of CV@Au@AgAu YSNS in Figure S3.
Furthermore, the surface of CV-Au@AgAu YSNS was hydroxylated or amino salinized by APTES process due to abundant
active groups of APTES. The active groups on the surface of SiO, benefit the modification of CYPA-specific antibody. Thus, we
fixed the CYPA-specific antibody to the surface of silica by reductive amination reaction with the amino group of the antibody. In
order to show that CYPA-specific antibody was modified on the surface of nanomaterials, the antibody modified complex was
characterized by ELISA, as shown in Figure S4. Au@AgAu@CV@SiO, and CYPA antibody modified Au@AgAu@
CV@SiO; react with a standard substance of the same concentration to measure the antibody concentration on its surface. It
can be seen that the nanomaterial coated with CYPA antibody reacts fully with the standard substance, and the attached antibody
concentration can be obtained as 187.76 ng/mL in Figure S4. Due to the high specificity between antigen and antibody binding,
the CYPA targeted, SiO, encapsulated CV@Au@AgAu YSNS SERS probe is capable of detecting CYPA at low
concentrations.”” For detection of CYPA, the SERS intensity depends seriously on volume ratio of antigen (0.01 pg/mL) to
SERS probe in Figure 2B. And the good correlation exists between the concentration of CYPA antigen and SERS intensity within
a certain range (10~ pg/mL-10"2 pg/mL) in Figure 2C and D. To calculate the value of the limit of detection (LOD), we extended
the standard curve in Figure 2D to its intersection point with the X-axis. The corresponding horizontal coordinate value is
7.76%¥10"'°, which means the LOD value (7.76*¥10'° pg/mL). Obviously, the as-prepared Au@AgAu YSNS was feasible and
highly sensitive for the determination of CYPA. Based on the above standard curve, this method was used to determine human
serum diluted with known concentrations of PBS, and the results are shown in Table 1. It is obvious that this SERS method based
on Au@AgAu YSNS are expected for early diagnosis of ovarian cancer.

Photothermal Conversion Performance of Au@AgAu YSNS

The strong absorption property of Au@AgAu YSNS in the near infrared region can make it play a unique advantage in the
process of PPT cancer treatment. In order to better evaluate its photothermal properties, Au@AgAu YSNS was prepared into
aqueous dispersions with gradient concentrations (20, 50, 100 and 200 pg/mL). They were irradiated with a laser of the same
parameters (808 nm, continuous wave, 1 W/em?, 300 s) to collect their temperature changes. As shown in Figure 3A and B,
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Figure 2 (A) The SERS spectra of Au@Ag@Au@CV@SiO, with different CV concentrations. (B) Raman spectra of Au@AgAu@CV@SiO, SERS probe (CV, 10~* M) with
different volume ratio of antigen (0.01 pg/mL, 100 pL) to Au@Ag@AU@CV@SiO; solution (400 ug/mL). (C) Raman spectra of different concentrations of CYPA. (D)
Relationship between the negative logarithm of human serum CYPA concentration and peak height.

the increasing temperatures of Au@AgAu YSNS solutions are proportional to the concentration of the solutions. The
temperature was increased to 58.7°C (35.7°C of the increasing temperatures) at a concentration of 200 pg/mL, which
effectively proves that Au@AgAu YSNS has good photothermal performance. The photothermal stability was discussed in
Figure 3C. Five cycles of laser on/off irradiation were performed. No significant temperature change during these cycles
indicated good photostability of the as-prepared Au@AgAu YSNS. The photothermal conversion efficiency is also
calculated in Figure 3D and E and the methods are shown in Supplementary Materials, which is about 38.72%.

Obviously, the as-prepared Au@AgAu YSNS could be used as PTT agents for ovarian cancer.

The Anti-Cancer of Au@AgAu YSNS in vitro

As a PTT agent, high safety and in vitro cytocompatibility are essential. To verify whether the prepared CYPA targeted
Au@AgAU@CV@SiO, (for the convenience of further discussion in vitro and in vivo experiment, CYPA targeted

Table | The Calculated CYPA Concentration in Human Serum Using SERS Methods

Sample Actual Detection RSD (%) n=3
Concentration (pg/mL) | Concentrations (pg/mL)

Human serum 20.23 22.62 25.07
404.7 410.25 9.66
International Journal of Nanomedicine 2023:18 https: 3819
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Figure 3 (A)Thermal infrared images of different concentrations of Au@AgAu YSNS (20, 50, 100, 200 pg/mL). (B) Heating curves of Au@AgAu YSNS at different concentrations
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Heating-cooling curves of Au@AgAu YSNS (100ug /mL, | W cm 2). (E) The linear relationship of time data versus —In 0 obtained from the cooling period of picture.

Au@AgAu@CV@SiO, was denoted “nano” in the following discussion) have the above two properties, normal ovarian cells
were incubated with different concentrations of “nano” for 24 h. As shown in Figure 4A, the “nano” of each concentration had

little damage to the cells. To discuss the anticancer of “nano” in vitro, ovarian cancer cells A2780 was co-incubated with
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different groups (the concentrations of nanomaterials is 50 pg/mL). (C) Calcein-AM and propidium iodide staining images of different groups A2780 ovarian cancer cells.
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“nano”. As can be seen Figure 4B, cell death rates were very low in the control (medium only), laser groups (laser only) and
nano groups. However, both laser irradiation and “nano” were involved, the cell survival rate was only 24%, indicating that
laser irradiation can activate “nano” to achieve PTT effect. To visually evaluate the anticancer properties, the cells stained with
calcein-AM and propyl iodide were placed under fluorescence microscope to observe the survival of the cells. A small number
of dead cells could be seen in the control (medium only), laser groups (laser only) and nano groups (“nano” only). However, as
shown in Figure 4C, most of the cells died after being “nano”-treated under near-infrared irradiation. Apparently, the prepared
CYPA targeted Au@AgAu@CV@SiO, was lethal to cancer cells.

The Anti-Cancer in vivo
The PTT efficacy of “nano” was further investigated in vivo in Figure 5. Real-time infrared thermal imaging photographs
of saline and nano + laser treated tumor-bearing mice are shown in Figure SA. It can be clearly concluded that the saline
injection into the tumor was purple in the irradiation time, and there was no significant change (the temperature is
31.9°C). The tumors of mice in nano + laser group underwent a significant color change, from dark purple to bright pink,
where the temperature has risen by about 10°C in just 5 min (the final temperature is 41.5°C). This will help kill tumor
cells. In order to further explore its tumor efficacy, we observed the mice for 14 days, and then sacrificed the mice to
remove the tumors. The volume and weight of tumor were investigated in Figure 5B-D. It can be inferred that the tumor
volume can be significantly reduced in nano + laser group, completely different from the control group, indicating that
“nano” has a high efficacy of PTT for cancer.

In order to explore whether “nano” has an unknown damaging effect on the internal body, H&E staining was used for
in-depth exploration, and the experimental results are displayed in Figure 6. Principal organs such as heart, liver, spleen,
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Figure 5 (A) Thermal infrared images of mice in control group and nano+laser (50 pg/mL, 808nm, 1.5 W/cm?, 5min). (B) Photographs of the tumors (n=3) that taken on the
seventh day. (C) The curves of tumor weight (n = 3) for each experimental group. (D) The curves of tumor volume (n = 3) for each experimental group.
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control
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Figure 6 H&E staining after Au@AgAu@CV@SiO; injected into each organ of mice.

lung, and kidney were harvested for H&E staining. Compared with the nano group and the control group, the tissue
necrosis in the “nano” group was not obvious. These results indicate that CYPA targeted Au@AgAu@CV@SiO, has
a relatively low toxic effect on major organs of the body and has good histocompatibility, which can provide a new
approach for the treatment of tumors in vivo.

Conclusion

In summary, we put forward a novel CYPA targeted bimetallic nano-theragnostic based on SERS for the detection of
ovarian cancer marker and PTT for ovarian cancer. Experimental results showed that the ratio of silver nitrate (AgNO3) to
chloroauric acid (HAuCly) played a crucial part in the SERS performance. Employing this nano-theragnostic, low
concentration of CYPA was measured in serum. In addition, the nano-theragnostic is also proven to have excellent
photothermal conversion efficiency, which could be used as PTT for ovarian cancer. This work could provide a highly
sensitive, rapid and simple diagnostic method for the detection of tumor biomarker CYPA. Meanwhile, it is also expected to
realize the hope of photothermal treatment of cancer.
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