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Nanoscale detection of ovarian cancer biomarker

Marwah AL-OGAIDI"", Nuha NIHAD A. ABURAHMA?Z, Ansam M. SALMAN" Haider RAAD?

ABSTRACT
It is estimated that over 2,000 women globally are impacted by ovarian cancer (OC): Unfortunately, every

year, over half of the cases end in death. This underscores the critical importance of better early detection and diagnosis
of OC. Research into improving a sensitive, dependable, and rapid cancer serum antigen (CA-125) detector is essential
for medical diagnosis. This antigen may signal the earliest stages of ovarian cancer. The typical crystalline size of the
Cadmium selenide (CdSe) quantum dots (QDs) that we synthesized and coated iscadjusted in this study to be 8 + 0.2
nm. Multiple characterization methods, including X-ray diffraction, Z-scan, and transmission electron microscopy,
were utilized to verify their properties. We used these QDs as optical tags for a sandwich assay, which was used to test
a high-binding surface where the capture antibody was immobilized. Popular optical tags (QDs), semiconductor
nanoparticles with size-dependent fluorescence spectra, brightness, and photostability, were used and can be detected
by a microplate spectrophotometer. A linear curve was observed within a range of 5-1000 U/ml CA-125, which is
suitable for quantitative work, and the detection limit was 4.5'U/ml. The interference with the detection of CA-125
was tested in human serum, and the results showed no significant difference in the fluorescence spectra. Third-order
nonlinear optical parameter analysis of conjugated CdSe QDs under an excitation beam power level of approximately
120 W and a wavelength of 532 nm was. determined in detail. The third-order optical susceptibility (¥3) was
2.746 X 1077 esu with a sound absorption coefficient of 4.68556 X 10™> ¢cm/W and nonlinear refractive index
—5.6132 x 107 cm? /W . Finally, the resulting CdSe QDs have been effectively employed in the labeling and, hence,
detection of ovarian cancer antigen (CA-125).
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INTRODUCTION

Among Western women infected with cancer, ovarian cancer (OC) is the seventh foremost cause of mortality
.[1, 2]. Worldwide, OC affects 239,000 females. More than half of all cases end in death each year, and the rates of
new cases and deaths among women with OC have remained consistent since 1992 .[3]. The origin of the anomalous
cells in the ovarian tissue helps to classify the various forms of OC. Epithelial carcinoma encompasses most newly
diagnosed cases, specifically around 90% .[4]. Discomfort during eating, gas, and abdominal pain are typical signs of
OC. However, these symptoms cannot be utilized as a sole diagnostic tool for OC because they are present in the
general female population without OC .[5]. This is why OC is sometimes called the "Silent Killer" .[6]: it is not
detectable until the disease has progressed significantly. Computed tomography (CT) scans of the chest, abdomen, and
pelvis, pelvic examination, and transvaginal ultrasound are used to assess the extent to which the disease has spread
beyond the pelvic area, even when OC is presumed .[7]. To determine the stage of OC, conducting procedures like
colonoscopy, laparoscopy, and biopsy is necessary. However, patients may experience discomfort during and after
these procedures .[8]. Even though various forms of OC involve genetic and epigenetic alterations, the currently
licensed tests for disease identification, such as cancer detection and monitoring, are protein-based assays .[9].

Bast et al. (1983) described cancer antigen serum (CA-125) as an additional helpful tool alongside radiological
and imaging testing. They documented this glycoprotein type using the mAb OC 125. In 80% to 85% of women
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diagnosed with epithelial OC, CA-125 levels in the bloodstream rose. Several follow-up investigations have shown the
association between an elevated CA-125 level and ovarian cancer. A high CA-125 level usually indicates late-stage
OC, but in early-stage OC, less than half of the cases showed an elevated level of this marker. CA-125 is a significant
tumor marker. Other types of cancers, including colon, pleura, breast, peritoneum, pancreas, Miillerian epithelial cells,
and pericardium, have been associated with higher levels of CA-125, according to other research .[11] [12]. It has been
accepted to test for OC using CA-125 in conjunction with a physical examination .[13] [14]. The effectiveness of OC
diagnosis has been the target of intensive attempts to validate individual indicators .[15].

An important area of research that could significantly affect the care and outcomes of ovarian cancer is the
development of a biosensor for early diagnosis. In many cases, the sensitivity and specificity of the existing procedures
used to diagnose OC are inadequate, resulting in diagnoses made at a late stage and low survival rates. As a result, we
announce the creation of a trustworthy and sensitive technique for detecting low CA-125 concentrations; which may
show early phases of OC; this could lead to a paradigm shift in the field and better patient outcomes. The size-dependent
fluorescence spectra, photostability, brightness, and detectability by fluorescence, spectrophotometry of optical
quantum dot (QD) tags—constructed of semiconductor nanoparticles (NPs)—have contributed to their rising
popularity.

PERSPECTIVES

The advent of nanotechnology may drastically alter the diagnosis, treatment, and prevention of numerous
diseases, including cancer [16-20]. A semiconductor core plus a secondary semiconductor material form the
nanocrystals known as quantum dots (QDs). The core can have a diameter anywhere from 2 nm to 10 nm. The optical
and electronic features for QDs are distinct from those of organic dyes and fluorescent proteins. These properties
include controlling light emission depending on size and composition, increasing signal brightness, resistance to
photobleaching, and stimulating numerous fluorescence colors simultaneously .[21]-[25].

Using QDs for bioimaging and cancer diagnostics is rapidly expanding in cancer research. In a perfect world,
QD-based probes would be used for the early detection and noninvasive treatment of both primary and metastatic
malignancies. The development of quantum dot (QD) probes endowed with enhanced target selectivity, signal
intensity, and therapeutic potential—all while mitigating cytotoxicity and nonspecificity—is imperative, as existing
electrochemical biosensors and their applications remain in their infancy. An integrated platform is required before its
extensive use in cancer diagnosis and treatment to simplify detection and enhance automation. Solubilizing QDs before
their application requires surface modification with biofunctional compounds .[26]. Diagnosing and treating cancer
with high specificity is possible with diagnostic and therapeutic agents .[27]-[29].

There has been a lot of interest in QDs for active targeting of cancer antigens because of their potential use in
early cancer imaging and diagnostics .[30]-[32]. Yet, there are still obstacles to overcome before clinical applications
may be achieved, such as improving sensitivity, increasing specificity, and decreasing QD toxicity. If QD-based
nanotechnology is to make significant strides in cancer treatment, researchers and experts from many domains must
work together. Reported studies in this field are explained in Table 1.

Table 1. Reported studies in the field of QDs
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GENERAL PROCEDURE

CHEMICALS AND MATERIALS

There was no further sterilization of the substances utilized in the research. Sigma-Aldrich (St. Louis, MO)
supplied the CA-125 antigen, anti-mouse CA-125 detection Ab IgG1, PBS-Tween 20, HCI, sulfo-NHS, and Ethylene
dichloride (EDC). A Millipore Milli-Q filtration system produced pure deionized water to prepare aqueous solutions.
A black 96-well plate from Fisher Scientific, CdSe core QDs from NNCrystal, octadecylamine (ODA), and 1-
octadecene (ODE) were among the other ingredients used.

3.2. Preparation and Bioconjugation of Core/Multishell QDs

Here is how multishell quantum dots were made utilizing the sequential ion layer adsorption and reaction
technique .[18]: In a 100 ml flask, 1.3x10-6 mol pure CdSe.core QDs, 30 g ODE, and 10.0 g ODA were loaded,
nitrogen-filled, and heated on a mantle to 120 °C for 15 min.

CHARACTERIZATION

The X-ray diffractometer (XRD-6000, Shimadzu, Japan) and Cu(k) radiation were used to measure the
crystalline structure of the QD NP. The parameters used were a scanning speed of 5°/min, a wavelength of 1.5405, 60
kV, and 80 mA. The scanning range was 2°, from 20° to 80°. To find out how big and round the QDs were, researchers
used a transmission electron microscope (TEM; Philips Holand). Before taking micrographs at a voltage of up to 120
kV (type CM120), a carbon-coated copper grid was used to load a drop of aqueous CdSe QD sample into the
transmission ‘electron microscope (TEM). The sample was then let to dry at ambient temperature. Spectrophotometry
for linear transmissions and. Z-scan for nonlinear transmissions was also investigated. The Z-scan method was
accomplished using a second harmonic generation Nd: YAG laser with a Gaussian profile and a beam divergence of
0.711 mrad. The laser excitation power could not exceed 120 W, and the beam diameter had to be less than 1.5 mm.
The synthetic sample was moved along the laser axis using a linear translation stage and a convex lens with a 20 cm
focal length to study the changes in laser beam intensity. Open- and closed-aperture configurations were adopted to
control the nonlinear refraction index (n,) and absorption coefficient (f3).

The 3rd-order nonlinear optical susceptibility x(3) can be computed once the n2 and § have been obtained.

LABELING OF CA-125 DETECTION AB WITH QDS

CA-125 detection Antibody- Quantum dot (Ab-QD) conjugates were prepared via covalent coupling using
sulfo-NHS and EDC. QDs (0.033 uM) with surface carboxyl groups were activated by incubation with sulfo-NHS and
EDC for 5 min at pH 7.4. The following step was to add 50 pl of 125 pg/ml CA-125 Ab, mix thoroughly by vortexing,
and let it react at room temperature for 2 hours. Two hours later, 2 pl of quenching buffer was added to a reaction, and
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it was stirred for ten minutes to stop the reaction. After being kept at 4 °C for around 12 hours, the CA-125 Ab QD
conjugates were spun in a centrifuge to eliminate unconjugated particles.

COATING OF THE HIGH-BINDING PLATE WITH CA-125 CAPTURE AB

Physical adsorption was used to perform Ab coating. The wells were subjected to a 24-hour treatment with
Phosphate buffered saline (PBS) at pH 7.4. Then, the microtiter plate wells were coated with 2 ug/ml Ab solution by
pipetting 50 ul diluted Ab in the top wells of the plate. Next, the plate was wrapped and then stored for 12-24 hin a
refrigerator at 4 °C. After the removal of the coating solution, the plate was rinsed thrice with 200 ul 10 mM PBS (pH
7.4). The solution was removed by flipping the plate over a sink. The residual droplets were eliminated by gently
tapping the plate onto an absorbent paper surface.

OPTIMIZATION OF THE CONCENTRATIONS OF CAPTURE AND DETECTION ABS

The concentrations of captured and detected Abs were confirmed. The experimentswere performed by fixing
all the experimental parameters except the concentration of the capture and detection Abs separately. The capture and
detection Abs were tested in 2—-20 and 5-100 g/ml, respectively.

DYNAMIC RANGE AND STANDARD CALIBRATION CURVE

The experiment was conducted in a physiological buffer using identified concentrations of the typical sample
(5, 50, 100, 200, 1000, and 5000 U mL-1) to determine the best concentration range for capturing and detecting
antibodies.

The experiment used capture and detection antibodies at 2 Ug mL-1 and 5 Ug mL-1, respectively. Each well's
optical density was measured at 620 nm to determine the linear range. Triplicate runs of the test were carried out
according to the specified linear range. For known antigen concentrations in the existence of biological matrix, the
relative signals were determined by establishing the calibration curves.

TESTING IN THE EXISTENCE OF HUMAN SERUM

Following the confirmation of the modifications of Abs, the test was conducted with 50% human serum. The
potential for interference from human serum was tested in the assay. In interference tests, the presence or absence of
an antigen is tested by adding human serum to a certain amount of the antigen.

RESULTS AND DISCUSSION

The crystal domainsize was determined using Gaussian fit on X-ray diffraction (XRD) patterns, employing
the Debye-Scherrer formula: D =0.9 A/3 cos©. Here, (D) represents a crystallite mean size, (1) stands for a wavelength
for the incident X-ray(1.5406 A), ©.s the diffraction peak angle, and f3 is the full width at half maximum of the XRD
peak at angle ©. The crystal domain size for CdSe was approximately 6 nm, based on the hexagonal (wurtzite) CdSe
structure planes (Figure 1).
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Figure 1. XRD patterns of QDs

To regulate the actual size and outline of the QDs, we obtained the TEM images of the CdSe QDs (Figure 2).
The images demonstrated that the QDs were spherical and had a uniform size distribution of approximately 6 nm.

(b)

Figure 2. TEM images of spherical and monodispersed CdSe QDs

Figures 2(A) and 2(B) show the TEM micrographs of QDs, further confirming those of the XRD analysis.
Micrographs of CdSe QDs exhibited spherical and monodispersed particles with a size of approximately 8 + 0.2 nm
after conjugation with CA-125.

To determine the optical properties of materials (nonlinear refractive index and third nonlinear coefficient) of
relatively thin materials, the Z-scan is commonly used in nonlinear optics to assess the nonlinearities of these materials
through the calibration of reference samples, as shown in Figure (3). Figures 4(A) and 4(B) show the behavior of the
open- and closed-aperture Z-scans. Based on these graphs, the generated sample displayed various nonlinear properties,
such as self-defocusing, non-saturable absorption, and two-photon absorption. The normalized charts were fitted with
the following equations to estimate the nonlinear parameters:

The nonlinear absorption coefficient () was estimated by fitting .[39][40]:
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(BIOLW/HQ—QZ)

T(Z) = S~ M
The nonlinear refractive index (n,) was obtained as follows .[39][40]:

_ A%
np = kIOLeff (2)

Where Z; denotes the diffraction length (or Rayleigh length) of the beam, 10 represents the laser beam
intensity at the focus point (Z=0), Leff stands for an effective propagation length inside a sample, given by Leff=.[(1-

exp(-00 L))/a0], L stands for a geometrical thickness of the prepared sample, m stands for an order for multiphoton
processes, k corresponds to the wavenumber (k=2w/A), and A@O is a phase shift, specified by |JAGO |=(AT(p-
v))/(0.406[(1-ST)]"0.25). ST signifies the linear transmittance of the aperture, and AT(p-v) and AT specify a difference
in transmittance between the maximum and minimum magnitudes for closed and open apertures, respectively. The 3rd
nonlinear coefficient y(®) was estimated using the given relation .[39][40]:

2@ = Rex®)? + (Imx®)? 3)

2,2 2.2
Where the real part is Re (x®) = 107 W’ and the imaginary part isim (¥®) = 10-2 21028,

472

From this experiment, the prepared sample possessedra good f =4.68556 X 10~> cm/W, n,=—5.6132 X
107° cm? /W, and a high y® = 2.746 x 1077 esu.

Figure 3. Setup for Z-scan
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OPTIMIZATION OF ABS

In the current study, sandwich-type immunoreactions were performed on 96-well plates to detect protein, and
this approach yielded good sensitivity and specificity .[41]. In general, the high concentration of any of the captured
or detected Abs caused nonspecific adsorption of the conjugates, which led to a high background signal. Under our
experimental conditions, 2 and 5 pg/ml monoclonal capture and detection of Abs were confirmed, respectively.

:

y=1.4221x+712.75
R?=0.9516 é

QDEM@620
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0 200 400 600 800 1000
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Figure 5. Detection of different concentrations of CA-125 using Ab with QDs

The findings on fluorescence intensity in correlation with the antigen concentrations are comparable with
.[42].

ANALYTICAL PERFORMANCE

The quantitative detection of the analyte was achieved by measuring the peak intensity of the fluorescence,
and a linear curve was observed in the range of 5-1000 U/ml CA-125, which is suitable for quantitative work. The
linear equation is y = 1.422x+712.75 R*=0.9516 (Fig. 5), where the CA-125 concentration (x) is measured in U/mL,
and y denotes the absorbance (absorbance intensity). To determine the dynamic concentration range for the optical
assay, we used a series of CA-125 concentrations ranging from 5 to 5000 U mL-1 along with optimum concentrations
of mAb. Ab-QDs were utilizedto introduce the optical assay’s dynamic range concentration. A linear curve was
created based.on the mean of three independent experiments. Specifically, no less than 20 observations were used to
generate the blank signal without antigen to compute reliable results for the standard deviation (0.017).

To determine the limit of detection (LOD), we used the formula OD at LOD %4 OD mean blk + 1.645SDblk.
The estimated LOD was 4.5 U mL-1. This value is similar to that gotten using the current commercial method for CA-
125 .[43][44]. This finding confirmed this method’s capability to identify CA-125 in a broad range of concentrations,
making it a valuable tool for early cancer detection.

CA-125 TEST IN THE PRESENCE OF HUMAN SERUM

The interference detection experiment was performed to rule out the potential for interference from human
serum. To test the influence of antigen concentration on CA-125 detectability, human serum was mixed with a known
amount of the substance. There was no discernible signal change when human serum was present, as seen in Figure
(6). The assay can be run in a diluted matrix without significantly impacting the signal.
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Figure 6. Comparison of CA-125 detection by QD-labeled Ab in the presence and absence of 50% human serum

CONCLUSIONS

This study used a reaction technique with sequential ion layer adsorption to produce CdSe QDs that are
generally uniform in size. With uniform crystallinity and homogeneous size distributions, the assembled CdSe QDs
nanocrystal cores displayed a wide array of nonlinear properties under transmission electron microscopy (TEM), such
as self-defocusing, two-photon absorption, and non-saturable absorption. Labeling the ovarian cancer biomarker CA-
125 with quantum dots allowed the successful detection of serum antigen CA-125 by optical emission at 620 nm. The
assay demonstrated a broad dynamic range for CA-125 concentrations. There was a detection limit of 4.5 U mL-1.
Despite this, the assay worked reasonably well with the various biological components contained in 50% human serum,
and there were no discernible alterations in the results.
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