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Abstract 
 

CD44, the transmembrane glycoprotein functions as a cancer stem cell biomarker, as it 

supports cell attachment as well as cell movements, leading to tumor cell progression. The 

excessive overexpression of CD44 is strongly associated with unfavorable cancer progression 

and metastasis in several cancer types such as breast cancer. Existing detection methods for 

CD44 such as ELISA and immunohistochemistry together with Western blotting face 

limitations in both processing complexity and time requirements. Additionally, they are 

limited in terms of sensitivity. Optical fiber biosensors provide researchers with a sensitive 

method that performs real-time label-free measurements. This thesis project describes and 

discusses the fabrication, calibration, and detection processes of a novel optical fiber 

biosensor which detects CD44 through commercially sourced cell lines. The sensor worked 

with anti-CD44 antibodies at its surface while testing sucrose-based refractive index standards 

which yielded 125.23 dB/RIU sensitivity. A sensor detection procedure used three human cell 

lines: HCC1806 with CD44 expression and MCF10A without it as well as HEK293 with no 

CD44 expression. The sensor demonstrated high sensitivity to HCC1806 cells through a 

distinct intensity decrease at 1544.416 nm (3.315 dB) but revealed minimal detection of 

MCF10A cells (0.110 dB) thus proving its specific detection capabilities. Research progressed 

to evaluate non-specific interactions after HEK293 cells produced signal magnitude of 2.289 

dB. The sensor system proved its capability to function as a specific tool for quick detection 

of CD44-expressing cells thereby opening prospects for future cancer screening and 

metastasis monitoring. 
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CHAPTER 1 - INTRODUCTION 

1.1 CDD 44 

Cluster of differentiation 44 (CD44) is a complex adhesion transmembrane glycoprotein, 

the normal function of which is associated with cellular aggregation and migration, activation 

of lymphocytes, development of new blood vessels, cytokine release, and many more [1,2]. 

Its overexpression, however, signals about the development of tumors, acting as a biomarker 

of the expression of cancer stem cells [3]. Ziranu et al., for example, in their research, showed 

a high association between great expression of CD44 and metastatic colorectal cancer after 

conducting statistical analysis collected from 2009 to 2021 [4]. In their study, they also 

identified that there was a high correlation between CD44 overexpression and poorer 

prognosis, as well as chemotherapy resistance among 65 patients found with metastatic 

colorectal cancer. Another study suggests that an increased CD44 expression is related to such 

cancer types as low-grade glioma, mesothelioma, and pancreatic adenocarcinoma [5].  

1.2 Breast Cancer 

Breast cancer remains the main cause of women’s deaths related to cancerous diseases [6]. 

Only in 2020, it was estimated to have reported 2.3 million new breast cancer cases with 

almost 700,000 deaths [7]. Ductal carcinoma in situ (DCIS) is the most prevalent type of 

pre-invasive breast cancer, having only 10%–30% of cases proceeding to invasive cancer, and 

the prediction of biomarkers for the development of invasive or metastatic disease is not as 

effective as is required [6]. A diverse range of conditions known as invasive carcinomas are 

further classified based on the morphology of the cells. The most frequent type of invasive 

carcinoma is invasive ductal carcinoma (IDC), accounting for 60%–75% of cases, and 

 

https://ehoonline.biomedcentral.com/articles/10.1186/s40164-020-00192-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC395635/#:~:text=Known%20functions%20of%20CD44%20are,in%20one%20setting%20or%20another.
https://www.sciencedirect.com/science/article/pii/S0014299921003009
https://www.mdpi.com/2072-6694/15/4/1212
https://www.nature.com/articles/s41598-023-34154-3#citeas
https://www.cell.com/cell/fulltext/S0092-8674(23)00099-5?dgcid=raven_jbs_aip_email&__cf_chl_rt_tk=JNcqg8808r0ISAFUqUMuCn7qRMag1wUP8Vo_Tu5PWD0-1679065428-0-gaNycGzNChA
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21660
https://www.cell.com/cell/fulltext/S0092-8674(23)00099-5?dgcid=raven_jbs_aip_email&__cf_chl_rt_tk=JNcqg8808r0ISAFUqUMuCn7qRMag1wUP8Vo_Tu5PWD0-1679065428-0-gaNycGzNChA
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invasive lobular carcinoma (ILC), which accounts for 10%–15% of tumors [6]. It has been 

reported that CD44 protein is highly associated with breast cancer cells and its overexpression 

can be found in breast cancer metastases [8]. Moreover, in research conducted by Vadhan et 

al., the expression of CD44 protein was studied via flow cytometry in tissue samples obtained 

from 14 breast cancer patients [9]. It was identified that CD44 expression had been higher in 

metastatic lymph nodes compared to primary tumors as can also be seen in Figure 1 . 

Figure 1. Flow cytometric analysis of CD44 expression in primary breast tumors (T) 

and paired metastatic lymph nodes (LN) in 14 breast cancer patients’ samples. (Vadhan et 

al., 2022) 

 

            As shown in Figure 1, there is a significant difference between the expression of CD44 

in lymph nodes compared to the primary tumor cells, suggesting that CD44 is predominantly 

produced in tissues invaded by cancer stem cells. Another important finding to mention 

within their research is the correlation between CD44 and the invasion of breast cancer cells. 

By controlling the localization of Forkhead box protein A2 (FOXA2), phosphorylation of 

AKT pathway takes place, leading to the reduction of E-Cadherin synthesis, hence enhancing 

 

https://www.cell.com/cell/fulltext/S0092-8674(23)00099-5?dgcid=raven_jbs_aip_email&__cf_chl_rt_tk=JNcqg8808r0ISAFUqUMuCn7qRMag1wUP8Vo_Tu5PWD0-1679065428-0-gaNycGzNChA
https://www.oncotarget.com/article/3410/text/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9599046/
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cancer migration and invasion. This suggests that using CD44 as a biomarker of cancer stem 

cells can also improve the therapeutic effect by knocking down its overexpression. 

Additionally, its detection during the primary stages of tumor metastasis can increase the 

chance of survival and make the treatment more effective [9]. 

1.3 State-of-art and Problem Statement 

Currently, there are several ways assays designed for CD44 protein detection. The 

main methods include immunochemistry, WBA (Western blot analysis), and ELISA 

(enzyme-linked immunosorbent assay) [10]. Bekmurzayeva et al., in her research, shared a 

list of several CD44 detecting assays available in the market, including Commercial ELISA 

kits, Sandwich ELISA, Fluorescence resonance energy, Solid-phase proximity ligation assay, 

electrochemical, and photoelectrochemical assays, ball resonators [10]. Another assay 

available in the market is the lateral flow assay that proceeds CD44 detection on saliva [11]. 

However, these methods are time-consuming and are characterized as not sensitive and 

specific [10]. Biosensors, in contrast, offer a promising solution, being more time-efficient 

and sensitive to the environment [12]. Biosensors based on optical fibers are reported to be 

effective in terms of biochemical reactions, reaction kinetics, fast chemical detection, and a 

potential for remote control [13]. Bekmurzayeva et al. have previously developed an optical 

fiber biosensor for CD44 detection using a ball resonator [10]. They were able to design a 

sensitive and specific biosensor based on a single-mode fiber (SMF) and tested the sensor 

under dynamic conditions mimicking blood flow. One of their limitations included a low 

scattering range, leading to a lower detection spectrum. Thus, it is proposed to introduce 

optical fiber doped with nanoparticles, namely, MgO that have previously been reported as a 

method to work with biosensors on a greater scattering range [14]. As CD44 protein detection 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9599046/
https://www.sciencedirect.com/science/article/pii/S0956566322002573?via%3Dihub#fig1
https://www.sciencedirect.com/science/article/pii/S0956566322002573?via%3Dihub#fig1
https://www.sciencedirect.com/science/article/pii/S0956566321000312?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0956566322002573?via%3Dihub#fig1
https://journals.sagepub.com/doi/full/10.1177/1533033820957033?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
https://www.mdpi.com/2304-6732/9/12/987
https://www.sciencedirect.com/science/article/pii/S0956566322002573?via%3Dihub#bib41
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7865229/
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is essential for cancer detection during metastatic tumor development, it is crucial to design a 

device that will be able to detect the protein in a limited amount of time, being biocompatible 

and inexpensive. Biosensor based on an optical fiber doped with nanoparticles has a 

promising potential on this matter. This thesis project aimed at fabricating, optimizing, and 

functionalizing optical fiber for its consequent cell detection.  
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CHAPTER 2 – MATERIALS AND 

METHODS 

2.1. Fabrication and calibration of the sensors 

The fabrication process consists of two main steps - cleaving the fibers and splicing 

them to each other. All optical fiber sensors were fabricated by a fusion of an 

(simple-distributed interferometer) SDI fiber and an SMF, spliced by Fujikura 36S laser 

splicing machine. To successfully splice the fibers with each other and reach a desired 

sensitivity, each of the fibres were first cut by a Tumtec A9 cleaver, shown in Image 1.  

Image 1. A demonstration of SMF ready to be cleaved and cut by the cleaver 

 

The Fujikura 36s uses a heat laser to fuse the splicers together [14]. Image 2 

demonstrates the process of splicing the two fibres with each other.  

Image 2. The fusion process of the two fibers by Fujikura 36s 

 

https://www.fujikura.co.uk/news.aspx?id=45
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After the fibers were fabricated, they were calibrated by classic Refractive Index (RI) 

Calibration technique in a sucrose solution since it has well-defined optical properties. 
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Sucrose solutions provide a precise and reproducible tuning of refractive index values across a 

biologically relevant range, mimicking the optical environment of protein solutions, serum, 

and cell suspensions [15]. Additionally, they exhibit minimal absorption in the near-infrared 

(NIR) region, making it a convenient tool for calibration of fiber optic biosensors that operate 

in the 1300–1600 nm spectral window. Since they are convenient to prepare, comparably 

cheap, and chemically stable, sucrose solutions are widely used for RI measurements [15]. 

The channels of the Micron Optics si255 industrial sensing interrogator were connected to the 

fibers. The fiber tips were introduced to the 6mL of 10% of sucrose solution in a falcon tube 

cap. A sensing analyzing software ENLIGHT was used to save the data in a .txt format. Three 

files per RI were saved to have more reliable results. Overall, 6 RI’s were measured with 

consequent addition of 400 uL of 40% of the sucrose solution. Image 3 demonstrates the 

calibration setup. All measurements were then analyzed using MATLAB software, the process 

of which is discussed in the next section.. Refractive index changes sensitivity was assessed 

using sucrose calibration solutions at the refractive index units (RIU) values of 1.34761 ~ 

1.35845. The resonance wavelengths associated with each spectral feature (peak or valley) 

were tracked across the RI series for each spectral feature. The most appropriate sensor type is 

determined by applying a linear regression to the plot of wavelength against refractive index 

and defining the slope of the fit (in nm/RIU) as the sensor’s sensitivity. The rounding took 

place only if the coefficient of determination for the feature was greater. Highly reflective 

sensors of sensitivity of 100 nm/RIU  and higher were proceeded to the functionalization step. 

 

 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/S1876619616300286
https://www.sciencedirect.com/science/article/pii/S1876619616300286
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Image 3. A calibration setup 

 

 

2.2 Functionalization 

To ensure the successful attachment of CD44 antibodies on the tip of the fiber, the 

fibers were treated with several solutions and procedures. The sensor functionalization 

process followed pre-established methods with some adjustments [16]. The first steps 

included suspending the SDI in piranha solution to clean out the surface of the sensors them 

for 15 minutes with a ratio of  4:1 of sulfuric acid (H₂SO₄) and hydrogen peroxide (H₂O₂). The 

treatment had two main functions: it removed organic residues and provided hydroxyl groups 

availability on the surface tip of the sensor. Both factors enhance the fiber's potential for 

subsequent chemical modification. The fibers received distilled water washing after which 

they were dried with a nitrogen stream. The sensors were exposed to a 20-minute immersion 

in (3-aminopropyl)trimethoxysilane (APTMS) methanol solution at 1% concentration to 

develop amine groups. Following that, the sensors were additionally rinsed by methanol. To 

improve the stabilization conditions of he sensor surface, the next step required heating them 

to 110 °C for one hour following. A solution containing 25% glutaraldehyde (GA) in 

 

https://www.sciencedirect.com/science/article/pii/S2214180424000436
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phosphate-buffered saline (PBS) was used to incubate the fibers for one hour while creating 

reaction sites for biomolecule binding. The sensors then received several PBS washes before 

being exposed to 4 μg/mL monoclonal anti-CD44 antibody for one hour  under continuous 

gentle rinsing to reach a thorough distribution of the antibodies.. Nonspecific adsorption was 

minimized through the blocking procedure that used a 1% solution of methoxy-polyethylene 

glycol amine (mPEG-amine) which treated the fibers for 30 minutes. The functionalized 

sensors received a washing solution of PBS before they were kept for storage at 4 °C. The 

researchers used this exact preparation method to make sensors intended for specificity 

testing. 

2.3 Cell culture and detection 

In this study, the three different commercial human cell lines were used: HCC1806 

(epithelial breast cancer), HEK293 (human embryonic kidney) and MCF10A (non 

tumorigenic breast epithelial). Because the cell lines used are commercially available, there 

was no need in the Research Ethics Committee (IREC) permission. Cells were cultured 

according to each cell line’s specific requirements. RPMI-1640 medium supplemented with 

10% fetal bovine serum (FBS) and grown at 37 °C in humidified atmosphere of 5% CO₂ were 

used to grow HCC1806 cells. The same incubation conditions were used to culture HEK293 

cells in Dulbecco’s Modified Eagle Medium (DMEM) with 10% FBS and 1% 

penicillin-streptomycin. DMEM/F12 medium containing 5% horse serum, 20 ng/mL 

epidermal growth factor (EGF), 0.5 μg/mL hydrocortisone, 100 ng/mL cholera toxin, 

10 μg/mL insulin, and 1% penicillin-streptomycin was used to maintain MCF10A cells. All 

cell lines were harvested at between 80 and 90% confluency. Accutase™, used to avoid 

enzymatically digesting the cells, was used to detach HCC1806 cells, while HEK293 and 

MCF10A cells were dissociated with 0.05% trypsin-EDTA. Cells were incubated at 37 °C for 
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5–8 min and then neutralized by fresh medium. Cell suspensions were centrifuged at 

125–200 × g for 5 minutes, resuspended in PBS and passed through a 40 μm cell strainer to 

achieve uniform single cell suspension. The trypan blue exclusion method was used to test for 

cell viability and determination of concentration performed by hemocytometer. PBS serial 

dilutions were prepared from 1 × 10⁶ to 1 cell/mL lowest for usage in the detection 

experiments. Table 1 displays applied concentrations and cell dilutions to all three types of 

cell lines. The cell suspension was centrifuged at 125 ×g for 5 minutes enriched with the cells. 

After the pellet, the suspension was resuspended in PBS and the suspension passed through a 

40 μm cell strainer generating a fermented uniform single pellet cell product. A stock solution 

was made and serially diluted in PBS from 1 × 10⁶ cells/mL to 1 cell/mL. The functionalized 

optical sensors were then incubated with a solution of the same concentration.  

Table 1. Serial dilution scheme used for sensor detection experiments. 

Concentration Index Cell Count Description 

1 0 PBS only 

2 1 Single-cell detection 

3 10 10¹ cells/mL 

4 100 10² cells/mL   

5 1000 10³ cells/mL   

6 10000 10⁴ cells/mL   

7 100000 10⁵ cells/mL   

8 1000000 10⁶ cells/mL 

 

2.3 Data analysis 

Experiment data records from the optical biosensor underwent processing through a 

MATLAB script which was built particularly for cell detection purposes. The MATLAB script 
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first organized reflection spectra into concentration categories after smoothing high-frequency 

noise using a low-pass filter. A peak and valley detection method based on prominence 

analysis extracted the local spectral features. Multiple trials of mean intensity measurements 

obtained at different concentration levels were used as the basis for analysis. Visual 

assessments from grouped spectral response data as mean intensity curves (corresponding to b 

and c for Fig. 2, Fig. 4, and Fig.6) and differential envelopes (corresponding to d and e for 

Fig. 2, Fig. 4, and Fig.6) allowed to study feature stability alongside concentration-related 

changes. The analysis separated peaks and valleys according to their locations in each spectral 

area to address possible asymmetries in optical elements. The wavelengths which exhibited 

the most consistent monotonic intensity variation were selected for sensitivity testing 

purposes. Sensor response tests utilized these trends for identifying detection methods that 

provided specific and repeatable cell identification. 

Another MATLAB code served as a processor for spectral data obtained from cell 

detection experiments. The spectrum received initial partition into two sections due to 

eliminating transient filter effects while loading in data from the sensor’s working spectral 

range. The minimum peak prominence threshold detected separate spectral peaks from 

baseline valleys throughout the analyzed spectrum. Each spectral feature identification led to 

an extraction of intensity values at each concentration level among the eight concentrations. 

Average intensity numbers based on repetitive test measurements across each concentration 

were computed before analyzing spectral trends to determine pure increasing or decreasing 

intensity patterns. The measured sensitivity of the assay comprised the complete range of 

intensity variation between minimum and maximum dB values. Features were selected from 

spectra because of their monotonic pattern then wavelength positions alongside sensitivity 

measurements were exported for analysis. The method helped to determine which 

wavelengths produced the most sensitive peak and valley responses to be used for cross-cell 

line comparisons. 
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CHAPTER 3 – RESULTS AND 

DISCUSSION 

          The nanoparticle doped optical fiber biosensors were designed for the detection of 

CD44 protein. These biosensors were likely to bring high biocompatibility, fast response and 

low cost to the table compared to other existing detection methods. The great potential offered 

by this biosensor to proceed to clinical trials lies in the process optimization of the fabrication, 

functionalization, and the detection processes, and to be co designed for additional cancer 

biomarkers in one device. The sensors were first fabricated by splicing SDI with SMF, 

reassuring a precise fusion with the loss in dB no more than 0.1 dB. Consequently, the 

fabricated sensors underwent the calibration stage. The sensor with sensitivities higher than 

100 dB/mm were proceeded further for the functionalization. All sensors were introduced to 

the CD44 antibody binding. The performance of the optical biosensor was also assessed in 

terms of sensitivity and specificity using three different commercial human cell lines: 

HCC1806, MCF10A, and HEK293. Since the HCC1806 breast cancer cell line is a cell line 

that overexpresses the CD44 surface marker, it served as the primary target since this is 

relevant in cancer diagnosis. To assess the biosensor’s specificity, malignant and normal 

breast tissue was distinguished using the MCF10A breast epithelial cell line. An additional 

negative control based on biologically unrelated cells was taken from HEK293 cells (human 

embryonic kidney tissue), which served in vitro as cells derived from another species than the 

healthy, breast cells used for control. Together these cells permitted the comparison of sensor 

behavior between cancerous, non cancerous, and tissue unrelated cells. MCF10A and 

HEK293 low signal responses, along with high signal response in HCC1806, would signify 

 



20 

the high selectivity of the sensor towards CD44 positive cancer cells and hence recruiting 

potential as a diagnostic sensor. 

 

3.1 Biosensor calibration and HCC1806 cell line detection 

HCC1806 cells are considered to show high proportion of the /  𝐶𝐷44ℎ𝑖𝑔ℎ 𝐶𝐷24𝑙𝑜𝑤

phenotype, a marker associated with breast cancer stem cells (16). This phenotype contributes 

to the cells' stemness and tumorigenic potential. The detection of the SDI sensor bound to 

CD44 antibodies was expected to show high peak or valley response. Fig. 2 demonstrates the 

calibration and detection results of the chosen sensor exposed to 8 different HCC1806 cell 

suspensions from. Concentration 1 refers to the PBS solution, while the consequent 

concentrations from 2 to 8, according to Table 1. 

As expected, a strong signal response was observed across several spectral features, 

confirming the sensor's sensitivity toward CD44-positive cells, which is demonstrated in Fig 

2. The calibrated sensor, the sensitivity of which was 132.7581 dB/RUI according to Fig. 2a, 

was functionalized and detected CD44 protein expression. Fig. 2b shows the average spectral 

intensity (dB) for peak values measured in the reflection spectrum for the eight concentration 

levels of the tested cell line. Sensitivity to the presence and amount of cells is represented by 

monotonic trend in signal with increasing. Identical to Fig. 2b, Fig.2c shows the values for 

the valleys, demonstrating some fluctuations. Fig 2d shows the differential intensity of 

spectral peaks and valleys across the full wavelength range of the sensor. The differential 

intensity is equivalent to the change in signal with respect to baseline or lowest concentration, 

including peak response and valley response. These show which spectral features respond 

 

https://www.nature.com/articles/s41419-022-04867-w?code=1801ca47-fc90-48af-bd7a-8b7640a8d01c&error=cookies_not_supported&utm_source=chatgpt.com#citeas
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most to presence of cells. Differential values are higher in potential regions of sensor 

sensitivity, and higher values imply an optimal wavelengths to monitor sensor performance. 

The last subfigure, Fig. 2e, demonstrated the averaged differential envelopes of peaks and 

valleys.  

Figure 2. Calibration and spectral response of the optical biosensor to varying 

РСС1806 cell concentrations. (a) Sensitivity of sensor to refractive index changes as a 

function of resonance wavelength. (b)Peak intensity trends across concentrations. (c) 

Valley intensity trends across concentrations. (d) Differential intensity envelope of peaks 

and valleys. (e) Averaged differential intensity envelope for identifying most responsive 

wavelengths 
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​ Further analysis took place to assess the sensitivity of the sensor, shown in Fig. 3. The 

detection sensitivity to HCC1806 cells achieved its highest value within the valley at 
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1544.416 nm because of stringent decreasing intensity patterns and a total 3.315 dB signal 

variation over the examined concentration range. The experiments confirm the research 

assumption since the HCC1806 cell line with well-documented CD44 overexpression 

interacts strongly with anti-CD44-functionalized sensors. The specific optical response 

pattern is strengthened by the dominant detection valley at high sensitivity together with its 

single localized detection range. The detecting capability of the sensor for CD44-expressing 

triple-negative breast cancer cells proves suitable through findings that support previous 

observations regarding optical biosensor detection of high CD44 expression. 

Figure 3. Left spectrum intensity response curves across cell concentrations for HCC1806 

3.2 Biosensor calibration and MCF10a cell line detection 

Although MCF10a cell line is a non-tumorigenic breast cancer epithelial cell line, it 

might express CD44 protein to some extent. The proportion of this population, however, 

highly depends on the factors such as the serum used for cell culture (17). Thus, while 

MCF10a cell line is generally considered to have low expression of CD44 proteins, it might 

still have CD44⁺ phenotype, which was confirmed according to Fig. 5. This information was 

 

https://breast-cancer-research.biomedcentral.com/articles/10.1186/bcr1610?utm_source=chatgpt.com
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taken into account during data interpretation. As a result of the calibration, the sensors with 

such sensitivities as 131.3959 dB/RUI were selected for functionalization and detection steps. 

Fig. 4 demonstrates the calibration results of the sensor and the results of MCF10A cell line 

detection.  Fig. 4a  represents the sensitivity of one of such sensors after the calibration step.  

Following the next step, the sensor was introduced to PBS and seven MCF10A cell 

suspensions with varying concentrations, as shown in Table 1 as well.  

Figure 4. Calibration and spectral response of the optical biosensor to varying  MCF10A 

cell concentrations. (a) Sensitivity of sensor to refractive index changes as a function of 

resonance wavelength. (b)Peak intensity trends across concentrations. (c) Valley intensity 

trends across concentrations. (d) Differential intensity envelope of peaks and valleys. (e) 

Averaged differential intensity envelope for identifying most responsive wavelengths 
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The MCF10A cells displayed decreased intensity at 1533.600 nm while the 

concentrations increased but did not show an increasing pattern at any wavelength, shown in 

Fig.5. The sensitivity measured at this wavelength was 0.110 dB. None of the spectral features 

presented either solely increasing or decreasing intensity patterns. The results suggest a 

limited and weak interaction between MCF10A cells and the surface of the functionalized 

sensor. 

Figure 5. Left spectrum intensity response curves across cell concentrations for MCF10A 

 

 

3.2 Biosensor calibration and HEK293 cell line detection 

​ According to Birzele et. al., HEK293 cells do not naturally express CD44 (18). In their 

study, the researchers used wild-type HEK293 cells, which were CD44-negative and did not 

produce hyaluronic acid (HA). After transfecting with a CD44s expression vector, these cells 

began producing significant levels of HA and exhibited substantial transcriptional changes, 

indicating that CD44 expression was not present in the native HEK293 cells (18). 

 

https://aacrjournals.org/clincancerres/article/21/12/2753/261511/CD44-Isoform-Status-Predicts-Response-to-Treatment?utm_source=chatgpt.com
https://aacrjournals.org/clincancerres/article/21/12/2753/261511/CD44-Isoform-Status-Predicts-Response-to-Treatment?utm_source=chatgpt.com
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​ The HEK293 cell line delivered one of the most unexpected results during sensor 

detection evaluation, the results of which are shown in Fig. 6. The literature shows that 

regular HEK293 cells lack CD44 expression and perform as negative controls during CD44 

research experiments (18). The detection results showed a reliable methodological response 

which spanned across each concentration point. The sensor demonstrated high sensitivity of 

125.2308 dB/RIU through refractive index calibration before the HEK293 detection results 

could be processed, shown in Fig. 6a. Detections made across several wavelengths showed a 

progressive decrease in spectral intensity that was visible regardless of concentration rates in 

Fig. 6b and 6c. The sensor surface interaction with cells produced an orderly decline in data 

which indicated the existence of quantifiable cellular reactions. Fig. 6d displayed a strong 

pattern regarding differential envelope responses which became evident in the valley 

locations. Fig. 6e demonstrates an averaged interpretation of that consistent pattern by 

identifying specific regions which showed uniform response throughout different 

concentrations.  

Figure 6. Calibration and spectral response of the optical biosensor to varying  HEK293 

cell concentrations. (a) Sensitivity of sensor to refractive index changes as a function of 

resonance wavelength. (b)Peak intensity trends across concentrations. (c) Valley intensity 

trends across concentrations. (d) Differential intensity envelope of peaks and valleys. (e) 

Averaged differential intensity envelope for identifying most responsive wavelengths 

 

https://aacrjournals.org/clincancerres/article/21/12/2753/261511/CD44-Isoform-Status-Predicts-Response-to-Treatment?utm_source=chatgpt.com
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The presence of a clear and structured spectral response in HEK293 cells was also 

confirmed by 31 decreasing valleys and a strong signal at 1513.824 nm, shown in Fig. 7. This 

suggests the possibility of non-specific binding or CD44-independent interactions with the 
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sensor surface. Although the PEG-blocking took place and antibody-specific binding was 

used during functionalization, this significant finding in cellular absorption suggests that the 

CD44-negative cell line might exhibit either inadequate PEG blocking or non-specific protein 

interactions. Nevertheless, these findings emphasize the importance of using multiple control 

lines in biosensor development and highlight potential cross-reactivity in label-free systems.  

The intensity pattern at a peak situated at 1513.824 nm decreased uniformly to indicate 

a sensitivity of 2.289 dB, which can be seen in Fig. 7.  

Figure 7. Left spectrum intensity response curves across cell concentrations for HEK293 

 

Several experiments are needed to understand the unexpected spectral results in 

HEK293 cells even though research shows these cells lack CD44 expression. The evaluation 

of surface CD44 expression should be done by running flow cytometry with anti-CD44 

antibodies labeled with fluorescent markers to assess spontaneous changes in CD44 surface 

protein levels or those caused by cell cultivation. Western blot analyses and RT-PCR 

assessments should evaluate both CD44 protein quantities in addition to CD44 mRNA 
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abundance when confirming the molecular underpinning for such expression. The use of free 

anti-CD44 antibodies within a CD44-blocking assay before detection will help determine 

specific CD44-dependent binding if the sensor signal decreases. The definitive determination 

of CD44 as the binding factor requires controlled experiments by transfecting or knocking out 

CD44 in HEK293 cells or cells with changing CD44 expression. The distinction between 

specific binding and background interaction can be enhanced through additional experiments 

which involve testing alternative surface-blocking agents including BSA, Pluronic and longer 

PEG molecules. The supplementary experiments will identify actual HEK293 sensor reaction 

drivers and improve biosensor selectivity in forthcoming utilization. 

The summarized results in Table 2 demonstrate the differential response of the 

biosensor to each tested cell line.  

Table 2. Summary of sensor response for three cell lines based on spectral feature 

analysis. 

Cell Line Feature type Monotonic 
Trend 

Wavelength 
(nm) 

Sensitivity (dB) 

HCC1806 Valley Decreasing 1544.416 3.315 

MCF10A Valley Decreasing 1533.600 0.110 

HEK293 Valley Decreasing 1513.824 2.289 

​ For visual confirmation of the cells being attached to the surface of the sensor, it is 

also suggested to analyze the sensor's three different cell lines under SEM. 
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CHAPTER 4 – CONCLUSION 

The thesis work focused on the development of a fiber optic biosensor system for 

CD44-expressing cell detection through using Micron Optics interrogator for spectral 

investigation. A biosensor was functionalized and bound to CD44 antibodies and PEG-based 

blocking agents to achieve selective binding together with non-specific interaction reduction. 

The measurements of sensor sensitivity using sucrose solutions resulted in such reported 

values as 132.7581 dB/RIU, 131.3959 dB/RIU, and 125.23 dB/RIU that verified the sensors’ 

optical reaction ability before conducting cell detection. The biosensor detection tests 

involved three types of commercial human cells including HCC1806 (breast cancer) , 

MCF10A (breast epithelial), and HEK293 (embryonic kidney cells). The biosensor produced 

different detection signals that depended on the CD44 expression patterns of the analyzed 

cells. The HCC1806 cells, which are considered to be CD44-positive, produced the most 

impactful reaction through the 1544.416 nm light wavelength with a sensitivity value of 

3.315 dB while confirming their CD44-positive characteristics. The MCF10A cellular signals 

remained minimal at just 0.110 dB indicating that the biosensor specifically selects malignant 

CD44-expressing cells, as it was generally expected. Although HEK293 cells were classified 

as CD44-negative, they showed a distinctive detection response at 1513.824 nm with a 

sensitivity measurement of 2.289 dB. The obtained results indicate a combination of 

non-specific binding and partial blocking effects together with low-level CD44-independent 

interactions which require further investigation. The research tests confirm that the biosensor 

operates as a label-free detection system that detects CD44-positive cells based on their 

concentration and exhibits strong potential for future diagnostic usage in cancer research. 
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Research data demonstrating clear distinctions between the sensor's reaction to HCC1806 and 

MCF10A cells confirms high sensitivity, while the results with HEK293 cell line suggests the 

need in further investigation and analysis, particularly, working on the specificity of the 

sensor. Further research should focus on identifying the sensor-cell reaction patterns through 

flow cytometry together with Western blotting assessment and CD44-blocking experiments 

along with better surface blocking approaches. Additionally, it is proposed to analyze the 

sensor surfaces under SEM after cell detection procedure. The diagnostic capabilities of this 

biosensor will benefit from additional testing with multiple cell lines and utilization of 

complex media to improve its functionality in actual patient scenarios. In the long run, 

designing optical fiber biosensor for breast cancer stem cell detection has promising 

perspectives, as they offer high sensitivity, ability to detect the cells remotely. 
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APPENDICES 
Appendix A 

Figure A 1. The SEM image of the SDI sensor after the detection with MCF10A (no 

attached cells found) 
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Appendix B 

Figure B 1. Refractive Index Calibration Code Excerpt  

 

 

Figure B 2. Cell Detection Analysis Code Excerpt  
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Figure B 3.Peak and Valley Detection Code Excerpt 
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