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Abstract 

Introduction: Squamous cell carcinoma of the head and neck region (HNSCC), with a positive status for high oncogenic 

potential human papillomavirus (HR-HPV), represents a clinically distinct disease entity compared to HPV-independent 

cases. Patients exhibit variations in prognosis and proposed therapy regimens. A prompt and reliable diagnosis of the 

presence of HPV infection could optimize the treatment for these patients. Currently employed treatment methods are 

long-term, expensive, and lack specificity, especially when administered separately. 

Material and methods: The research objective of this study is to explore significant differences in the Raman spectra of 

biological samples taken from patients with HNSCC, facilitating the confirmation of HPV virus presence. Study groups 

were delineated based on histopathological diagnosis and molecular biology tests, confirming the biological activity of 

the virus and the presence of the HR-HPV form with a diagnosis of a specific subtype. 

Results: To identify high oncogenic potential human papillomavirus (HR-HPV) infection as a crucial factor in squamous 

cell carcinoma of the head and neck region, an effective automatic data analysis system was established, relying on Raman 

microspectroscopy and multivariate analysis. Our results showed clear ranges of the Raman spectrum that differentiated 

between HPV-associated and non-HPV-associated cancers. 

Conclusions: In conclusion, our experience shows a great diagnostic potential of Raman confocal microscopy with 

multidimensional statistical analysis. In the future, the use of this method may allow for the creation of an effective and 

automated HR-HPV detection system in neoplastic tissue. 

Keywords: Raman spectroscopy; human papilloma virus; multivariate statistical analysis; Squamous cell carcinoma 

of the head and neck region (HNSCC). 

Introduction 

Head and neck squamous cell carcinomas (HNSCCs) represent 

the sixth most prevalent type of cancer worldwide.1 Risk factors 

for developing this cancer include smoking and alcohol abuse.2,3 

Recently, the number of cases of HNSCC caused by infection 

with high oncogenic potential human papillomavirus (HR-HPV) 

has significantly increased. Among HNSCCs, a group of 

neoplasms with distinct molecular genetic changes caused by 

HPV infection of high oncogenic potential has been 

distinguished. This group is characterized by a different clinical 

course, prognosis, and methods of treatment.4-8 It has been 

shown that HR-HPV-associated HNSCC is clinically distinct 

from non-HPV-associated HNSCC. Rapid and reliable 

diagnosis of patients with neoplastic lesions regarding the 

presence of HR-HPV infection would allow for treatment 

optimization. 
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Based on the measurement of scattered radiation (Raman 

scattering, i.e., inelastic photon scattering), Raman 

microspectroscopy has been a highly developed research 

technique in recent years. It is one of the most universal 

contemporary analytical techniques used for research in medical 

diagnosis. The position of the bands in the Raman spectrum is 

constant for a given substance and independent of the frequency 

of the incident beam, constituting a unique "chemical 

fingerprint" of the sample. At the same time, RS is a 

complementary method to Fourier transform infrared 

spectroscopy (FTIR), which also detects oscillations of chemical 

groups. The general difference between RS and FTIR concerns 

fewer restrictions on sample preparation (e.g. it does not require 

sample drying). However, the sample must be protected from 

damage before measurement and thus obtain signal 

amplification for both non-specific and specific substances. 

Raman spectroscopy is a method sensitive to amino acids, lipids, 

nucleic acids, as well as disulfides and cytochromes, but not 

sensitive to water content. However, infrared spectroscopy is 

sensitive to proteins and phosphates, but also to water.9-12 

Combining Raman spectroscopy with confocal microscopy 

offers additional advantages, as confocal microscopy is a type of 

light microscopy characterized by increased contrast and 

improved image quality. Classical techniques of multivariate 

data analysis used in supervised or unsupervised image analysis 

are applied to process complex image data, allowing for better 

interpretation and utilization. 

 The aim of the study was to search for significant differences 

in Raman spectra obtained for HNSCC using confocal Raman 

microspectroscopy in combination with multidimensional 

statistical analysis. Based on the immunohistochemical 

technique and the qRT-PCR method, the presence of high 

oncogenic potential human papillomavirus in the HPV-

associated HNSCC group was also demonstrated. Therefore, we 

hope that our research will show that Raman microspectroscopy 

can be a useful tool, allowing for quick verification and 

confirmation of the results obtained with classical techniques in 

the case of HNSCC diagnosis. 

 

Materials and methods 

We utilized 11 paraffin blocks prepared from material collected 

intraoperatively from patients with HNSCC. Two distinct 

methods were employed concurrently to confirm the presence of 

high oncogenic potential human papillomavirus (HR-HPV) in 

the harvested HNSCC tissue. One method involved 

immunohistochemical staining, where the biological activity of 

HR-HPV in cells was indirectly confirmed by assessing the level 

of accumulation of P16 protein (INK4A), considered a surrogate 

marker of HR-HPV infection.13 In the subsequent stage, the 

genome of the 14 most common types of HR-HPV was directly 

detected using RT-PCR. 

 

Immunohistochemical staining against P16 

(INK4A) 

To confirm the biological activity of HPV, we conducted an 

immunohistochemical assessment of the expression of the viral 

product, protein p16 (INK4A), in the tumor tissue.14 The tests 

were carried out on serial tissue sections using a commercial 

CINTech histology kit (mtm-Laboratories, Heidelberg, 

Germany) following the manufacturer’s procedure. A uniform, 

intense staining of at least 80% of neoplastic cells was 

considered a positive result. Images captured for samples 

immunohistochemically stained for the presence of p16 protein 

(INK4A) were digitized using the 3DHistech Flash250 III 

histological slide scanner (Hungary). Examples of the obtained 

staining images are presented in Figure 1. 

 

 

Figure 1. Images of p16 (INK4A) immunohistochemical staining in 

HPV-negative tumor tissue (a; b), which was the control group and 

HPV-positive tumor tissue (c; d). 

 

Detection of HPV DNA by RT-PCR 

The first step involved DNA isolation from tumor samples, 

which were formalin-fixed and paraffin-embedded. The 

procedure for DNA isolation from archival paraffin blocks 

entailed preparing serial sections of five 10-µm thick slices 

under sterile conditions. This process was meticulously 

performed to prevent contamination of the material with other 

DNA, particularly DNA obtained from blocks that could contain 

the HPV genome. The prepared tissues were suspended in 

mineral oil with the addition of a proteinase K solution for the 

proteolytic digestion of the samples. The isolated DNA was 

absorbed using magnetic nanospheres of iron oxide to 

magnetically separate it from impurities. The entire process was 

automated in the MagCore HF16 Plus device, using the 

MagCore® Genomic DNA FFPE One-Step Kit (RBC-

Bioscience, Taiwan). 
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The subsequent step involved analyzing the purity and 

concentration of the obtained DNA using the Nanodrop ND-

1000 spectrophotometer (ThermoFisher Scientific, Waltham, 

USA). The presence of 14 types of HR-HPV viruses (Abbott 

Molecular, Abbott Park, USA) was assessed by real-time PCR. 

The test recognized each type of HPV16 and HPV18 separately, 

as well as less common types of HPV (31, 33, 35, 39, 45, 51, 52, 

56, 58, 59, 66, 68) in total.15 

 For virus type analysis using commercial tests, a reaction 

mixture containing Taq polymerase in an appropriate buffer 

medium and a sample dilution containing 10 ng genomic DNA 

in each case were prepared. Product detection was performed 

with a ViiA 7 Real Time instrument (ThermoFisher Scientific, 

Waltham, USA). According to the procedure, negative and 

positive controls were analyzed to confirm that the reaction was 

conducted correctly. DNA with the sequence of β-globulin, 

poly(dA:dT), and HPV16, HPV18, and HPV58 sequences were 

used as negative and positive controls, respectively.16 The cut-

off point was the CT value of 32. The method's effectiveness in 

assessing HPV status was demonstrated in previous studies by 

Śnietura et al.17,18 As a result, the group was divided into an 

HPV-negative control (six patients) and an HPV-positive study 

group (five patients). 

 Regions of interest (ROI), corresponding to the tumor tissue, 

were marked by a histopathologist on a previously scanned 

virtual slide using Bezier curves and made available remotely 

for the measurement and analysis of Raman spectra in the serial 

sections. The spectra obtained from confocal Raman 

microspectroscopy were compared using multivariate statistical 

analysis. Images of unstained tissue subjected to Raman 

spectroscopy measurements and the corresponding stained 

tissue with the tumor site marked by a histopathologist are 

depicted in Figure 2. 

 

 

Figure 2. Selected virtual hematoxylin and eosin images with ROI 

areas with tumor tissue; a) HR HPV-negative; b) HR HPV-positive 

and the corresponding images of unstained samples tissues 

recorded in a confocal microscope, in which single spectra were 

measured (marked with the crosses); c) and d) HR HPV-negative 

and HR HPV-positive, respectively. 

Determination of molecular changes in HNSCC 

by Raman confocal microscopy 

For spectroscopic measurements, HNSCC tissue samples were 

prepared by dewaxing with xylene followed by hydration in 

decreasing concentrations of ethanol. All Raman spectra 

measurements were conducted using an alpha 300 R microscope 

(WITec, Ulm, Germany). The apparatus comprises a UHTS 

spectrometer and a CCD camera (cooled to -60°C), coupled with 

a confocal Zeiss microscope equipped with an automatic 

mapping table. The laser line with a wavelength of 532 nm (Nd: 

YAG laser ) was employed for measurements by focusing on the 

sample, with a 50× magnification objective (NA = 0.75). A 

surface resolution of 650 nm was achieved. The average laser 

intensity was 10 mW. The spectra were recorded using the 

WITEC Control software and pre-processed using the WITEC 

Project Plus. Point measurements were made with the Olympus 

LMPlanFL 50x NA = 0.76 objective. The integration time of one 

spectrum was 2 s, and the number of repetitions of a single 

spectrum in a given place was 20. To create virtual slides of a 

microscopic image of unstained tissue, the “Image Stitching” 

function and Olympus MPlan lenses 10x NA = 0.3 (scan of the 

entire tissue) and Olympus 50x NA = 0.76 (scan before 

measuring the area) were utilized. 

 Raman scattering spectra were determined for all 11 HNSCC 

samples. The spectra were acquired from various areas of the 

sample, covering 7-14 points, depending on its size. The 

examined areas were identified by the pathologist as the regions 

of neoplastic infiltration. All spectra underwent preliminary 

processing by removing backscatter peaks using a dedicated 

algorithm.  

 Detailed data processing was carried out using the R 

environment19 and the hyperSpec package.20 All spectra were 

limited to the range of 500-1800 cm-1 and shifted along the 

wavelength axis. Baseline correction was performed using a 

polynomial baseline correction21 with the automatic detection of 

spectral regions for a polynomial fitting of the spectral baseline. 

Before commencing the normalization process, the spectra were 

smoothed using the Locally Weighted Scatterplot Smoothing 

(LOWESS) algorithm. The spectra were normalized using the 

methods for the area under the curve (AUC). Additionally, offset 

and baseline corrections were applied after normalization. 

 To determine statistically significant differences in the spectra 

between the study groups, each spectrum was divided into 65 

segments (20 cm-1/segment). The values of each segment for 

each tissue separately were averaged and compared using the 

non-parametric Wilcoxon test with a cutoff value of 0.05 (FDR-

corrected).22 Next, to visualize the differences in the analyzed 

groups, the results were subjected to further multidimensional 

analysis for the regions differentiating the study groups. 
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Multivariate analysis of the spectroscopic data 

In the study, principal component analysis (PCA) was 

conducted, and hierarchical clustering analysis (HCA) was 

applied using the Ward clustering criterion.23,24 It was assessed 

whether the selected spectral ranges exhibited sufficient 

characteristics to serve as HR-HPV markers in Raman 

spectroscopy analysis. To conduct discriminant analysis for 

selected regions (i.e., those that statistically differentiated the 

spectra the most), partial least squares discriminant analysis 

(PLSDA) was employed with the technique of assessing the 

accuracy of cross-validation.25 Following this, a supervised 

analysis of the spectroscopic data for the study groups was 

undertaken. The results were compared between PLS, ada, 

AdaBag, and AdaBoost to identify the most effective classifier. 

Based on this comparison, the PLS classifier was selected as the 

most effective tool for material assessment. 10-fold cross-

validation was utilized in the assessment using the PLS 

classifier. 

 

Results 

Determination of the presence and type of HPV 

Immunohistochemical staining aimed to determine the presence 

of HPV by assessing the expression of p16 protein (INK4A). In 

six samples from the control group, i.e., non-HPV-associated 

HNSCC, tumor cells did not exhibit a massive diffuse color 

reaction of mixed nature, characteristic of HR-HPV infection.26 

Positive immunohistochemical staining was observed only in 

normal parts of the analyzed section, including isolated basal 

and basic squamous epithelial cells or stromal cell elements, 

serving as the positive internal control. In a group of patients 

with HR-HPV infection, the presence of the virus was confirmed 

based on the accumulation of p16 protein (INK4A) in the 

neoplastic cells. This confirmation was supported by the results 

of RT-PCR. Tests in the control group did not reveal the 

presence of DNA of any of the 14 types of HR-HPV viruses 

detected by the test. In the study group, an increase in the 

amplification curve of HPV16 was observed before the cut-off 

cycle for all samples, confirming the presence of DNA of the 

virus with high oncogenic potential. 

 The comparison of the consistent results of p16 protein 

(INK4A) expression and the determination of the virus's 

presence by RT-PCR confirmed the division of the study 

material into two groups that differed in terms of the etiology of 

the disease. 

 

Basic analysis of Raman spectra for the biological 

tissues 

The results of the Raman spectra measurements for the samples 

are presented in Figure 3. To enhance the visualization of 

differences between HPV-positive and negative tissues of 

tonsillar squamous cell carcinoma, averaged spectroscopic 

spectra were prepared and statistically significant ranges were 

highlighted (in red) after preliminary data processing. Following 

the initial data processing, a statistical analysis was conducted 

for all spectral components using the non-parametric Wilcoxon 

test, along with correction for multiple testing, to identify these 

ranges. The averaged Raman spectra for HNSCC are depicted in 

Figure 4. 
 

 

Figure 3. Raman spectra for all tissue sections of tonsillar 

squamous cell carcinoma, HPV-positive samples (red) and HPV-

negative samples (black) after the preliminary analysis and 

determination of regions that statistically significantly 

differentiated the study groups. Assignment of bands appearing in 

the recorded spectra: carotinoids (Raman bands 1490-1580 cm-1), 

proteins (Raman bands 2900-3010 cm-1), lipids (Raman bands 

2850-2950 cm-1), lipids (Raman bands C=C stretch 1652-660 cm-1), 

lipids (Raman bands CH2 bending/stretching/scis/soring 1442-

1660cm-1), nucleic acids (Raman bands 1077-1095 cm-1), DNA and 

RNA (Raman bands 676 and 1400 cm-1), protein (Raman bands 

1650 cm-1), amide I (Raman bands (1628-1662 cm-1), amide III 

(Raman bands (1223-1280 cm-1). 

 

Figure 4. Averaged Raman spectra for HPV-positive and HPV-

negative HNSCC, after the initial analysis with the determination 

of statistically significant (red) and non-significant differentiating 

regions (blue). 
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Through the spectral analysis, four ranges were identified in 

which the bands most effectively differentiated HPV-positive 

from HPV-negative HNSCC. The selected differentiation ranges 

include 900 - 980 [rel. 1/cm], 1260 - 1290 [rel. 1/cm], 1360 - 

1400 [rel. 1/cm], and 1520 - 1600 [rel. 1/cm]. 

 

Multidimensional statistical analysis of the 

spectroscopic data 

Unsupervised multivariate analysis 

In the initial step, the selected spectral ranges were evaluated 

using PCA and HCA. This process aimed to determine whether 

these regions exhibited sufficient distinctiveness to serve as 

markers for highly oncogenic HPV. The results obtained for 

individual ranges are presented below. 

PCA for selected ranges (500 – 1800; rel. 1/cm) 

In our study, PCA was employed to determine whether the 

classification of samples based on Raman spectra aligned with 

histological classification. 

 The selected differentiating ranges, for which the best results 

of unsupervised analysis were achieved, were described in 

detail: 1360 – 1420 [rel. 1/cm], 1540 – 1620 [rel. 1/cm], and 

1355 – 1385 [rel. 1/cm]. The graphs presented in Figure 5 show 

the results of PCA for two main components and the dependence 

of the eigenvalues on the number of factors for the best ranges. 

The ranges of 1360 - 1400 [rel. 1/cm], 1540 - 1620 [rel. 1/cm], 

and 1355 - 1385 [rel. 1/cm] were selected. The remaining ranges 

of 1260 - 1290 [rel. 1/cm] and 900 - 980 [rel. 1/cm] yielded 

unsatisfactory results in the unsupervised classification. 

 In the Raman spectra recorded for both groups (HPV positive 

and negative), differences were observed in the range of 1355 -

1385 cm-1. This range is related to vibrations characteristic of 

CH3 and C-CH3 bonds and the differences in spectra observed 

in this range may indicate changes in DNA, e.g. methylation. 

Also, the range of 1540 to 1620 cm-1 can most likely be 

attributed to a change in nucleic acids satisfactory results in the 

unsupervised classification. 

HCA for the ranges from 500 - 1800 [rel. 1/cm] 

The results of the HCA are presented in the form of a 

dendrogram, where the clusters in the diagram are indicated by 

colored branches. Figures 6, 7, and 8 display the results of HCA 

for the selected ranges. The goal of this analysis was to assess 

whether the classification of the samples based on the Raman 

spectra aligned with the histological classification. 

 

 

Figure 5. PCA. Dependence of PC2 on PC1 for selected ranges: a) 1360 - 1420 [rel. 1/cm], b) 1540 - 1620 [rel. 1/cm] and c) 1355 - 1385 [rel. 

1/cm]. 
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Figure 6. Hierarchical clustering analysis for the range of 1360 – 

1420 [rel. 1/cm]. The samples were color-coded due to their 

belonging to the actual class. 

 

Figure 7. Hierarchical clustering analysis for the range of 1540 – 

1620 [rel. 1/cm]. The samples were color-coded due to their 

belonging to the actual class. 

 

Figure 8. Hierarchical clustering analysis for the range of 1355 – 

1385 [rel. 1/cm]. The samples were color-coded due to their 

belonging to the actual class. 

In the dendrograms, samples histologically assessed as HPV-

negative were marked with blue, while HPV-positive samples 

were indicated in red. The division of the samples into two 

clusters is the outcome of the cluster analysis. Each cluster was 

designated with a different color (of the dendrogram branch). It 

can be inferred that the clusters created based on histological 

assessment partially overlapped with the results of the cluster 

analysis for the specified ranges. The coverage quality, 

calculated based on the number of well-matched groups in 

relation to the total number of trials, is presented in Table 1.  

 

Table 1. Comparison of the quality of the HCA classification of the 

samples based on the Raman spectra for selected ranges in relation 

to the histopathological diagnosis, n = 115 (HPV-positive n1 = 55, 

HPV-negative n2 = 60). 

Region [rel. 1/cm] 
The quality of the HCA classification 

HPV positive [%] HPV negative [%] Total [%] 

1360 – 1420  82 % 80 % 81 % 

1540 – 1620  86 % 68 % 77 % 

1355 – 1385  76 % 70 % 73 % 

 

 

Supervised analysis of spectroscopic data of the 

study groups (PLS classifier) 

To determine the most effective classifier, the results were 

compared among PLS, ada, AdaBag, and AdaBoost. Following 

the comparison, the PLS classifier was chosen as the most 

effective tool for material assessment. The results of the analyses 

for each spectral range are provided in Table 2. 

 The optimal matching results of the PLS classifier, at a level 

of 92%, were observed for the range of 1390 - 1420 [rel. 1/cm]. 

However, the results of unsupervised clustering remained at a 

similar level or improved for the ranges of 1380 - 1420, 1390 - 

1420, and 1400 - 1420. 

 

Table 2. Summary of the quality of the supervised classification of 

samples based on Raman spectra for the selected ranges in relation 

to the histopathological diagnosis. 

Range  

[rel. 1/cm] 

Number of 

components 

Quality of the classification 

Value obtained  

[%] 
SD: 

1360  – 1420 7 components of PLS 87 % 10 % 

1380 – 1420 7 components of PLS 91 % 9 % 

1390 – 1420 8 components of PLS 92 % 6 % 

1400 – 1420 5 components of PLS 85 % 9 % 

1360 – 1440 10 components of PLS 89 % 19 % 

1355 – 1385 8 components of PLS 76 % 12 % 

1540 – 1620 8 components of PLS 89 % 9 % 

1520 – 1600 10 components of PLS 79 % 10 % 

1260 – 1290 8 components of PLS 74 % 16 % 

900 – 980 8 components of PLS 74 % 16 % 

900 – 980 3 components of PLS 75 % 8 % 
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Figure 9. PCA and HCA results for the range of 1390 - 1420 [rel. 1/cm]. 

Figure 9 presents the results of PCA and HCA for the range of 

1390 - 1420 [rel. 1/cm]. The range of 1360 - 1420 [rel. 1/cm] 

corresponds to the vibrations of CH3 and C-CH3 groups. This 

range may be related to DNA methylation, specifically the 

conversion of cytosine to C5-methylcytosine, and the range of 

CHS and C-CH3 vibrations.  

 

Discussion 

The study explored the potential use of Raman 

microspectroscopy and multidimensional statistical analysis to 

assess the presence of HR-HPV in HNSCC. This technique, 

employed for the analysis of biological material, involves 

combining the capabilities of Raman spectroscopy and confocal 

microscopy. The integration of Raman scattering spectroscopy 

with confocal microscopy, utilizing a laser beam with a 

wavelength of 532 nm and a lens with a magnification of ×100, 

enables the measurement of individual points and surface 

mapping (around 300 nm) or depth mapping (<1 µm) with high 

resolution. The confocal Raman microscope facilitates the 

registration of a spectrum with high spatial resolution from a 

very small, precisely selected fragment (approx. 1 µm), allowing 

for microstructural level analysis. Additionally, it enables the 

detection of differences resulting from changes in the chemical 

structure, such as genetic changes. The study demonstrated that 

the molecular structure variances in HPV-infected HNSCC 

cancer cells are significant and detectable by Raman 

spectroscopy, indicating the potential use of Raman microscopy 

in developing promising diagnostic methods. The unique 

combination of vibrational states of a particle and its 

environment serves as a chemical fingerprint that can identify 

and characterize biomolecules, cells, and tissues. Numerous 

reports have emphasized the use of spectroscopy in assessing 

molecular changes in DNA structure.27-29 In 2010, Kelly et al.30 

demonstrated the potential use of Raman spectroscopy, 

combined with multivariate statistical analysis, to study DNA 

methylation. DNA methylation significantly influences gene 

expression regulation and the mechanical properties of DNA. 

Oligonucleotides with different methylation structures were 

used as a model system. Hence, spectroscopic methods can 

effectively study biomarkers related to mutations and diseases 

caused by epigenetic factors. Vibration spectroscopy techniques 

have been utilized for years in diagnosing various pathological 

changes, particularly neoplastic changes.31-34 A 2015 review by 

Ramos et al.35 summarized the achievements of Raman 

spectroscopy in diagnosing cervical cancer, emphasizing its 

potential in detecting precancerous conditions, early-stage 

cancer, HPV infection, and monitoring treatment response. 

These tests are conducted ex vivo (organs, cells, or tissues are 

taken from a living body for treatment or some procedure, and 

then returned to the living body), in vivo (in the body), and in 

vitro (living cells isolated from the parent organism and kept 

alive under laboratory conditions). 

 A significant challenge in detecting biochemical changes and 

conducting immunohistochemical tests on fixed tissues is 
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associated with the presence of paraffin residues in the samples. 

Nevertheless, effective methods for removing paraffin from 

samples and preparing the material for spectroscopic 

measurements have been reported.36-39 The utilization of 

archival material in the form of formalin-fixed paraffin- 

preserved (FFPP) samples enables retrospective research. This 

preservation method, involving formaldehyde fixation and 

paraffin encapsulation, ensures stability and protection against 

oxidation for biomolecules. Structurally fixed and embedded 

tissues remain resilient and suitable for research over many 

years. However, the stability of nucleic acids and proteins 

diminishes over time, limiting the utility of such preserved 

biological material for IHC or molecular tests, especially for 

samples not older than several years. While double-stranded 

DNA remains incredibly stable in FFPE blocks, less stable 

biomolecules, such as RNA, can degrade rapidly, particularly in 

slice samples.36-39 

 Krishna and Lyng demonstrated the ability to differentiate 

neoplastic changes (on paraffin sections) based on differences in 

the concentrations of lipids, nucleic acids, glycogen, and 

proteins.40,41 In in vitro studies, Raman spectroscopy primarily 

allows for differentiation between healthy and neoplastic tissues 

based on the increasing concentration of DNA in relation to 

proteins.42 

 Ostrowska et al. conducted a study to differentiate HPV-

positive from HPV-negative cancer, revealing significant 

differences in LR-HPV cells from HR-HPV cells due to varying 

levels of proteins, nucleic acids, and lipids.43 In the present 

study, the assessment focused on tissue changes caused by high 

oncogenic risk virus types, which are crucial in oncology. This 

is justified by Śnietura's findings44, indicating that there were no 

infections with subtypes from the LR-HPV group in malignant 

lesions, suggesting mutual exclusivity between HNSCC and LR-

HPV infection. 

 Raman spectroscopy, employed for detecting various 

pathological changes, enables the detection of viral infections 

that often lead to diseases.45-47 This technique allows for non-

invasive detection of viruses and their components by assessing 

the spatial structure of tissue-building macromolecules at the 

molecular level. Viruses successfully detected using this method 

include HPV43,46 Ad-CMV adenovirus48, and herpes simplex 

virus type 1 (HSV-1).49 Molecular changes visualized by Raman 

spectroscopy mainly pertain to different proportions of nucleic 

acids in relation to proteins, particularly involving the PO3- 

group48 and amide vibrations from amide III proteins.49 The 

impact of external factors on the spatial structure of viruses, 

determining methods of infection treatment, has also been 

examined for echovirus 1 (EV1)50, avipoxvirus (APV), and 

adeno-associated virus (AAV).51 

 In the study, two groups were defined based on histological 

assessment and the evaluation of the biological activity of HR-

HPV. An indirect immunohistochemical method of P16 protein 

(INK4A) accumulation was used for this purpose, and the 

presence of high oncogenic potential viruses was directly 

confirmed by RT-PCR. The specific type of the virus was also 

determined. Additionally, Raman spectroscopy successfully 

differentiated between HR-HPV-positive and HR-HPV-

negative samples in HNSCC. 

 

Conclusions 

The research demonstrated that Raman confocal 

microspectroscopy enables the examination of tissue section 

samples from paraffin blocks after dewaxing. The utilization of 

virtual slides of stained tissues with marked tumor structures 

facilitated measurements in well-defined tissue areas. The basic 

analysis of Raman scattering spectra from heterogeneous tissue, 

based on characteristic bands of individual biological 

substances, was insufficient for effectively classifying the 

presence of active HPV. However, applying the Wilcoxon test 

and correction for multiple testing allowed the identification of 

regions that statistically differentiated the groups. Unsupervised 

multivariate statistical analysis (PCA, HCA) for evaluating 

spectroscopic data enabled the accurate classification of active 

HR-HPV presence. Similarly, supervised multivariate statistical 

analysis for evaluating spectroscopic data allowed for high-

specificity classification of active HR-HPV. 

 In conclusion, our experience highlights the significant 

diagnostic potential of Raman confocal microscopy combined 

with multidimensional statistical analysis. This method 

facilitates testing biological material obtained from paraffin 

blocks. Our results revealed distinct ranges of the Raman 

spectrum that differentiated between HPV-associated and non-

HPV-associated cancers. In the future, this method's use may 

lead to the development of an effective and automated HR-HPV 

detection system in neoplastic tissue. It also holds promise for 

creating a rapid and cost-effective screening tool for 

intraoperative examinations. Considering that the positions of 

Raman bands are characteristic of specific chemical groups, 

Raman spectra can be employed for the chemical identification 

and quantification of tissues. 
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