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Interplay of Heat Shock Proteins and Oxidative 
Stress in Modulating Neutrophil Activation in 
Cystic Fibrosis Inflammation

ABSTRACT

Background: Cystic fibrosis, is an autosomal recessive disorder characterized by persistent 
inflammation, unregulated immune responses, and pneumonic complications. The central role of 
CF-associated inflammation is neutrophil activation triggered by oxidative stress and Heat Shock 
Proteins (HSPs). The present study seeks to explore the interaction of oxidative stress, HSPs, and 
neutrophil activation in CF patients.

Methods: A case-control study was conducted from January-2023 to June-2024 at the School of Pain 
Regenerative Medicine, The University of Lahore, including 100 CF patients and 100 age and 
gender-matched controls. A purposive sampling method was employed to recruit participants for 
this retrospective case-control study. Serum MDA, 4-HNE, 8-OHdG, and isoprostanes were 
quantified. The HSP27, HSP70, and HSP90, neutrophil activation was measured using neutrophil 
elastase, myeloperoxidase, and matrix metalloproteinase-9. Values are expressed as mean±SD with 
a significance threshold of p < 0.05.

Results: The MDA values were (5.89±1.38 nmol/mg), 4-HNE (18.3±4.63 mol/L). HSP27 levels were 
significantly increased (72.53±12.27 ng/mL), HSP70 (110.23±15.67 ng/mL), and HSP90 (88.6±14.21 
ng/mL). Neutrophil activation markers, (250.88±35.16 g/L) and MPO (340.01 42.22 ng/mL) were 
significantly increased. Neutrophil elastase (200 g/L) has a high sensitivity (83%) (95 % CI: 4.36-14.25), 
which is a significant predictor of neutrophil-driven inflammation.

Conclusion: The findings suggest that neutrophil activation and sustained inflammation in CF are 
caused by HSPs and oxidative stress. Elevated HSPs and oxidative stress markers are associated with 
increased pneumonic inflammation. Novel curative measures to reduce CF-associated 
inflammation are likely to be developed through targeting HSPs and oxidative stress variables. 
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ID ID INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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INTRODUCTION
Cystic fibrosis is a systemic disease that has an 
autosomal recessive mode of transmission meaning 
that the abnormality is expressed only when the 
child inherits two bad genes of the same gene pool, 
the CFTR1. The dysfunction of the CFTR protein 
pursuing chloride ions transport across the epithelial 
cells leads to the successive migration of mucus in 
several organs. In the lungs, this mucus remains thick 
and forms a media for chronic infections and 
constant inflammation mainly due to neutrophils 
which are central in immune response2,3. Whereas 
healthy human subjects exhibit tightly controlled, 
short-term neutrophil responses, in CF, neutrophils 
are continuously activated and do not get cleared 
effectively, thus sustaining inflammation and 
progressive lung tissue destruction3,4. This immune 
dysregulation is more related to oxidative stress, the 
issue of excess production of ROS, and insufficient 
antioxidant capability. There is increasing evidence 
that points to the accumulation of products of lipid 
peroxidation, MDA, and 4-HNE, in CF patients due to 
inflammation and progression of the disease5,6.

These proteins, including HSP 27, HSP 70, and HSP 90 
can protect cells under stress through chaperon 
action and by preventing the formation of 
additional aggregates of non-degradable 
proteins5,7. Identified in CF, oxidative stress and 
chronic inflammation induce these HSPs involved in 
regulating neutrophil chemotaxis, aggregation, 
degranulation, and the synthesizing of various 
cytokines. This dysregulation then increases the 
inflammatory response and consequentially 
increases tissue damage in a continuous loop8,9. 
Although extensive work has investigated oxidative 
stress, HSPs, and neutrophil activation in 
inflammation, the exact mechanism of these factors 
in the context of the CF remains unclear10. Recent 
articles have pointed to the possibility of these 
pathways as being pro-inflammatory, opening up 
new possibilities for treatment. Nevertheless, the 
knowledge of these signaling events at the 
molecular level remains still fragmentary11,12.

This work aimed at investigating the involvement of 
oxidative stress, HSPs, and neutrophil activation in 
inflammation associated with CF. Hence, this work 
seeks to assess the potential of oxidative stress 
indices as well as major HSPs to enhance the 
understanding of neutrophil-mediated tissue 

damage in CF at the molecular level. The results 
could help to establish new targets for treatment to 
reduce chronic inflammation and enhance CF 
patients’ prognosis. Based on this assumption, it is 
proposed here that increased levels of, oxidative 
stress and HSP, leading to sustained activation of 
neutrophils and chronic inflammation represent a 
central pathway of CF disease. This work aimed at 
trying to understand these interactions, fill these 
gaps, and obtain information that may be useful in 
searching for ways of interrupting the inflammatory 
process in CF.

METHODS
A retrospective case-control study comprising 100 
CF patients and 100 controls was conducted from 
January 2023 to June 2024. The study was 
conducted at the School and Regenerative 
Medicine, The University of Lahore. One hundred 
and ninety-six participants were recruited; 100 
clinically diagnosed cystic fibrosis patients and 100 
age- and gender-matched healthy controls. A 
purposive sampling method was employed to 
recruit participants for this retrospective 
case-control study. This research was approved by 
the institutional review board 
SPRM/UOL/MOCT/D01/0098. and the participants’ 
informed consent was also obtained before 
participation was allowed.

Blood samples were collected from participants with 
CF and analyzed for immune function and 
inflammation. Oxidative stress markers like 
malondialdehyde, 4-hydroxynonenal,
8-hydroxy-2'-deoxyguanosine, and isoprostanes 
were measured in plasma using ELISA kits. Heat 
shock protein concentrations were assessed using 
commercially available ELISA kits. Plasma 
concentrations of neutrophil elastase, MPO, and 
MMP-9 were estimated using Neutrophil Elastase, 
Myeloperoxidase, and Matrix metalloproteinase-9 
ELISA kits. The study aimed to compare immune 
function and inflammation in CF patients to healthy 
controls.

The sample size for comparing two groups can be 
calculated using the formula  .
n=2.(Zα/2+Zβ)2.σ2/Δ2
n=2 x (1.96+.84)2x25.48/22

n=2 x 7.84 x 25.48/4
n=2 x 199.76/4 

n=2 x 49.94
n ≈100
Note (The estimated variance (σ2\sigma^2σ2) 
required for the study is approximately was (25.48)
Where:
• Zα/2: Z-value corresponding to the desired 
significance level 
• Zβ: Z-value corresponding to the desired power 
• σ2: Estimated variance of the outcome variable.
• Δ: Minimum detectable difference between 
groups.
The statistical evaluation was performed using IBM 
SPSS Statistics Version 26 and GraphPad Prism 
Version 9.0. Descriptive statistics, together with 
continuous variables are expressed as mean 
standard deviation (SD), whereas categorical 
variables. Independent sample t-tests were used in 
the inferential study. To assess the sensitivity and 
specificity of the major biomarkers, Odds Ratios (OR) 
together with 95 % boldness intervals (CI) were 
calculated for risk assessment, and neutrophil 
activation is assessed by Pearson’s correlation.

RESULTS
The study analyzed the relationship between 
oxidative stress markers, heat shock proteins (HSPs), 
and neutrophil activation in cystic fibrosis (CF) 
patients. The results showed a slight association 
between oxidative stress-induced DNA damage 
and lipid peroxidation in CF patients. The study also 
found a favorable relationship between 
4-hydroxynonenal (4-HNE), HSP27, myeloperoxidase 
(MPO), and neutrophil elastase. However, no 
significant associations were found between 4-HNE 
and MMP-9, suggesting a narrow direct 
consequence of extracellular matrix degeneration. 
The study also revealed that 28.11% of patients with 
CF had a family history of cystic fibrosis. The 
hematological analysis indicated differences 
between CF patients and healthy controls. The CF 
group had higher WBC count, neutrophil ratio, 
lymphocyte ratio, mean hemoglobin levels, platelet 

counts, C-reactive protein (CRP) levels, and HSP 
expression. CF patients also showed higher MDA 
levels, 4-HNE levels, oxidative DNA lesion 
8-hydroxy-2’-deoxyguanosine (8-OHdG), 
isoprostanes, and HSPs. HSP expression was 
increased in CF patients compared to a healthy 
population.

Serum HSP27 was significantly elevated in CF 
patients compared to the control group, while 
HSP70 and HSP90 levels were significantly elevated 
in CF patients. These findings indicate high-stress 
response in CF patients. Neutrophil elastase levels 
were also significantly elevated in CF patients due to 
neutrophil activation and increased tissue 
remodeling. The study found that MMP-9 
demonstrated the highest sensitivity and accuracy 
(83%, supplementary material Fig. with some 
significant odds ratio (OR) of 8.50 (95% CI: 
4.70-15.39). Neutrophil elastase also showed high 
sensitivity and a significant OR (7.89, 95% CI: 
4.36-14.25). HSP70 had 81% sensitivity and 82% 
specificity, thus showing potential for diagnostic 
markers. 

The study also found a strong relationship 
supplementary material, in different figures between 
4-hydroxynonenal (4-HNE), HSP27, myeloperoxidase 
(MPO), and neutrophil elastase. However, no 
significant associations were found between 4-HNE 
and MMP-9, suggesting a narrow direct 
consequence of extracellular matrix degeneration. 
The study also found a nuanced interaction among 
oxidative stress markers, HSPs, and neutrophil 
activation in CF inflammation, demonstrating that 
oxidative stress modulates HSP expression and 
neutrophil activity, contributing to the inflammatory 
cascade observed in CF patients. Targeting these 
markers may provide a new curative avenue for 
controlling CF-related inflammation and neutrophil 
overactivation.

INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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new possibilities for treatment. Nevertheless, the 
knowledge of these signaling events at the 
molecular level remains still fragmentary11,12.

This work aimed at investigating the involvement of 
oxidative stress, HSPs, and neutrophil activation in 
inflammation associated with CF. Hence, this work 
seeks to assess the potential of oxidative stress 
indices as well as major HSPs to enhance the 
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reduce chronic inflammation and enhance CF 
patients’ prognosis. Based on this assumption, it is 
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stress and HSP, leading to sustained activation of 
neutrophils and chronic inflammation represent a 
central pathway of CF disease. This work aimed at 
trying to understand these interactions, fill these 
gaps, and obtain information that may be useful in 
searching for ways of interrupting the inflammatory 
process in CF.

METHODS
A retrospective case-control study comprising 100 
CF patients and 100 controls was conducted from 
January 2023 to June 2024. The study was 
conducted at the School and Regenerative 
Medicine, The University of Lahore. One hundred 
and ninety-six participants were recruited; 100 
clinically diagnosed cystic fibrosis patients and 100 
age- and gender-matched healthy controls. A 
purposive sampling method was employed to 
recruit participants for this retrospective 
case-control study. This research was approved by 
the institutional review board 
SPRM/UOL/MOCT/D01/0098. and the participants’ 
informed consent was also obtained before 
participation was allowed.

Blood samples were collected from participants with 
CF and analyzed for immune function and 
inflammation. Oxidative stress markers like 
malondialdehyde, 4-hydroxynonenal, 
8-hydroxy-2'-deoxyguanosine, and isoprostanes 
were measured in plasma using ELISA kits. Heat 
shock protein concentrations were assessed using 
commercially available ELISA kits. Plasma 
concentrations of neutrophil elastase, MPO, and 
MMP-9 were estimated using Neutrophil Elastase, 
Myeloperoxidase, and Matrix metalloproteinase-9 
ELISA kits. The study aimed to compare immune 
function and inflammation in CF patients to healthy 
controls.

The sample size for comparing two groups can be 
calculated using the formula 13.
n=2.(Zα/2+Zβ)2.σ2/Δ2
n=2 x (1.96+.84)2x25.48/22
n=2 x 7.84 x 25.48/4
n=2 x 199.76/4 
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Note (The estimated variance (σ2\sigma^2σ2) 
required for the study is approximately was (25.48)
Where:
• Zα/2: Z-value corresponding to the desired
significance level 
• Zβ: Z-value corresponding to the desired power
• σ2: Estimated variance of the outcome variable.
• Δ: Minimum detectable difference between
groups.
The statistical evaluation was performed using IBM 
SPSS Statistics Version 26 and GraphPad Prism 
Version 9.0. Descriptive statistics, together with 
continuous variables are expressed as mean 
standard deviation (SD), whereas categorical 
variables. Independent sample t-tests were used in 
the inferential study. To assess the sensitivity and 
specificity of the major biomarkers, Odds Ratios (OR) 
together with 95 % boldness intervals (CI) were 
calculated for risk assessment, and neutrophil 
activation is assessed by Pearson’s correlation.

RESULTS
The study analyzed the relationship between 
oxidative stress markers, heat shock proteins (HSPs), 
and neutrophil activation in cystic fibrosis (CF) 
patients. The results showed a slight association 
between oxidative stress-induced DNA damage 
and lipid peroxidation in CF patients. The study also 
found a favorable relationship between 
4-hydroxynonenal (4-HNE), HSP27, myeloperoxidase 
(MPO), and neutrophil elastase. However, no 
significant associations were found between 4-HNE 
and MMP-9, suggesting a narrow direct 
consequence of extracellular matrix degeneration. 
The study also revealed that 28.11% of patients with 
CF had a family history of cystic fibrosis. The 
hematological analysis indicated differences 
between CF patients and healthy controls. The CF 
group had higher WBC count, neutrophil ratio, 
lymphocyte ratio, mean hemoglobin levels, platelet 

counts, C-reactive protein (CRP) levels, and HSP 
expression. CF patients also showed higher MDA 
levels, 4-HNE levels, oxidative DNA lesion 
8-hydroxy-2’-deoxyguanosine (8-OHdG),
isoprostanes, and HSPs. HSP expression was 
increased in CF patients compared to a healthy 
population.

Serum HSP27 was significantly elevated in CF 
patients compared to the control group, while 
HSP70 and HSP90 levels were significantly elevated 
in CF patients. These findings indicate high-stress 
response in CF patients. Neutrophil elastase levels 
were also significantly elevated in CF patients due to 
neutrophil activation and increased tissue 
remodeling. The study found that MMP-9 
demonstrated the highest sensitivity and accuracy 
(83%, supplementary material Fig. with some 
significant odds ratio (OR) of 8.50 (95% CI: 
4.70-15.39). Neutrophil elastase also showed high 
sensitivity and a significant OR (7.89, 95% CI: 
4.36-14.25). HSP70 had 81% sensitivity and 82% 
specificity, thus showing potential for diagnostic 
markers. 

The study also found a strong relationship 
supplementary material, in different figures between 
4-hydroxynonenal (4-HNE), HSP27, myeloperoxidase 
(MPO), and neutrophil elastase. However, no 
significant associations were found between 4-HNE 
and MMP-9, suggesting a narrow direct 
consequence of extracellular matrix degeneration. 
The study also found a nuanced interaction among 
oxidative stress markers, HSPs, and neutrophil 
activation in CF inflammation, demonstrating that 
oxidative stress modulates HSP expression and 
neutrophil activity, contributing to the inflammatory 
cascade observed in CF patients. Targeting these 
markers may provide a new curative avenue for 
controlling CF-related inflammation and neutrophil 
overactivation.
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Figure 1: Baseline Characteristics of Study Population for The Interplay of Heat Shock Proteins and Oxidative 
Stress in Modulating Neutrophil Activation in Cystic Fibrosis Inflammation, where ‘A and B’ Representing Age 
and BMI Characteristics Respectively.  
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in oral cancer to identify its ability as both a 
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provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 
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ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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Figure 2: Hematological Profiling for The Interplay of Heat Shock Proteins and Oxidative Stress in Modulating 
Neutrophil Activation in Cystic Fibrosis Inflammation, where ‘A, B, C, D, E and F’ Representing WBCs, 
Neutrophils, Lymphocytes, Hemoglobin, Platelets, and CRP respectively.

INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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Figure 3: Oxidative Stress Markers for The Interplay of Heat Shock Proteins and Oxidative Stress in Modulating 
Neutrophil Activation in Cystic Fibrosis Inflammation, where ‘A, B, C and D’ Representing MDA, 4-HNE, 8-
OHdG and Isoprostanes Characteristics Respectively 
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Figure 4: Interplay of Heat Shock Proteins (HSPs) Expression in Modulating Neutrophil Activation in Cystic 
Fibrosis Inflammation, where ‘A, B, and C’ represent different Characteristics 

Interplay of Heat Shock Proteins and Oxidative Stress in Modulating Neutrophil Activation in Cystic Fibrosis Inflammation  

INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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Figure 5: For the Interplay of Heat Shock Proteins and Oxidative Stress in Modulating Neutrophil Activation in 
Cystic Fibrosis Inflammation, where ‘A, B, and C’ Representing Characteristics of Neutrophils Activation 
Markers.  

DISCUSSION
The study aimed to assess the impact of HSPs and 
oxidative stress on neutrophil activation in cystic 
fibrosis (CF) patients, focusing on the role of these 
proteins in modulating neutrophil-mediated immune 
response14,15. The results showed that there is 
increased oxidative stress and HSP proteins in CF 
patients, which is directly linked with neutrophil 
activation15,16.The demographic analysis confirmed 
that the age and sex distribution between CF 
patients and healthy control subjects were fairly 
similar, but the BMI was significantly different. CF 
patients demonstrated an asthenic body build, 
mean BMI of 19.38±2.15 in contrast to 22.56±1.970 in 
healthy controls, p=0.001. Significantly higher levels 
of MDA, 4-HNE, 8-OHdG, and isoprostanes were 
demonstrated in CF patients as against the control, 
suggesting that these patients experienced higher 
membrane oxidation and increased overall system-
ic oxidative stress17.

HSPs were found to be more abundant in CF 
patients, with HSP27, HSP70, and HSP90 being signifi-
cantly more abundant than HSP90 in patients with 
CF. These increased HSP levels may represent a 
hepatic adaptation to chronic oxidative stress and 
inflammation characteristic of the CF lung disease 
process18,19. Likewise, MMP-9 levels were upregulat-
ed by 45%, and are involved in the degradation of 
extracellular matrix and airway remodeling20. These 
enzymes were tightly linked with lung damage, 
excessive mucus secretion, and inflammatory 
response in patients with cystic fibrosis21. The overall 
enhancement of HSP expression described in this 
study may correspondingly suggest their involve-
ment of oxidative stress as well as excessive accu-
mulation and toxicity of neutrophils within tissues.

It is known that fibrotic diseases are characterized 

by abnormal accumulation of ECM components 
that contain collagen and then chronic inflamma-
tory events. Long -term pathological deposition of 
collagen in ECM disturbs the normal structure and 
function of the organs22. The essential mechanisms 
of fibrotic diseases have been widespread, 
but there is no ideal drug to prevent and treat it23. 
Due to the research and disturbance of the 
pathogens of fibrotic diseases, the HSP family 
and oxidative stress plays an important role in the 
process of fibrot-ic disease. This regulates the 
production and destruction of ECM in the 
process of fibrotic diseases and suppresses or thus 
calms the process of fibrotic diseases24.

However, the specific pathways through which HSPs 
act as modulators of neutrophil activation are not 
straightforward. Further studies might be needed to 
define the exact mechanisms by which HSPs, oxida-
tive stress, and inflammatory mediators are regulat-
ed in CF25,26. This is the first report to simultaneously 
analyze the redundant pathways involving oxida-
tive stress and HSPs in CF, and demonstrate how 
those pathways lead to activation of neutrophils 
and inflammation. The analysis offers strong proof 
that HSPs, especially HSP70, rise to play a protective 
role in suppressing the negative effects of oxidative 
stress and abnormally high neutrophil activity27. This 
means that HSPs can serve as not only indicators of 
cellular stress but also as modulation of immune 
homeostasis, which has not been investigated in 
most previous CF studies in sufficient detail28. The 
current investigation will play a key role in under-
standing the interaction between oxidative stress, 
HSPs, and neutrophil activation in cystic fibrosis 
(CF)-related inflammation. The robust odds ratio 
shows a statistically significant association between 
the above biomarkers and CF-related inflammation 
processes. Understanding the role of HSPs in neutro-

phil activation paved the way for targeted therapy 
aimed at modulating HSP expression to reduce 
inflammation. This research provides a personalized 
strategy for managing CF, enabling an individual-
ized care plan based on specific inflammatory and 
oxidative stress stages.

CONCLUSION
In cystic fibrosis inflammation, neutrophil activation 
alters heat shock protein and oxidative stress levels. 
Oxidative stress, heat shock proteins (HSPs), and 
activated neutrophils rise in cystic fibrosis (CF) 
patients, creating a vicious cycle that worsens 
inflammation and disease. These aims may assist 
find cystic fibrosis-friendly anti-inflammatory thera-
pies. 
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INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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DISCUSSION
The study aimed to assess the impact of HSPs and 
oxidative stress on neutrophil activation in cystic 
fibrosis (CF) patients, focusing on the role of these 
proteins in modulating neutrophil-mediated immune 
response14,15. The results showed that there is 
increased oxidative stress and HSP proteins in CF 
patients, which is directly linked with neutrophil 
activation15,16.The demographic analysis confirmed 
that the age and sex distribution between CF 
patients and healthy control subjects were fairly 
similar, but the BMI was significantly different. CF 
patients demonstrated an asthenic body build, 
mean BMI of 19.38±2.15 in contrast to 22.56±1.970 in 
healthy controls, p=0.001. Significantly higher levels 
of MDA, 4-HNE, 8-OHdG, and isoprostanes were 
demonstrated in CF patients as against the control, 
suggesting that these patients experienced higher 
membrane oxidation and increased overall system-
ic oxidative stress17.

HSPs were found to be more abundant in CF 
patients, with HSP27, HSP70, and HSP90 being signifi-
cantly more abundant than HSP90 in patients with 
CF. These increased HSP levels may represent a 
hepatic adaptation to chronic oxidative stress and 
inflammation characteristic of the CF lung disease 
process18,19. Likewise, MMP-9 levels were upregulat-
ed by 45%, and are involved in the degradation of 
extracellular matrix and airway remodeling20. These 
enzymes were tightly linked with lung damage, 
excessive mucus secretion, and inflammatory 
response in patients with cystic fibrosis21. The overall 
enhancement of HSP expression described in this 
study may correspondingly suggest their involve-
ment of oxidative stress as well as excessive accu-
mulation and toxicity of neutrophils within tissues.

It is known that fibrotic diseases are characterized 

by abnormal accumulation of ECM components 
that contain collagen and then chronic inflamma-
tory events. Long -term pathological deposition of 
collagen in ECM disturbs the normal structure and 
function of the organs22. The essential mechanisms 
of fibrotic diseases have been widespread, but 
there is no ideal drug to prevent and treat it23. Due 
to the research and disturbance of the pathogens 
of fibrotic diseases, the HSP family and oxidative 
stress plays an important role in the process of fibrot-
ic disease. This regulates the production and 
destruction of ECM in the process of fibrotic diseases 
and suppresses or thus calms the process of fibrotic 
diseases24.

However, the specific pathways through which HSPs 
act as modulators of neutrophil activation are not 
straightforward. Further studies might be needed to 
define the exact mechanisms by which HSPs, oxida-
tive stress, and inflammatory mediators are regulat-
ed in CF25,26. This is the first report to simultaneously 
analyze the redundant pathways involving oxida-
tive stress and HSPs in CF, and demonstrate how 
those pathways lead to activation of neutrophils 
and inflammation. The analysis offers strong proof 
that HSPs, especially HSP70, rise to play a protective 
role in suppressing the negative effects of oxidative 
stress and abnormally high neutrophil activity27. This 
means that HSPs can serve as not only indicators of 
cellular stress but also as modulation of immune 
homeostasis, which has not been investigated in 
most previous CF studies in sufficient detail28. The 
current investigation will play a key role in under-
standing the interaction between oxidative stress, 
HSPs, and neutrophil activation in cystic fibrosis 
(CF)-related inflammation. The robust odds ratio 
shows a statistically significant association between 
the above biomarkers and CF-related inflammation 
processes. Understanding the role of HSPs in neutro-

phil activation paved the way for targeted therapy 
aimed at modulating HSP expression to reduce 
inflammation. This research provides a personalized 
strategy for managing CF, enabling an individual-
ized care plan based on specific inflammatory and 
oxidative stress stages.

CONCLUSION
In cystic fibrosis inflammation, neutrophil activation 
alters heat shock protein and oxidative stress levels. 
Oxidative stress, heat shock proteins (HSPs), and 
activated neutrophils rise in cystic fibrosis (CF) 
patients, creating a vicious cycle that worsens 
inflammation and disease. These aims may assist 
find cystic fibrosis-friendly anti-inflammatory thera-
pies. 
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INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.
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DISCUSSION
The study aimed to assess the impact of HSPs and 
oxidative stress on neutrophil activation in cystic 
fibrosis (CF) patients, focusing on the role of these 
proteins in modulating neutrophil-mediated immune 
response14,15. The results showed that there is 
increased oxidative stress and HSP proteins in CF 
patients, which is directly linked with neutrophil 
activation15,16.The demographic analysis confirmed 
that the age and sex distribution between CF 
patients and healthy control subjects were fairly 
similar, but the BMI was significantly different. CF 
patients demonstrated an asthenic body build, 
mean BMI of 19.38±2.15 in contrast to 22.56±1.970 in 
healthy controls, p=0.001. Significantly higher levels 
of MDA, 4-HNE, 8-OHdG, and isoprostanes were 
demonstrated in CF patients as against the control, 
suggesting that these patients experienced higher 
membrane oxidation and increased overall system-
ic oxidative stress17.

HSPs were found to be more abundant in CF 
patients, with HSP27, HSP70, and HSP90 being signifi-
cantly more abundant than HSP90 in patients with 
CF. These increased HSP levels may represent a 
hepatic adaptation to chronic oxidative stress and 
inflammation characteristic of the CF lung disease 
process18,19. Likewise, MMP-9 levels were upregulat-
ed by 45%, and are involved in the degradation of 
extracellular matrix and airway remodeling20. These 
enzymes were tightly linked with lung damage, 
excessive mucus secretion, and inflammatory 
response in patients with cystic fibrosis21. The overall 
enhancement of HSP expression described in this 
study may correspondingly suggest their involve-
ment of oxidative stress as well as excessive accu-
mulation and toxicity of neutrophils within tissues.

It is known that fibrotic diseases are characterized 

by abnormal accumulation of ECM components 
that contain collagen and then chronic inflamma-
tory events. Long -term pathological deposition of 
collagen in ECM disturbs the normal structure and 
function of the organs22. The essential mechanisms 
of fibrotic diseases have been widespread, but 
there is no ideal drug to prevent and treat it23. Due 
to the research and disturbance of the pathogens 
of fibrotic diseases, the HSP family and oxidative 
stress plays an important role in the process of fibrot-
ic disease. This regulates the production and 
destruction of ECM in the process of fibrotic diseases 
and suppresses or thus calms the process of fibrotic 
diseases24.

However, the specific pathways through which HSPs 
act as modulators of neutrophil activation are not 
straightforward. Further studies might be needed to 
define the exact mechanisms by which HSPs, oxida-
tive stress, and inflammatory mediators are regulat-
ed in CF25,26. This is the first report to simultaneously 
analyze the redundant pathways involving oxida-
tive stress and HSPs in CF, and demonstrate how 
those pathways lead to activation of neutrophils 
and inflammation. The analysis offers strong proof 
that HSPs, especially HSP70, rise to play a protective 
role in suppressing the negative effects of oxidative 
stress and abnormally high neutrophil activity27. This 
means that HSPs can serve as not only indicators of 
cellular stress but also as modulation of immune 
homeostasis, which has not been investigated in 
most previous CF studies in sufficient detail28. The 
current investigation will play a key role in under-
standing the interaction between oxidative stress, 
HSPs, and neutrophil activation in cystic fibrosis 
(CF)-related inflammation. The robust odds ratio 
shows a statistically significant association between 
the above biomarkers and CF-related inflammation 
processes. Understanding the role of HSPs in neutro-

phil activation paved the way for targeted therapy 
aimed at modulating HSP expression to reduce 
inflammation. This research provides a personalized 
strategy for managing CF, enabling an individual-
ized care plan based on specific inflammatory and 
oxidative stress stages.

CONCLUSION
In cystic fibrosis inflammation, neutrophil activation 
alters heat shock protein and oxidative stress levels. 
Oxidative stress, heat shock proteins (HSPs), and 
activated neutrophils rise in cystic fibrosis (CF) 
patients, creating a vicious cycle that worsens 
inflammation and disease. These aims may assist 
find cystic fibrosis-friendly anti-inflammatory thera-
pies. 
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INTRODUCTION
Oral cancer exists as a common, aggressive tumor 
type that affects people worldwide, yet it remains 
difficult to detect until patients exhibit advanced 
symptoms, because current screening methods lack 
reliability 1. The exploration of non-invasive medical 
tools has led to liquid biopsy emerging as a valuable 
oncology technique that employs circulating tumor 
DNA (ctDNA) examination. ctDNA is generated from 
apoptotic or necrotic tumor cells 2. It contains 
genetic and epigenetic modifications that 
represent the tumor's molecular landscape, 
providing real-time insights into disease progression 
and therapy response 3.

Oral cancer develops through various stages that 
start with localized dysplasia that transforms into 
invasive carcinoma before spreading to the lymph 
nodes and other organs 4. The development of oral 
cancer remains complex due to tumor 
heterogeneity, environmental factors (tobacco and 
alcohol consumption), and natural genetic 
predispositions to disease 5. Invasive biopsy remains 
effective, but it produces limited results regarding 
tumor heterogeneity while requiring tissue samples 6. 
The ctDNA analysis component of liquid biopsy 
solves these issues by allowing persistent tumor 
tracking through blood tests alone 7.

The latest research investigates how ctDNA works as 
a diagnostic tool, prognostic indicator, and 
therapeutic agent in different types of cancer, 
including lung, colorectal, and breast tumors 8. 
Through ctDNA examination, doctors can recognize 
vital mutations in oral cancer, check for residual 
disease spread, and assess treatment responses to 
create individualized therapeutic plans 9. The 
analysis of tumor mutations within circulating tumor 
DNA (CTDNA) helps scientists understand cancer 
evolution and therapeutic targets. It also provides 
information about treatment resistance pathways, 
which establish CTDNA as a vital instrument for 
personalized cancer treatment10. The study assesses 
the clinical value of circulating tumor DNA (ctDNA) 
in oral cancer to identify its ability as both a 
screening test and monitoring device for outcome 
prediction. The analysis of circulating tumor DNA 
provides an innovative approach for tracking tumor 
changes in real-time through non-invasive 
monitoring that allows for better assessments of 
therapeutic responses and personalized treatment 

selection in oral cancer cases.

Researchers conducted this study to examine how 
ctDNA functions pathologically within oral cancer, 
determining its use as an early detection biomarker 
and its potential for cancer prognosis and treatment 
monitoring. Standardization research needs to 
progress because this will enable clinical teams to 
utilize ctDNA-based procedures for treating patients 
through personalized approaches.

METHODS
In this Cross-Sectional Study from June 2024 to 
December 2024, following ethical approval (CIIT- 
-RBM/006/ISB) using consecutive sampling 
techniques, 80 blood plasma EDTA samples were 
collected from oral cancer patients Shaikh Zayed 
Hospital Lahore and PIMS Hospital Islamabad via 
consecutive sampling technique using OpenEpi 
version 3.0.0 for sample size. Medical researchers 
extracted tumor tissues and adjacent normal tissues, 
which were taken 2 centimeters away from the 
cancerous area, after recording patient 
demographic and clinical data.

The scientists preserved all samples in RNA Later 
solution before placing them in -80°C storage for 
subsequent molecular tests. The procedure for 
nucleic acid extraction involved the use of TRIzol 
Reagent™: Catalogue# 15596026 as per the 
manufacturer’s protocols. The NanoDrop instrument 
from IMPLEN GmbH, Germany, allowed for testing 
both RNA purity through its 260 nm absorbance 
measurement and concentration detection 
through its 280 nm absorbance. The high RNA purity 
was evident from a 260/280 ratio measurement near 
2.1. The Solis Biodyne cDNA synthesis kit enabled 
first-strand cDNA synthesis using its standard 
procedure with 250 ng RNA. Real-time quantitative 
PCR (qPCR) performed gene amplification through 
the combination of gene-specific primers targeting 
ctDNA markers and β-actin primers for 
housekeeping control. The researcher performed 
the reaction three times using 5X SYBR Green qPCR 
Master Mix. The primer sequences were acquired 
from Macrogen for synthesis.

Statistical analysis was performed using SPSS version 
26 and GraphPad Prism software applications. The 
Mann-Whitney test analyzed the relationship 
between clinical and pathological factors and 

ctDNA concentrations. The researcher used paired 
sample t-tests to evaluate the relationship between 
tumor tissue and control tissue groups. The study 
established < 0.001 p-value as its statistical threshold. 

The evaluation of ctDNA forecasting potential in oral 
cancer patients based on group variations was 
determined using one-way ANOVA analysis.


