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Abstract
Background  Oral cancers, which include tumors of the oral cavity, salivary glands, and pharynx, are becoming 
increasingly prevalent worldwide. Squamous cell carcinoma accounts for over 90% of malignant oral lesions, with oral 
squamous cell carcinoma (OSCC) being notably common in the Indian subcontinent and other regions of Asia. This is 
especially true in South-Central Asia, including Sri Lanka, where it is particularly prevalent among men. This study aims 
to evaluate the levels of Vascular Endothelial Growth Factor-A (VEGF-A) and Cytokeratin-19 (CK-19) mRNAs in whole 
blood as a potential method for the early detection of OSCC.

Methods  The study included 40 patients (each from OSCC, Oral Submucous Fibrosis (OSF), Oral Leukoplakia (OLK), 
Oral Lichen Planus (OLP), and 10 healthy controls. The expression levels of VEGF-A and CK-19 mRNAs were measured 
from extracellular RNA extracted from whole blood samples using real-time reverse transcription polymerase chain 
reaction (RT-PCR) with sequence-specific primers. Receiver operating characteristic (ROC) curve analysis was used to 
evaluate the effectiveness of these biomarkers in detecting OSCC.

Results  The results demonstrated a significant increase in blood transcripts of the candidate mRNAs CK-19 and 
VEGF-A in patients with OSCC, OSF, OLK, and OLP. The Wilcoxon signed-rank test revealed a p-value of 0.002 for each 
specific comparison between diseased patients and healthy controls (i.e., OSCC vs. HC, OSF vs. HC, OLP vs. HC, OLK 
vs. HC) for both CK-19 and VEGF-A. When these two biomarkers were used together, they provided a 60% predictive 
probability for patients with OSCC (p = 0.023).

Conclusion  This study highlights the efficacy of blood mRNA transcriptome diagnostics in detecting OSCC. This 
innovative clinical approach has the potential to be a robust, efficient, and reliable tool for early cancer detection. 
Blood-based transcriptomes could be further explored for their effectiveness in various health contexts and for 
routine health monitoring.
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Introduction
As the sixth most prevalent cancer worldwide, oral and 
oropharyngeal malignancies are a growing health issue 
[1–3]. South Asian countries have the highest frequency 
of oral cancer in men, accounting for 25% of all new cases 
of cancer [3]. Oral cancer has a 50% 5-year survival rate 
[1, 3]. OSCC accounts for 95% of oral cavity malignan-
cies, while smoking, betel quid chewing, and exces-
sive alcohol use are major causes [1]. Because alcohol, 
tobacco, and areca nut use persist despite public aware-
ness and educational campaigns, primary prevention 
alone has failed [3–5]. The oral cavity’s direct accessibil-
ity aids early identification of OSCCs and Oral potentially 
malignant disorders (OPMDs), yet 60% of OSCCs in Sri 
Lanka are detected at advanced clinical stages [2, 6]. Late 
OSCC presentation has poor prognosis and lower rates 
of survival due to local, regional and distant metastases 
[3, 6]. The proportion of patients with advanced-stage 
OSCC has remained stable for 40 years, and despite a 
large portion of the population receiving regular oral 
health checks and dental care, survival rates have not 
improved [3].

VEGF, also known as VEGF-A, is a protein originally 
purified from a tumor-derived fluid, recognized for its 
vascular permeability activity [7]. A few years later, a pro-
tein with angiogenic activity was independently purified 
and named VEGF [8]. Molecular cloning subsequently 
revealed that these two proteins were identical, encoded 
by a single gene [9]. The VEGF family includes VEGF-
A, VEGF-B, VEGF-C, VEGF-D, PlGF (placental growth 
factor), VEGF-E (Orf-VEGF), and Trimeresurus flavo-
viridis svVEGF. Except for the latter two members, five 
VEGF family genes are present in mammalian genomes, 
including humans [10]. VEGF-A serves multiple func-
tions, including promoting angiogenesis, increasing 
vascular permeability, and stimulating cell migration in 
macrophage lineage and endothelial cells. Recently, anti–
VEGF-VEGFR drugs, such as anti–VEGF-A neutralizing 
antibodies and multikinase inhibitors, have been devel-
oped and are widely used for treating major solid tumors 
[11, 12]. Elevated levels of VEGF mRNA or protein have 
been found to be associated with aggressive progression 
and poor prognosis in several forms of cancers, such as 
pancreatic, gastric, colorectal, and breast carcinomas 
[13–17]. The potential of VEGF protein or mRNA as a 
predictive marker for oral cancer progression and prog-
nosis is a promising prospect. However, the specific role 
of VEGF-A in the pathophysiology of oral cancer remains 
to be clarified [18].

Cytokeratins (CK19) belong to the Keratin fam-
ily of intermediate filament proteins, consisting of 20 

polypeptides. The family mentioned is crucial for main-
taining the structural integrity of epithelial cells and 
serves as a highly effective indicator for tumors [19, 20]. 
The primary roles of these indicators are to facilitate sig-
nal transduction, respond to stress, induce apoptosis, 
maintain cell integrity, and promote cellular proliferation 
[21, 22]. Nevertheless, Cytokeratins are subject to intri-
cate regulation, which involves posttranslational modifi-
cations of amino acids and interactions with associated 
proteins [21]. Malignant epithelial cells contain wild-type 
filamentous polypeptides [23].

CK19 is found in the periderm and epithelial cells 
of the kidney and the organs of the digestive systema 
(including the pancreas and gallbladder) [24]. CK19 
mRNA has been detected in various cancers, including 
hepatocellular carcinoma, cholangiocellular carcinoma, 
colorectal neoplasm, nonmedullary thyroid carcinoma, 
untreated early-stage cervical carcinoma, breast cancer, 
and lung cancers [25]. This study aims to (a) evaluate the 
expression levels of CK-19 mRNAs and VEGF-A in blood 
specimens of patients with active OSCC lesions, OPMDs 
(such as oral submucous fibrosis (OSF), oral leukoplakia 
(OLK), and oral lichen planus (OLP), and healthy con-
trols, and (b) compare the histopathological grade of 
OSCC with the obtained VEGF-A expression findings.

Methods
Sample collection and preparation
This study was conducted in accordance with the Hel-
sinki Declaration of 1964 (as amended in October 2013 
by the World Medical Association General Assembly), 
at the Dental Teaching Hospital of the University of 
Peradeniya, Sri Lanka between March, 2023 to Octo-
ber 2023. The study was ethically approved by Ethical 
Review Committee of the Faculty of Dental Sciences, 
University of Peradeniya under the reference number 
ERC/FDS/UOP/E/2021/14, and all patients provided 
written informed consent prior to participation in this 
study. Further, participation was informed, anonymous, 
and voluntary. Individuals under 18 years of age and 
those physically or mentally unable to respond to the 
data collection tools were excluded. Eligible participants 
were adults over 18 years without any physical or men-
tal incapacities, newly diagnosed, and had not undergone 
any prior interventions such as chemotherapy, radiation, 
surgery, or alternative therapies. None of the patients or 
study controls had a medical history of cancer, hepatitis, 
HIV infection, immunodeficiency, or autoimmune dis-
orders. Control participants were meticulously matched 
with the experimental group by age and sex. Healthy 
controls were selected following a detailed oral cavity 
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examination by a specialist in oral medicine, ensuring the 
absence of any pathological lesions. All participants pro-
vided informed consent by signing an official form.

The criteria for diagnosing the oral lesions in our study 
involved both histopathological confirmation and clini-
cal examination. OSCC was diagnosed through histo-
pathological examination, which confirmed malignant 
epithelial cells exhibiting features such as keratinization, 
cellular atypia, and invasion of surrounding tissues, sup-
ported by clinical findings consistent with malignant 
lesions. OLK was identified by the presence of white 
plaques or patches on the oral mucosa that could not be 
classified as any other condition clinically or pathologi-
cally; histopathological examination was done to assess 
the dysplastic changes and rule out malignant transfor-
mation. OLP was diagnosed based on clinical examina-
tion, which revealed bilateral white reticular or lace-like 
patterns on the buccal mucosa, tongue, or gingiva, and 
confirmed by histopathological examination showing 
characteristic features like band-like lymphocytic infil-
trate at the epithelial-connective tissue interface and 
degeneration of the basal cell layer. OSF was diagnosed 
through clinical examination indicating progressive fibro-
sis of the submucosal tissues, leading to restricted mouth 
opening and blanching of the oral mucosa; histopatho-
logical examination confirmed the presence of dense col-
lagenous connective tissue with reduced vascularity and 
chronic inflammatory infiltrate. The demographic and 
clinical information such as sex, age, drinking and smok-
ing habits, clinical history, treatments, and instances of 
recurrence were recorded. To ensure confidentiality, all 
patient identifiers were encoded.

We calculated the sample size using G*Power 3.1 with 
an F test ANOVA: Fixed effects, omnibus, one-way. At 
a significance level (α) of 0.05 and power (1-β) of 0.90, 
with an effect size (f ) of 0.6, the required sample size was 
determined to be 50. These 50 participants were then 
distributed among the groups for oral cancer, OLK, OLP, 
OSF, and controls.

A total of 2 mL of blood was withdrawn in EDTA tubes 
from healthy donors (n = 10), patients with OSCC (n = 10), 
OLK (n = 10), OLP (n = 10), and OSF (n = 10). 1 mL of 
human whole blood was mixed with 5 mL of Buffer EL 
in an appropriately sized tube/falcon tube (15 mL). The 
sample was incubated for 10–15 min on ice and mixed by 
vertexing briefly 2 times during incubation. Afterward, 
the mixture was centrifuged at 400 x g for 10 min at 4 °C, 
completely removed, and the supernatant was discarded. 
2 mL of Buffer EL was added to the cell pellet and resus-
pended the cells by vertexing briefly. Again, centrifuged 
the mixture at 400 x g for 10 min at 4 °C, and completely 
removed and discarded supernatant. 600 µL of Buffer 
RLT was added to pelleted leukocytes and vortexed well, 

followed by samples stored at − 70 °C until complete RNA 
extraction.

RNA isolation
Upon thawing the cell pellets, total RNA extraction was 
performed according to the manufacturer’s instructions 
of the Qiagen QIAamp RNA Blood Kit ®. The QIAamp 
RNA Blood Mini Kit streamlines the extraction of RNA 
from the blood via a rapid spin-column method. It begins 
by selectively lysing red blood cells and collecting white 
cells through centrifugation. These white cells are then 
lysed under potent denaturing conditions that swiftly 
deactivate RNases. Following this, the sample is homog-
enized using the QIAshredder spin column and subse-
quently applied to the QIAamp spin column. Here, total 
RNA attaches to the QIAamp membrane while impuri-
ties are eliminated through a series of washes, resulting 
in pure RNA that can be eluted in 30–100 µl of RNase-
free water (included with the kit). This pure RNA is then 
ready for direct utilization in various downstream appli-
cations. The extracted RNA’s purity and quantity were 
assessed via spectrophotometric analysis employing a 
NanoDrop spectrophotometer, focusing on the A260/
A280 ratio.

cDNA synthesis
The total RNA was reverse transcribed using GoScript™ 
Reverse Transcriptase from Promega Corporation, Madi-
son, Wisconsin, United States, following the manufactur-
er’s guidelines. Subsequently, the samples were stored at 
-20 °C for further analysis.

Real-time RT-PCR
Real-time RT-PCR analysis of VEGF-A, CK-19, and 
GAPDH was conducted on 50 study participants, with 
each sample analyzed in triplicate. The PCR amplification 
was carried out in a 10 µL reaction mixture, compris-
ing a final concentration of 10 µmol for both sense and 
antisense primers, 2 µL of cDNA, and combined with 10 
µL of GoTaq® qPCR Master Mix (Promega Corporation, 
Madison, USA). Quantification was performed using the 
QuantStudioTM 6 Flex Real-Time PCR Instrument from 
Thermo Fisher Scientific. The initial cDNA/RNA amount 
for a specific template was deduced from a previously 
established standard curve [26]. The sequences and spec-
ifications of the PCR primer set (in the 5’-3’ direction) 
were as follows (Table 1). The relative expression of each 
specific product was calculated by 2-ΔΔCT (CT = fluores-
cence threshold value; ΔCT = CT of the target gene - CT 
of the reference gene (GAPDH); ΔΔCT = ΔCT of the oral 
cancer/OPMD sample - ΔCT of the calibrator sample).
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Evaluation
Statistical analyses and diagram creation were conducted 
using GraphPad Prism 4.0 software. The Wilcoxon 
Signed Rank test was employed for statistical assessment 
to compare each diseased vs. control group. To appraise 
the biomarker’s efficacy in distinguishing between tumor 
and control samples in individuals’ whole blood with-
out relying on a subjective threshold, a Receiver Oper-
ating Characteristic (ROC) curve was generated. This 
curve illustrates the relationship between sensitivity 
(true positives) and 1-specificity (false positives), treat-
ing each recorded value as a potential cutoff point. The 
Area Under the Curve (AUC) was computed to evaluate 
the overall discriminatory capability of the marker. A bio-
marker with limited discriminatory value would exhibit a 
ROC curve closely mirroring the diagonal line, resulting 
in an AUC value of around 0.5. In contrast, a dependable 
discriminatory test would shift the ROC curve toward 
the upper left corner, yielding an AUC value approaching 
1.0.

Results
The study cohort comprised 50 individuals, 36 were 
men, and 14 were women, indicating a slight preference 
for men. The study included 10 patients diagnosed with 
OSCC (4 with well-differentiated OSCC, 3 with mod-
erately differentiated OSCC and 3 with poorly differ-
entiated OSCC), 10 with OLP, 10 with OLK displaying 
varying degrees of dysplasia (2 with keratosis with mod-
erate epithelial dysplasia, 4 with keratosis with mild epi-
thelial dysplasia, 2 with keratosis without dysplasia, and, 
2 with verrucous hyperplasia), 10 with OSF displaying 
diverse degrees of dysplasia (2 with mild epithelial dys-
plasia, 1 with OSF (Advanced stage) and 7 with no dys-
plasia), and ten meticulously matched healthy control 
subjects (Table 2).

Upon examining the associations between VEGF-A 
and CK-19 levels and the clinicopathological characteris-
tics of OSCC and OPMD patients, no significant associa-
tion was identified for age, gender, past medical history, 
betel quid chewing habit, smoking habit, and alcohol 
consumption. However, the following associations were 
detected between the presence of OSCC/OPMD and 
the age of the patients (Pearson correlation = − 0.351; 
p = 0.012), presence of OPMD/OSCC vs. drug his-
tory of the individual (Pearson correlation = − 0.033; 
p = 0.018), presence of OPMD/OSCC vs. betel chew-
ing (Pearson correlation = − 0.612; p = 0.000), presence of 
OPMD/OSCC vs. alcohol consumption (Pearson corre-
lation = − 0.284; p = 0.046), gender vs. smoking (Pearson 
correlation = − 0.428; p = 0.002), gender vs. alcohol con-
sumption (Pearson correlation = − 0.586; p = 0.000), age vs. 
drug history (Pearson correlation = − 0.111; p = 0.047) and 
age vs. past medical history (Pearson correlation = 0.303; 
p = 0.033).

Since the dataset was not normally distributed, we 
employed the Spearman Correlation test to evaluate 
the monotonic relationship between the variables with-
out assuming a linear connection. The p-values for each 
marker indicate whether there was no statistically signifi-
cant correlation between their concentrations and dys-
plasia severity, categorized as follows: 0 = no dysplasia, 
1 = mild dysplasia, 2 = moderate dysplasia, and 3 = invasive 
cancer. The Spearman correlation coefficient for VEGF-A 
and dysplasia severity was 0.096, with a p-value of 0.506, 

Table 1  Specification of the primers used in real-time RT-PCR [27]
Parameter CK19-mRNA VEGF-A GAPDH
F primer ​T​C​C​G​A​A​C​C​A​A​G​T​T​T​G​A​G​A​C ​A​T​C​A​C​G​A​A​G​T​G​G​T​G​A​A​G​T​T​C ​T​G​A​A​G​G​T​C​G​G​A​G​T​C​A​A​C​G​G​A​T​T​T​G​G​T
Length of primer 19 20 26
R primer ​A​A​T​C​C​A​C​C​T​C​C​A​C​A​C​T​G​A ​T​G​C​T​G​T​A​G​G​A​A​G​C​T​C​A​T​C​T​C ​C​A​T​G​T​G​G​G​C​C​A​T​G​A​G​G​T​C​C​A​C​C​A​C
Length of primer 18 20 24
Length of proliferation piece 222 265 929
Optimum annealing temperature 58.4 oC 60 oC 60 oC

Table 2  Clinicopathological characteristics of the patients in the 
study (n = 50)
Parameters Study population (n = 50)

OSCC OLK OSF OLP HC
Total 10 10 10 10 10
Age (years)
Median range 56(37–

77)
47(27–
59)

43(28–
68)

48(18–
64)

37(24–
68)

Gender
  Male
  Female

8
2

9
1

8
2

4
6

7
3

Past medical history/ 
drug history
  Yes
  No

4
6

5
5

4
6

2
8

0
10

Areca nut chewing
  Yes
  No

8
2

7
3

10
0

5
5

0
10

Smoking history
  Yes
  No

3
7

6
4

5
5

2
8

0
10

Alcohol consumption
  Yes
  No

8
2

3
7

7
3

2
8

3
7
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while for CK-19, the correlation coefficient was 0.003, 
with a p-value of 0.983.

The results affirmed a notable increase in blood tran-
scripts of the 2 candidate mRNAs CK-19 and VEGF-A—
in patients with OSCC, OSF, OLK, and OLP. Wilcoxon 
signed-rank test showed p = 0.002 for each specific com-
parison: diseased versus controls (i.e., OSCC versus 
HC, OSF versus HC, OLP versus HC, OLK versus HC) 
for CK-19 and VEGF. These genes were stratified into 
two tiers based on the magnitude of elevation: high up-
regulated mRNA, encompassing VEGF-A (36.73-fold-
OSCC; 1.84-fold-OSF; 19.00-fold-OLK; 18.17-fold-OLP; 
3.01-fold-HC); lower up-regulated mRNAs, including 
CK-19 (8.721-fold-OSCC; 5.800-fold-OSF; 6.706-fold-
OLP; 9.505-fold-OLK; 2.249-fold-HC) (Fig.  1). After 
conducting binary logistic regression analysis, predictive 
probability values were collected and used to create ROC 
curves (Fig.  2). The ROC curves were subsequently uti-
lized to calculate the area under the curves (AUC) for the 
prediction probability of each biomarker, as specified in 
Table 3.

Discussion
Angiogenesis plays a crucial role in the initiation, devel-
opment, and metastasis of tumors, with VEGF recog-
nized as a potent angiogenic factor driving the formation 
of new blood vessels during tumor growth [28, 29]. VEGF 

is known to specifically stimulate the proliferation of vas-
cular endothelial cells. Elevated expression of VEGF was 
not only observed in the tissue of OSCC but also had 
a notable impact on serum levels. In a recent study led 
by Edirisinghe et al., a direct correlation was observed 
between the expression of the VEGF-A gene, serum lev-
els, tissue VEGFR-2 levels, and the tumor’s stage and 
grade. These results provide significant evidence endors-
ing the potential of VEGF-A as a biomarker for the early 
detection of OSCC [30].

The initial investigation led by Folkman et al. show-
cased VEGF’s angiogenic capabilities in pre-malignant 
lesions [31]. This research highlighted the stimulation of 
blood vessel formation as cells progressed from exces-
sive growth to the development of abnormal tissue. Few 
studies have explored angiogenesis in the progression 
of clinically diagnosed OLK towards malignancy [32]. 
The increase in angiogenesis is evident during the tran-
sition from OLK to dysplasia and, ultimately, to OSCC. 
In OSCC, a study by Gandolfo et al. revealed heightened 
VEGF expression in leukoplakia, contributing to blood 
vessel formation beneath the epithelium [32]. Moreover, 
VEGF expression was significantly higher in leukoplakia 
with dysplastic alterations compared to those without 
dysplasia. Specifically, in the context of oral leukoplakia, 
the expression of VEGF-A can be utilized to assess the 
malignant evolution of tongue OLK-OSCCs [32]. These 

Fig. 1  Circulating levels of VEGF-A and CK-19 (a) The box-plot diagram shows VEGF-A mRNA expression levels (b) The box-plot graph illustrates the 
Cytokeratin (CK-19) mRNA expression levels
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investigations collectively indicate that VEGF holds 
promise as a valuable indicator for diagnosing the malig-
nant transformation of oral leukoplakia.

In a study conducted by Rai et al., the investigation 
aimed to establish a link between VEGF gene polymor-
phism and OSF [33]. The results provided compelling 
evidence indicating a significant correlation between 

the VEGF − 460  C/T gene polymorphism and OSF in 
patients. Notably, the observation of polymorphism in 
advanced stages underscores the importance of VEGF 
as a biomarker in both the malignant transformation 
and progression of OSF phases [33]. The progression 
of OPMDs to malignancy has been associated with the 
downregulation of E-cadherin and the upregulation of 

Table 3  Areas under the curve (AUC) of the four combined biomarkers
Predictive probabilities Sensitivity

(%)
Specificity
(%)

Cut of probability (%) Area Asymptotic sig. Std Error Asymptotic 95% C.I. Intervals
Lower Bound Upper Bound

OSCC 60 70 50.64 0.8 0.023* 0.105 0.595 1.000
OSF 60 50 50.96 0.6 0.45 0.13 0.345 0.855
OLP 30 90 50.99 0.61 0.406 0.13 0.355 0.865
OLK 30 70 49.27 0.68 0.174 0.124 0.437 0.923

Fig. 2  Receiver operating characteristics (ROC) curve analysis using blood VEGF-A and CK-19 levels in blood in OSCC, OSF, OLP, and OLK patients com-
pared with controls. (a) ROC curve of OSCC vs. HC (b) ROC curve of OLP vs. HC (c) ROC curve of OSF vs. HC (d) ROC curve of OLK vs. HC
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VEGF [34]. The expression of VEGF increased consis-
tently as the disease advanced from normal to higher 
stages of oral epithelial dysplasia and eventually to cancer. 
However, in the present study the level of VEGF-A level 
was downregulated compared to the healthy controls.

Sharma et al. observed a notable rise in vascularity dur-
ing the early stages of OSF. As OSF advanced, there was 
a discernible down-regulation in VEGF expression [35]. 
These findings imply the potential for symptom improve-
ment in oral fibrosis through vascular reconstruction 
[35].

OLP presents as a persistent inflammatory condition 
with an autoimmune inflammatory origin [36]. Addi-
tionally, Hazzaa et al.‘s investigation uncovered notable 
immune expression of VEGF in the connective tissue of 
OLP compared to the control group [37], a finding con-
sistent with Salem et al.‘s results [38]. Moreover, Tao et 
al. bolstered these findings by illustrating a strong corre-
lation between VEGF immune expression, angiogenesis, 
and OLP lesions, in contrast to the control group [39]. It’s 
worth mentioning that immune cells like macrophages, 
along with resident cells like fibroblasts, release lymph-
angiogenic factors, specifically VEGF-C and VEGF-A, in 
inflamed tissues, highlighting the crucial role of angio-
genesis and lymph angiogenesis in OLP development. 
Furthermore, these discoveries suggest a significant link 
between angiogenesis and the diverse clinical manifesta-
tions of OLP lesions, providing fresh insights into under-
lying mechanisms and potential treatment strategies [37].

CK19 is a member of the broad category of interme-
diate filament proteins identified as the Keratin family, 
comprising approximately 20 polypeptides. The primary 
role of this family is to uphold the integrity of epithelial 
cells. These proteins serve as crucial indicators for the 
diagnosis and management of tumors [40]. The involve-
ment of CK19 has been linked to the migration and 
infiltration of cancer cells, potentially contributing to 
the development of distant metastasis through its facili-
tation of extracellular breakdown and cell motility [41]. 
A recent study conducted by Rashid et al. revealed that 
in the patients’ group, 19 individuals showed positive 
CK19 markers, yielding a sensitivity of 53%. In contrast, 
the normal group had a total of eight positive cases out 
of 36 [27]. A statistical analysis employing a two-sample 
binomial test demonstrated a significant difference in the 
number of positive instances between the two groups 
(P-value = 0.011). The researchers concluded that these 
findings establish a diagnostic screening tool for the early 
detection of OSCC in its initial stages. To enhance the 
reliability of the results, it is recommended to carry out 
further research with larger sample sizes [27].

There is limited literature regarding studies on CK19 
gene expression in OPMD. However, several studies uti-
lizing immunohistochemistry have been conducted, 

shedding light on the involvement of CK-19 in OPMDs. 
Investigating the role of CKs in OLP has the potential 
to enhance the understanding and differential diagnosis 
of this condition. Researchers analyzed the expression 
of CK10, CK13, CK14, and CK19 in OLP cases, con-
sidering their significant expression in the healthy oral 
mucous membrane [42, 43]. The expression pattern of 
CK-19 in the healthy nonkeratinized oral mucous mem-
brane shows inconsistencies: Vander Velden described 
the heterogeneous expression of CK-19 in both the basal 
and suprabasal regions of the epithelial cells [44]. Refer-
ring to a study by Maeda et al., flow cytometry analysis of 
OLP tissues revealed six specimens with consistent stain-
ing in the basal layer, four areas without staining, and 
three areas showing no staining at all [45]. Boisnic et al. 
reported positive staining of keratin 19 in multiple basal 
regions [42]. The research illustrated that as OLP damage 
progresses, keratinized epithelial cell layers may eventu-
ally express CK-19 [46].

OLK serves as an early indicator of oral epithelial 
malignancy, demanding a thorough investigation to 
comprehend molecular changes during its transforma-
tion and prevent its progression. Multiple molecular-
biological and clinicopathological studies have enhanced 
our understanding of cytokeratin expression alterations 
in cancer biology [47]. Intermediate filaments (IFs) play 
a crucial role in the biological features and developmen-
tal stages of epithelial organ cells. In the basal layers of 
basal cells, Ck 5 and Ck 14 signify stratified epithelium 
associated with cell proliferation [48]. The intermediate 
layers of keratinizing stratified epithelium express CKs 
1 and 10, indicating cellular differentiation [48]. Con-
versely, glandular epithelia exhibit distinct CKs 8/18 and 
19. Alterations in precancerous oral epithelium may be 
connected to the expression of CKs 8/18 and 19 in the 
suprabasal layer [47].

In a study conducted by Fillies et al., immunohisto-
chemical staining was utilized to demonstrate a signifi-
cantly higher expression of CK19 in cases of epithelial 
transformation. The research observed a statistically 
significant difference in expression levels between OLK 
and OSCC (p < 0.01), as well as between OLK and oral 
lichenoid dysplasia (OLD) (p = 0.021). Similar findings are 
well-documented in the existing literature, where Ck 19 
expression is frequently noted in dysplastic lesions [49, 
50] and is primarily considered an indicator of impaired 
epithelial differentiation [51].

Cytokeratin fragment antigen 21 − 1 (CYFRA21-1), 
resulting from caspase-3 action on CK-19, has been 
detected in the serum and saliva of patients with fibro-
sis, including OSF, and those with malignancy [52]. The 
decrease in CK-19 and the appearance of CYFRA21-1 in 
OSF are likely linked to stromal hypoxia-induced activa-
tion of caspase-3 and − 9 [53, 54]. In OSF, where CK-19 is 
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reduced, its elevation is observed in OED [52, 55]. More-
over, CK-19 exhibits a gradual increase with advanc-
ing grades of OED and OSCC [55, 56]. Its expression is 
particularly elevated at the invasive edge, serving as an 
independent indicator of unfavorable prognosis [56, 57]. 
Although the mechanism underlying changes in CK-19 
expression during the malignant transformation of OSF 
remains unexplored, the heightened CK-19 expression 
in OED, OSCC, and malignant OSF could be associated 
with increased matrix stiffness due to progressive matrix 
cross-linking. The augmented stiffness in OSF mucosa is 
evidenced by a thickened basement membrane, subepi-
thelial fibrosis, and elevated collagen density [58]. There-
fore, studies with substantial sample sizes are imperative 
to elucidate the role of CK-19 in both OSCC and OPMD.

In our study, no significant difference was observed in 
the intensity levels of VEGF-A and CK-19 among OSCC, 
OSF, OLP, and OLK unless considered in the context of 
disease vs. healthy groups, such as OSCC vs. HC, OSF vs. 
HC, OLP vs. HC, and OLK vs. HC. However, when com-
bined, these two markers demonstrated effectiveness in 
detecting OSCC alone with relatively high sensitivity and 
specificity (refer to Table  3) (p = 0.023). Therefore, our 
study suggests that CK-19 and VEGF do not play a signif-
icant role independently in the transformation of OPMD 
to OSCC. Even though, these findings indicate significant 
overexpression of these genes in diseased states com-
pared to healthy controls, suggesting their potential role 
in the pathogenesis of these conditions. Further gene 
expression studies on different cytokeratin’s and VEGF 
individually are warranted to explore broader diagnostic 
applications in the future, thereby enhancing their diag-
nostic and prognostic implications in early detection of 
oral cancer and OPMD.
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