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Araştırma Makalesi

Apoptosis related PDCD4: Promising Novel Biomarker 
Early Detection of Oral Cancer

Apoptoz İlişkili PDCD4: Oral Kanserin Erken Tanısında 
Umut Vaad Edici Yeni Bir Biyobelirteç

ABSTRACT

Aim: This study aimed to investigate the potential role of the 
PDCD4 gene, involved in the progression of the oral potentially 
malign disorder (OPMD) and oral squamous cell carcinoma 
cancer (OSCC).

Material and Methods: The study was conducted on saliva and 
blood samples that were collected from OSCC (n=6), OPMD 
(n=6) patients, and healthy (n=6) individuals. The expression of 
PDCD4 was determined by using qRT-PCR. Kruskal Wallis test 
was performed to estimate the relationship between PDCD4 
expression and clinical characteristics of OSCC and OPMD 
patients. The correlation between PDCD4 expression and 
patients groups was tested with the Rank Spearman test.

Results: PDCD4 mRNA expression levels were assessed in 
6 OSCCs, 6 OPMD patients, and 6 healthy individuals saliva 
and blood. In both blood and saliva, PDCD4 mRNA expression 
levels were 6/6 (100%) underexpressed in OSCC, while it was 
underexpressed in 5/6 (83%) of OPMD. The mean value of 
PDCD4 was significantly downregulated in OPMD and OSCC 
than in healthy (p<0.05). The Spearman rank test obtained 
a p-value for the 2 tail test of 0.024 (p < 0.05), which showed 
a significant correlation between both, while the correlation 
coefficient of -0.530 showed a strong negative correlation of 
PDCD4 downregülation and OPMD, OSCC.

Conclusions: PDCD4 expression level is correlated with OSCC 
and OPMD. This study indicates that PDCD4 expression levels 
in liquid biopsies may have potential as a diagnostic biomarker in 
OSCC and OPMD.

ÖZET

Amaç: Bu çalışma, oral potansiyel malign bozukluk (OPMD) ve 
oral skuamöz hücreli karsinom karsinomun (OSCC) ilerlemesinde 
rol oynayan PDCD4 geninin potansiyel rolünü araştırmayı 
amaçlamıştır.

Gereç ve Yöntem: Çalışma OSCC (n=6), OPMD (n=6) ve 
sağlıklı (n=6) bireylerden alınan tükürük ve kan örnekleri üzerinde 
gerçekleştirildi. PDCD4’ün ifadesi, qRT-PCR kullanılarak 
belirlendi. PDCD4 ekspresyonu ile OSCC ve OPMD hastalarının 
klinik özellikleri arasındaki ilişkiyi tahmin etmek için Kruskal 
Wallis testi yapıldı. PDCD4 ekspresyonu ile hasta gruplarının 
korelasyonu Rank Spearman testi ile test edildi.

Bulgular: PDCD4 mRNA ekspresyon seviyeleri 6 OSCC’de, 
6 OPMD hastasında ve 6 sağlıklı bireyde tükürük ve kanda 
değerlendirildi. Hem kanda hem de tükürükte, PDCD4 mRNA 
ekspresyon seviyeleri OSCC’de 6/6 (%100) düşük ifade edilirken, 
OPMD’nin 5/6’sında (%83) düşük ifade edildi. Ortalama PDCD4 
değeri, OPMD ve OSCC’de sağlıklı olandan önemli ölçüde düşük 
ifade edildi (p<0.05). Rank Spearman testi ile p= 0.024 (p < 0.05) 
OSCC ve OPMD arasında anlamlı bir korelasyon gösterirken; 
-0.530 korelasyon katsayısı, , PDCD4 ‘ün OPMD ve OSCC 
arasında güçlü bir negatif korelasyona sahip olduğunu gösterdi.

Sonuç: PDCD4 ekspresyon seviyesi, OSCC ve OPMD ile 
ilişkilidir. Bu çalışma, sıvı biyopsilerdeki PDCD4 ekspresyon 
seviyelerinin OSCC ve OPMD’de tanısal bir biyobelirteç olma 
potansiyeline sahip olabileceğini göstermektedir.
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ples of OSCC and OPMD patients as a potential 
noninvasive diagnostic test for early detection of oral 
squamous cell carcinoma.

MATERIAL AND METHODS

Ethics statement

Before the trial, all participants signed an informed 
consent form. The Ethics Committee of Clinical Ex-
periment of Gazi University Dentistry Faculty accept-
ed the collection and use of all blood and saliva sam-
ples, stating that they followed all relevant ethical 
criteria on October 19, 2020 (approval no. E.28270). 

Patients and clinical data

A total of 12 patients (OSCC n=6, OPMD n=6) 
and 6 healthy individuals were attended at the 
Department of Oral and Maxillofacial Surgery, 
Department of Otorhinolaryngology-Head and Neck 
Surgery, University of Health Sciences, Ankara 
Diskapi Training and Research Hospital (Ankara 
Turkey). The clinical and histological photographs 
of the OSCC are shown in Figure 1. Histological 
examination was performed at 40X magnification in 
tissue samples stained with hematoxylin and eosin.

The inclusion criteria for OSCC patients are as follows: 

1) Presence of a primary tumor diagnosed as squa-
mous cell carcinoma located in the 2/3 anterior part 
of the tongue, the floor of the mouth, buccal mucosa, 
gingiva, retromolar region, hard palate, 2) Absence 
of Human Papillomavirus (viral) etiology in tumor de-
velopment, 3) Recurrence and absence of any other 
malignancy, 4) Diagnosis made by incisional biopsy. 

The OPMD group consisted of individuals with oral 
leukoplakia-erythroplakia clinical pre-diagnosis and 
histologically diagnosed as dysplasia with the oral 
mucosal lesion. This group (n=6 people) was evalu-
ated according to the binary system12 and diagnosed 
with low-grade dysplasia.

Healthy volunteers who have undergone impacted 3 
rd molar surgery served as a control group. Demo-
graphic information of the patients was recorded and 
shown in Table 1.

INTRODUCTION

Oral squamous cell carcinoma (OSCC), also known 
as oral cancer, is the sixth most common cancer 
globally. According to GLOBOCAN 2020 data, there 
are 377.713 new cases worldwide, whilst, 2.103 new 
cases, with 592 deaths are reported in Turkey.1 Oral 
cancer (OSCC) may arise de novo or from oral po-
tentially malignant disorders (OPMD) such as leu-
koplakia, erythroplakia, and erythroleukoplakia. The 
rate of dysplastic changes in OPMD is closely asso-
ciated with progression to invasiveness.  Despite ad-
vances in molecular studies, histologically dysplasia 
grading is still the unique prognostic parameter that 
indicates the transition to oral cancer.

Carcinogenesis is a multistep process involving the 
accumulation of numerous genetic and epigenetic 
changes, such as oncogene activation and tumor 
suppressor gene inactivation, at the molecular lev-
el. Despite the advances in the diagnosis and treat-
ment of this lethal disease, the survival rate is just 
50%, owing to patients late presentation to doctors 
and surgeons. Early detection and intervention are 
critical in light of the expanding illness load. Various 
approaches, ranging from simple chair-side investi-
gations such as vital staining to complex laboratory 
procedures, have constituted the spectrum of diag-
nostic aids in the early identification of oral precancer 
and cancer, starting with good clinical examination. 
However, due to the late identification of oral can-
cer, complex diagnostic tools such as lab-on-a-chip, 
microfluidics, nano-diagnostics, liquid biopsy, and 
omics technology such as genomics, transcriptom-
ics, proteomics, and metabolomics are required.2 
Obtaining successive tumor biopsies in advanced 
OSCC may be difficult. As a result, conducting a 
liquid biopsy to discover possible treatment targets 
is an intriguing alternative to tumor biopsy. Sever-
al research has looked into the viability of detecting 
somatic changes in OSCC utilizing liquid biopsy.3-7

The expression of PDCD4 has been reported to de-
crease in a variety of human cancers8-11, including 
the stomach, pancreas, colon, lung, prostate, ovary 
and liver. However, the molecular mechanism of the 
decrease of PDCD4 expression in human malignan-
cies is yet unknown.8 

In this study, we aimed to analyze the expression 
pattern of the PDCD4 gene in blood and saliva sam-
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Collection of saliva and blood

A total of 18 blood and 18 saliva samples were col-
lected from OSCC and OPMD patients and healthy 
individuals, n=3 blood and n=3 saliva (of OSCC pa-
tients) taken from the Department of Otorhinolaryn-
gology-Head and Neck Surgery, University of Health 
Sciences, Ankara Diskapi Training and Research 
Hospital (Ankara Turkey).

The same protocol as described by Navazesh et al. 
was performed for the saliva collection using stan-
dard technics.13 Five milliliters of unstimulated sali-
va samples were collected into a 50-milliliter sterile 
falcon which, was homogenized for 20 seconds by 
vortexing, followed by centrifugation at 2.600 g for 
15 minutes at 4°C. The supernatant was collected 
and stored in an eppendorf tube. Labeled samples 
were lifted to -80°C. 

The blood that would be isolated was collected in 
containers that would not allow the cells’ character-

istics to be lost (EDTA tube). The blood was stored 
at -80°C after being centrifuged at various speeds, 
including 1.000 g at 10 minutes 4°C.

RNA isolation and cDNA synthesis

Total RNA was isolated from blood and saliva us-
ing the Paxgene Blood miRNA İsolation Kit (Qiagen, 
Germany) and the miRNeasy mini kit (Qiagen, Ger-
many), respectively, following the manufacturer’s 
recommendations. 1 g of total RNA was reverse 
transcribed into cDNA using the Transcriptor High 
Fidelity cDNA Synthesis kit (Roche Diagnostics, 
Mannheim, Germany) under the following conditions 
to assess PDCD4 mRNA expression: 30 minutes at 
55°C, 5 minutes at 85°C. Then, using the RT prod-
uct, Quantinova LNA Probe PCR Assay (Qiagen, 
Germany), and specific primers for PDCD4 and 
ActB, real-time PCR was performed.

                                               OSCC  group   	 OPMD group   	         Controlgroup             P value

	                                  (n=6)			   (n=6)		          (n=6)
Agea	
   ≤44			       2			   3		          6                                 .001

   >44     		                   4			   3		              

Sex			                                                                                                                      .081
  Male                                     3			   3                                   5	

  Female		                   3			   3		          1
Smoking											          .492
  Yes			      5			   4                                   3	
  No                                        1			   2                                   3

Alcohol										                         .492
  Yes 			       3			   4		          3
  No			       3			   2		          3
Tumor locationb								                                     .329
  Tongue		                   3					                        
  Alveolarmucosa                   1			   2	

  Buccal mucosa                    1			   2
  Retromolar mucosa             1			   2	
OPMD Histological classification (Binary system)

  High grade dysplasia
  Low grade dysplasia				    6
Surveillance										          1.000
  Alive with disease	     6		                6

Table 1. Demographic data of the OSCC and OPMD patients and healthy individuals

aPatients were categorized into groups based on the median age.
bTumor localization has been demonstrated from the outset for diagnostic purposes
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RESULT

Clinical characteristics

As shown in Table 1, statistically significant differ-
ences were found in the age of the OSCC patients 
when compared to OPMD patients and the control 
group (p=0.001). The mean age of the OSCC pa-
tients was 59.3 whereas, it was 42 for OPMD and 
20.6 for healthy individuals. The most common an-
atomical site was the tongue for the OSCC, whilst 
equal distribution was seen in OPMD patients. In 
this study, there were not any significant differenc-
es between the groups in the context of the clinical 
parameters. 

PDCD4 downregulated in OPMD and OSCC

We analyzed that the PDCD4 expression levels both 
in blood and saliva samples were significantly low-
er in patients with OSCC and OPMD groups than in 
healthy individuals (p <0.05) (Figure 1).

When the relative expression level of PDCD4 mRNA 
in blood and saliva samples of patients with OSCC 
was examined, both were found to be downregulat-
ed. However, 8.3% less PDCD4 mRNA expression 
was found in the saliva sample compared to the 
blood sample (Figure 4).

RT-qPCR

On an Applied Biosystems 480 LightCycler Detection 
System, real-time PCR was done using a Quantino-
va Probe PCR Kit (Applied Biosystems, Germany). 
The reactions were incubated at 95°C for 10 minutes 
in a 96-well optical plate, followed by 45 cycles of 
95°C for 15 seconds and 60°C for 60 seconds. All of 
the reactions were carried out three times. The cycle 
threshold (CT) data were determined after the reac-
tion using fixed threshold settings, and the mean CT 
was calculated from the triplicate PCRs. To compare 
each condition to the controls, a comparative CT ap-
proach was applied. The amount of mRNA in com-
parison to the internal control ActB was estimated 
using the formula 2−ΔΔCT, in which ΔΔCT = (CT PDCD4- 
CT ActB) tumor- (CT PDCD4- CT ActB) control. 

Statistical analysis

To compare the PDCD4 expression in OSCC, OPMD 
and the healthy patient were tested with the Kruskal 
Wallis test. Spearman correlation was performed to 
examine the association between the expression 
status of PDCD4 mRNA and patient groups. P<0.05 
was considered to indicate a statistically significant 
difference.

Patient Groups PDCD4 expression
Patient Groups Spearman Correlation 1.000 -.530*
Sig. (2-tailed)  .024
N 18 18
PDCD4 expression Spearman Correlation -.530* 1.000	
Sig. (2 tailed) .024
N 18  18

*Correlation is significant at the 0.05 level (2-tailed).

Table 2. Correlation between PDCD4 expression and OSCC, OPMD patients

Figure 1. A clinical appearance of OSCC, B histological appearance of OSCC (HEx40).

A B
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When the relative expression level of PDCD4 mRNA 
in blood and saliva samples of patients with OPMD 
was examined, PDCD4 expression was found to be 
downregulated in both samples. However, PDCD4 
mRNA expression was 500 times lesser in the blood 
than in the saliva samples (Figure 4).

A statistically significant correlation was only found 
between age and PDCD4 mRNA expression levels 
in terms of clinical data (p<0.01).

A correlation test with the Spearman rank was ob-
tained to find out the correlation of PDCD4 expres-
sion with an incidence of OPMD and OSCC. We 
found a significant correlation between PDCD4 
expression and OPMD, OSCC (p= 0.024). This 
test shows a strong negative correlation between 
PDCD4 expression and patient groups (correlation 
coefficient, - 0.530) (Table 2). 

DISCUSSION

PDCD4 was first identified as a tumor suppressor, 
and mice lacking the protein develop spontaneous 
lymphomas.14 PDCD4 had a role in tumor growth 
by regulating cell death, proliferation, invasion, and 
metastasis. It has been proposed as a potential bio-
marker for the prognosis and diagnosis of various 
cancers.

Despite recent advances in the molecular studies of 
OSCC, the biomarker for both the early diagnosis 
and prognosis of OSCC has not been available yet. 

Although there are several studies conducted on the 
tissue specimens and cell lines of various cancers 
including lung15, OSCC16,20, colon17, 18, ovary19 which 
determined the  PDCD4 expression levels whereas 
there is only one study on esophageal cancer that 

has been studied with PDCD4 in plasma.21 There 
is a lack of research on OSCC and OPMD which 
are performed with the liquid biopsies. No study was 
found with PDCD4 in blood and saliva samples in 
OSCC and OPMD. 

To our knowledge, the current study presents the first 
data concerning the PDCD4 mRNA levels in saliva 
and blood samples in OSCC and OPMD patients. 
Liao et al. reported that PDCD4 mRNA expression 
level was decreased in plasma samples obtained 
from patients with esophageal cancer compared to 
healthy controls.22 Liu et al. reported that in tongue 
squamous cell carcinoma tissue specimen PDCD4 
mRNA expression was downregulated.23

According to the study of Chen et al. in adenocarci-
nomas, PDCD4 mRNA expression was decreased. 
This was most apparent in high-grade tumors, which 
showed very significantly decreased PDCD4 ex-
pression compared with low-grade tumors.15Other 
studies show that PDCD4 inhibited colon cancer cell 
invasion and intravasation, indicating PDCD4 is a 
regulator of invasion and metastasis.24

Our study results showed that PDCD4 was un-
der-expressed at the mRNA levels in both saliva and 
blood. Similar findings that we did was reported in 
the tumor tissue specimens of OSCC.20 In the study 
conducted by Reis et al.20 in OSCC tissue samples, 
loss of mRNA expression of PDCD4 showed that 
PDCD4 may be a prognostic marker in OSCC. Sim-
ilarly, in our study, PDCD4 mRNA expression level 
was found to be decreased in blood and saliva sam-
ples. İn this case, PDCD4 can be used as a prog-
nostic biomarker in blood and saliva samples from 
OSCC patients.

Figure 2. A clinical appearance of OPMD, B histological appearance of low-grade oral dysplasia (HEx40).
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According to Ludwig et. al. gastrointestinal dyspla-
sias in histology doubtful cases (differential diag-
nosis between regenerative and dysplastic lesions) 
such as ulcerative colitis and Crohn’s colitis PDCD4 
mRNA expression levels downregulated.25 In our 
studies with OPMD patients in both saliva and blood 
samples, PDCD4 mRNA expression levels were 
downregulated. 

Initially associated with apoptosis, the nuclear pro-
tein PDCD4 was quickly reclassified as a tumor sup-
pressor gene and prospective target for anti-cancer 
therapy. Indeed, an increasing number of evidence 
supports PDCD4 expression as suppressing cancer 
cell invasion and metastasis.26

Recent studies demonstrated that PDCD4 is involved 
in transcription, translation of proteins involved in 
neoplastic transformation, such as eukaryotic initia-
tion factors (eIFs) 27, and cell signaling pathways.26 
PDCD4 regulates translation by interacting with the 
eIF4A and eIF4G1 translation initiation factors 28, 29 
PDCD4 interacts directly with eIF4A via its MA3-c 
domain reducing eIF4A helicase activity and dis-
rupting the assembly of the eIF4F complex, causing 
cap-dependent translation to be interrupted and cell 
transformation to be inhibited. 30

In both saliva and blood samples from patients 
with malignant oral malignancies and oral potential 
malignant diseases, we found significant PDCD4 
under-expression/loss. The fact that decreased 
PDCD4 expression in metastatic OSCCs is associ-
ated with shorter survival and disease-free surviv-
al in OSCC patients implies that PDCD4 could be 
a clinically useful biomarker with prognostic signifi-
cance. Furthermore, decreased PDCD4 expression 
may be a therapeutically meaningful biomarker with 
predictive value in individuals with oral potentially 
malignant lesions. 

Understanding PDCD4 expression patterns, regula-
tion, and role in OSCC and OPMD may be useful 
for investigating PDCD4 as a possible therapeutic 
target in OSCC.	

CONCLUSION

The PDCD4 mRNA gene expression level in the 
non-invasive blood and saliva materials we used in 
our study showed similar results with the PDCD4 

mRNA gene expression level in the invasive tissue 
use we encountered in the literature. It has been 
suggested that PDCD4 expression level could be a 
useful material and biomarker in oral squamous cell 
carcinoma.

Similarly, this study found that low PDCD4 mRNA 
expression in the blood and saliva of patients with 
oral potentially malignant lesions increases the like-
lihood of oral squamous cell carcinoma and that 
PDCD4 is a viable biomarker for early identification 
due to its availability in blood and saliva.
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