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Abstract 

Objectives. The objective of this study was to investigate the association between p53 expression and 

microbial acetaldehyde production in patients with oral squamous cell carcinoma (OSCC).  

Study Design. Oral mucosal biopsies from 22 patients with OSCC and 24 healthy controls (HCs) were 

collected. p53 expression was analyzed by immunohistochemistry. Microbial samples were collected 

from the mucosa and microbial acetaldehyde production from ethanol was measured by gas 

chromatography. 

Results. The majority of all OSCC (77%) and HC samples (67%) produced mutagenic levels of 

acetaldehyde (>100 mM). A significant positive correlation between microbial acetaldehyde 

production and p53 expression levels in OSCC samples was seen in the intermediate and superficial 

layers of the epithelium of the infiltrative zone (P = .0005 and P = .0004, respectively) and in the 

superficial layer of the healthy appearing mucosa next to the tumor (P=.0391). There was no 

significant correlation between acetaldehyde levels and p53 expression in HC samples.  

Conclusions. Our results show an association between microbial acetaldehyde production and 

immunostaining of p53 in OSCC samples. 

  



Introduction 

Several studies have linked microbial production of acetaldehyde (ACH) to cancers of the digestive 

tract, including oral squamous cell carcinoma (OSCC).1,14,25 Although alcohol consumption is a 

known risk factor for OSCC, ethanol in itself is not carcinogenic. ACH is produced by the oxidation 

of ethanol by microbes in the gastrointestinal tract. Several studies have confirmed that oral microbes 

are able to produce mutagenic levels of ACH in vitro.10,11,22 Increased salivary microbial ACH 

production is associated with smoking and alcohol consumption, and significant amounts of ACH can 

be detected in the saliva after alcohol ingestion and after smoking.16,20 The International Agency for 

Research on Cancer (IARC) classified ACH as carcinogenic in humans and carcinogenic 

concentrations have been shown to be as low as 100 mM.6,25 ACH is a direct chemical carcinogen 

that binds to DNA and has been shown to produce DNA adducts and cross-linking while interfering 

with the synthesis and repair of DNA.26,27  

The tumor suppressor protein p53 is a transcription factor that is associated with cell cycle control 

and apoptosis and has a crucial role in the preservation of genetic stability and prevention of 

cancer.12,21 In response to various cellular stresses, such as DNA damage or the presence of 

oncogenes, virus infection, and hypoxia, p53 translocates into the nucleus where it binds to specific 

DNA sequences. In the nucleus, p53 regulates transcription of genes involved in many functions, 

such as DNA repair. When damage is beyond repair, p53 triggers programmed cell death, or 

apoptosis.5,13,19,24 It is thought that wild-type p53-mediated apoptosis is the primary cause of tumor 

suppression.  

In the absence of stress signals, wild-type p53 protein can be difficult to detect in tissue by 

immunohistochemistry because of its short half-life.5 p53 is tightly regulated between its 

transcription and degradation.1 To remain in the tissue for a longer time and to be detectable by 

immunohistochemistry, p53 must be stabilized by mutation.5,23 p53 staining is more intense oral 

lichenoid disease compared to healthy oral mucosa, especially in the basal layer of the epithelium.18 

Detection of p53 protein by immunohistochemistry indicates the presence of mutations in TP53. ACH 

has been shown to cause mutations in the TP53 gene.8  

The aim of this study was to explore p53 expression in different epithelial layers in OSCC and to 

investigate the association of p53 expression and ACH production from ethanol by microbes isolated 

from the tumor site. 

 

 



Materials and methods 

Patients 

A total of 46 patients were enrolled in this study; 22 were patients newly diagnosed with OSCC and 

24 were healthy controls (HCs) treated at the Department of Oral and Maxillofacial Surgery, Helsinki 

University Hospital during 2007 to 2011. HCs were patients referred to the same department for 

operative wisdom tooth extraction and who had no evident mucosal lesions in the oral cavity. All 

participating patients signed an informed consent before inclusion in the study. Patients completed a 

modified World Health Organization Alcohol Use Disorders Identification Test including open- and 

closed-ended questions about their drinking and smoking habits. Patients who had received 

antimicrobial therapy (i.e., antibiotics, anti-fungals, or antiviral agents) within the past 7 days and 

those diagnosed with HIV or hepatitis virus infection 

were excluded. The study was approved by the Ethics Committee of Helsinki University Hospital 

(Ethical Approval Number 126/E6/07 25.4.2007). The study was performed in accordance with the 

Declaration of Helsinki. 

Collection of histopathological samples 

Full-thickness biopsies, including epithelial and stromal tissue, were collected from patients with 

OSCC from the site of the tumor according to normal clinical procedures. Biopsy samples from HCs 

were collected from the uninflamed, healthy-appearing buccal mucosa near the incision site 

immediately after surgical extraction of a retained wisdom tooth. The samples were fixed in 10% 

buffered formalin and embedded in paraffin. 

 

Collection of microbial samples 

Microbial samples for the ACH measurement and detection of Candida were collected using the filter 

paper sampling method as described in Rusanen et al.17 The samples were taken from the oral mucosa 

using a hydrophilic mixed cellulose ester MF-Millipore membrane filter (GSWP01300; Millipore 

Inc., Billerica, MA; pore size 0.22 mM, B 13 mM). The filter paper was placed gently on the oral 

mucosa for 30 s with the glossy side placed against the mucosa. The filter paper was then placed in a 

sterile test tube containing 5 mL of sterile saline solution. The samples were immediately taken to the 

laboratory at the Department of Bacteriology and Immunology, Haartman Institute, University of 

Helsinki. All samples were cultured within 1 h of collection. For the ACH analyses, each side of the 

filter paper was placed on an FAA plate (Fastidious Anaerobe agar (LAB-M LAB 90) supplemented 



with 5% horse blood) for 30 s and plates were evenly streaked and incubated under anaerobic 

conditions at 37˚C for 7 days10.  

 

Immunohistochemical staining 

Tissue sections of 4 mm thickness were prepared from the paraffin-embedded samples and applied to 

glass slides. The sections were deparaffined in xylene followed by rehydration in graded ethanol. To 

expose the antigenic determinants after formalin fixation and paraffin embedding, the sections were 

incubated in pepsin for 30 min at room temperature. Endogenous peroxidase activity was quenched 

in the sections by incubating in hydrogen peroxidase in methanol. For the immunohistochemical 

staining of p53, the tissue sections were buffered in Tris-EDTA, pH 9, heated 15 min in a microwave 

oven, and incubated for 30 min at room temperature with an optimally diluted p53 antibody. After 

the primary antibody incubation, the tissue sections were incubated separately with Dako REAL 

EnVision kit using Dako automated immunostaining instruments. The reactions were visualized by 

Dako REAL DAB+ Chromogen also included in the kit (catalogue number K5007, Dako Glostrup 

Denmark). The dilution of p53 monoclonal mouse anti-human p53 (catalogue number, M7001; Dako 

Glostrup Denmark) antibody was 1:600. Tissue samples from chronic periodontitis were used as 

positive controls.28 Negative controls were obtained by omission of the primary antibody. 

 

Evaluation of immunostaining 

The expression of p53 was analyzed using a light microscope (Nikon Eclipse 80i). Results were 

scored semiquantitatively and photographed using an attached camera (Nikon DS-Fi1). All samples 

and stainings were analyzed and scored by 3 of the authors (TS, EM, and PR); these authors were 

blinded to clinical data. The staining of the basement membrane zone and of the cells in the basal, 

intermediate, and superficial layers of the epithelium was scored on a 4-point scale as follows: 0 = no 

staining, 1 = staining of approximately 1% to 33% of cells, 2 = staining of 34% to 66% of cells, and 

3 = staining of 67% to 100% of cells. Both the infiltrative zone of the cancer and the healthy-appearing 

adjacent mucosa next to the carcinoma were scored. 

 

Measurement of acetaldehyde production 



Microbial colonies on the FAA plate were carefully scraped and washed off with 3 mL of sterile 

saline solution. Aliquots of 400 mL of the suspension were transferred into parallel gas 

chromatograph vials and 50 mL of phosphate-buffered saline containing ethanol (final concentration 

22 mM) was added. The vials were immediately sealed. Samples were incubated for 60 min at 37˚C 

and the reactions were stopped by injecting 50 mL of 6 M perchloric acid through the rubber septum 

of the vial. Control vials in which perchloric acid was added before ethanol were used to measure 

background ACH and ethanol levels. Three parallel samples were processed and the mean values 

were used for statistical analysis. The formed ACH levels were measured by gas chromatography 

(Perkin Elmer Headspace Sampler HS 40 XL, Perkin Elmer Autosystem Gas Chromatograph 

equipped with Ionization Detector FID, Perkin Elmer, Waltham, MA).6 

 

Statistical analysis 

Data were analyzed using GraphPad Prism version 5.00 (GraphPad Inc., San Diego, CA). The 2-

tailed Mann-Whitney U test and Spearman’s rho (rS) were used for analyses of correlations. The 

Wilcoxon signed-rank test was used to compare the differences between the different layers of 

samples and paired observations from samples. P values <.05 were considered statistically significant. 

 

Results 

Patients 

Patient demographic characteristics are shown in Table I. The anatomic sites of the carcinoma were 

the tongue (n = 9), floor of the mouth (n = 4), mandibular gingiva (n = 5), maxillary gingival (n = 3), 

and soft palate/oropharynx (n = 1). Of the 22 patients with OSCC, 8 were female (mean age = 65.0 

years; range, 52-85 years) and 14 were male (mean age = 63.9 years; range, 46-80 years). The mean 

age of all patients with OSCC was 64.3 years (range, 46-85). Of the HCs, 17 were female (mean age 

= 32.2 years; range, 19-56 years) and 7 were male (mean age = 25.1 years; range, 18-36 years). The 

mean age of all HCs was 30.1 years (range, 18-56). Five patients with OSCC (23%) and 3 HCs (13%) 

exceeded World Health Organization levels for harmful alcohol consumption (288 g alcohol per week 

for men and 192 g per week for women). Three patients with OSCC reported daily alcohol use, 

whereas none of the HCs consumed alcohol daily. A total of 36% patients with OSCC and 37% of 

HCs were smokers.  

p53 expression 



p53 staining could not be detected in the superficial epithelial layers of the HC samples, whereas 36% 

of the OSCC samples showed staining of the superficial adjacent mucosa and 82% of the infiltrative 

zone. There was no significant difference in p53 staining intensity in any of the epithelial layers of 

the infiltrative zone and the healthy-appearing adjacent mucosa among the OSCC samples. The 

staining intensity of p53 was significantly greater in the OSCC samples than in HC samples in the 

basal and intermediate layers of epithelium (P <.0001 and P <.0001, respectively; Figure 1). Fig. 2. 

p53 staining was significantly stronger in the infiltrative zone of samples of patients with OSCC who 

smoked compared to nonsmokers (Fig. 2). This was evident in all epithelial layers (basal infiltrative 

layer, P = .0498; intermediate, P = .0482; superficial, P = .0386). However, there was no significant 

difference in the p53 status of smokers in the healthy-appearing adjacent mucosa or in the epithelial 

layers of HCs. There was no significant difference in p53 staining in heavy alcohol drinkers or daily 

drinkers. No significant differences were seen in the staining intensity of p53 in samples collected 

from alcohol consumers and non-drinkers in either patient group. 

 

Microbial acetaldehyde production 

Overall, 77% of all samples in the OSCC group and 67% of the samples in the HC group produced 

mutagenic levels of ACH (>100 mM). The mean level of ACH produced by microbes isolated from 

the oral carcinoma lesions was 158 mM (range, 13-470 mM) and it was 154 mM (range, 23-1000 

mM) in the HC samples There was no statistically significant difference between the levels of ACH 

produced in the 2 patient groups. All samples (100%) from smokers and heavy alcohol users produced 

mutagenic levels of ACH (>100 mM), whereas the proportions of mutagenic levels were 62% in 

nonsmoker samples and 69% in non-heavy drinkers. However, the differences were not statistically 

significant. 

 

Association between p53 expression and microbial acetaldehyde production 

There was a significant positive correlation between microbial ACH production and the p53 

expression level in both the intermediate and superficial layers of the epithelium in the infiltrative 

zone of the OSCC samples (rS = 0.69 [0.36-0.87], P = .0005; rS = 0.70 [0.37-0.87]; P = .0004, 

respectively). There was also a positive correlation between ACH production and p53 expression in 

the superficial layer of the healthy-appearing adjacent mucosa in the carcinoma samples (rS = 0.56 



[0.018-0.84]; P = .0391). There was no significant correlation between ACH levels and p53 

expression in HC samples in any epithelial layers. 

 

Discussion 

In the present study, staining intensity of p53 was significantly increased in OSCC samples compared 

to HC samples in all suprabasal layers of the epithelium. Staining for p53 was not detected in the 

superficial epithelial layers of HC samples, whereas the majority of the OSCC samples showed 

staining of the superficial adjacent mucosa and infiltrative zone. This suggests that because of its short 

half-life, wild-type p53 protein in HC samples is restricted to the basal layer and can be difficult to 

detect in healthy tissue by immunohistochemistry.5 Detection of p53 protein by 

immunohistochemistry indicates the presence of mutations in TP53. p53 expression in the suprabasal 

level can be detected in potentially premalignant lesions.3 p53 staining is more intense in oral 

lichenoid disease compared to healthy oral mucosa, especially in the basal layer of the epithelium.4,18 

Surprising, the staining intensity of p53 was markedly increased in both the infiltrative zone and the 

healthy-appearing adjacent mucosa of the OSCC samples. This supports findings from previous 

studies in which nonmalignant mucosal areas immediately adjacent to OSCCs expressed p53 above 

the basal layer, indicating that these areas are precursors of the carcinoma4.  

The majority of microbes cultured from both OSCC and HC samples in this study produced levels of 

ACH that clearly exceeded mutagenic levels (>100 mM). ACH exposure has been shown to cause 

mutations in the TP53 gene that impair p53 functionality at treatment concentrations as low as 100 

mM.8 The most frequent mutations caused by ACH in TP53 are G >A transitions, G > T 

transversions, and A > G transitions.8,15 In the present study, there was a significant association 

between microbial ACH production and p53 expression levels in OSCC samples but not in HC 

samples. It is well established that carcinogenesis is a multifactorial cascade affected by several 

intrinsic and extrinsic factors leading to loss of cell cycle control and finally to tumor progression. 

The transformation of healthy epithelium into cancer is based on a complex series of genetic 

mutations, resulting in loss of cell control mechanisms (such as apoptosis) and consequently 

alterations in cell differentiation.2 p53 contributes to cell cycle control, apoptosis, and preservation 

of genetic stability and is one of the most commonly mutated genes in several cancers.12 Several 

mutations and mutational types have been identified in TP53. In contrast to other tumor suppressor 

genes, the vast majority of TP53 mutations are missense rather than nonsense or frameshift 

mutations.9 The primary regulator of p53 protein stability is MDM2, which inhibits transcriptional 

activity, nuclear localization, and protein stability. Several mutations in MDM2, as well as alternative 



splicing of mRNA precursors, have been identified.7 Missense mutations in TP53 are associated with 

malignant cell proliferation and increased invasion.16 Our findings indicate a connection between 

oral microbial ACH and p53. 

In samples from patients with OSCC, there was a significant association between p53 staining and 

smoking habits in the infiltrative layer. However, no such association was seen in samples from HCs. 

Additionally, all samples from smokers and heavy drinkers produced mutagenic levels of ACH. The 

proportions of samples producing mutagenic levels of ACH were lower in nonsmokers and non-heavy 

drinkers. However, the difference was not statistically significant. This may partly be due to the small 

number of patients, because the total number of heavy drinkers was 8 and the number of smokers was 

13. Smoking is one of the main risk factors for OSCC and smoking increases salivary ACH levels 

markedly. Our previous study revealed a significant association between microbial ACH production 

and smoking.10 Compared to non-smokers, active smokers have an additional 200 to 400 mM 

increase in ACH concentration in saliva that persists for as long as smoking continues.6,20 

Associations between p53 immunostaining and smoking habits have been previously reported.4 

Repeated smoking and ACH peaks could lead to mutation of TP53 and increased p53 

immunostaining. 

 

Conclusions 

Our results show an association with ACH production from ethanol by microbes cultured from OSCC 

patients and immunostaining of p53 in the tumor site and in the adjacent healthy-appearing mucosa. 
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Figure legends 

Fig. 1. Staining percentages of p53 in healthy control patients (n = 22) and patients with oral cavity 

squamous cell carcinoma (n = 24) in 3 different epithelial layers (superficial, intermediate, and basal 

layers). 0 = no staining, 1 = staining of approximately 1% to 33% of cells, 2 = staining of 34% to 

66% of cells, 3 = staining of 67% to 100% of cells. 

 

Fig. 2. Staining intensities for p53 in healthy control (HC) and oral squamous cell carcinoma (OSCC) 

samples. (A) p53 staining could not be detected in the superficial epithelial layers of the HC samples 

(10 ×). (B) In the deeper layers of HC samples with inflammation some staining of p53 could be 

detected (20 ×). (C) Staining of p53 was more significant in OSCC samples in the adjacent mucosa 

(10 ×) as well as the (D) infiltration zone. (E) and (F) In samples from patients with OSCC who 

smoked, the staining of p53 was high in the infiltrative zone. 
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Table I. Patient demographic characteristics and smoking and drinking habits* 

 OSCC HC P value 

Total number 22 24  

Female:male 8:14 17:7  

Age (range), years 64.3 (46-85) 30.1 (19-56) <.0001 

Smokers 8 (36%) 9 (38%) 1.00 

Nondrinkers 4 (18%) 2 (8%) .40 

Daily drinkers 3 (14%) 0 .09 

Heavy drinkers† 5 (23%) 3 (13%) .44 

Nonresponders 1 (5%) 1 (4%) 1.00 

Location of tumor    

Tongue 9 N/A  

Floor of the mouth 4 N/A  

Mandibular gingiva 5 N/A  

Maxillary gingiva 3 N/A  

Soft palate/oropharynx 1 N/A  

OSCC, oral squamous cell carcinoma; HC, healthy control; N/A, not applicable. 

⁎One patient with OSCC and 1 HC declined to complete the questionnaires. Percentages of smokers 

and drinkers given all responders in each group. 

†Exceeds World Health Organization levels for harmful alcohol consumption (288 g alcohol per week 

for men and 192 g per week for women). 
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