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Abstract 

Background: The description of the flawless biological characteristics of head and neck tumurs are poor and conflicting till now and 

thus the early diagnosis is still remains a challenge. This study was planned to assess the catalytic activity of 7- ethoxyresorufin -o- 

deethylase (EROD) in blood lymphocytes of patient suffering from head and neck cancer. 

Material & methods: A total of 172 individuals were enrolled in this study, in which 116 were cancer patients (group 1) 

including previously untreated histologically proved cancer of head and neck with no any prior treatment, 42 non-cancerous 

patients (group 2) and 14 were healthy volunteers (group 3). The EROD activity has been determined in blood lymphocytes. 

Results: In cancer patients, the EROD activity was significantly different and higher (p < 0.001) as compared with both healthy 

controls and non-malignant patients as per measured by EROD enzyme assay. The EROD concentration showed direct and significant 

(p = 0.004) correlation only with tobacco chewing cancer patients, while it did not show any association (p> 0.05) with grade, stage, 

nodal status and smoker cancer patients. 

Conclusion: The data presented herein demonstrate that EROD activity can be established as screening biomarker in tobacco 

chewing patients of head and neck cancer. 
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INTRODUCTION 

The cancer that comprises mainly in the region of nasal 

cavity sinuses, oral cavity proper, pharynx, larynx and 

their common cell origin are famous as head and neck 

cancer (HNC) [1]. Worldwide head & neck cancer 

accounts 35% of all malignancies [2]. It has been 

estimated that approximately 45780 cases are diagnosed 

and 8650 died in year 2015 in USA [3]. Head and neck 

cancer is the most common cancer in developing 

countries especially in India. It is the most common 

cancer of males in India and the fifth most common in 

females [4]. In the recent years there has been an 

increasing interest to develop molecular assays that can 

be used as biomarker or screening tool to predict the 

existence and persistence of effect caused by exposure 

to various to ingredients [5,6]. Ongoing biological 
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research is struggling to found whether these proteins 

can be considered as biomarkers that also could monitor 

the therapeutic choices. Cytochrome p450 are a super 

family of enzyme which are involved in the metabolic 

activation as well as detoxification of majority of drugs 

and chemicals existing in the environment. This cyp1 

gene family are also involved in the metabolic activation 

of procarcinogenes to the ultimate reactive species [7- 

12]. Cyp1A1 & Cyp1A2 are the two predominant 

enzyme of cyp1A family [13, 14]. 

Introduction of p4501A1 involves transcriptional 

activation of the cyp1A1 gene which together message 

stabilization result in increased level of mRNA and 

newly synthesize proteins. Ethoxy-resorufin-o-

deethylase (EROD) are measure of cyp1A1 germ 

induction and shown to be highly inducible enzyme 

system in human liver and other tissues [15-18]. It was 

found that lymphocytes have been shown to express 

several members of P450 gene family, whose protein 

products are involved in the oxidative metabolism of 

wide variety of drugs and chemicals. RT-PCR studies 

have demonstrated significant mRNA expression of 

CYP1A1 and other P450s in human peripheral blood 

lymphocytes [19, 20]. Earlier we have an evidence for 

the expression of the catalytic activity of CYP1A1 in 

freshly isolated blood lymphocytes. Although low 

concentrations of CYP1A1 are also expressed in blood 

lymphocytes [21]. Although lymphocyte CYP1A1 may 

differ in its expression from the other tissues, the present 

study was hypothesized that the biochemical and 

catalytic activity of EROD in patient suffering from 

head and neck cancer might be serve as biomarker for 

the diagnosis of head and neck cancer. 

MATERIAL AND METHODS 

A prospective case-control study has been performed 

with the patients which was registered in department of 

Radiotherapy King George’s Medical University, 

Lucknow. The study included two groups of subjects. A 

total of 172 individuals were enrolled in this study, in 

which 116 were cancer patients (group 1), 42 non-

cancerous patients (group 2) and 14 were healthy 

volunteers (group 3). Out of 116 patients, 96 were male 

and 20 female had a mean age of 67.13 years, ranging 

from 39 to 88 years. No patients reported a history of 

previous treatment. A Written informed consent was 

obtained from all subjects in the study in accordance 

with institutional guidelines. 

Selection of patients 

The HNC cases were selected to represent various 

grades and stages. Selection criteria included previously 

untreated histologically proved cancer of head and neck 

and prior treatment in form of chemotherapy, 

radiotherapy or chemoradiotherapy. The cancer cases 

having adequate bone marrow reserve WBC > 4000 / 

m3 platelet count > 1lac / mm3 with age limit of 25-80 

years and also having normal renal, cardiac, liver, lung 

function were included in this study. KPS of at least 60 

with good presentation of morphology and antigenicity, 

that is, cauterized or quantitatively inadequate material 

was avoided. The cases have no other concurrent disease 

other than head and neck cancer or diabetes mellitus, 

hepatitis B or C infection. 

Blood sampling 

Blood samples were collected from HNC patients and 

non-cancer cases at the time of registration and blood 

samples were also collected from healthy people as 

control living in the same environment. About 3 cc of 

venous blood was collected taking all aseptic 

precautions from patients and as control group. 

Collected blood immediately transferred into container 

containing 3.8% sodium citrate and stored in a box at 

about 4ºC temperature and send to Indian institute of 

Toxicology Research (IITR) Lucknow for lymphocytes 

isolation. 

Isolation of lymphocytes from whole blood 

Lymphocytes has been isolated from the blood by the 
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standard method with slight modifications. In brief, 3cc. 

of whole blood was drawn and diluted with 3 cc. of 

phosphate buffered saline (PBS) and carefully layered 

over 2.0 ml of Histopaque 1077. The tubes has been 

then centrifuged at 400g for 30 min at room 

temperature. Following centrifugation, the upper layer 

has been discarded and the opaque interface containing 

mononuclear cells transferred to a clean centrifuge tube. 

After repeated washing of the lymphocytes with PBS 

and centrifugation at 250g for 15 min, the resulting 

pellet was suspended in 1ml tube and was further used 

for enzyme estimations. The number of lymphocytes has 

been counted using a haemocytometer and the viability 

of the cells assessed by the trypan blue method. 

Enzyme assay 

The activity of 7-ethoxyresorufin-O-deethylase has been 

determined in blood lymphocytes by the method 

described by Pohl and Fouts [22] as modified by Parmar 

et al. [23]. The reaction mixture in 1.25 ml was 

containing 0.05 M Tris, pH 7.2, 0.025 M MgCl2, 5 µM 

ethoxyresorufin (ER), 500 µM NADPH and a suitable 

amount of lymphocyte protein. The reaction was started 

with NADPH and stopped with 2 ml methanol. After 

centrifugation at 2000 rpm, the fluorescence in the 

supernatant has been measured by the 

spectrophotofluoremeter at the excitation wavelength 

550 nm and emission wavelength of 585 nm. Total 

Protein content of the sample has been estimated by the 

standard method using bovine serum albumin as the 

reference standard. 

Data Analysis 

Data from duplicate measurements of a single assay 

condition are expressed as the mean value, and data 

representing the average results of multiple experiments 

are expressed as the mean ± standard deviation. The 

coefficients of variation for duplicate wells in the EROD 

assay were routinely, 5%. Differences between 

experimental conditions were compared using a 

Student’s t test and one-way analysis of variance 

(ANOVA) followed by Bonferroni post hoc test. 

Discrete (categorical) variables were compared by chi-

square (χ2) test. Sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV) 

were the validity measures and were assessed by 

receiver operating characteristic (ROC) curve analysis. 

A P value of <0.05 was considered statistically 

significant. 

RESULTS 

Basic characteristics 

The basic characteristics viz. age, smoking habit, 

tobacco chewing and EROD concentration of three 

groups are summarized in Table 1. Age did not differ 

significantly (P > 0.05) between the groups. However, 

the EROD concentration, smoking habit and tobacco 

chewing differed significantly between the three groups. 

In cancer patients (n = 116), the EROD concentration 

was significantly different and higher (P < 0.001) as 

compared with both healthy controls (n = 14) and non-

malignant patients (n = 42) as per measured by EROD 

enzyme assay. 

Association of EROD and clinicopathological 

parameters 

The association between clinicopathological parameters 

and EROD concentration in cancer patients are abridged 

in Table 2. The EROD concentration showed direct and 

significant (P < 0.05) correlation only with tobacco 

chewing cancer patients, while it did not show any 

association (P> 0.05) with grade, stage, nodal status and 

smoker cancer patients. Out of 116 cancer cases 80 

cases have both smoking and tobacco chewing habit and 

shows higher EROD activity in comparison to those 

who have only smoking or tobacco chewing habit. The 

difference of EROD activity in between patients of both 

characteristics (smoking and tobacco chewing) and 

single character is significant (P> 0.001). 
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ROC curve analysis and EROD specificity 

As elevated levels of EROD were detected in blood 

lymphocytes obtained from cancer and non-cancerous 

patients, a ROC curve was constructed (Fig.1), by 

plotting sensitivity versus 1-specificity and this was 

typically used to determine an optimal cutoff value. The 

area under the ROC curve was 0.908 with standard error 

of ±0.021 (95% confidence interval [CI]: 0.866– 0.950). 

An optimal cutoff value of 0.1985 pmole/mg was 

proposed, corresponding to a sensitivity of 89.66% 

(95% CI: 82.62–94.54%) and specificity of 55.36% 

(95% CI: 41.45–68.66%) (P < 0.001) as described in 

table 3. 

 

 

Table 1. Characteristics of cancer cases and controls in three different groups. 

 

Characteristics Healthy Nonmalignant Cancer cases P value 

  controls (n=14) disease (n=42) (n= 116)  

Median age in years (Range) 48 (39-56) 48.50 (27-63) 47 (27-65) P=0.488 

      

Gender Male 14 (100 %) 42 (100 %) 96 (82.8 %) P=0.504 

 Female - - 20 (17.2 %)  

      

Smoker* Yes 6 (42.9%) 20 (47.6 %) 92 (79.3 %) P<0.01 

 No 8 (57.1 %) 22 (52.4%) 24 (20.7 %)  

Tobacco chewing* Yes 4 (28.6%) 24 (57.1 %) 90 (77.6 %) P<0.01 

 No 10 (71.4%) 18 (42.9 %) 26 (22.4 %)  

      

EROD activity  0.152±0.03 0.200±0.04 0.267±0.03 P<0.001 

(pmole/min/mg) Mean±SD     

 

* There is no statically significant difference (P> 0.05) between healthy and non-malignant cases. 
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Table 2 Association of EROD and clinicopathological parameters. 

 

Characteristics Cancer patients EROD activity P value 

  n=116 (100%) (pmole/min/mg)  

   Mean±SD  

Grade Low Grade 37 (31.9 %) 0.276±0.03 P=0.06 

 High Grade 79 (68.1 %) 0.262±0.04  

Stage Stage 1 31 (26.7 %) 0.276±0.03 P=0.16 

 Stage 2 66 (56.9 %) 0.264±0.04  

 Stage 3 19 (16.4 %) 0.256±0.03  

lymphatic status Negative 93 (80.2 %) 0.266±0.04 P=0.63 

 Positive 23 (19.8 %) 0.270±0.04  

Smoker Yes 92 (79.3%) 0.270±0.04 P=0.115 

 No 24 (20.7 %) 0.256±0.03  

tobacco chewing Yes 90 (77.6 %) 0.272±0.03 P=0.004 

 No 26 (22.4 %) 0.248±0.03  

 

Table 3 diagnostic measures of EROD using cutoff at 0.1985 pmole/min/mg. 

 

Variable Value 

Sensitivity 89.66 % 

Specificity 55.36 % 

Positive predictive value (PPV) 82.72 

Negative predictive value (NPV) 75.92 

Area under the ROC curve (Std. Error) 0.908 (±0.021) 

p value <0.001 
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ROC Curve 
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Figure 1: ROC curve of EROD in lymphocytes, which predicts the presence of bladder cancer in terms of sensitivity and 

specificity 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Analysis of EROD concentration: scatter plot shows EROD assay absorbance values in cancer patients, 

nonmalignant cases and healthy individuals. 
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Discussion 

Cancer of the head and neck is frequent in North India. 

It has a poor prognosis, with a 5-year survival rate of 

less than 50% [24]. Detection of oral cancer through a 

serum biomarker have witnessed enormous progress in 

recent years that led to the development of cancer 

management. Fortified efforts are needed for 

identification and evaluation of new biomarkers. Taking 

the hypothesis that CYP1A1 can be used as a functional 

marker of diagnosis, the objective of the current study 

was designed to assess the clinical utility of CYP1A1 as 

a diagnostic biomarker with the help of EROD assay in 

detection of head and neck cancer. Our data revealed 

that EROD, a degree of CYP1A1 activity was higher in 

head and neck cancer patients when compared to 

controls (table 1). The enhanced EROD activity in 

subjects indicates that these individuals have higher 

rates of metabolic activation of carcinogens leading to 

enhanced risk of tobacco related cancers. 

Our results show the sensitivity and specificity of 

EROD as 89.66% and 55.36%, respectively. Given the 

emerging data (Fig. 2) suggesting an important role for 

EROD activity in the diagnosis of oral cancer. We found 

that EROD had not significant grade or stage wise 

difference but for tobacco chewing cancer patients 

EROD activity is significantly higher from nontobacco 

chewing cancer patients. Out of 116 cancer patients 92 

were smokers and out of these 92 smokers 80 have also 

tobacco chewing habit. Our data suggests that we have 

not found a significant difference between smokers and 

nonsmokers or tobacco and nontobacco chewers but 

those patients who have habit of both tobacco chewing 

and smoking, shows higher EROD activity in 

comparison to patients with any one of the character. 

Possible role of the tobacco smoking and tobacco 

chewing in the potentiation of head and neck cancer was 

also investigated and it has been observed that 

individuals who smoke only or consume tobacco with 

smoking could be at increased risk of head and neck 

cancer. In other words, cancer patients with smoking 

have EROD activity of 0.270 pmole/min/mg (table 2) 

and patients having both tobacco and smoking habit 

have 0.276 pmole/min/mg. This indicates about that 

tobacco chewing may increase the risk for head and 

neck cancer. 

Very limited data are available concerning the 

significance of CYP1A1 in predicting its role in the 

diagnosis of head and neck cancer. The above findings 

are in agreement with previous published reports of 

EROD activity in head and neck cancer in India and 

abroad [25-27] demonstrating that the CYP1A1 activity 

was highly associated with the risk of developing head 

and neck cancer. It also increase the risk of cancer other 

than head and neck cancer like oesophageal cancer [28], 

and lung cancer [29]. Thus our study findings are 

suggestive that elevated CYP1A1 levels might be 

playing an important role in diagnosis of head and neck 

cancer. 

In conclusion, the increase in EROD activity in head 

and neck cancer patients and its trend towards the 

induced levels of CYP1A1 have demonstrated that 

blood lymphocyte CYP1A1 could be used as a 

biomarker to predict head and neck cancer. This study 

was done on a small patient population which needs to 

be undertaken at a larger sample size. 
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