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Objective: Alcohol dehydrogenase (ADH) and aldehyde 
dehydrogenase (ALDH) are present in esophageal can-
cer cells. Moreover the total activity of ADH as well as 
the activity of class IV ADH isoenzyme is significantly 
higher in cancer tissue than in healthy mucosa. The ac-
tivity of these enzymes in cancer cells is reflected in 
the sera and could thus be helpful for diagnostics of 
esophageal cancer. The aim of this study was to inves-
tigate a potential significance of ADH isoenzymes and 
ALDH as tumour markers of esophageal cancer. We de-
fined diagnostic sensitivity, specificity, predictive value 
for positive and negative results, and receiver-operating 
characteristics (ROC) curve for tested enzymes. Meth-
ods: Serum samples were taken for routine biochemical 
investigation from 180 patients with esophageal cancer 
before treatment. Total ADH activity was measured by 
a photometric method with p-nitrosodimethylaniline as 
a substrate and ALDH activity by a fluorometric method 
with 6-methoxy-2-naphtaldehyde as a substrate. For 
the measurement of the activity of class I and II isoen-
zymes we employed the fluorometric methods, with 
class-specific fluorogenic substrates. The activity of class 
III alcohol dehydrogenase was measured by a photo-
metric method with formaldehyde and class IV with m-
nitrobenzaldehyde as a substrate. Results: There was 
a significant increase in the activity of class IV of ADH 
isoenzyme (7.65 mU/l vs 5.88 mU/l) and total ADH ac-
tivity (1198 mU/l vs 848 mU/l) in the sera of esophageal 
cancer patients compared to the control. The diagnostic 
sensitivity for ADH IV was 72%, the specificity 76%, the 
positive and negative predictive values were 80% and 
72% respectively. The area under the ROC curve for ADH 
IV was 0.65. Conclusion: The results suggest a potential 
significance of ADH IV as a marker of esophageal cancer.
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INTRODUCTION

Esophageal cancer (EC), an aggressive upper gastro-
intestinal tract malignancy, is the sixth most common 
cause of cancer-related death. An estimated 482 300 new 
esophageal carcinoma cases and 406,800 deaths occurred 
in 2008 worldwide (Jemal et al., 2011). It is a disease 
characterized by relatively late diagnosis, rapid clinical 
progression, and very poor patients’ survival. Therefore 
it is very important to find markers that would detect 
malignant cells transformation as early as possible. The 

changes in enzyme activity in the cancer cells during 
the course of different neoplastic diseases are reflected 
by an increase in the corresponding enzyme activity in 
the serum. Numerous studies have shown that alco-
hol dehydrogenase (ADH) and aldehyde dehydrogenase 
(ALDH) are present in cells of human esophageal tissues 
and perform many important physiological functions 
(Vaglenova et al., 2003; Yin et al., 1993). The esophageal 
mucosa contains class I, III and IV ADH isoenzymes 
and several classes of ALDH isoenzymes (Estonius et al., 
1996; Goedde &Agarwal, 1987). In our previous study 
we have found that alcohol dehydrogenase and its iso-
enzymes are present in the esophageal cancer cells. In 
addition we also showed that the total activities of ADH 
and class IV ADH isoenzyme were significantly higher 
in cancer tissues than in healthy mucosa (Jelski et al., 
2009a). The activities of these enzymes are reflected in 
the serum. The total ADH activity has been elevated in 
the sera of patients with esophageal cancer. The increase 
in total ADH activity was positively correlated with class 
IV ADH and seems to be caused by the release of this 
isoenzyme from the cancer tissue (Jelski et al., 2009b).

In the current investigation we defined the diagnostic 
criteria such as diagnostic sensitivity, diagnostic specific-
ity, positive predictive value, negative predictive value, 
and receiver-operating characteristics (ROC) curve of the 
tested enzymes.

MATERIALS AND METHODS

Patients. The protocol was approved by the Human 
Care Committee of the Medical University in Bialystok, 
Poland (Approval Nr R-I-002/176/2007). All patients 
gave informed consent for the examination.

Serum samples were taken for routine biochemical 
investigations from 180 patients (117 males and 63 fe-
males, aged 35-80 years) with esophageal cancer. Among 
the cancer patients, 82 subjects (50 men and 32 women) 
suffered from esophageal adenocarcinoma and 98 per-
sons (67 men, 31 women) from squamous cell cancer 
of the esophagus (Table 1). The clinical diagnosis of 
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cancer; IL-6, interleukin 6; M-CSF, macrophage-colony stimulating 
factor; MMP-9, metalloproteinase 9; NAD, nicotinamide adenine 
dinucleotyde; NADH, nicotinamide adenine dinucleotide, reduced 
form; NDMA, nitrosodimethylaniline; ROC, receiver-operating char-
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esophageal cancer was established by barium and chest 
radiography; endoscopy of the tracheobronchial tree, lar-
ynx and esophagus; CT examination of the thorax and 
abdomen. The diagnosis was each time confirmed by 
microscopic examination of the material obtained during 
biopsy. Using the TNM data obtained from tumour and 
lymph node status, the patients were categorized accord-
ing to the American Joint Committee on Cancer (AJCC) 
classification. All cancer patients were in stage II or III.

None of the patients had received chemo- or ra-
diotherapy before serum collection. All of the patients 
drank alcohol occasionally and self-reported an intake of 
< 25 g of ethanol per week. The data were collected by 
using a standardized questionnaire during a face-to-face 
interview.

Serum samples were also obtained from 80 healthy 
adults aged 35–72 years (men — 54 , women — 26) as 
a control group. None of them consumed any drug or 
alcohol.

Biochemical assays. Determination of total ADH 
activity. Total ADH activity was estimated by a photo-
metric method with p-nitrosodimethylaniline (NDMA) as 
a substrate (Jelski et al., 2008a & Skursky et al., 1979). 
The reduction of NDMA was monitored at 440 nm on 
a Shimadzu UV/VIS 1202 spectrophotometer (Shimadzu 
Europa GmbH, Duisburg, Germany).

Determination of total ALDH activity. Aldehyde 
dehydrogenase activity was measured using a fluorogenic 
method based on the oxidation of 6-methoxy-2-naphtal-
dehyde to the fluorescent 6-methoxy-2 naphtoate (Jelski 

et al., 2008b). The fluorescence was read at an excitation 
wavelength of 310 and an emission wavelength of 360 
nm on a Shimadzu RF–5301 spectrofluorophotometer 
(Shimadzu Europa GmbH, Duisburg, Germany).

Determination of class I and II ADH isoenzyme 
activity. Class I and II ADH isoenzyme activities were 
measured using fluorogenic substrates (4-methoxy-
1-naphthaldehyde for class I and 6-methoxy-2-naphthal-
dehyde for class II) in reduction reaction according to 
Wierzchowski et al. (1989). The measurements were per-
formed on a Shimadzu RF–5301 spectrofluorophotom-
eter at excitation wavelenght of 316 nm for both sub-
strates and emission of 370 nm for class I and 360 nm 
for class II isoenzymes.

Determination of class III ADH isoenzyme activ-
ity. The activity of class III ADH isoenzyme was esti-
mated by a photometric method with formaldehyde as a 
substrate (Koivusalo et al., 1989). The reduction of NAD 
was monitored at 340 nm and 25°C on a Shimadzu UV/
VIS 1202 spectrophotometer.

Determination of class IV ADH isoenzyme ac-
tivity. Class IV ADH isoenzyme activity was measured 
using a photometric method with m-nitrobenzaldehyde 
as a substrate (Dohmen et al., 1996). The oxidation of 
NADH was monitored at 340 nm and 25°C on a Shi-
madzu UV/VIS 1202 spectrophotometer.

Diagnostic values calculation. The diagnostic cri-
teria, such as diagnostic sensitivity, specificity, predic-
tive and negative value and the ROC curve were deter-
mined using GraphRoc Program for Windows (Univer-

Table 1. Characteristics of esophageal cancer patients and control group

No of patients No of patients

Esophageal cancer patients 180 Control group 80

 Esophageal adenocarcinoma (n = 82) Esophageal squamous cell (n = 98)

Gender
Males 50 (61%) 67 (68%) 54 (67%)

Females 32 (39%) 31 (32%) 26 (33%)

Age

< 65 years 46 (56%) 56 (57%) 59 (74%)

≥ 65 years 36 (44%) 42 (43%) 21 (26%)

Range 35–80 39–71 35–72

Tumour stage

II A 32 34

II B 11 12

III 39 52

Tumour size
< 4 cm 38 46

≥ 4 cm 44 52

Depth
of tumour invasion

T1 0 7

T2 30 34

T3 37 48

T4 15 9

Lymph node metastases
N0 39 40

N1 43 58

Distant metastases
M0 82 98

M1 0 0

Amount of alcohol intake
Moderate
— males:
— females:

82
50
32

98
67
31

80
54
26

Resectability
Resectable 46 59

Nonresectable 36 39
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sity of Turku, Turku, Finland) (Kairisto et al., 1993) (see 
Scheme 1).

Statistical analysis. A preliminary statistical analysis 
(Chi-square test) revealed that the distribution of ADH 
and ALDH activities did not follow a normal distribu-
tion. Consequently, the Wilcoxon’s test was used for 
statistical analysis. Data were presented as median, range 
and mean values. Statistically significant differences were 
defined as comparisons resulting in p < 0.05.

RESULTS

The activities of alcohol dehydrogenase, aldehyde de-
hydrogenase and the isoenzymes of alcohol dehydroge-
nase in the sera of patients with esophageal cancer are 
presented in Table 2. The comparison of ADH isoen-
zyme activities showed that a high difference was ex-
hibited by class IV ADH. The median activity of this 
class of isoenzyme in the total cancer group increased 
by about 23% (7.65 mU/l) in comparison with the con-
trol level (5.88 mU/l). This increase was statistically 
significant (p < 0.001). The activity of the other tested 
classes of ADH isoenzymes showed a tendency to in-
crease in the sera of patients with cancer, but the differ-
ences were not statistically significant. The total alcohol 

dehydrogenase activity was significantly higher (29%) in 
patients with esophageal cancer than in the healthy sub-
jects (p < 0.001). The median total activity of ADH was 
1198 mU/l in the patient group and 848 mU/l in con-
trol group. The analysis of ALDH activity did not show 
any significant difference between the tested groups of 
esophageal cancer patients and healthy persons.

The analysis of ADH, ALDH and ADH isoenzyme 
activities in the serum did not indicate significant differ-
ences between patients with adenocarcinoma and squa-
mous cell cancer.

Table 3 shows the diagnostic criteria for ADH to-
tal and ADH IV. The sensitivity (72%) and specificity 
(76%) of ADH IV were higher than the values for ADH 
total. Both the positive predictive value and the negative 
predictive value were also the highest for ADH IV.

The relationship between diagnostic sensitivity and 
specificity was illustrated by a ROC curve (Fig. 1). It 

Scheme 1

Table 2. ADH and ALDH activity in the sera of patients with esophageal cancer

Tested
 Group

 ADH I
 Median
 Range

 ADH II
 Median
 Range

 ADH III
 Median
 Range

 ADH IV
 Median
 Range

ADH Total
 Median
 Range

 ALDH
 Median
 Range

Patients with esophageal
cancer (total group)
(n=180)

Patients with esophageal
adenocarcinoma
(n = 82)

Patients with esophageal
squamous cell cancer
(n = 98)

Control group
(n = 80)

 1.55
0.71–3.14

 1.68
0.80–3.14

 1.49
0.71–2.85

 
1.46

0.57–2.77
 

pa = 0.543
pb = 0.364
pc = 0.512
pd = 0.467

 15.89
7.03–23.89

 16.47
7.46–23.89

 15.22
7.03–21.76

 
15.67

7.09–21.94
 

pa = 0.426
pb = 0.503
pc = 0.589
pd = 0.485

 12.56
5.46–19.42

 12.83
6.01–19.42

 12.15
5.46–18.97

 
12.11

5.05–18.82
 

pa = 0.425
pb = 0.363
pc = 0.584
pd = 0.505

 7.65
4.36–15.97

 7.98
4.72–15.97

 7.48
4.36–15.54

 
5.88

2.45–11.86
 

pa < 0.001
pb < 0.001
pc < 0.001
pd = 0.635

 1198
605–3068

 1221
732–3068

 1170
605–2804

 
848

 514–2397
 

pa < 0.001
pb < 0.001
pc < 0.001
pd = 0.608

 3.04
1.12–5.86

 3.17
1.42–5.86

 2.85
1.12–5.32

 
2.81

1.02–5.35
 

pa = 0.265
pb = 0.372
pc = 0.438
pd = 0.316

Data are expressed as mU/l; pa, patients with esophageal cancer versus control group. pb, patients with esophageal adenocarcinoma versus control 
group. pc, patients with esophageal squamous cell cancer versus control group. pd, patients with esophageal adenocarcinoma versus patients with 
esophageal squamous cell cancer.

Figure 1. Areas under ROC curves for ADH IV and total ADH ac-
tivity.
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shows that the ADH IV area under the ROC curve 
(0.66) was higher than the ROC area of ADH total 
(0.60).

DISCUSSION

Patients with esophageal carcinoma usually experience 
rapid disease progression and face a poor prognosis, 
which is due to extensive local cancer invasion, lymph 
nodes involvement, and distant metastases at the time 
of the diagnosis (Vallbohmer & Lenz, 2006). Various 
tumour markers have been used in the diagnosis of pa-
tients with esophageal cancer. The most commonly used 
tumour markers for EC are squamous cell cancer anti-
gen (SCC-Ag) and carcinoembryonic antigen (CEA), but 
their diagnostic sensitivity and specificity remain unsat-
isfactory (Guillem & Triboulet, 2005). Therefore, other 
biomarkers are necessary in the diagnosis of esophageal 
cancer. For a long time attempts have been made to find 
markers to detect malignant cell transformation as early 
as possible (Linblom & Liljegren, 2000).

In our previous study we have shown that the total 
activity of ADH is significantly higher in cancer cells of 
the esophagus than in healthy mucosa and the activity 
of ALDH does not differ between both tissues. In ad-
dition the activity of ALDH in the cancer cells seems 
to be disproportionally low in relation to ADH activity. 
This would suggest that there is much greater ethanol-
oxidizing activity and considerably less acetaldehyde-ox-
idizing activity. Moreover we found that only the activ-
ity of class IV ADH (the main isoenzyme of ADH in 
the esophageal mucosa) is significantly higher in cancer 
than in healthy tissue (Jelski et al., 2009a). The increase 
in enzyme activity in the cancer cells is reflected by in-
creased activity in the serum. In our previous study we 
found that the total alcohol dehydrogenase activity was 
changed in the serum of patients with esophageal cancer. 
The increase intotal ADH activity was positively corre-
lated with ADH IV implicating that the latter isoenzyme 
was mainly responsible for the increase of total serum 
alcohol dehydrogenase activity in the course of esopha-
geal cancer (Jelski et al., 2009b). The present study is a 
continuation of our previous research. Higher levels of 
ADH in patients with more advanced tumour might re-
sult from enzyme release by cancer cells and could be 
helpful for diagnosing EC. The ideal marker should pos-
sess very high specificity, and sensitivity. It should have 
high predictive values and should correlate with the tu-
mour stage. In our present paper, diagnostic sensitivity 
was highest for ADH IV (72 %) and ADH total (56 
%). The percentage increase in ADH IV activity in EC 
patients was four-fold higher than that of CEA (17 %) 
and higher than that of SCC-Ag (64 %) (Mroczko et al. 
2008). Some previous analyses have shown elevated con-
centration of metalloproteinase 9 (MMP-9), circulating 
cytokines such as macrophage-colony stimulating factor 
(M-CSF) and interleukin 6 (IL-6) in patients with esoph-
ageal cancer (Mroczko et al., 2008; Lukaszewicz-Zajac et 

al., 2010; Lukaszewicz-Zajac et al., 2011). Only the sensi-
tivity of IL-6 (86 %) is markedly higher than the sensi-
tivity of ADH IV, while the sensitivities of M-CSF (71 
%) and MMP-9 (70 %) are very similar when compared 
to that of ADH IV.

In this study we found that the ADH IV area under 
the ROC curve (0.65) was smaller than the area under 
curve (AUC) for tumour markers (SCC-Ag, 0.81; CEA, 
0.67) (Mroczko et al., 2008). Moreover AUC of ADH IV 
and ADH total was lower than those of other biomark-
ers of esophageal cancer, such as MMP-9 (0.73), M-CSF 
(0.72) and IL-6 (0.92) (Mroczko et al., 2008; Lukasze-
wicz-Zajac et al., 2010; Lukaszewicz-Zajac et al., 2011). 
The area under the ROC curve indicates the clinical use-
fulness of tested substances

The results in the present paper are in agreement with 
other studies performed on the stomach (Jelski et al., 
2010a). Our previous study demonstrated the potential 
importance of ADH IV as a marker of gastric cancer 
(GC). The diagnostic criteria for ADH IV are slightly 
higher in gastric cancer than in esophageal cancer. The 
sensitivity and specificity of class IV ADH in GC pa-
tients was 73 % and 79 %, respectively.

The total activity of alcohol dehydrogenase is higher 
in the cancer cells of different organs than in healthy 
tissue. Previously we have shown that the serum activi-
ties of ADH I and ADH total were higher in colorectal 
cancer (CRC) patients than in healthy controls (Jelski et 
al., 2010b). In our investigations we have found also that 
the activity of class III ADH in the serum changed in 
the course of pancreatic cancer (Jelski et al., 2011). ADH 
I and ADH III could be helpful for diagnostics of CRC 
and pancreatic cancer, respectively.

In conclusion, according to our knowledge, the pre-
sent study is the first showing all the diagnostic criteria 
for alcohol dehydrogenase and aldehyde dehydrogenase 
in esophageal cancer patients. These results suggest a 
potential significance of ADH (especially ADH IV) as a 
marker of EC.
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