
Virchows Archiv (1995) 426:243-247 © Springer-Verlag 1995 

K. T. Kivist6 • A. Linder • G. Friedel • R Beaune 
C. Belloc - H. K. Kroemer • R Fritz 

Immunohistochemical localization of cytochrome P450 2E1 
in human pulmonary carcinoma and normal bronchial tissue 

Received: 26 October 1994 / Accepted: 20 December 1994 

A b s t r a c t  Cytochrome P450 2El (CYP2E1) is a major 
xenobiotic-metabolizing enzyme but data concerning its 
extrahepatic expression are few. CYP2E1 can metaboli- 
cally activate many procarcinogens and therefore its 
presence in the lung might play a role in bioactivation of 
procarcinogens, so we studied the expression and local- 
ization of CYP2E1 in primary pulmonary carcinomas 
and surrounding normal bronchial tissue from 28 pa- 
tients. Seromucous glands showed expression of 
CYP2E1 in 19 and bronchial epithelium in 18 of the 28 
samples of normal bronchial tissue. Thirteen of the cor- 
responding cases of primary pulmonary carcinoma 
showed staining for CYP2E1. In 11 of these 13 cases, 
CYP2E1 was also present in normal bronchial tissue. 
There was no statistically significant difference in the ex- 
pression of CYP2E1 between adenocarcinomas and 
squamous cell carcinomas. No association was observed 
between the expression of CYP2E1 in tumour tissue and 
normal bronchial tissue. However, there was a significant 
correlation between the expression of CYP2E1 in sero- 
mucous glands and bronchial epithelium (r=0.61, 
P<0.01) of normal tissue. We conclude that CYP2E1 can 
be present in both normal and neoplastic bronchial tis- 
sue. 
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Introduction 

The cytochrome P450 (CYP) enzymes play a major role 
in the oxidative metabolism of drugs and other xenobiot- 
ics. Although CYP enzymes are primarily expressed in 
the liver, they are also found in extrahepatic organs such 
as the lung. The total CYP content of the lung is low 
compared with the liver, but considering the high rate of 
blood flow through the lungs and their place in the circu- 
lation, the lung may play a pivotal role in extrahepatic 
drug metabolism. 

P450 monooxygenase activities in animal lungs have 
been well characterized and reside in Clara cells (noncil- 
iated bronchiolar epithelial cells) and type II pneumo- 
cytes (alveolar type II cells) [1, 10, 16]. In man, many 
drugs are known to be taken up by the lung, but much 
less is known about drug metabolism and localization of 
CYP enzymes in this organ [13]. CYP enzymes so far 
identified in human lung tissue include CYP1A1, 
CYP2B7, CYP2E1, CYP3A and CYP4B1 [3, 11, 14, 
17]. 

Differences in the expression of drug metabolizing 
enzymes between normal and cancerous lung tissue have 
been described. For example, Cohen et al. [2] reported a 
major difference in the routes of conjugation between 
normal lung tissue and tumour tissue from patients with 
lung cancer, and McLemore et al. [14] showed evidence 
for altered regulation of the CYP1A1 gene in primary 
pulmonary carcinomas. A recent immunohistochemical 
study from our laboratory found no correlation between 
CYP3A expression in tumour tissue and normal bronchi- 
al tissue [11]. 

CYP2E1 is a major xenobiotic-metabolizing enzyme: 
examples of the numerous substrates that have been 
identified for human CYP2E1 include ethanol, acetamin- 
ophen, enflurane, halothane, acetone and carbon tetra- 
chloride [12]. Among the substrates are also many po- 
tentially important chemical carcinogens like benzene, 
dimethylnitrosoamine and vinyl chloride [6]. Since 
CYP2E1 is capable of metabolically activating many 
procarcinogens, the presence of CYP2E1 in the lung 
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may play an important role in the bioactivation of some 
inhaled procarcinogens. 

Wheeler and coworkers [17] have previously detected 
CYP2E1 in human lung microsomes using two different 
methods, a radioimmunoassay and western blotting. 
However, there are no data on the localization of 
CYP2E1 in specific cell types of human lung tissue. The 
aim of the present work was to study, by means of im- 
munohistochemistry, expression and localization of 
CYP2E1 in primary lung tumours and normal lung tissue 
from the same individuals, 

The same classification was used for evaluation of the seromucous 
glands and bronchial epithelium in samples of normal bronchial 
tissue. The product of the scores for staining intensity and extent 
of staining was defined as the immunoreactivity score (IRS), 
which could thus have values 0-4, 6, or 9. To avoid possible false 
positive results, however, only IRS values >3 were considered pos- 
itive. Spearman's rank correlation coefficients (r) were calculated 
to study the association between the 1RS values of different tissues 
(the comparisons made are detailed in the Results). The Mann- 
Whitney test was used to compare the expression of CYP2E1 in 
adenocarcinomas and squamous cell carcinomas and to study the 
association between reported consumption of alcohol and 
CYP2E1 expression in normal bronchial tissue (represented by se- 
romucous glands). 

Materials and methods 

The material for this study consisted of paraffin wax blocks of 
specimens of both normal and cancerous lung tissue, retrieved 
from the files of the Department of Pathology of Robert-Bosch- 
Krankenhaus. Twenty-eight patients (23 males and 5 females) who 
had undergone surgery for primary pulmonary carcinoma were in- 
cluded. There were 13 squamous cell carcinomas, 8 adenocarcino- 
mas, 4 adenocarcinomas with squamous differentiation, 2 large 
cell carcinomas and 1 small cell carcinoma. The age of the pa- 
tients ranged from 41 to 75 years (mean, 58 years). Twenty pa- 
tients were smokers. Detailed histories of alcohol use were not 
available, but most of the patients either did not report any use of 
alcohol (14 patients) or were considered moderate drinkers (con- 
sumption <40 g of ethanol/day; 10 patients). Three patients were 
excessive drinkers (alcoholics) and in one case the drinking histo- 
ry was unknown. Following operation, the removed lung or lobe 
was fixed in formalin within 12-48 h. In each case, a sample was 
obtained from both the tumour and surrounding normal bronchial 
tissue. In addition, a sample of peripheral, normal lung tissue was 
available from 11 patients. From each sample, 3 gm thick paraffin 
sections were prepared by standard methods. 

A rabbit polyclonal antibody raised against human CYP2EI 
was used for immunostaining. This antibody was obtained after 
immunization of a New Zealand rabbit with the amino acids 
145-463 of the human CYP2E1 protein, expressed in Escherichia 
coli after cloning of the corresponding cDNA in the pET 23c vec- 
tor. The serum was used at a dilution of 1:1000 in western blots 
and it was specific for the CYP2E1 isoform. The serum was tested 
against different human CYP enzymes expressed in yeast; it did 
not recognize CYP1A1, CYP1A2, CYP2C8, CYP2C9, CYP2C18, 
CYP2D6, CYP3A4 or CYP3A5. Immunostaining was performed 
with a modification of the avidin-biotin-peroxidase complex 
(ABC) technique [8]. The optimal dilution of the first antibody 
was determined to be 1:200. The second, biotinylated antibody 
was goat anti-rabbit, diluted 1:200. The visualization of the ABC 
complex was achieved with hydrogen peroxide diaminobenzidine. 
This method has been described earlier [4] and was recently ap- 
plied in this laboratory to study the expression of CYP3A in liver 
tumours [5] and in the lung [11], and the expression of glutathione 
S-transferase in bronchial tissue [18]. 

To control the specificity of the immunostaining procedure, the 
following experiments were carried out: (1) omitting the primary 
antibody; (2) omitting the secondary antibody; (3) omitting the 
ABC complex; (4) omitting (1) and (2); (5) omitting (1), (2) and 
(3); (6) nonsense controls with antibodies raised against the Ep- 
stein-Barr virus and the hepatitis B core antigen; (7) a positive 
control (liver). 

In an additional experiment, immunostaining of the tumour 
samples was performed as described above, except that the stain- 
ing was intensified by adding nickel acetate and cobalt citrate to 
the incubation solution [7]. 

The staining intensity of both tumour cells and normal bron- 
chial tissue was estimated as follows: 0, none; 1, slight; 2, moder- 
ate; 3, strong. The estimated percentages of positive tumour cells 
were classified as follows: 0, none; 1, <10%; 2, 10-50%; 3, >50%. 

Results 

The distribution of CYP2E1 in normal bronchial tissue is 
outlined in Table 1. In the tumour cells we observed ho- 
mogeneous immunostaining for CYP2E1 in the cyto- 
plasm. The nuclei and the cytoplasmic membrane were 
always unstained. In the squamous cell carcinomas, im- 
munostaining was stronger in more differentiated areas, 
while no regular staining pattern was apparent in the 
adenocarcinomas. In all positive tumours, both immuno- 
stained and unstained areas were observed. 

Omiss ion  of the critical steps in the immunos ta in ing  
procedure yielded negative results; no non-specif ic  stain- 
ing was observed. A strong staining reaction was evident  
in the liver specimen serving as a positive control. The 
distr ibution of CYP2E1 within the liver, with a perive- 
nous zonat ion phenomenon ,  was characteristic for this 
enzyme [9]. Good agreement  was observed be tween the 
staining results (IRS values) obtained in the tumour  sam- 
ples with the normal  and intensif ied staining procedures 
(data not  shown). 

The only structures of normal  bronchial  tissue that 
consis tent ly  showed immunoreac t iv i ty  for CYP2E1 were 

Table 1 Cell and tissue immunoreactivity for cytochrome 
P450(CYP)2E1 in normal bronchial tissue (-  no immunoreactivi- 
ty, (+) inconclusive result, + weak immunoreactivity, ++ moderate 
immunoreactivity, +++ strong immunoreactivity) 

Cell or tissue Immunoreactivity 

Bronchial epithelium 
ciliated cells +/++/+++ 
goblet cells - 

Seromucous glands 
serous glands (+) 
mucous glands ++ 
secretory ducts - /+ 

Smooth muscle -/+ 
Inflammatory cells 

neutrophils -/++ 
lymphocytes - 
monocytes + 
plasma cells -/+ 

Cartilage 
chondrocytes + 
matrix - 

Submucosal connective tissue - 



Table 2 Immunostaining re- 
suits for CYP2E1 in normal 
bronchial tissue and primary 
pulmonary carcinomas (IRS 
immunoreactivity score) 

* The difference in the IRS be- 
tween adenocarcinomas and 
squamous cell carcinomas is 
not statistically significant 
a See text for details 
b In 11 of these 13 cases, 
CYP2E1 was also present in 
normal bronchial tissue 
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Tissue Number of negative Number of positive Proportion of 
cases ORS 0-2) cases (IRS >-3) positive cases 

Normal bronchial tissue 
seromucous glands 9 19 19/28 (68%) 
bronchial epithelium 10 18 18/28 (64%) 

Tumour tissue* 
Squamous cell carcinoma 4 9 9/13 (69%) 
Adenocarcinoma 6 2 2/8 (25%) 
Others a 5 2 2/7 (29%) 

Total 15 13 b 13/28 (46%) 

seromucous glands and bronchial epithelium. Seromu- 
cous glands showed expression of CYP2E1 (IRS >3/9) in 
19 and bronchial epithelium in 18 of the 28 cases of nor- 
mal bronchial tissue (Table2, Fig. 1). The mucous 
glands were more strongly stained than the serous 
glands. There was no significant difference in the IRS 
for seromucous glands between non-drinkers and moder- 
ate drinkers (P=0.10 by Mann-Whitney test). 

In bronchioli, a weak or moderate immunostaining for 
CYP2E1 was observed in the ciliated epithelial cells in 
all of the 11 samples of peripheral lung tissue studied. 
Weak immunostaining was seen in the few non-ciliated 
bronchiolar epithelial cells (Clara cells) identified. 

Thirteen of the corresponding 28 cases of primary 
pulmonary carcinoma showed staining for CYP2E1 (Ta- 
ble 2, Figs. 2-4). In 11 of these 13 cases, CYP2E1 was 
also present in normal bronchial tissue (seromucous 
glands or bronchial epithelium or both). No statistically 
significant difference in the IRS was observed between 
adenocarcinomas and squamous cell carcinomas (P=0.11 
by Mann-Whitney test). 

No association was observed between the expression 
of CYP2E1 in tumour tissue and normal bronchial tissue, 
represented by seromucous glands[r=0.29, P=not signif- 
icant (NS)]. However, there was a significant correlation 
between the expression of CYP2E1 in seromucous 
glands and bronchial epithelium (r=0.61, P<0.01) of nor- 
mal tissue. 

Using the data from our previous study on the expres- 
sion of CYP3A in the lung [11], the expression of 
CYP2E1 was compared to that of CYP3A in the 28 pa- 
tients included in both studies. There was no association 
between the expression of CYP2E1 and CYP3A in either 
tumour tissue (r--0.11, P=NS) or normal tissue, repre- 
sented by seromucous glands (r=0.08, P=NS). 

Discussion 

In this immunohistochemical study we demonstrated 
the presence of CYP2E1 in both normal and cancerous 
lung tissue. About half of the tumours and two-thirds of 
the corresponding samples of normal bronchial tissue 
showed expression of CYP2E1. CYP2E1 was expressed 
in the majority (69%) of the squamous cell carcinomas 
but only in 25% of the adenocarcinomas studied. Howev- 

er, no statistically significant difference in the immuno- 
reactivity score was observed between adenocarcinomas 
and squamous cell carcinomas. 

CYP2E1 was also present in bronchiolar epithelial 
cells; however, it was difficult to differentiate the non- 
ciliated (Clara) cells from the ciliated ones. This was 
partly due to the use of paraffin-embedded tissue and an 
unavoidable incubation step in a microwave oven. Plas- 
tic-embedded material may be more suitable for this pur- 
pose, and this possibility is currently under investigation 
in our laboratory. 

Our results extend the preliminary findings of Wheel- 
er et al. [17] concerning the expression of CYP2E1 in 
normal human lung tissue. Using a monoclonal antibody 
and solid phase radioimmunoassay, these investigators 
demonstrated the presence of a CYP, immunochemically 
related to human liver CYP2E1, in human lung microso- 
mes of all eight lung samples studied. The levels of this 
enzyme were much lower than levels in human liver mi- 
crosomes. However, western blot analysis of human lung 
microsomal CYP2EI did not give a clear positive result 
in this study [17]. 

Toussaint and co-workers [15] have recently charac- 
terized xenobiotic-metabolizing enzyme systems in hu- 
man non-small cell lung tumours and the corresponding 
non-tumour lung tissues in 12 patients. Several major 
CYP enzymes, including 1A, 2B, 2El and 3A4, were as- 
sayed by western blot analysis. CYP1A was present in 
both tumour and non-tumour tissue, CYP1A levels being 
significantly lower in tumours compared to matched 
non-tumour tissue. However, none of the other probed 
CYP enzymes were detected in either tumour or non-tu- 
mour lung tissue [15]. 

In light of the results obtained by Wheeler et al. [17] 
and Toussaint et al. [15], it seems that, due to expression 
of CYP2E1 in specific cell types and the presumably low 
amounts of this enzyme, western blot analysis is not suit- 
able for detecting CYP2E1 in the lung. In contrast, im- 
munohistochemical methods enable detection of small 
quantities of CYP enzymes as well as localization of 
these enzymes in specific cells. 

As with CYP3A in our earlier study [11] there was no 
correlation between the expression of CYP2E1 in tu- 
mours and normal bronchial tissue. There is also other 
evidence showing that expression of CYP enzymes may 
differ in normal and cancerous lung tissue; McLemore et 
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al. [14] found no positive association between CYP1A1 
mRNA levels in paired samples of normal lung tissue 
and tumour tissue from patients with lung cancer. 

The recent study of Czerwinski et alo [3] provides ad- 
ditional information about the expression of CYP en- 
zymes in normal and cancerous lung tissue. These inves- 
tigators studied the expression of CYP2B7 and CYP4B 1 
in normal human lung and lung tumours, using the tech- 
nique of RNase protection. The mRNAs of both of these 
CYP enzymes were detected in all the normal and a ma- 
jority of neoplastic tissues, but the levels of expression 
of the two CYP mRNAs were reduced, about two-fold, 
in the tumours when compared with normal lung [3]. 

An additional goal of this study was to compare the 
expression of CYP3A and CYP2E1 in the lung in the 
same set of patients. In our recent immunohistochemical 
study [11], CYP3A was present in 25% of the 32 prima- 
ry pulmonary carcinomas studied and in a slightly larger 
proportion of the samples of surrounding normal bron- 
chial tissue. The present study comprised 28 of these pa- 
tients and showed that CYP2E1 was much more fre- 
quently expressed than CYP3A in both normal and can- 
cerous lung tissue. Moreover, there was no association 
between the expression of CYP2E1 and CYP3A in either 
tumour tissue or normal tissue, as analysed by Spear- 
man's rank correlation coefficient. Apparently, these 
CYP enzymes are expressed independently of each other 
in lung tissue. 

In conclusion, CYP2E1 was expressed in a large pro- 
portion of both the primary pulmonary carcinomas and 
corresponding samples of normal bronchial tissue stud- 
ied. The observed lack of correlation between the expres- 
sion of CYP2E1 in tumours and normal bronchial tissue 
suggests, taken together with the findings from other 
studies, that expression of CYP enzymes is different in 
normal and neoplastic lung. As CYP2E1 can activate 
several procarcinogens, the extent of expression of 
CYP2E1 might influence an individual's susceptibility to 
lung cancer. Knowledge of the CYP enzyme systems in 
the lung increases rapidly, and eventually it may be pos- 
sible to design anticancer agents that are preferentially 
metabolized, and bioactivated, in pulmonary carcinomas. 
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Fig. 1 lmmunostaining for cytochrome P450(CYP)2E1 in serous 
and mucous glands of normal bronchial tissue (immunostaining is 
localized primarily in the mucous glands), x900 

Fig. 2 Squamous cell carcinoma of lung without immunostaining 
for CYP2E1. x900 

Fig. 3 Strong immunoreactivity for CYP2E1 in all tumour cells of 
an adenocarcinoma of lung. x900 

Fig. 4 Squamous cell carcinoma of lung showing strong immuno- 
staining for CYP2E1 in all tumour cells, x900 
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