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The expression of phosphatidylinositol-3 kinase in tumors and homologous tissues from 29 
patients with lung cancer, 5 patients with lung metastases of various tumors, and some non- 
tumorous pulmonary diseases was studied by Western blot analysis. The expression of phos- 
phatidylinositol-3 kinase was increased in these tumors in comparison with histologically in- 
tact lung tissue in 5 patients with non-small-cell cancer. In 20 patients expression of  phos- 
phatidylinositol-3 kinase was the same as in homologous tissue and in 4 patients it was 
decreased. No relationship between phosphatidylinositol-3 kinase expression and clinical and 
morphological characteristics of lung cancer was revealed. 
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Phosphatidylinositol-3 kinase (PI-3K), the enzyme 
phosphorylating the inositol ring in the D-3 position, 
is now considered to be one of the most important re- 
gulatory proteins, as it is situated at the crossing of va- 
rious signal pathways and controls cell functions [1, 
11], in particular proliferation [9,11], apoptosis [7], 
migration [10], and cytoskeleton reorganization [6]. 
PI-3K consists of two subunits: catalytic (p110) and 
regulatory (p85) [4]. Phosphatidylinositol mono-, bi-, 
and triphosphates (main PI-3K products) are precur- 
sors of second messengers inositol phosphates and di- 
acylglycerol [8]. Activation of PI-3K is mediated by 
various mechanisms, including phosphorylation by 
activated growth factor receptors after their interaction 
with the corresponding ligands [11]. PI-3K plays a 
special role in tumor transformation. It possesses in- 
trinsic oncogenic activity [3] and forms complexes 
with some viral and cellular oncoproteins, whose trans- 
forming potential can be realized only in the presence 
of PI-3K in the cell [2]. 
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Despite numerous persuasive experimental data 
on the role of PI-3K in carcinogenesis, its importance 
for the growth and progress of human tumors remains 
poorly understood. We previously showed [5] that in 
the majority of breast cancer patients PI-3K expression 
in tumors increased in comparison with homologous 
histologically intact tissue and that these changes did 
not depend on the main clinical and morphological 
characteristics of the tumor and its sensitivity to hor- 
mones [5]. 

The aim of the present study was to find out whe- 
ther the enhanced expression of PI-3K was character- 
istic of tumors of different origin and aggressiveness. 
To this end we carried out Western blot analysis of 
tumors and homologous intact tissues in patients with 
lung cancer (LC). 

MATERIALS AND METHODS 

Tumor specimens and histologically intact lung tissue 
(100-300 mg) were collected during operations from 
34 patients treated in Thoracal Oncology Department 
of N. N. Blokhin Cancer Research Center: 29 patients 
with LC, 3 patients with metastases of other malignant 
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Fig. 1. Expression of phosphatidylinositol-3 kinase in tumor (2, 4) and homologous normal tissue (1, 3). a) patients with lung cancer; b) 
patient with breast cancer (1, 2) and patient with lung cancer (3, 4). 

tumors to the lungs, 1 patient with tuberculosis, and 1 
patient with Boeck sarcoid. The specimens were ilm-ne- 
diately frozen in liquid nitrogen and stored at -70~ 

Twenty-four men and 5 women aged 44-70 years 
(mean age 59.5 years) were included in the study. 
Twelve patients presented with stage I, 14 with stage 
III, and 3 with stage IV of  the disease. Squamous-cell 
cancer was diagnosed in 19 and adenocarcinoma in 7, 
other patients had various forms of  LC including op- 
erable small-cell lung cancer. Central LC was found 
in 15 and peripheral LC in 10 patients. 

For immunoblotting, tissue specimens were trea- 
ted with a buffer containing: 50 mM Tris-HC1 (pH 7.5), 
150 mM NaC1, 1 mM EDTA, I mM dithiotreitol, 0.1 
mM sodium orthovanadate, 1 mM phenylmethylsul- 
fonyl fluoride, 1% aprotinine, and 1% NP-40 detergent 
(1:2 tissue-buffer ratio) and centrifuged in an Optima 
TLX centrifuge (Beckman) for 15 min at 15,000 rpm 
and 4~ Aliquots containing 100 ~tg protein were se- 
parated by electrophoresis in 8% PAAG, and proteins 
were transferred to nitrocellulose filters. The filters 
were hybridized with first antibodies to PI-3K regula- 
tory subunit p85 (Sigma) and the resultant complexes 
were developed using ECL reagent (Amersham). The 
blots were scanned using an Image Quant software 
and after scanning classified into 4 categories: high, 
medium, low, or no expression. 

RESULTS 

Figure 1, a illustrates a typical experiment for 2 tu- 
mors and normal tissues. One patient had increased 
expression of  PI-3K in the tumor in comparison with 
intact lung tissue (tracks 3 and 4), while in the other 
PI-3K levels in both samples were virtually the same 
(tracks 1 and 2). 

In all patients PI-3K was found in both the tumor 
and normal lung tissue irrespective of the diagnosis, 
but high level of its expression was observed rarely: 
in only one adenocarcinoma (Fig. 1, a, track 4) and 
lung tuberculosis. Expression of  PI-3K was moderate 
in 11 samples of  intact lung tissue, in 11 samples of  
LC, in 1 metastasis, and in 1 Boeck sarcoidosis. Acti- 
vation of  PI-3K was detected in 5 patients with LC 
and was pronounced in only 1 patient (Fig. 1, a, tracks 
3 and 4). In 20 patients with LC the expression of  PI- 
3K was the same in the tumor and homologous tissue, 

and in 4 patients it was lower than in normal lung tis- 
sue. Interestingly, PI-3K expression was enhanced in 
tuberculosis and Boeck sarcoidosis, but not in lung 
metastases. 

Our findings on PI-3K expression in non-small- 
cell LC principally differed from those in breast can- 
cer: PI-3K was activated in 79% breast cancer speci- 
mens and in half of  these its expression was high or 
very high, while in 42% intact breast tissue samples it 
was absent [5]. Figure 1, b presents typical Western 
blots for breast cancer (pronounced activation of  PI- 
3K, tracks 1 and 2) and LC samples (no changes, tracks 
3 and 4). 

All LC patients presented with stage III with high 
expression of  PI-3K in the tumor; there were 3 adeno- 
carcinomas and 2 squamous-cell cancers. Two patients 
had highly differentiated and 2 moderate differentiat- 
ed tumors, in 1 patients (with the highest activation of  
PI-3K) adenocarcinoma was characterized by a mixed 
differentiation type. No appreciable activation of  PI- 
3K was detected in one examined sample of  small-cell 
LC, though experiments with several cultures showed 
that high basal activity of  PI-3K in these cells pro- 
motes their active proliferation [9]. 

On the whole, no significant relationships be- 
tween the expression and activation of  PI-3K and clin- 
ical and morphological features of  LC were found. 

Hence, activation of  PI-3K during tumor transfor- 
mation is organ- or tissue-specific. In spite of  the fact 
that PI-3K plays an important role in the regulation of  
cell growth and survival and possesses a high onco- 
genic potential (which previously allowed us to regard 
increased expression of  PI-3K as a fundamental char- 
acteristics of  breast cancer), only 18% non-small-cell 
lung cancer specimens expressed PI-3K and this ex- 
pression was negligible and did not correlated with 
clinical manifestations of  the disease. 

The study was supported by the Russian Founda- 
tion for Basic Research (grants Nos. 98-04-48200 and 
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