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To study the influence of nuclear oncogenes on inositol phospholipid metabolism, we examined the various
parameters of inositol phospholipid metabolism in PC12 cells expressing adenovirus type 12 or adenovirus type
5 E1A. Although the inositol 1,4,5-trisphosphate content was increased only slightly, the diacylglycerol content
was 2.4-fold higher in E1A-expressing PC12 cells. Furthermore, we found that the activity of phospholipase C,
one of the key enzymes in inositol phospholipid metabolism, was increased at least five- to eightfold.
Diacylglycerol kinase activity in the membrane fraction was 10 to 15% of that in parental PC12 cells. Overall
protein kinase C activities in E1A-expressing PC12 cells were decreased, but the activity of membrane-bound
protein kinase C was significantly increased. These observations clearly indicate that inositol phospholipid
metabolism is stimulated in cells producing E1A and suggest that nuclear oncogene E1A has the ability to

stimulate inositol phospholipid metabolism.

The effect of nerve growth factor (NGF) on the PC12
pheochromocytoma cell line provides a good model for
neuronal differentiation, since NGF can induce neurite out-
growth from this cell line (10, 13). The mechanisms under-
lying this effect, especially the signal transduction processes,
have been studied in detail. The effects of NGF on signal
transduction processes in PC12 cells include changes in
inositol phospholipid metabolism, tyrosine phosphorylation,
cyclic AMP levels, and intracellular Ca®* levels (20, 24, 38,
45). The PC12 cell line is also unique compared with other
differentiation-inducible cell lines because neuronal differen-
tiation of PC12 cells is affected by efficient transfection of
several oncogenes. ras and src induce neurite outgrowth
from PC12 cells (1, 4, 34), while fos, fra-1, myc, and E1A
block the induction of neurite outgrowth by NGF (12, 17, 18,
29, 34). This property allowed us to investigate how various
oncogenes interfere with neuronal differentiation, with par-
ticular emphasis on the signal transduction processes.

Nuclear oncogenes, such as myc and E1A, are thought to
act within the cell nuclei, and their effects on the signal
transduction processes, which occur mainly within the cell
membrane, have not been extensively studied. Recently, we
found that E1A can induce significant changes in the cell
membrane of a fibroblast cell line (42). This finding led us to
use PC12 cells to examine the effect of E1A on the signal
transduction processes. In this report, we show evidence
that inositol phospholipid metabolism is greatly increased in
ElA-expressing PC12 cells.

MATERIALS AND METHODS

Cells. PC12(10), PC12h, and E1APC12 (12E1APC12 and
S5E1APCI12) cells were grown in a mixture of Ham’s F12
medium and Dulbecco’s modified Eagle’s medium (1:1)
supplemented with 10% fetal calf serum and 5% horse
serum. In addition to the regular culture medium, the fol-
lowing agents were included, depending on the growth
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experiment: NGF (7S) at 50 to 100 ng/ml and dibutiryl cyclic
AMP at 0.5 mM (both purchased from Sigma Chemical Co.).

Plasmid DNAs. pNeol2E1A (pSV2Neo with adenovirus
type 12 [Ad12] El1A nucleotides 12 to 1596), pNeoSE1A
(pSV2Neo with Ad5 ElA nucleotides 1 to 1772), and
pSV2Neo plasmid DNAs (42) were used for introducing E1A
genes into PC12 cells. For analysis of cellular mRNA expres-
sion, fragments from the following plasmid DNAs were used
as probes: pBR322 with a 110K-type isozyme of diacylglyc-
erol (DG) kinase (47a), pPLC-B, pPLC-yl, pPLC-y2,
pPLC-3, and pUC18 with phospholipase C-g (PLC-B), PLC-
v1, PLC-y2, and PLC-3 (14).

Preparation of PC12 cells expressing Ad12 E1A and AdS
E1A genes. PC12 cells were transfected with pNeol2EI1A,
pNeoSE1A, and pSV2Neo by the calcium phosphate precip-
itation method (42). Neomycin-resistant clones were se-
lected in medium containing 300 ug of G418 per ml for 7 to
10 days. Cells in isolated G418-resistant colonies were
picked, cultured, and established as cell clones.

Preparation and blot analysis of mRNA. RNA was pre-
pared from whole cells by the guanidine HCI-CsCl gradient
method. Poly(A)-rich RNA was prepared with an oligo(dT)-
cellulose column. The RNA was denatured, mixed with
ethidium bromide, and electrophoresed on a 1.0 to 1.4%
agarose gel containing formaldehyde. After electrophoresis,
the RNA was transferred to a nylon filter, immobilized, and
hybridized with 32P-labeled nick-translated DNA probes.

Assays of PI, PI-4P, and DG kinase activities and phospho-
lipase C activity. Subconfluent cultures were washed three
times with cold phosphate-buffered saline (PBS) and scraped
off with a rubber policeman. The cell pellet was suspended in
extraction buffer containing 20 mM Tris-HCI (pH 7.4), 1 mM
EDTA, 1 mM dithiothreitol, 10 mM 2-mercapthoethanol,
and 100 uM phenylmethylsulfonyl fluoride. After sonication,
membrane and cytosol fractions were separated by centrif-
ugation at 100,000 x g for 1 h. The activities of phosphati-
dylinositol (PI) and phosphatidylinositol 4-phosphate (PI-4P)
kinases were measured in 50 pl of a reaction mixture
containing 20 mM Tris-HCI (pH 7.4), 2 mM ethylene glycol-
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FIG. 1. Morphology of PC12 (A), 12E1APC12 4 (B), and
SE1APC12 1 (C) cells. The plates were fixed with 3.7% formalde-
hyde and stained with Giemsa stain.

bis(B-aminoethylether)-N,N,N’ ,N'-tetraacetic acid (EGTA),
20 mM MgCl,, 0.4% Triton X-100, 50 mg of PI or PI-4P, 200
M [y-*?P]ATP (1 to 2 puCi), and the enzyme sample (5 to 60
ng of protein). The reaction proceeded for 10 min at 30°C
(48). The activity of DG kinase was measured in 50 pl of 50
mM 2-mercaptoethanol-20 mM NaF-1 mM sodium
cholate-50 mg of 1,2-diolein—-200 pM [y->2P]JATP (1 to 2
y.Ci)—enzymc sample (5 to 60 mg of protein) (22). Formed
2P-labeled PI-4, phosphatidylinositol 4,5-bis-phosphate
(PIP2), and phosphatidic acid were separated by two-phase
partitioning and thin-layer chromatography, and enzyme
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activities were determined by scraping the corresponding
spots and measuring their radioactivity in a liquid scintilla-
tion counter. PIP2-phospholipase C activity was measured
as described previously (33). In brief, the reaction was
performed with a 50-pl mixture containing 50 mM morpho-
lineethanesulfonic acid (MES)-NaOH buffer (pH 6.5), 20
mM CaCl,, 1 mg of bovine serum albumin per ml, 100 pM
[*H]PIP2 (25,000 dpm), 40 uM phosphatidylethanolamine,
and the enzyme sample (5 to 60 ug of protein).

Measurement of the steady-state level of DG. Subconfluent
cells were washed with PBS, 1.0 ml of ice-cold methanol was
added, and the cells were scraped off into 0.5 ml of chloro-
form. The samples were sonicated for 3 min, 0.25 ml of 1 M
NaCl was added, and the samples were centrifuged. The
lower phases were washed with the upper phases of a
mixture of chloroform, methanol, and NaCl. The resultant
lower phases were dried under vacuum and used for DG
analysis with a DG assay kit (Amersham Corp.) (9) and for
phosphate determination (2).

Analysis of IP3. Subconfluent cultures were washed with
PBS, suspended in PBS, and immediately added to a one-
half volume of 30% trichloroacetic acid. After the samples
were kept on ice for 20 min, the extracts were centrifuged at
3,000 x g for 15 min at 4°C. The resulting supernatants were
extracted with ether three times and adjusted to pH 7.4 with
7.5% NaHCO;. The samples were used for inositol 1,4,5-
triphosphate (IP3) analysis with an IP3 assay kit (Amersham)
(9) and for phosphate determination (2).

Phosphate determination. Samples (10 to 50 pl) were
mixed with 10% Mg(NO,), - 6H,0 in ethanol (50 pl), evap-
orated to dryness over a strong flame with rapid shaking, and
further heated in the flame until the brown fume disap-
peared. After the tube was cooled, 0.3 ml of 1 N HCl was
added. The tube was heated in a boiling water bath for 15
min to hydrolyze any PP, formed in the ashing procedure to
P,. The P; was mixed with 0.7 ml of an ascorbic acid-
molybdate mixture, kept at 45°C for 20 min, and measured
by reading the Ag,,. The ascorbic acid-molybdate mixture,
which was made daily, contained 1 part 10% ascorbic acid
and 6 parts 0.42% ammonium molybdate - 4H,0 in 1 N
H,SO,. An A4,,, was obtained from 0.01 wmol of phosphate
2).

Assay of protein kinase C activity. Subconfluent cultures
were washed three times with cold PBS and scraped off with
a rubber policeman into PBS. The cell pellet was resus-
pended in extraction buffer containing 20 mM Tris-HCI (pH
7.5), 5 mM EGTA, 0.5 mM phenylmethylsulfonyl fluoride,
and 5 mM 2-mercaptoethanol, sonicated, and centrifuged at
100,000 x g for 1 h at 4°C. The supernatant was used as
cytosol protein kinase C. The precipitated membrane frac-
tion was solubilized in extraction buffer containing 1%
Triton X-100 for 30 min on ice and centrifuged at 100,000 x
g for 1 h. The resulting supernatant was subjected to DE-52
column chromatography, and the fraction eluted with 0.3 M
NaCl was used as membrane-bound (membrane) protein
kinase C. The activity of protein kinase C was assayed with
a protein kinase C assay kit (Amersham). The protein
contents of the cytosol and membrane fractions were mea-
sured with a Bio-Rad protein assay.

RESULTS

Establishment and characterization of ElA-expressing
PC12 cells. To establish PC12 cells constitutively expressing
the E1A gene, we introduced pNeol2E1A (pSV2Neo with
Ad12 E1A nucleotides 12 to 1596) and pNeo5SE1A (pSV2Neo
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TABLE 1. Expression of cellular genes in PC12, 12E1APC12, and SE1APCI12 cells

Neurite outgrowth

PC12 cells® induced by?: Expression of the following mRNA*<:
or plasmid _—
NGF EGF ElA DG kinase PLC-B8 PLC-y1 PLC-y2 PLC-3

Parental + - - 1.0 1.0 1.0 1.0 1.0
12E1APC12

1 ++ - + 14 1.5 4.5 1.8 0.7

2 - + ++ 2.5 4.1 4.7 2.1 0.9

4 - +++ +++ 4.2 4.0 4.8 2.3 13

11 - ++ +++ 3.5 3.8 4.6 1.8 1.5
SE1APCI12

1 - - +++ 4.8 4.5 2.9 2.1 0.9

2 - - +++ 1.8 2.1 1.7 1.4 0.7
pSV2Neo + - - 0.9 1.4 1.2 1.1 1.0

“ PC12 cells were transfected with pNeol2E1A, pNeoSE1A, and pSV2Neo plasmid DNAs. Colonies resistant to G418 were independently isolated and
established as cell clones.

® The cell clones were cultured on plastic plates for 2 to 4 days in medium with NGF (50 ng/ml) and EGF (100 ng/ml), and neurite formation was observed.
The percentages of cells with processes were more than 50% (+++), 30 to 50% (++), 1 to 30% (+), and less than 1% (-).

€ Total RNA was prepared from PC12 cells by the guanidine HCI-CsCl centrifugation method. Poly(A)-rich RNA was selected and electro?horesed onal%
agarose gel containing 3% formaldehyde. After electrophoresis, the RNA was transferred to a nylon filter, immobilized, and hybridized with 3P-labeled probes.
As probes, Ad12 E1A from pNeol2E1A, AdS E1A from pNeoSE1A, pBR322 with a 110K-type isozyme of DG kinase, pPLC-8, pPLC-y1, pPLC-y2, pPLC-3,
and pUCI8 with PLC-B, PLC-y1l, PLC-y2, and PLC-3 were used. The amount of mRNA was measured with an image analyzer and normalized on the basis of
the intensities of 28S and 18S rRNAs. The amount of each mRNA is expressed relative to that (1.0) in PC12 cells.

with Ad5 E1A nucleotides 1 to 1772) (42) into PC12 cells by Activities of PI-4, PI-4P, and DG kinases and phospholipase
the calcium phosphate precipitation method. After cultiva- C in E1A-expressing PC12 cells. The activities of PI-4 kinase
tion for 2 weeks in medium containing G418, several colo- (48), PI-4P kinase (48), DG kinase (22), and phospholipase C
nies resistant to G418 were independently isolated and (33) were examined. There were no differences in PI-4 (Table
cultures of cell clones 12E1APC12 (12 clones) and 2) and PI4P (data not shown) kinase activities among
SE1APC12 (6 clones) were established. 12E1APC12 cells 12E1APC12, SE1APC12, and PC12 cells in both cytosol and
grew well and showed increased cell substratum adhesive- membrane fractions. Phospholipase C activity was increased
ness. SE1APCI12 cell clones also grew well and were round severalfold in both membrane and cytosol fractions of
and flattened. 12E1APC12 and 5E1APCI12 cells could be 12E1APC12 or 5E1APCI12 cells, compared with that in
distinguished by those features (Fig. 1). These E1IAPC12 cell parental PC12 cells (Table 2). In contrast, the activity of
clones and parental PC12 cells were tested to examine membrane DG kinase in 12E1APC12 or SE1APCI12 cells was
whether NGF and dibutiryl cyclic AMP prompted neuronal reduced to 10 to 14% of that in parental PC12 cells (Table 2).
differentiation. Morphological differentiation prompted by However, the DG kinase activity in the cytosol was not
NGF was blocked in PC12 cells expressing Ad12 or AdS significantly different among 12E1APC12, 5E1APC12, and
E1A (Table 1 and data not shown) but not in parental PC12 PC12 cells. The results of experiments involving other cell
cells. 12E1APC12 1 cells were an exception: they expressed clones of 12E1APC12 and SE1APCI12 were essentially the
a low level of Adl12 E1A, and NGF was able to induced same as those shown in Table 2 (data not shown).

neurite outgrowth. Epidermal growth factor (EGF) induced Elevated steady-state levels of DG and IP3 in E1A-express-
neurite outgrowth from 12E1APC12 cells. This interesting ing PC12 cells. Increased activity of phospholipase C and
result will be described in another paper. decreased activity of DG kinase in the membrane fraction

TABLE 2. Phospholipase C, PI-4 kinase, and DG kinase activities of parental and E1A-expressing PC12 cells®

Activity, pmol/min/mg of protein, of:

Cells
Phospholipase C PI-4 kinase DG kinase

Cytosol

PC12 51.3 *= 0.7 (100) 10.7 = 0.19 (100) 19.7 = 1.02 (100)

12E1APC12 4 412.7 + 24.0 (804) 12.2 = 0.14 (114) 14.1 = 1.20 (73)

SE1APCI12 1 435.5 = 16.0 (849) 10.7 = 0.2 (100) 20.3 + 2.48 (103)
Membrane

PC12 8.62 + 0.3 (100) 212.2 + 3.49 (100) 17.8 = 1.22 (100)

12E1APC12 4 39.5 £ 2.5 (458) 155.4 = 1.47 (73.2) 1.9 + 0.13 (10.7)

SE1APC12 1 32.6 + 1.6 (378) 222.7 = 5.37 (105) 2.5 +0.24 (14)

¢ Subconfluent cell cultures were suspended in extraction buffer and lysed by sonication. The suspension was centrifuged at 100,000 x g for 1 h at 4°C. The
supernatant was used as a cytosol fraction. The resultant pellet was resuspended in extraction buffer, sonicated, and used as a membrane fraction. The enzyme
activities of both membrane and cytosol fractions were measured in triplicate as described in Materials and Methods. Results are expressed as the mean =
standard error of the mean in triplicate assays. Values in parentheses show the activities relative to that (100%) in PC12 cells.
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TABLE 3. Contents of IP3 and DG in PC12, 12E1APC12,
and SE1APCI12 cells

Content (pmol/nmol

Cells or of phosphate) of:
plasmid
P32 DG?
PC12 0.05 1.4
12E1APC12
4 0.072 3.5
11 0.0674 2.8
SE1APC
1 0.103 3.7
2 0.067 3.4
pSV2Neo 1 0.058 1.8

“ Cells were collected into trichloroacetic acid and prepared for assays as
described in Materials and Methods. IP3 in samples was analyzed with an IP3
assay kit (Amersham), and phosphate in samples was assayed as described in
Materials and Methods. The data represent the mean of triplicate determina-
tions. The IP3 content was expressed as a fraction of total phospholipid
content.

& Samples from each type of cell were extracted with chloroform-methanol
as described in Materials and Methods. DG in samples was analyzed with a
DG assay kit (Amersham), and phosphate in samples was assayed as
described in Materials and Methods. The data represent the mean of triplicate
determinations. The DG content was calculated on the basis of the total
phospholipid content.

may result in the accumulation of DG and IP3 in E1IAPC12
cells. As confirmation, DG and IP3 contents in subconfluent
12E1APC12, S5E1APC12, and PC12 cells were examined
(Table 3). The IP3 content in 12E1APC12 and 5E1APC12
cells was 1.5-fold higher than that in PC12 cells. The DG
content in 12E1APC12 and S5E1APC12 cells was 2.4-fold
higher than that in PC12 cells (Table 3). The IP3 content in
12E1APC12 and SE1APCI2 cells may not have been as high
as the DG content because of a quick turnover of IP3. The
results suggest that E1A proteins modulate inositol phospho-
lipid metabolism in PC12 cells.

Activation of protein kinase C in E1A-expressing PC12 cells.
DG is an endogenous activator of protein kinase C and
causes the intracellular translocation of protein kinase C
from the cytosol to the membrane. Cytosol and membrane
fractions from subconfluent 12E1APC12, SE1APC12, and
PC12 cells were assayed for protein kinase C activity. As
expected from the increased levels of DG in 12E1APC12 or
SE1APCI12 cells, most of the activity (70 to 80%) was found
in the membrane fraction, whereas in PC12 cells, only 10%
of the activity was recovered in the membrane fraction (Fig.
2). In these E1APCI12 cells, the protein kinase C activity of
the membrane fraction was 2.3- to 3.2-fold higher than that in
parental PC12 cells. However, the total activities of protein
kinase C, the sum of the activities in the cytosol and
membrane fractions, were lower in EIAPCI12 cells than in
parental PC12 cells (Fig. 2). This result may have been due
to down-regulation of protein kinase C in E1APCI12 cells.
These results suggest that the expression of the E1A protein
(encoded by the E1A nuclear oncogene) activates protein
kinase C in PC12 cells. This observation appears to be the
same as those made for rat 3Y1 cells transformed with the
Ad12 E1A, AdS ElA, src, or ras gene (data not shown).

Transcription of the cellular genes in 12E1APC12 or
SE1APC12 and PC12 cells. For confirmation of the stimula-
tion or reduction of the key enzyme activity for inositol
phospholipid metabolism, the expression of cellular genes
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FIG. 2. Activities of protein kinase C in the membrane fraction

(shaded bars) and the cytosol fraction (open bars), measured in
triplicate as described in Materials and Methods.

encoding the key enzymes and receptors was analyzed in
12E1APC12 or SE1APCI2 cell clones by Northern (RNA)
blot analysis (Table 1). The expression of the 110K-type
isozyme of DG kinase, PLC-B, and PLC-y1 was higher in
12E1APC12 or SE1APCI12 cells than in parental PC12 cells.
There was no difference in the expression of PLC-y2 and
PLC-8 between E1APC12 and PC12 cells. These results
supported the suggestion of enhanced phospholipase C ac-
tivity in ELIAPC12 cells. It is of interest that the stimulation
of PLC-y1 expression may be dependent on the activation of
tyrosine kinase (27, 30, 44).

DISCUSSION

In the present study, inositol phospholipid metabolism and
protein kinase C activity were examined in Ad12 and AdS
E1A-expressing PC12 cells. We found that the expression of
the Ad12 or AdS5 E1A gene, one of the nuclear oncogenes
(31, 39), could stimulate inositol phospholipid metabolism,
leading to the accumulation of DG and the activation of
protein kinase C in PC12 cells. Increased protein kinase C
activity and a change in inositol phospholipid metabolism
have been reported in erbB-transformed chicken embryo
fibroblast cells (23) and ras-transformed cells (8, 15, 22, 23,
25, 26, 36, 47). There has been no report of inositol phos-
pholipid metabolism in nuclear oncogene-expressing cells.
In c-myc or simian virus 40 T antigen-expressing cells,
inositol phospholipid metabolism was not changed. The
activation of inositol phospholipid metabolism by adenovi-
rus E1A has not yet been reported.

There have been several reports on inositol phospholipid
metabolism in ras-transformed cells (8, 15, 22, 25, 36, 47).
Kato et al. (22) reported that the DG content in ras-
transformed NIH 3T3 cells increased 1.5-fold compared with
that in nontransformed NIH 3T3 cells and that the increased
DG content was at least partly due to the defect in DG kinase
translocation. In ras-transformed cells, DG kinase activity in
the membrane fraction was significantly lower (22). Huang et
al. (15) reported the accumulation of DG, the decreased
activity of membrane DG kinase, and the activation of
protein kinase C in ras-transformed rat fibroblast cells. In
their report, PI-4P and PIP2 kinase activities were increased,
but phospholipase C activity was not changed. Meanwhile, it
was reported that the increased DG content in ras-trans-
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formed cells was dependent not on inositol phospholipase C
but on phospholipase D (7). The mechanism of the increased
DG content in ras-transformed cells was not clear. In this
study, the change in inositol phospholipid metabolism in
E1APC12 cells was different from that in ras-transformed
cells in that the activities of PI-4P and PIP2 kinases were not
changed. DG kinase activity in the membrane fraction was
decreased, although the cytosol fraction DG kinase activity
was not changed. PIP2-phospholipase C activity was drasti-
cally increased. We suggest that the E1A protein induced
increased DG production in the membrane fraction, the
activation of protein kinase C, and the translocation of
protein kinase C, although it is not known whether these
changes were due to the direct effect of the adenovirus E1A
protein. Judging from the increased IP3 content, the in-
creased DG content was mostly dependent on the stimula-
tion of PI metabolism. Since PC12 cells expressing mem-
brane or cytosol ras or src oncogene products are
differentiated and form neurites (1, 4, 34), it is impossible to
use these PC12 cells in experiments similar to those de-
scribed in this work. Therefore, PI metabolism was studied
with rat 3Y1 cells expressing Ad12 E1A, Ad5 E1A, src, or
ras protein. Preliminary results indicate that the protein
kinase C activities in 3Y1 cells expressing Ad12 E1A, Ad5
ElA, or src protein were similar to those in PC12 cells
expressing Ad12 E1A or Ad5 E1A protein (data not shown).
Thus, adenovirus E1A protein seems to have an influence in
stimulating PI metabolism similar to that of ras. The molec-
ular mechanisms of similar changes in PI metabolism result-
ing from the function of nuclear and membrane oncogene
E1A and ras products are currently under investigation.

There are several isozymes of phospholipase C (37). In
PC12 cells, PLC-B, PLC-y1, and PLC-3 were expressed (14).
Among these, PLC-B is activated by the 3 subunit of the Gq
class of G proteins (43). PLC-y is phosphorylated by recep-
tor tyrosine kinases, such as that of the platelet-derived
growth factor receptor, and physically associates with the
receptor protein through an SH2 domain structure (44). The
mechanism of activation of PLC-3 is not clear. Northern
analysis revealed the increased expression of PLC- and
PLC-y1 in E1APCI2 cells. Since PLC-B is localized in the
membrane and cytosol fractions, the increased expression of
PLC-B was correlated with increased phospholipase C ac-
tivity in the membrane and cytosol fractions of EIAPC12
cells.

It is particularly interesting that phospholipase C activity
is higher in E1A-expressing PC12 cells than in PC12 cells. In
transformed cells or tumors, an elevated level of PLC-y1
was first reported by Artega et al. (3). They showed that a
high percentage of mammary carcinomas displayed an in-
creased level of receptor tyrosine kinases and a direct
tyrosine phosphorylation substrate (PLC-yl). This result
suggests that PLC-y1 is functionally important for receptor-
dependent cell proliferation.

The activation of inositol phospholipid metabolism by
ElA seems to be a novel phenomenon, but there are a
number of reports that membrane characteristics are drasti-
cally changed in E1A-transformed cells (6, 16, 32, 35, 40,
41). Shimura et al. reported the selective cytotoxicity of
phospholipids and DGs in 3Y1 cells transformed by the Ad12
E1A gene (40, 41). Recently, we reported that the altered
membrane structures in E1AY cells, 3Y1 cells expressing
the Adl2 ElA gene, may be responsible for the high-
efficiency focus formation by Rous sarcoma virus (42).
Adenovirus E1A proteins have been localized in the cell
surface membrane (5, 21, 46). The localization of El1A
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proteins on the cell surface may be important for the
activation of inositol phospholipid metabolism in
12E1APC12 or 5E1APC12 cells and for the changes in
membrane characteristics mentioned above.

There are several hypotheses concerning signal transduc-
tion after the exposure of PC12 cells to NGF, such as
changes in inositol phospholipid metabolism, activation of
tyrosine kinase by a #rk proto-oncogene, or changes in cyclic
AMP and Ca®* levels (20, 24, 38, 45). Traynor et al. reported
that inositol phospholipid composition and metabolism in
PC12 cells were increased after exposure of PC12 cells to
NGF (45). In E1APCI12 cells, inositol phospholipid metabo-
lism is constitutively activated, making these cells insensi-
tive to NGF. Further analysis of ELIAPC12 cells may provide
a better understanding of signal transduction in PC12 cells
following exposure to NGF.
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