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Abstract 
The effect of okadaic acid (OA) on proto-oncogene protein expression of c-neu, c-myc, v-rasH, EGFR, 
and phosphotyrosine-containing phosphoproteins (P-Tyr) was investigated in rapidly growing 
(RG) normal human keratinocytes (NHK) and in SV-40 virally-transformed keratinocytes (SVK) 
cultured in a growth factor supplemented serum-free medium as assessed by indirect immuno- 
fluorescence microscopy. P-Tyr positively stains cell surface antigens (cytoplasm) diffusely at 
monopolar sites in RG NHK cultures. OA-treatment intensifies cytoplasmic P-Tyr staining at local-
ized monopolar intercellular focal adhesion (IFA) sites with reduced cytoplasmic staining. P-Tyr 
expression was predominate at IFA sites with little cytoplasmic staining in RG SVK cultures. OA- 
treatment increased monopolar P-Tyr staining and cytoplasmic staining. OA-treatment in RG NHK 
cultures intensified cytoplasmic staining of c-myc and EGFR (epidermal growth factor receptor) 
expression. OA-treatment in RG NHK and SVK cultures intensified c-neu staining at monopolar IFA 
sites and intensified c-neu staining at both cytoplasmic and bipolar IFA sites in RG SVK cells. OA 
was especially cytotoxic for SVK cells. RA treatment decreased c-neu expression in RG NHK cul-
tures while TPA treatment has a lesser effect on both cytoplasmic and IFA sites. RA treatment also 
decreased P-Tyr staining in both NHK and SVK cells. Again, TPA had a lesser inhibitory effect on 
P-Tyr staining pattern. RA-treatment had a similar effect on P-Tyr staining of RG cultures of a 
mouse fibroblast cell line. These results confirm the generality of OA, RA and TPA on the regula-
tion of oncogene expression in both normal and malignantly transformed keratinocytes. 
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1. Introduction 
Oncogenes are genes that have the potential to cause cancer, and often are mutated or overexpressed in tumor 
cells. Activated oncogenes can suppress apoptosis, overcome environmentally-induced senescence, induce cel-
lular immortalization, and uncontrolled proliferation. Normal cells often possess an analog DNA sequence or 
proto-oncogene that is not oncogenic unless mutated or overexpressed. They can be activated by mitogenic 
stimuli similar to their related oncogenes such as c-myc and c-neu, which also activate other plasma membrane- 
associated tyrosine protein kinases [1]. Ras protein belongs to family of regulatory GTPases involved in signal-
ing pathways leading to cell proliferation. The polyoma DNA virus, Simian Virus 40 (SV-40) can also activate 
oncogene expression through its transcribed large T and middle T oncoproteins. These viral oncoproteins are 
complex with target proteins inhibiting tumor suppressor activities of p53 tumor-suppressor protein and the 
retinoblastoma protein [2]. The role of phosphotyrosine-binding domains in signal transduction and cancer has 
been well described [3]. 

HER2/neu, known as receptor tyrosine protein kinase erbB-2, is a protein encoded by the ERBB2 gene or 
HER2, human epidermal growth factor receptor 2. Amplification or overexpression of HER2 plays a role in de-
velopment and progression of breast cancer. Activation of HER2 proteins has been shown to form clusters in 
cell membranes that may play a role in tumorigenesis. Signaling through the erbB2 family of receptors promotes 
cell proliferation and suppresses apoptosis. In promoting carcinogenesis, erbB-2 is a potent oncogene when 
overexpressed in NIH/3T3 cells. The synergistic interaction of EGF receptor with c-neu leads to transformation 
of rodent fibroblasts. In normal keratinocytes, activation of heparin-binding EGF-like growth factor B receptors 
mediates hyperplasia [4]. In normal keratinocytes the HER family and the heparin-bonding EGF family member, 
heregulin are expressed differentially and modulate keratinocyte differentiation [5]. It has been reported that in-
hibition of erbB receptor family members protects keratinocytes from UV-B induced apoptosis [6] [7]. 

myc expression regulates cell cycle clock function, promotes cell proliferation and can repress the expression 
of CDK inhibitors P15INK4B and p21CIP/ thereby, promoting continued cell cycle advance and molecular carcino-
genesis. Constitutive expression of c-myc in murine keratinocytes (BALB/MK cells) reinitiated DNA synthesis 
by increasing sensitivity to EGF growth factor stimulation to cell proliferation [8]. 

In this study, we employed normal human keratinocytes (NHK) and a tumor-derived cell line of SV-40 trans- 
fected and malignantly transformed human keratinocytes (SVK) to investigate the effect of two differently-  
acting tumor promoters, the phorbol ester (TPA), and okadaic acid (OA), and an anti-tumor promoter, all-trans- 
retinoic acid (t-RA) on oncogene expression. Previously, we reported that normal diploid human keratinocytes 
could be malignantly transformed by whole SV-40 virus [9]. We reported that SVK cells were immortal, an-
chorage-independent, expressed both keratin 10 protein and large T nuclear antigen, and were tumorigenic when 
injected in athymic mice. More importantly, we demonstrated that SVK cells were able to grow in serum-free 
medium without an EGF supplement. In order to verify the generality the effects of OA, RA and TPA on onco-
gene expression we extended the study to a well-studied mouse embryonic fibroblast line, C3H10T1/2. This cell 
type has been virally and chemically transformed and is thought to be an initiated cell line, making it an inter-
esting target for co-carcinogenic agents employed here. 

We have employed the technique of indirect immunofluorescence microscopy [10] to study the effects of OA, 
t-RA and TPA on oncogene expression. Earlier studies reported that OA, a known cytotoxin isolated from a ma-
rine sponge, was a tumor promoter [11] [12] with divergent pleiotropic activities. It paradoxically can revert the 
transformed phenotype of cells transformed by raf oncogene to the normal phenotype [13]. Unlike the phorbol 
ester-type tumor promoter, TPA, OA does not activate any known protein kinase-C (PK-C). Rather, OA sup-
presses the action of phosphatases 1 & 2A (PPT’s) [14]. OA interferes with interphase to mitotic-like micro-
tubule dynamic instability, alters the shape and F-actin distribution and inhibits stimulus-dependent increases in 
cytoskeleton actin in human neutrophils [15]. It induces morphological changes, apoptosis and cell cycle altera-
tions in many different normal and carcinoma human cell types [16]. It also inhibits protein synthesis in Vero 
cells through lipid peroxidation and production of oxygen reactive radicals [17], and stimulates protein phos-
phorylation in intact cells [18]. Importantly, OA stimulates apoptosis through expression of Fas receptor and Fas 
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ligand in human oral squamous carcinoma cells through activation of nuclear factor kappa B [19]. OA regulates 
EGR-1 transcription, blocks growth factor activation of extracellular signal-regulated kinase (ERK)1/2, elevates 
the activities of ERK1/2, c-jun N-terminal kinases (JNKs) and p38 mitogen activated protein kinases (MAPKs), 
and induces dephosphorylation of histone H1 in metaphase-arrested HeLa cells [20]. In papilloma-producing 
mouse keratinocytes, elevation of the latter kinase is correlated with AP-1 binding to TPA responsive element 
(TRE) [19]. 

Retinoids are essential for normal epidermal differentiation and a deficiency may cause hyperkeratonic meta-
plasia [21]. They modulate many different cellular interactions often with divergent pleiotropic effects on 
growth and differentiation. t-RA inhibits the proliferation of many different untransformed, transformed and 
tumor cell lines [22] including C3H10T1/2 and normal keratinocytes examined here. RA reversibly arrests nor-
mal keratinocytes in the G1 phase of the cell cycle [23] and increases the number of EGF receptors in 3T6 fibro-
blast cell and many untransformed, and spontaneous and chemically-transformed fibroblast cell lines. Retinoids 
modulate terminal differentiation and response of tumor promoters in mouse epidermal cell cultures. Retinoids 
reverse benzo[α]pyrene-induced keratinization in normal hamster tracheal explants [24]. RA suppresses TPA- 
induced ornithine decarboxylase enzyme induction (ODC) [25] and mitigates tumor promotion in the two-stage 
model of mouse skin tumorigenesis [26]. A DNA antisense construct of the open-reading frame of the α-nuclear 
RA receptor induced apoptosis in an immortalized keratinocyte cell line, indicating that RA-linked transcription 
cascade is vital to maintain keratinocyte stem cell function [27]. 

Phorbol ester type tumor promoters such as 12-tetradecanoyl phorbol 13-acetate (TPA), the active principle of 
croton oil tumor promoter is a potent activator of protein kinase-C [28]. TPA inhibits the clonal growth of nor-
mal human keratinocytes, inhibits DNA synthesis and arrests cells in both the G1 and G2 phases of the cell cycle, 
and induces terminal keratinizing squamous differentiation of NHK cells [29]. We previously reported that OA 
elicits a distinct set of oncoproteins associated with the onset tumor promotion. In this report, we investigated 
the effect of TPA on oncogene expression in both NHK and a tumorigenic cell line of SV-40 transfected human 
keratinocytes, and contrasted it relative to the effect of OA on EGFR, c-neu, v-rasH, c-myc and on the expression 
of phosphotyrosine-containing phosphoproteins [30]. The technique of indirect immunofluorescence microscopy 
was employed to study the effects of OA, t-RA and TPA on oncogene and proto-oncogene expression. 

2. Materials and Methods 
2.1. Materials 
All primary antibodies (c-neu, c-myc, v-rasH, EGFR and P-Tyr) were obtained from Oncogene Sciences (Man-
hasset, NY). All other organic compounds and tissue culture supplies were purchased from Sigma-Aldrich Co 
(St. Louis, MO). Okadaic acid was obtained as a gift from Dr. F. O. Cope (National Cancer Institute, Tokyo, JN). 

2.2. Cell Culture 
Normal human keratinocytes (NHK) were prepared as previously reported and were cultured in a modification 
of MCDB 151 (HECK 109), supplemented with 5 µg/ml insulin 5 ng/ml EGF, and 0.2% bovine pituitary extract 
[31]. The origin and derivation of an SV40 virus-transfected cell line and its malignantly transformed cell line of 
normal human diploid keratinocytes (SVK) were as we previously described [9]. They were cultured in the same 
medium supplemented with insulin only. OA was added to cell culture medium at a final concentration of 1nM 
for 7 hours; RA or tumor promoter, TPA was added at a final concentration of 2 × 10−6 M, 100 ng/ml for 24 
hours, respectively. 

2.3. Indirect Immunofluorescence Assay 
As we previously described, [10] cells attached by 3 days of culture growth to sterile 12-mm glass coverslips 
and fixed with 3.7% formalin in 1X PBS. To assess the effect of dephosphorylation on the phosphorylation 
status of cells treated with various test agents cells grown on glass chips were incubated under appropriate con-
ditions suggested by the supplier to a solution of alkaline phosphatase enzyme (AP+) prior to fixation. The fixed 
cells were then washed in 1X PBS and prepared for indirect immunofluorescence microscopy by first staining 
for 30 minutes with primary antibody, and then with a fluorescence-conjugated second antibody to either mouse  
or rat IgG, and recorded with a fluorescence microscope (Zeiss). Control cells not exposed to primary antibody 
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but stained with the appropriate second IgG-FITC-conjugated antibody were used as a negative control for fluo-
rescent stain. Titers of the working solutions in 1X PBS of both first and second antibody were as suggested by 
the supplier. Minimum 10 random fields were examined and recorded before selection of typical representative 
figures. 

3. Results 
3.1. Effect of Okadaic Acid Treatment 
3.1.1. Expression of Phosphotyrosine (P-Tyr) in Normal and SVK Cells 
The typical patterns of P-Tyr expression in untreated (a), OA-treated (b) RG cultures of normal keratinocytes, 
and in untreated (c), OA treated (d) cultures of SVK keratinoctyes were presented (Figure 1). Most of the larger 
(average diameter was 7.2 ± 0.1 µM) untreated cycling basal keratinocytes (a) display intense cytoplasmic 
staining with some evidence of preferential monopolar localization (arrowhead), while smaller cells have only 
unipolar cytoplasmic staining. Treatment with OA (1 nM for 7 hours) greatly enhances P-Tyr staining with a 
definite unipolar cone-shaped localization. Moreover, OA-treated cells are smaller in size (average diameter was 
5.2 ± 0.1 µM) and are aggregated in to clumps with the cone-shaped unipolar cytoplasmic staining oriented in a 
parallel manner (b). By contrast, untreated cultures of rapidly cycling SVK keratinocytes (c) display highly in-
tense P-Tyr staining restricted to spherically-shaped uni- and bipolar staining pattern. A similar P-Tyr staining 
pattern was observed for cultures of OA-treated SVK keratinocytes (d) where staining occurred as lens-shaped 
uni- and bipolar staining and a fairly intense and uniform particulate-type cytoplasmic staining. OA-treated SVK 
cells appear to be larger and more flattened than corresponding untreated SVK cells. 

3.1.2. Expression of Epidermal Growth Factor Receptor (EGFR) in Normal and SVK Cells 
The typical patterns of EGFR expression in untreated (a), OA-treated (b) RG cultures of normal keratinocytes, 
and in untreated (c), OA treated (d) cultures of SVK keratinoctyes were presented (Figure 2). Cytoplasmic 
staining was moderately intense in untreated cycling NHK cells with a polarized localization of the EGFR stain 
(a). Average cell size (diameter) of untreated NHK was 8.0 µM). OA-treated NHK cells (b) displayed elevated 
intense cytoplasmic and nuclear EGFR staining. OA treatment cultures of SVK cells resulted in cellular aggre- 
 

 
Figure 1. A panel of four photomicrographs of NHK ((a) & (b)) and SVK 
((c) & (d)) cultures immunofluorescence (I)-stained with P-Tyr antibodies. 
(a) untreated NHK (two arrows point to two cells with intense perinuclear 
and cytoplasmic I-stain; (b) OA-treated NHK culture (two arrows point to 
cone-shaped monopolar caps with intense I-stain; (c) untreated SVK cul-
ture (two arrows point to monopolar and bipolar cytoplasmic areas show-
ing intense I-stain); (d) OA-treated SVK culture (two arrows point to mo-
nopolar cytoplasmic areas showing intense I-stain near points of cell-cell 
contact). Total magnification, 1650×. Scale bar (white) 1 cm = 1.6 µM.          
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Figure 2. A panel of four photomicrographs of NHK ((a) & (b)) and SVK ((c) & 
(d)) cultures I-stained with EGFR antibodies. (a) untreated NHK culture (two 
arrows point to two cells with intensely I-stained but diffuse monopolar areas); 
(b) OA-treated NHK culture (two arrows points to I-stained nuclei in cells with 
increased cytoplasmic staining); (c) several untreated SVK cells showing very 
low levels of I-staining; (d) OA-treated SVK culture showing a group of three 
cells (note: left set of two arrows pointing to intense cytoplasmic I-staining, and 
top set of two arrows pointing to I-stained nuclei). Total magnification, 2700×. 
Scale bar (white) 1 cm = 2.7 µM.                                            

 
gation and smaller cell size (diameter) of 6.8 µM as noted above for SVK cells stained with P-Tyr antibody. By 
contrast, EGFR antibody staining of the cytoplasm of SVK cells was greatly diminished (c), but was elevated in 
both the cytoplasm and nuclei of OA-treated SVK cells. Cellular aggregation also occurred in OA-treated SVK 
cells. 

3.1.3. Expression c-myc Proto-Oncogene in Normal and SVK Cells 
The typical patterns of c-myc proto-oncogene expression in untreated (a), OA-treated (b) RG cultures of normal 
keratinocytes, and in untreated (c), OA treated (d) cultures of SVK keratinoctyes were presented (Figure 3). 
c-myc staining of the cytoplasm was relatively low in untreated cycling NHK cells (a) with discrete particulate 
staining in the nucleus (arrowhead). Average cell size (diameter) was 7.8 µM. By contrast, OA-treatment of 
NHK cells (b) is elevated in both cytoplasmic and nuclear c-myc expression and induced cellular aggregation 
with and average cell size (diameter) was 5.7 µM. Cytoplasmic and nuclear staining was highly intense in un-
treated cycling SVK cells (c). OA-treatment of SVK cells (d) resulted in severe rounding up, vacuolization and 
evidence of cytolysis; c-myc staining was intense in both nuclei and cytoplasm of OA-treated SVK cells. 

3.1.4. Expression of c-neu Proto-Oncogene in Normal and SVK Cells 
The typical patterns of c-neu proto-oncogene expression in untreated (a), OA-treated (b) RG cultures of normal 
keratinocytes, and in untreated (c), OA-treated (d) cultures of SVK keratinoctyes were presented (Figure 4). 
The cytoplasm of untreated normal cycling keratinocytes (a) was positively stained with a uniform particu-
late-type staining pattern (a) with evidence of intercellular focal adhesions (IFA) bordering the cell periphery. 
The average cell size (diameter) was 8.7 µM. OA-treated cycling NHK cell (b) displayed an intense cone- 
shaped unipolar staining pattern. It also increased cell rounding with diminished overall cytoplasmic staining 
with an average cell size (diameter) of 5.8 µM. Cycling SVK cells (c) displayed both overall cytoplasmic stain-
ing and intense unipolar and multipolar globular staining predominantly localized at cell-to cell contact points at 
the cell periphery reminiscent of delocalized IFAs (arrowhead). OA-treated SVK cells displayed elevated and 
intense cytoplasmic c-neu staining (d) with evidence of both unipolar and bipolar localized staining. OA-treated 
SVK cells were larger and flattened relative to untreated SVK cells. 
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Figure 3. A panel of four photomicrographs of NHK ((a) & (b)) and SVK ((c) & 
(d)) cultures stained with c-myc antibodies. (a) untreated NHK culture (arrows 
point to two cells with evidence of particulate nuclear I-stain and low levels of cy-
toplasmic I-staining); (b) OA-treated NHK culture (note: two left arrows point to 
elevate cytopladsmic I-stain; right set of two arrows point to elevated levels of nu-
clear I-stain); (c) untreated SVK culture (top arrows point to elevated nuclear 
I-stain and bottom set of arrows point to intense monopolar I-stain); (d) OA-treated 
SVK culture ( note: arrows point to intense I-stained nuclei surrounded by vacuo-
lated and lysed cytoplasmic areas). Total magnification, 2600×. Scale bar (white) 1 
cm = 2.6 µM.                                                         

 

 
Figure 4. A panel of four photomicrographs of NHK ((a) & (b)) and SVK ((c) & (d)) 
cultures stained with c-neu antibodies. (a) untreated NHK culture (note: top two ar-
rows point to intense particulate-type I-stained cytoplasm, and bottom two arrows 
point to I-stained intercellular focal (IFA) areas between adjacent cells); (b) OA- 
treated NHK culture (note: three arrows point to alignment of intensely I-stained mo-
nopolar caps and reduced cytoplasmic I-staining); (c) untreated SVK culture (note: 
three arrows point to intensely I-stained mono- and bipolar caps that are oriented to-
ward adjacent cells); (d) OA-treated SVK culture (note: left two arrows point to bipo-
lar IFA areas not oriented to any adjacent cell; two middle arrows point to elevated 
levels of I-stained cytoplasm, and right single arrow points to a diffuse monopolar 
I-stained cap. Total magnication, 2900×. Scale bar (white) 1 cm = 2.9 µM.               
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3.1.5. Expression of Proto-Oncogene Analogue of v-rasH in Normal and SVK Keratinocytes 
The expression of proto-oncogene version of v-rasH in in RG NHK cells (a), RG SVK cells (b) and the effect of 
OA on RG SVK cells (Figure 5). RG NHK cells display a high constitutive level of cytoplasmic v-rasH proto- 
oncogene expression with evidence of peri-nuclear localization. OA-treatment of NHK cells was not performed. 
Untreated RG SVK cells display an even higher constitutive level of cytoplasmic and nuclear v-rasH proto-  
oncogene expression. OA-treated SVK cells express an elevated nuclear v-rasH proto-oncogene expression with 
evident signs of cytolytic damage (remnant pieces of cytoplasm surrounding the cell). 

3.2. Effect of t-RA and TPA 
3.2.1. Expression of P-Tyr in Normal and SVK Keratinocytes 
The typical patterns of P-Tyr expression for RG NHK cells without ((a) and (b)) and with t-RA treatment ((c) 
and (d)), and for NHK cells treated with TPA ((e) and (f)) (Figure 6). Panels (a), (c) and (e) show the P-Tyr ex-
pression before treatment with alkaline phosphatase (AP) enzyme while panels (b), (d) and (f) show P-Tyr 
staining after AP enzyme treatment. Normal cycling NHK cells (a) display both uniform cytoplasmic stain and a 
fan-shaped fringe of intensely stain at the advancing cell front with localization at cell-to cell points of contact 
associated with IFAs. This pattern is similar in AP-treated cells (b) accompanied with increased cytoplasmic 
staining but much diminished and disturbed peripheral IFA staining. The average cell size (diameter) was 8.7 
µM. The effect of t-RA on cycling NHK cells (c) appears to be localized and diminished at the IFA sites which 
no longer associate with cell-cell points of contact. AP treatment of t-RA-treated NHK cells (d) further reveals 
decreased overall cytoplasmic staining as well as reduced IFA staining. TPA-treated cycling NHK (e) cells ex-
hibit increased cytoplasmic P-Tyr staining and fragmented yet elevated and diffuse IFA-type staining, which is 
restricted to peripheral sites away from cell-cell contacts. TPA-treated NHK were larger than untreated cells 
(average cell size was 12 µM). AP post-treatment of TPA-treated NHK cells exhibit increased cytoplasmic 
P-Tyr staining in larger flattened cells along with multipolar intensely staining IFAs. 

The effect of t-RA (b) and TPA (c) on P-Tyr expression on cycling SVK cells was shown as compared with 
untreated cells (Figure 7). Cycling SVK cells are smaller on average (3.0 µM) than RG NHK cells. Cycling 
SVK cells display intense cytoplasmic staining with no evidence of polarized localization of stain (a). t-RA- 
treated SVK cells (b) reveals drastic overall decrease in cytoplasmic P-Tyr staining and were larger and flatter 
cells (average diameter was 6.0 µM). TPA-treated SVK cells (c) were also larger (average diameter was 6.2 µM) 
and flatter than cycling RG SVK cells. They display less intense cytoplasmic P-Tyr staining relative to untreated 
cells and evidence of disruption in cell-cell contacts. 

3.2.2. t-RA and TPA Effects on Expression of c-neu in Normal Keratinocytes 
The typical patterns of c-neu expression for cycling NHK cells without ((a) and (b)) and with t-RA treatment ((c) 
and (d)), and for NHK cells treated with TPA ((e) and (f)) (Figure 8). Untreated cycling NHK cells displayed 
moderate cytoplasmic c-neu staining with some evidence of unipolar orientation in cells not pretreated with AP. 
The average cell diameter was 8.1 µM. AP-treatment of normal cycling NHK cells exhibited markedly increased 
cytoplasmic staining and the appearance of intensely stained unipolar IFA sites (b). All-trans-RA treatment of 
cycling NHK cells (c) displayed increased cytoplasmic c-neu staining with the appearance of low level c-neu 
 

   
Figure 5. A panel of three photomicrographs of NHK culture (a) and SVK cultures ((b) & (c)) stained 
with v-rasH antibodies. (a) untreated NHK culture (note single arrow points to intense perinuclear and 
diffuse cytoplasmic I-staining); B) untreated SVK culture (two arrows point to intense I-staining of 
nuclei surrounded by low level of cytoplasmic I-stain); (c) OA-treated SVK culture (bottom arrow 
points to intense nuclear I-stain; the middle two arrow point to lytic remnants that are intensely iI- 
stained cytoplasmic fragments). Total magnification, 3050×. Scale bar (white) 1 cm = 2.1 µM.        
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Figure 6. A panel of six photomicrographs untreated NHK cultures 
((a) & (b)), t-RA-treated NHK cultures ((c) & (d)), and TPA-treated 
NHK cultures stained with P-Tyr antibodies. (a) untreated NHK cul- 
ture (note: left two arrows point to diffuse I-stained cytoplasm; the 
right three arrows point to monopolar IFA plaques present before al- 
kaline phosphatase (AP) enzyme treatment); (b) untreated NHK cul- 
ture after AP enzyme treatment (note: bottom two arrows point to 
low level of I-stained cytoplasm; the middle two arrows point to re- 
mnants of I-stained IFA plaques); (c) t-RA-treated NHK cultures be- 
fore AP treatment (note: left two arrows point to diffuse low level of 
I-stai; the right two arrows point to low level of IFA plaques I-stain 
not aligned toward adjacent cells); (d) t-RA treated NHK culture after 
AP enzyme treatment (note: left arrows point to diffuse low level of 
I-stained IFA plaques; the right two arrows point to diminished cy- 
toplasmic I-stain; (e) TPA-treated NHK culture before AP enzyme 
treatment (note: single left arrow points to intense cytoplasmic I- 
staining; the right two arrow point to diffuse but intense I-stained IFA 
plaques); (f) TPA-treated NHK culture after AP enzyme treatment 
(note: left three arrows point to diffuse but intense I-stained multipo- 
lar IFA plaques; the middle double arrow points to intense I-stained 
cytoplasm). Toal magnification, 2900×. Scale bar 1 cm = 2.9 µM.                  

 

 
Figure 7. A panel of three photomicrographs of untreated SVK (a), t-RA-treated SVK culture (b) and 
TPA-treated SVK cultures stained with P-Tyr antibodies. (a). untreated SVK culture (note: three ar-
rows pointing to intensely I-stained cytoplasm among tightly nestled cells); (b) t-RA-treated SVK cul-
ture (note: two arrows point to very reduced cytoplasmic I-stain); (c) TPA-treated SVK culture (note: 
two arrows point todiaspersed cytoplasmic I-staining). Total magnification, 2100×. Scale bar (white) 1 
cm = 2.1 µM.                                                                         
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Figure 8. A panel of six photomicrographs of untreated NHK ((a) & (b)), 
t-RA-treated ((c) & (d)), and TPA treated ((e) & (f)) NHK cultures stained 
with c-neu antibodies. (a) untreated NHK culture before AP enzyme treat-
ment (note: two arrows point two larger cells that show moderate to intense 
I-stained monopolar cytoplasm): (b) untreated NHK culture after AP enzyme 
treatment (note: left two arrows point to intensely I-stained cytoplasm and a 
biheaded arrow pointing to intense I-stained IFA plaques between adjacent 
cells); (c) t-RA-treated NHK culture before AP enzyme treatment (note: three 
arrow arrows point to low I-stained levels of diffuse IFA cytoplasmic areas 
surrounded by high levels of I-stained cytoplasm); (d) t-Ra-treated NHK cul-
ture after AP treatment (note: two arrows pointing to two cells showing very 
low levels of I-stained cytoplasm). Total magnification, 2700×. Scale bar 
(white) 1 cm = 2.7 µM.                                                    

 
staining at IFA sites not engaged in cell-to-cell contacts. Cytoplasmic c-neu staining of t-RA-treated NHK cells 
was significantly reduced relative to no AP treatment of cycling NHK cells (d). TPA-treated cells were larger 
(12 µM) relative to both RA treated and normal cycling cells. Cytoplasmic c-neu staining of TPA treated cycling 
NHK cells was elevated relative to untreated cells and there were multipolar IFA sites not engaged in cell-to-cell 
contacts (e). Finally, TPA-treated cycling NHK cells treated with AP revealed elevated cytoplasmic c-neu stain-
ing as well as semi-diffuse multipolar IFA sites (f). 

3.2.3. t-RA and TPA Effect on Expression of P-Tyr in Mouse C3H10T1/2 Mouse Fibroblast Cells 
The typical pattern of P-Tyr expression for cycling 10T1/2 mouse cells without ((a) and (b)) and with t-RA ((c) 
and (d)), or TPA treatment ((e) and (f)) are shown in Figure 9. Cycling mouse embryonic fibroblasts were larger 
(14 µM) than normal human keratinocytes. There was extensive cytoplasmic P-Tyr staining for untreated cells 
not AP-treated (a). AP post-treatment of untreated cycling cells (b) revealed reduction in overall cytoplasmic 
staining but greatly enhanced staining of multipolar IFA sites (b). RA-treatment did not alter the cell size rela-
tive to normal cycling cells. All-t-RA treatment of cycling cells greatly reduced cytoplasmic staining except for 
elongated filamentous structures (c). AP-treatment of t-RA treated cycling cells reduced overall cytoplasmic 
staining except for peri-nuclear filamentous structures (d). TPA treatment of cycling cells exhibited cytoplasmic 
P-Tyr staining with some evidence of stained multipolar polarized IFA sites and general disoriented cell 
enlargement average cell diameter was 16 µM (e). AP post-treated TPA-treated cycling cells exhibited a lower 
level of cytoplasmic staining relative to untreated AP treated cells but similar levels of disorganized multipolar 
IFA sites. 
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Figure 9. A panel of six photomicrographs of C3H10T1/2 mouse fibroblast un-
treated ((a) & (b)), t-RA-treated ((c) & (d)), and TPA-treated ((e) & (f)) cultures 
stained with P-Tyr antibodies. (a) untreated C3H10T1/2 cells before AP enzyme 
treatment (note: arrow points to intese I-stain of the cytoplasm); (b) untreated fi-
broblast cells after AP enzyme treatment (note: top arrow points to low level of 
I-stain of the cytoplasm; left two arrows point to two prominently I-stained IFA 
areas); (c) t-RA-treated fibroblast cells before AP enzyme treatment (note: three 
arrows pointing to cytoplasmic I-stained fibrous networks present within and 
between two cells); (d) t-RA-treated fibroblast cells after AP enzyme treatment 
(note: top two arrows point to an apparent collapse of I-stained fibrous network 
as seen in C; the double-headed arrow points to remnant IFA structures between 
two cells); (e) TPA-treated fibroblast cells before AP enzyme treatment (note: 
two single-headed arrows pointing to intense particulate type I-stained cyto-
plasm; the double-headed arrow points to two IFA areas between adjacent cells); 
(f) TPA-treated fibroblast cells after AP enzyme treatment (note: the five 
diffw3rent single-headed arrows that point to multiple I-stained IFA 10. plaques 
extending between and from other cells-cell contacts). Total magnification, 
2700×. Scale bar (white) 1 cm = 2.7 µM.                                                   

4. Discussion  
The staining pattern and level of expression of proto-oncogenes, oncoproteins and phosphotyrosine-containing 
phosphoproteins in normal untreated RG NHK and RG SVK cells form the basis for interpreting the results of 
treatment with tumor-promoters OA and TPA, and t-RA. We introduced the enzymatic dephosphorylation of 
oncogene expression by AP treatments to uncover possible alteration in sensitivity of the phosphorylation status 
of oncogene expression. AP-treatment altered oncogene phosphorylation patterns in untreated and both RA and 
TPA-treated NHK as well as in C3H10T1/2 fibroblast cells. AP treatments altered c-neu expression with an 
elevated cytoplasmic staining and the appearance of fragmented IFA sites. AP treatment of P-Tyr stained and 
untreated cycling NHK increased cytoplasmic staining again with fragmented peripheral IFA staining. By con-
trast, AP treatment decreased cytoplasmic c-neu oncoprotein staining and reduced IFA staining in t-RA treated 
NHK cells. AP treatment also increased cytoplasmic P-Tyr staining in larger flattened cells along with frag-
mented multipolar staining of IFAs in untreated NHK and for C3H10T1/2 fibroblast cells. We interpret these 
AP-induced changes as demonstrating the resistance of cytoplasmically-located phosphorylated c-neu oncopro-
tein and P-Tyr stained protein sites and conversely the susceptibility of the phosphorylated state of c-neu at IFA 
loci and at cell-cell contact sites. AP-treatment had opposing effect on the dephosphorylation of c-neu expres-
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sion consistent with its overall down -regulation of oncogene expression. 
In general, normal cycling keratinocytes express lower levels of the select proto-oncogene and related onco-

proteins. For example, c-neu was expressed primarily in larger cycling cells, in telophase and mitotic cells, but 
appears to be is absent in smaller, perhaps, early G1 cells. This agrees with an earlier report that c-neu is located 
in the suprabasal layer cells of intact skin [32]. The constitutive level of oncoproteins evaluated by immunocy-
tochemical staining procedures in cycling SVK cells is elevated relative to normal cycling keratinocyte. Expres-
sion of large and middle T proteins is associated with elevated levels of RAS oncogene and the acquisition of 
anchorage-independent growth exhibited by SVK cells reported here and elsewhere [2] [9]. 

This report provides evidence that OA-treatment elevates select oncogene-related proteins and modifies the 
phosphorylated status of cell surface phosphotyrosine-containing proteins. Figure 10 is a schematic representa-
tion of the proposed mechanism by which OA exerts its effect on oncogene expression via inhibition of PP2A 
(red lines) through the RAS/MEKK1 pathway and blockade of the JNK/ERK pathway. The first blockade would 
elevate RAS protein which we document here. Elevation of growth factor-related oncogenes in both NHK and 
SVK also indicates a role for OA-sensitive PP2A in the regulation of keratinocyte proliferation. The second 
blockage ultimately leads to apoptosis and accompanying morphological changes in both normal and SVK 
keratinocytes reported here and by others [14] of its damaging effects on cytoskeleton proteins. We show that it 
induces polarized cytoplasmic localization of EGFR, and c-neu, c-myc oncogene expression consistent with a 
shift of staining pattern to IFA proteins sites. The elevated expression of c-neu gene product and increased lo-
calization of P-Tyr to IFA sites in both NHK and SVK suggest that OA-sensitive phosphatases play important 
roles in phosphorylation events occurring at IFA sites. An alternative account of the effects of OA on induction 
of polarized tyrosine kinase staining pattern is that it induces patching and capping familiar to the effects of an-
tibody cross-linking with cell surface antigen accompanying cytoplasmic flow in lymphocytes [33]. However, 
this hypothesis fails to explain the polarized location of IFA sites observed in untreated NHK cells, which truly 
represent the role of phosphotyrosine kinases in intercellular interactions. 

The responses to OA and TPA were quite different. TPA treatments causes a slight down regulation of 
C-NEU and C-MYC oncogene and P-Tyr—containing proteins, whereas OA-treatment greatly elevated the num- 
ber, integrity and localization of membrane associated IFA sites. Figure 10 presents a schematic representation 
of the effect of tumor promoter (TPA). TPA exerts its action through the calcium/PKC pathway activation of 
RAS signaling pathways (blue arrows), and ultimately in activation of DNA transcription factors (TF) and down 
regulation of c-neu, c-myc and EGFR oncoproteins, and ultimately on the induction of keratinocyte differentia-
tion through activation of the AP-1 transcription pathway. 

We found that RA treatment completely abolishes cytoplasmic and polarized expression of both c-neu and 
 

 
Figure 10. A schematic figure depicting the route TPA (left side) and OA 
(right side) take on activating (blue arrows) and repressing (red arrows) on-
cogene signal transduction pathways affecting the Ca2+/PKC and RAS on-
cogene pathways., respectively (see text for further explanation).                            
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c-myc oncoproteins, and P-Tyr phosphoproteins in both normal and SV-40 keratinocytes. RA-treatment also al-
ters cell morphology which is characteristic of agents which cause keratinocyte growth arrest, cell enlargement 
and cell flattening. We propose that these effects are mediated through RAS action on proto-oncogenes and ty-
rosine protein kinases, and that they account for our previous report that RA reverses the effect of carcinogenic 
agents that induces aryl hydrocarbon arylase [24] and eliminate alcohol-stimulated elevation of cytochrome 
P450 in human keratinocytes [34]. This proposal is supported by a recent report that t-RA inhibits proliferation 
of SCL-1 cells, induces G1 cell-cycle arrest with apoptotic effects through inhibition of cyclin D1/cyclin-   
dependent kinase (CDK4) and cyclin E/CDK2, increases expression of the cyclin-dependent kinase inhibitors 
p21 and p27, decreases the phosphorylation of ERK1/2 and JNK1/2, and inhibits AP-1 transcriptional activity 
[20]. 

5. Conclusion 
In summary, the effect of OA, RA and TPA is not specific for human epidermal keratinocyte and their signal 
transduction pathways. We observed similar effects of RA and TPA on P-Tyr staining pattern in C3H10T1/2 
cells, which mimic those observed for NHK and SVK cells. In particular, the results show the generality of 
phosphotyrosine-containing phosphosprotein expression at cytoplasmic and IFA membrane sites. We interpret 
these results as demonstrating a role of anti-tumor (RA) and tumor promoters (OA and TPA) on activation and 
suppression of proto-oncogenes and in mediating proliferation and differentiation of mammalian tissue culture 
cells. 
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