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Abstract
Endometrial cancer is the most common gynecological malignancy in the US, however, its
underlying molecular mechanisms are poorly understood and few prognostic indicators have been
identified. The Protein Kinase C (PKC) family have been shown to regulate pathways critical to
malignant transformation, and in endometrial tumors, changes in PKC expression and activity have
been linked to a more aggressive phenotype and poor prognosis. We have recently shown that
PKCδ is a critical regulator of apoptosis and cell survival in endometrial cancer cells; however,
PKCδ levels in endometrial tumors had not been determined. We used immunohistochemistry to
examine PKCδ protein levels in normal endometrium and endometrioid carcinomas of increasing
grade. Normal endometrium exhibited abundant nuclear and cytoplasmic staining of PKCδ, confined
to glandular epithelium. In endometrial tumors, decreased PKCδ expression, both in intensity and
fraction of epithelial cells stained, was observed with increasing tumor grade, with PKCδ being
preferentially lost from the nucleus. Consistent with these observations, endometrial cancer cell lines
derived from poorly differentiated tumors exhibited reduced PKCδ levels relative to well-
differentiated lines. Treatment of endometrial cancer cells with etoposide resulted in a translocation
of PKCδ from cytoplasm to nucleus concomitant with induction of apoptosis. Decreased PKCδ
expression, particularly in the nucleus, may compromise the ability of cells to undergo apoptosis,
perhaps conferring resistance to chemotherapy. Our results indicate that loss of PKCδ is an indicator
of endometrial malignancy and increasing grade of cancer. Thus, PKCδ may function as a tumor
suppressor in endometrial cancer.
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1. Introduction
Endometrial cancer is the most common invasive gynecological malignancy in the US with an
estimated 40,000 new cases and 7,500 deaths annually. It is the fourth most common cancer
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in women, and the seventh leading cause of death related to malignancy (1). Despite the evident
health risks endometrial cancer poses to women, its underlying molecular mechanisms are
poorly understood and, unlike breast cancer, few molecular markers have been identified as
indicators of progression and prognosis (1).

The Protein Kinase C (PKC) family is comprised of 11 isoforms, which differ in expression
pattern, function, and response to extracellular stimuli (2). PKCs have been shown to regulate
pathways critical to malignant transformation, including cell proliferation, cellular invasion,
and programmed cell death or apoptosis (3–6). Alterations in the expression profile or activities
of members of the protein kinase C (PKC) family are postulated to contribute to endometrial
neoplasia and transformation (7–9).

Alterations in expression of PKCδ, are reported in several endocrine-related cancers, including
breast, thyroid, pancreas and ovary, and have been linked to regulation of proliferation, survival
and metastasis (10–13). We have recently shown that PKCδ is required for apoptosis in
endometrial cancer cells and that relative levels of the active kinase can modulate sensitivity
to chemotherapeutic agents (14). Based upon these observations, we hypothesized that
PKCδ functions as a tumor suppressor and that endometrial cancers would exhibit a reduction
in PKCδ levels, contributing to the evasion of programmed cell death characteristic of cancers
(15). However, differential expression of PKCδ in endometrial tumors had not been evaluated.

The objective of this study was to analyze PKCδ expression in endometrial cancers.
Immunohistochemical analysis was used to examine PKCδ protein levels in a series of normal
and endometrial tumor tissues and to correlate changes with tumor grade and proliferative cells
assessed by Ki-67 staining. Our results demonstrate a progressive reduction in PKCδ
expression, particularly in the nucleus, correlating with increasing grade. Endometrial cancer
cell lines derived from well-differentiated (grade 1) to poorly differentiated (grade 3) cancers
exhibited a corresponding reduction in PKCδ levels. We have previously demonstrated a
critical role for PKCδ in regulation of apoptosis in endometrial cancer cells (14) and nuclear
import of PKCδ is necessary for apoptosis in other epithelial cancer cell lines (3,4,16).
Therefore, based upon the loss of nuclear PKCδ in endometrial tumors observed in these
studies, we used endometrial cancer cell lines to examine changes in PKCδ nuclear localization
upon induction of apoptosis.

2. Materials and Methods
2.1. Tissue Collection

Thirty-two cases of uterine endometrial adenocarcinoma were obtained from the Department
of Pathology at the University of Colorado Health Science Center under Colorado Multiple
Institutional Review Board protocol number 00-1094. Samples were selected, from an archival
de-identified data set, to provide a cross section of tumor grades. According to the International
Federation of Gynecology and Obstetrics (FIGO) criteria, seventeen cases were classified as
grade one, seven cases were classified as grade two, and eight cases were classified as grade
three. Of these cases, four grade 1 tumors contained adjacent, normal atrophic endometrium.
Additionally, the study included 11 cases of normal endometrium with four in the proliferative
phase, three in the secretory phase, and four atrophic. The mean age of patients was 54.6 ± 13.
Since additional clinical information was unobtainable, patient samples were stratified by age
based on National Institute of Aging estimates of the onset of menopause in US women at a
mean age of 51. A subset of nine grade one tumors was derived from patients under 50, typically
arising in pre- or perimenopausal women in a background of secretory, or proliferative
endometrium and unopposed estrogen exposure (1). The remaining tumors were obtained from
patients over 50 years old, likely arising post menopausally, in a background of atrophic
endometrium.
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2.2. Immunohistochemistry
Endometrial tissue was formalin-fixed and paraffin-embedded. The tissue was sectioned into
5 μm thick slices and blocked for endogenous peroxidase activity using 3% (v/v) hydrogen
peroxide. Antigen retrieval was performed in citrate buffer (20mM, pH 6.0) for 10 min. at 60°
C. Sections were incubated with antibodies specific for PKCδ (0.17mg/ml, C-20, Santa-Cruz
Biotechnology, Santa Cruz, CA) or Ki-67 (DakoCytomation, Carpinteria, CA) for one hour,
and stained using an indirect avidin biotin immunoperoxidase method on a DAKO
Autostainer™ as described (17). Negative controls were run using an equivalent concentration
of subclass-matched IgG (BD Pharmingen, San Diego, CA) or polyclonal IgG (VECTOR
Laboratories, Burlingame, CA). Specificity of staining was demonstrated by competition with
peptide antigens to block staining (Santa Cruz Biotechnology) and verified by lack of staining
in PKCδ null mice (18) in comparison to wild type mouse tissue (data not shown).

PKCδ stained sections were evaluated through a blinded review of the entire histological
section by five independent observers and an average proportion of cells stained and intensity
were calculated. Intensity was scored from no staining (0), faint (1+), moderate (2+) to strong
(3+). Proliferative index was calculated as the proportion of cancer cells expressing Ki-67,
based on an evaluation of 3 randomly selected fields of at least 400 cells.

2.3. Cell Culture
Relative levels of PKCδ were evaluated in endometrial cancer cell lines derived from and
characteristic of well- to poorly- differentiated tumors (19). Ishikawa cells, low grade, well-
differentiated; HEC-1-A, medium grade, moderate-differentiation; and HEC-50, high grade
poorly differentiated. Ishikawa endometrial adenocarcinoma cells and HEC-50 endometrial
adenocarcinoma cells were a gift from Dr. K. K. Leslie (University of New Mexico,
Albuquerque). HEC-1-A endometrial adenocarcinoma cells were purchased from the
American Tissue Culture Collection (Manassas, VA). Cells were grown in DMEM (Cellgro,
Herndon, VA) supplemented with 12.5% horse serum (Invitrogen, Carlsbad, CA), 2.5% fetal
bovine serum (Gibco, Carlsbad, CA), 10 U/ml penicillin (Fisher, Hampton, NH), 10 μg/ml
streptomycin (Cellgro), and 200 μM L-glutamine (Fisher) and maintained at 37 º C in 5%
CO2.

2.4. Western Blot Analysis
Endometrial cancer cells (Ishikawa, HEC-1-A, HEC-50) were washed twice with ice-cold
phosphate buffered saline (PBS) and lysed in buffer (50mM Tris, 150mM NaCl, 0.5% Triton
X-100; pH 7.4) supplemented with protease inhibitors (Roche Diagnostics, Mannheim,
Germany). Cells lysates were clarified by centrifugation at 13,000 g for 10 min at 4ºC, and
protein concentration determined by Bradford assay (Bio-Rad Laboratories, Hercules, CA).
Aliquots (35μg) were resolved by SDS polyacrylamide-gel electrophoresis, transferred to
PVDF membrane and processed as described previously (14). PKCδ levels were assessed with
anti-PKCδ antibody (C-20, Santa Cruz Biotechnology) and equal loading was assessed using
a monoclonal anti-β-actin antibody (A5316, Sigma). Band intensity was quantitated by
densitometry using Quantity One software (v4.5.1) and a GelDoc™ Imaging System (Bio-
Rad).

2.5. Immunofluorescence and confocal microscopy
HEC-1-A endometrial cancer cells were plated at 50% confluency on 6 well chamber slides
(Nalgene Nunc International Corp., Naperville, IL). Twenty-four hours later, cells were treated
± 50μM etoposide (Calbiochem, San Diego, CA) for six hours. Cells were washed twice in
ice-cold PBS, then fixed and permeabilized in 50% methanol/50% acetone (v/v) under slow
agitation for 2 minutes. Cells were rinsed five times for five minutes each with PBS and
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incubated in PKCδ antibody (C-20, Santa Cruz Biotechnology) 1:1000 (v/v) in PBS for one
hour, at room temperature. Cells were rinsed in PBS and incubated in the dark with goat anti-
rabbit; Alexa Fluor 594 (Molecular Probes) diluted 1:150 in PBS for 45 minutes at room
temperature. Slides were dried and mounted using Pro-long Gold Antifade Reagent with DAPI
(Molecular Probes, Invitrogen). Immunofluorescence images were captured on a Nikon
Diaphot fluorescent microscope equipped with a Cooke SensiCam CCD camera (Tonawand,
NY) and digitally deconvolved using Slidebook software (Intelligent Imaging Innovations Inc.,
Denver CO).

2.6. Statistical Analysis
Results are expressed as means ± standard error of the mean (s.e.m). Data were analyzed by
paired Student’s t-test. P values of less than 0.05 were considered significant.

3. Results
Staining of PKCδ was analyzed in glandular and stromal elements of normal endometrium and
endometrioid carcinomas of increasing grade. In addition, relative cytoplasmic and nuclear
expression of PKCδ was assessed and correlated with tumor grade.

3.1. PKCδ expression in normal endometrium
Seven cases of normal cycling endometrium and four atrophic endometrial samples were
stained for PKCδ. Normal atrophic tissue adjacent to grade 1 tumors was also analyzed in four
additional sections. In cycling endometrium, four cases were in the proliferative phase and
three in the secretory phase of the menstrual cycle. PKCδ expression was detected in all normal
endometrium. Staining was homogenous within each section and localized primarily to the
epithelial glandular portions of the tissue. In the adjacent stroma, less than 5% of cells stained
for PKCδ, which was attributed to infiltrating lymphocytes (Fig. 1A). In proliferative
endometrium, PKCδ staining was observed in all cells, localized mainly in the cytoplasm with
an average intensity of 2.1+. Relative to cycling endometrium, atrophic glands exhibited higher
PKCδ staining in the cytoplasm, with an average intensity of 2.7+. Cytoplasmic expression in
proliferative and secretory endometrium exhibited more variation between cases and was
consistently less intense with an average intensity of 2.0+ for secretory endometrium and 2.1
+ for proliferative endometrium (Fig. 1A, Table 1).

Nuclei of all normal endometrial glands stained positive for PKCδ. Nuclear staining was most
prominent in atrophic endometrium at an average of 2.7+, comparable to that of the cytoplasm
(Figs. 1A & 2). Lower levels of nuclear PKCδ were detected in secretory and proliferative
endometrium, with mean intensities of 1.8 and 1.6, respectively (Table 1). Atrophic
endometrium also displayed the highest fraction (99%) of nuclei staining positive for PKCδ.
In secretory endometrium, an average of 65% of glandular cells demonstrated nuclear PKCδ
expression, and the average dropped to 55% in proliferative endometrium (Table 1). No
staining was detected in matched non-immune immunoglobulin controls (not shown).

3.2. PKCδ expression in endometrial carcinomas
A series of thirty-two cases of endometrioid endometrial carcinomas were analyzed for changes
in the expression of PKCδ relative to normal endometrium. PKCδ staining in malignant
epithelium was largely confined to glandular tissue with minimal stromal staining, again
attributable to infiltrating lymphocytes (Fig. 1B). Comparison of normal and tumor stroma
revealed no difference in PKCδ levels, in either proportion of positive cells or staining intensity.
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3.3. Cytoplasmic expression of PKCδ
Changes in levels of PKCδ in the cytoplasm were assessed and analyzed for fraction of positive
cells (Fig 3A), average intensity of cytoplasmic staining (Fig. 3B) and distribution of intensities
by tertile according to grade (Fig. 3C).

Some tumors of all grades showed a reduction in the fraction of positive cells relative to normal
tissue, but this was not statistically significant and did not correlate with increasing grade (Fig.
3A). In contrast, tumors exhibited a significant loss in cytoplasmic intensity of PKCδ staining
relative to normal endometrium. PKCδ levels in the cytoplasm progressively decreased with
increasing tumor grade. Normal atrophic endometrium had an average intensity of 2.7+, grade
one carcinomas, 1.4+, grade two, 1.2+ and in grade three, 1.0+ (Fig. 3B). Accordingly,
approximately 57% of normal cases showed the highest tertile staining of 2–3+ with the
remainder staining in the 1–2+ range, while 30–40% of tumors stained in the lowest tertile (0–
1) and no tumors stained higher than 2+ (Fig. 3C). Grade one tumors from patients less than
50 years old (likely pre- or perimenopausal) exhibited a more pronounced, statistically
significant (p<0.005) decrease in cytoplasmic intensity of PKCδ relative to patients (likely
postmenopausal) over age 50 (Table 1).

Overall, endometrial carcinomas show a significant (p<0.0002) decrease in cytoplasmic
PKCδ expression per cell upon transition from normal to malignant endometrium, and a trend
of progressively reduced levels with increasing grade (Table 1).

3.4. Nuclear expression of PKCδ
As shown in figure 4A, PKCδ was detected in almost all nuclei (99%) of atrophic endometrial
glandular cells. In contrast, grade one tumors exhibit a marked reduction in the fraction of cells
positive for nuclear PKCδ to only 29%. Grade two tumors were 15% positive and only 6.9%
of grade three tumor cells stained for PKCδ in the nucleus, illustrating an inverse correlation
between tumor grade and nuclear content of PKCδ expressing cells (Fig. 4A & Table 1).

A similar relationship was observed with respect to intensity of nuclear PKCδ staining. Tumors
showed a marked reduction in nuclear PKCδ staining relative to normal tissue. In grade one
carcinoma, the average nuclear staining intensity was 0.66, in grade two it decreased to 0.55
and in grade three carcinoma the average intensity dropped further to 0.44, demonstrating a
progressive loss of nuclear PKCδ with increasing grade of tumor (Fig. 4B &Table 1). Analysis
of the number of cases in each staining tertile revealed that, while more than 90% of normal
endometrial sections showed >2+ nuclear staining, less than 30% of grade one and two tumors
stained at this intensity and all grade three tumors scored in the lowest tertile (0–1+) (Fig. 4C),
Indeed, in one grade three tumor, PKCδ was not detectable in the nucleus.

Tumors showed a substantial decrease in overall levels of PKCδ relative to normal
endometrium and a marked reduction in both the fraction and intensity of nuclear staining,
correlating with increased tumor grade and loss of differentiation (Fig. 1B). As shown in figure
2A, normal atrophic glandular tissue shows abundant cytoplasmic and nuclear staining for
PKCδ, while adjacent grade 1 tumor exhibits a significant reduction in overall intensity and
fraction of stained cells, particularly with respect to the nuclear compartment (Fig. 2B & C).
Preferential loss of PKCδ from the nucleus may be attributable to nuclear exclusion or
subcellular redistribution of the kinase.

3.5. PKCδ expression and tumor cell proliferation
To assess proliferation in tissue samples, sections were stained with antibodies to Ki-67 and
quantitated. Ki-67 staining for proliferative cells exhibited considerable inter and intra sample
variation, with portions of the same tumor showing wide variations in the fraction of Ki-67
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positive cells. The mean proliferative index increased from zero in secretory endometrium,
4.3% in atrophic endometrium, and 13% in normal proliferative endometrium, to 30% in
premenopausal grade one tumors, 35% in post menopausal grade one, 41% in grade two and
52% in grade three tumors (Table 1). Thus, as PKCδ levels decreased, the proliferative index
increased. However, differences between grades were not statistically significant and no direct
correlation between levels of PKCδ and proliferative index was found.

3.6. Expression of PKCδ in endometrial cancer cells
To determine if the above correlations between tumor grade and PKCδ expression observed
in tumors was consistent with endometrial cancer cell lines, we evaluated relative levels of
PKCδ in cells lines characteristic of type I and type II endometrioid tumors of increasing grade
(19). Ishikawa cells, type I, grade1; HEC-1-A, type II, grade 2; and HEC-50, type II, grade 3,
were harvested and analyzed for total PKCδ by western blotting (Fig. 5A). Membranes were
reprobed for β-actin as a loading control and bands quantitated by densitometric scanning (Fig.
5B). Consistent with the tumor samples, Ishikawa cells exhibited the highest levels of PKCδ;
HEC-1-A cells reduced expression and HEC-50, the lowest relative levels of PKCδ. Thus,
PKCδ expression in endometrial cancer cells correlates with the type and grade of their tumor
of origin.

3.7. PKCδ undergoes nuclear translocation upon induction of apoptosis
Nuclear import of PKCδ has been shown to be necessary for induction of apoptosis in other
epithelial cancer cell lines (3,4,16) and we have demonstrated a functional role for PKCδ in
modulating apoptosis in endometrial cancer cells (14). We therefore used confocal
immunofluorescence microscopy to examine changes in PKCδ subcellular location in HEC-1-
A endometrial cancer cells upon induction of apoptosis. As shown in figure 6, PKCδ in
untreated HEC-1-A cells is present primarily in the cytoplasm, with approximately 17% of
cells exhibiting nuclear expression. Treatment of cells with etoposide, to induce apoptosis
(14), results in translocation of a significant (p<0.0001) fraction of PKCδ to the nucleus (Fig.
6C & D) such that almost 92% of cells have nuclear PKCδ. These data suggest that nuclear
localization of PKCδ is required for induction of apoptosis in endometrial cancer cells.

4. Discussion
Individual PKC isoforms are thought to mediate distinct functions within the cell, regulating
mitogenesis, cell cycle, apoptosis and gene expression (20,21) and have been implicated in
neoplastic transformation and the growth and metastasis of tumors in a variety of tissues (6,
22,23). In endometrial cancer cells, aberrant levels and/or activation of PKCs are postulated
to contribute to endometrial neoplasia and transformation (7). Alterations in the expression of
PKC isoforms in endometrial cancer cell lines have also been implicated in the pathogenesis
of endometrial tumors and patient prognosis (24). In an analysis of PKC isoform expression
in endometrial tumors by western blotting of tumor extracts, PKCα expression, as previously
observed in breast cancer cells, was found to correlate inversely with estrogen receptor (ER).
PKCα was more highly expressed in higher-grade endometrial tumors exhibiting lower levels
of ERα (24). However, these authors failed to detect PKCδ expression in endometrial tumors,
possibly due to the partial purification or western blotting procedure employed.
Immunohistochemical studies of in situ expression patterns of PKC isoforms in endometrial
tumors have not been reported.

Changes in PKCδ expression has been documented in a number of tumors and cancer cell lines.
Consistent with our results, loss of PKCδ was observed in squamous cell carcinoma (25) and
upon acquisition of a metastatic phenotype in breast cancer cells (5). High levels of PKCδ were
also detected in normal bladder tissue with a reduction in expression correlating with increasing
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stage and grade of carcinoma (26). Decreased PKCδ protein was also observed in melanoma
cells established from metastatic lesions, relative to those derived from primary tumors (27).
In contrast, PKCδ levels are increased in pancreatic cancer, chronic myelogenous leukemia
and hepatocellular carcinoma (12,28,29), suggesting that PKCδ can function as both a positive
and negative regulator of cell proliferation and survival in different tissues and cell types
(30).

In this study we analyzed PKCδ expression in normal endometrium and a series of tumors of
increasing grade. We demonstrate abundant expression of PKCδ in epithelial glandular tissue
of normal endometrium, in both nuclear and cytoplasmic compartments. Endometrioid tumors
exhibit a loss of PKCδ, particularly from the nucleus. A progressive reduction in the fraction
of cells expressing PKCδ and the intensity of staining was observed in with increasing grade
of tumors. Accordingly, we also observed a reduction in total PKCδ expression in HEC-1-A
and HEC-50 endometrial cancer cell lines, relative to the well-differentiated, Ishikawa cells.
Loss of nuclear PKCδ may be in part a reflection of subcellular relocalization or nuclear
exclusion.

Expression of PKCδ in NIH 3T3 cells resulted in a decrease in cell proliferation and anchorage-
independent growth (31). Activation of PKCδ also induced growth arrest in thyroid and breast
cancer cells (13,32) inducing expression of the cell cycle inhibitor p27 in the latter (11).
Evidence also suggests that nuclear PKCδ inhibits the cell cycle by preventing progression
through the G1/S and G2/M phase checkpoints (6,20,30). Consistent with these observations,
our data indicate that down regulation of PKCδ expression in higher-grade endometrial tumors
was accompanied by an increase proliferative index (Ki-67 staining). However, other reports
suggest a pro-proliferative and pro-survival role for PKCδ in human breast cancer cell lines
(33,34) and a functional role for PKCδ in regulation of growth of endometrial cells remains to
be established.

PKCδ has been shown to be required for apoptosis in a variety of epithelial tumors (3,4,16)
and we have shown that PKCδ is a critical element of a pro-apoptotic pathway in endometrial
cancer cells (14). Nuclear import of PKCδ is also required for induction of apoptosis in several
cell types (3,16,35). Accordingly, we have shown that PKCδ translocates to the nucleus in
response to an apoptotic stimulus in HEC-1-A endometrial cancer cells. The observed loss of
nuclear PKCδ in endometrial tumors is therefore consistent with impaired apoptosis and
perhaps the acquisition of resistance to chemotherapy. In support of this hypothesis,
overexpression of PKCδ enhanced cisplatin sensitivity in gastric cancer cells(36), while
siRNA-mediated down regulation of PKCδ inhibited cisplatin induced apoptosis in cervical
carcinoma (37). We have also shown that etoposide-induced apoptosis of endometrial cancer
cells is potentiated by increased PKCδ expression (14).

In summary, we have shown using immunohistochemistry, that loss of PKCδ expression,
particularly from the nuclei of malignant glandular epithelium, is a hallmark of endometrial
cancer and correlates with higher grade and loss of differentiation. Our data suggest that
PKCδ may function as a tumor suppressor in the endometrium.
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Fig. 1.
PKCδ expression is reduced in malignant epithelium relative to normal tissue: Representative
images of (A) normal proliferative, secretory or atrophic endometrium and (B) endometrioid
carcinoma of increasing grade. Samples were processed and stained for PKCδ, as described in
Materials and Methods.
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Fig. 2.
Loss of PKCδ expression in the nuclei of malignant epithelium: (A) Representative image of
a low-grade tumor with adjacent normal atrophic endometrium (40X magnification).
Enlargement of normal tissue (B) showing robust nuclear and cytoplasmic expression of
PKCδ compared to malignant epithelium (C) which exhibits reduction of cytoplasmic staining
and loss of nuclear PKCδ. Sections were stained as in Materials and Methods.
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Fig. 3.
PKCδ cytoplasmic expression is reduced in endometrial cancer: Tumor samples stained for
PKCδ were analyzed and scored for (A) the fraction of cells per case staining and (B) average
staining intensity in the cytoplasm. The mean percentage stained cells (A) and intensity for
each sample population of normal or increasing tumor grade, is denoted by the horizontal line.
(C) The fraction of cases falling into each tertile of staining intensity, according to tumor grade.
* p <0.0001. ** p <0.05.
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Fig. 4.
Nuclear PKCδ expression is markedly reduced or lost in endometrial carcinomas: Tumor
samples were stained and analyzed for (A) the fraction of cells per case exhibiting nuclear
PKCδ staining and (B) average staining intensity in the nucleus. The mean percentage stained
cells (A) and intensity (B), for each sample population of normal or increasing tumor grade,
is denoted by the horizontal line. (C) The fraction of cases falling into each tertile of nuclear
staining intensity, according to tumor grade. * p <0.0001. ** p <0.05.
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Fig. 5.
Relative PKCδ levels in endometrial cancer cell lines: A series of endometrial cancer cell lines
(Ishikawa, HEC-1-A and HEC-50) were harvested and extracts probed for PKCδ and β-actin
by western blotting, as described in Materials and Methods. (A) PKCδ expression levels were
quantitated by densitometry, normalized to β-actin and are expressed relative to levels in
Ishikawa cells. Data are mean ± s.e.m of 3 experiments. (B) A representative western blot
showing PKCδ and β-actin levels.
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Fig. 6.
Translocation of PKCδ in response to etoposide-induced apoptosis: HEC-1-A cells were
treated with 50μM etoposide or diluent (control), for 6h as indicated. Cells were fixed,
permeabilized, probed with antibody to PKCδ and stained by immunofluorescent secondary
antibody, as described in Materials and Methods. (A) Control cells. (B) Etoposide treated cells.
(C & D) Nuclei counter stained with DAPI. Representative confocal images from two
independent experiments are shown. Percent nuclear PKCδ was estimated by counting of five
random fields of control or etoposide treated cells, by three independent observers. Results are
mean ± s.e.m.
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