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Abstract

AIM: To determine how glucocorticoids (GCs) may affect
the growth and chemosensitivity of common carcinoma
cells.

METHODS: The effect of dexamethasone (DEX) on growth
and chemosensitivity was assessed in 14 carcinoma cell
lines. The function of GC receptors (GR) was assessed by
MMTV reporter assay. Overexpression of GR was done
by /n vitro transfection and expression of a GR-expressing
vector. Immunohistochemical stain of tissues and cells
were done by PA1-511A, an anti-GR monoclonal antibody.

RESULTS: DEX inhibited cell growth of four (MCF-7, MCF-
7/MXR1, MCF-7/TPT300, and Hela), increased cisplatin
cytotoxicity of one (SiHa), and decreased cisplatin cytotoxicity
of two (H460 and Hep3B) cell lines. The GR content of the
seven cell lines affected by DEX was significantly higher
than those of the seven cell lines unaffected by DEX
(5.2+2.5%10* sites/cell vs1.3+1.4x10* sites/cell, = 0.005).
Only two DEX-unresponsive cell lines (NPC-TWO01 and NPC-
TWO04) contained high GR amounts in the range (1.9-8.1x10*
sites/cell) of the seven DEX-responsive cell lines. The GR
function of NPC-TW01 and NPC-TW04, however, was found

to be impaired. The importance of high cellular amount
of GR in mediating DEX susceptibility of the cells was
further exemplified by GR dose-dependent drug resistance
to cisplatin of AGS, a cell line with low GR content and was
unaffected by DEX before transfection of GR-expressing
vector. Immunohistochemical studies of human cancer
tissues showed that 5 of the 45 (11.1%) breast cancer
and 43 of the 85 (50.6%) non-small cell lung cancer had
high GR contents at the ranges of the GC-responsive
carcinoma cell lines.

CONCLUSION: The growth and chemosensitivity of
human carcinomas with high GR contents may be affected
by GC. However, in light of the heterogeneous and even
contradictive effects of GC on these cells, routine examination
of GR contents of human carcinoma tissues may not be
clinically useful until other markers that help predict the
ultimate effect of GC on individual patients are identified.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Although glucocorticoids (GCs) are effective in inducing
apoptosis via uncharacterized pathways in many hematological
malignancies!!, they are generally thought to be ineffective
in the treatment of non-hematological solid tumors.
However, in the treatment of patients with solid tumors,
co-administration of GC with anti-cancer drugs is a common
clinical practice to prevent drug-induced allergic reaction
or nausea/vomiting. Although GC receptors (GRs) are
ubiquitous in cancer cells and have been linked to signal
transduction pathways pertinent to their growth, defense,
and apoptosis?*, little is known regarding the effects of
GC on the growth and chemosensitivity of common human
carcinomas. Several studies have shown diverse effects of
GC on chemosensitivity in non-hematological neoplastic cells.
GC has been reported to inhibit cell growth®™ and affect
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the chemosensitivity®'? in some sarcoma and carcinoma

cell lines. Further, the pretreatment with dexamethasone
(DEX) may increase antitumor activity of carboplatin and
gemcitabine in tumor xenografts due to increased intra
cancer cell drug accumulation was also teported!. Mote
comprehensive study is needed to clarify the role of GC
on chemosensitivity of non-hematological neoplastic cells.
In the present study, we examined the effects of DEX on
the chemosensitivity of 14 carcinoma cell lines. We found
that GC exerted a GR-related differential effect on the growth
or chemosensitivity of half of carcinoma cells. Further,
we have demonstrated that a substantial portion of human
carcinomas do contain high GR contents and, therefore, the
tumor response to chemotherapy may be affected by the
co-administered GC.

MATERIALS AND METHODS

Cell culture and chemicals

SiHa, Hel a, Caski (human cervical carcinoma), H460 (human
lung carcinoma), Hep3B, Huh 7 (human hepatocellular
carcinoma), and MCF-7 (human breast cancer) were obtained
from the American Type Culture Collection (Rockville, MD,
USA). MCF-7/MXR1 and MCF-7/TPT300 cells were
derived from MCF-7 cells by selection for growth in
increasing the concentrations of mitoxantrone or topotecan,
respectively. MCF-7/MXR1 cells were gifts from Dr.
Kenneth Cowan (National Cancer Institute, USA). MCF-
7/TPT300 cells were selected as previously described™.
NPC-TWO01 and NPC-TW04 (nasopharyngeal cancer) were
obtained as previously desctribed>'%. They wetre maintained
in Dulbecco’s modified Eagle’s medium supplemented with
2 mmol/L glutamine, 100 U/mL penicillin, and 100 pg/mlL.
streptomycin (Sigma Chemical Co., St. Louis, MO, USA), and
10% heat-inactivated fetal bovine serum (Life Technologies,
Inc., Gaithersburg, MD, USA). AGS, N87, and SNU1 cells
(human gastric cancer) were obtained from the American
Type Culture Collection (Rockville, MD, USA) and maintained
in RPMI 1640 (Sigma Chemical Co.) supplemented with
2 mmol/L glutamine, 10% fetal bovine serum, 100 U/mL
penicillin, and 100 pg/mL streptomycin. Cisplatin was
obtained from Pharmacia-Upjohn (Kalamazoo, MI, USA).
DEX was purchased from Sigma Chemical Co., and [*H]
DEX (specific activity 35-50 Ci/mmol) was from Blossom
Biotechnologies Inc. (Blossom, TX, USA).

Cytotoxicity assay

The in vitro growth inhibitory effects of the drugs in 14
carcinoma cell lines were determined by the MTT assay as
previously desctibed with slight modification!”. Briefly, cells
were plated in 96-well plates at 5x10° cells/well. After
overnight incubation, various concentrations of drugs were
added in triplicate samples to each culture. Cells were exposed
to drugs continuously. After 3-4 d of culture, when cells
in drug-free wells reached 90% confluency, 50 pL. of
2.5 mg/mL MTT (Sigma Chemical Co.) in PBS was added
to each well, followed by incubation for 4 h at 37 C. The
formazan crystals were dissolved in DMSO. The absorbance
was determined with an ELISA reader at 540 nm. Absorbance
values were normalized to the values obtained for the vehicle-

treated cells to determine the percentage of surviving cells.
Each assay was performed in triplicate.

Measurement of GR content of cancer cell lines by [FH]-labeled
ligand binding assay

The GR content was measured by a whole-cell binding assay
as previously described with minor modification!™. Briefly,
cells with 90% confluency were subcultured and allowed to
grow overnight, and then trypsinized and suspended in a
culture medium containing 10% fetal bovine serum
(pH 7.2) to a density of 1-10x10° cells/mL.. Cells were
exposed to various concentrations of [’H] DEX from 1 to
100 nmol/L in the presence or absence of 10 pmol/L
unlabeled DEX, followed by incubation for 1 h at 37 °C,
and harvested by centrifugation at 1 200 £/min for 1 min.
Cells were then washed thrice in 3.0 mL of Hank’s balanced
salt solution and finally suspended in 1.6 mL of the same
solution. A 0.2-mL aliquot of this suspension was used for
the determination of cell number, and 1.0 mL was assayed
for radioactivity by a liquid scintillation counter. The
presence of at least 200-fold excess of unlabeled DEX
effectively competed out all of the binding of [’H] DEX
to specific GR. The binding of PH] DEX to specific GR
was represented as the difference in disintegrations per minute
per cell between those samples incubated with [’H] DEX
alone and those with at least 200-fold excess of unlabeled
DEX. Using the specific activity of PH] DEX, the number
of receptors per cell was calculated, assuming that each
receptor binds to one DEX molecule.

Examination of endogenous GR function by MMTV reporter
assay

The human GR-expressing plasmid, pS-hGR, and the
luciferase reporter plasmid, MMTYV reporter plasmid were
gifts from Prof. Chawnshang Chang (George H Whipple
Laboratory for Cancer Research, University of Rochester,
Rochester, NY, USA). The MMTV reporter plasmid contains
the 1.4-kb MMTV LTR which encompasses the natural
GRE sequences!"”. MCF-7, TWO01, and TWO02 cells were
either transiently transfected with MMTV reporter plasmid
cells, or co-transfected with MMTYV reporter plasmid and
pS-hGR (in a ratio of 5:1) by Lipofectamine 2000 (Life
Technologies, Inc. [GIBCO BRL], Gaithersburg, MD, USA)
according to the manufacturer’s protocol. Forty-eight hours
after transfection, 1X10° transfected cells were stimulated
with 1 pmol/L DEX and incubated for an additional 6 h.
Reporter gene activity was determined with the Luciferase
Reporter Assay System (Packard, the Netherlands).

Transfection of GR-expressing vector into cancer cell lines
with low GR content

AGS cells were transfected with the pS-hGR by Lipofectamine
2000 (Life Technologies, Inc. [GIBCO BRL)], Gaithersburg,
MD, USA) according to the manufacturer’s protocol. The
stable clones were selected by 400 pg/mL hygromycin for
20 d. Single cell clones were obtained by limiting dilution of
the hygromycin-resistant cells. The success of transfection
was verified by Western blot analysis of GR and B-actin
using rabbit polyclonal antibodies purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA) with signals
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visualized by an enhanced chemiluminescence kit followed
by exposure to X-ray films. The GR number in different
clones of transfected cells was measutred by [*H]-labeled
ligand binding assay.

GR immunohistochemistry study in cell lines and human
cancer tissue samples

The GR immunocytochemistry study was performed in the
14 carcinoma cell lines. Cells with 90% confluency were
subcultured and allowed to grow overnight, then were harvested
and centrifuged at 400 £/min for 1 min. The cell pellets were
tixed in 4% buffered formalin and embedded in paraftin.

Eighty-five human non-small cell lung cancer and 45
breast cancer tissue specimens which had been fixed in 4%
buffered formalin and embedded in paratfin were used for
immunohistochemistry study. Use of these tissue materials
had followed the regulation of the research ethical committee
of the National Taiwan University Hospital.

Five micrometers of paraffin-embedded cell block sections
prepared on coated slides (DAKO Ltd.) were dewaxed and
rehydrated, and endogenous peroxidase activity was blocked
by incubation with 3% H,O,-methanol solution for 10 min.
Heat retrieval was used for antigen retrieval. Endogenous
biotin was blocked by normal goat serum (DAKO Ltd).
Slides were then incubated with anti-GR antibody (PA1-
510A, 511A and 512, Affinity BioReagents, Golden, CO,
USA). The DAKO Envision system (Copenhagen, Denmark)
was used to further avoid endogenous biotin contamination.
Sites of bound peroxidase were visualized using liquid 3’,5’-
diaminobenzidine (DAKO, Glostrup, Denmark) and counte-
rstained with hematoxylin. Under this staining condition,
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only the carcinoma cells with high (>10 000 sites/cell) GR
content were positively stained. Tumor tissue samples were
considered to be having high GR expression, when more
than 20% of tumor cells were positively stained.

Statistical analysis
Independent 7 test was used to assess the correlation of
GR content with the effect of DEX.

RESULTS

DEX affects either growth or chemosensitivity in 7 of the 14
carcinoma cell lines

DEX (0.01-1.0 pmol/L) inhibited cell growth in MCF-7,
MCF-7/MXR1, MCF-7/TPT300, and Hel a cells (Figure 1A).
However, DEX alone, up to 20 pmol/L, had no effect on
the growth in the other 10 cell lines, including AGS, N87,
SNU1, SiHa, Caski, Hep3B, Huh 7, TWO01, TW04, and
HA460 (representative data shown in Figure 1A). The latter
10 carcinoma cell lines were further tested for the effect
of GC on the chemosensitivity of carcinoma cells toward
cisplatin. Pretreatment of SiHa cells with 1 pmol/L. DEX
for 3 h decreased the IC;, of cisplatin from 18.6+1.9 to
9.742.0 mmol/L (Figure 1B). This cytotoxicity-enhancing
effect could be observed even when the concentration of
DEX was as low as 1 nmol/L (data not shown). In contrast,
DEX slightly increased cisplatin resistance in H460 and
Hep3B cells (Figures 1C and D). DEX had no effect on the
chemosensitivity of AGS, N87, SNU1, Huh-7, Caski, NPC-
TWO01, and NPC-TWO04 cells (representative data shown in
Figure 1E).
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Figure 1 Effect of DEX on the growth and chemosensitivity in carcinoma cell
lines. Cell numbers were measured by MTT assay and were plotted as a
percentage of the control (cells not exposed to drugs); A: Growth of MCF-7,
MCF-7/MXR1, MCF-7/TPT300, and HelLa cells were suppressed by DEX.
Data of AGS represent the other 10 cell lines, growth of which was not affected
by DEX; B: SiHa cells pretreated with DEX for 3 h were more sensitive to

cisplatin; C and D: Pretreatment with DEX 1 pmol/L for 24 h diminished cisplatin
cytotoxicity in H460 cells and Hep3B cells; E: Data of AGS represent the seven
cell lines (AGS, N87, Caski, Hut 7, SNU1, NPC-TWO01, and NPC-TW04), of
which cytotoxicity of cisplatin was not affected by DEX. All values represent
mean+SD of six separate wells.
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Effects of GC correlate well with GR content of the cells
The GR contents of these 14 cell lines are listed in Table 1.
The GR contents of the seven cell lines affected by DEX
were significantly higher than those of the other seven
cell lines unaffected by DEX (5.2+2.5X10* sites/cell vs
1.3+1.4x10" sites/cell, P = 0.005) suggesting GR is one
of the pivotal mediators of the effect of DEX on
carcinoma cell. The GR content of human lymphocytes,
the internal control for these experiments, was tested
parallel and was within the reported range (2 500-5 400
sites/cell)?,

GC-unresponsive GR-richcarcinoma cells have dysfunctional GR
As shown in Table 1, DEX had no effect on NPC-TWO01
and NPC-TW04, two cell lines with GR content as high as
that of the seven GC-responsive cell lines. The function of
the GR in these two cell lines was further examined. As
shown in Figure 2, MCF-7 cells contained endogenous DEX-
responsive GR, while NPC-TWO01 and NPC-TW04 cells
did not. Further, when NPC-TWO01 and NPC-TWO04 cells
were co-transfected with MMTV reporter plasmid and pS-
GR, which contains functional human GR gene, the response
to DEX were restored (Figure 2). These data strongly
suggested that the function of endogenous GR of NPC-
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Figure 2 Functional assay of the GR in NPC-TW01 and NPC-TW04 cells.
NPC-TW01, NPC-TWO04, and MCF-7 cells were transiently transfected with
MMTV reporter plasmid (lanes M and M+DEX) or co-transfected with MMTV
reporter plasmid and pS-hGR (lane M/G+DEX). The cells were then treated with
1 umol/L DEX for 6 h (lanes M+DEX and M/G+DEX). Then the luciferase activity
was assayed and represented in terms of folds of the induction activity of the
control (lane M). All values represent mean+SD of three experiments(A,B).

TWO01 and NPC-TWO04 cells was probably impaired.

Expression of GR in GR low-expressing cells increases their
responsiveness to DEX

To further examine whether the GR content is pivotal in
mediating the susceptibility to DEX in carcinoma cell, pS-
hGR was transfected into AGS cells, a GR low-expressing
cell line. The GR content in empty vector-transfected AGS
cells, and pooled stably pS-hGR-transfected AGS cells were
5.2x10% and 1.42x10*/cell, respectively. The GR contents
of clone 1, 2, and 3 were 1.54x10*, 1.32x10%, and 5.8x10°/
cell, respectively. Treatment of DEX alone had no effect
on cell growth in these cells (data not shown). However, as
shown in Figure 3, pS-hGR transfected AGS cells that
expressed high GR content became susceptible to the effect
of DEX with increasing drug resistance toward cisplatin.
The cells that express higher GR content (pooled cells, clones
1 and 2) were more resistant toward cisplatin, while cells
with lower GR content (empty vector and clone 3) remained
non-susceptible to DEX treatment.

Tumor tissues of common human carcinomas may express
high level of GR

GR expression was examined by immunohistochemical stain
in the carcinoma cell lines (Figure 4A), and tumor tissue
samples of human breast cancer and human non-small cell
lung cancer (Figure 4B). Positive GR immunoreactivity
(representing high GR content) was observed in 5 of the
45 tumor samples (11.1%) of breast cancer and 43 of the
85 tumor samples (51%) of non-small cell lung cancer
patients.

DISCUSSION

This study has demonstrated that GC affects either growth
or chemosensitivity in a substantial portion of carcinoma
cells. Since GC is commonly co-administered with anticancer
drugs such as taxanes and platinums, how GC alters the effect
of chemotherapy may have to be taken into consideration
in clinical practice. As shown in this study, it may not be
difficult to identify those carcinoma patients of whom tumor
response is going to be affected by GC, since only cells with
high GR content are affected. However, how GC will actually

Table 1 Correlation of GR content with the effect of DEX in carcinoma cells

Cells Origin Effect of DEX GR (sites/ cell)
MCF7 Breast Growth inhibition 6.37%x10*
MCEF7/TPT300 Breast Growth inhibition 7.43%x10*
MCF7/MXR1 Breast Growth inhibition 5.9x10*
HeLa Uterine cervix Growth inhibition 1.94x10*
SiHa Uterine cervix Increased sensitivity toward cisplatin 8.1x10*
H460 Lung Increased resistance toward cisplatin 2.1x10*
Hep3B Liver Increased resistance toward cisplatin 4.3x10*
NPC-TW01 Nasopharyngeal Noeffect 4.2x10*
NPC-TW04 Nasopharyngeal Noeffect 2.0x10*
Caski Uterine cervix Noeffect 7.2x10°
Huh7 Liver Noeffect 7.9x10°
AGS Stomach Noeffect 5.7x10°
N87 Stomach Noeffect 5.0x10°
SNU1 Stomach Noeffect 1.97x10°

DEX: dexamethasone; GR: glucocorticoid receptor.
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affect the growth of tumors of these cancer patients remains
uncertain since the effects of GC, as disclosed in this study,
are extremely diverse and even contradictory.

A direct correlation between GR content of the cells
and the magnitude of physiologic response to GC has been
reported in hematologic malignancies®). The sensitivity of
many lymphoid cell lines to GC-induced growth arrest and
apoptosis is directly proportional to intracellular receptor
content? !, Several studies also identified a correlation
between reduced GR expression and a poor treatment response
as well as poor prognosis in patients with acute lymphocytic
leukemia, suggesting that reduced GR expression could lead
to clinical GC resistance?**?. Our study demonstrated
that the susceptibility to the effect of DEX on cell growth
or chemosensitivity in carcinoma cells also correlate well
with the level of GR content. However, the GR contents
of the GC-responsive carcinoma cells are almost 10 times
higher than that of lymphoid cells®*, suggesting that the
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cellular contexts or the signal transduction pathways for the
interaction of GC and GR ate probably different between
epithelial and lymphoid malignant cells.

In this study, the only two cell lines, NPC-TWO01 and
NPC-TWO04, which have relatively high GR content but
not susceptible to the growth regulatory effect of DEX,
were found to have non-functional endogenous GR. Previous
studies on both human and mouse cell lines have shown that
somatic mutation in the GR gene is the principal mechanism
fot in vitro acquisition of GC tesistance . However, we
failed to detect GR gene mutations in NPC-TWO01 and NPC-
TWO04 (data not shown). Beside the GR number and GR
gene mutations, the phosphorylation status of GR has also
been reported to be correlated with GR resistanceP!). The
expression level of GR co-regulators was also important to
normal GR function®?. Therefore, there should be other
mechanisms associated with the malfunction of GR in these
two cell lines.
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Figure 3 Increased drug resistance to cisplatin in pS-hGR-transfected AGS. AGS cells were transfected with pS-hGR and MTT assay were performed. A: GR
number measured by [*H]-labeled ligand binding assay. Pool: AGS/GR-pool; AGS cells transfected with pS-hGR, pooled cells. ¢1: AGS/GR-c1; AGS cells transfected
with pS-hGR, single cell cloned, clone 1. c2: AGS/GR-c2; AGS cells transfected with pS-hGR, single cell cloned, clone 2. Mock: AGS/empty vector; AGS cells
transfected with empty vector. c3: AGS/GR-c3; AGS cells transfected with pS-hGR, single cell cloned, clone 3; B-D: Pretreatment with DEX 1 umol/L for 3 h
diminished cisplatin cytotoxicity in AGS/GR-pool, AGS/GR-c1, and AGS/GR-c2 cells; E and F: Pretreatment with DEX 1 umol/L for 3 h had no effect on the cisplatin
cytotoxicity in AGS/empty vector cells and AGS/GR-c3. All values represent mean+SD of six separate wells.
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Activated GR may activate or suppress gene expression
through interaction with respective positive of negative ¢s-acting
regulatory elements in the promoters regions?*!. Activated
GR can also regulate the expression of GC responsive genes
indirectly through protein-protein interactions with other
transcription factors such as NF-kB and AP-1P*%). Inactivation
of NF-kB or AP-1 has been shown to alter the vulnerability
of cancer cells to several cytotoxic agents®*”. Our preliminary
data have indicated that suppression of NF-kB by GC is
one of the major mechanisms of increasing cisplatin sensitivity
in SiHa cell®. Some studies have demonstrated variable

potential other mechanisms of GC related growth arrest in
non-hematologic cancer cells that included upregulation of
p21Cip1", p57 Kip2®, and inhibition of ERK/MAPK kinase
pathway", and mechanisms of GC related chemosensitivity
alteration include induction of GC-inducible protein kinase-1
(SGK-1) and mitogen-activated protein kinase phosphatase-
1 (MKP-1)", and modulation of bel-x exptession"!. Howevet,
it remains difficult to explain the diverse and even contradictive
effect of GC on GR-rich carcinoma cells. The possibilities
that the specific presence of certain co-regulators of GR
in different carcinoma cells may dictate the ultimate effect

Figure 4 A: Immunocytochemical stain for GR expression in representing carcinoma cell lines. (As) and A,): SiHa cells, which had GR content about 8.1x10%cell
according to ligand binding assay; (As) and (A,): HeLa cells, with GR content about 1.97x10%cell; (As) and (Ae): N87 cells, with GR content about 5.0x10%cell.
(A2), (A4), and (As): cells treated with DEX for 3 h before harvest. In (A4) and (As), the GR immunoreactivity localized in cytoplasm. After DEX treatment, the
immunoreactive GR translocalized to nuclei (Az) and (A4). The low GR content cancer cells N87 showed negligible immunoreactivity. B: Imnmunohistochemical stain
for GR expression in human carcinoma tumor tissue samples. Non-small cell lung cancer tumor samples, with high GR expression (B4), and low GR expression
(B). Breast cancer tumor samples, with high GR expression (Bs), and low GR expression (B4).
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of GC needs to be clarified.

The [*H] labeled DEX ligand binding assay has been
the standard method to measure the GR content in cell
lines and 77 vivo human leukemia samples. The GR amount
measured by [’H] labeled DEX ligand binding assay is
expressed as GR number per cell. However, this method
is hard to apply to solid tumor tissue samples, since it is
difficult to quantify the cell number in tissue samples.
There were other methods to detect the expression of
GR in the 7z vivo solid tumor samples, including cytosol
DCC-competitive (dextran-coated charcoal) protein
binding assay*'*?, and RT-PCR*. These methods all
use tissue homogenizer and the results were normalized
by the total protein or RNA amount. Therefore, the
result was the average of the GR content of the whole
tissue sample, which includes the cancer cells as well as
the stroma cells and adjacent normal tissues component.
Besides, the cytosol DCC-competitive protein binding assay
required fresh frozen tissue which limited its applicability.
In this study, we have shown an ideal staining condition by
which only cancer cells with high GR content were stained
positively (Figure 4). We have also demonstrated that a
substantial portion of common human carcinoma do express
high level of GR, and therefore are potentially susceptible
to the growth and chemosensitivity-regulatory effect of GC.

Clinically, the serum concentration of DEX was found to
be around 0.12 pumol/L, lasting for 1-3 h, after a single oral
dose of 7.5 mg of DEX™. However, the serum concentration
of DEX may reach 2 pumol/L after a single intravenous
infusion of 80-100 mg of DEX™. Since the administration
of relatively high-dose DEX, at the range of 10-50 mg/d,
or its equivalents, has been widely used for the prevention of
cisplatin-induced nausea/vomiting and taxanes-induced allergic
reactions, the possible effect of GC on the chemosensitivity
of some cancer patients needs to be seriously considered.

In summary; the results of this study suggest that GC exerts
a GR-dependent effect on the growth or chemosensitivity
in a substantial portion of carcinoma cells. The clinical
relevance and the cellular mechanisms that dictate the
disparate effects of GC need to be further clarified.
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