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Studies on the mechanisms of glucocorticoids on the growth and drug
sensitivity of carcinomas, and exploring relevant molecular classification
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Abstract

Objectives. Glucocorticoids (GCs) are
commonly co-administered with anti-cancer
drugs such as cisplatin to prevent
drug-induced allergic reaction, nausea, and
vomiting. But little is known regarding the
effects of GCs on the growth and
chemosensitivity of common carcinomas
cells. Methods: Fourteen carcinoma cell lines
representing breast (MCF-7, MCF-7/MXRL,
MCF-7/TPT300), gastric (AGS, N87,SNU1),
lung (H460), cervical (SiHa, HeLa, Caski),
liver (Hep3B, Hut7), and nasopharyngeal
(NPC-TWO01, NPC-TWO04) cancer were
selected to assess the effects of
dexamethasone (DEX) on the cell growth
and cisplatin chemosensitivity of common
human cancers. Results: DEX had mutually
exclusive effects on either growth or cisplatin
sensitivity in 7 of the 14 cell lines. DEX
inhibited cell growth of 4 (MCF-7,
MCF-7/MXR1, MCF-7/TPT300, and HelLa),
increased cisplatin cytotoxicity of one (SiHa),
and decreased cisplatin cytotoxicity of 2
(H460 and Hep3B) cells lines. Although the
effect of DEX on these carcinoma cells was
unexpectedly diverse, it remained GC
receptor (GCR) dependent. The GCR
contents of the 7 cell lines affected by DEX
were significantly higher than those of the
other 7 cell lines unaffected by DEX (5.2+2.5
x10* vs 1.3+1.4x10*, P=0.005).Only two
DEX-unresponsive cell lines (NPC-TWO01
and NPC-TW04) had GCR contents at the
high range as those of the 7 DEX-responsive
cell lines. On further examination, the
function of the endogenous GCR of these
two cel lines was found to be impaired.
Further, transfection and expression of a
vector encoding GCR to AGS, a GCR
low-expressing and GC non-responsive cell
line, increased its susceptibility to DEX
manifested as an increased resistance toward
cisplatin. The cytotoxicity-enhancing effect
of GC in SiHa cells correlated well with its
effect on abrogating the cisplatin-induced
activation of NF-xB. Expression of a
dominant-negative truncated IxBa. gene in
SiHa cells completely abolished the
cytotoxicity-enhancing  effect of DEX.
Conclusions:. GCs may affect growth or

chemosensitivity of  carcinoma  cells
containing high concentration of functional
GCR. Although the effects are heterogeneous
and currently unpredictable , our data
underscore the importance of clarifying the
impact on tumor control by the
co-administed GCs to carcinoma patients
receiving chemotherapy. It is mandatory to
identify the molecular and cellular markers
that help predict the diverse effect of GCs on
carcinoma cells.

Keywords. Glucocorticoids, Glucocorticoid
receptor, Carcinoma. Cell growth,
Chemosensitivity, Drug resistance.
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Although GCs are effective in inducing
apoptosis via yet uncharacterized pathways
in many hematological malignancies [1, 2, 3],
they are generally not effective in the
treatment of non-hematological solid tumors.
However, in such tumors, co-administration
of GC with anti-cancer drugs is a common
clinica practice to prevent drug-induced
alergic reaction or nausea/vomiting.
Although GCR is ubiquitous in cancer cells
and GCR has been linked to signal
transduction pathways pertinent to their
growth, defense, and apoptosis [4, 5, 6], 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. Wolff et al. reported that
DEX induced drug resistance toward
cisplatin in C6 glioma cells[7]. Weller et al.
also reported a DEX-mediated cytoprotection
in gliomacell lines[8, 9]. However,
Benckhuijsen et al. reported an enhancement
of melphalan cytotoxicity by DEX in
melanoma cells [10]. A more 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 GCR-related differential effect on
the growth or chemosensitivity of the
majority of carcinoma cells. The results of
this study indicate that, while GC may be



co-administered with anti-cancer drugs for
other reasons, the possible effect of GC on
the chemosensitivity of some selected
cancers may be clinically significant and
requires further investigation.
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Ceéll Culture and Chemicals

SiHa cells (human cervical carcinoma),
Hel a, Caski cells (human cervical
carcinoma), H460 cells (human lung
carcinoma), Hep3B, Hut 7 cdlls (human
hepatocellular carcinoma), and MCF-7 cells
(human breast cancer) were obtained from
the American Type Culture Collection
(Rockville, MD). The MCF-7/MXR1 and
MCF-7/TPT300 cells were derived from
MCF-7 by selection for growth in increasing
concentrations of mitoxantrone or topotecan,
respectively. MCF-7/MXRL1 cells were gifts
from Dr. Kenneth Cowan (National Cancer
Institute, USA). MCF-7/TPT300 cells were
selected as previoudly described [11].
NPC-TWO01 and NPC-TWO04 cells
(nasopharyngeal cancer) were obtained as
previously described [12,13]. They were
maintained in Dulbecco’'s Modified Eagle's
Medium supplemented with 2 mM glutamine,
100 U/ml penicillin and 100 pg/mi
streptomycin (Sigma Chemical Co., S. Louis,
MO), and 10% heat-inactivated fetal bovine
serum (Life Technologies, Inc., Gaithersburg,
MD). AGS, N87, and SNU1 cdlls (human
gastric cancer) were obtained from the
American Type Culture Collection (Rockville,
MD) and maintained in RPM 11640 (Sigma
Chemical Co.) supplemented with 2 mM
glutamine, 10% fetal bovine serum, 100
U/ml penicillin and 100 pug/ml streptomycin.
Cigplatin was obtained from
Pharmacia-Upjohn (Kalamazoo, MI). DEX
was purchased from Sigma Chemical Co.,
and [*H] DEX (specific activity 35-50
Ci/mmol) was from Blossom
Biotechnologies Inc (Blossom, TX).

Cytotoxicity Assay

Thein vitro growth inhibitory effects of

the drugsin all 14 cell lines were determined
by the MTT assay as previoudy described
with dight modification [14]. Briefly, cells
were plated in 96-well plates at 5 x 10°
cells/well. After overnight incubation,
various concentrations of drugs were added
in triplicate samplesto each culture. Cells
were exposed to drugs continuously. After
3-4 days of culture, when cellsin drug-free
wells reached 90% confluency, 50 ul of 2.5
mg/ml MTT (Sigma Chemical Co.) in PBS
was added to each well, followed by
incubation for 4 hours 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 survival. Each assay was
performed in triplicate.

M easur ement of GCR Content

The GCR content was measured by a
whole-cell binding assay as previoudy
described with minor modification [15].
Briefly, cells with 90% confluency were
subcultured and allowed to grow overnight,
and then trypsinized and suspended in culture
medium containing 10% fetal bovine serum
(pH 7.2) to adensity of 1~10 x 10° cells per
ml. Cells were exposed to various
concentrations of [°H] DEX from 1 to 100
nM in the presence or absence of 10 uM
unlabeled DEX, followed by incubation for 1
hr at 37°C and harvested by centrifugation at
1,200 x g for 1 min. Cells were then washed
three timesin 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 aliquid 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 GCR.
The difference in disintegrations per minute
per cell between those samples incubated
with [*H] DEX alone and those with 200-fold
excess of unlabeled DEX represented the
binding of [*H] DEX to specific GCR. Using



the specific activity of [°H] DEX, the number
of receptors per cell was calculated,
assuming that each receptor binds to one
DEX molecule.

Transfection of Reporter Gene and
Expression Vector

The human GCR-expressing plasmid,
pS-hGR, and the luciferase reporter plasmid,
MMTYV reporter plasmid were gift from Prof.
Chawnshang Chang (George H.Whipple
Laboratory for Cancer Research, University
of Rochester, Rochester). The MMTV
reporter plasmid contains the 1.4-kb MMTV
LTR which encompasses the natural GRE
sequences, fused to the sequence coding for
luciferase [16]. It has been demonstrated
previoudly that GR stimulate the rate of
transcription of MMTV LTR . Moreover,
GCR bind specificaly to DNA sequences
mapped within the MMTV LTR (i.e. GRE),
which can confer GC responsivenessto a
heterologous promoter. MCF-7, TWO01,
TWO02, AGS, and SiHa cells were transfected
by Lipofectamine 2000 (Life Technologies,
Inc. [GIBCO BRL], Gaithersburg, MD)
according to the manufacturer’s protocol.
The stable clones was selected by 400 pug/ml
hygromycin for 20 days. Single cell clones
were obtained by limiting dilution of the
hygromycin-resistant cells. Inthe MMTV
reporter assay, MCF-7, TWO1 and TWO04
cells were either transiently transfected with
MMTV reporter plasmid cells, or
co-transfected with MMTYV reporter plasmid
and pS-hGR (in aratio of 5:1). Forty eight
hours after transfection, 1 x 10° transfected
cells were stimulated with 1 uM DEX and
incubated for an additional 6 hours. Reporter
gene activity was determined with the
Reporter Luciferase Assay System (Packard,
Netherlands). In the study of increasing the
GCR content in AGS cells, the AGS célls
were transfected with the pS-hGR. The stable
clones were selected by 400 pg/ml
hygromycin for 20 days. Single cell clones
were obtained by limiting dilution of the
hygromycin-resistant cells.

Western Blot Analysis

Cellswere plated in 6 cm dishes at a
density of 1 x 10° cellg/dish. After incubation
with DEX for the indicated time periods, the
cells were harvested. Whole cdll lysates and
nuclear extracts were prepared according to
the method of Staal et al [ [17]. Protein
concentration was determined by Bradford
assay [18]. Immunoblotting of GR and
B-actin was performed using rabbit
polyclonal antibodies purchased from Santa
Cruz Biotechnology (Santa Cruz, CA).
Signals were visualized with an enhanced
chemiluminecence kit followed by exposure
to X-ray films,

Electrophoretic mobility shift assay (EMSA)
for NF-xB.

[o- 3P]dCTP end-labeled double-strand
oligo-deoxyribonucleotides
(5°-GGATTGGGACTT TCCCCTCC-3’ and
3’-CCTAACCCTGAAAGGGGAGG-5")
were used as the binding substrates for
NF-xB. The preparation of nuclear extracts
for EM SA was performed according to the
method of Andrews and Faller (12). Nuclear
extracts of SiHa cells (10 ug per assay) were
incubated with 10,000 cpm of probe (0.1 to
0.5ng) and 1 pg poly(di-dC) for 30 min at
room temperature with afinal reaction
mixture of 15 ul containing 20 mM HEPES,
(pH7.5), 100 mM KCI, 0.2 mM EDTA, 20%
glycerol, 1mM dithiothreitol, and 1 ug/pl
BSA. Samples were analyzed in a 5%
polyacrylamide gel with 0.25 x TBE as
running buffer, and run at room temperature
at 150 V for 2~ 2.5 h. The nuclear extract
from TNF-a-treated SiHa cells was used as
positive control. Antibody to p65 (Rel A) was
added to the reaction mixture before the
addition of labeled probe for supershift
analysis. After electrophoresis, gels were
dried and autoradiographed for 12 hours at
-70°C.

Transfection of reporter plasmid and
measurement of luciferase and reporter
gene activity.



The luciferase reporter plasmid, pM-Luc,
contains the 1.4-kb MMTV LTR which

encompasses the natural GRE sequences (13).

The other luciferase reporter plasmid,
pRxB-Luc, contains five NF-xB sites
followed by a TATA box. These plasmids
both contain the hygromycin resistance gene
from SV 2hygro. SiHa cells were transfected
by Lipofectamine 2000 (Life Technologies,
Inc. [GIBCO BRL], Gaithersburg, MD)
according to the manufacturer’s protocol.
The stable clone was selected by 400 pug/ml
hygromycin for 20 days. Single cell clones
were obtained by limiting dilution of the
hygromycin-resistant cells. The
SiHa/kB-reporter cell line was selected on
the basis of TNFa.- induced luciferase
activity and constitutive 3-galactosidase
activity. For each time point, 1x10°
SiHa/kB-reporter cells were stimulated with
10 ng/ml TNFa or cisplatin (20 and 200 uM)
and incubated for an additional 6 hours.
Reporter gene activity was determined with
the Reporter Luciferase Assay System
(Packard, Netherlands).

Transfection of dominant-negative | kBa.

The dominant-negative truncated | kBa.

(dnl kxBa) cDNA was constructed by deletion
of amino acids residues 1 to 70, which
contain the phosphorylation sites (serine
residues 32 and 36) of |1xB kinases (IKKS)
and ubiquitin binding sites (lysine residues
21 and 22). This cDNA was inserted into the
vector pPRCMV (purchased from Invitrogen)
followed by the CMV promoter. The empty
vector was used for the generation of control
cells. SiHa cells were transfected by
lipofectamine 2000 (Life Technologies, Inc.
[GIBCO BRL], Gaithersburg, MD)
according to the manufacturer’s protocol.
The stably transfected SiHa cells were
pooled by hygromycin selection for 20 days
after transfection. The experiments
examining the effect of DEX on the growth
of these cells were performed within 30 days
of each transfection.

Quantification of GCR mRNA Expression
Using RTQ RT-PCR

An RNA extraction kit (Rneasy Minit kit;
Qiagen, Valencia, CA) was used to extract total
RNA from the frozen resected tumor tissue.

RTQ RT-PCR, a newly developed kinetic
quantitative RT-PCR method, 1s considered to
be one of the most sensitive and accurate
methods for the quantification of nucleic acid
(DNA and RNA) 1n tissue samples. This
method (the TagMan reaction) 1s based on the 5'
nuclease activity of 7aqg polymerase, which
cleaves a specific dual-labeled fluorogenic
hybridization probe during the extension phase
of the PCR. As long as this sequence-specific
probe 1s intact, emission by a reporter dye at its
5"end 1s quenched by a second fluorescent dye
at the 3' end. During the extension phase of the
PCR, Tag polymerase hydrolyses the probe and
releases the reporter dye, resulting in an
increase 1n peak fluorescence emission that 1s
directly proportional to the number of amplified
copies and 1s detected and quantified by a
detector 1n real time. A higher starting copy
number of the nucleic acid results in an earlier
increase 1n fluorescence. The threshold cycle
(C») 18 defined as the fractional cycle number at
which the fluorescence generated by cleavage
of the probe exceeds a fixed threshold above
baseline. For a chosen threshold, a smaller
starting copy number results in a higher C:
value. In this study, we used RTQ RT-PCR for
the relative quantification of GCR mRNA in
tumor specimens, with TATA box-binding
protein (TBP, a component of the DNA-binding
protein complex TFIID) mRNA as an internal
control.

Primers, Probes, and Reference Internal
Control mRNA

Primers and probes were chosen using the
computer program Primer Express
(Perkin-Elmer Applied Biosystems, Forster City,
CA). Primers and probes were synthesized by
and purchased from Perkin-Elmer Applied
Biosystems. On the basis of the cDNA

sequence (gene bank accession no. m32977),



the sequences of the primers and probe used for
RTQ RT-PCR of GCR mRNA were as follows:
(1) forward primer, 5-TGG CAG CGG TTT
TAT CAA CTG-3' (in exon 8); (2) reverse
primer, 5-ATG TTT GGA AGC AAT AGT
TAA GGA GAT TT-3' (in exon 9); and (3)
probe, 5-CAA AAC TCT TGG ATT CTA
TGC ATG AAG TGG TTG-3' (spanning the
exon 8-exon 9 junction to avoid quantification
of the PCR product of contaminating GCR
genomic DNA). TBP in the tumor sample was
quantified in the same way as the endogenous
RNA control, using forward and reverse
primers and a probe designed for TBP mRNA
analysis, the forward primer sequence being
5'-CAC GAA CCA CGG CAC TGA TT-3', the
reverse primer sequence being 5-TTT TCT
TGC TGC CAG TCT GGA C-3', and the probe
sequence being 5'-TGT GCA CAG GAG CCA
AGA GTG AAG A-3.

Standard Curve Sample Preparation

The standard curve samples used for RTQ
RT-PCR were prepared by serial dilution of a
specific RNA sample to cover the range of 5 to
500 ng. The serially diluted samples were
aliquoted and stored at -80°C until use.

RT-PCR Procedure

The amplification mixture (50 (L) contained 50
ng of sample RNA, x 5 TagMan EZ buffer (10
(L), 25 mmol/L manganese acetate (6 (L), 300
mol/L dATP, dCTP, and dGTP, 600 pumol/L
dUTP, 5 units of rTth DNA polymerase, 0.5
units of AmpErase uracil N-glycosylase
(UNG), 200 nmol/L GCR (or TBP) forward
and reverse primers, and 100 nmol/L GCR
(or TBP) probe (all from Perkin-Elmer
Applied Biosystem). The rTth DNA
polymerase had both RTase and Taq
polymerase activity. The thermal cycling
parameters were an initial step of 2 minutes at
50°C, 30 minutes at 60°C for reverse
transcription, 5 minutes at 95°C for deactivation,
and then 40 cycles at 94°C for 20 seconds and

62°C for 1 minute for the melting and combined

annealing and extension phases of the PCR
reaction. Each assay included duplicate standard
curve samples, a no-template control, and
triplicate total RNA samples. All samples with
a coefficient of variation (CV) higher than 10%
were retested.

Detection of Fluorescence Emission and
Quantification of VEGF mRNA and IL-8
mMRNA

Fluorescence emission from the reporter dye
(FAM-6-carbosy-fluorescein, peak fluorescence
emission at 518 nm) was detected online in real
time using an ABI prism 7,700 sequence
detection system (Perkin-Elmer Applied
Biosystem). The amount of GCR mRNA 1n the
cell lines or tumor sample, standardized to the
TBP mRNA, was expressed as follows:
-[DELTA]CT = -[CTGCR - CTTBP]. The ratio of the
amount of GCR mRNA/amount of TBP mRNA
was then calculated as 2™ x K (K indicates
constant).

The -[DELTA]C: was analyzed as both a
continuous and dichotomous variable. The
median value was used as the cutoff to

distinguish between low and high levels of
GCR mRNA expression.

Satistical Analysis

Independent t test was used to assess the
correlation of GCR contents with the effect
of DEX.
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DEX Affects Either Growth or
Chemosengitivity in 7 of the 14 carcinoma
Cdl Lines

DEX (0.01-1.0uM) inhibited cell
growth in MCF-7, MCF-7/MXR1,
MCF-7/TPT300, and HelL a cells. However,
DEX alone, up to 20 uM, was not toxic to the
other 10 cdll lines, including AGS, N87,
SNU1, SiHa, Caski, Hep3B, Hut 7, TWOL1,



TWO04, and H460. The latter 10 cell lines
were further tested for the effect of GC on
the chemosensitivity of carcinoma cells
toward cisplatin, doxorubicin, 5FU, and taxol.
Pretreatment of SiHa cellswith 1 uM DEX
for 3 hours decreased the 1Csg of cisplatin
from 18.6£1.9 uM to 9.7£2.0 uM. This
cytotoxicity-enhancing effect could be
observed even when the concentration of

DEX wasaslow as 1 nM (data not shown).

In contrast, DEX dlightly decreased
chemosengitivity toward cisplatin,
doxorubicin, 5-FU, and taxol in H460 and
Hep3B cells. DEX had no effect on the
chemosensitivity of AGS, N87, SNU1, Hut-7,
Caski, NPC-TWO01, and NPC-TWO04 célls.

GC Effect Correlates wdl with GCR
Content of the Cdlls

The GCR contents of these 14 cell lines
arelisted in Table 1. The GCR contents of
the 7 cell lines affected by DEX were
significantly higher than those of the other 7
cell lines unaffected by DEX (5.2+2.5 x10*
vs. 1.3t1.4 x10* P=0.005) suggesting GCR
is one of the pivotal mediators of the effect of
DEX on carcinoma cell. The GCR content of
human lymphocytes, the internal control for
these experiments, was parallely tested and
was within the reported range (2,500 ~ 5,400
sites/cell) [19].

GC-unresponsive GCR-rich Carcinoma
CellsHave Dysfunctional GCR

As shown in Table 1, we noticed that
DEX had no effect on NPC-TWO01 and
NPC-TWO04, two cell lineswith GCR content
as high asthat of the 7 GC-responsive cell
lines. The function of the GCR in these two
cell lines was further examined. As shown in
Fig. 1, MCF-7 cdlls contained endogenous
DEX-responsive GCR while NPC-TWO01 and
NPC-TWO04 cdlls did not. Further, when
NPC-TWO1 and NPC-TWO04 cells were
co-transfected with MMTYV reporter plasmid
and pS-GCR, which contains functional
human GCR gene, the response to DEX was
restored (Fig 1). These data strongly
suggested that the function of endogenous
GCR of NPC-TWO01 and NPC-TWO04 cells
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was probably impaired.

Expression of GCR in GCR-poor Cells
Increasesits Responsivenessto DEX

To further examine whether the GCR
content is pivotal in mediating the
susceptibility to DEX in carcinoma cell, we
transfected pS-hGR to AGS cells, a GCR
low-expressing cell line. The GCR content in
empty vector-transfected AGS cells, and
pooled stably pS-hGR-transfected AGS cells
were 5.2 x 10/cell and 1.42 x 10%cell,
respectively. Treatment of DEX alone has no
effect on cell growth in these cells. However,
asshownin Fig. 2, pS-hGR transfected AGS
cells that expressing high GCR content
became susceptible to the effect of DEX with
increasing drug resistance toward cisplatin.
The GCR content in single cell cloned
pS-hGR transfected AGS cells clone 1, 2, and
3 were 1.54 x 10%cell, 1.32 x 10*/cell, and
5.8 x 10°/cell, respectively. The cells that
express high GCR content (clone 1 and clone
2) were susceptible to the effect of DEX with
increasing resistance toward cisplatin, but
the cells which express low GCR content
(clone 3) remained non-susceptible to DEX
treatment

DEX Suppressed Cisplatin-induced NF-xB
Activation in SiHa Cells

To explore the mechanism underlying
the chemosensitizing effect of DEX in SiHa
cells, EMSA assay of NF-xB DNA binding
activity and reporter luciferase assay of
NF-xB transcription activity were done. As
shown in Fig. 3A, NF-xB DNA binding
activity transiently increased after exposure
to 20 uM (ICsp) cisplatin. This NF-xB DNA
binding activity was blocked by
pre-incubating the cellswith 1 uM DEX (Fig.
3B). While RU486 alone had some intrinsic
effect on the suppression of NF-«B, it could
only partially reverse the effect of DEX on
the suppression of NF-xB DNA binding
activity (Fig. 3B). The transactivating
activity of NF-«B on its cis elements was
further verified in SiHa cells stably
transfected by a reporter construct containing
five NF-xB binding sites. Treatment with



cisplatin (20~200 uM) resulted in the
induction of luciferase activity, which could
be repressed by pretreatment with DEX.
Again, RU486 could partially reverse the
effect of DEX on the repression of NF-xB
activity, while RU486 alone had some
intrinsic effect on the repression of NF-«B
activity (Fig. 3C). The effect of DEX onthe
kB expression in SiHa cells was also
examined. Western blot analysis of
whole-cell protein showed that DEX did not
upregulate the expression of 1xB in SiHa
cells (Fig. 3D). By contragt, in other cell lines,
NF-xB was either not activated by TNF-a or
cisplatin (H460), or cisplatin-activated
NF-xB was not suppressible by DEX
(Hep3B, AGS, SNU1, and N87). These data
suggest that protein-protein interaction
between activated GCR and NF-«B plays a
central role in the chemosensitizing effect of
DEX in SiHacells.

Inhibition of NF-kB Activation Blocksthe
Cytotoxicity-enhancing Effect of DEX in
SiHa Cells

To further examine the role of NF-«B in the
cytotoxicity-enhancing effect of DEX, we
generated a re-combinant plasmid containing
dominant negative IxBa (dnlkBa) gene.
This dnlkBa. protein does not contain the
residues necessary for signal-induced
phosphorylation and proteasome-mediated
degradation of I«Ba, thereby preventing
dissociation and translocation of NF-xB to
the nucleus. The expression of the dnl xBa. in
pooled stably transfected SiHa cells was
verified by Western blot analysis. As shown
in Fig. 4A, the control-pRCMV-transfected
SiHa cells contained only the endogenous
wild-type I«Ba  protein, while the
dnl kBa-pRCMV-transfected SiHa  cells
contained an additional band representing the
truncated exogenous | kBa protein. Results of
EMSA showed that NF-«xB binding activity
was makedly suppressed in the
dnl kBa-pRCMV-transfected cells after either
TNF-a. or cisplatin treatment (Fig. 4B). In
addition, as shown in Fig. 4C, the
cytotoxicity-enhancing effect of DEX in
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dnlkBa-pRCMV-transfected SiHa cells was
abolished. The dnlkBo-pRCMV-transfected
SiHa cells had also become more sensitive to
cisplatin as compared to the
control-pRCMV-transfected SiHa cells(Fig.
4C). These data confirmed that NF-xB plays
a central role in the chemosensitizing effect
of DEX in SiHacells.

Expression of GCR mRNA in Carcinoma
Cell Linesand Human Breast Cancer
Tumor Samples

Real-time RT-PCR of TBP mRNA showed
the integrity of the tumoral RNA to be good.
GCR mRNA expression in breast cancer
tissue (standardized to TBP mRNA) was
exprmd as -[DELTA] Cr= -(CT ccr —Ct
t8pP). Fig 5A show that the level of GCR
MRNA expression correlate well with the
GCR number measured by [°*H] DEX ligand
biding assay. Fig 5B showed that in 10 breast
cancer patients tumor samples, the GCR
MRNA expression is variable, and some of
them has high level of GCR mRNA
expression as compare with the carcinoma
cell lines.

E

This study has demonstrated that GC
affects either growth or chemosensitivity in a
substantial portion of carcinoma cells. Since
GCs are commonly co-administered with
anticancer drugs such as taxanes and
platinums, how GC alter 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 GCR content are
affected. However, how GC will actually
affect the growth of tumors of these cancer
patients remains uncertain since the effects of
GC, asdisclosed in this study, are extremely
diverse and without useful cellular or
molecular predictors.

A direct correlation between GCR



content of the cells and the magnitude of
physiologic response to GC has been
reported in hematologic malignancieq 20].
The sengitivity of many lymphoid cell lines

to GC-induced growth arrest and apoptosisis
directly proportional to intracellular receptor
content [21-23]. Several studies also
identified a correlation between reduced
GCR expression and a poor treatment
response as well as poor prognosisin patients
with acute lymphocytic leukemia, suggesting
that reduced GR expression could lead to
clinica glucocorticoid resistance [19, 24-26].
Our study demonstrated that the
susceptibility to the effect of DEX on cell
growth or chemosensitivity in carcinoma
cellsis aso correlate well with the level of
GCR content. However, the GCR contents of
the GC-responsive carcinoma cells are

amost 10 times higher than that of lymphoid
cells [24-26], suggesting that the cellular
contexts or the signal transduction pathways
for the interaction of GC and GCR are
probably different between these two groups
of célls.

In this study, the only two cell lines,
NPC-TWO01 and NPC-TWO04, which have
relatively high GCR content but not
susceptible to the growth regulatory effect of
DEX, were found to have non-functional
endogenous GCR. Previous studies on both
human and mouse cell lines have shown that
somatic mutation in the GCR geneisthe
principal mechanism for in vitro acquisition
of GC resistance [27-33]. Whether
NPC-TWO01 and NPC-TW04 contain GCR
gene mutations needs to be further
elucidated.

Activated GCR may activate or
suppress gene expression through interaction
with respective positive or negative
cis-acting regulatory elementsin the
promoters regions [34, 35]. Activated GR can
also regulate the expression of GC
responsive genes indirectively through
protein-protein interactions with other
transcription factors such as NF-xB and AP-1
[36-38]. Inactivation of NF-xB or AP-1 has
been shown to alter the vulnerahility of
cancer cellsto several cytotoxic agents [ 39,
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40]. Activation of NF-xB has been
implicated in mediating drug resistance of
cancer cells. NF-xB could be activated by a
variety of stresses, including oxidative stress
and DNA damage (41-46). Activated NF-xB
may prevent the triggering of apoptosis, and
thus result in drug resistance against
DNA-damaging agents (47-50). The
molecular mechanism of NF-xB-mediated
protection of cells remains unclear, but may
involve the up-regulation of caspase
inhibitors (51). In this study, we have
provided evidence that NF-xB plays an
important role in mediating the drug
resistance of SiHa cells. Suppression of
NF-xB activity by dnl xBa. not only
abolished the chemosensitizing effect of
DEX, but also increased the chemosensitivity
of SiHa cellsto cisplatin (Fig. 5B and 5C).
DEX had no effect on cells without
discernable changes of NF-«B. However, it
remains to be clarified why certain
carcinoma cell lines do not have an NF-xB
response to cisplatin or have an NF-xB
response which cannot be attenuated by
DEX.

Our preliminary data have indicated that
suppression of NF-«B is one of the major
mechanism of interacting cisplatin sensitivity
in SiHa cell. However, it remains difficult to
explain the diverse effect of GC on GCR-rich
carcinoma cells [52]. Although high-GCR
content is necessary for aresponse of the
cellsto GC, the diversified and even
contradictory effects of GC on these cells
cannot be smply explained by the amount of
GCR. Our findings suggest that an upstream
switch point at the level of GC-GCR
interaction may work to segregate the
direction of downstream pathways. Recent
studies on the action of androgen receptor
(AR) may provide a possible example for the
diverse effects of GC on carcinoma cells.
Co-regulators of AR have played crucial
roles in determining the ultimate activity of
AR, and the presence or absence of certain
co-regulators may even change the activity of
anti-androgens to become androgens [53, 54].
Several novel co-regulators of GC have also
been found to play important rolesin the
signaling pathway of the GCR [55]. The



possibilities that the specific presence of
certain co-regulators of GCR in different
carcinoma cells may dictate the ultimate
effect of GC need to be clarified.

After asingle oral dose of 7.5 mg of DEX,
the serum concentration of DEX was found
to be around 0.12 uM lasting for 1~3 hours
[56]. However, the serum concentration of
DEX may reach 2 uM after asingle
intravenous infusion of 80~100 mg of DEX
[57]. Since the administration of relatively
high-dose DEX, at the range of 10-50 mg/day,
or its equivalents, is 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 GCR-dependent effect on the growth
or chemosengitivity 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.

EN S LR

In summary, the results of this study
suggest that GC exerts a GCR-dependent
effect on the growth or chemosenstivity in a
substantial portion of carcinomacells. The
clinical relevance and the cellular
mechanisms that dictate the disparate effects
of GC need to be further clarified. The
current results have be submitted for
publication in the peer-reviewed journal.
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Table 1 Correlation of glucocorticoid receptor content with the effect of dexamethasone
carcinoma cells

Cells Origin Effect of DEX GCR (No./cdll)
MCF7 Breast Growth inhibition 6.37 x 10°*
MCF7/TPT300 Breast Growth inhibition 7.43x 10
MCF7/MXR1 Breast Growth inhibition 5.9x 10
HelLa Uterine cervix  Growth inhibition 1.94 x 10"
SiHa Uterine cervix  Increased sensitivity toward cisplatin 8.1 x 10
H460 Lung Increased resistance toward cisplatin, 2.1x 10

doxorubicin, 5FU, and taxol
Hep3B Liver Increased resistance toward cisplatin, 4.3x 10*

doxorubicin, 5FU, and taxol

NPC-TWO01  Nasopharyngeal No effect 4.2 x 10*
NPC-TW04  Nasopharyngeal No effect 2.0x 10
Caski Uterine cervix ~ No effect 7.2x10°
Hut 7 Liver No effect 7.9x 10°
AGS Stomach No effect 5.7 x 10°
N87 Stomach No effect 5.0 x 10°
SNU1 Stomach No effect 1.97 x 10°
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Fig. 1. Functional assay of the GCR in NPC-TWO01 and NPC-TWO04 cells.
NPC-TWO01, NPC-TWO04, and MCF-7 cells were transiently transfected with MMTV
reporter plasmid (lane M and lane M+D) or co-transfected with MMTYV reporter
plasmid and pS-hGR (lane M+G). The cells were then treated with 1 uM DEX for 6
hours (lane M+D and M+G+D). Then the luciferase activity was assayed and
represented in terms of folds of the induction activity of the control (lane M). All
values represent means + standard deviation of 3 experiments.

Fig. 2. Increased drug resistance to cisplatin in pS-hGR-transfected AGS. AGS
cells were transfected with pS-hGR and MTT assay was performed. a Western blot
analysis for GR and B-actin in whole cdll lysate of transfected AGS cells. Lanel:
AGS/GCR-pool, lane 2: AGS/empty vector, lane 3: AGS/GCR-cl, lane 4:
AGS/GCR-c2, lane 5: AGS/GCR-c3. b, ¢, and d Pretreatment with DEX 1 uM for 3
hrs diminished cisplatin cytotoxicity in AGS/GCR-pool, AGSGCR-c1, and
AGS/GCR-c2 cells. eand f Pretreatment with DEX 1 uM for 3 hrs had no effect on
the cisplatin cytotoxicity in AGS/empty vector cells and AGS/GCR-c3.
AGS/GCR-pool: AGS cellstransfected with pS-hGR, pooled cells. AGS/empty vector:
AGS cells transfected with empty vector. AGS/GCR-c1 to ¢3: AGS cells transfected
with pS-hGR, single cell cloned, clone 1 to clone 3. All values represent mean +
standard deviation of 6 separate wells.
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Fig. 3. Effect of DEX and RU486 on cisplatin-induced NF-«B activity. A, Nuclear
extract was prepared and EM SA was performed as described in the Materials and
Methods. Exposure of SiHa cells to cisplatin 20 uM for 3 hours resulted in activation
of NF-«B activity. The TNF-a lane represents positive control. Supershift by anti-p65
antibody verifies the correct band of NF-«B. B, SiHa cells were pretreated with or
without 1 uM DEX and with or without 1 uM RU486 for 24 hours. Cells were then
exposed to 20 uM cisplatin for 3 hours. DEX and RU486 had no effect on NF-«B
(lane 2,3,and 4). Cisplatin activated NF-«B (lane 5), but DEX pretreatment
completely abolished cisplatin-induced NF-«B activation (lane 6). RU486 partialy
abrogated the effect of DEX, but RU486 also had some intrinsic effect in reversing
cisplatin-induced NF-«B activation. C, SiHa cells were stably transfected with
luciferase reporter plasmid containing five NF-xB sites as described in Materials and
Methods. The SIHa/xB-reporter cells were pretreated with or without 1 uM DEX and
with or without 1uM RU486 for 24 hours. Cells were then exposed to 20 or 200 uM
cisplatin for 3 hours. The luciferase activity was assayed and represented in terms of
folds of the induction activity of the control. All valuesin Fig. 3C represent means +
standard deviation of 3 experiments. D, Effect of DEX on IkBa expression. SiHa
cellswere exposed to 1 uM DEX for different durations before harvesting. Western
blot analysis of the whole cell lysates was performed. The protein amount of 1kBa
was not changed after DEX treatment. Abbreviations: CDDP, cisplatin; TNF-a., tissue
necrosis factor-a, N.S., non-specific binding.
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Fig. 4. Effect of DEX on cisplatin-induced NF-xB activity in dominant negative | kB transfected SiHa
cells. A, Western blot analysis for 1xBa in whole cell lysate of control-pRCMV-transfected SiHa cells
and dnl kBo-pRCMV-transfected SiHa cells. An additional band in the lane of

dnl kBa-pRCMV-transfected SiHa cells represents of the exogenous truncated | xBa. protein. B,
Nuclear extract was prepared and EM SA was performed as described in Materials and Methods.
Exposure of control-pRCMV-transfected cells to cisplatin 20uM 3 hours or TNF-o. 30 minutes resulted
in activation of NF-kB (lane 3, 4), which was suppressible by DEX 1 uM pretreatment (lane 8).
Super-shift by anti-p65 antibody verifies the correct band of NF-xB (lane 1). The NF-«B activity was
not increased in dnl xBa-pRCMV-transfected SiHa cells exposed to TNF-a and cisplatin (lane 6, 7). C,
Effect of DEX on the chemosensitivity in dominant negative | kB transfected SiHa cells. Cell numbers
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were measured by MTT assay and plotted as a percentage of the control (cellsnot exposed to the drugs).
The control-pRCMV-transfected SiHa cells pretreated with DEX for 24 hours were still more sensitive

to cisplatin. However, the cytotoxicity-enhancing effect of DEX in dnl xBa-pRCMV-transfected SiHa
cells was abolished.
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