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Study on the effects and mechanisms of action of glucocorticoids and non-steroidal
anti-inflammatory drugs on the drug sensitivity of common solid tumors
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Abstract

Background: Although high-dose of
glucocorticoids (GCs) ae commonly
co-administered with anti-cancer drugs to
prevent drug-induced allergic reaction,
nausea, and vomiting, little is known
regarding the effects of GC on the growth or
chemosensitivity of common  human
carcinomas. Methods. Ten carcinoma cell
lines were randomly selected to assess the
effects of GC on chemosensitivity. Cellular
GC receptor (GCR) content was determined



by using *H-labelled dexamethasone (DEX).
Growth inhibition was estimated by MTT
assay. Cell cycle phases and apoptosis were
analyzed by flow cytometry. DNA-binding
activity of NF-xB was measured by
electrophoretic mobility shift assay (EMSA).
The expression of p53, p21, p27, cyclin D1
and Bcl-2 family was determined by Western
blot. Results : DEX had effects on either
growth or chemosensitivity in 7 of the 14 cell
lines. DEX inhibited cell growth of 4
(MCF-7, MCF-7/MXR1, MCF-7/TPT300,
and Hel @), increased cisplatin cytotoxicity of
one (SiHa), and decreased cisplatin
cytotoxicity of 2 (H460 and Hep3B) cells
lines. 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+25x10* vs 1.3+1.4x10°
P=0.005) suggesting GCR is the pivotal
mediator of the effect of DEX on carcinoma
cel. Further, transfection of a vector
encoding GCR to a GCR low-expressing cell
line (AGYS) increased its susceptibility to the
effect of DEX. The possible mediators of the
heterogeneous effects of DEX on these
carcinoma cells were screened. The growth
inhibitory effect of DEX was found
associated with cell cycle phase regulation.
DEX induced p21 up-regulation and G1
arest in MCF-7, MCF-7/MXR1, and
MCF-7/TPT300; and caused G2/M arrest in
HelLa cells. The cell cycle phases of al other
cell lines were not affected by DEX. The
cytotoxicity-enhancing effect of DEX on
SiHa célls correlated well with its effect on
NF-xB activity: DEX suppressed
cisplatin-induced NF-«B activation
exclusively in SiHa cells, and expression of a
dominant-negative truncated IkBoa gene
completely abolish this effect of DEX. The
NF-xB activity of all other cell lines was
either not affected by cisplatin or the
cisplatin-activated NF-xB not suppressible
by DEX. Finadly, DEX up-regulated Bcl-2
exclusively in H460, one of the two cell lines
in which DEX induced cisplatin resistance.
Conclusions GCs affect growth or cisplatin
chemosensitivity in some carcinoma cells.
Whether this in-vitro observation is of

clinica relevance and the molecular

mechanisms mediating the heterogeneous

GCR-dependent effect of GC on carcinoma

cells need to be clarified.
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Glucocorticoids (GC) are commonly
co-administered with anti-cancer drugs in

patients with non-hematological
malignancies for the prevention of
drug-induced alergic reaction or

nausea/vomiting. Non-steroidal
anti-inflammatory drugs (NSAIDs) are also
widely used in the treatment of cancer pain.
Although GC and NSAIDs are known to
affect pertinent cellular signal transduction
pathyways which are related to
carcinogenesis and drug resistance, little is
known regarding the possible influence of
these drugs on the chemosensitivity of cancer
cells.

GC and NSAIDs share several common
biologic effects on the cells. They both
have anti-inflammatory effect and can inhibit
the activity of important cytokines such as
IL-6. GC and NSAIDs are recently found to
inhibit NF-kB .. Further, GC and NSAIDs
may be involved in the regulation of Bcl-x,
and thereby affect the apoptosis of cancer
cells. NSAIDs also inhibit
cyclooxygenase(COX) - | and COX -II
which are closely related to carcinogenesis
and drug resistance.  Since the GC-regul ated
and NSAIDs - regulated genes and
mediators, including IL-6, NF-kB ,Bcl-2
family, and COX-I,Il, are al known factors
related to drug sensitivity of cancers, it is
mandantory for us to examine there role in
the chemosensitizing effect of DEX on SiHa
cells.

The specific ams of the study are: (1) To
systematically examine the influence of GC
and NSAIDs on the drug susceptibility of
common solid tumor cell lines. (2) To clarify
the possible downstream mechanisms

Since GC is so commonly co-administered
with anti-cancer drugs such as cisplatin and
taxanes, and NSAIDs are widely used in the
treatment of cancer pain, results of this study



should have significant impact on the daily
practice of clinical oncology.

DEX Affected Either Growth or
Chemosensitivity in 8 (MCF-7,
MCF-7/IMXR1, MCF-7/TPT300, HelLa,

SiHa, H460, and Hep3B) of the 14 Cdl
Lines Tested

DEX (0.01-1.0uM) inhibited cell
growth in  MCF-7, MCF-7/MXR1,
MCF-7/TPT300, and HelLa cells. However,
DEX aone, up to 20 uM, was not toxic to the
other 10 cell lines, including AGS, N87,
SNU1, SiHa, Caski, Hep3B, Hut 7, TWO01,
TWO04, and H460. To further study the effect
of GC on the chemosensitivity of carcinoma
cells toward anti-cancer agents, we focused
on the 10 cdl lines for which GC did not
cause growth suppression. Pretreatment of
SiHa cells with 1 uM DEX for 24 hours
decreased the ICsy of cisplatin from 18.6 +
19 um to 97 + 20 upuM. This
cytotoxicity-enhancing effect could be
observed even when the concentration of
DEX was a low a 1 nM or even
cotreatment of DEX with cisplatin. In
contrast, DEX dightly decreased
chemosensitivity toward cisplatin in H460
and Hep3B cells. DEX had no effect on the
chemosensitivity of AGS, N87, SNU1, Hut-7,
Caski, NPC-TWO01, and NPC-TWO04 cdlls
toward cisplatin.
Correélation of GCR Content with GC
Effect

The GCR contents of these 14 cell lines
are measured. 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£2.5x104 vs. 1.3£1.4
x 104, P=0.005) suggesting GCR is the
pivotal mediator of the effect of DEX on
carcinoma cell. The GCR content of human
lymphocytes, the internal control for these
experiments, was within the reported range
(2,500 ~ 5,400 sites/cdll) (17).

DEX has no effect on the NPC-TWO01
and NPC-TWO04 cells despite of high GCR
content (4.2 x10%and 2.0 x10* respectively)
noted in these two cell lines. Therefore, we

examined the function of the GCR in these
two cell lines by MMTV-Luc reporter assay.
In MCF-7 cdls transfected with MMTV
reporter plasmid, treatment with DEX
induced luciferase activity. However, in
NPC-TWO1 and NPC-TWO04  cdls
transfected with MMTV reporter plasmid,
treatment with DEX dose not induced
luciferase activity. On the other hand, when
the NPC-TWO1 and NPC-TW04 cells were
co-transfection with MMTV reporter plasmid
and pS-GCR, which contains human GCR
gene, treatment with DEX could induce
luciferase activity in these two cell lines.
These data showed that the function of GCR,
a least in transcription activity on GRE, in

NPC-TWO0land NPC-TW04  «cdls s
impaired.
Transfection of GCR in AGS Cdls

Increased its Susceptibility to the Effect of
DEX

To further examine whether the GCR
content is pivota in mediating the
susceptibility to DEX in carcinoma cdll, we
transfected pS-GCR for increasing the GCR
content to AGS, a GCR low-expressing cell
line, The expression of the total GR amount
in vehicle transfected AGS cells, pooled
stably pS-GCR transfected AGS cells, and
single cell cloned pS-GCR transfected AGS
cells were examined by [°H] DEX binding
assay. The treatment of DEX alone has no
effect on the growth of pS-GCR transfected
AGS célls as examined by the MTT assay.
However, pS-GCR transfected AGS cells that
expressing high GCR content became
susceptible to the effect of DEX on
chemoresistance toward cisplatin.
DEX Caused Cdl Cycle Arrest only in
Growth-suppressible Célls

Among the 14 cell lines tested, DEX
caused cell cycle G1 phase arrest in MCF-7,
MCF-7/MXR1, MCF-7/TPT300 cells, and
G2/M phase arrest in HeLa cells. To examine
the possible mechanism of DEX-induced G1
arrest in these cell lines, the protein level of
cell cycle related protein, including p21, p27,
cyclin D1 and p53, was anayzed by Western
blotting. In MCF-7, MCF-7/MXR1, and
MCF-7/TPT300 cédlls, the p21 level increased
after DEX treatment. There was no change



of p21 level after DEX treatment in the other
7 cdl lines. The level of p27, cyclin D1,
and p53 were not affected by DEX treatment
inal cell lines tested.

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

To explore the mechanism underlying
the chemosensitizing effect of DEX in SiHa
cells, EMSA assay of NF-xkB DNA binding
activity and reporter luciferase assay of
NF-xB transcription activity were done.
NF-«B DNA binding activity transiently
increased after exposure to 20 uM (ICsp)
cisplatin. This NF-xB DNA binding activity
was blocked by pre-incubating the cells with
1 uM DEX. 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 pretreament with DEX. The effect of DEX
on the 1kB expression in SiHa cells was also
examined. Western blot anadysis of
whole-cell protein showed that DEX did not
upregulate the expression of IkB in SiHa
cells. By contrast, in other cell lines, NF-xB
was either not activated by TNF-o 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-xB plays a centra
role in the chemosensitizing effect of DEX in
SiHacdlls.

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 (dnlxBa) gene. This
dnlxBa protein does not contain the residues
necessary for signal-induced phosphorylation
and proteasome-mediated degradation of
IxBa, thereby preventing dissociation and
translocation of NF-xB to the nucleus. The
expression of the dnlxBa in pooled stably
transfected SiHa cells was verified by
Western blot analysis. the control-pRCMYV -
transfected SiHa cells contained only the

endogenous wild-type IkBa protein, while
the dnlxBo-pRCMV-transfected SiHa cells
contained an additional band representing the
truncated exogenous | kBa protein. Results of
EMSA showed that NF-xB binding activity
was markedly  suppressed in  the
dnlkBa-pRCMYV -transfected cells after either
TNF-a or cisplatin treatment. In addition, the
cytotoxicity-enhancing effect of DEX in
dnlxBa-pRCMV-transfected SiHa cells was
abolished. The dnlxkBa-pRCMYV -transfected
SiHa cells had also become more sensitive to
cisplatin as compared to the
control-pRCMV-transfected SiHa  cdlls.
These data confirmed that NF-xB plays a
central role in the chemosensitizing effect of
DEX in SiHacells.

DEX Up-regulated Bcl-2 Expression
Exclusively in H460 Célls

To explore the mechanisms of DEX-induced
cisplatin resistance in H460 and Hep3B cdlls,
the expression of Bcl-2, Bax, and Bcl-X s
was examined by Western blot analysis. In
H460 cells, Bcl-2 protein was up-regulated
by DEX treatment; while BAX, and Bcl-X /s
were not affected. In contrast, none of these
protein levels was affected by DEX in Hep3B
cells.

NSAIDs have no effect on
chemosensitivity on these cells.

The effect of NSAIDs on the
chemosensitivity on these cell lines has also
been tested. Aspirin, indomethasin,
piroxicam were selected as representative
NSAIDs. The maximum non-toxic dose of
these NSAIDs were selected to pretreat these
15 carcinoma cell lines. Then the effect on
the chemosensitivity of taxol, cisplatin, 5-FU,
doxorubicin were tested by the MTT test. We
found that NSAIDs has no effect on the
chemosensitivity on these cells.

the

This study has clearly demonstrated that
GC affects either growth or chemosensitivity
in a substantial portion of carcinoma cells.
Since GC are so commonly co-administered
with anticancer drugs such as taxanes and
platinums, these effects of GC may have to
be taken into consideration in the treatment



of cancer patients. It may not be difficult to
identify those carcinoma patients who are
going to be affected by GC, since, as
demonstrated in this study, only cells with
high GCR content are affected. However,
how GC will affect these cancer patients
remains unknown. As demonstrated in this
study, the effects of GC on various
carcinomas are extremely diverse. It is
therefore mandatory to identify the cellular
mechanisms that dictate the ultimate effect of
GC.

A direct correlation between GCR
content and the magnitude of the physiologic
response to GC has been reported (1). The
sensitivity of many lymphoid cell lines to
GC-induced growth arrest and apoptosis is
directly proportional to intracellular receptor
content (2-4). This study clearly
demonstrated that the susceptibility to the
effect of DEX on cdl growth or
chemosensitivity in carcinoma cells are also
correlate well with the level of GCR content.
However, the GCR contents of the carcinoma
cells on which GC has an effect is amost 10
times higher than that of lymphoid cells (2-4),
which are usualy supersensitive to GC,
suggesting that the cellular contexts and the
signal transduction pathways for GC-GCR
are different between these two groups of
cells.

In this study, we found that DEX
inhibits  cell growth in  MCF-7,
MCF-7/MXR1, MCF-7/TPT300, and HelLa
cells. Pardlel to this growth inhibition, DEX
causes Gl arest in the MCF-7,
MCF-7/MXR1, MCF-7/TPT300 cel lines,
and G2/M arrest in HelLa cells. DEX had no
effect on the regulation of the cell cycle in
the 10 cel lines on which DEX had no
growth inhibitory effect. It has recently been
shown that in some cell types, the level of
p21 increases in response to GCR activation
(5, 6). Naumann et a. reported a
p53-independent p21 accumulation after GC
treatment in a glioma cdl line (7). A GC
responsive region in the p21 promoter has
been localized to a binding site for
CCAT/enhancer-binding protein o. (C/EBPa)
(8, 9), expression of which is GCR inducible

(20). In this study, DEX induced p21
expression exclusively  in MCF-7,
MCF-7/MXR1, and MCF-7/TPT300 cells.
This may partly explain the mechanism of
DEX-induced G1 arrest in these cdls.
However, we do not observe the expression
of p21 induced by DEX in HelLa cdls,
suggesting the diversified effects of GC is
cell-context dependent.

GCR exerts its cellular effect by two
distinctive pathways, either transactivation of
specific genes or direct protein-protein
interaction with other transcriptional factors.
Upon binding to its ligands, cytoplasmic
GCR enters the nucleus, dimerizes, binds to
specific DNA sequences called
glucocorticoid response elements (GRES),
and transactivates target genes, such as those
for tyrosine aminotransferase and alanine
aminotransferase (11). However, some major
effects of GC, including anti-inflammatory
and immunosuppressive effects, are achieved
by regulating genes that do not contain GREs
in their promoters (12, 13, 14). The
suppression of NF-xB activity has been
suggested to be the major mechanism of the
anti-inflammatory effect of GC (15-18).
Activated GCR physically interact with Rel
A, the subunit of NF-xB, and thereby
suppress the activation of NF-xB (15-18).
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 (19-23). Activated NF-xB may
prevent the triggering of apoptosis, and thus
result in drug resistance against
DNA-damaging agents (24-27). The
molecular mechanism of NF-xB-mediated
protection of cells remains unclear, but may
involve the up-regulation of caspase
inhibitors (28). 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 dnlxBo not only abolished
the chemosensitizing effect of DEX, but also
increased the chemosensitivity of SiHa cells
to cisplatin. DEX had no effect on cells
without discernable changes of NF-xB.



As expected, we do not observe the
similar phenomena on H460 and Hep3B cells,
on which DEX induced a drug resistance. It
remainsto 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. DEX has been
reported to suppress drug-induced apoptosis
in a human gastric cancer cell line, probably
through regulation of bcl-2 gene family (29,
30). The products of the bcl-2 gene family
regulate pertinent cellular pathways for
apoptosis in response to a variety of stimuli
(31). Our results aso showed that
DEX-mediated up-regulation of Bcl-2 were
found exclusively in H460 cells, suggesting
that the chemoresistance-inducing effect of
GC was partly mediated via regulation of the
Bcl-2 family. However, the mechanism of the
chemoresistance-inducing effect of GC in
Hep3B cellsremains elusive.

Multidrug exporter proteins may have
played a role in mediating GC-induced drug
resistance. Donald et al. reported that GCs
including DEX are capable of inhibiting the
function of P-glycoprotein of mouse
thymoma cell line and human lymphoblastic
leukemic cell lines (51). On the other hand,
Anthony et a. reported that DEX
up-regulates the activity of P-glycoprotein of
an immortalized rat brain endothelial cell line
(33). GC has aso been shown to regulate the
expression of MDR-1 gene (34, 35).
Although cisplatin is not a substrate of the
multidrug exporter proteins, we have
screened the effect of DEX on the expression
and function of ABC, and we found no
evidence that MDR-1, MRP or other
multidrug exporters have played a role in
mediating GC-induced change of drug
sensitivity.

Our data have shown that GC exerts
multi-functional effects on different types of
cells and involved different phases of cell
cycle control. The effects and the
downstream mechanisms of GC on
carcinoma cels are diverse. Although
high-GCR content is necessary in the
response to GC, the diversified effects of GC
cannot be explained simply by the amount of

GCR. These 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 the possible
explanation for the diverse GC effects.
Co-regulators of AR may play crucial rolesin
determining the ultimate activity of AR, and
the presence or absence of certan
co-regulators may even change the activity of
anti-androgens to be androgenic (36, 37).
Several novel co-regulators of GC have also
been found to play important roles in the
signaling pathway of the GCR (38).
Clarification of whether co-regulators of
GCR play arole in segregating the direction
of downstream pathways in GC-treated
carcinoma cells is mandatory.

After asingle ora dose of 7.5 mg DEX,
the serum concentration of DEX was found
to be around 0.12 um for 1~3 hours (39).
However, the serum concentration of DEX
may reach 2 uM after a single intravenous
infusion of 80~100 mg (40). Since the
administration of high dose DEX is widely
used for the prevention of cisplatin-induced
nausea/vomiting, the possible effect of GC
on the chemosensitivity of some selected
cancers needs to be seriously considered. In
summary, the results of this study suggest
that GC exerts a GCR-dependent effect on
the growth or chemosensitivity in a
substantial portion of carcinoma cells. The
clinica relevance and the cdlular
mechanisms that dictate the disparate effects
of GC need to be further clarified.
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