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行政院國家科學委員會專題研究計畫期中進度報告 
 
皮質類固醇影響上皮細胞癌生長及化學藥物敏感性機轉之

研究並探討與癌細胞反應模式相關之分子分類 
 

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

 
一、中文摘要 

 

皮質類固醇除本身對於某些血液腫瘤

具細胞毒性之外，也常與抗癌化學藥物併

用以治療因化學藥物引起之噁心、嘔吐及

過敏反應等副作用。雖然類固醇己被証實

可以影響多種細胞之重要訊息傳遞徑路，

其中有些與癌細胞抗藥性有關。然而我們

對類固醇類藥物對於與一般癌細胞生長以

及化學藥物感受性可能產生之影響仍所知

極少。釐清這個問題對臨床腫瘤治療將會

有重要影響。 
在我們先前的研究中，我們隨機選擇

了十四株癌細胞株有系統地進行研究以解

答這個問題。Dexamethasone（DEX）被
選為皮質類固醇代表藥物。我們已發現： 
DEX確實對癌細胞株（十四株之中的七株）
的生長以及化學藥物感受性有影響。DEX
對癌細胞的影響呈現異質性而且似乎是彼

此互斥的。且此影響是皮質類固醇受體—
依賴性的。在我們今年的進一步研究中我

們發現 
1. 為了尋找可能造成 DEX對癌細胞株的
生長以及化學藥物感受性異質性影響

的機轉或決定性因子(determinant 
factor)，我們研究皮質類固醇受體共同
協調因子(steroid receptor 
co-regulator)在這些細胞的表現。我們
發現這些對 DEX有著不同反應的癌細
胞中皮質類固醇受體共同協調因子

(steroid receptor co-regulator)的表現
各有不同。而且其中有許多共同協調因

子之表現量本身亦受到皮質類固醇受

體所影響。 
2. 利用即時定量 RT-PCR測定，以及利用
免疫組織化學染色檢驗一百多位病患

的(肺癌、乳癌、子宮頸癌)癌細胞檢體
我們發現在不同病人的癌細胞中的皮

質類固醇受體含量有高有低。我們推測

臨床上有一定比例之癌細胞含有高濃

度皮質類固醇受體，並可能對 DEX有
感受性。 

3. 在我們先前的研究發現 DEX在 SiHa
細胞所造成的化學藥物致敏感效應與

其對 NF-kB的調控有著高度相關。透
過轉殖含有 dominant negative IkB的
plasmid進入 SIHa cells中以抑制
NFkB活性，我們發現原先 DEX提高
SiHa細胞對 cisplatin的化學藥物感受
性的現象消失。而在我們進一步的研究

發現在 SiHa細胞中皮質類固醇受體確
實會與 NFkB有直接作用(dirrect 
protein-protein interaction)。 

4. 我們另外發現 DEX會直接作用於
MCF7細胞的 p21 promoter 上造成
p21的向上調控，表現量增加進而造成
細胞週期 G1 arrest, 抑制癌細胞的生
長。  
 

關鍵詞：皮質類固醇、癌細胞、化學藥物

感受性 
 
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. In our previous study, we have 
demonstrated that DEX had mutually 
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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 HeLa), 
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. In this study, we 
further explore the mechanism and the 
determinant factor on the diverse effect of 
DEX effect on the cancer cells. Methods: 
Twenty one steroid receptor co-regulators 
were examined by RT-PCR in these 14 
cancer cell lines. Chromosome 
immuno-precipitate with anti-GCR antibody 
and then PCR for the promoter area of these 
co-regulators was performed. Quantitative 
RT-PCR for GCR and immunohistochemico 
stain for GCR was performed in breast, lung 
and cervical cancer patient’s tumor 
specimens.    Results: The expressions of 
the steroid receptor co-regulators of these 
cells are examined. Correlation with the 
difference between expression of the 
coregulators and DEX responsiveness were 
also examined. Furthermore, the expressions 
of some of the co-regulators were influenced 
by the GCR. In human cancer samples, we 
demonstrated that some of the breast, lung 
and uterine cervical cancer do express high 
level of GCR. In MCF7 cells, we found DEX 
induced p21 up-regulation and caused G1 
phase arrest of MCF-7. Addition of excess 
amounts of a structure homologue of DEX, 
RU486, completely abolished the growth 
suppression effect of DEX, suggesting that 
DEX act via GCR-related signal transduction 
pathways. Furthers, DEX has no effect on the 
growth of MCF-7/GCR(-), an MCF-7 
subclone contains vary low levels of GCR 
(<1x103/cell). Compared with MCF-7, 
MCF-7/GCR(-) contains no detectable level 
of CBP300, HDAC1, and significantly lower 
levels of NCOR1, TIF2, GCN5L2, and 
ARA70. Transfection of GCR RNAi to 
MCF-7 cells also resulted in no detectable 
level of CBP300, HDAC1, and significantly 
lowers levels of NCOR1, TIF2, GCN5L2, 
and ARA70. Transfection of human GCR to 

MCF-7/GCR(-) restored the expression of 
GCR and all these co-regulators and 
sensitivity to DEX in MCF-7/GCR(-) cells. 
Chromosome IP with anti-GCR antibody and 
PCR study showed positive result with TIF-2, 
imply the possibility of direct regulation of 
TIF-2 expression by GCR. In SiHa cells, we 
demonstrated that the The 
cytotoxicity-enhancing effect of GC in SiHa 
cells correlated well with its effect on 
abrogating the cisplatin-induced activation of 
NF-κB. Expression of a dominant-negative 
truncated IκBα 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. 
 
二、緣由與目的 

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 
clinical practice to prevent drug-induced 
allergic 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 
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cisplatin in C6 glioma cells [7]. Weller et al. 
also reported a DEX-mediated cytoprotection 
in glioma cell 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 our previous study, we have 
demonstrated that DEX had mutually 
exclusive effects on either growth or cisplatin 
sensitivity in 7 of the 14 cancer cell lines. 
DEX inhibited cell growth of 4 (MCF-7, 
MCF-7/MXR1, MCF-7/TPT300, and HeLa), 
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
×104 vs 1.3±1.4×104, P=0.005).Only two 
DEX-unresponsive cell lines (NPC-TW01 
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 cell 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. 
 In this study, we further explore the 
mechanism and the determinant factor on the 
diverse effect of DEX effect on the cancer 
cells. 
三、方法 

1. Fourteen cancer cell lines were tested, 
including: SiHa cells (human cervical 
carcinoma), HeLa, Caski cells (human 
cervical carcinoma), H460 cells (human 
lung carcinoma), Hep3B, Hut 7 cells 
(human hepatocellular carcinoma), and 
MCF-7 cells (human breast cancer) 

MCF-7/MXR1 and MCF-7/TPT300 
cells, NPC-TW01 and NPC-TW04 cells 
(nasopharyngeal cancer) AGS, N87, and 
SNU1 cells (human gastric cancer). 

2. Growth inhibition was estimated by 
MTT assay 

3. The expression of 27 coregulators were 
examined by RTPCR. 
Immunohistochemical stain for GCR 
and  

4. The effects of DEX on cell cycle phases 
and cell cycle regulators were examined 
by Western blot and flow cytometry 
study. 

5. Transfection of GCR RNAi expression 
vector into MCF-7 and transfection of 
GCR-Expressing Vector into 
MCF-7/GCR(-) by Lipofectamine 2000 

6. Chromatin immuno-precipitate with 
anti-GCR antibody and then PCR for 
CBP300, HDAC1, NCOR1, TIF2, 
GCN5L2, and ARA70.  

7. The physical interaction between GCR 
and NFkB were examined by 
immunoprecipitate assay. 

  
四、結果 
   

Expression Profiles of the Co-regulators 
the 14 Carcinoma Cell Lines   

In order to explore the mechanism and 
the determinant factor on the diverse effect of 
DEX effect on the cancer cells, we examined 
the expression of 21 steroid receptor 
co-regulators in these 14 carcinoma cell lines. 
The 14 carcinoma cancer cells represented 4 
groups of different DEX responses; including 
growth inhibitory, increase chemsensitivity, 
decrease chemosensitivity, and DEX 
non-responsive. The co-regulators including: 
coactivators: SRC1, (NCOA1), TIF2a 
(NCOA2), AIB1 (NCOA3), ARA70 
(NCOA4), ARA54 (RNF14), TIF1, CARM1, 
SRCAP P300 (EP300), CBP (CREBBP), 
GCN5L2, PCAF, BRG1(SMARCA4), 
hBRM (SMARCA2), SNF5 (SMARCB1), 
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BAF60b (SMARCD2), Corepressors: 
NCOR1, SMRT (NCOR2), REA, HDAC1, 
HDAC2, HDAC3, SIN3B (KIAA0700), 
SAP18, SAP30, MTA1, MTA1L1. We found 
that the expression levels of these 
co-regulators are different in different groups 
of cancer cells. The correlation of these 
different expressions in co-regulator there the 
diverse DEX responsiveness are under 
further investigation. We also found that the 
expression of some of the co-regulator is 
regulated by the GCR. The detail pathway of 
the regulation is under investigation.   
Expression of GCR in Carcinoma Cell 
Lines and Human Cancer Tumor Samples 

We examine the expression of GCR in 
human carcinoma samples. 
Immunohistochemical staining for GCR were 
performed in over 130 tissue samples from 
human breast, lung and uterine cervical 
cancer tissues. And the real-time RT PCR 
was performed in 20 of these samples to 
validate the quantitation of GCR expression, 
especially in comparison with the carcinoma 
cell lines that have been tested in our 
previous studies. We found that the 5 of the 
42 breast cancer tissue sample and 30 of the 
74 non-small cell lung cancer and 14 of 20 
cervical cancer tissue samples express very 
high level of GCR. In non-small cell lung 
cancer, the expression level of GCR has no 
correlation with the age, gender, cell 
type(adenocarcinoma or squamous cell 
carcinoma). 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 expressed as -[DELTA] CT = 
-(CT GCR –CT TBP). The level of GCR mRNA 
expression correlate well with the GCR 
number measured by [3H] DEX ligand biding 
assay.  
 
Glucocorticoids (GC) enhance p21 
expression and induce G1 phase cell cycle 
arrest in MCF-7 cells. The possible role of 
GC receptors and their co-regulator 
We found that dexamethasone (DEX), at 

clinically achievable concentration 
(0.01-1.0µM) inhibits cell growth of MCF-7 
cells while induces no cellular apoptosis.  

DEX induced p21 up-regulation and 
caused G1 phase arrest of MCF-7. Addition 
of excess amounts of a structure homologue 
of DEX, RU486, completely abolished the 
growth suppression effect of DEX, 
suggesting that DEX act via GCR-related 
signal transduction pathways. Furthers, DEX 
has no effect on the growth of 
MCF-7/GCR(-), an MCF-7 subclone contains 
vary low levels of GCR (<1x103/cell). 
Compared with MCF-7, MCF-7/GCR(-) 
contains no detectable level of CBP300, 
HDAC1, and significantly lower levels of 
NCOR1, TIF2, GCN5L2, and ARA70. 
Transfection of GCR RNAi to MCF-7 cells 
also resulted in no detectable level of 
CBP300, HDAC1, and significantly lowers 
levels of NCOR1, TIF2, GCN5L2, and 
ARA70. Transfection of human GCR to 
MCF-7/GCR(-) restored the expression of 
GCR and all these co-regulators and 
sensitivity to DEX in MCF-7/GCR(-) cells. 
Chromosome IP with anti-GCR antibody and 
PCR study showed positive result with TIF-2, 
imply the possibility of direct regulation of 
TIF-2 expression by GCR. 

Direct Physical Interaction of GCR and 
NF-kB may Inhibit NF-κB Activation and 
Blocks the Cytotoxicity-enhancing Effect 
of DEX in SiHa Cells  
In our previous study, we have demonstrated 
that DEX Suppressed Cisplatin-induced 
NF-κB Activation in SiHa Cells. To further 
examine the role of NF-κB in the 
cytotoxicity-enhancing effect of DEX, we 
generated a re-combinant plasmid containing 
dominant negative IκBα (dnIκBα) gene. This 
dnIκBα protein does not contain the residues 
necessary for signal-induced phosphorylation 
and proteasome-mediated degradation of 
IκBα, thereby preventing dissociation and 
translocation of NF-κB to the nucleus. The 
expression of the dnIκBα in pooled stably 
transfected SiHa cells was verified by 
Western blot analysis. The 
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control-pRCMV-transfected SiHa cells 
contained only the endogenous wild-type 
IκBα protein, while the 
dnIκBα-pRCMV-transfected SiHa cells 
contained an additional band representing the 
truncated exogenous IκBα protein. Results of 
EMSA showed that NF-κB binding activity 
was markedly suppressed in the 
dnIκBα-pRCMV-transfected cells after either 
TNF-α or cisplatin treatment. In addition, the 
cytotoxicity-enhancing effect of DEX in 
dnIκBα-pRCMV-transfected SiHa cells was 
abolished. The dnIκBα-pRCMV-transfected 
SiHa cells had also become more sensitive to 
cisplatin as compared to the 
control-pRCMV-transfected SiHa cells. 
These data confirmed that NF-κB plays a 
central role in the chemosensitizing effect of 
DEX in SiHa cells. To test whether the 
inhibition of NFkB activity were through 
activation of IKB by the GCR or the direct 
physical protein-protein interaction, we 
examined the expression of the IKB in SiHa 
cell under different time points of DEX 
treatment. We also examined the 
protein-protein interaction by 
immunoprecipitation study. We found that 
the expression of IkB was not influenced by 
the treatment of DEX. However, the 
immunoprecipitate study did show that the 
GCR physically interact with the NFkB in 
SiHa cells. The histidine tag pull-down assay 
showed that there is interaction between the 
C-terminal of GCR and the NFkB. 

  

四、討論 
In the present study, we examined the 

mechanism DEX on the chemosensitivity of 
14 carcinoma cell lines and steroid receptor 
co-regulator expression in these cell lines. 
We found that GC exerted a GCR-related 
differential effect on the growth or 
chemosensitivity of the majority of 
carcinoma cells. The co-regulator profiles 
were also explored. 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. 
 

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, as disclosed 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 malignancies[20]. 
The sensitivity of many lymphoid cell lines 
to GC-induced growth arrest and apoptosis is 
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 prognosis in patients 
with acute lymphocytic leukemia, suggesting 
that reduced GR expression could lead to 
clinical glucocorticoid resistance [19, 24-26]. 
Our study demonstrated that the 
susceptibility to the effect of DEX on cell 
growth or chemosensitivity in carcinoma 
cells is also correlate well with the level of 
GCR content. However, the GCR contents of 
the GC-responsive carcinoma cells are 
almost 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 cells.  
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The expressions of the GCR have not 
yet been examined in cancer tissues. In this 
study, we examined the expression of GCR 
by the immunohistochemical stain and 
quantitative RT-PCR in human cancer 
samples. The expression level between the 
result of immunohistochemical stain and 
quantitative RT-PCR were correlated well. 
We found that some of the human cancer 
tissues do express high level of GCR. 
Therefore, the clinical impact of DEX 
co-treatment with chemotherapy in these 
cancer patients should not be overlooked.  

Activated GCR may activate or suppress 
gene expression through interaction with 
respective positive or negative cis-acting 
regulatory elements in the promoters regions 
[27, 28]. Activated GR can also regulate the 
expression of GC responsive genes 
indirectively through protein-protein 
interactions with other transcription factors 
such as NF-κB and AP-1 [29–30]. 
Inactivation of NF-κB or AP-1 has been 
shown to alter the vulnerability of cancer 
cells to several cytotoxic agents [31, 32]. 
Activation of NF-κB has been implicated in 
mediating drug resistance of cancer cells. 
NF-κB could be activated by a variety of 
stresses, including oxidative stress and DNA 
damage (33-36). Activated NF-κB may 
prevent the triggering of apoptosis, and thus 
result in drug resistance against 
DNA-damaging agents (37-40). The 
molecular mechanism of NF-κB-mediated 
protection of cells remains unclear, but may 
involve the up-regulation of caspase 
inhibitors (41). In this study, we have 
provided evidence that NF-κB plays an 
important role in mediating the drug 
resistance of SiHa cells. Suppression of 
NF-κB activity by dnIκBα 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-κB. 
Furthermore, we demonstrated that the GCR 
C-terminal is physically interacted with the 
NFkB. However, it remains to be clarified 
why certain carcinoma cell lines do not have 

an NF-κB response to cisplatin or have an 
NF-κB response which cannot be attenuated 
by DEX.  

Our preliminary data have indicated that 
suppression of NF-κB 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 [42]. Although high-GCR 
content is necessary for a response of the 
cells to GC, the diversified and even 
contradictory effects of GC on these cells 
cannot be simply 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 [43, 44]. 
Several novel co-regulators of GC have also 
been found to play important roles in the 
signaling pathway of the GCR [45]. 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. In this study, 
we have examined the expression of the 
steroid  
After a single oral dose of 7.5 mg of DEX, 
the serum concentration of DEX was found 
to be around 0.12 µM lasting for 1~3 hours 
[46]. However, the serum concentration of 
DEX may reach 2 µM after a single 
intravenous infusion of 80~100 mg of DEX 
[47]. 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 
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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. 
 
五、計畫成果自評 

 
In the present study, we examined the 

effects and mechanisms of DEX on the 
chemosensitivity of 14 carcinoma cell lines. 
We also explored the expression profiles of 
steroid co-regulators in these cells, and 
examined the expression of GCR in human 
cancer tissue samples. 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. 

The current results have beeen 
submitted for publication in the 
peer-reviewed journal. 
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