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Abstract. – BACKGROUND: Recent studies
showed that dexamethasone (DEX) could render
cancer cells resistant to paclitaxel (PTX) induced
apoptosis though an unknown mechanism.

AIM: This study aimed to evaluate the influence
of DEX pretreatment on the anti-tumor effect of
PTX in an in vivo xenograft model with grafted
ovarian cancer SKOV-3 cells innude mice.

MATERIALS AND METHODS: The xenograft
procedure was performed, and the nude mice
were grouped into four cohorts of ten that re-
ceived the following treatments: Control group,
DEX group, PTX group and DEX+PTX group. Indi-
vidual treatments were administered once every
three days for a total of 6 courses. The growth of
tumors and the inhibition rates were measured.
Changes in tissue morphology and cellular ultra-
structure were observed using light and transmis-
sion electron microscopy. Immunohistochemistry
was performed to examine the expression of Ki-
67, Bcl-xL and cleaved caspase-3.

RESULTS: Premedication with DEX reduced
the inhibitory effect of PTX on tumor growth by
approximately 20% compared to the PTX-only-
treated group in the ovarian carcinoma xeno-
grafted mice. Hematoxylin-eosin (H&E) staining
revealed that significantly fewer cells exhibited
vacuolization and apoptosis in the DEX + PTX
group compared to the PTX group. Apoptotic
characteristics including karyopyknosis, nuclear
chromatin condensation along the nuclear mem-
brane and aggregation were observed in both
DEX+PTX and PTX groups under electron mi-
croscopy. However, these characteristics were
less significant in the DEX+PTX group than
those in the PTX group. The immunohistochem-
istry demonstrated that protein expression lev-
els of Ki-67 and Bcl-xL were significantly in-
creased, whereas cleaved caspase-3 decreased
in the DEX+PTX group, compared to PTX group
(p < 0.0125).

CONCLUSIONS: DEX inhibits the therapeutic
efficacy of PTX in a human ovarian carcinoma
SKOV-3 xenograft model.
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Introduction

Paclitaxel (PTX) is a natural antitumor agent
with significantly therapeutic effect against solid
tumors, particularly for advanced inoperable ovar-
ian cancer and metastatic ovarian cancer after
failure of first-line or multiple chemotherapies1-4.
However, the use of PTX may produce severe or
lethal side effects such as hypersensitivity5-6.
Thus, dexamethasone (DEX) is routinely used as
a premedication in the clinical application of pa-
clitaxel to prevent hypersensitivity reactions. In-
terestingly, recent studies have shown that DEX
could render cancer cells resistant to PTX in-
duced apoptosis, though the underlying mecha-
nisms are largely unknown7-9. Thus, it is of great
clinical interest to investigate whether DEX inter-
feres with the therapeutic efficacy of PTX via the
inhibition of PTX-induced apoptosis in human
ovarian cancer. The present study used an in vivo
model, of which human ovarian carcinoma
SKOV-3 cells were xenografted into nude mice,
to determine the effects and possible mechanisms
of DEX on the antitumor efficacy of PTX. The
obtained results have potential implications to
properly applying DEX and the developing new
routes of PTX administration in clinical practices.

Materials and Methods

Cell Culture
Human ovarian serous adenocarcinoma cell

line, SKOV-3 was kindly provided by Dr. Xiu-Li
Shang (Department of Neurophysiology, Affiliat-
ed First Hospital, China Medical University, Chi-
na). The SKOV-3 cell line was routinely main-
tained in Rosswell Park Memorial Institute (RP-
MI) 1640 medium (Gibco, Grand Island, NY,
USA) supplemented with 10% hormone-stripped
fetal calf serum (FCS) (the Center of Biotechnol-
ogy, Fudan University, China). The cells were
grown at 37°C in a humidified atmosphere of 5%
CO2 and were passed every 2-3 days.
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Inoculation of Tumor Cells
All animal studies have been approved by Chi-

na Ethics Committee and performed in accor-
dance with the ethical standards. BALB/c (nu/nu)
mice (female, age: 4-8 weeks, weight: 18-22 g)
were purchased from the Shanghai Laboratory
Animal Center, the Chinese Academy of Sci-
ences [Certificate number: SCXK (Shanghai)
2003-0003]. The mice were bred in a specific
pathogen-free (SPF) environment at the Animal
Laboratory in Shanghai Laboratory Animal Cen-
ter, Chinese Academy Science [approval number:
SYXK (Shanghai) 2004-0011].

SKOV-3 cells in a logarithmic growth phase
were collected by standard trypsin digestion. Vi-
able cells were quantified to adjust the total cell
concentration to be 1-3×107/ml. Mouse skin was
disinfected at the point of injection. A total vol-
ume of 100-200 mL of the cell suspension was
injected subcutaneously in the right flank of the
intercostal space in each mouse.

Collection and Inoculation of Tumor Tissue
The nude mice were sacrificed using cervical

translocation when a successfully inoculated pri-
mary tumor reached 0.8-1.0 cm in diameter. The
subcutaneous tumor was harvested and cut into
slices with a diameter of 1-2 mm. A 12-gauge sy-
ringe was used to collect the small tumor speci-
mens, which were then subcutaneously inoculat-
ed into a new nude mouse. This inoculation pro-
cedure was completed within 30 min after the
harvesting of the primary tumor from the body.

In vivo Treatment of DEX and PTX
The nude mice were randomly divided into

four groups of ten animals each when the average
diameter of the tumors reached 6-7 mm in 8-10
days after tumor formation: (1) control group; (2)
DEX group: 1 mg/kg DEX (Sigma Chemical
Co., St Louis, MO, USA) intraperitoneally; (3)
PTX group: 20 mg/kg PTX (Bristol-Myers
Squibb Co., New York, NY, USA) intravenously;
(4) DEX+PTX group: 1 mg/kg DEX (ip) fol-
lowed by 20 mg/kg PTX (iv) after 12 hours. Indi-
vidual treatments were administered once every
three days for a total of 6 courses.

Evaluation of Xenografts in Nude Mice
The largest (a) and smallest diameters (b) of

the xenografts were measured using calipers on
the day after treatment administration during the
entire treatment period. The xenograft volume (v)
was calculated according to the formula: V =

π×ab2/6. The evaluation of treatment efficacy was
based on comparisons between the experimental
and the control groups. The tumor growth curve
was plotted after treatment using the tumor vol-
umes from the indicated times. The animals were
sacrificed after treatment, and the tumors were
harvested and weighed. The inhibition rates (IR)
of tumor growth were calculated according to the
following formula: IR = (average tumor weight
of control group – average tumor weight of treat-
ment group)/average tumor weight of control
group×100%10.

Histopathological Analysis of Xenografts
The subcutaneous xenografts were obtained

from the nude mice and fixed in 10% neutral for-
malin. The xenografts were then embedded in
paraffin wax, sectioned and stained using hema-
toxylin-eosin (H&E). Histological studies were
performed under a light microscope.

Quantification of Protein Expression
Using Semi-Quantitative Immuno-
Histochemical Analysis

Two-step visualization systems from DakoEn-
VisionTM were applied. The primary antibody
was substituted with phosphate-buffered solution
(PBS) in the negative controls. The positive con-
trols were histological sections of ovarian carci-
noma with known expressions of Ki-67, Bcl-xL
and cleaved caspase-3. Semi-quantitative analy-
sis was performed according to the scoring stan-
dard described previously11. Ten high-power
fields (400 magnifications) from each slide were
randomly selected and examined under a light
microscope. The scoring was performed accord-
ing to staining intensity (i.e., score 0 = no stain;
score 1 = light stain; score 2 = medium stain; and
score 3 = dark stain) and the percentage of posi-
tively stained cells (i.e., score 0 = no stain; score
1 = smaller than 25 % cells; score 2 = 25-50 %
cells; score 3 = more than 50 % cells). The scores
of staining intensity and the percentage of posi-
tively stained cells were summed, and the follow-
ing score ranges were defined, as a summation
score of 0-2 indicating negative expression (-), a
summation score > 2 positive expression, a sum-
mation score of 3-4 weak positive expression (+)
and a summation score of 5-6 strong positive ex-
pression (++). Ki-67 expression was localized to
the nuclei as light brownish-yellow granules,
while Bcl-xL and cleaved caspase-3 expression
were localized in the cytoplasm, cell membranes
and brownish-yellow granules.
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0.01). Moreover, the volumes of the tumors from
the PTX group were significantly smaller than
the one of DEX+PTX group (p < 0.05).

Changes in Tumor Weight and Tumor
Growth Rate Inhibition of SKOV-3
Xenografts in Nude Mice

The different treatment groups exhibited the
following tumor weights: 1.43±0.13 g for the
control group; 1.53±0.16 g for the DEX group;
0.79±0.09 g for the DEX+PTX group; and
0.52±0.06 g for the PTX group. The differences
between the control group and the DEX+PTX
and PTX groups were significant (p < 0.01). The
tumor growth inhibition rates of the DEX+PTX
and PTX groups were 44.76% and 63.64%, re-
spectively, and the rate of DET+PTX group was
18-25 % smaller than the rate of PTX group (p <
0.01). Our results demonstrated that pretreatment
with DEXsignificantly attenuated the therapeutic
efficacy of PTX.

Histological and Morphological
Examination of DEX-mediated
Suppression on the PTX-induced Effect
on SKOV-3 Xenografts in Nude Mice

Most of the cells in the PTX group were en-
larged and exhibited significantly less cytoplasm
(typical characteristics of apoptosis) compared to
the other groups. The DEX+PTX group exhibited
significantly fewer tumor cells with vacuolization
or apoptosis, compared to the PTX group (Figure
2).

Alterations in Cellular Ultrastructure
Under Electron Microscopy

The majority of the cells in the DEX and con-
trol groups exhibited clear cell membrane, cell
volume and normal morphology. The nuclei were
located in the center of the cells with regular mor-
phologies (i.e., oval shape). The border of the nu-
clear membrane was clear. Chromatin was distrib-
uted equally in the nuclei. The nucleoli were evi-
dent and of adequate sizes (Figure 3). Most cells
in the PTX group exhibited a clear cell membrane
with karyopyknosis and irregular morphologies,
heterochromatin condensation, condensed chro-
matin adjacent to the nuclear membrane and ag-
gregation, cell atrophy or partial collapse phe-
nomena. These features are typical characteristics
of apoptosis at various stages. These characteris-
tics were also observed in the DEX+PTX group.
However, apoptotic cells in the DEX+PTX group
were less frequent compared to PTX group.
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Statistical Analysis
All of the data in this study were analyzed us-

ing the statistical software, SAS8.2 and are pre-
sented means ± standard deviations. Compar-
isons between multiple groups were performed
using an analysis of variance (ANOVA) followed
by the least significant difference t (LSD-t) test
for multiple means comparisons. p < 0.05 was
considered statistically significant. Non-paramet-
ric statistics were applied when appropriate. A
non-parametric process model was used for fur-
ther comparisons in case there are statistically
significant differences between the four groups
(α = 0.00714).

Results

Effect of DEX on Tumor Growth
Inhibition Induced by PTX in SKOV-3
Xenografts in Nude Mice

Changes in the Volume of SKOV-3
Xenografts in Nude Mice

The largest (a) and smallest diameters (b) of
the SKOV-3 xenografts were measured using
calipers on the day after treatment administration
during the entire treatment period. The xenograft
volume (V) was calculated according to the for-
mula: V = π×ab2/6. The changes in volume over
time in each group are presented in Figure 1. The
volumes of the tumors from the PTX and
DEX+PTX groups were significantly smaller
than the volume of tumor in control group (p <

Figure 1. The effects of various treatments on the volumes
of xenografts in nude mice. Xenograft volumes in the con-
trol and DEX treated groups were highest, and the volume
of tumor in DEX+PTX group was smaller, compared to
PTX-treated group, which had the smallest volume of
xenografts.
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Effects of DEXon the Cell
Proliferative Marker Ki-67

We used immunohistochemistry to analyze the
cell proliferative marker Ki-67. No significant
differences in the expression of Ki-67 were ob-
served between the DEX and control groups (p >
0.05). The expressions of Ki-67 in both treatment
groups (DEX+PTX and PTX) were significantly
lower than that in the control group (p < 0.0125).
The tumor cells in the DEX+PTX group exhibit-
ed higher expression levels of Ki-67, compared
to PTX group (p < 0.0125) (Table I). Using a
conventional light microscope, Ki-67 expression
was clearly observed to be localized in nuclei as
light brownish-yellow granules (Figure 4A).

Effect of DEXon the Protein Expression
of Bcl-xL and Cleaved Caspase-3

No significant differences in Bcl-xL and
cleaved caspase-3 protein expression were ob-
served between the control and DEX groups (p >
0.05). However, significant differences were ob-
served between the DEX+PTX and PTX groups
(p < 0.0001). Tumor cells in the DEX+PTX
group demonstrated higher expression levels of
Bcl-xL protein but lower expression of levels of
cleaved caspase-3, compared to the PTX group
(p < 0.0001) (Table I). The expression of Bcl-xL
and cleaved caspase-3 were observed in the cyto-

plasm and cell membranes as light brownish-yel-
low granules under a conventional light micro-
scope (Figure 4B and C).

Discussion

There have been notable changes in first-line
chemotherapy against ovarian cancer, including
the use of paclitaxel. Study by the American
Gynecologic Oncology Group (GOG) demon-
strates that combination therapy with taxol and
cisplatin exhibits superior efficacy vs. the tradi-
tional regimen of cisplatin and cyclophos-
phamide and reduces the recurrence and mortal-
ity rates of ovarian cancer by 28% and 34%, re-
spectively. The results from the International
Collaborative Ovarian Neoplasm trial (lCON)
also reveale that combined chemotherapy with
taxol and cisplatin reduces the recurrence rate
of ovarian cancer by 34%12. Therefore, com-
bined chemotherapy with taxol and cisplatin is
the first choice for first-line chemotherapy in
ovarian cancer. Unfortunately, hypersensitivity
reactions are potential adverse effects of
PTX7,13. Minor hypersensitivity reactions are
characterized by a redness of the face, skin
rashes and body formication, and severe hyper-
sensitivity reactions are characterized by hy-

Figure 2. H&E staining of tumor sections with different treatments. A, Control group; B, DEX group; C, DEX+PTX group;
D, PTX group. Most cells in the PTX group were enlarged and exhibited significantly less cytoplasm than the cells inother
groups. Tumor cells exhibited vacuolization and apoptosis in the DEX+PTX group, but the degree was less significant com-
pared to the PTX group (200 magnifications).

Figure 3. Alterations in cellular ultrastructure under transmission electron microscopy (X 10,000). A, Normal cells; B, early-
stage apoptotic cells; C, mid-stage apoptotic cells; and (D) late-stage apoptotic cells.



potension, bradycardia, bronchospasm and ana-
phylactic shock, which may lead to death14-17.
DEX (20 mg) is routinely administered orally as
a premedication 6 and 12 hours before the clini-

cal application of PTX to prevent the appear-
ance of hypersensitivity. However, recent stud-
ies have suggested that DEX selectively inhibits
chemotherapy-induced apoptosis in tumor cells.

Figure 4. Immunohistochemical staining of cell proliferative marker Ki-67, Bcl-xL protein and cleaved caspase-3 protein in
SKOV-3 xenografts in nude mice with the different treatment groups.

Markers Groups View Expression X2 p-value

– + ++

Ki-67 Control 100 16 61 23
DEX 100 18 57 25 0.0180* 0.9856
PTX 100 90 7 3 10.0160*# < 0.0001
DEX+PTX 100 63 20 17 5.4178*# < 0.0001

Bcl-xL Control 100 23 50 27
DEX 100 25 47 28 0.0083* 0.9272
DEX+PTX 100 68 21 11 35.6494* < 0.0001
PTX 100 87 9 4 77.0391*# < 0.0001

Cleaved Control 100 77 15 8
caspase-3 DEX 100 73 20 7 0.3104* 0.5774

DEX + PTX 100 57 27 16 8.8836* 0.0029
PTX 100 31 48 21 37.9111*# < 0.0001

Table I. Expression of Ki-67, Bcl-xL, and cleaved caspase-3 protein in four groups.

*Compared with the control group, #compared with the DEX + PTX group.
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Thus, whether pretreatment with DEX inter-
feres with the therapeutic efficacy of PTX
through the inhibition of PTX-induced apopto-
sis in tumor cells is of great interest in clinical
research. To gain an insight of the possible
mechanisms, we established an in vivo nude
mice model bearing ovarian carcinoma
xenografts to study the differences between the
PTX-treatment (20 mg/kg intravenous injection)
and pretreatment of DEX (1 mg/kg peritoneal
injection 12 hours before PTX, which is close to
the clinical dosage). Our findings showed that
tumor growth inhibition rates were 44.76% and
63.64% with the treatments of DEX+PTX and
PTX, compared to control condition, respective-
ly. The tumor growth inhibition rate in the PTX
group was 18-25% higher than the rate in the
DEX+PTX group (p < 0.01). Therefore, pre-
treatment with DEX significantly reduced the
anti-tumor effect of PTX on ovarian carcinoma
xenografts in nude mice.

The inhibitory effect of DEX on PTX -in-
duced apoptosis was accidentally discovered in
an estrogen/androgen-induced leiomyosarcoma
cell line (DDT1 MF2) in which the cell-killing
activity of PTX is significantly reduced by DEX
pretreatment18. The inhibitory effect of DEX on
PTX may not relate to cell cycle control because
glucocorticoids have no impact on PTX-mediat-
ed arrest of mitosis or cell cycle19. Several lines
of evidences have shown that the inhibitory ef-
fect of DEX on the therapeutic activity of PTX
seems to be apoptosis-specific because PTX-me-
diated mitotic arrest or cell cycle distribution is
unaffected or marginally affected by the
steroid20-22.

It is well known that caspase-3 is the effector
caspase in apoptosis and can be activated by irra-
diation, chemotherapeutics, or members of the
tumor necrosis factor family23-26. Therefore, DEX
may reduce the PTX-induced expression of key
elements of the cell death receptor pathway, such
as cleaved caspase-3, in ovarian cancer. We ana-
lyzed the activities of the antiapoptotic protein,
Bcl-xL and cysteine protease caspase-3, down-
stream factors in the apoptotic pathway, to char-
acterize the mechanisms of the inhibitory effect
of DEX on PTX-induced apoptosis. The results
demonstrated that pretreatment with DEX up-
regulated the expression of Bcl-xL but down-reg-
ulated the activity of caspase-3. This result sug-
gested that DEX inhibited PTX-induced apopto-
sis in SKOV-3 cells via the induction of Bcl-xL
expression and reduction in caspase-3 activity.

Conclusions

We demonstrated that pretreatment with DEX
significantly inhibited the therapeutic efficacy of
PTX in our nude mouse model bearing a human
ovarian carcinoma xenograft. Though the exact
mechanism of the antagonistic effect of DEX on
the activity of paclitaxel is not clear, our findings
demonstrated that dexamethasone interfered with
the medical effect of PTX and inhibited PTX-in-
duced apoptosis. These results may advance our
understanding of the proper clinical use of dex-
amethasone. Novel routes of administration for
PTX may be developed for future clinical prac-
tice to prevent adverse effects without reducing
the therapeutic efficacy of PTX.
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