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Abstract

Purpose: To determine the effect of paclitaxel octreotide conjugate (POC) on human ovarian paclitaxel-
resistant cell xenograft tumor model and the mechanism underlying reversal of paclitaxel resistance.
Methods: Forty female BALB/c-nu/nu mice were subcutaneously inoculated with 108 paclitaxel-resistant
cells (a2780/taxol) per mouse during the logarithmic growth phase of ovarian cancer. They were
randomly divided into four groups (control, octreotide, paclitaxel and POC). Immunohistochemical
streptavidin-peroxidase (SP) method was used to determine expression of nuclear proliferation antigen
(PCNA) while TUNEL method was used to assess apoptosis of human ovarian cancer metastasis. Real-
time polymerase chain reaction (PCR) was used to assay mRNA expression levels of somatostatin
receptor 2 (SSTR2), multidrug-resistant gene (MDR1), vascular endothelial growth factor (VEGF),
matrix metalloproteinase-9 (MMP-9), and acetylated tubulin (a-tubulin and [-lllI-tubulin), while the
corresponding protein expressions were assayed using western blotting.

Results: Immunohistochemical SP showed significantly lower PCNA levels in octreotide, paclitaxel and
POC groups than in control mice, but that of POC mice was significantly reduced, relative to those of
octreotide and paclitaxel groups (p < 0.05). There were significantly higher expression levels of SSTR2
mRNA and protein in octreotide, paclitaxel and POC groups than in control mice, but they were
significantly higher in POC group than in octreotide and paclitaxel groups (p < 0.05). The mRNA and
protein expressions of other factors in POC mice were significantly lower than those in both octreotide
and paclitaxel groups (p < 0.05).

Conclusion: Paclitaxel-octreotide conjugate effectively inhibits the growth of a2780/taxol xenografts in
nude mice, induces tumor cell apoptosis, and suppresses tumor cell growth via mechanism involving
enhancement of SSTR2 expression, and decreases in levels of acetylated tubulin, matrix
metalloproteinase-9, and vascular endothelial growth factor.
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INTRODUCTION

Ovarian cancer refers to malignant tumors in the
ovaries, and it is currently among the 3 main
malignancies in women. As symptoms do not
show at the early stage of ovary carcinoma,
early diagnosis is relatively difficult. Even if there
are symptoms, they are not specific. In addition,
due to limited screening techniques, most
patients are diagnosed with advanced disease.
Thus, for most subjects, diagnosis of the disease
occurs late, such that its mortality rate is the
highest among gynecological malignant tumors,
and it is the most severe disease that seriously
threatens women's health [1-2]. At present,
platinum and paclitaxel combination is the main
pancreatic chemotherapeutic regimen for
postoperative treatment of ovarian cancer, but
long-term application makes the tumor cells
acquire drug resistance, resulting in poor
efficacy of subsequent chemotherapy [3].
Therefore, the development of novel anti-tumor
medications is crucial for the treatment of
ovarian cancer which ultimately will lead to an
improvement in patients' quality of life [4]. In
recent years, targeted therapy of tumors has
received extensive attention from scholars in the
medical community. Natural somatostatin (SST)
is a cyclic polypeptide that inhibits the secretion
of a variety of hormones. In addition, it inhibits
cell proliferation and promotes cell apoptosis.
The physiological functions of SST occur
through the SSTR of target cells [5-7].
Octreotide is the most representative
somatostatin analogue (SSTA) at present, and it
produces good therapeutic effects on
neuroendocrine tumors, gastrointestinal
bleeding, malignant tumor ascites and other
aspects [8]. Previous studies have found that
paclitaxel octreotide conjugate (POC) has high
targeting ability. Whether in in vivo or nude mice
bearing tumors, paclitaxel octreotide conjugate
suppresses tumor cell growth and increases
cancer cell sensitivity to paclitaxel [9]. In the
present work, the influence of POC on human
ovary carcinoma cells insensitive to paclitaxel
(a2780/taxol) was investigated in nude mouse
xenograft tumor model, and the associated
mechanism linked to reversal of paclitaxel
resistance was also studied.

EXPERIMENTAL
Cell line

Cell line (a2780/taxol) was purchased from
Shanghai QiaoDu Biotech. Co. Ltd, China.

Animals

Female BALB/c-nu/nu nude mice were obtained
from Beijing Weitong Lihua Lab. Animal Technol.
Co. Ltd, China. The average body weight of
mice was 27.5 £ 2.5 g, and the average age was
about 6 + 1 weeks. The mice were housed at
room temperature of 22 - 24 °C, relative humidity
of 40 — 60 %, and noise < 45 dB, and were given
free access to conventional feed (Laboratory rat
maintenance feed, Jiangsu Xietong Medical
Bioengineering Co., Ltd.) and water.

Drugs and reagents

Paclitaxel octreotide conjugate (POC) was
provided by Xi'an Ruixi Biotechnology Co. Ltd,
China. Phosphate-buffered saline (PBS) was
obtained from Shanghai Kemin Biotechnology
Co. Ltd. The other drugs and reagents, and their
suppliers (in brackets) were: fetal bovine serum
(Wuhan Punuosai Life Technology Co., Ltd);
0.25 % trypsin (Amej Technology Co. Ltd),
dimethyl sulphoxide (DMSO) (Beijing
Xinshengyuan Biomedical Technology Co. Ltd);
RPMI 1640 (Hangzhou Jinuo Biomedical
Technology Co. Ltd); paclitaxel (Shanghai
Baoman Biotechnology Co. Ltd); isoflurane
(Shanghai Yuyan Scientific Instrument Co. Ltd);
octreotide (Shanghai Jingke Chemical Technol.
Co. Ltd); hematoxylin and eosin dye solutions
(Asbixin (Shanghai) Biotechnology Co. Ltd);
neutral gum (Hong Kong Gisi Enbei International
Trading Co. Ltd); bicinchoninic acid (BCA)
protein quantitative detection kit (Shenyang
Wanlei Biotechnology Co. Ltd);
radioimmunoprecipitation assay (RIPA) lysing
buffer (Harbin Xinhai Genetic Testing Co. Ltd),
and phenylmethanesulfonyl fluoride (PMSF)
(Shanghai Hengfei Biotechnology Co. Ltd).

Instruments

The instruments used, and the sources were
carbon dioxide (COg) incubator (Shanghai Fuze
Trading Co. Ltd); super clean workbench (Escor
Trading Co., Ltd); inverted phase contrast
microscope (Nanjing Beideng Medical Co. Ltd);
imager in vivo (Suzhou Newman Analytical
Instrument Co. Ltd); embedding machine
(Beijing Jiayuan Xingye Technology Co. Ltd);
pathological microtome (Beijing Jiayuan Xingye
Technology Co. Ltd); upright light microscope
(Puma Precision Medical Technology (Beijing)
Co. Ltd); electric thermostatic water bath box
(Nanjing Beideng Medical Co. Ltd); constant
temperature magnetic mixer (Shanghai Fuze
Trading Co. Ltd); vertical electrophoresis
apparatus  (Hangzhou  Notting  Scientific
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Equipment Co. Ltd), and electric transfer tank
(Guangzhou Jianlun Biotechnology Co. Ltd).

Cell resuscitation and cryopreservation

A suspension of the a2780/taxol cells was
centrifuged at 1000 rpm (revolution per minute)
for 5 min. After discarding the supernatant, 6 mL
of complete medium (10 % fetal bovine serum +
1 % penicillin-streptomycin + 89 % RMPI 1640
medium) was added, and the cell suspension
was aspirated into a cell culture bottle which was
incubated at 37 °C in 5 % carbon dioxide
medium [10]. The medium was refreshed on the
next day, and the cell culture was rinsed in 2 - 3
mL of PBS, followed by digestion using 1 - 2 mL
of 0.25 % trypsin. The digestion was terminated
by addition of 4 mL of complete medium. The
cell suspension was then centrifuged at 1000
rom for 5 min, after which the cells were
aspirated into a cell culture flask in a medium
containing paclitaxel at a concentration of 800
ng/mL and incubated at 37 °C in a 5 % CO:
incubator. On the next day, the medium was
changed, and the cells were rinsed in PBS and
re-digested with trypsin as before. After
digestion, the cells were again centrifuged at
1000 rpm for 5 min, and the free cells were
taken up in 1.5 mL of cell cryopreservation
solution in a cell cryopreservation tube at 4 °C for
30 min, -20 °C for 1 h, and -80 °C overnight [10].
Thereafter, the cells were transferred into liquid
nitrogen for long-term storage.

Establishment of animal model of paclitaxel-
resistant ovarian cancer cells

The a2780/taxol in their logarithmic growth
phase were made into single-cell suspension. A
total of 50 female nude mice were given
subcutaneous inoculation on the right peddler’s
nest close to the posterior, at a dose of 106 cells
per mouse [11]. During the observation period of
4 weeks, the feeding and activity of the nude
mice were monitored every day, and the growth
of transplanted tumors was recorded. After the
cancer grew to a diameter of about 1 cm, 40
female nude mice were randomly divided into
four groups, with 10 mice in each group. The
four groups were control group (injected with 0.1
mL of saline on days 1, 8 and 15 post-cancer
formation); octreotide group (injected with 0.1
mL of 150 nmol/kg octreotide on days 1, 8 and
15 post-cancer formation); paclitaxel group
(injected with 0.1 mL of 150 nmol/kg paclitaxel
on days 1, 8 and 15 post-cancer formation), and
POC group (injected with 0.1 mL of 150 nmol/kg
POC on similar days as before, post-cancer
formation). All injections were given via the tail
vein. The study received approval (no.

HMUA2022011) from the Animal Ethics
Authority of The Fourth Hospital, Hebei Medical
University, Shijiazhuang, China and was
conducted in line with NIH guidelines [12].

Evaluation of parameters

The growth of transplanted tumors in nude mice
in each group was monitored, as well as the
general state of nude mice every day. The short
(D) and long diameters (L) of tumors were
measured using Vernier calipers [13]. The
weight of each nude mouse was also recorded,
and the tumor volume (Tv) was calculated
according to Eq 1 [14].

TV = (LXD22 oo (1)

On the 15" day after drug injection, the nude
mice were euthanized (cervical dislocation),
transplanted tumors were stripped, the volumes
of transplanted tumors were measured, and the
tumor inhibition rate was calculated as shown in
Eq 2.

Tumor inhibition (%) =
TV(study))/Tv(blank)}100 ............... (2)

{(Tvlank—

where Tv = average tumor volume.
Hematoxylin & eosin (H&E) staining

Fresh tissue was fixed in 4 % formalin for more
than 48 h and subjected to routine dehydration,
embedding, and sectioning [15]. Sections were
passed through xylene I (20 min), xylene I for
another 20 min, water-free alcohol (10 min),
water-free hexanol I (10 min), 95 % ethanol
(for 5 min), 90 % ethanol (another 5 min), and in
80 and 70 % alcohol (5 min each), in that order,
after which they were rinsed in distilled H20.
This was followed by staining with Harris
hematoxylin (for nuclei) for 3 - 8 min, and
differentiation using 1 % alcoholic hydrochloric
acid, blue-black coloring using 0.6 % NHs, and
rinsing in H20. Then, counter-staining with eosin
(for cytoplasm) was done, and the stained
samples were dehydrated, sealed, examined

microscopically, and analyzed using image
acquisition [15].
TdT-mediated dUTP nick end labeling

(TUNEL) assay

Cervical dislocation was used for sacrificing
mice in all groups, and tumor tissues were
isolated and snap-frozen [16]. Three tumor
tissue specimens were randomly taken from
each group, embedded in optimal cutting
temperature compound (OCT) mixture
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(embedding agent), frozen, and sliced into 4-ym
frozen sections, followed by apoptosis assay
using TUNEL assay kits in line with the
instructions of the manufacturers. The apoptosis
in the sections of the four groups was examined
under the light microscope, and the apoptotic
cells were identified by the presence of brownish
yellow particles in the cells or brownish yellow
color of the whole cell [16].

Immunohistochemical streptavidin-
peroxidase (SP) method

The transplanted tumor tissues of nude mice
were fixed and preserved with 4 %
paraformaldehyde [17]. After the morphological
characteristics of tumor cells were examined
using conventional H & E staining, the
expression of nuclear-proliferating antigen
(PCNA) in subcutaneous xenografts of nude
mice was determined using
immunohistochemical SP method. The tumor
tissues were subjected to conventional paraffin
embedding, sectioning, dewaxing and hydration,
followed by addition of rabbit anti-human PCNA
monoclonal antibody working solution and
overnight incubation at 4 °C. Then, the slices
were PBS-rinsed 3 times, followed by incubation
with  horseradish peroxidase-conjugated 2°
immunoglobulin working solution at laboratory
temperature for 30 min. The slices were rinsed
thrice with PBS, and subjected to 3,3-
diaminobenzidine (DAB) color development,
followed by hematoxylin comparative staining.
Quantitative real-time chain
reaction (QRT-PCR)

polymerase

Complete RNA extraction was done with TRIzol
reagent, and the RNA was reverse-transcribed
to cDNA, followed by PCR amplification.
Relative mRNA expressions were calculated
using 2-284Ct method [18].

Immunoblot assay

Total cellular and tissue protein extractions were
done using RIPA reagent. Proteins in samples
were quantified using the bicinchoninic acid
assay (BCA) method [19]. Then, the proteins
were subjected to SDS-PAGE and transferred to
polyvinylidene difluoride filaments (PVDF) which
were thereafter blocked with 5 % fat-free milk
solution. Then, the membranes were incubated
overnight at 4 °C with relevant primary
antibodies, followed by incubation with horse
radish peroxidase-conjugated secondary
antibody at room temperature for 2 h. The bands
were subjected to enhanced
chemiluminescence, and relative protein

expression levels were calculated using gel
image analysis [19].

Statistics

The data analysis was done using SPSS 20.0
software. All measurement data are expressed
as mean + standard deviation (SD), and t-test
was used for comparison between groups.
Count data are expressed as percentages, and
comparisons between groups were done with x?
test. Differences were considered statistically
significant at p < 0.05.

RESULTS
Tumor volume and mass of human
ovarian metastatic tumor

The tumor volumes were significantly lower in
the octreotide, paclitaxel and POC groups than
in control mice, but tumor volume was
significantly lower in POC-treated mice than in
both octreotide and paclitaxel groups (p < 0.05).
The body weight of the POC group was
significantly higher than those of the octreotide
and paclitaxel groups (p < 0.05; Table 1).

Table 1: Tissue volume and body mass of human
ovarian cancer metastatic tumor in nude mice of each

group

Group Tumor volume Body mass (g)
(mm?)

Control 805.0+15.38 -

Octreotide  328.79+10.852 60.95+3.75

Paclitaxel 214.35+6.95ab 73.88+4.51b

POC 90.71+5.392b.¢ 89.56+3.480¢

ap < 0.05, vs. control; °p < 0.05, vs. octreotide group;
°p < 0.05, vs. paclitaxel and octreotide groups. Values
are mean = SD

Table 2: Apoptosis of human ovarian cancer
metastatic tumor tissues in nude mice of each group

Group Apoptosis (%)
Control 8.68+1.26
Octreotide 18.93+2.022
Paclitaxel 19.68+1.832
POC 34.83+3.742b

3P < 0.05, compared with control group; ®p < 0.05,
compared with octreotide and paclitaxel groups;
Values are mean + SD
Apoptosis of human ovarian
metastatic tumor tissues

cancer

Results from TUNEL showed significantly higher
(p < 0.05) percentage apoptosis of tumor tissues
in all groups, when compared to control mice,
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with POC group showing the most significant (p
< 0.05) degree of apoptosis in comparison with
the octreotide and paclitaxel groups. These
results are shown in Table 2.

Histo-morphological characteristics of
A2780/taxol cell metastasis

The octreotide, paclitaxel and POC groups had
different  degrees  of necrotic lesions,
inflammation-associated cell infiltrates, and
fibrotic lesions, as well as small amounts of
nuclear pyknosis and lysis, relative to control
mice (results not shown), but the effect on POC
mice was significantly better than those on the
other two groups (p < 0.05).

Table 3: PCNA expression in human ovarian cancer
metastasis tissues of nude mice in each group

Group PCNA expression
Control 2.06 +0.23
Octreotide 1.19+£0.152
Paclitaxel 1.32+£0.172
POC 0.64 + 0.072P°

ap < 0.05, compared with the control group; °p < 0.05,
compared with the octreotide and paclitaxel groups;
Values are presented as mean + SD

Expression level of PCNA in human
ovarian cancer metastasis tissue

Immunohistochemical SP showed significantly
lower expression levels of PCNA in cancer
tissues in all the groups than in control mice,
and lower PCNA levels were seen in the POC
group than in octreotide and paclitaxel groups (p
< 0.05; Table 3).

MRNA expressions of associated factors

There were significantly  higher mRNA
expression levels of somatostatin receptor 2
(SSTR2) in tumor tissues of octreotide, paclitaxel
and POC groups compared to the control group,
but it was significantly higher in the POC group
than in the octreotide and paclitaxel groups (p <
0.05). The tissue mRNA expressions of the
multidrug-resistant gene (MDR1), vascular
endothelial growth factor (VEGF), matrix
metalloproteinase-9 (MMP-9), and acetylated
tubulin in all the groups were significantly lower
than those of the control, with the POC group
showing the most significant effects when
compared with the paclitaxel and octreotide
groups (p < 0.05; Table 4).

Protein levels of associated factors

There were significant upregulations of SSTR2
protein in octreotide, paclitaxel and POC groups,
relative to control mice (p < 0.05). Interestingly
the protein expression level of SSTR2 was noted
to be significantly higher in the POC group than
in both the octreotide group and paclitaxel
groups (p < 0.05). In contrast, protein levels of
MMP-9, a-tubulin, -II tubulin, VEGF and MDR1
were significantly reduced in POC group, relative
to octreotide and paclitaxel groups (Table 5).

DISCUSSION

The combined use of platinum and paclitaxel is
the preferred chemotherapy for ovarian cancer at
present [20]. However, it is associated with
serious drug resistance which leads to relapse in
some patients, and hence treatment failure.

Table 4: SSTR2, MDR1, VEGF, MMP-9 a-tubulin 3; comparison of I - tubulin mMRNA expression

Group SSTR2 MDR1 a-Tubulin B MmM-tubulin VEGF MMP-9
Control 1.26+0.08 0.89+0.11 1.02+0.25 1.02+0.21 1.05+0.31 0.96+0.21
Octreotide  1.97+0.152 0.41+0.182 0.63+0.212 0.82+0.232 0.89+0.342 0.86+0.252
Paclitaxel 3.85+0.332>  0.53+0.262P 0.51+0.142b 0.69+0.172>  0.68+0.282P 0.61+0.192P
POC 8.07+0.862P¢  0.09+0.022P¢  0.11+0.062P¢ 0.26+0.043P¢ 0.18+0.03*P¢  (0.21+0.08 ab¢

ap < 0.05, vs. control; ’p < 0.05, vs. octreotide-treated mice; °p < 0.05, vs. paclitaxel-treated mice. Values are

mean = SD

Table 5: Comparison of protein levels of factors among the groups

Group SSTR2 MDR1 a-Tubulin BII—-tubulin VEGF MMP-9
Control 1.20+0.16 1.19+0.24 1.12+0.35 1.1540.25 1.12+0.23 0.97+0.22
Octreotide 1.52+0.312 0.78+0.192 0.93+0.312 0.98+0.222 0.81+0.182 0.75+0.162
Paclitaxel 1.89+0.292P  0.89+0.242P  (0.85:0.21aP 0.76x0.17%  0.95:0.12a°b 0.69+0.122b
POC 3.18+0.413b¢  0.31+0.08*P¢  0.65+0.162P¢  0.34+0.053P¢  0.54+0.062¢  0.21+0.042b¢

ap < 0.05, compared with control group; Pp < 0.05, compared with octreotide group; °p < 0.05, compared with

paclitaxel group. Values are mean + SD
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Molecular boot therapy, a typical representative
of which is SSTR, has become the focus of
interest due to its advantages of enhanced drug
effectiveness and low toxic side effects [21].
Presently, octreotide a somatostatin analogue is
widely used in clinics and has a long half-life and
strong effect. It inhibits neuroendocrine tumors,
gastrointestinal tumors, breast cancer, and
leukemia. By combining with the SSTR of the
target cells, it produces low adverse response
during clinical use [22]. Octreotide inhibits the
proliferation of SSTR2-expressing cells. Most
tumor tissues express SSTR2. Therefore, some
studies have coupled somatostatin analogues
with doxorubicin anticancer compounds and
found that these complexes produced whiplash
and toxic effects on cancer cells expressing
SSTR, while the toxicity to normal tissues was
low. It has been reported that coupling SST
analogues with paclitaxel enhanced the Kkilling
effect of paclitaxel on breast cancer cells and
their stem cells [23]. The protein PCNA is
present only in normal proliferating and tumor
cells. Recent studies have found that PCNA is
closely related to cellular DNA synthesis; it
regulates cell proliferation, and it is a good
indicator of cell proliferation [24].

In this study, the tumor volumes of all the groups
were significantly lower than those of the control
group, and the tumor volume of the POC group
was lower than those of the octreotide and
paclitaxel groups. Mice in POC had significantly
higher weights than mice in octreotide and
paclitaxel groups. This indicates that the tumor
tissue in the POC group was significantly
inhibited and the growth rate was significantly
slowed down. TUNEL assay showed a higher
percentage apoptosis of tumor tissues in
octreotide, paclitaxel and POC groups than in
control mice, and percentage apoptosis was
higher in POC group than in octreotide and
paclitaxel groups. This suggests that compared
to a single paclitaxel or octreotide, POC
significantly promoted apoptosis of tumor tissue
cells. The immunohistochemical SP method
showed that the expressions of PCNA in tumor
tissues of all the groups were significantly lower
than that of the control group, while that of the
POC group was lower than those of the
octreotide and paclitaxel groups. Tumor cells
have strong proliferative activity, and PCNA can
be used as an indicator to evaluate -cell
proliferation status, indicating that POC inhibits
tumor proliferation. There were varying degrees
of cancer necrotic changes, infiltrates of
inflammatory cells, and fibrotic lesions in
octreotide-treated mice, paclitaxel-treated mice,
and conjugate group, as well as low levels of
nuclear pyknosis and lysis, with the impact in

POC mice being the best. Summarizing the
above results, it may be concluded that,
compared to a single intervention with paclitaxel
or octreotide, POC more effectively inhibited
tumor tissue proliferation and induced tumor cell
apoptosis, thereby reversing tumor drug
resistance. Thus, it has practical clinical value.

Studies have shown that SSTA reverses drug
insensitivity through suppression of MDR1
expression regulated by pi3k/Akt signaling
pathway in combination with SSTRla and
SSTR2 [25]. It is known that VEGF is an
important  growth  factor that enhances
angiogenesis and the proliferation and migration
of vascular endothelial cells, and significantly
regulates the permeability of blood vessels. The
MMPs increase the invasiveness of tumor cells
by degrading the extracellular matrix. Thus, high
expression levels of MMP-9 are particularly
related to malignant ovarian cancer. Research
has shown that down-regulation of B-II-tubulin
protein with surface method increased the
sensitivity of ovarian cancer drug-resistant cell
lines to paclitaxel, while its overexpression
resulted in paclitaxel chemoresistance [26]. The
expression of a-tubulin is increased in drug-
resistant cell lines of breast cancer. Reducing its
expression level increased the susceptibility of
drug-insensitive cells to chemotherapy. It has
been established that MDR1 is a multidrug
resistance gene, and its overexpression reduces
intracellular drug concentration, leading to drug
resistance of tumor cells. In this study, the
MRNA and protein expressions of SSTR2 were
significantly higher in the octreotide, paclitaxel
and POC groups than in the control group, and
they were significantly higher in POC group than
in the octreotide and paclitaxel groups. The
MRNA and protein expressions of MMP-9, a-
and B-1II tubulins, VEGF, and MDR1 in the POC
mice were significantly lower than the
corresponding expressions in the octreotide and
paclitaxel groups. These results suggest that the
anticancer mechanism of POC is associated
with suppression of MMP-1, MDR1, a- and p-II-
tubulin and VEGF, and enhancement of SSTR2
expression.

CONCLUSION

This study has demonstrated that POC
effectively inhibits the growth of a2780/taxol
xenografts in nude mice, induces tumor cell
apoptosis, and inhibits tumor cell proliferation. Its
anticancer mechanism is likely due to
suppression of MMP-1, MDR1, a- and (-II-
tubulin and VEGF, and enhancement of SSTR2
expression.
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