
Abstract. Background/Aim: Desmopressin is a synthetic
analogue of the antidiuretic hormone vasopressin. It has
recently been demonstrated to inhibit tumor progression and
metastasis in breast cancer models. Docetaxel is a
chemotherapy agent for castrate-resistant prostate cancer
(CRPC). In this study, the ability of CRPC cells to grow and
develop in vivo tumors in an animal model was evaluated, in
order to investigate the anti-tumor effect of desmopressin in
combination with docetaxel. Materials and Methods: The CRPC
cell line PC3 was used for orthotopic inoculation in male
athymic nude mice. The mice were randomly assigned to one of
the four treatment groups: Control, docetaxel, desmopressin or
combination therapy. Following the last treatment, tumors were
excised and measured. Blood samples were processed for CTC
analysis. Results: Docetaxel treatment resulted in a significant
reduction in tumor volume compared to control. The
combination therapy resulted in even more significant reduction
(31.2%) in tumor volume. There was a complete absence of
CTCs in the combination group. Conclusion: Our pilot study
demonstrated an enhanced efficacy of docetaxel-based therapy
in combination with desmopressin. 

Docetaxel is a primary chemotherapy agent used for the
treatment of Castration-Resistant Prostate Cancer (CRPC) (1,
2). It is a cytotoxic antimicrotubule agent that binds to the β-
tubulin subunit of microtubulin, resulting in stabilization of
microtubules and prevention of depolymerization, leading to
inhibition of microtubule dynamics, cell-cycle arrest and

eventually apoptotic cell death (3, 4). However, only about
48% of patients have an objective response to docetaxel
treatment with a median survival benefit of 2.5 months. This
is accompanied by a serious adverse event rate of 26-29%. A
non-toxic agent that is able to enhance the efficacy of
chemotherapy without increasing toxicity, would improve the
treatment of CRPC. Therefore, a lower dose of docetaxel could
be employed, resulting in less toxicity and/or more favorable
outcomes. Desmopressin (1-deamino-8-D-arginine vasopressin,
also known as DDAVP) is a synthetic analog of the antidiuretic
hormone vasopressin, that targets multiple physiological
pathways including an oncogenic pathway (5). Desmopressin
inhibits plasminogen activator, a key enzyme involved in the
activation of matrix metalloproteases resulting in invasion and
metastasis. It is a well-tolerated and convenient hemostatic
drug used for von Willebrand’s disease and related forms of
hemophilia. It is also an effective agent in patients with
diabetes insipidus and nocturnal diuresis (6-8). 

In recent years, our group has focused on the effect of
desmopressin in combination with docetaxel in different
prostate cancer cell lines in vitro as well as in preclinical
models including xenograft animal models (9, 10). In
contrast, an orthotopic animal model, has several significant
advantages compared to xenografts. In particular, orthotopic
models have a higher metastatic potential, and likely to result
in detectable circulating tumor cells (11, 12).

Thus, as ‘proof of principle’, the aim of this study was to
evaluate the effect of desmopressin and docetaxel on in vivo
tumor growth and development in an orthotopic animal
model using CRPC PC3 cells.

Materials and Methods
All procedures were carried out in accordance with the Canadian
Council of Animal Care (CCAC) regulations and local animal research
ethics board procedures and approval. Six-week-old male athymic
nude mice (Charles River, QC, Canada) were used for assessment of
the combining effect of desmopressin and docetaxel therapy on PC3
tumor growth in an orthotopic model. The Mice were placed under the
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sterile barrier system with constant temperature and humidity as well
as experimental conditions in accordance with specific pathogen-free
(SPF) standard. Tumor inoculations were done according to the
procedure described earlier by J. Pavese et al. (13). Mice were
anesthetized with inhalational of isoflurane. The injection site was
prepared with iodine-based and alcohol-based solutions and draped in
a sterile fashion. Prior to inoculation, animals were given 100 μl of
meloxicam subcutaneously (1 mg/kg) as a preemptive analgesia. A 0.5
cm midline incision was made above the penis and the peritoneal
cavity was entered using scissors. The ventral lobe of the prostate
gland was identified and the cell suspension 1×106 PC3 cells/animal
(in 20 μl Hank’s Balanced Salt Solution) was injected using a syringe
with 28 ½ G needle. The muscle layer was closed using 4.0 absorbable
vicryl monofilament sutures in a simple interrupted pattern and the
skin layer, using sterile 9 mm staples. During the initial recovery
period, mice were maintained under a heating lamp to prevent
hypothermia until they recovered fully. The meloxicam dose (1 mg/kg)
was repeated 24 h following the procedure. The mice were examined
daily for tumor formation (visible or palpable tumors) for the duration
of the experiment. Body weight of animals was recorded twice weekly.
Following 14 days of inoculation, and a visible/palpable tumor, mice
were randomly assigned to one of the four treatment groups. Groups
(5 animals per group) included: control, 5 mg/kg docetaxel
intraperitoneally, 2 μg/kg body weight desmopressin intravenously, or
combination therapy, where desmopressin was administrated 30 min
prior to docetaxel and 24 h after Each group received treatments bi-
weekly starting 14 days post inoculation, for a total of 3 treatments. 

Two weeks following the third treatment, animals were
euthanized; tumors excised and measured directly using a vernier
caliper. Final tumor sizes and body weight of animals were
separately recorded and compared using one-way ANOVA test.
Blood was collected by cardiac puncture under anesthesia. The
blood samples were then transferred for subsequent CTC analysis. 

The CTC capturing was performed by S. Kelley group at the Leslie
Dan Faculty of Pharmacy, University of Toronto, Toronto, Canada. In
the current study, CTC measurements in whole blood rely on the tagging
of cells with magnetic nanoparticles directed toward a surface marker
EpCAM as a target (14, 15). Nanoparticle-tagged cells were then
captured within a fluidic device, where the retaining magnetic force
overcomes the drag force that opposes capture. The microfabricated
structures were introduced within a fluidic device to create localized
pockets of low flow velocity (velocity valleys), regions that strongly
favored the accumulation of the targeted cells Figure 1. The collected
blood samples were incubated with anti-EpCAM microbeads (anti-
EpCAM (CD326) microbeads, Miltenyi Biotec, Bergisch Gladbach,
North Rhine-Westphalia, Germany) at the ratio of 50:1 (v/v) for 30 min.
The incubated samples were sorted in the flow velocity devices at the
flow rate of 1 ml/h. The captured cells were fixed and immunostained
to distinguish nucleated white blood cells (WBC) from target cells.
Cancer cells were distinguished by a triple stain for cytokeratin (CK+,
Anti-CK19-Alexa Fluor 488; Anti-CK18-FITC; Anti-CK11-Alexa Fluor
488), a nuclear stain (DAPI+), and by confirmation that they were
lacking any staining for CD45 (CD45-, Anti-CD45-APC).

Results
All four groups of animals completed treatments without
major adverse events. No significant toxicity was noted in
any group. There was a significant difference (31%) in
animal body weight gained during the study period between

the group that received the combination therapy and the
control group (mean±SD: 4.5±0.64 Gr vs. 3.08±0.58 Gr.
p=0.006 respectively), while the group receiving docetaxel
alone showed no significant difference in gained body
weight (3.7±1.33 Gr. p=0.37) (Figure 2).

Seven weeks post inoculation, tumor size measurements
were performed after all mice were euthanized and tumors
were excised. Gross anatomy revealed no visible metastases
in the lungs or liver. As seen in Figure 3, the combination
treatment of desmopressin with docetaxel caused a slower
growth of prostate tumors compared to other treatment groups.
The tumors in the combination treatment group were 31.2%
smaller than in the Docetaxel group (mean tumor volume
111.5 mm3 vs. 162.13 mm3, respectively, p-0.3). Treatment
with docetaxel alone resulted in reduced tumor volume by
27% (162.13 mm3), whereas the combination treatment by
51% (111.5 mm3), when compared with the control group
(223.46 mm3), that received no treatment (p=0.09). 

Representative photographs of animals and tumors post
excision are illustrated in Figure 4.

After the animals were sacrificed, their blood was
collected by cardiac puncture for CTC count. CTC count in
the blood from the combination group was zero compared to
mean of 2.0 and 1.5 in the desmopressin and docetaxel
groups respectively (p=0.009) (Figures 5 and 6).

Discussion

In previous studies, our team has demonstrated that
desmopressin enhances the effect of docetaxel on prostate
cancer cell proliferation and migration (16, 17). PC3 and
LNCaP cell lines were used, and anti-proliferative, anti-
migration and anti-invasive effects on prostate cancer cells
in vitro and in vivo were observed. The uPA and its receptor
uPAR are expressed in most solid and invasive cancers
including PC3 cells (18). Our studies have also demonstrated
that desmopressin in combination with docetaxel
significantly inhibited the expression of uPA, MMP-2, and
MMP-9. These results suggested that desmopressin inhibited
cell proliferation and metastasis mediated via the uPA-MMP
pathway. The same study revealed that desmopressin
enhanced the sensitivity of PC3 cells to docetaxel in vivo. In
a subcutaneous xenograft animal model, the combination
treatment resulted in a significant inhibition of tumor growth
(9). Further, the additive effect of desmopressin on docetaxel
responsiveness in the DU145 cell line was investigated (10).
Hoffman A. et al. demonstrated decreased proliferative and
migratory potential of DU-145 cells treated with the novel
combination both in vitro as well as in a xenograft model of
prostate cancer. The mean tumor volume difference between
the combination group and the standard therapy with
docetaxel alone group was 41.9% in favor of the combined
docetaxel and desmopressin treatment.
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Desmopressin activates the release of endothelial Von
Willebrand factor (VWF) by exocytosis. Data from in vitro
and in vivo breast cancer models suggest that VWF inhibits
tumor cell dissemination and may cause apoptosis of
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Figure 1. CTCs are tagged with magnetic nanoparticles functionalized with an antibody against the surface marker EpCAM. Labeled CTCs are
magnetically captured in the local velocity valleys (VVs) generated by the capture structures. (From “Nanoparticle-Mediated Binning and Profiling
of Heterogeneous Circulating Tumor Cell Subpopulations” by R. Mohamadi et al. (15).

Figure 5. Mean CTC count per 500 μl of whole blood. 

Figure 4. Representative photograph of tumors from each group
depicting a reduction in tumor volume with various treatments.

Figure 3. Effects of desmopressin and/or docetaxel treatments on tumor
growth using a PC3 orthotopic model. Nude mice were inoculated
(intraprostaticly) with 1 x 106 PC3 cells per mouse. The tumor volumes
were measured 7 weeks after the inoculation.

Figure 2. Mean body weight gained throughout the study. Significant
difference was noted between the combination and control groups.



micrometastatic foci by exhibiting anti-angiogenic as well as
cytostatic effects (19, 20). 

It is now well known, that migration and invasion are
important steps in cancer metastasis. The microenvironment
is well documented to influence tumor cell behavior and is
capable of stimulating or repressing cell plasticity,
proliferation, migration, and invasion (21, 22). An orthotopic
animal model (compared to an ectopic, usually subcutaneous,
site) is more revealing in investigation of novel agents for
cancer treatment (23) and for this reason it has been chosen
for the current study. Thus, there are several advantages of
an orthotopic system. One of the most obvious is that it
targets processes in local invasion e.g. inhibition of proteases
or interference with the process of angiogenesis (24, 25).
Another important benefit of the orthotopic models is that
they resemble the human conditions better than the
subcutaneous xenograft tumor models. It has been shown,
for example, that in rodents with primary malignancies (26,
27) hydralazine, which reduces blood flow in transplantable
tumors in rodents, was more effective at reducing blood
supply to a subcutaneously transplanted murine colon tumor
than to the same tumors transplanted orthotopically (28).
Kuo et al., using an in vivo model of small-cell lung cancer
(SCLC), showed that cisplatin had significant effects against
lung tumors, but was ineffective against the same tumors
growing subcutaneously (29). The authors concluded that
tumors grown orthotopically reflect the clinical effects of
drugs on human SCLC more closely than tumors growing
subcutaneously. The Fidler group made the equally valid

point that human colon xenografts growing subcutaneously
in nude mice often respond to dox, whereas human colon
cancer does not (30). Based on these and other studies,
orthotopically-transplanted tumors are considered more
appropriate models for investigating drug effects than
subcutaneous transplanted tumor models.

In our present study using the orthotopic model,
desmopressin treatment was administered by two intravenous
injections covering a 24-h time period following
chemotherapy treatment. It is demonstrated that combining
desmopressin with docetaxel caused a reduction in tumor
growth of this aggressive castrate-resistant prostate cancer
cells by 51% compared to placebo and by 31% compared to
standard chemotherapy agent alone. Reduction in tumor size
is likely mediated through several mechanisms, e.g.
decreased proliferation and migration via the uPA-MMP
pathway, apoptosis induction and reduced angiogenesis due
to Von Willebrand factor release. Research attempting to
reduce cancer cell proliferation and metastasis by various
vasopressin analogues is also ongoing in the field of breast
cancer, and the results are encouraging (31). Combining
desmopressin during chemotherapy for CRPC patients could
likely increase the efficacy of docetaxel and reduce toxicity.

Another attractive advantage of the orthotopic model is its
ability to deliver viable malignant cells i.e. circulating tumor
cells (CTCs), into the bloodstream in contrast to the
subcutaneous tumor model (32). Dissemination of tumor
cells into peripheral blood is the first step of metastases (33-
34) and the presence of CTCs in advanced stage prostate
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Figure 6. Representative pictures of the captured CTC. Tumor cell has a positive stain for DAPI and CK, but negative for CD45.



cancer patients has been correlated with poor prognosis (35).
It has been shown that CTC enumeration serves as a
surrogate biomarker of therapeutic response in several tumor
types e.g. lung, breast and prostate (36-38). 

The analysis of blood from the control, desmopressin
alone and docetaxel alone groups of animals revealed
detectable CTCs in each of these groups, (range=1-5 per 
500 μl of whole blood), however, no CTCs were detected in
the blood from mice treated with the combination therapy. 

There are limitations to the current study. In this proof-of-
principle study, our theory was in modest group sizes that
resulted in low power to detect differences between groups
in terms of final tumor size. Low numbers of CTCs detected
in some animals in our study prevented us from making a
robust conclusion about the efficacy of the desmopressin-
docetaxel combination at eradicating CTCs. 

Conclusion

Combining desmopressin and docetaxel resulted in a
considerable reduction in tumor size, as determined using an
in vivo orthotopic animal model, thereby contributing to the
enhanced efficacy of docetaxel-based therapy compared to
either treatment alone. The combination therapy resulted in
a complete absence of CTCs compared to docetaxel alone.
Clinical trials confirming these observations are currently
underway.
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