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To identify if the absence of the vasoactive intestinal peptide (VIP) gene enhances sus-
ceptibility to death from metastatic bladder cancer, two strains of mice were injected with
MB49 murine bladder cancer cells. The growth and spread of the cancer was measured
over a period of 4 weeks in C57BL/6 mice and 5 weeks in VIP knockout (KO) mice. A
Kaplan—-Meier plot was constructed to compare control C57BL/6 mice and C57BL/6 mice
with MB49 vs. VIP KO controls and VIP KO mice with MB49. The wild-type (WT) strain
(C57BL/6) contained the VIP gene, while the other strain, VIP knockout backcrossed to
C57BL/6 (VIP KO) did not and was thus unable to endogenously produce VIP. VIP KO
mice had increased mortality compared to C57BL/6 mice at 4 weeks. The number of
ulcers between both groups was not statistically significant. /n vitro studies indicated
that the presence VIP in high doses reduced MB49 cell growth, as well as macrophage
inhibitory factor (MIF), a growth factor in bladder cancer cells. These findings support the
concept that VIP may attenuate susceptibility to death from bladder cancer, and that it
exerts its effect via downregulation of MIF.

Keywords: vasoactive intestinal peptide gene knockout mice, MB49 murine bladder cancer, mortality, metastases,
vasoactive intestinal peptide

INTRODUCTION

Bladder cancer is a disease which affects approximately 600,000 patients in the United States. An esti-
mated 74,000 cases are newly diagnosed each year; and 16,000 patients die from complications due
to bladder cancer annually (1). From the time of diagnosis, there is a 77.4% 5-year survival rate (1);
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however, survival depends on the stage at the time of diagnosis.
Regional lymph node spread at the time of diagnosis yields a 34%
5-year survival. Distant metastases at the time of diagnosis entail
a 5%, 5-year survival (1). Treatment often entails a combination
of surgery, radiation therapy, and chemotherapy (2).

A potential novel therapeutic agent for bladder cancer is vaso-
active intestinal peptide (VIP), which is a 28-amino acid peptide
that has multiple therapeutic actions, including bronchodilatory
and anti-inflammatory properties (3, 4). VIP inhibits the pro-
liferation of small-cell lung cancer in vitro and in vivo in mice
(5) and has been shown to upregulate nuclear expression of p53
in mouse renal cell carcinomas (6). Loss of expression of p53, a
tumor suppressor, and its analogs leads to tumor growth and can
also be found in patients with bladder cancer (7, 8). The finding
that VIP receptors are present in bladder carcinomas (9) lends
support to the concept that we may plausibly treat bladder cancer
with VIP.

With the recent availability of VIP knockout (VIP KO) mice,
we hypothesized that these animals have enhanced mortality to
bladder cancer. VIP KO mice lack the VIP gene and thus do not
have endogenous VIP.

Using a mouse bladder cancer cell line, MB49, obtained
from Timothy Ratliff (Purdue University College of Veterinary
Medicine), we created a model using leg injections of the cancer
cells to test whether loss of the VIP gene leads to increased mortal-
ity and/or morbidity from bladder cancer metastases, compared
to control C57BL/6 mice.

We then performed in vitro analyses of the effect on VIP
on MB49 cells. We hypothesized that VIP would decrease
cell growth by decreasing the activity of macrophage inhibi-
tory factor (MIF), a known growth factor in bladder cancer
cells (10).

MATERIALS AND METHODS

General Procedures

Using 0.1 mL isoflurane, we anesthetized the VIP KO mice
(n = 11) at a rate of 4 L/min via nosecone technique. We sub-
sequently injected anesthetized animals with 0.1 mL (1E-6/100
microliters) MB49 bladder cancer cells in the right hind leg. A
control group of untreated VIP KO mice (3 mice) received 0.1 mL
0.9% saline also in the right hind leg. Similarly, we anesthetized 14
C57BL/6 mice with 0.1 mL ketamine/xylazine mixture followed
by 0.1 mL (1E-6/100 microliters) MB49 bladder cancer cells in
the right hind leg. An untreated group of five C57BL/6 did not
receive bladder cancer cells. As approved by the IACUC, mice
that expressed any signs of undue distress were euthanized imme-
diately and counted as non-survivors. Mice that did not succumb
to death prior to the end of the study were euthanized at the end
of the study period.

Animal Assessment

In both cancer-injected VIP KO and C57BL/6 mice, we measured
the size of tumors, visible chest wall metastases, and ulcers using
a caliper. Both groups of mice were weighed during the course
of the study.

Tissue Preparation

Necropsy included lungs, heart, leg, and bladder. Samples were
formalin-fixed and embedded in paraffin. 5 pm sections were cut
and stained with hematoxylin & eosin (H&E). Analysis was done
with all observers blinded to the conditions.

In Vitro Study

MB49 mouse bladder cancer cells were cultured in RPMI 1640
containing 10% fetal bovine serum, and 1% penicillin/strepto-
mycin (11). The cells were seeded in 35 mm dishes at a density
of 10* cells per well, and cultured for 5 days at 37°C in a 5% CO;
atmosphere, in the presence or absence of VIP. At the end of the
culture period, the adherent cells in each culture vessel were
counted, and expressed as a percentage of control (no VIP). Cell
culture medium was collected and assayed for the concentra-
tion of macrophage MIF using a commercially available ELISA
(R&D Systems, Minneapolis, MN, USA).

Statistical Analysis
A Kaplan-Meier curve was constructed to compare mortality
rates between VIP KO and C57BL/6 mice.

RESULTS

Tumor Burden Effects on Animal Weight

Over a period of 5 weeks, 6 out of 11 (55%) VIP KO mice experienced
slight weight loss, and the remaining mice experienced weight gain.
While the majority of this weight gain was slight, one of the VIP KO
mice (9%) had a significant weight gain by comparison (approxi-
mately 13 g). Similarly, the majority of wild-type (WT) mice experi-
enced slight decreases in weight over a period of 4 weeks. However,
3/19 (16%) WT mice experienced a slight increase in weight, and
1 mouse (5%) experienced a significant (approximately 7 grams)
increase in weight and 1 mouse (5%) did not change in weight.

The mean weight of the VIP KO mice were less than those
of the WT mice at the beginning of the experiments, as previ-
ously reported (12). At the time of death, there was no significant
change in weight in either group, despite increase in leg girth
from tumor growth (Table 1).

Animal Activity and Survivability

Four out of 11 VIP KO mice expired by 5 weeks, including the
4/11 (36%) with leg ulcers. All C57BL/6 mice survived at 4 weeks
despite the presence of a tumor in their right legs. Aside from the
5/19 (26%) C57BL/6 mice with ulcerated tumors, the majority of
C57BL/6 mice did not particularly appear to be in distress during

TABLE 1 | Weight changes in wild-type (WT) and vasoactive intestinal peptide
knockout (KO) mice.

WT KO
Average initial weight (g) 32.8 26.3
Average final weight (g) 32.4 27
Average percent change -1 2.75

weight
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FIGURE 1 | (A) Lung metastases in vasoactive intestinal peptide knockout (VIP KO) mouse. (B) Lung metastases in C57BL/6 mouse. (C) Leg tumor in VIP KO mouse.
(D) Leg tumor of C57BL/6 mouse. (E) Histology of healthy VIP KO mouse, including lungs. (F) Histology of healthy C57BL/6 mouse, including heart and lungs.

the growth of their carcinomas. Most were still mobile but walked
with a limp due to the large size of the tumors.

Tumor Progression

Histologic examination (Figure 1) reveals metastases to the lungs,
and in certain animals’ perithymic, pericardiac, intracardiac, and
intravascular lesions.

Tumor Measurement In Vitro
MB49 cells grown in vitro in the presence of 150 mg/ml VIP
showed decreased cell growth when compared to cells grown in

the absence of VIP (Figure 3). Compared to cells grown in the
absence of VIP, those grown in the presence of VIP also showed
decreased extracellular MIF accumulation (Figure 4), a molecule
known to promote proliferation of bladder cancer cells (10).

DISCUSSION

In a previous study, we determined that loss of VIP gene led to
increased mortality in association with progressive right ventricu-
lar hypertrophy (12). We additionally determined that VIP KO
mice have reduced survival at 20 months (100% mortality), as
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FIGURE 2 | Kaplan—-Meier plot comparing death rates between vasoactive intestinal peptide knockout (VIP KO) controls, VIP KO mice with MB49, C57BL/6
controls, and C57BL/6 mice with MB49 (p = 0.002).
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FIGURE 3 | Vasoactive intestinal peptide (VIP) concentration-dependent
changes to bladder cancer cell count in vitro. The growth in each group was
significantly different from control cells grown in the absence of VIP.

p < 0.001 [multiple comparisons vs. control group (Holm-Sidak method)].
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opposed to 100% survival among WT C57BL/6 mice (12). In this
study, VIP KO mice have a higher mortality rate with exposure to
MB49 bladder cancer cell line than C57BL/6 mice, supporting the
concept that VIP inhibits the susceptibility to death from bladder
cancer. Additionally, other studies have shown that PAC1, VPACI,
and VPAC2 receptor transcripts were expressed in the urothelium
and detrusor smooth muscle of mouse urinary bladder (13), which
suggests VIP’s potential role in regulating bladder cancer cell
growth. We found that administration of VIP to bladder cancer
cells cultured in vitro led to decreased cell growth, suggesting
that the presence of VIP plays a role in regulating bladder cancer
cell proliferation, at least in part through VPACI receptor. These
findings are supported by our in vitro data in which VIP induced a
dose dependent decrease in the proliferation of the bladder cancer
cell line, and reduced the elaboration of MIF, which is known to
increase cancer cell proliferation and angiogenesis (10, 14, 15).

In addition, given that the MB49 and C57BL/6 models share
similarities with human bladder cancer regarding cell surface
markers, sensitivity to apoptosis and immunological profiles
(16, 17), our findings lend plausibility to studying whether
human patients with late stage bladder cancer have reduced VIP
expression in serum compared to those with early stage disease.
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FIGURE 4 | Vasoactive intestinal peptide (VIP) concentration-dependent
changes to MIF in medium. The MIF concentration in the cells treated with
VIP 1560 mg was significantly reduced compared to controls (p < 0.05).

Furthermore, in C57BL/6 mice, tumor growth did not seem to
change gross mobility or longevity, despite histology showing the
spread of cancer to the lungs, heart, vascular and lymphatic systems,
and bone of several mice. The Kaplan-Meier plot (Figure 2) shows
statistically significantly (p = 0.002) increased mortality among
VIP KO mice injected with MB49 bladder cancer, whereas all other
mice (VIP KO controls, WT controls, and WT mice injected with
cancer) survived until the end of term. This increased mortality
in VIP KO mice is not associated with an increased number of
pulmonary metastases or weight loss or tumor size.

CONCLUSION

Vasoactive intestinal peptide KO mice have enhanced suscepti-
bility to death from MB49 bladder cancer injected in the hind leg.
Despite the growth and spread of tumors in both VIP KO and
C57BL/6 groups injected with cancer cells, only VIP KO mice
died prior to the end of the study. Neither VIP KO controls nor
WT controls developed or succumbed to cancer. The Kaplan—
Meier analysis further suggests that the lack of endogenous VIP
production significantly increases the likelihood of death to
cancer. Both VIP KO and C57BL/6 bladder-injected mice had
metastases to the lung; however, larger and more numerous
metastases were seen in C57BL/6 mice. Vascular invasion was
seen in both groups.

Vasoactive intestinal peptide, which currently does not have
a therapeutic indication, may potentially be a novel medicine
to treat bladder cancer. Further studies into the mechanism of
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