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Abstract: Phosphodiesterase 5 (PDE-5) is a major isoform of cGMP phosphodiesterase in diverse tissues and plays
a critical role in regulating intracellular cGMP concentrations. However, the distribution and expression of PDE-5
in colitis-related colon cancer was still unclear, not even the function and mechanism. Western blotting and ELISA
were performed to detect colonic PDE-5 expression in AOM/DSS-induced tumorigenesis model. Sildenafil, a specific
PDE-5 inhibitor, was used to treat AOM/DSS-induced and AOM-induced colonic tumorigenesis model and DSS-
induced colitis model. The leukocyte infiltration in colonic tissue was examined by flow cytometry and immunofluo-
rescence staining. Further matrigel-based invasion assay was employed to determine the effects of Sildenafil on
myeloid-derived suppressor cell (MDSC) in vitro. We first demonstrated the upregulation of colonic PDE-5 expression
and the prevention role of PDE-5 inhibition in AOM/DSS-induced tumorigenesis model. More importantly, PDE-5
inhibitor Sildenafil inhibited colonic tumorigenesis dependent on inflammation and suppressed DSS-induced colitis.
Molecular mechanism investigation indicated that Sildenafil regulated inflammation microenvironment via directly
inhibiting MDSC infiltration in colonic tissue. The study provides solid evidence for the use of PDE-5 inhibitor in pre-
venting and treating colonic inflammation-related tumorigenesis.
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Introduction ronment, continuous tissue destruction, renew-
al and persistent oxidative damage can trigger
mutagenic processes that serve as cancer-initi-
ating events [9, 10]. Furthermore, the continu-
ous presence of inflammatory cytokines may
augment tumor progression through promot-
ing excessive cell proliferation and survival [9,
10]. Thus, targeting inflammation would be an
effective strategy for colon cancer prevention

Primary tumors are initiated as a result of
the stepwise acquisition of genetic alterations
within the epithelial compartment, and defined
as out control of cell proliferation, survival, and
differentiation, which are critical to maintain
tissue homeostasis [1]. However, increasing
evidence has demonstrated the critical role

of the tumor microenvironment in cancer pro-
gression in many types of neoplasia, including
colon cancer [2-4]. It is well established that
there was tight connection between colonic
inflammation and cancer [5-7]. Clinical studies
have mentioned that patients with inflamma-
tory bowel disease (IBD), such as Crohn’s dis-
ease and ulcerative colitis, have higher risk of
colorectal cancer development than the heal-
thy population [8]. Under inflamed microenvi-

and therapy.

Cyclic nucleotide PDEs are an important en-
zyme superfamily, including 11 PDE families
with different substrate specificity, regulatory
properties, tissue localization, and inhibitor
sensitivity [11]. They are responsible for regu-
lating second messenger signaling by hydrolyz-
ing the phosphodiesterase bond in the cyclic
nucleotides cGMP and/or cAMP [11]. The enzy-
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me phosphodiesterase-5 (PDE-5) is known to
be abundant in various tissues where it hydroly-
ses cyclic guanosine monophosphate (cGMP), a
second messenger of NO [12-14]. PDE-5 inhibi-
tors, Sildenafil and Tadalafil, are used to reduce
oxidative stress during pulmonary hypertension
[15], treat erectile dysfunction and testicular
torsion [16, 17], improve therapeutic efficacy of
adipose-derived stem cells following myocardi-
al infarction [13], and restrain ventricular and
vascular function in heart failure [18]. Moreover,
solid evidences have demonstrated the pre-
vention role of PDE-5 inhibition in trinitro-
benzenesulfonic acid-induced colitis [14, 19],
acetic acid-induced colitis [20], and ischemic
colitis [21, 22] in rat. However, the distribu-
tion and expression of PDE-5 in colitis-related
colon cancer was still unclear, not even the
function.

In the AOM/DSS-induced colitis-related colon
cancer model, we found PDE-5 expression was
upregulated accompanying with the process-
ing of tumor development. Thus, we hypothe-
sized that PDE-5 blockade may reverse coli-
tis-related tumorigenesis. Sildenafil, a specific
PDE-5 inhibitor, was used to treat mice and in-
hibited colon inflammation development and
inflammation-related tumorigenesis through
blocking the infiltration of MDSC in colonic tis-
sue. The study provides solid evidence for the
use of PDE-5 inhibitor in preventing and treat-
ing colon inflammation-related tumorigenesis.

Materials and methods
Animal model and treatment

Male BALB/c mice (20-22 g weight) were pur-
chased from the Model Animal Research Cen-
ter of Nanjing University (Nanjing, China) and
allowed to acclimate for 1 week before use.
AOM and DSS were purchased from Sigma
and MP Biomedicals, separately. To establish
colonic tumorigenesis model, 10 mg AOM/Kg
mouse body was injected into the peritoneal
of mice on the first day. After 7 days, 2% DSS
was added into the drinking water for the mice
and maintained for 7 days, and then removed
for 14 days intervals. Three cycles of DSS are
needed to establish this AOM/DSS-induced
colonic tumorigenesis model. 10 mg AOM/Kg
mouse body was injected for six times to es-
tablish AOM-induced colonic tumorigenesis
model. After 10 weeks, the mice were killed
and used for subsequent experimentation. The
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tumor numbers per colon were counted and
the average tumor diameter was measured
with the help of a sliding caliper as previously
described. The total surface area of tumors per
colon was analyzed among the different groups.
Meanwhile, three cycles of 2% DSS are per-
formed to establish DSS-induced colitis mo-
del. The hemoccult and stool consistency was
observed and recorded according to the rules
by previous study [23]. Nine weeks later, the
mice were killed and the length of colon was
measured.

25 mg/kg mice body weight Sildenafil was
intraperitoneally injected after AOM or DSS
treatment. In one cycle treatment, Sildenafil
was injected for five times and with a 16
days interval. Normal saline (NS) was injected
as the solvent comparison.

Cell culture and treatment

All of the colon cancer cells and human colon
epithelial cell (HCoEpiC) were purchased from
ATCC (USA) and cultured according to the in-
structions supplied by ATCC. Murine colon epi-
thelial cells were isolated from male BALB/c
mice (20-22 g weight) as the previous study
[24]. Without culture, the cells were treated
with LPS for 2 h, and the supernatant were
collected for further study.

Western blotting

The cells and colon tissues were collected and
lysed on ice for 30 min with RIPA Lysis Buffer
(Beyotime, Beijing, China), containing protease
inhibitor cocktail (Merck Millipore, Bedford,
USA). The proteins (20 pg) were separated by
SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and electronically transferred onto a
polyvinylidene difluoride membrane (Millipore,
Bedford, MA). After blocking, the membranes
were incubated with PDE-5 and GAPDH, fol-
lowed by incubation with peroxidase conju-
gated secondary antibodies (Zs bio, Beijing,
China). Peroxidase-labeled bands were visual-
ized using an ECL kit (Millipore, Bedford, MA).

Enzyme-linked immunosorbent assay

The colon tissues were collected and lysed
on ice for 30 min with RIPA Lysis Buffer (Beyo-
time, Beijing, China), containing protease inhi-
bitor cocktail (Merck Millipore, Bedford, USA).
The protein concertation was measured by BCA
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assay (Beyotime, Beijing, China). After adjusting
the concertation, the protein was used to mea-
sure the total levels of several cytokines using
the mouse PDE-5 ELISA kit, mouse IL-6 ELISA
kit, mouse TNF-a ELISA kit, IFN-y ELISA kit and
IL-13 ELISA kit according to the manufacturer’s
instructions.

H&E staining and immunohistochemistry

Paraffin sections were used for H&E staining
and immunohistochemical analysis. After depa-
raffinized in xylene, the sections were treated
with a graded series of alcohol [100%, 95%,
and 80% ethanol/double-distilled H,O (v/v)],
and rehydrated in PBS (pH 7.4). The H&E stain-
ing kit were performed to stain cell nucleic and
cytoplasm. PCNA staining was performed by
staining with anti-mouse PCNA antibody, fol-
lowed with goat anti-rabbit IgG detection kit
(Zsbio, Beijing, China), according to the instruc-
tions. The immunoreaction was visualized by
using diaminobenzidine (DAB) peroxide solu-
tion and cellular nuclei were counterstain-
ed with hematoxylin. MDSC imaging was per-
formed by staining with a rabbit anti-mouse
Ly6G antibody and mouse anti-mouse iNOS
antibody. For fluorescent visualization of anti-
body reactions, secondary antibodies were la-
belled with the FITC-Texas Red, while the nuclei
were detected with DAPI. All specimens were
evaluated using Olympus Bx600 microscope
and Spot Fiex camera.

Terminal deoxynucleotidyl transferase-deoxy-
uridine triphosphate nick-end labeling (TUNEL)
assay

To detect apoptotic cells in colonic tissues,
TUNEL assay using a DeadEndTM Fluorome-
tric TUNEL System (Promega, Madison, Wisc,
USA) was performed following the manufactur-
er’'s protocol. Cell nuclei with dark green fluo-
rescent staining were defined as apoptosis cell.
To quantify TUNEL-positive cells, the number
of green fluorescence-positive cells was count-
ed in random fields at x100 magnification. Cell
nuclei were counterstained with 4,6-diamidino-
2-phenylindole (DAPI).

Flow cytometry
Flow cytometry in colon tissue was performed

according to the previous study [24]. Briefly
speaking, colon tissue were collected and di-
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gested in PBS containing 0.2% Collagenase D
at 37°C for 30 min. Then, isolated cells were
stained with labeled antibodies in PBS with
2% fetal calfserum and analyzed on a BD
FACSCalibur. Data were analyzed using FlowJo
software.

Matrigel-based invasion assay

For the invasion assay, diluted Matrigel (1:5
dilution with PBS) was added into the cell
culture inserts (8 uym, 24-well format, Milli-
pore). And 30 min later, MDSC or macrophage
(5,000) in 100 pl of conditioned supernatant
was added to the upper chamber, while the
lower chamber was filled with 0.5 ml of condi-
tioned supernatant. The culture was main-
tained for 24 h. Then, the cell culture inserts
were collected and the cells on the upper side
of the filters were removed with cotton-tipp-
ed swabs. The cells on the underside of the
filters were fixed with 4% formaldehyde for 10
min and stained with crystal violet for 10 min.
The stained cells were counted in five random-
ly chosen fields. And the results were present-
ed as the number of invasive cells in each field.

Statistical analysis

All experiments were repeated three to six
times, and the data were expressed as the
mean +* s.d. Statistical analysis was perform-
ed by the Student’s t-tests for comparing two
groups by GraphPad Prism; P<0.05 was con-
sidered statistically significant.

Results
PDE-5 is overexpressed in colonic tumors

To investigate the role of PDE-5 in colonic tu-
morigenesis, 8 pairs of colonic tumor from
patients, including cancer, adjacent and for-
ward tissues, were collected for PDE-5 expres-
sion detection by ELISA. As shown in Figure
1A, PDE-5 is overexpressed in colonic tumors
(625.0 + 51.41 pg/ml), compared with adja-
cent tissues (254.1 + 28.43 pg/ml) and for-
ward tissues (83.0 + 21.16 pg/ml). Further
results indicated that PDE-5 was upregulated
in all colon tumor cells except for SW480 cell,
and the normal colonic epithelium cell HCoEpiC
was used as the control (Figure 1B). Next, we
investigated the expression of PDE-5 in AOM/
DSS-induced colonic tumors by western blot-
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Figure 1. PDE-5 is overexpressed in colonic tumors. A: ELISA analysis of PDE-5 expression in colonic tissues of 8
pairs of patients (C, cancer; A, adjacent; F, forward). B: Western blotting analysis of PDE-5 expression in HCoEpiC
cells and colon cancer cells. GAPDH was used as a loading control. C: Western blotting analysis of PDE-5 expression
in colonic tissues from AOM/DSS-treated mice. GAPDH was used as a loading control. D: ELISA analysis of PDE-5

expression in colonic tissues from AOM/DSS-treated mice.

ting and ELISA. We found that PDE-5 was in-
creased in AOM/DSS-induced colonic tumors
from 2 weeks to 10 weeks post AOM injection,
and keep at a high level from 4 weeks post
AOM injection (Figure 1C, 1D). The above data
indicated that PDE-5 may act as a promoting
role in colonic tumorigenesis.

Inhibition of PDE-5 suppresses colonic inflam-
mation-induced tumorigenesis

Next, to test the role of PDE-5 in colonic tu-
morigenesis, we employed Sildenafil, a specific
inhibitor of PDE-5, to treat AOM/DSS-induced
colonic tumor model. Sildenafil was intraperi-
toneally injected with a dose of 25 mg/kg, last-
ed 5 days and with a 16 days interval (Figure
2A). At the ending of treatment, the colonic
tumors were collected and used for PDE-5
detection by ELISA. The results indicated that
Sildenafil significantly inhibited colonic PDE-5
expression (NS group: 535.3 + 30.61 pg/ml
versus Sildenafil group: 86.67 + 14.66 pg/ml;
P=0.0002; Figure 2B). Despite that colonic
tumors could be detected in both NS and Sil-
denafil treatment mice (Figure 2C), inhibition
of PDE-5 by Sildenafil injection significantly
inhibited the multiplicity of colonic tumors (P=
0.0005; Figure 2D) and tumor burden (P=
0.0010; Figure 2E). Moreover, the colon length
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was also recovered in Sildenafil injection group
(6.00 = 0.97 cm), compared with the NS injec-
tion group (4.93 £+ 0.15 cm; P=0.0001; Figure
2F). Haematoxylinand eosin (H&E) staining
also indicated that more tumor area was found
in the colonic tissue of NS injection mice
(P=0.0058; Figure 2G, 2H). PCNA staining
also indicated that less proliferative cells were
found in the colonic tissue of Sildenafil injec-
tion mice (P=0.0062; Figure 2I, 2J). Further-
more, more apoptotic cells were observed in
the mice after PDE-5 inhibition (P=0.0175; Fig-
ure 2K, 2L). Collectively, inhibition of PDE-5 by
Sildenafil injection dramatically restrained the
colonic tumorigenesis in AOM/DSS model.

Sildenafil inhibits colonic tumorigenesis de-
pendent on inflammation

Next, we investigated the role of Sildenafil in
AOM-induced colonic tumorigenesis, without
inflammation. As shown in Figure 3A, 10 mg/kg
AOM was injected every week and last for six
weeks to establish AOM-induced colonic tumor-
igenesis model. ELISA results indicated that
Sildenafil injection significantly inhibited colon-
ic PDE-5 expression (Sildenafil group: 21.0 +
3.46 pg/ml versus NS group: 60.33 + 6.94
pg/ml; P=0.0071; Figure 3B). Colonic tumors
could be detected in both NS and Sildenafil
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Figure 2. Inhibition of PDE-5 suppresses colonic inflammation-induced tumorigenesis. (A) Schema of AOM/DSS
treatment and Sildenafil injection. (B) ELISA analysis of PDE-5 expression in colonic tissues from Sildenafil and nor-
mal saline (NS) treatment mice (n=5). (C) Representative macroscopic findings of colon tumors induced by AOM/
DSS in Sildenafil and normal saline (NS) treatment mice. (D, E) Number of macroscopic tumors (D) and tumor bur-
den of AOM/DSS-treated mice (E) per colon (n=6). (F) Colon length of AOM/DSS-treated mice per colon (n=6). (G, H)
H&E staining of colonic tissue after AOM/DSS treatment (G). Scale bar=200 ym. Tumor area (%, tumor area/total
area) was calculated (H, n=3). (I, J) PCNA staining of colonic tissue after AOM/DSS treatment (l). Scale bar=50 uym.
PCNA positive cell (%, positive cell/total cell) was calculated (J, n=3). (K, L) TUNEL analysis of colonic tissue after
AOM/DSS treatment (K). Scale bar=100 um. Apoptotic cell per frame was calculated (L, n=3).
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Figure 3. Sildenafil inhibits colonic tumorigenesis dependent on inflammation existence. (A) Schema of AOM treat-
ment and Sildenafil injection. (B) ELISA analysis of PDE-5 expression in colonic tissues from Sildenafil and normal
saline (NS) treatment mice (n=5). (C) Representative macroscopic findings of colon tumors induced by AOM in
Sildenafil and normal saline (NS) treatment mice. (D, E) Number of macroscopic tumors (D) and tumor burden
of AOM-treated mice (E) per colon (n=6). (F) Colon length of AOM/DSS-treated mice per colon (n=6). (G, H) H&E
staining of colonic tissue after AOM treatment (G). Scale bar=200 um. Tumor area (%, tumor area/total area) was

calculated (H, n=3).

treatment mice (Figure 3C), but there was no
significant difference on multiplicity of colonic
tumors (P=0.8284; Figure 3D) and tumor bur-
den (P=0.8360; Figure 3E) between Sildena-
fil injection mice and NS injection mice. More-
over, the colon length was also not recover-
ed in Sildenafil injection mice (P=0.5326; Fig-
ure 3F). Haematoxylin and eosin (H&E) stain-
ing also indicated that Sildenafil had no effect
on colonic tumorigenesis in AOM-induced colo-
nic tumorigenesis model (P=0.8330; Figure
3G, 3H). The above results indicated that Sil-
denafil inhibits colonic tumorigenesis depen-
dent on inflammation.

Inhibition of PDE-5 prevents colon from DSS-
induced inflammation

According to the previous results, we next
determined the role of PDE-5 in DSS-induced
inflammation. 2% DSS was added into drinking
water and maintained for 7 days, with 14 days
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interval (Figure 4A). Colonic PDE-5 expression
was decreased in Sildenafil injection mice
(Sildenafil group: 107.0 £+ 15.37 pg/ml versus
NS group: 710.3 + 25.76 pg/ml; P<0.0001;
Figure 4B). Colon length were observed recov-
ered after PDE-5 inhibition in mice (Sildenafil
group: 7.25 + 0.22 cm versus NS group: 5.87 +
0.22 cm; P=0.0012; Figure 4C, 4D). Further-
more, inflammation-associated rectal bleeding
was determined by examination of blood in the
stool, and rectal bleeding was found in the NS
injection mice, whereas only positive hemoc-
cult was found in the Sildenafil injection mice
(Figure 4E). Meanwhile, less soft stool was ob-
served in the Sildenafil injection mice (Figure
4F). HE staining was performed to measure
the histological changes in the colon and indi-
cated that less leukocyte infiltration and loss
of goblet cells were found in the mice after
PDE-5 inhibition (Figure 4G, 4H). Finally, colonic
tissues were used for inflammation-related cy-
tokine detection by ELISA. The results demon-
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Figure 4. Inhibition of PDE-5 prevents colon from DSS-induced inflammation. (A) Schema of DSS treatment and
Sildenafil injection. (B) ELISA analysis of PDE-5 expression in colonic tissues from Sildenafil and normal saline
(NS) treatment mice (n=5). (C) Representative macroscopic findings ofcolon tumors induced by DSS in Sildenafil
and normal saline (NS) treatment mice. (D) Colon length of DSS-treated mice per colon (n=6). (E, F) Hemoccult (E)
and stool consistency analysis of DSS-treated mice (F) per colon (n=6). (G, H) H&E staining ofcolonic tissue after
DSS treatment (G). Scale bar=200 pym. Histologic score was calculated (H, n=3). (I) ELISA analysis of inflammation-
related cytokine expression in colonic tissue from DSS-treated mice (n=3).

strated that Sildenafil significantly inhibited the
pro-inflammation cytokine expression, includ-
ing IL-6 (P=0.0030), TNF-a (P=0.0006), IFN-1y
(P=0.0191) and IL-13 (P=0.0003; Figure 4l).
These data demonstrated the inhibition role
of Sildenafil in DSS-induced inflammation.

Inhibition of PDE-5 blocks the recruitment of
MDSC in colon tissue

To evaluate the changes of the inflammatory
microenvironment, we examined leukocyte in-
filtration by flow cytometry. We found signifi-

a7

cantly decreased absolute numbers of MDSC
(Ly6G*) and macrophages (F4/80%) and moder-
ately decreased CD4" cells and CD8" cells in
the colon of Sildenafil-treated mice compared
with NS-treated mice both in AOM/DSS-in-
duced tumorigenesis model (Figure 5A) and
DSS-induced inflammation model (Figure 5B).
IF staining showed extensive MDSC infiltration
into colonic tissues and elevated expression
of inducible nitric oxide synthase (iNOS) both in
AOM/DSS-induced tumorigenesis model (Fig-
ure 5C) and DSS-induced inflammation model
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Figure 5. Inhibition of PDE-5 blocks the recruitment of MDSC in colon tissue. A: Flowcytometry analysis of leukocytes
infiltration in colonic tissue of AOM/DSS-treated mice (n=4). B: Flowcytometry analysis of leukocytes infiltration in
colonic tissue of DSS-treated mice (n=4). C: Immunofluorescent staining analysis of iINOS and Ly6G expression in
colonic tissue of AOM/DSS-treated mice. D: Immunofluorescent staining analysis of iINOS and Ly6G expression in
colonic tissue of DSS-treated mice.

(Figure bD). But, less iINOS* MDSC were found 5C, 5D). The above data indicated that Sildenafil
in the colon of Sildenafil-treated mice (Figure prevents colon from inflammation and inflam-
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mation-related tumorigenesis through blocking
the recruitment of MDSC in colon tissue.

Sildenafil inhibits MDSC invasion in vitro

To further determine the effect of Sildenafil
on MDSC infiltration, colon epithelial cell and
MDSC were isolated and cultured in vitro. LPS
was employed to treat colon epithelial cell
and the conditional medium was collected for
PDE-5 detection by ELISA. The results indicated
that LPS significantly induced PDE-5 expres-
sion in colon epithelial cell (P=0.0002), mean-
while Sildenafil dramatically inhibited PDE-5
expression (P=0.0013; Figure 6A). Next, matri-
gel-based invasion assay was performed to
determine the effect of Sildenafil on MDSC and
macrophage invasion. Our results indicated
that the conditional medium from LPS-treated
cell significantly promoted invasion of MDSC
and macrophage (Figure 6B, 6C). Notably, inhi-
bition of PDE-5 by Sildenafil only restrained the
invasion of MDSC, but has no observed effect
on macrophage invasion (Figure 6B, 6C). These
data demonstrated that Sildenafil directly in-
hibits MDSC invasion in vitro and infiltration
in vivo through decreasing PDE-5 expression,
and the inhibition of macrophage infiltration in
colon tissue is the downstream effect.
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Discussion

Establishing a primary model that mimic the
tumorigenesis in patients is necessary for can-
cer research and therapy. The AOM/DSS-in-
duced colonic tumorigenesis model is a stan-
dard and widely used model for simulating
colonic inflammation and tumor formation and
progression [23, 25, 26]. AOM was used as the
inducer of cell mutation that injected at the
beginning, meanwhile DSS was performed to
cause colonic damage and followed inflamma-
tion [23]. Furthermore, only injection of AOM
with six times (one week interval between two
injections) also stimulated observed colonic tu-
morigenesis without inflammation formation
[23]. In the present study, we established the
AOM/DSS-induced colonic tumorigenesis mo-
del and determined the expression of PDE-5 in
the colonic tissue. The results indicated that
PDE-5 was upregulated accompanying with the
development of colonic tumorigenesis (Figure
1). Inhibition of PDE-5 by Sildenafil injection sig-
nificantly inhibited colonic tumor formation and
progression (Figure 2). The previous study by
Zhu et al has demonstrated that knockdown
of PDE-5 in colon cancer cell (HT-29) by siRNA
could efficiently promotes apoptosis and prolif-
eration delayed through regulating p21WAF/
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CIP1 signaling [27]. Activating of cGMP/PKG pa-
thway, the direct target of PDE-5, by sulindac
selectively inhibits colon tumor growth through
suppressing Wnt/B-catenin pathway [12, 28].
Furthermore, PDE-5 inhibitor, Tadalafil also aug-
mented tumor specific immunity in patients
with head and neck squamous cell carcinoma
[29]. Thus, in our study, to investigate the me-
chanism under the effects of PDE-5 inhibition
on colonic tumorigenesis, we employed Silde-
nafil to treat AOM-induced colonic tumorige-
nesis model. The results indicated that Silde-
nafil could significantly suppress colonic PDE-
5 expression in mice, but has no observed
effects on colonic tumor formation and pro-
gression in AOM-induced model (Figure 3). It
demonstrated that Sildenafil inhibits colonic
tumorigenesis dependent on inflammation.

Increasing evidences have demonstrated the
tight connection between colonic inflammation
and cancer [5-7]. Various molecule and chemis-
try was performed to establish colitis in rat
and mice, including including trinitrobenzene-
sulfonic acid and acetic acid [14, 19, 20]. Al-
though solid evidences have demonstrated
the prevention role of PDE-5 inhibition in
trinitrobenzenesulfonic  acid-induced colitis
[14, 19], acetic acid-induced colitis [20] and
ischemic colitis [21, 22] in rat, but the role
of PDE-5 in DSS-induced colitis in mice was
still confused. Our findings first investigated
the role of PDE-5 inhibition in DSS-induced
colitis and indicated that Sildenafil suppressed
the secretion of several pro-inflammation cy-
tokines and immune cell infiltration, which
was the biomarker of inflammation severity
(Figure 4). It demonstrated that PDE-5 inhibi-
tion played an efficient preventing role
in colonic inflammation formation. These re-
sults provide further evidence for the inhibi-
tion of colonic tumorigenesis by Sildenafil in
AOM/DSS-induced tumorigenesis model.

MDSCs suppress various T cell responses and
to promote Treg expansion during cancer and
pathogenic conditions [30]. These cells con-
tribute to the down-regulation of immune re-
sponses, constituting a unique component of
the immune system in health and disease [30].
Thus, MDSCs have been considered a thera-
peutic target for the treatment of cancer and
other diseases. During the colonic tumorigene-
sis, MDSC was expansion and infiltration into
colonic tissue and promoted inflammation and
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inflammation-related tumor formation [31-33].
In our study, we found Sildenafil could inhibited
the infiltration of functional MDSC (iNOS posi-
tive MDSC) into colonic tissue both in AOM/
DSS-induced colonic tumor model and DSS-
induced colitis model (Figure 5). Meanwhile,
macrophage (F4/80 positive) was also sup-
pressed by Sildenafil. Further studies are need-
ed to demonstrate the direct target of PDE-5
inhibition. And matrigel-based invasion assay
further demonstrated MDSC was the direct
target of PDE-5 inhibition in colon epithelium
cell, and the macrophage inhibition might
be the effect of MDSC suppression (Figure 6).
Collectively, PDE-5 inhibition by Sildenafil
efficiently inhibits AOM/DSS-induced colonic
tumorigenesis through blocking the recruit-
ment of MDSC in colon tissue.

Taken together, we first demonstrated the up-
regulation of colonic PDE-5 expression and
the prevention role of PDE-5 inhibition in AOM/
DSS-induced tumorigenesis model. More im-
portantly, PDE-5 inhibitor Sildenafil inhibited
colonic tumorigenesis dependent on inflamma-
tion and suppressed DSS-induced colitis. Mole-
cular mechanism investigation indicated that
Sildenafil regulated inflammation microenviron-
ment through directly inhibiting MDSC infiltra-
tion in colonic tissue. The study provides
solid evidence for the use of PDE-5 inhibitor
in prevention and treatment of colon inflamma-
tion-related tumorigenesis.
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