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Abstract

Colorectal cancer (CRC) cells express renin and chy-
mase through which they can activate angiotensin. Re-
nin expression is induced by hyperglycemic conditions.
As angiotensinogen is produced in the liver, CRC cells
that can activate angiotensin have an enhanced abil-
ity to metastasize to this organ. In human CRC cases,
patients with diabetes have higher activities of rennin
and angiotensin-1I in primary tumors, and on aver-
age, have a more progressed disease stage, especially
with respect to liver metastasis. These patients exhibit
a stronger association with Hemoglobin Alc levels and
metastasis compared to patients without diabetes. In a
combined diabetes/CRC liver metastasis mouse model,
concurrent treatment with anti-angiotensin and hypo-
glycemic agents shows a synergic effect in terms of re-
duced liver metastasis and improved survival. The effect
of anti-angiotensin treatment and blood sugar control as
a baseline management for colon cancer patients with
diabetes needs to be examined in clinical trials to estab-
lish whether it can prevent liver metastasis.
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INTRODUCTION

Various factors participate in colorectal cancer (CRC)
progression, such as growth factors, angiogenic factors,
and cytokines. Angiotensin is a well-known hypertensive
hormone and also possesses protumoral functions. Angio-
tensin II (A-II), an active form of angiotensin, induces
angiogenesis, cell growth, invasion iz activation of the
specific receptor, A-II type 1 receptor (ATR1) to enhance
development and progression of CRC. Some colorectal
cancer cells possess the angiotensin-activating mechanism
employing renin and chymase. Importantly, renin expres-
sion is upregulated by hyperglycemic condition. The data
examining the importance of hyperglycemia/diabetes-
induced angiotensin activation in the liver metastasis of
colorectal cancer are described in this article.

PROTUMORAL EFFECT OF ANGIOTENSIN

Colorectal cancer is the fourth leading cause of cancer-

related deaths in Japan, and cancer mortality continues to
increase as the Western lifestyle gains popularity among
the Japanese population'. Approximately 24% of CRC
cases involving invasion beyond the submucosal layer
showed liver metastasis duting and/or after the operation
to excise the tumor™. One-third of CRC patients died
of liver metastasis”, and only one-third or fewer CRC
patients with liver metastasis respond to systemic chemo-
therapy, although even in these cases long-term survival
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Figure 1 Aniotensinogen is activated to become a bioactive form, angiotensin II by some enzymes, such as ACE. In angiotensin receptors (blue boxed),
angiotensin II type 1 receptor is pro-tumoral; however, angiotensin I type 2 receptor is not definitive. Angiotensin 1-7, a degraded product of angiotensin I
activates MAS1 receptor to provide inhibitory effects. Substances marked with yellow boxes are possible inhibitors for angiotensin effects.

was rare”, The 5-year survival rate of CRC patients with
liver metastasis is reported to be less than 20%!". The
eatly detection and control of liver metastasis is therefore
an important goal for the successful treatment of CRCs.

A-TI has multiple physiological effects mediated by
the activation of the ATR1. These include vasoconsttic-
tion, inflammation, and proliferation in cardiovascular and
neoplastic tissues'”. ATR1 intracellular signaling pathways
produce diverse effects, including activation of protein
kinase C, angiopoietin 2, vascular endothelial growth
factor (VEGF), VEGF receptors, fibroblast growth fac-
tor, platelet-derived growth factor, transforming growth
factor-beta, epidermal growth factor, nitric oxide synthase,
and metalloproteinase™”. These properties enhance colon
carcinogenesis and disease progression.

We have experimentally confirmed the protumor ef-
fect of angiotensin by studying the effects of A-II on
cell growth, invasion, and apoptosis in several CRC-
derived cell lines”. A-TI enhances cell growth and 7z
vitro invasion into type IV collagen and reduces apoptosis
in a dose-dependent manner. Reduction in hepatic an-
giotensinogen (ATG) production by knockdown with
cholesterol-conjugated antisense S-oligodeoxynucleotide
(S-ODN) suppressed liver metastasis of HT29 cells in
a nude mouse liver metastasis model. ATG-knockdown
mice had fewer and smaller metastatic foci with a lower
Ki-67 labeling index and reduced microvessel density,
compared to the control mice. Knockdown of renin or
chymase in HT29 cells also resulted in smaller and fewer
metastatic foci in the liver compared to the control. Fur-
thermore, examination of 121 CRC patients showed that
the serum A-II concentration is significantly associated
with advanced disease stage, especially liver metastasis.

ANGIOTENSIN ACTIVATION IN CRC CELLS

As described above, the ability of angiotensin activa-
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tion might be a prominent feature of cancer cell to ob-
tain the powerful tool for progression. The mechanism
of angiotensin activation in cancer is examined using
colorectal cancer cell lines'”. ATG is an inactive pre-
cursor of A-TI (Figure 1), and has no effect on cancer
cells prior to conversion to A-II. Effects of ATG on
cell growth, invasion, and apoptosis were examined in
HT29 cells. Interestingly, ATG enhanced cell growth,
in vitro invasion, and anti-apoptotic survival in HT29
cells in a dose-dependent manner in a similar fashion
to A-II. This finding suggests that the HT29 cells have
an endogenous angiotensin-activating mechanism.

We then examined the expression of angiotensin-as-
sociated genes in HT29 cells'”. They express ATR1, but
not ATG or angiotensin I (A-I)-converting enzyme
(ACE). However, they express chymase, which possesses
an ACE-like activity. Renin is also expressed in HT29
cells, and a renin inhibitor abrogates the production of
both A- 1 and A-II. A chymase inhibitor suppresses the
production of A-II but not that of A-1.In contrast, an
ACE inhibitor does not affect the production of A-1 or
A-TI in HT29 cells. Thus, A-1I is produced from ATG
by renin and chymase in HT29 cells. Chymase, tonin, and
cathepsin G all possess an ACE-like activity, which can
be used as a substitute for ACE (Figure . Cathepsin
D is responsible for producing A- I from ATG in car-
diac myocytes, fibroblasts, and vascular smooth muscle
cells in place of renin™. However, the CRC cells in this
study did not express cathepsin D. Chymase expression
1s associated with hypoxia or ischemia in the human left
cardiac ventricle”; it is not associated with hyperglyce-
mia in CRC cells'.

MAS1
MAST is a receptor of an A-II derivative produced by ACE
2-angiotensin 1-7 (A1-7), and has similar physiological ef-

fects to anti-A-II, including vessel dilation and reduction
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of blood pressure (Figure 1)[10]. We examined the role of
MAST in CRC and in invasive ductal carcinoma (IDC) of
the breast", MAS1 was not detected by immunohisto-
chemistry in either CRCs or the normal colon mucosa. In
contrast, normal mammary lobules and ducts expressed
MAST at high levels, although MAS1 expression was at-
tenuated in all IDCs. Of particular note was the greatly
reduced MAS1 expression in scirthous-type IDCs com-
pated to other types. The decrease in MAS1 expression
was associated with lymph node metastasis but not T fac-
tor, grade, or the status of the estrogen or progesterone
receptor. The decrease in MAS1 expression was inversely
associated with human epidermal growth factor receptor
2 (HER2) expression. Using a mouse breast cancer cell
line, BALB-MC, which expresses MAST, cell growth and
in vitro invasion were examined. A1-7 treatment inhibited
growth and invasion of BALB-MC cells, which were abro-
gated by MAST knockdown. MAST intracellular signaling
involves Akt phosphorylation, protein kinase C activation,
and mitogen-activated protein kinase inhibition"”. These
findings suggest that MAS1 might act as an inhibitory
regulator of both normal breast tissue and breast cancer.

CcD10

CD10, also known as common acute lymphoblastic leuke-
mia antigen (CALLA), is a characteristic marker of various
subgroups of B-cell type acute lymphocytic leukemia!™>'¥,
It is a zinc-dependent membrane metalloendopeptidase
(also referred to as neutral endopeptidase (EC 3.4.24.11),
enkephalinase, or neprilysin)m. CD10 is expressed in
CRC and is associated with CRC metastases, especially
liver metastasis™' ™', Met-enkephalin (MENK) is a high-
affinity substrate of CD10"™" Tt is produced by hepato-
cytes under conditions of cellular stress, such as hepatitis,
bile stasis, and liver metastasis' . MENK inhibits tumor
growth and the establishment of metastatic foci®. CD10-
positive CRC cells degrade MENK and escape from
MENK-induced tumor suppressionlzzj. CD10 possesses a
weak affinity to A- I *; however, CD10 shows A- I -de-
grading activity but not the A- I -converting activity. The
degradation of A-1 produces Al-7, a MAST ligand. As
discussed above, MAST is not expressed in CRCs. CD10-
induced A1-7 does not affect CRC progression.

DIABETES AND THE RENIN/ANGIOTEN-
SIN SYSTEM

Diabetes mellitus is a common problem in countries adopt-
ing the Western lifestyle. Several epidemiological studies
have shown an association between type 2 diabetes and
the risk of colorectal, pancreatic, breast, liver, gastric,
and endometrial cancer™. The risk of malignancies is
increased at earlier stages in cases of abnormalities in
glucose metabolism, and there is a linear relationship
between cancer risk and plasma insulin levels”. With
regard to CRCs, a meta-analysis of 15 studies, involving
a total of 2593 935 participants, showed that diabetes is
associated with an increased risk of CRC [relative risk,
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1.30; 95% confidence interval (CI), 1.20-1.40]. Diabetes
is also associated with CRC mortality (relative risk, 1.20;
95% CI, 1.05-1.50)*”. High glycated hemoglobin (HbA1c)
levels are also associated with an increased risk of CRC
(odds ratio, 1.57; 95% CI, 0.94-2.60)*". Several studies
have demonstrated that hyperinsulinemia, elevated levels
of C-peptide, elevated body mass index, high levels of in-
sulin growth factor-1, low levels of insulin growth factor
binding protein-3, high leptin levels, and low adiponectin
levels are involved in carcinogenesism. Increased blood
concentrations of insulin and insulin-like growth factor
are particularly important in enhancing the risk of CRC?,
However, a detailed understanding of how diabetes might
increase the risk of CRC is still lacking,

We examined the expression of renin in HT29 and
CT26 cells in association with changing glucose concen-
tration. When the medium contained 100 mg/dL glu-
cose, renin protein was detected in HT29 cells but not in
CT26 cells. When the medium contained glucose at 200
mg/dL or more, the expression of renin increased with
increasing glucose concentration in a dose-dependent man-
ner in both cell lines. CT26 cells also expressed chymase
but not ACE, in a similar manner to HT29 cells. These
findings suggest then that the CRC cells activate angio-
tensin when exposed to high glucose concentrations.

In the hyperglycemic mice fed with a high-glucose diet,
the size, number, Ki67 labeling index, and microvessel
density of the liver metastatic foci were greater than those
in the normoglycemic mice fed with the control diet.
Clinical studies have suggested that a similar situation ex-
ists in patients. In the examination of 121 CRC patients,
the tumor renin concentration correlated with HbAlc lev-
els and the tumor A-II concentration correlated with the
tumor renin concentration. Moreover, high blood HbAlc
levels are associated with a higher incidence of liver me-
tastasis in diabetes cases but not non-diabetes cases. In
cardiac fibroblasts, a high concentration of glucose signifi-
cantly increases intracellular A-II levels by increasing the

intracellular levels of renin™.

A-1I AND LIVER METASTASIS OF

COLORECTAL CANCER

The A-TI precursor, ATG is mainly produced in hepato-
cytes””. We confirmed that CRC cells possessing angio-

tensin-activating ability establish liver metastasis because
they can produce abundant A-1I from AGT in the liver!®.
To examine the prometastatic effect, CRC cells with
angiotensin-activating ability were used in the mouse liver
metastasis model. We suppressed AGT production in the
mouse liver by using pro-AGT antisense S-ODN, which
significantly suppressed the liver metastasis of CRC cells.
Thus, CRC cells with angiotensin-activating ability are
more likely to form liver metastasis. In CRC cases, A-1I is
associated with renin concentration in primary tumors'”.
Thus, high levels of A-II in primary CRC tissues, which
indicates the potential to activate angiotensin in CRC cells,
was associated with a high frequency of liver metastasis.
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The A-TI concentration in primary CRC tissues may be a
good marker for liver metastasis.

ANGIOTENSIN-TARGETING THERAPY
FOR COLORECTAL CANCER

The renin/angiotensin-activating system is recognized as

an important molecular target for CRC prevention and
treatment. Several inhibitors of the renin/angiotensin-
activating system suppress cancer development, cancer
cell growth, angiogenesis, and metastasis™ " Y. Inhibi-
tors of the renin-angiotensin system are widely used to
treat hypertension. We have shown that some anti-angio-
tensin agents, inhibitors of renin and chymase, suppress
liver metastasis of CRCs"*”!. In addition, ACE inhibitors
and/or A-TI receptor blocker (ARB) have been reported
to improve disease prognosis or progression in pancre-
atic and urogenital cancer™.

We have also examined the combined effect of anti-
angiotensin treatment and hypoglycemic treatment”™. In
a streptozotocin-induced BALB/c mouse diabetes mod-
el fed a high-calorie diet, the blood sugar level increased
and was associated with increasing size and number of
CT26 cell liver metastases. In this diabetes mouse model,
we examined the effect of concurrent hypoglycemic
and anti-angiotensin treatments” . Insulin and gliclazide
(sulfonylurea) were administered with or without a renin
inhibitor (aliskiren) to the liver metastasis mouse model
fed a high-calorie diet and treated with streptozotocin
injection. Treatment with insulin and gliclazide resulted
in lower blood sugar levels compared to that in the un-
treated mice. The mice treated with insulin or gliclazide
showed a decrease in the number of metastatic foci and
improved survival compared to the untreated mice. Con-
current treatment with anti-angiotensin using aliskiren
or captopril ARB and hypoglycemic agents (insulin or
gliclazide) resulted in lower serum A-II concentration,
fewer metastatic foci, and longer survival compared to
the untreated mice or the mice treated with hypoglyce-
mic agents alone. Combined treatment with anti-angio-
tensin and hypoglycemic agents showed a synergistic in-
hibitory effect on liver metastasis. The mice treated with
the combination showed suppression of liver metastasis
and improved survival, equal to that of the control mice.

Given that the association between hyperglycemia
and liver metastasis in colon cancer is a result of renin
upregulation, diabetes status is likely to be a risk fac-
tor for liver metastasis. Control of blood sugar could,
therefore, be important in preventing liver metastasis in
colon cancer patients. The use of anti-angiotensin treat-
ment and blood sugar control as a baseline management
for colon cancer patients with diabetes deserves to be
examined in clinical trials in order to establish whether it
helps in the prevention of liver metastasis (Figure 1).

CONCLUSION

As described above, the angiotensin activation is a pivotal
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feature of colorectal cancer for disease progression and
liver metastasis. The angiotensin blockade and blood sugar
control are hopeful tools for suppressing the liver metas-
tasis of colorectal cancer. These treatments are provided
commonly to patients of the hypertension and diabetes in
an effective and safe manner. For CRC patients, especially,
in their postoperative status, the angiotensin blockade and
blood sugar control are relevant to prevent the liver me-
tastasis in addition to the anti-cancer chemotherapy.
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