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Abstract. Angiotensin-I-converting enzyme (ACE) inhibitors
have been very effective in treating cardiac hypertension since
their clinical inception over four decades ago. Since then, it has
been established that angiotensin 11, the product of ACE, has
oncogenic and pro-proliferative qualities, which begs the
question as to whether ACE inhibitors may have oncolytic
characteristics. In fact, scattered reports suggest that ACE
inhibitors are oncolytic and oncopreventive, but the available
literature has yet to be thoroughly examined. In the present
review, we examine the available literature and determine that
ACE inhibitors would have great utility in the prevention and
treatment of cancer. At the same time, they would augment the
efficacy of chemo- and radiotherapy as well as mitigating
damage to healthy tissue by standard chemotherapeutic
regimens. We review some of the mounting clinical evidence and
show that ACE inhibitors have oncolytic activity in multiple
types of cancer and discuss the ability of ACE inhibitors to
prevent cardiotoxicity of multiple chemotherapies. Our analysis
demonstrates that the actions of ACE inhibitors converge on
vascular endolthelial growth factor to reduce its levels in
tumors and prevent construction of blood vessels to masses,
leaving them nutrient-depleted and subsequently hindering their
growth. Given that ACE inhibitors are approved by the Federal
Drug Administration and the therapeutic dose for hypertension
treatment also slows the growth of multiple cancers types, ACE
inhibitors are in a perfect position to be repurposed as oncolytic
agents, that would widely increase their utility in the clinic.
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Angiotensin-I-converting enzyme (ACE) inhibitors have
faithfully treated hypertension and congestive heart failure
since their introduction into the clinic over 40 years ago (1).
Since the inception of the first ACE inhibitor, captopril,
several others have reached the clinic. They are usually
prescribed along with other hypertensive drugs to address
individual patient treatment requirements. Mechanistically,
ACE inhibitors block the conversion of angiotensin I to
angiotensin II and subsequent downstream physiological
consequences such as arteriolar vasoconstriction and
increased blood pressure. Interestingly, angiotensin II has
pro-proliferative capabilities in smooth muscle cells (2) and
has been shown to facilitate breast cancer cell migration and
metastasis (3), suggesting that ACE inhibition may have
oncolytic effects.

In a nested case—control study, researchers found that men
taking captopril for hypertension were at a reduced risk for
developing prostate cancer compared to matched controls
(1). Furthermore, Kubota et al. (4) reported that captopril
reduces azoxymethane-induced colonic preneoplastic lesions
in obese mice, thus demonstrating that captopril has cancer-
preventing effects. Similar results were corroborated by
Fendrich et al. (5) who reported that enalapril, another ACE
inhibitor, delays pancreatic cancer formation in genetically
engineered mice. There are also data that demonstrate that
ACE inhibitors slow tumor growth (7) and prevent toxicity
to healthy tissue (6).

This mounting evidence demonstrates that ACE inhibitors
may have utility in the clinic beyond the treatment of
hypertension. Therefore, we set out to review the existing
evidence that ACE inhibitors have oncopreventive effects,
and may exhibit direct oncolytic activity in certain cancer
types. We attempt to determine the cancer types for which
ACE inhibitors may elicit the greatest therapeutic benefit and
make an argument for why ACE inhibitors should be
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administered alongside DNA-damaging agents to prevent
toxicity to healthy tissue in pediatric cancer patients.

Oncopreventive Nature of ACE Inhibitors

Currently, ACE inhibitors are Federal Drug Administation
(FDA) approved to prevent the conversion of angiotensin I
to angiotensin II. Growing implicates angiotensin II as
exhibiting oncogenic and pro-proliferative effects (2, 3). As
a result, it is likely that adults taking ACE inhibitors to
manage cardiac hypertension may be at reduced risk for the
development of certain kinds of cancer. In support of this
notion, Ronquist et al. (1) determined that captopril, an ACE
inhibitor that penetrates the blood-seminal plasma barrier,
reduces the incidence of prostate cancer in adult males. This
reduction in incidence was found to be dose- and duration-
dependent. In particular, patients taking captopril for
ischemic heart disease were at 70% reduced risk for the
development of prostate cancer, a statistically significant
finding (1).

More elegant mechanistic studies performed in mice with
genetically or pharmacologically induced cancer shed additional
light on the molecular consequences of ACE inhibitors in cancer
models. In obese mice administered azoxymethane (a mutagen
and cancer-promoting agent), captopril reduced the number of
malignant preneoplastic lesions and the amount of DNA
damage in the colon, demonstrating that it may nullify some of
the oncogenic effects of azoxymethane (4). Interestingly, it was
reported that captopril seemed to exert this oncopreventive role
not only by reducing oxidative stress but also by serving as anti-
inflammatory agent (4). In particular, it was observed that
captopril treatment lowered the levels of 8-hydroxy-
deoxyguanosine, which is a marker of DNA damage induced
by oxidative stress, as well as DNA damage itself brought on
by azoxymethane pretreatment (4). Moreover, among obese
mice pre-treated with azoxymethane captopril lowered the
mRNA expression of the following pro-inflammatory cytokines:
interleukin-1-beta and interleukin-6. As a consequence, captopril
may reduce the incidence of colorectal cancer by lowering
systemic inflammation (4).

In mice genetically engineered to develop pancreatic
cancer, enalopril down-regulated vascular endothelial growth
factor (VEGF) mRNA and nuclear factor kappa beta (NFxB)
(5). VEGF is required to build blood vessels that transport
nutrients to tumors in order to meet their high energy
demands and NFxB is a transcription factor that promotes
the production of oncogenic proteins (5). Thus, the down-
regulation of these two proteins by an ACE inhibitor may
explain why chronic use for hypertension may reduce the
risk of certain types of cancer. If tumors in patients being
treated for hypertension or congestive heart failure cannot
form blood vessels, such tumors will never propagate and
grow enough to threaten the life of the patient.
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ACE Inhibitors as Radio/Chemosensitizers
and Oncolytic Agents

Since data have demonstrated that ACE inhibitors are in fact
oncopreventive, it is necessary to examine whether these
drugs can halt the growth and spread of existing tumors. In
vitro, ACE inhibitors do not seem to demonstrate
considerable oncolytic activity. However, in pre-clinical
mouse models, ACE inhibitors have been shown to exert a
significant oncolytic effect in multiple cancer types. In
particular, in liver tumors, ACE inhibitors perindopril and
candesartan dose-dependently were found to reduce
angiogenesis and tumor growth by reducing the quantity of
VEGEF and subsequently lower tumor microvascular density
(8, 10). Similar effects were likewise observed on VEGF and
microvascular density when perindopril and captopril were
used to treat head and neck cancer and renal cancer,
respectively (7, 9). Moreover, captopril reduced metastasis
of tumors to the lungs (9). This result is particularly
encouraging due to the association of metastasis with higher
grade cancer that often have dismal prognosis.

The efficacy of ACE inhibitors in reducing angiogenesis
and tumor growth has been largely attributed to the
overexpression of angiotensin II type I receptor (AGTRI).
In fact, it has been widely studied that the overexpression of
AGTRI1 has been found in liver, breast, renal, pancreatic,
bladder, prostate, ovarian, cervical, laryngeal, head and neck,
and skin squamous cell cancer (10, 11). In cancer,
angiotensin II up-regulates AGTRI, which in turn activates
the extracellular signal-related kinase/protein kinase B
pathways, resulting in increased VEGF production (12)
(Figure 1). As a result, inhibition of AGTRI1 through ACE
inhibitors have been theorized to reduce not only VEGF but
also angiogenesis and tumor growth (10, 12). In particular,
in liver xenografts, oral administration of candesartan at
either 2 or 10 mg/kg/day lowered the expression of VEGF
and restricted the formation of neo-vessels (10). As a
consequence, it is believed that ACE inhibitors, like
candesartan restrict tumor growth and exhibit oncolytic
effects in vivo by inhibiting the formation of new blood
vessels to solid tumors (10).

An elegant study performed by Namazi et al. (13),
demonstrated that MCF-7 estrogen-receptor positive breast
cancer cells acquire resistance to tamoxifen, an estrogen
receptor antagonist, after chronic treatment with this agent.
Concomitant treatment of cancer cells with tamoxifen and
captopril negated this acquired resistance and maintained
sensitivity of these cells to tamoxifen over a longer period
of time. This pre-clinical result is particularly encouraging
because acquired resistance to chemotherapies is a major
obstacle in the clinical treatment of cancer. In some cases,
chemotherapy appears to slow cancer growth, but the cells
that make up the tumor acquire a resistance to the treatment.
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Figure 1. Schematic pathway diagram of the oncogenic actions of angiontensinconverting enzyme (ACE) in cancer and inhibition by ACE inhibitors
approved by the federal drug administration. Angiotensin I (AGI) conversion to angiotensin I (AGII) and binding to its conjugate receptor (AGII-R)
initiates an extracellular signal-related-1/2 (ERK1/2) and phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) signaling cascade which results
in up regulation of vascular endothelial growth factor-alpha (VEGFA). Inhibition of angiotensin Il production results in decreased VEGF production
and mitigated microvascular production, which corresponds to lowered nutrient uptake and stunted tumor growth in vivo.

As a result, a second, potentially more toxic second-line
treatment must be used to treat the patient. If ACE inhibitors
can prevent acquired resistance to front-line chemotherapies,
patient outcomes may improve considerably. Similarly,
captopril has been shown to enhance cisplatin efficacy in
vivo and independently reduce the size of gastric cancers by
up to 50% (14). In addition, enalapril was found to enhance
radioimmunotherapy in human colon cancer xenografts (15).

There is also mounting clinical evidence that ACE
inhibitors may have a positive impact on patient outcomes
by slowing the progression of several cancer types. Liu et al.
(16) recently demonstrated that lisinopril extends the median
survival time of patients with non-metastatic pancreatic
ductal adenocarcinoma from 19.3 to 36.3 months. The
activity of several oncogenic pathways was reduced in the
tumor, and the activity of effector T-cells and antigen-
presenting cells increased drastically, demonstrating that

ACE inhibitors may be able to elicit an antitumor immune
response in patients. On a cellular level, this significant
clinical finding may be explained by previous studies
demonstrating that poorly differentiated pancreatic tumors
are particularly susceptible to VEGF inhibition (17). By
inhibiting the production of VEGF rather than its binding to
its conjugate receptor, one would expect a similar functional
outcome, underpinned by increased median survival time of
patients. In patients with lung and kidney cancer, adding an
ACE inhibitor (18, 19) extended the median survival time of
patients, and in some cases produced a complete remission
of the tumor (19). Patients that received sunitinib with a
supplemental ACE inhibitor experienced an increase in
progression-free survival time of from 6 to 13 months, a
statistically significant finding (20). These data, in addition
with data from elegant pre-clinical studies, suggest that ACE
inhibitors may have a wide utility in cancer prevention and
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treatment and may bolster the effects of existing front-line
treatments for multiple cancers.

ACE Inhibitors as Cardioprotective Agents

A common difficulty with chemotherapy is the damage done
to non-malignant tissue by DNA-damaging agents, which
requires the cessation of the chemotherapy regimen. This is
especially true in pediatric patients, as their hearts are very
sensitive to toxicity elicited by standard chemotherapies (6). To
date, two independent reports have demonstrated that enalapril,
at doses used to manage hypertension prevents cardiac decline
in survivors of pediatric cancer (6). Furthermore, enalapril has
been shown to prevent cardiotoxicity from high-dose
chemotherapy in high-risk patients. In particular, enalapril
successfully prevented cardiac decline in pediatric cancer
patients after 12 months, whereas those receiving high-dose
chemotherapy plus placebo experienced a time-dependent
decline in cardiac output.

Future Directions

The current work demonstrates that ACE inhibitors can act
as oncopreventive agents as well as oncolytic agents. ACE
inhibitors can also increase the efficacy of standard radio-
and chemotherapy, and prevent toxicity to other, healthy
organs. Furthermore, there is definitive clinical evidence that
ACE inhibitors improve clinical outcomes for patients with
different types of cancer when combined with standard
chemotherapeutic regimens.

Research should continue to explore the potential
therapeutic benefits of ACE inhibitors in the contexts
discussed here. As a class of FDA-approved drugs,
repurposing ACE inhibitors into oncolytic agents and
preventative measures for cancer and chemotherapy-
associated side-effects has the potential to be both cost- and
time-effective. It seems that ACE inhibitors would be of
particular use in managing VEGF-driven cancer, as most of
the published oncolytic effects of ACE inhibitors appear to
be VEGF-dependent. Furthermore, given that captopril
prevents glioma cell invasion (22), future research should
explore the potential for ACE inhibitors that penetrate the
blood-brain barrier to treat cancer which arises from the
central nervous system. This is especially important given
the dismal prognoses of most patients with brain cancer and
the inability of many drugs developed to treat this disease to
pass through the blood—brain barrier due to size or charge
constraints. With these ideas in mind, supplementing
standard chemotherapeutic regimens with ACE inhibitors
would be a simple and efficient way of determining which
cancer types might be managed more effectively with the
addition of a widely-distributed drug that has already been
approved by the FDA.
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