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Feature Article

A New Perspective for Chinese Medicine Intervention for
Coronary Artery Disease: Targeting Inflammation*

LI Si-ming’, LI Jin-gen"?, and XU Hao'

ABSTRACT Inflammation, which plays a critical role in atherosclerosis and the
occurrence of acute cardiovascular events, may be a new target for treatment of
coronary artery disease (CAD) to reduce residual cardiovascular risk. Recently, Anti-
inflammatory Therapy with Canakinumab for Atherosclerotic Disease (CANTOS), the
largest scale clinical trial that targeted inflammation but not lipids, has affirmed for the
first time the inflammatory hypothesis of artherosclerosis and marked the advent of an
exciting era of targeting inflammation for the prevention and treatment of cardiovascular
diseases. Chinese medicine (CM) is a promising adjuvant therapy for CAD in light
of its safety and pleiotropic effect of anti-inflammation, anti-platelet, lipid-regulating,
endothelium-protection, microcirculation-improving, etc. In recent years, exploration of
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anti-inflammatory treatment of CAD with CM has been going on from theory to practice. Taking CANTOS as an
example, the design strategy to combine CM and Western medicine to inhibit inflammation were discussed in

this paper, which might provide a new perspective for CM intervention on CAD.
KEYWORDS coronary artery disease, inflammation, Chinese medicine

Lowering plasma level of low density lipoprotein
cholesterol (LDL-C) has been the focus of almost all
recent studies on coronary artery disease (CAD) and
results of these studies seem to support the concept
that lower is better. Therefore, target LDL-C levels
recommended by guidelines has reduced from less
than 100 mg/dL (2.6 mmol/L) to less than 70 mg/dL
(1.8 mmol/L) for patients at very high risk, and
for patients at extreme risk, less than 55 mg/dL
(1.4 mmol/L)."* Undoubtedly, the lowering of LDL-C
level has greatly improved prognosis for patients
with CAD. However, it seems that further reduction
of LDL-C to extremely low levels only generate
limited benefits and there are still substantial residual
cardiovascular risk. For example, in Improved
Reduction of Outcomes: Vytorin Efficacy International
Trial (IMPROVE IT), reduction of LDL-C from 2.4 to
1.4 mmol/L only resulted in an absolute risk reduction
of 2%, and the 7-year event rates for primary
outcome (death from cardiovascular causes, major
coronary event, or nonfatal stroke) was still 32.7%
in the ezetimibe plus simvastatin group;® In Further
Cardiovascular Outcomes Research with PCSK9
Inhibition in Subjects with Elevated Risk (FOURIER),
reduction of LDL-C from 2.4 to 0.78 mmol/L only

generated an absolute risk reduction of 1.5%, and
2.2-year event rate for the composite of cardiovascular
death, myocardial infarction, stroke, hospitalization
for unstable angina, or coronary revascularization
was still 11.3%.® Besides, clinical and experimental
data support a critical role for inflammation in
atherosclerosis (AS) and the occurrence of acute
cardiovascular events.”"”

Inflammation: A New Target for Treatment of CAD

The understanding of the biology of AS has
incorporated the inflammatory hypothesis for more
than 20 years.®'” Inflammatory cells and factors play
a critical role in the initiation, growth of atherosclerotic
plaque and occurrence of acute cardiovascular
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events. Inflammatory reactions could increase plaque
instability, probablly resulting in plaque rupture,
fissuring, or erosion preceding myocardial infarction,
stroke, and cardiovascular death. These insights
led to the recognition that inflammation accounts
for a substantial proportion of unexplained residual
cardiovascular risk. Therefore, many scholars
believe that in addition to plasma cholesterol,
the most promising intervention target for AS is
inflammation.*" The main components involved
in the inflammatory process of AS are: (1) cells such
as mononuclear cells, macrophages, lymphocytes,
vascular endothelial cells, vascular smooth muscle
cells, platelets, and so on; (2) pro-inflammatory
factors, such as tumor necrosis factor-alpha (TNF- « ),
interleukin-1 (IL-1), interleukin-6 (IL-6), angiotensin-1I,
interferon-gamma, endothelium cell adhesion factor
1, intercellular adhesion factor-1; (3) inflammatory
markers like C-reactive protein (CRP).""

Multiple prospective and epidemiological studies
have found that the level of CRP/high-sensitivity
C reactive protein (hs-CRP) mainly reflected the
stability of coronary atherosclerotic plaques and was
closely related to acute cardiovascular events."®*
CRP/hs-CRP is the mostly recognized inflammatory
marker currently and an independent risk factor
for cardiovascular events.®"*® CRP can induce
endothelial cells to express cell adhesion molecules,
IL-6 and endothelin-1 (ET-1), etc., increase the uptake
of LDL-C by macrophages, inhibit the formation of
nitric oxide (NO) and angiogenesis, increase the
expression of vascular smooth muscle angiotensin
1 receptor and inhibit the release of prostacyclin by
endothelial cells. These processes are directly related
to the occurrence and development of AS and plaque
rupture.

The most intriguing results for inflammation is
from Justification for the Use of Statins in Prevention:
an Intervention Trial Evaluating Rosuvastatin
(JUPITER) trial. In JUPITER, investigators found that
among patients with an elevated level of hs-CRP and
normal lipid profiles, statins (rosuvastatin) treatment
decreased hs-CRP by 37% and resulted in a lower
incidence of major vascular events than placebo.®”
However, because the level of LDL-C was also lowered
from baseline, it was impossible to conclude that the
reduction of hs-CRP or the inhibition of inflammation
was responsible for the clinical benefit. IL-18 is a
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cytokine that is central to the inflammatory response
and plays a critical role in AS through IL-6 and
CRP. Canakinumab, which has been approved for
clinical use in rheumatologic disorders, is a human
monoclonal antibody against IL-1 3 . Therefore, Ridker,
et al®® conducted the Anti-inflammatory Therapy with
Canakinumab for Atherosclerotic Disease (CANTOS)
trial to directly test the inflammatory hypothesis of
atherothrombosis. In the trial, 10,061 patients with
previous myocardial infarction and hs-CRP =2 mg/L
were randomly assigned to 3 doses of canakinumab (50,
150, 300 mg) or placebo, administered subcutaneously
every 3 months. The median follow-up time was 3.7
years compared with placebo, canakinumab reduced the
hs-CRP level from baseline in a dose-dependent fashion
(26%, 37% and 41% lower than placebo, respectively),
with no reduction in the LDL-C level. The 150-mg dose
of canakinumab significantly lowered incidence of the
primary end point (a composite of nonfatal myocardial
infarction, nonfatal stroke, and cardiovascular death)
compared with placebo.

CANTOS, the largest scale double-blinded,
placebo-controlled, randomized clinical trial that
targeted inflammation but not lipids, has affirmed
for the first time the inflammatory hypothesis of
artherosclerosis and marked that we are entering an
exciting era of targeting inflammation for the prevention
and treatment of cardiovascular diseases.®”

Anti-inflammatory Treatment of CAD with CM:
from Theory to Practice

Despite the scientific and clinical excitement
about canakinumab for CAD, some concerns should be
noticed. First of all, fatal infection occurred more often
in patients who received canakinumab than in those
who received placebo. Besides, the agent now is too
expensive (costs $200,000 a year) to limit its clinical
application. Lastly, targeting one mediator (IL-13) by
canakinumab can not block all inflammatory pathways
implicated in AS since inflammatory signaling
pathways have considerable redundancy, which
may be an important reason why it failed to reduce
cardiovascular death. Therefore, there is a need to find
anti-inflammatory agents that is as or more effective but
safer and cheaper than Canakinumab.

Blood stasis syndrome (BSS) is the most
common CM syndrome in patients with CAD. However,
although the blood stasis theory could perfectly accout
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for the biology of platelet aggregation and activation,
increased blood viscosity, hypercoagulability and
thrombosis in AS, it can not explain inflammation,
endothelial injury, oxidative stress and tissue necrosis
involved in AS, etc. Therefore, the research team led
by academician CHEN Ke-ji proposed the "blood-stasis
and toxin causing deterioration" hypothesis: BSS is
ubiquitous in the atherothrombotic process in CAD,
and is also the basic CM pathology in stable CAD. If
the blood stasis persists, it leads to heat-transmission
and toxin-formation and then causes "blood-stasis and
toxin" status. Untreated or mistreated, and stimulated
by exopathic factors, this "blood-stasis and toxin" status
will block the circulation of gi and blood in heart and
lead to adverse events such as unstable angina, acute
myocardial infarction or sudden cardiac death. On the
basis of this hypothesis, a large sample cohort study
was conducted to establish the blood-stasis and toxin
syndrome differentiation criteria for stable CAD, which
provided the theoretical basis for anti-inflammatory
treatment of CAD with CM.*”

In some previous experimental researches, CM
herbs or extracts with blood activating and detoxifying
or heat-clearing and detoxifying property such as
prepared Radix et Rhizoma Rhei with wine,?**”
Andrographis Paniculata P.E,®” red yeast rice,®"
effective components of Chuanxiong Rhizome and
red Peony root,®” and Qingre Quyu Granule,®® were
found to have anti-inflammatory, antiischemic and
plague stabilizing effects.

Small-sample clinical studies showed that
Chinese patent medicine like Danhong Injection (7
4172 4+7%) and Compound Danshen Injection (£ 7
Freriz4ti),®? Safflower Yellow Injection (40itiz4t
#),% Xuefu Zhuyu Oral Liquid (ofz fFiZ 5 2 fRi% ),
Xingingning Tablets (# i T 4 )®” could effectively
relieve angina pectoris and inhibit the inflammatory
reaction of CAD patients. However, none of these
studies used inflammatory markers as the main
endpoints. All the subjects in these studies were not
with increased inflammatory reaction or elevated hs-
CRP level and those with high risk of infection or other
systemic inflammatory diseases were not excluded.
Consequently, these studies can not fully confirm the
clinical efficacy of CM with anti-inflammatory property
in the treatment of CAD.

CM with activating blood circulation (ABC)

properties is widely used in CAD treatment. Among
them, Salvia miltiorrhiza preparation was most
extensively studied. Since 1830s, the chemical
composition of Salvia miltiorrhiza and their biological
activity have been widely studied. More than 30
liposoluble components and 30 water-soluble
components were identified and extracted from Salvia
miltiorrhiza, among which tanshinone II A sulfate (TS)
is one of the most active component.

Previous preclinical researches showed that TS
had anti-inflammatory and plaque stabilizing effects.®**”
Other studies also demonstrated the anti-inflammatory
effect of TS, including the chronic inflammation in
CAD."? Robertson, et al“” found that TS had most
potent anti-inflammatory effects in vivo both by induction
of neutrophil apoptosis and by promoting reverse
migration of neutrophils. Although this research is not
within field of CAD, it provides evidence that TS is a
promising anti-inflammatory agents. To assess the
effectiveness and sustained effect of TS on hs-CRP and
other inflammatory markers in patients with unstable
CAD, we conducted a prospective small sample
randomized open-label trial.“? As hs-CRP more than
3 mg/L is considered an independent risk factor for
cardiovascular events and more than 15 mg/L may be
more suggestive of infection,*® only patients of non-ST
elevation acute coronary syndrome (NSTE-ACS) with
hs-CRP level between 3 and 15 mg/L were enrolled.
Patients were randomly assigned to atorvastatin-
based standard medical therapy or standard therapy
plus Sodium Tanshinone II A Sulfate (STS) Injection
(80 mg, once daily for 14 consecutive days) with
1-month follow-up. Patients with infection and taking
any antibiotics or any CM with the function of clearing
heat and removing toxins were excluded. After 14-day
treatment, the levels of hs-CRP in the experimental
group were significantly lower than that in the control
group (1.72 vs. 3.20 mg/L, P=0.0191), and lower levels
of IL-6, chemotactic protein-1 (MCP-1), and soluble
CD40 ligand were also observed in the experimental
group.“” Besides, angina symptoms were also better
improved in the experimental group (P<0.01). At
30 days after treatment completion, MCP-1 levels
remained lower in the experimental group than in the
control group (313.88 vs. 337.91 pg/mL, P=0.0078).
Notably, no serious adverse events occurred. The
study suggests that STS may alleviate the symptoms
of angina pectoris by further reducing elevated
hs-CRP and other circulating inflammatory markers
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(IL-6, MCP-1, sCD40L) and stabilizing AS plaque
in NSTE-ACS patients with increased inflammatory
response. The apparent additive effect of STS in
reducing the level of MCP-1 even persisted to 30 days
after the completion of treatment. Since no previous
high-quality study has evaluated the effect of TS
on hs-CRP and other inflammatory markers in CAD
patients, the findings shed light on the benefit and
safety of an adjunct therapy of TS regimen for CAD
patients with enhanced inflammatory reaction, thereby
offering potential implications for clinical practice from
anti-inflammatory perspective.

In addition, there is another trial which found that
Qingxin Jieyu Decoction (7w #5587, QXJY, with the
effect of blood circulation activating and detoxifying
effects) in addition to conventional treatment can
reduce inflammatory markers (hs-CRP, IL-6, sCD40L,
matrix metalloprotein-9) level of stable CAD.*?
Accordingly, a multicenter, randomized, double-blind
pacebo-controlled trial (QUEST Trial) is carried out to
test if QXJY combined conventional treatment is more
superior to reduce inflammation of AS and finally lead
to the reduction of major adverse cardiac event (MACE)
in high-risk stable CAD patients.“® It will undoubtedly
provide an evidence-based complementary therapeutic
approach for anti-inflammation and contribute to further
reducing MACE for CAD.

Prospect

For quite a long time, anti-inflammatory therapy
for CAD mainly rests on preclinical studies and
results of many clinical studies targeting inflammation
are not satisfactory. For example, some anti-
inflammatory medicine failed to reduce the incidence
of cardiovascular events (such as darapladib, a
lipoprotein phospholipase A2 antagonism,“”*® and
losmapimod, a p38 mitogen-activated protein kinase
inhibitor?), and some even bring harm to patients
with CAD (anakinra, an IL-1 receptor inhibitor®”
and varespladib, a secretory phospholipase A2
inhibitor,**? may increase the risk of cardiovascular
events; etancept, a TNF- « antagonism, may increase
the activity of platelets®). All these cases impeded
wide acceptance of the inflammation hypothesis and
application of anti-inflammatory agents in clinical
practice. Since the CANTOS trial proved the clinical
benefit of an agent targeting inflammation and
autoimmunity, this old-tree-new-buds field is opened
to further investigation and definitely will receive more
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and more attention.

CM is a promising adjuvant therapy for
CAD in light of its safety and pleiotropic effect of
anti-inflammation, anti-platelet, lipid-regulating,
endothelium-protection, microcirculation-improving
and anti-myocardial ischemia. The above clinical
trial of TS undoubtedly provides a novel integrative
strategy to combine CM and Western medicine to
inhibit inflammation, thus provding a new perspective
to safely reduce residual cardiovascular risk in patients
with CAD. Considering the small scale of present
clinical trials, whether the reduction of inflammatory
factors by CM in CAD patients will ultimately reduce
future cardiovascular events and yield long-term
prognostic benefit should be investigated by future
clinical trials. So far, QUEST Trial might be the only
registered clinical trial of CM intervention sponsored
by the national funding of China to evaluate CM in
combination with conventional treatment on inhibiting
inflammatory response and reducing MACE in high-
risk stable CAD patients. We are looking forward
to more and more strictly designed clinical trials
assessing effects of CM with anti-inflammatory effects
on cardiovascular event in the future.
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