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Abstract

Cystatin C (Cys-C) is a protease inhibitor that can be produced by
nuclear cells in the human body. Its principal function is to inhibit
the activity of various cysteine proteases in vivo. In addition, Cys-C
also plays an essential role in regulating antigen presentation, extra-
cellular matrix degradation, and the balance of protein production
and decomposition in living cells. Cys-C is involved in the pathophys-
iological processes of chronic inflammatory diseases, including car-
diovascular, cerebrovascular, and respiratory diseases. This article
reviews the effects of Cys-C on chronic inflammatory diseases and
its therapeutic prospects.
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Introduction

The cystatin super family includes three families, I, I, and Il1.
The members of the family | are single-stranded proteins com-
posed of more than 100 amino acid residues without disulfide
bonds and carbohydrates; Members of family Il are composed
of 120 amino acid residues lacking carbohydrates but contain-
ing two disulfide Bridges; Members of family Il are activators
of large multifunctional glycoproteins in plasma. Among them,
cystatin C belongs to family I, encoded by the gene CST3 on the
short arm of chromosome 20. It has a molecular mass of 13 kD,
an isoelectric point of 9.3, and contains 122 amino acids. It is
an intrinsic inhibitor of cysteine proteases such as cathepsin B,
elastase, and please (Figure 1) [1].

Cys-Cis not affected by age, sex, or protein intake and has no
tissue specificity. Cys-C is stably produced by all nucleated cells
in the human body. At the same time, the kidney is the only or-
gan that can clear circulating Cys-C. Cys-C is used as a biomarker
of renal function in clinical practice. Due to its small size, 99%
of Cys-C cannot be detected in routine urine due to glomeru-
lar filtration and glomerular absorption. When renal function is
damaged, the glomerular filtration rate is affected, and the Cys-
C level is increased, which can be used as an evaluation index
of the severity of renal function [2]. However, more and more
studies have shown that Cys-C is also involved in the physiologi-
cal and pathological processes of many chronic inflammatory
diseases, such as cardiovascular and cerebrovascular diseases,
severe infectious diseases, respiratory diseases, and so on.

This article reviews the function and clinical application of Cys-
C. These results collectively indicate that Cys-C is an essential
breakthrough in treating inflammatory diseases.

The Anti-Inflammatory Activity of Cystatin C
Anti-Proteolytic Activity

Cys-C, as a cysteine protease inhibitor, can prevent cells from
being affected by endogenous or exogenous proteases by regu-
lating intracellular and extracellular proteins, thereby inhibiting
various cysteine protease activities in vivo, including improper
hydrolysis of endogenous proteases or exogenous proteases
promoting pathogen growth [3]. Due to the differences in the
structure and properties of different proteases, Cys-C has dif-
ferent degrees of inhibitory activity against different proteases.
Cys-C showed potent inhibition of cathepsins B, L, K, and S but
almost no inhibition of matrix metalloproteinases and serine
proteases. Cathepsins are a class of target proteases found in
tissue cells, mainly from autolysin. 11 kinds of cathepsins in the
human body are closely related to various inflammatory dis-
eases. For example, when an inflammatory reaction occurs in
the arterial wall, Cys-C can inhibit the secretion of cathepsins
and then promote the remodeling of the vascular wall matrix to
slow down the disease [4].

Anti-Inflammatory Activity

Cys-C exhibits anti-inflammatory properties through other
mechanisms. Studies have found that Cys-C can reduce the se-
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verity of inflammation by promoting neutrophil chemotaxis, ad-
hesion, degranulation, and reactive oxygen species production
[5]. This mechanism is related to many inflammatory diseases.
When pro-inflammatory factors are increased in adipose tissue
under obesity, increasing the Cys-C level can reduce the con-
centration of pro-inflammatory factors, thereby offsetting the
deterioration of glucose metabolism and reducing the degree
of inflammation [6]. In addition, Cys-C plays an essential role in
the pathophysiological process of cardiovascular and inflamma-
tory diseases by inhibiting oxidative low-density lipoprotein and
zymogens [7].

Cystatin C Associated Diseases
Cardiovascular Inflammatory Disease

Atherosclerosis: Atherosclerosis (AS) is a chronic inflamma-
tory disease characterized by the massive degradation of extra-
cellular matrix proteins in the arterial wall [8]. Under the activa-
tion of vascular endothelial cells and the interaction of various
inflammatory factors, monocyte aggregation and macrophage
differentiation, lipid infiltration into the subendothelium, and
the formation of atherosclerotic plaques [9]. The lumen steno-
sis caused by atherosclerotic plaque and the thrombus formed
by plague detachment eventually lead to acute cardiovascular
events [10]. When Cys-C secretion is relatively low, athero-
genesis occurs at a faster rate. Studies have found that Cys-C
regulates protein hydrolysis and metabolism by regulating the
activity of cysteine cathepsin and then affects the degradation
of the extracellular matrix, thereby alleviating the progression
of the disease to malignancy. It has also been found that Cys-C
can inhibit the increase of the Cathepsin K (Cat-K) level, which
stimulates the transition of atherosclerotic plaque from a stable
to an unstable state [11]. In addition, the fluctuation of Cys-C
level can be used as a marker of atherosclerosis to evaluate the
severity and prognosis of atherosclerosis.

Acute Coronary Syndrome: Acute Coronary Syndrome (ACS)
is a clinical syndrome caused by acute myocardial ischemia,
including unstable angina pectoris, non-ST-segment elevation
myocardial infarction, and ST-segment elevation myocardial in-
farction. Studies have proved that the increase of inflammatory
factors affects the disease and lesion degree of ACS and plays an
essential role in the occurrence and development of ACS [12].
Some studies have shown that the increase in Cys-C concentra-
tion is associated with increased number of stenosed coronary
arteries in ACS patients. Cys-C can predict the severity of ACS
patients so that patients can be treated in time [13,14].

Acute Myocardial Infarction: Acute Myocardial Infarction
(AMI) is a type of myocardial necrosis caused by acute or per-
sistent coronary ischemia and hypoxia [15]. The pathological
basis of AMI is coronary atherosclerotic stenosis. Some stud-
ies have found that aging is an independent risk factor for poor
prognosis in patients with AMI. Elderly patients with AMI are
more likely to present with multiple clinical manifestations and
multi-branch lesions than younger patients with AMI [16]. Cys-
C can induce myocardial injury and acute myocardial infarction
through the ROS/ mitochondrial signaling pathway, disrupting
the production of hypoxic cardiomyocytes [17]. In addition, the
Cys-C level can be used as a marker to evaluate the severity and
prognosis of AMI.

Cardiac Failure

When patients have an acute myocardial infarction, timely
reperfusion to restore the coronary artery can save ischemic

cardiomyocytes’ survival and reduce patients’ mortality. How-
ever, it may also cause Myocardial Ischemia-Reperfusion Injury
(MIRI), which may reduce the efficacy of reperfusion therapy in
patients with AMI and eventually develop into heart failure. The
serum level of Cys-C increased with the increase in the severity
of the cardiac failure, indicating that Cys-C was closely related
to AMI and MIRI [18]. Cys-C can reduce the injury of cardiomyo-
cytes, inhibit the activity of the NF-«kB signaling pathway, and
then reduce the oxidative stress and apoptosis of H9C2 cells,
thereby reducing the injury of H9C2 cells and alleviating the se-
verity of MIRI [19]. Cys-C has value in the evaluation of AMI and
its complications (Figure 2).

Figure 1: Biochemical structure of Cystatin C [1].
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Figure 2: Mechanism of Cys-C in myocardial infarction and heart
failure. (Created with BioRender.com).
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Figure 3: Mechanism of action of Cys-C in sepsis. (Created with Bio-
Render.com).

Cerebral Vasculitis Disease

Ischemic Stroke: Stroke is a group of acute cerebrovascular
diseases, including ischemic stroke and hemorrhagic stroke,
which are caused by the sudden rupture of cerebral blood ves-
sels or blood cannot flow into the brain due to vascular obstruc-
tion, and the proportion of patients with ischemic stroke is up
to 87% ammatory diseases [20]. Ischemic stroke is caused by
the stenosis or occlusion of the supply vessels of the brain, lead-
ing to necrosis or softening of the local brain tissue, resulting
in persistent neurological dysfunction. Atherosclerosis is the
primary pathological basis of it [21]. Cys-C is a risk factor for
ischemic stroke. The severity of ischemic stroke increases with
the increase of serum Cys-C level. It has been found that the
serum level of Cys-C in patients with ischemic stroke is signifi-
cantly higher than that in patients without ischemic stroke, and
the degree of neurological deficit increases with the increase
of Cys-C level. At the same time, other studies have found that
high-density lipoprotein, a protective factor of ischemic stroke,
decreases with the increase of Cys-C level, which leads to an
increase in the incidence of ischemic stroke [22].

Severe Infectious Inflammatory Disease

Sepsis: Sepsis is a life-threatening organ dysfunction caused
by a dysregulated host response to infection [23]. An excessive
inflammatory response caused by infection induces a large re-
lease of proinflammatory factors, which is the main factor in
increasing sepsis's severity [24]. Because of the critical role of
cystatin in parasite immune escape, Yang X et al. found that
Schistosoma japonicum-derived Cys-C cloned from Japanese
blood-sucking adults could inhibit the release of inflammatory
factors such as TNF-a [25]. Subsequently, Wan Y. K. et al. found
that Schistosoma japonicum-derived Cys-C could ameliorate
LPS-induced sepsis [26]. Schistosoma japonicum-derived Cys-C
induces monocytes to become Mg macrophages. These mac-
rophages inhibit the secretion of proinflammatory cytokines
IFN-y and IL-6 and produce anti-inflammatory cytokines IL-10
and TGF-B, significantly reducing the severity of sepsis and the
pathological injury of other organs [27]. In addition, acute kid-
ney injury is a common complication that increases mortality in
patients with sepsis. Some studies have found that Cys-C has a
diagnostic and predictive role in sepsis complicated with acute
kidney injury (SA-AKI). Cys-c can diagnose SA-AKI in advance
than creatinine and is more suitable as a biomarker of sepsis
and complications than creatinine (Figure 3) [28].

Respiratory Inflammatory Disease

Chronic Obstructive Pulmonary Disease: Chronic Obstruc-
tive Pulmonary Disease (COPD) is characterized by incomplete-
ly reversible airflow obstruction, chronic airway inflammation,

and systemic effects or comorbidities associated with long-term
chronic inflammatory responses to harmful gases and particu-
late matter [29,30]. Elevated serum cysteine C levels may indi-
cate increased severity of COPD. Studies have found that elevat-
ed COPD levels correlate with inflammatory factors such as IL-6,
resist in, tumor necrosis, and CRP. Cys-C levels in COPD patients
are higher than those without the disease [31,32]. It was also
found that Cys-Cis involved in the pathological process of COPD
by inhibiting cathepsin synthesis [33]. When COPD is combined
with pulmonary infection, the inflammatory cells will release a
large amount of Cys-C, significantly increasing the serum Cys-C
level in the patients [34]. Moreover, serum Cys-C can be abnor-
mally increased when the blood creatinine is still in the nor-
mal range before further systemic deterioration [35]. The Cys-C
level can be used as a detection indicator for judging COPD. It
can detect changes in COPD severity faster than the creatinine.
It can also be an early warning marker for other tissue or organ
failure caused by COPD [36].

Bronchial Asthma: Bronchial asthma is a heterogeneous
chronic inflammatory respiratory disease mainly characterized
by chronic non-specific inflammation and airway hyperreactiv-
ity. Studies have found that Cys-C levels are highly expressed
in asthma patients' bronchial epithelial cells, respiratory tract
gland endothelial cells, lung fibroblasts, airway and vascular
smooth muscle cells, and surrounding inflammatory cells [37].
Serum Cys-C was positively correlated with the extent of lung-
derived asthma. It shows that the serum Cys-C level can provide
diagnostic value for assessing asthma severity and provide in-
tervention treatment with particular clinical significance.

Conclusion

Cys-Cis an endogenous protease, and Cys-C is more sensitive
than creatinine in evaluating renal function. In addition to anti-
proteolytic activity, it also has functions to inhibit inflammatory
factors or promote inflammatory factors in different inflamma-
tory disease responses. Importantly, Cys-C can be produced by
any nucleated cell in the human body and is not affected by
age, sex, or protein intake. It is expected that Cys-C has great
potential in treating chronic inflammatory diseases and being
a biomarker of renal function in humans. However, many chal-
lenges remain in the development of Cys-C. Firstly, many stud-
ies have shown that the level of Cys-C fluctuates significantly in
the occurrence and development of chronic inflammatory dis-
eases, which can be used as a prognostic marker of the disease.
However, the specific anti-inflammatory and anti-inflammatory
mechanisms of Cys-C are still unclear, and further studies are
needed. Second, the current clinical application of Cys-C is lim-
ited to a marker to assist in diagnosing and treating diseases,
and its great potential has not been promoted.

Moreover, its application in animal models of related diseas-
es is still in the initial research stage, and there is still a long way
to go before its clinical application. However, the correlation
between Cys-C levels and the risk, severity, and prognosis of
chronic inflammatory diseases has been continuously explored
in recent years. More in-depth research in this area will provide
new ideas for the prevention and treatment of chronic inflam-
matory disorders and benefit more people.
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