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This paper presents a current view of the possible clinical uses of cystatin C determination. Cystatin C is an
inhibitor of cysteine proteases, and relatively stable in the systemic circulation it is comparatively easily determined.
Although in clinical practice it is known primarily as a relatively reliable and endogenous marker for glomerular filtra-
tion, lately cystatin C analysis has been discussed in connection with the diagnostics of a variety of diseases such as
early atherosclerosis, Alzheimer’s dementia, vascular aneurysms, hyperhomocysteinaemia and other neurodegenera-

tive diseases.

INTRODUCTION

Proteolytic enzymes play, ceteri paribus, an important
role in the organism in the processes of food digestion,
complement activation and blood coagulation. The effects
of these enzymes are controlled by protease inhibitors,
such as cystatin C. Increasing interest in these inhibitors
results from the finding that uncontrolled proteolysis can
lead to irreversible damage such as chronic inflammation,
lung damage, malignant growth and also likely to early
atherosclerosis.

Cystatin C, previously called post-gamma or gamma-
trace has a molecular weight of 13 kDa and constitutes
2 % to 4 % of cerebrospinal fluid (CSF) protein. It is a pro-
tein belonging to the so-called “cystatin super-family”. It
is formed of a chain of 120 amino-acids and is produced
by a majority of nuclear cells. The gene for cystatin C
synthesis is located on chromosome 20. Cystatin C occurs
in the systemic circulation in high concentrations and is
considered an important extracellular inhibitor of cysteine
proteases with an additional significant antiviral activity.
Its concentration in the CSF is 5.5-times higher than in
the serum. Non negligible levels are also found in saliva
and sperm’. If CSF is stored at room temperature, this
protein can cleave, lose a fraction of its amino-acids (ami-
no-acid chains) and change its electrophoretic mobility
(the speed of migration during electrophoresis) through
becoming more acidic. It then travels into the gamma
region and this can lead to an erroneous interpretation of
the electrophoretic profile although no specific immuno-
staining of IgG has been performed to date.

Cystatin C has been localized in the cytoplasm of
brain neurons and also in the adrenal medulla, in the

thyroid gland, in the anterior pituitary lobe and in A-cells
of the pancreas®. It has a prominent blocking effect on
cysteine proteases similar to papain and cathepsin B, H
and L. (Two further inhibitors of these enzymes have been
recognized in mammals, namely, cystatin A and B. Owing
to the close similarity in structure and activity among
these cystatins, post-gamma has been called cystatin C).
It can probably influence cysteine protease activity in
a controlled manner. This protein is connected to a rare
disease occurring only in Iceland: hereditary brain amy-
loid angiopathy manifesting in adulthood between the
ages of 20 and 30 with recurring brain bleeding leading
finally to death. The disease is caused by a mutation
that changes the amino-acid sequence of cystatin C via
replacement of glutamine with leucine at position 68. The
protein thus becomes amyloid and is stored in the wall
of small cerebral vessels, where it can be demonstrated
with cystatin C antiserum. In these patients, as well as in
patients at risk, the CSF concentrations of cystatin C are
diminished. Lower cystatin C concentrations in certain
tissues of the systemic circulation result in, for example
amyloid precipitation in cerebral vessels, in cerebral blee-
ding, accelerated atherosclerosis, etc.

Cystatin C determination

Cystatin C is commonly determined in biological
material via three methods. ELISA - has the advantage
of measuring low concentrations. Its disadvantage is the
impossibility of statim testing. Nephelometry and turbi-
dimetry can be performed statim but in this case, low
concentrations cannot be tested. The disadvantages of
turbidimetry are its low robustness and low calibration
stability. Nephelometry is considered the best technique
in this area.
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Clinical uses of cystatin C determination

Cystatin C has lately been discussed predominantly
in connection with its current or conceived use in the
laboratory diagnosis of a variety of diseases:

1. Assessment of glomerular filtration - cystatin C
concentration is considered an excellent correlate of the
level of glomerular filtration that is not significantly in-
fluenced by other effects (diet, infections, liver function,
malignancies, myopathies, body fat content). Typical is
its constant production and elimination via glomerular
filtration when it is freely filtered in the glomerules and
completely reabsorbed in proximal tubular cells of the
kidney. An indicator of glomerular filtration used to date
- creatinine, in practice is only a rough estimate because
it reflects changes with low sensitivity and specificity. Its
value depends on muscular mass and thus it depends
on age and sex, tubular secretion (changeable intra- and
interindividually), urine collection levels and analytical
measurement problems (non-specific Jaffé chromogens).
It has been demonstrated that cystatin C level increases
even with creatinine clearance decrease below 1.57 ml.s™!
when the creatinine level has not yet changed. It is also
possible to use the ratio of serum beta-2-microglobulin/
cystatin C to differentiate increased lymphoproliferation
from deteriorating glomerular filtration. In recent years,
many studies have been published using cystatin C mea-
surements to assess glomerular filtration (GF)* %124
Cystatin C determination is given preference for its
above mentioned independence o f a variety of genetic
and behavioral factors and its constant production and
elimination via glomerular filtration. Study results regar-
ding the diagnostic validity of cystatin C are sometimes
contradictory as some authors hold that cystatin C has the
highest diagnostic value for the assessment of glomerular
filtration (ROC analysis). According to some researchers
a cystatin C increase has an almost 100 % specificity and
sensitivity for decreased GF. In contrast, same authors
state that the specificity and sensitivity of creatinine mea-
surement decreased GF is under 50 %. Moreover, cystatin
C show no increases significantly with a decrease as small
as GF < 1.6 ml.s”! when serum creatinine levels change.
The critical difference for repeated cystatin C measure-
ment is around 37 % (for creatinine around 14 %). For
these reasons, some authors do not recommend using
cystatin C, e.g., in patients with incipient nephropathy?'.
Other studies also target the generally accepted stability
of cystatin C in the case of other diseases as increased
cystatin C levels have been observed in a range of tumors
or in tissues with abnormal growth"".

Despite the above mentioned discrepancies, cystatin
C determination has been found useful and is generally
recommended in persons in whom it is not possible for
different reasons to examine creatinine clearance (paedia-
tric populations, impossibility of urine collection, etc.).
Furthermore, in neonates where cystatin C, in contrast
to creatinine, does not cross the fetoplacental barrier, in
patients after renal transplantation, patients with liver
cirrhosis'® or after liver transplantation (determination
of endogenous creatinine clearance fails because of lower

muscle mass), in women with pre-eclampsia or in diabetics

and in some patients with malignancies (e.g., myeloma).

According to ROC analysis, cystatin C determination is

in these cases preferred to creatinine!-3 2% 26 28-30.32,

2. Vascular aneurysms - atherosclerotic and abdomi-
nal aortal aneurysms are usually inflammatory processes
in which extensive degradation of extracellular matrix
and remodelling of vessel wall are found. In these cases,
matrix metalloproteinases, serine proteases, as well,
as cathepsins probably play a role (in the presence of
pro-inflammatory cytokines, cultures of smooth muscle
cells produce active cathepsin, leading to degradation of
extracellular elastin). However, normal vascular smooth
muscle cells produce cystatin C as well and this prevents
aggressive activity of cathepsins against the vessel wall.
It has been found that some atherosclerotic plaques and
aneurysms do not contain cystatin C. Serum cystatin C
concentration was negatively correlated to abdominal
aorta aneurysm size and expansion (patients with aneu-
rysms had very low cystatin C levels?’). According to one
study, the specificity of cystatin C for aneurysm detection
is 61 %, specificity 57 % (ref.?).

3. Hyperhomocysteinemia - cystatin C concentra-
tion in people with normal GF level is an independent
predictor of homocysteine level when fasting as well as
after methionine load (in contrast to serum creatinine
level?: %),

4. Lymphoproliferative diseases - the ratio of serum
Bz-microglobulin (B-2-M)/cystatin C is considered a good
indicator of lymphoproliferative diseases as its increase
reflects decreased glomerular filtration as well.

According to recent studies, further areas for the use
of cystatin C determination in diagnosis and treatment
are:

1. Alzheimer’s disease
Cystatin C is, according to current knowledge, con-
sidered an amyloidogenic protein, occurring together
with beta-amyloid in the walls of the cerebral arterioles
in Alzheimer’s disease patients, where it is assumed
that cystatin leads to neuronal damage. In some pa-
tients with this disease, polymorphism of cystatin C
gene is claimed to increase the risk of Alzheimer’s
disease and lower serum cystatin C levels have been
foundG, 11, 19, 20.

2. Leukoencephalopathy with progressive dementia
Cystatin C participates in neuronal degeneration and
reparation of the central nervous system. In the brain
it probably inhibits astrocytic activity of cathepsin L
which together with cathepsin S are to key compo-
nents for regulation of the immune potential of astro-
cytes and microglia?’. Patients with this disease have
very low concentrations of cystatin C in the CSF as
well as systemic circulation. Cystatin C accumulates
in reactive astrocytes even prior to amyloid formation
and the disease manifests through innate cerebral
hemorrhage and amyloidosis®.

3. Impairment of the blood-CSF barrier
Cystatin C use is discussed as another indicator of
blood-CSF barrier impairment. In this regard the de-
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crease in CSF cystatin C in bacterial meningitis is
noted’.

. Degenerative diseases of the retina

Cystatin C has been found in the retina as well, where
it probably has an inhibitory effect on cathepsin S in
retinal pigment epithelium and influences cathepsin
D-caused proteolysis. In some patients, reduction in
serum concentration of cystatin C cannot be ruled
out?,

. Bone remodelling

Cystatin C has been found extracellularly in the sur-
rounding of resorption lacunae and intracellularly in
osteoclasts. Its function there is probably regulation of
bone matrix degradation by cathepsin K. However, no
connection between serum cystatin C concentration
and bone remodelling has been found to date'.

According to the present results of major studies,

cystatin C determination could contribute to the diagno-
sis and treatment of a spectrum of diseases and it could
become significant marker in clinical diagnosis.
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