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Background. The aim of the study was to determine the concentration of endogenous cystatin C and cystatin SN,
as potential tumor biomarkers, in the serum and biological fluids of the eye in both healthy confrols and patients with
uveal melanoma.

Patients and methods. The concentration of both cystatins was determined in the intfraocular fluid (IOF), tear fluid,
and serum of patients with uveal melanoma and compared to baseline measurements in IOF, tears, serum, cerebral
spinal fluid, saliva and urine of healthy confrols.

Results. The concentration of cystatin C in all the biological matrices obtained from healthy controls significantly
exceeded the concentration of cystatin SN and was independent of gender. Cystatfin C concentrations in the tear
fluid of patients with uveal melanoma (both the eye with the malignancy, as well as the contralateral, non-affected
eye), were significantly greater than cystatin C concentrations in the tear fluid of healthy controls and was independ-
ent of fumor size. The concentration of cystatin SN in IOF of patients with uveal melanoma was significantly less than
the comresponding concentration of cystatin SN in healthy controls.

Conclusions. The ratio of cystatins (CysC:CysSN) in both the serum and tear fluid, as well as the concentration of
cystatfin SN in IOF, would appear to strongly suggest the presence of uveal melanoma. It is further suggested that
multiple diagnostic criteria be utilized if a patient is suspected of having uveal melanoma, such as determination of
the cystatin C and cystatin SN concentrations in serum, tears, and IOF, ocular fundus and ultrasound imaging, and
biopsy with histopathological evaluation.
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Introduction disease. The methods developed for the treatment

of uveal melanoma consist of either removing the
Uveal melanoma frequently leads to progression of  affected eye (enucleation), or complex ocular thera-
the malignancy and subsequent metastasis, which  pies (brachytherapy, laser photocoagulation, heat
often results in death in patients with metastatic  therapy, proton therapy, efc.).?
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Despite advances in the diagnosis and treatment
of uveal melanoma, mortality 5 years after enuclea-
tion of the eye is 16.5%; after 10 years, it is 58%.
Extra-scleral germination significantly worsens
the prognosis; in fact, in these patients, the mortal-
ity reaches 69-73% after 10 years.>* According to
recent results of large-scale studies in the United
States with more than 7500 patients with uveal
melanoma, the risk of metastasis and death in-
creases significantly with each stage of cancer di-
agnosis. For example, Stage T1 (2 times), Stage T2
(4 times), and Stage T3 (8 times).5°

Uveal melanoma, arising from melanocytes in
the stroma, is the most common primary intraocu-
lar tumor in adults.”® Detection of specific proteins
allows for the identification of possible molecular
markers of malignancy in several eye diseases.
Specific tear proteins (~ 64 of 491 proteins), studied
by proteome analysis and gel electrophoresis, are
classified as proteases and protease inhibitors and
carry special significance in the context of eye ma-
lignancies. Mammalian cystatins (to date, there are
12 known human cystatins) include a large family
of proteins that have the ability to inhibit cysteine
proteases”!?, which are further divided into three
types based on their molecular structure and dis-
tribution in the body."

As just mentioned, cystatins can be categorized
into three types. The first type (e.g., cystatins A and
B) are intracellular cystatins (stefins). The second
type (e.g., cystatins C, D, E/M, F, G, S, SN, SA) are
extracellular cystatins. Finally, the third type of
cystatins (e.g., L-kininogen, H-kininogen) are intra-
vascular proteins.'? Cystatin SN has not been thor-
oughly studied to date'®, whereas, the most well-
known cystatin, cystatin C, was the first to be iden-
tified and its amino acid sequence determined.!*!
Subsequently, the functions of cystatin C, as an
inhibitor of cysteine proteases, was investigated, as
well as its role in cell proliferation, migration, ag-
ing, and cell death.!61”

Cystatins are endogenous and reversible inhibi-
tors of cysteine peptidases that are important play-
ers in cancer progression.’®2 Importantly, cysta-
tin C plays a significant role in the physiological
functions of eye fluids'?, as well as in the patho-
logical processes associated with a number of eye
tumors.?"? As an example, in 2009, Paraoan et al.
reported that for one particular lysosomal cysteine
protease (cathepsin S), there was an increase in the
active form of this protease that was not counter-
balanced by the expression of its strongest endoge-
nous inhibitor (cystatin C) in an aggressive, highly-
metastatic form of uveal melanoma.?* The imbal-

Radiol Oncol 2022; 56(1): 83-91.

ance in cathepsin S and its inhibitor (cystatin C) is
both relevant and important in the context of uveal
melanoma, because it may provide a link to thera-
peutic anti-cancer strategies based on targeting the
elastolytic and collagenolytic activity of cysteine
cathepsins, as well as add to our understanding of
the dysregulation in proteolytic activity that occurs
in uveal melanoma.?

As previously mentioned, a large number of pro-
teases and protease inhibitors have been identified
among the 491 proteins in the tear fluid proteome.?
Changes in the composition of tear proteins are as-
sociated with a number of inflammatory, degen-
erative, and malignant eye diseases.?*? In fact, the
balance between proteases and protease inhibitors
is important for controlling the rates of cellular
metabolism and the barrier function of the eye cor-
nea.” Furthermore, changes in the biological fluids
of the eye are related to the ratio of proteases and
protease inhibitors?-?, which can affect the compo-
sition of proteins and peptides in the lacrimal fluid.
Thus, it would seem reasonable to assume that the
identification of specific proteins in the biological
fluids of the eye may make it possible to identify
new molecular markers for several eye diseases.

The precise role of cysteine protease inhibitors
in the development of eye tumors has not been ful-
ly elucidated to date.*32 This is significant to oph-
thalmology, because some of these inhibitors may
be of therapeutic benefit for the treatment of eye
tumors. Thus, the aim of this study was to inves-
tigate the concentration of endogenous inhibitors
of cysteine proteases; namely, cystatin C and cys-
tatin SN, in the serum and the biological fluids of
the eye in both healthy controls and patients with
uveal melanoma.

Patients and methods

Patients and the collection of various
biological matrices/fluids

All studies were carried out with informed con-
sent of patients and in accordance with the ethi-
cal norms of the Helsinki Declaration (2000) and
local regulations (Russian Council of Medical
Research). The protocols were approved by the
Institutional Review Board of biomedical eth-
ics of the S. Fyodorov Eye Microsurgery Federal
State Institution, Novosibirsk Branch (Protocol
N4, 15.11.2017). Lastly, all the patients gave their
informed consent for laboratory tests, as well as
consent to process their personal data for scientific
purposes.
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TABLE 1. Concentrations of cystatin C and cystatin SN in biological fluids of healthy
individuals as a function of age (Mean £s.d.)

Fifty-seven patients (mean age = 56.6 + 2.4
years) with a diagnosis of choroidal melanoma
in the Novosibirsk Branch of the S. Fyodorov Eye

: CPR : Groups Inhibitor S losrs (o7
Microsurgery Federal State Institution were in- p (ng/mL) (ng/mL) (ng/mL)
cluded in this investigation. The control group con- Healthy CystatinC 561 % 10.0 296 £11.1
sisted of 37 healthy individuals (medical staff of the =~ (S40years)[n=13]  Cystafin SN 2.24£0.20  0.49£0.30

. . A . Healthy CystainC 539 £ 111 256£823 41428
clinic and students of the Medical Umver?lty' with T Oyvears) [n=15]  Cystafin SN 2962070 064035 274 1.40
a mean age = 31.0 £ 4.1 years for the subjects <60 gy Cystafin C ~ °1,341£177 382116 844+ 113
years old [ie., n =28 (n = 13 healthy controls < 40 (61-80years)[n=9]  Cystain SN ©4.77+0.10  0.75+0.14 2.18£0.20

years old +n =15 healthy controls 41-60 years old)].
a = significantly greater (p < 0.01) cystatin C concentration in serum and IOF compared to
individuals < 60 years; b = significantly greater (p < 0.01) cystatin SN concentration in serum

Of the 37 healthy controls, 20 were men and 17 were
women, with 9 control subjects over 60 years old.
Since the literature indicates that the serum levels of
cystatin C increase with age in normal healthy indi-
viduals, and especially after the age of 60 years®,
we selected a subgroup of the healthy individuals
(41-60 years; mean age = 53.1 + 3.4 years; n = 15) as
an age-matched control group to facilitate appro-
priate statistical comparisons with choroidal mela-
noma patients. Intraocular fluid (IOF) was obtained
from 7 control patients (3 men and 4 women) close
to, but not exceeding 60 years of age, undergoing
an uncomplicated cataract removal procedure and
submitted for biochemical analysis.

Tears from the conjunctival sac were collected
by microcannulas and blood from the ulnar vein.
Specifically, the tear fluid was obtained from the
lower conjunctival arch of the eye and placed into a
dry, sealed tube of 300-500 microliters. To evaluate
the IOF in patients with ocular melanoma, mois-
ture in the anterior chamber of the enucleated eye
was obtained during the operation.

Samples of cerebrospinal fluid were obtained
from 8 additional patients in the Federal State
Budget Institute (“Federal Neurosurgical Center”,
Novosibirsk, Russia) as part of a standard exami-
nation for neurosurgical patients without tumors.

An exclusion-criteria relevant to this study was
the value of the estimated glomerular filtration rate
(eGFR). Since the levels of cystatin C in various bio-
logical fluids could potentially be affected by over-
all kidney function, patients with an eGFR value
less than 90 mL/min/1.73 m? were excluded from
the present study to control for this variable.

Analysis of cystatins in biological fluids

The concentration of cystatin C in biological fluids
was evaluated using ELISA kits for human cystatin
C (BioVendor, Czechia). The measurements were
performed using a biochemical analyzer AU 480
(Beckman Coulter, USA).

The concentration of cystatin SN was also de-
termined using commercial ELISA kits for human

compared fo individuals < 60 years; IOF = Intraocular fluid; s.d. = standard deviation

cystatin SN (Cusabio, China). The measurements
were conducted using a Stat Fax 2100 microplate
reader for enzyme immunoassay (Awareness
Technology Inc., USA) at 450 nm.

Statistical analysis

All acquired data were reported as the mean + the
standard deviation (s.d.). Mean values were ana-
lyzed for statistically significant differences with
the software program STATISTICA 10.0 using a
one-way, analysis-of-variance (ANOVA). Post-hoc
analysis of ANOVA testing was performed using
the Least Significant Difference (LSD) test. When
comparing only two mean values, we used the
Student’s t-test to identify a difference that was
statistically significant. All statistical results using
either ANOVA, or the Student’s t-test, in which p
< 0.05 were deemed statistically significantly dif-
ferent and were noted in the Figures, as well as in
Table 1.

Results
Eye imaging

Figure 1A shows a typical image of the ocular fun-
dus of a normal eye as compared to an eye with
a choroidal melanoma having a thickness of 2.4
mm and a diameter of 8 mm. The thickness of the
choroidal melanoma was also determined from an
ultrasound image as shown in Figure 1B and was
determined to be 3.1 mm.

Concentration of cystatin C and cystatin
SN in various biological matrices in
healthy individuals (controls)

Figure 2 shows the concentration of cystatin C
in various biological matrices (cerebral spinal

Radiol Oncol 2022; 56(1): 83-91.



FIGURE 1. Ocular fundus
of a normal eye, and eye
with choroidal melanoma.
(A) Ocular fundus. Normal
healthy eye (left) versus eye
with choroidal melanoma
(right; dia = 8 mm and
thickness = 2.4 mm). (B)
Ultrasound image of the
choroidal melanoma
(thickness = 3.1 mm).

fluid [CSF], saliva, serum, IOF, tears, and urine)
in healthy individuals, while Figure 3 depicts the
concentration of cystatin SN in these same bio-
logical matrices. In general, it was found that the
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FIGURE 2. Cystatin C concentration in various biological matrices in healthy
individuals. Concenfration of cystatin C in each biological fluid (mean * standard
deviation [s.d.]; n = 28 [n = 13 healthy controls < 40 years old + n = 15 healthy
controls 41-60 years old]), since Table 1 shows a significant increase in cystatin C
concenfrations in serum and infraocular fluid (IOF) in 61-80 year old healthy controls,
and thus, this age group was not included; cerebral spinal fluid (CSF) was obtained
from an additional and separate group of cancer-free neurosurgical patients (n = 8)
for the determination of the cystatin C concentration as described in the Materials
and methods section.

aSignificant difference (p < 0.001) from mean values indicated with the same letter.
o Significant difference (p < 0.001) from mean values indicated with the same letter.
<Significant difference (p < 0.01) from mean values indicated with the same letter.
dSignificant difference (p < 0.01) from mean values indicated with the same letter.

e Significant difference (p < 0.01) from the mean value indicated with the same letter.
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concentration of cystatin C in all the biological
matrices significantly exceeded the concentration
of cystatin SN in the same matrices (Figure 2 vs.
Figure 3). Additionally, the rank order of cystatin
C concentrations in the various biological fluids
followed the order CSF > saliva > serum > IOF >
tears > urine (Figure 2), whereas, for cystatin SN,
the rank order was saliva > urine > CSF > serum >
IOF > tears (Figure 3).

The concentration of cystatin C and cysta-
tin SN in three relevant biological fluids (serum,
tears, and IOF) was determined for three different
age groups to assess whether there was an age-
dependent variation in the concentration of these
two inhibitors (Table 1). As was determined with
the concentrations of cystatin C and cystatin SN
in the six biological fluids of healthy individuals
(Figure 2 and 3), there was a significantly greater
concentration of cystatin C relative to cystatin SN
in the serum, tears, and IOF (Table 1). While we de-
termined that there was no gender difference ob-
served between the concentration of each inhibitor
in each age group for each of the three biological
fluids mentioned above, there was a significant (p
<0.01) elevation in the serum concentration of both
cystatins in healthy individuals (age 61-80 years)
when compared to individuals less than or equal
to 60 years of age (Table 1). This finding was also
observed for IOF, but only for cystatin C and not
cystatin SN (Table 1).

Cystatin C and cystatin SN
concentrations and their ratio in the
serum and tear fluid of patients with
uveal melanoma

Cystatin C levels were significantly (p < 0.01)
greater in both serum and tear fluid in patients
with uveal melanoma when compared to healthy
controls (Figure 4A). However, with regard to the
concentration of cystatin SN in these same two
biological fluids, there was only a significant (p <
0.01) decrease in the concentration of cystatin SN
in the serum of patients with uveal melanoma com-
pared to healthy controls (Figure 4B). Importantly,
the ratio of cystatin C to cystatin SN (CysC:CysSN)
in both serum and tear fluid was significantly (p <
0.001) increased in patients with uveal melanoma
when compared to corresponding mean values of
this ratio in healthy controls (Figure 4C).

As an aside, we also determined the inhibitor
with higher concentrations in all biological flu-
ids tested in this study; namely, cystatin C, for its
prevalence in the tear fluid of patients with dif-
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ferent size uveal melanoma tumors. The cystatin
C concentrations in the tear fluid of patients with
uveal melanoma (both the eye with the malignan-
cy, as well as the contralateral, non-affected eye),
were significantly (p < 0.05) greater than cystatin
C concentrations determined in the tear fluid of
healthy controls (i.e., range of 450-500 + 60 ng/mL
in the diseased eye with uveal melanoma vs. 250 +
25 ng/mL in both eyes of healthy controls) and was
independent of tumor size. Moreover, at the time
of clinical presentation, there was no significant
difference between the cystatin C concentration in
the tear fluid of the malignant eye versus the cor-
responding concentration of cystatin C in the tear
fluid of the contralateral, non-affected eye regard-
less of tumor size (data not shown).

Concentration of cystatin C and cystatin
SN in IOF of patients with uveal
melanoma versus healthy controls

Figure 5A shows the concentrations of cystatin C
in IOF in healthy controls and patients with uveal
melanoma, while Figure 5B shows the concentra-
tion of cystatin SN in these same two patient co-
horts. There was no significant difference between
the concentration of cystatin C in IOF of healthy
controls and patients with uveal melanoma, but
there was a significant (p < 0.001) reduction in the
concentration of cystatin SN in IOF of patients with
uveal melanoma when compared to this same pa-
rameter in healthy controls.

Discussion

The present study has addressed the question as to
whether cystatin C and/or cystatin SN may poten-

1400 |

OHealthy Controls 5 1
(&) 1200 * BPatients with Uveal Melanoma Z
£ ” 4 4
® 1000 - £
=7 S
2E 800 a2 31
&£ ~£E
= 2 600 - OB
o= w2
o 400 + °
5 g
o 200 - H

(8]

10 -
-4
7 9 1
c
= 8
©
b3 7 1
3~
\I—_I 6-
o E 5
52 0
%5 4
S
| ° ]
o 2 4
g a,c,d,e

1.
O

0 A

87

CSF Saliva Serum IOF

Tears Urine

FIGURE 3. Cystatin SN concentration in various biological matrices in healthy
individuals. Concentration of cystatin SN in each biological fluid (mean + standard
deviation [s.d.]; n = 28 [n = 13 healthy controls < 40 years old + n = 15 healthy
controls 41-60 years old]), since Table 1 shows a significant increase in the cystatin
SN concentration in the serum of 61-80 year old healthy controls, and thus, this
age group was not included; cerebral spinal fluid (CSF) was obtained from an
additional and separate group of cancer-free neurosurgical patients (n = 8) for the
determination of the cystatin SN concentration as described in the Materials and

methods section.

aSignificant difference (p < 0.001) from the mean value indicated with the same letter.

°Significant difference (p < 0.05) from mean values indicated with the same letter.

< Significant difference (p < 0.001) from the mean value indicated with the same letter.

dSignificant difference (p < 0.01) from the mean value indicated with the same letter.

e Significant difference (p < 0.001) from the mean value indicated with the same letter.

tially function as biomarkers in uveal melanoma.
Clearly, our work has shown that the concentra-
tion of each cysteine proteinase inhibitor (cystatin
C and cystatin SN) is perturbed in uveal melanoma
in various biological fluids. We first briefly de-
scribe the role of each cystatin, and then their use
as potential biomarkers in cancer.

Cysteine proteinase inhibitors, cystatins, are
involved in mechanisms controlling intracellular
and extracellular protein degradation.!*?” Cystatin
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FIGURE 4. Cystatin C (A) and cystatin SN (B) concentrations and their ratio (C) in the serum and tear fluid of patients with uveal melanoma. (A) Values
represent the mean + standard deviation (s.d.) of n = 15 healthy confrols (mean age = 53.1 + 3.4 years) and n = 51 of 57 total patients with uveal
melanoma (mean age = 51.7 £ 2.8 years; 6 patients were > 60 years old and were therefore not included). (B) Values represent the mean = s.d. of n =
15 healthy controls (mean age = 53.1 £ 3.4 years) and n = 51 of 57 total patients with uveal melanoma (mean age = 51.7 + 2.8 years; 6 patients were >
60 years old and were therefore not included). (C) Values represent the mean + s.d. of n = 15 healthy confrols (mean age = 53.1 £ 3.4 years) and n = 51
of 57 total patients with uveal melanoma (mean age = 51.7 + 2.8 years; é patients were > 60 years old and were therefore not included).

* = significant difference (p < 0.001) from the mean value for healthy controls in each biological matrix
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FIGURE 5. Concentration of cystatin C (A) and cystatin SN (B) in infraocular fluid of
patients with uveal melanoma versus healthy controls. (A) Values represent the mean
+ standard deviation (s.d.) of n =7 healthy controls (mean age = 57.5+ 1.9 years) and
n = 18 of 57 total uveal melanoma patients selected based on an age close to the
mean age of the 7 healthy controls (mean age = 55.9 + 3.2 years; n = 18). (B) Values
represent the mean + s.d. of n = 7 healthy controls (mean age = 57.5+ 1.9 years) and
n = 18 of 57 total uveal melanoma patients selected based on an age close to the
mean age of the 7 healthy controls (mean age = 55.9 + 3.2 years; n = 18).

Conc. of Cystatin C
In IOF
(ng/mL)

Conc. of Cystatin SN
In IOF
(ng/mL)

Healthy Controls Patients with Uveal
Melanoma

Patients with Uveal
Melanoma

* = significant difference (p < 0.001) from mean value for healthy controls; IOF = intraocular fluid

C is a secreted cysteine protease inhibitor, which
is abundantly expressed in body fluids and pos-
sibly regulated at both the transcriptional and
post-translational levels.3®* Production of cysta-
tin C from hematopoietic cell lineages contributes
significantly to the overall systemic pool of cysta-
tin C.4 This particular cystatin is the most abun-
dant and potent member?? of the cystatin family,
which is important due to the fact that the activity
of various cysteine proteases, both inside and out-
side of cells, requires careful regulation or control
by endogenous inhibitors such as cystatin C. The
levels of cystatin C in the systemic circulation (se-
rum) are typically different from the concentration
of cystatin C in biological fluids of the eye, such
as IOF and tears.?*! In fact, according to our data,
the concentration of cystatin C in serum was sig-
nificantly greater than in both IOF and tears. It has
been suggested that tears may function as a pool,
or reservoir, for biomarkers of various pathological
eye conditions, as well as for diseases beyond just
ocular disorders.*

Cystatin C is involved in numerous diseases,
including atherosclerosis and cancer, as well as
the aging process.!”?4! Importantly, cystatin C is
believed to prevent tumor progression by inhibit-
ing the activities of a family of lysosomal cysteine
cathepsins. Using cystatin C-deficient animals,
Huh et al. reported that cystatin C concentrations
in vivo might influence tumor metastasis in some
tissues.®® Interestingly, cystatin C is downregu-
lated in prostate cancer and may prevent tumor
progression by inhibiting the activities of a fam-
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ily of lysosomal cysteine proteases.* However,
Hammouda et al.# suggested that although serum
cystatin C levels may potentially represent a novel
biomarker that reflects tumor burden (based on the
fact that cystatin C levels were significantly more
elevated in diffuse large B-cell lymphoma patients
than in controls), there was no prognostic value
regarding overall survival. Jiang et al. have recent-
ly reported that both serum and urine cystatin C
levels are elevated, and the cystatin C gene is up-
regulated nearly 50-fold, in patients with multiple
myeloma, which suggests it use as a diagnostic bio-
marker in multiple myeloma.’! Additionally, Leto
and Sepporta® suggested the use of cystatin C as a
predictive biomarker for breast cancer. Lastly, it is
worth noting that Kos ef al. considers cystatin C to
be a potential anticancer agent.*!

Next, we turn to the other cysteine protease
inhibitor evaluated in the present study; namely,
cystatin SN. Cystatin SN, along with cystatins S
and SA, belongs to the second type of extracellu-
lar cystatins (in this case, salivary cystatins), which
has not been as thoroughly studied as cystatin C.
While cystatin SN is not as prevalent as cystatin C
in normal mammalian tissues?, it is a member of
the cystatin family that inhibits the proteolytic ac-
tivity of cysteine proteases. In fact, univariate and
multivariate analyses have indicated that cystatin
SN possibly acts as a marker for cancer prognosis.'®
For example, cystatin SN has been shown to be a
tumor biomarker that provides useful information
for the diagnosis of esophageal?¥, gastric, pancre-
atic, and colorectal cancers®®®, as well as neuro-
blastomas and melanomas.?

As it pertains to cancer progression, cystatin SN
is thought to be involved in several malignant tu-
mors.>! For instance, it was recently reported by Cui
et al. that upregulation of this inhibitor promoted
the progression of hepatocellular carcinoma.>! Of
note, knockdown of cystatin SN significantly re-
duced the expression of proliferation-related pro-
teins p-AKT and PCNA!, which indicates a more
complex role of cystatins in tumor growth and pro-
gression beyond their role as inhibitors of cysteine
cathepsins. Lastly, a survival study in patients with
surgically-resected, non-small cell lung cancer re-
vealed an association between elevated expres-
sion levels of cystatin SN and poor prognosis.#
Specifically, the study indicated that significantly
increased expression of cystatin SN was directly
correlated with a higher rate of cancer recurrence,
metastatic risk, and poor overall survival.#

The present study focused on the use of cys-
tatin C and cystatin SN as potential biomarkers
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in the context of uveal melanoma. We success-
fully showed that the concentrations of cystatin
C and cystatin SN were significantly elevated,
and reduced, respectively, in the serum of pa-
tients with uveal melanoma compared to healthy
controls. While there was a significant increase in
the concentration of cystatin C in the tear fluid of
patients with uveal melanoma when compared
to healthy controls, there was no significant dif-
ference in the concentration of cystatin SN in the
tear fluid between these same two patient cohorts.
However, we would suggest that the value of the
CysC:CysSN ratio in both biological matrices (i.e.,
serum and tears) may potentially be a better indi-
cator of uveal melanoma than either inhibitor (cys-
tatin) alone, since the ratio was very significantly
increased in both matrices.

The change in the concentration of cystatin SN
in another ocular fluid; specifically, IOF, may serve
as further evidence to suggest the presence of uveal
melanoma, since the concentration of this cystatin
was significantly reduced in patients with uveal
melanoma when compared to corresponding con-
centrations of cystatin SN in healthy controls. This
finding may argue for a combined determination
of the concentrations of both cystatin C and cysta-
tin SN in serum, tear fluid, and IOF to assist oph-
thalmologists that have a preliminary suspicion
concerning the presence of uveal melanoma, es-
pecially when combined with both ocular fundus
and ultrasound imaging. However, it is important
to mention that there are other ocular disorders
(e.g., AMD) that may perturb the concentrations
of cystatins in various biological fluids, which is
why it is important to have multiple diagnostic cri-
teria to confirm the presence of uveal melanoma.
For example, a variant of cystatin C (i.e., variant B,
cystatin C) differs from the wild-type protein by a
single amino acid (A25T) and is associated with de-
creased plasma cystatin C levels and an increased
risk of developing AMD, which potentially raises
the prospect of cystatin C replacement therapy for
patients homozygous for variant B.>

In conclusion, the present investigation has
documented changes in the concentrations of cys-
tatin C and cystatin SN in various biological fluids
in both healthy controls and patients with uveal
melanoma, which may possibly serve as potential
biomarkers of uveal melanoma, especially when
the value of the CysC:CysSN ratio is determined
in both the serum and tear fluid. That is, the value
of the CysC:CysSN ratio may be a better indica-
tor of the possibility of uveal melanoma than ei-
ther cystatin alone. We would also suggest that the

profound reduction in the concentration of cysta-
tin SN in IOF may provide further support for the
possible presence of uveal melanoma. However, it
is imperative for ophthalmologists to utilize multi-
ple diagnostic criteria if they suspect that a patient
has uveal melanoma, including, but not limited to,
the concentrations of cystatin C and cystatin SN in
serum, tears, and IOF, together with ocular fundus
and ultrasound imaging.

Lastly, as it pertains to the present findings de-
scribed herein, we further suggest that the concen-
trations of cystatin C and cystatin SN in serum,
tears, and IOF, as well as diagnostic ocular imaging
studies, be combined with tissue biopsy and sub-
sequent evaluation by surgical pathology to differ-
entiate between malignant and benign eye tumors,
since Dikovskaya ef al. reported that the level of
cystatin C in tears was significantly elevated (rela-
tive to the concentration of cystatin C in the tears
of healthy controls) in both malignant and benign
eye tumors.?” That is, the concentration of cystatin
Cin the tear fluid of patients with both malignant
and benign eye tumors was significantly elevated
relative to this same measurement in healthy con-
trol patients, but was not significantly different (p
>0.05) between patients with either a malignant, or
benign, eye tumor.? It is for the latter reason that
a tissue biopsy with histopathological evaluation
is absolutely necessary to distinguish a malignant
eye tumor from one that is benign, although, as
mentioned directly above and verified in the pre-
sent study, cystatin C levels in the serum and tears
of patients with uveal melanoma are profoundly
elevated relative to cystatin C levels in these same
two biological fluids in healthy controls, and thus,
is certainly suggestive of possible uveal melanoma.
Reliance on multiple diagnostic criteria is critically
important for uveal melanoma, since surgery to re-
move the melanoma and a small area of healthy tis-
sue is reserved for small melanomas, whereas enu-
cleation is typically required for large eye tumors.
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