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Abstract

Introduction: Cystatin C is known to play a role in tumor development and is expected
to be used as a biomarker in eye tumors.

Purpose: To analyze levels of tear fluid cystatin C as biomarkers of primary ocular
tumors.

Materials and Methods: This study was an analytical observational study with a case-
control design. A total of 25 subjects with eye tumors in the study group and 25 subjects
without eye tumors in the control group were included. Sampling was conducted from April
2022-July 2022 at the Eye Polyclinic of the Reconstructive Ocuplasty and Oncology division.
The Mann-Whitney test was used with a significance level of 5%.

Results: There was a significant difference in the tear fluid Cystatin C level between
subjects with eye tumors and without eye tumors (p<0.001), with the mean tear fluid Cystatin
C in the eye tumor group of 1.43 mg/dL. However, there was a significant difference in the
level of tear fluid Cystatin C between the groups of subjects with malignant eye tumors and
benign eye tumors (p=0.042).

Conclusion: There was a significant relationship between tear fluid cystatin C levels
and eye tumors (p < 0.001).
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Introduction

Epidemiologically, cases of eye cancer are so rare that little information has been
reported about the prevalence of eye cancer in the world. In the United States, according to
the American Cancer Society, the incidence of eye tumors (new cases) in 2020 was 3,320
new tumor cases. Of these cases, 1,750 cases were men, and 1,570 cases were women. The
incidence (new cases) was 1 per 100,000 population, and the prevalence (total cases) is
around 12 per 100,000 population. According to Cancer Research UK data, it was reported
that around 5,800 people were diagnosed with eye cancer in the UK from 1991-2010. And in
2015, there were 738 new cases, with an average increase of 14% per year (Soebagjo, 2019;
ACS, 2021). Cases of eye tumors, in general, were also rarely reported in Asia. In the study
by Jung SK et al., it was reported that the incidence of palpebral tumors increased from 0.27
per 100,000 population in 1999 to 0.61 in 2016, with a range of 4.94% increase in cases per
year (Guo et al., 2018). Likewise, the incidence of eye tumors in Indonesia was rarely
reported specifically and is limited to regions in Indonesia. According to a study by Lubis et
al., in 2021, 30 cases of eye tumors were reported in Medan, with a distribution of 17 males
and 13 females (Soebagjo, 2019).

Cystatin is a biomarker belongs to the group of endogenous cysteine protease inhibitors
that can meet the criteria as a marker of glomerular filtration rate (Maheshwari & Finger,
2018). It is essential in clinical and experimental treatment. The primary purpose of Cystatin
is to inhibit the cysteine protease enzyme, as well as to promote cell proliferation, migration,
and differentiation. Cystatin C can affect protein catabolism, the development of cancer, bone
resorption, hormone control, and modulation of inflammation. Cystatin C is present in
patient’s tear fluid and serum. All cell types generate Cystatin C at a constant rate. Cystatin C
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is a protein that inhibits all cysteine proteases in eye fluid (which is still understudied in
comparison to other biological fluids) (Dikovskaya et al., 2013).

A study by Terpos et al. described cystatin C as a multiple myeloma prognostic factor.
In addition, Decock et al. study explained that Cystatin C could also have a role in diagnosing
the early stages of breast cancer (Terpos et al., 2009; Decock et al., 2008). Dikovskaya et al.
(discovered that cystatin C levels rose in both malignant and benign ocular cancers. Based on
the aforementioned explanation, it is known that cystatin C can be used as a biomarker of eye
tumors (Dikovskaya et al., 2013). To determine the relationship between Cystatin C and
primary ocular malignancy, however, additional research is required. As a result, the author
aimed to analyze the amounts of Cystatin C in serum and tear fluid as biomarkers of primary
eye tumors.

Materials and Methods

This research was conducted with a case-control analytic observational study design
among individuals with and without eye tumor with consecutive sampling at the Eye
Polyclinic in Universitas Sumatera Utara Hospital and Network Hospital from April 2022 to
July 2022. All research subjects were asked to provide informed consent before. This
research proposal was approved by the ethics committee of USU medicine.

Measurement of Cystatin C Tear Fluid Levels

Examination of cystatin C levels in tear fluid was carried out by taking 10 microliters of
tear fluid in the patient and control samples. The Cystatin C levels in tear fluid was
determined using the Cystatin C sandwich enzyme-linked immunosorbent assay (ELISA) kit.

Statistical Analysis

Using a Mann-Whitney test with a 5% significance level, the difference of tear fluid
cystatin C in ocular tumor patients and controls was determined.

Results
Demographic Characteristics of Research Subjects

This study included 25 patients with eye tumors and 25 patients without eye tumors.
Table 1 shows the demographic characteristics of the research subjects.

Table 1. Demographic Characteristics of Research Subjects

Demographic Characteristics Eye Tumor (+) Eye Tumor (-)
(n=25) (n=25)
Gender, n (%)
Man 9 (36) 9 (36)
Woman 16 (64) 16 (64)
Age, years
Average (SD) 47.92 (17.79) 49.16 (18.05)
Median (Min — Max) 52 (18 - 73) 51 (18 — 76)
Tumor Type
Malignant Tumor
Basal Cell Carcinoma 5 (55.6) -
Rhabdomyosarcoma 1(11,1) -
Squamous Cell Carcinoma 3(33.3) -
Benign Tumor
Cavernous sinus hemangioma | 1(6.2) \ -
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Epidermoid cyst 1(6.2) -
Lacrimal Gland Cyst 2 (12.5) -
Conjunctival Cyst 1(6.2) -
Palpebral cyst 2 (12.5) -
Lipoma 2 (12.5) -
Nevus 4 (25) -
Pseudotumor 3(18.8) -

Differences in Levels of Cystatin C Serum and Cystatin C Tear Fluid between Subject
Groups with and without Eye Tumors

Table 2 displays the Cystatin C levels in tear fluid of individuals with and without eye
tumor.

Table 2. Differences in Levels of Cystatin C Serum and Cystatin C Tears Fluid
between Subject Groups with and without Eye Tumors

Eye Tumor (+) Eye Tumor (-)
(n=25) (n=25) P
Tear Fluid Cystatin C, mg/dL
Average (SD) 1.43 (1.36) 0.61 (0.23) <0.0012
Median (Min — Max) 1.21(0.34-7.7) 0.59 (0.19 - 1.03)

Note: ®Mann-Whitney

The average value of tear fluid Cystatin C in the group of subjects with eye tumors was
1.43 mg/dL. Meanwhile, the subjects without eye tumors had a lower mean of 0.61 mg/dL.
Furthermore, the Mann-Whitney test showed a significant difference of Cystatin C levels in
tear fluid between groups of subjects with and without eye tumors (p<0.001).

Differences in Tear Fluid Cystatin C Levels Based on Tumor Type
Cystatin C tear fluid levels are displayed in Table 3 for a group of individuals with
malignant eye tumors and a group of individuals with benign eye tumors.

Table 3. Differences in Cystatin C Serum and Tear Fluid Cystatin C Levels Based

on Tumor Type

Malignant tumor Benign tumor
(n=9) (n=16) P
Tear Fluid Cystatin C, mg/dL
Average (SD) 2.07 (2.14) 1.08 (0.38) 0.0422
Median (Min — Max) 1.32 (0.81-7.7) 1.09 (0.34 — 1.68)

Note: 2Mann-Whitney

The average tear fluid Cystatin C in the group of subjects with malignant tumors was

2.07 mg/dL; meanwhile, the mean in the group of subjects with benign eye tumors was lower
at 1.08 mg/dL. In addition, the Mann-Whitney test showed a significant difference in the
levels of tear fluid cystatin C between groups of subjects with malignant eye tumors and
benign eye tumors (p=0.042).
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Discussion

In this study, the majority of subjects in the case group were female, amounting to 16
people (53.3%) as in the control group, with the majority females and the same percentage.
This result followed a study by Zloto et al where the annual incidence of uveal melanoma
was lower in male than female patients (Zloto, Pe’er, & Frenkel, 2013). However, contrary to
the data shown by the American Cancer Society eye cancer in 2022, there were about 3,360
new cases of cancer (mainly melanoma) of the eye and orbit where the majority of patients
were male (1,790 in men and 1,570 in women) (ACS, 2021). Another study showed that men
over the age of 55 had the highest risk of developing eye tumors (male-to-female ratio:
1.28:1) (Al-Muijaini et al., 2021). This inconsistency among population-based studies may be
influenced by different criteria and populations.

Several theories have been proposed to explain gender differences in ocular tumor
genesis and progression. In research demonstrating male predominance in the development of
eye tumors, it was hypothesized that environmental factors (increasing pollution, exposure to
ultraviolet [UV] radiation, and lifestyle behaviors including tobacco and alcohol intake) also
influence the incidence of eye tumors (Al-Mujaini et al., 2021). We speculate that because
both men and women currently participate in outdoor activities and have similar lifestyles, it
is suspected that it may have contributed to the dominance of women in our study.

The mean age in this study in the subjects with eye tumors group was 47.92 years,
with the youngest at 18 years old and the oldest at 73 years old. This result was in
concordance with the research of Al-Mujaini et al., who found that fifty percent of their
patients (n = 123) were above the age of 55. Nonetheless, the analysis revealed a bimodal
distribution of patients by age group, with peaks at 15 and 55 years (Al-Mujaini et al.,
2021). According to the study by Li et al., there were two peaks in the incidence of
malignant ocular tumors, one occurring between the ages of 0-9 and the other between 60-
69 (Li et al., 2022). Cancer Research UK stated that older age is a significant risk factor for
cancer. It primarily reflects the damage to the cell's DNA that accumulates over time from
biological processes or exposure to risk factors. In addition, earlier and greater
accumulation of mutations and/or alteration of the tissue landscape due to smoking or sun
exposure would lead to a higher incidence of tumor growth risk (Laconi, Marongiu, &
DeGregori, 2020).

In this study, the most prevalent malignant tumor type was basal cell carcinoma (BCC),
affecting 5 individuals (55.6%). In Western nations, China, Korea, Singapore, Taiwan, and
Thailand, BCC is the most prevalent type of malignant eyelid tumor. However, in the Indian
population studied by Kaliki et al., squamous cell carcinoma (SGC) was the most prevalent
malignant eyelid tumor (Kaliki et al., 2019). BCCs arise from the basal cells of the epidermis
and are characterized by a pearly border and pink color with the tendency to ulcerate and
bleed. The risk of basal cell carcinoma increase with prolonged sun exposure during the first
2 decades of life and smoking history (Shi, Jia, & Fan, 2019).

In the group of subjects with benign tumors, the most common type of tumor was
nevus, totaling 4 people (25%). This result followed the study by Li et al. that found the three
most common benign eyelid tumors were nevus, squamous cell papilloma, and cyst, which
occurred in the age range of 0-90 years, and most were diagnosed at the age of 30-69 years
(Li et al., 2022). Nevus/Nevi is an increased collection of melanocytes, most commonly seen
in the skin but can occur in the iris, ciliary body, and choroid. Young age (less than 40 years),
inferior location, irregular edges, large feeder vessels, diffuse distribution, seeding, and
nodular growth increase the risk for malignant transformation (Marr, 2019).

The group of individuals with eye tumors had a mean tear fluid Cystatin C
concentration of 1.43 mg/dL (range: 0.34-7.7 mg/dL), whereas the group of individuals
without eye tumors had a mean tear fluid Cystatin C concentration of 0.61 mg/dL (range:
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0.19-1.03 mg/dL), with a statistically significant difference (p<0.001). This result was
consistent with the findings of Dikovskaya et al., who assessed tear fluid Cystatin C levels in
individuals with uveal melanoma to those of control group, wherein serum Cystatin C levels
of uveal melanoma patients were significantly greater than those of controls (p<0.01)
(Onopiuk, Tokarzewicz, & Gorodkiewicz, 2015; Dikovskaya et al., 2021). Similar results
were found in a similar study evaluating a malignant ocular tumor (choroidal melanoma),
compared with healthy controls, where tear fluid cystatin C levels were elevated in both eyes,
with a significant difference compared to controls (p<0.001) (Dikovskaya et al. 2013).
Another study found lower tear fluid Cystatin C concentrations (0.05 £ 0.0003) in healthy
individuals than in patients with pterygium (0.13 + 0.02), with a statistically significant
difference (p<0.0002) (Barba-Gallardo et al., 2013).

The average tear fluid Cystatin C in the group of subjects with malignant tumors was
2.07 mg/dL (0.81-7.7 mg/dL), while the group of subjects with benign eye tumors had a
lower mean of 1.08 mg/dL. dL (0.34-1.68 mg/dL). This result was statistically significant
(p=0.042). According to a previous study by Dikovskaya et al., individuals with malignant
and benign eye tumors had significantly greater quantities of Cystatin C in their tear fluid
compared to the control group, yet there was no significant difference (p>0.05) (Dikovskaya
etal., 2021).

The results of studies on cancer and benign tumors of other organs found that increased
Cystatin C was associated with the development of malignancy. For example, the findings in
a study related to the tear fluid Cystatin C in the serous tumor subgroup (p = 0.001). Cystatin
C levels were higher in patients with epithelial ovarian cancer compared to benign ovarian
tumors (Kolwijck, 2010). Although these observations support the hypothesis of Cystatin C
involvement in cancer, its specific role in malignant disease remains inconclusive. Research
specifically aimed to uncover the role of Cystatin C in tumor growth showed that this
molecule exerts a complex set of effects that may result in the inhibition or promotion of
tumor cell growth and spread (Leto, Crescimanno, & Flandina, 2018).

Conclusion

There was a significant difference in the tear fluid Cystatin C level between the
individuals with and without eye tumors (p<0.001), with the mean tear fluid Cystatin C in the
eye tumor group of 1.43 mg/dL. In addition, tear fluid Cystatin C levels differed significantly
between malignant and benign eye tumor groups.

Acknowledgements

This study was supported by the staff of the Ophthalmology Department of Faculty of
Medicine, University of Sumatera Utara, and Faculty of Pharmacy, University of Sumatera
Utara.

References

Al-Mujaini, A., Maurya, R. P., Bosak, S., Karan, M. K., Roy, M., Singh, V. P., Singh, M. K.,
Kumar, A., & Singh, S. (2021). Clinicopathological Analysis and Demographic
Features of Ocular Malignancies. Clinical ophthalmology (Auckland, N.Z.), 15, 357—
365. https://doi.org/10.2147/OPTH.S287087

American Cancer Society. (2021). Key statistics for Eye Cancer. Retrieved November 15,
2022, from https://www.cancer.org/cancer/eye-cancer/about/key-statistics.html

Barba-Gallardo, L. F., Ventura-Juarez, J., Kershenobich Stalnikowitz, D., Gutiérrez-Campos,
R., Torres-Bernal, E., & Torres-Bernal, L. F. (2013). Over-expression of human

European Modern Studies Journal, 2022, 6(5)




European Modern Studies Journal journal-ems.com

cystatin C in pterygium versus healthy conjunctiva. BMC ophthalmology, 13, 6.
https://doi.org/10.1186/1471-2415-13-6

Decock, J., Obermajer, N., Vozelj, S., Hendrickx, W., Paridaens, R., & Kos, J. (2008).
Cathepsin B, cathepsin H, cathepsin X and cystatin C in sera of patients with early-
stage and inflammatory breast cancer. The International journal of biological
markers, 23(3), 161-168. https://doi.org/10.1177/172460080802300305

Dikovskaya, M. A., Trunov, A. N., Chernykh, V. V., & Korolenko, T. A. (2013). Cystatin C
and lactoferrin concentrations in biological fluids as possible prognostic factors in eye
tumor development. International journal of circumpolar health, 72,
10.3402/ijch.v72i0.21087. https://doi.org/10.3402/ijch.v72i0.21087

Dikovskaya, M. A., Russkikh, G. S., Loktev, K. V., Johnston, T. P., Gevorgyan, M. M.,
Voronina, N. P., Chernykh, V. V., Trunov, A. N., & Korolenko, T. A. (2021). Cystatin
C and cystatin SN as possible soluble tumor markers in malignant uveal
melanoma. Radiology and oncology, 56(1), 83-91. https://doi.org/10.2478/raon-2021-
0049.

Guo, H., Guo, J., Xie, W., Yuan, L., & Sheng, X. (2018). The role of vitamin D in ovarian
cancer: epidemiology, molecular mechanism and prevention. Journal of ovarian
research, 11(1), 71. https://doi.org/10.1186/s13048-018-0443-7

Kaliki, S., Bothra, N., Bejjanki, K. M., Nayak, A., Ramappa, G., Mohamed, A., Dave, T. V.,
Ali, M. J., & Naik, M. N. (2019). Malignant Eyelid Tumors in India: A Study of 536
Asian Indian Patients. Ocular oncology and pathology, 5(3), 210-2109.
https://doi.org/10.1159/000491549

Kolwijck, E., Massuger, L. F., Thomas, C. M., Span, P. N., Krasovec, M., Kos, J., & Sweep,
F. C. (2010). Cathepsins B, L and cystatin C in cyst fluid of ovarian tumors. Journal of
cancer research and clinical oncology, 136(5), 771-778.
https://doi.org/10.1007/s00432-009-0716-z

Laconi, E., Marongiu, F., & DeGregori, J. (2020). Cancer as a disease of old age: Changing
mutational and microenvironmental landscapes. British Journal of Cancer, 122, 943-
952.

Leto, G., Crescimanno, M., & Flandina, C. (2018). On the role of cystatin C in cancer
progression. Life sciences, 202, 152-160. https://doi.org/10.1016/j.1fs.2018.04.013

Li, X,, Ying, G., Liu, X., Yuan, M., & Yin, R. (2022). Age Distribution of 4526 Surgically
Excised Specimens of Eye Tumors by Histopathological Examination in China.
Frontiers in bioscience (Landmark edition), 27(4), 132.
https://doi.org/10.31083/j.fb12704132

Maheshwari, A., & Finger, P. T. (2018). Cancers of the eye. Cancer metastasis
reviews, 37(4), 677-690. https://doi.org/10.1007/s10555-018-9762-9

Marr B. (2019). Intraocular Tumors. In D. Casper & G. Cioffi (Eds.), The Columbia Guide to
Basic Elements of Eye Care (pp. 471-480). Springer  Cham.
doi:https://doi.org/10.1007/978-3-030-10886-1

Onopiuk, A., Tokarzewicz, A., & Gorodkiewicz, E. (2015). Cystatin C: a kidney function
biomarker. Advances in clinical chemistry, 68, 57-609.
https://doi.org/10.1016/bs.acc.2014.11.007

Shi, Y., Jia, R., & Fan, X. (2017). Ocular basal cell carcinoma: a brief literature review of
clinical diagnosis and treatment. OncoTargets and therapy, 10, 2483-2489.
https://doi.org/10.2147/0TT.S5130371

Soebagjo, H. (2019). Onkologi Mata. Surabaya: Airlangga University Press.

Terpos, E., Katodritou, E., Tsiftsakis, E., Kastritis, E., Christoulas, D., Pouli, A., Michalis, E.,
Verrou, E., Anargyrou, K., Tsionos, K., Dimopoulos, M. A., Zervas, K., & Greek
Myeloma Study Group (2009). Cystatin-C is an independent prognostic factor for

European Modern Studies Journal, 2022, 6(5)




European Modern Studies Journal journal-ems.com

survival in multiple myeloma and is reduced by bortezomib administration.
Haematologica, 94(3), 372-379. https://doi.org/10.3324/haematol.2008.000638

Zloto, O., Pe'er, J., & Frenkel, S. (2013). Gender differences in clinical presentation and
prognosis of uveal melanoma. Investigative ophthalmology & visual science, 54(1),
652-656. https://doi.org/10.1167/iovs.12-10365

European Modern Studies Journal, 2022, 6(5)

79



