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Abstract—Cataracts are a progressive health issue with
significant implications for individuals and public health
systems. They are considered a critical global health issue,
particularly affecting older adults. MMP-2 and CCL4 are both
chemokines that are known to play a critical role in
inflammation and tissue remodeling. The collected data were
analysed by using SPSS and visualization tools. Our results
indicate a significant correlation between MMP-2 and CCL4
among cataract patients. There is a substantial relationship
between MMP-2 and other factors, such as gender and
residency state, unlike CCL4. No significant correlation exists
between the two serum biomarkers (MMP-2 and CCL4) and
smoking cataract patients. By exploring the expression of
MMP-2 and CCL4, this study aims to enhance cataract
pathophysiology and identify inflammatory biomarkers
associated with cataract progression. measuring serum levels
of MMP-2 and CCL4 in cataract patients to assess their role in
tissue  remodeling, inflammation, and post-operative
complications.

Keywords— Cataract, MMP-2, CCL4, Eye diseases, Ocular
inflammation.

. INTRODUCTION

Cataracts are a progressive health issue with significant
implications for individuals and public health systems. They
are considered an important global health issue, particularly
affecting older adults [1- 2].

It is characterised by the opacification of the crystalline lens
[3]. Primarily due to aging [4]. Moreover, it is influenced by
other factors like smoking [5] and gender [6], drug induced
cataract( corticosteroid) [7].

Moreover, the involvement of oxidative stress
development of cataract [8] is well established.

MMP-2 constitutes a family of zinc-dependent
endopeptidases, which are  secreted mainly by
myofibroblasts, cardiomyocytes, and fibroblasts, and are also

in the

known as gelatinase [9], MMP-2 demonstrated a notable
correlation with cataracts, as evidenced by a study conducted
by Lin, Y.F., which revealed elevated levels of MMP-2 in
the aqueous humour of cataract patients compared to healthy
controls [10]. A study conducted by Ying Chen in 2021
found that MMP-2 and other cytokines were significantly
higher in patients with Acute Primary Angle Closure [11].
Likewise, CCL4 (formerly known as macrophage
inflammatory protein [MIP]-1p) is a small cytokine that
belongs to the cc chemokine subfamily. It acts as a
chemoattractant for natural killer (NK) cells, monocytes, and
various other immune cells in sites of inflammation or
damage [12].

The precise role of inflammation in the aetiology of cataracts
remains to be elucidated [13]; however, a study by Jabs et al.
(2023) examined the correlation between systemic
inflammatory biomarkers, including CCL4, and ocular
conditions in individuals with AIDS. This investigation
revealed that elevated plasma levels of multiple systemic
inflammatory markers were associated with a reduced risk of
cataracts within this population. This observation suggests a
potential link between elevated systemic inflammation, as
indicated by increased CCL4 levels, and a reduced incidence
of cataract formation in individuals with AIDS [14].

Another study conducted by Adamus, G.2001 revealed that
CCLA4 plays a key role in attracting inflammatory cells to the
eye, and has a role in disease progression [15].

The existing literature on the subject indicates a paucity of
studies investigating the association between serum levels of
MMP-2 and CCL4 and the development of cataracts.
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A. Study Design and Participants

Acase-control study was conducted at the ophthalmology
department of Al-Nasiriyah Teaching Hospital in Thi-Qar
governorate, Irag, on patients diagnosed with cataracts
between September 2024 and January 2025.

MATERIALS AND METHODS

The cataract group consists of 93 males and 107 females,
while the control group consists of 100 males and 100
females.

B. Ethical Approval

Ethical approval was obtained from the following
institutions and individuals: the University of Basrah,
College of Medicine, Department of Microbiology, Al-
Nasiriyah Teaching Hospital, the primary health care centre
manager, and the patients.

All information concerning the study was clearly
explained to the patients.

C. Sample Collection and Processing

Two milliliters of venous blood were obtained using a
sterile disposable syringe for each participant (patient and
control), as in [16] Then, they were transferred to a sterile gel
tube to measure MMP-2 and CCLA4.

D. Measurement of the MMP-2 and CCL4

Serum was analysed to determine the total MMP-2 and
CCL4 concentration by using sandwich ELISA Kkits for
MMP-2 and CCL4, using a commercially available kit
(MMP-2 ELISA Kit (cat. No. SL115Hu), SunLong Biotech
Company (China), and the CCL4 ELISA Kit (cat. No.
SL1124Hu). SunLong Biotech Company (China)).

E. Statistical Analysis

The collected data was statistically analyzed using SPSS
and other visualization tools like DTA tab and Geneious.

Ill.  RESULTS

A. Comparison between Two Markers (MMP-2 and CCL4)
among Patients and the Control Group

Table (1) shows that MMP-2 and CCL4 were
significantly higher in patients with cataract than in the
control group, showing that the mean concentration of the
two markers, respectively, was (1387.019+ 158.17 pg/mL,
18.348+ 5.21 pg/mL) in patients. In contrast, the mean in the
control group for the two markers was equal to (1195.199 +
175.89 pg/mL, 16.897+ 1.63 pg/mL). The p-value for the
two markers = p< 0.01, so it’s statistically significant.

B. Comparison between Two Markers (MMP-2 and CCL4)
According to Gender among Patients and Control
Groups

Table (2) shows that MMP-2 was significantly higher in
the patient group among males and females than in the
control group; the mean for males in the patient group was
equal to 1390.166+ 183.665 pg/mL, and in females it was
equal to 1384.876+ 138.963 pg/mL. While CCL4 showed
no significant difference, the mean for males was
18.946+7.322g/mL, and for females, the mean was equal to
1717.941+2.996g/mL.

Table (1): Serum concentration of MMP-2 and CCL4 among patients and
control group
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Patient No. Control No. P -value
(MeantS (Mean+SD)p
D)pg/mL g/mL

MMP-2" | 1387.019 | 200 1195.199 200 | **=p<0.01
+ +
158.17 175.89

CCL4™ 18.348 200 16.897 200 | **=p<0.01
+ +
521 1.63

Table (2) Serum concentration of MMP-2 and CCL4 according to gender
among patients and the controls group

Male Female
Patients Control Patients Control P Value
(Meant | (MeantS | (MeantS | (MeantS
SD)pg/ D)pg/mL D)pg/mL D)pg/mL
mL
No. 81 96 119 104
MM 1390.16 | 1153.664 | 1384.876 | 1233.538 | *=p<0.05
p-2" 6 * * * p=0.026
* 180.396 138.963 163.302
183.665
CCL 18.946 16.850 17.941 16.940 No
4" + ++ * + significan
7.322 1.961 2.996 1.255 t=0.24

C. Relation between MMP-2 and Smoking and Nonsmoking
among Patients and Control Groups

The result of this table (Table3) shows that there’s no
significant relationship between MMP-2 among smokers and
non-smokers. It’s statistically not substantial, p-value was of
0.23, the mean for smokers in patient group was equal to
1339.608 +181.355 pg/mL, and for non-smokers was equal
to 1409.330 £141.291 pg/mLfor the control group, the mean
for smokers was 1120.896+29.269 pg/mL, and for non-
smokers 1195.949+176.612 pg/mL.

Table (3) serum concentration of MMP-2 and its relation with smoking
and non-smoking among patients and control groups

Smokers Non-smokers
Patients Control Patients Control
(Meant | (MeantS | (MeantS | (MeanxS P Value
SD)pg/ | D)pg/mL | D)pg/mL | D)pg/mL
mL
No. 64 2 136 198
MMP- 1339.60 | 1120.896 | 1409.330 | 1195.949 | Smoking
2" 8 + + + P=0.23
+ 29.269 141.291 176.612 Ns =no
181.355 significan
ce

D. Relation between CCL4 and Smoking and Nonsmoking
among Patients and Control Groups

(Table 4) shows no statistically significant correlation
between the CCL4 marker and smokers-nonsmokers among
the patient and control groups, with a p-value of 0.97. The
mean for smokers and nonsmokers among patients,




respectively, was 18.552+6.068 pg/mL, 18.252 +4.772
pg/mL, while for the control group, the mean for smokers
and non-smokers, respectively, was equal to 16.696+2.398
pg/mL, and16.899+1.6288 pg/mL.

E. ROC Curve

Figure (1) represents the ROC curve analysis for MMP-2
and CCL4. The AUC (area under the curve) values indicate
that MMP-2 (AUC=0.789) has good diagnostic accuracy,
while CCL4 (AUC = 0.607) showed the weakest

F. MMP-2 Serum Biomarker Distribution: Assessing the
Degree of Data Dispersion ROC Curve

Figure (2) shows MMP-2 serum marker levels display
significant variability, with some extremely high values. In
contrast, others are considerably low, indicating a wide
dispersion in the dataset.

G. CCL4 Serum Biomarker Distribution: Assessing the
Degree of Data Dispersion

Figure (3) shows that CCL4 serum marker levels display
variability in this dataset, which is relatively moderate and
evenly distributed. However, both groups show the same
degree of variability; the patient group shows a slightly
greater spread has been observed.

Table (4) Serum concentration of CCL4 and its relation with smoking
and non-smoking among patients and control groups.

Smokers Non-smokers
Patients Control Patients Control
(MeantS | (MeantS | (MeantS (MeanzS P Value
D)pg/mL | D)pg/mL | D)pg/mL D)pg/mL
No. 64 2 136 198
CcC 18.552 16.696 18.252 16.899 Smoking
L4"™ * + + + P=0.97
6.068 2.398 4.772 1.628 Ns = no
significance
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Fig. (1): ROC curve for the two markers (MMP-2 and CCL4). The blue
curve represents the MMP-2 serum biomarker, and the red curve represents
the CCL4 serum biomarker.
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Fig. (2): The dispersion of the data of the MMP-2 serum biomarker
among patients and controls.
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Fig. (3): The dispersion of the data on CCL4 serum biomarkers among
patients and controls

IV. DISCUSSION

The results of this study show that the mean levels of the
two markers (mmp-2 and CCL4) were highly significant in
patients compared to control groups, pointing to their
potential role in disease progression.

Excessive MMP-2 activity contributes to lens opacification;
high levels of MMP-2 lead to basement membrane
degradation and disrupt lens epithelial cell integrity.

Our findings agreed with Alapure, B.V., 2012 findings,
which reveal that levels of MMP-2 were high in the serum
of cases with steroid-induced  posterior  subcapsular
cataract (PSC) [17]

This study also matched with Tamiya, S.2000, which

found that the level of MMP-2 is associated with the
development of cataract [18].
CCL4 was more significant in patients diagnosed with
cataract than in those in the control group. This can be
attributed to increased levels of MMP-2, which influence
the expression of other cytokines like CCL4. There are
limited studies that link CCL4 and cataracts.

A study conducted by Xinbo Gao in 2016 found that the
CCL2 and CCL7 concentration levels are high after an acute
glaucoma attack [19].

This study shows a statistically significant relationship
between MMP-2 and sex in cataract patients. Although
statistical significance was achieved, the absolute difference
between sex groups remains small, indicating that gender
may influence MMP-2 levels. This can be explained by



biological factors, including hormonal imbalance (estrogen—
testosterone).

The relation between MMP-2 and gender remains
unclear, with some studies suggesting there’s no relation
and exhibiting a hormonal effect.

This study did not match the result of Tayebjee, M.H.
(2005), who found that there is no relation between gender
and the level of MMP-2 [20]

The other marker (CCL4) shows no significant

difference, with a p-value of 0.16. Studies for CCL4 are
still limited.
MMP-2 shows no statistically significant relationship
between the level of this marker and smoking, with a p-
value of 0.23, which can be explained by the fact that the
immune system regulates this marker to maintain
homeostasis.

Another explanation is that smoking might influence

other pro-inflammatory markers (such as IL-6 or CRP) more
significantly than MMP-2.
CCL4 shows statistically no significant relationship between
the level of this marker and smoking, with a p-value of 0.97.
This can be explained by the fact that the immune system
regulates this marker to maintain homeostasis, or this
marker is more stable than others, so it cannot be affected by
another factor, such as smoking.

There is a paucity of studies linking MMP-2 and CCL4
serum biomarkers to smoking.

The findings of the ROC curve suggest that MMP-2 could
serve as a more reliable serum biomarker compared to
CCL4 in the context of cataract detection.

In the present study, it was shown that the serum level of
MMP-2 varies from one individual to another, varying from
extremely high levels to low levels, several factors can be
behind this distribution increase, including the severity of
the cataract. At this stage, it was unclear whether the
cataract was a result of trauma or the aging process. Other
factors include lifestyle and other underlying health
conditions.

We noticed the distribution of the CCL4 serum
biomarker were slightly higher in the patient group; several
factors can be behind this, including environmental,
underlying health conditions, or can be influenced by
elevated levels of MMP-2.

V. CONCLUSIONSs

In conclusion, MMP-2 and CCL4 were highly significant
in cataract patients compared to healthy individual. Also,
our study shows that unlike CCL4, MMP-2 showed highly
significant  relationship ~ with  gender  differences.
Furthermore, it shows no considerable correlation between
MMP-2 and CCL4 serum biomarker and smoking patients
with cataract.
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