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Abstract. – OBJECTIVE: To explore the 
correlations of the tissue inhibitor of metal-
loproteinase-2 (TIMP2) and TIMP3 gene poly-
morphisms with primary open-angle glauco-
ma (POAG). 

PATIENTS AND METHODS: 295 POAG pa-
tients were recruited as the observation group 
and 200 healthy people as the control group. The 
general clinical information, medical history (hy-
pertension, diabetes and hyperlipemia) and fam-
ily history were collected. The vascular endothe-
lium and hemorheology indexes in each group 
were detected. Moreover, the polymorphisms of 
TIMP2 rs796391657 and TIMP3 rs8136803 were 
detected via TaqMan-MGB probe assay. 

RESULTS: The observation group exhibited 
higher prevalence rates of diabetes, hyperli-
pemia and family history than those of the con-
trol group (p<0.05), and there were no differenc-
es in age, sex and hypertension prevalence rate 
between the two groups (p>0.05). The observa-
tion group had a lower nitric oxide (NO) level, 
but higher levels of endothelin-1 (ET-1), plasma 
viscosity (PV), hematocrit (HCT) and fibrinogen 
(FIB) than those of the control group (p<0.05). 
The distribution of the three genotypes and al-
leles of TIMP2 rs796391657 varied a lot between 
the two groups (p<0.05). The frequency of geno-
type CC was markedly higher than that of geno-
type TT; however, C allele had a higher frequen-
cy than T allele. Similarly, the three genotypes 
and alleles of TIMP3 rs8136803 were differen-
tially distributed in the two groups (p<0.05). The 
frequency of genotype GG was higher than that 
of genotype TT, while the frequency of G allele 
was higher than that of T allele. 

CONCLUSIONS: The TIMP2 and TIMP3 gene 
polymorphisms are correlated with POAG.
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Introduction

Clinically, primary open-angle glaucoma 
(POAG) is a common chronic progressive oc-
ular disease and has no significant manifesta-
tions at its early stage. However, with the dis-
ease progressing, POAG will further develop 
into visual field defect, optic nerve damage, 
optic nerve cupping and atrophy. Glaucoma has 
become the second leading cause of blindness 
worldwide and POAG is a relatively common 
type of glaucoma1. According to the epidemi-
ology survey, there were about 60.5 million 
glaucoma patients in 2010, and the total num-
ber is expected to increase to 79.6 million by 
2020, 74% of which are POAG patients2. Glau-
coma not only seriously affects the life quality 
of patients, but also causes a huge burden to 
the society and their families. Therefore, it is 
extremely urgent to study the related patho-
genic factors for POAG. Currently, scholars 
believe that POAG features in significant famil-
ial aggregation3-5 suggesting that this disease 
is notably associated with genetic heredity. 
Additionally, related studies have revealed that 
the disruption of the balance between tissue in-
hibitor of metalloproteinases (TIMPs) and their 
matrix metalloproteinases (MMPs) can lead to 
the occurrence and development of glaucoma6,7. 
Hence, with TIMP2 and TIMP3 genes from the 
TIMPs family as candidates, the work investi-
gated the correlations of TIMP2 and TIMP3 
gene polymorphisms with the onset of POAG. 
Moreover, we detected the polymorphisms of 
TIMP2 rs796391657 and TIMP3 rs8136803 us-
ing TaqMan-MGB probes, to provide certain 
theoretical support for PAOG genetic polymor-
phism.
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Patients and Methods

Patients
POAG patients treated in the Department of 

Ophthalmology in The Second Affiliated Hospital 
of Xi’an Medical University from January 2016 to 
January 2018 were enrolled. We diagnosed POAG 
according to the standard in the Preliminary Rec-
ommendations on the Early Diagnosis of Primary 
Glaucoma by Glaucoma Group, Ophthalmological 
Society, Chinese Medical Association in 1987. 
The standards were as follows: (1) The intraocular 
pressure of over 21 mmHg based on 24 h monitor-
ing or multiple measurements, (2) Glaucomatous 
defect in retinal nerve fiber layer and (or) optic 
nerve head damage, (3) Glaucoma visual field de-
fects, (4) Patients with open anterior chamber an-
gles in 3 quadrants at least discovered via slit-lamp 
gonioscopy, (5) Those with favorable compliance 
and complete information. 

Exclusion criteria: (1) Patients with other or-
ganic ocular diseases, (2) Dysfunctions of the 
heart, kidney, liver or other major organs, or 
(3) Mental diseases or other cognitive dys-
functions who could not cooperate. Accord-
ing to the above criteria, 295 POAG patients 
were included in this study, and they were 
aged (58.86±4.25) on average. Meanwhile, 200 
healthy people without ocular diseases and un-
dergoing eye surgeries in the same period were 
selected from the hospital as the control group, 
and they were aged (58.70±5.03) on average. 

All study subjects were unrelated Chinese Han 
individuals and signed the informed consent. 
This study was approved by the Ethics Commit-
tee of The Second Affiliated Hospital of Xi’an 
Medical University.

Collection of General 
Clinical Information

Name, age, sex, medical history (hypertension, 
diabetes mellitus, and hyperlipemia) and family 

history of all subjects were collected. After 5 mL 
of venous blood was drawn from the elbows of 
patients and centrifuged for 5 min at 800 g and 
4°C, the serum was sub-packaged into Eppendorf 
(EP) tubes (200 μL/tube) and stored at -80°C for 
standby use. The levels of vascular endothelial 
function indexes [nitric oxide (NO), endothelin-1 
(ET-1)] and hemorheology indexes [plasma vis-
cosity (PV), hematocrit (HCT) and fibrinogen 
(FIB)] were measured.

Extraction of Deoxyribonucleic Acid (DNA)
After 1 mL of venous blood was taken from 

the elbows of the subjects, DNA was extracted 
using a medium-amount whole blood genomic 
DNA extraction kit (BioTeke Corporation, Bei-
jing, China) according to the instructions in the 
kit. Moreover, TaqMan® single nucleotide poly-
morphism (SNP) genotyping assay kit (Thermo 
Fisher Scientific, Waltham, MA, USA) was em-
ployed to detect and analyze the genotypes of the 
samples (Table I). 

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, USA) 
was used for statistical analysis. Measurement 
data were expressed as (x– ± s). The indepen-
dent-samples t-test was employed for comparing 
the difference between the two groups. Chi-
square (χ2) test was adopted for the comparisons 
of count data. The likelihood-ratio χ2-test was 
performed to analyze whether the genotype dis-
tribution met the Hardy-Weinberg equilibrium 
law. R×C χ2-test was applied for comparing the 
frequency of genotypes and alleles in each group. 
p<0.05 was considered statistically significant.

Results

Comparisons of Basic Data 
The prevalence rates of diabetes mellitus, hy-

pertension, hyperlipidemia and family history 

Table I. Measurement information of TIMP2 rs796391657 and TIMP3 rs8136803 via TaqMan®-MGB probe assay.

	SNP reference	 rs796391657	 rs8136803

Assay ID 	 C_342702242_10	 C__29344894_10
Protein ID 	 NP_003246.1	 NP_001129246.1
SNP Type 	 Intron	 Intron
Context sequence	 TCCTTGGTTAAGCAGCAGCTGTTGG[C/	 TGGCACTTTATACAAGAAATCACAC[G/T]
	 T]GGGTGCTCTGTCCAGGCCTCCGCTA	 TAGCTTCCCATATTCAGCAAATACA
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were higher in the observation group than those 
in the control group (p<0.01). In addition, there 
were no differences in name, sex and the prev-
alence rate of hypertension between the two 
groups (p>0.05) (Table II). 

Comparisons of Vascular Endothelial 
Function and Hemorheology Indexes

The observation group exhibited a lower 
NO level but higher ET-1, PV, HCT and FIB 
levels than those of the control group (p<0.05) 
(Table III). 

Genetic Equilibrium Test
The likelihood-ratio χ2-test was conducted 

for the actual and theoretical frequency of 
TIMP2 rs796391657 and TIMP3 rs8136803 
genotypes in the observation group and control 
group. The frequency distributions of TIMP2 
rs796391657 and TIMP3 rs8136803 genotypes 
in both groups were consistent with the Har-
dy-Weinberg equilibrium law (p>0.05) and 
comparable (Table IV and V). 

Comparison of Genotype Distribution 
Frequency

The distribution frequency of three genotypes 
of TIMP2 rs79639165 was different between the 
two groups. The frequency of genotype CC was 
significantly higher than that of genotype TT 
(p<0.01). The comparison also showed the dif-
ference in the distribution frequency of three 
genotypes of TIMP3 rs8136803 between the two 
groups, and genotype GG had a higher frequency 
than genotype TT (p<0.05) (Table VI). 

Comparison of Allele 
Distribution Frequency 

The distribution frequency of TIMP2 
rs79639165 alleles was different between the 
two groups, and C allele had a substantially 
higher frequency than T allele (p<0.01). The 
comparison also revealed the difference in the 
distribution frequency of TIMP3 rs8136803 al-
leles between the two groups, and the frequency 
of G allele was a higher frequency than T allele 
(p<0.01) (Table VII). 

Table II. Comparisons of basic data between the two groups. 

			   Age	 Male/	 Hypertension	 Diabetes	 Hyperlipidemia	 Family
	 Group	 No	 (years old)	 female	 (n)	 (n)	 (n)	 history (n)

Observation group	 295	 58.86 ± 4.25	   165/130	 213 (72.20)	 189 (64.07)	 151 (51.19)	 100 (33.90)
Control group	 200	 58.70 ± 5.03	 113/87	 130 (65.00)	   53 (26.50)	   73 (36.50)	   27 (13.50)
t/χ2			   0.684	 0.016	 2.907	 67.321	 10.377	 26.001
p			   0.496	 0.901	 0.088	 0.000	 0.001	 0.000

Table III. Comparisons of vascular endothelial function and hemorheology indexes between the two groups.

	 Group	 No	 NO (μmol/L)	 ET-1 (Pg/mL)	 PV (mPa/s)	 HCT (%)	 FIB (g/L)

Observation group	 295	 44.45 ± 9.12	 82.52 ± 9.69	 1.73 ± 0.48	 54.42 ± 4.37	 3.87 ± 0.78
Control group	 200	 63.15 ± 9.82	 54.18 ± 8.96	 1.32 ± 0.49	 40.59 ± 3.17	 3.06 ± 0.88
t			   5.672	 6.876	 3.572	 3.876	 4.985
p			   0.032	 0.021	 0.042	 0.037	 0.035

Table IV. Genetic equilibrium test of TIMP2 rs796391657 genotype.

			                          CC		                      CT		                       TT			 
	
			   Actual	 Theoretical	 Actual	 Theoretical	 Actual	 Theoretical
	 Group	 No	 frequency	 frequency	 frequency	 frequency	 frequency	 frequency	 χ2	 p

Observation group	 295	 250	 247.12	 40	 45.76	 5	   2.12	 4.68	 0.10
Control group	 200	 117	 118.58	 74	 70.84	 9	 10.58	 0.40	 0.82
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Discussion

POAG is a common ocular disease that causes 
optic nerve head damage and visual field defects 
due to the pathological increase in intraocular 
pressure. Although pathologically elevated intra-
ocular pressure is a crucial cause of POAG, its 
onset is also associated with the history of related 
diseases, family history, peripheral angiopathy 
and vasospasm8-11. In this work, the prevalence 
rates of diabetes, hyperlipidemia and family his-
tory in the observation group were higher than 
those of the control group. Those results indicat-
ed that POAG onset is correlated with diabetes, 
hyperlipidemia and familial heredity. POAG is 
a slowly progressive optic neuropathy, while di-
abetes is also a lifelong and chronic metabolic 
disease. The poor control of blood glucose levels 
in diabetes patients can cause autonomic and 
peripheral neuropathies. It also contributes to 
the changes in osmotic pressure of body fluids, 
which increases aqueous humor. It ultimately 
gives rise to the increase in intraocular pressure 

and induces POAG12,13. Hyperlipidemia can bring 
about raised PV to lower the ophthalmic artery 
perfusion pressure, thereby aggravating optic 
nerve injuries14. In recent years, other studies 
have pointed out that familial aggregation is 
discovered in POAG, a multi-factor hereditary 
disease15. The results of this work corroborated 
the correlation of POAG with familial heredity 
again. Therefore, more attention should be paid 
to the adjustment of blood glucose and lipid for 
patients with diabetes and hyperlipidemia, to 
reduce the risk of concurrent POAG. As to the 
high-risk groups with the POAG family history, 
measures are supposed to be actively taken for 
early prevention and treatment. 

Some scholars have found that the occur-
rence of POAG is related to blood stasis and the 
pathological change of excessive accumulation of 
aqueous humor. The vascular endothelial func-
tion and hemorheology indexes can objectively 
reflect the blood stasis of body and have been 
widely applied in clinical practices. Other schol-
ars have pointed out that ET-1 is correlated with 

Table V. Genetic equilibrium test of TIMP3 rs8136803 genotype.

			                          CC		                      CT		                       TT			 
	
			   Actual	 Theoretical	 Actual	 Theoretical	 Actual	 Theoretical
	 Group	 No	 frequency	 frequency	 frequency	 frequency	 frequency	 frequency	 χ2	 p

Observation group	 295	 152	 145.25	 110	 123.50	 33	 26.25	 3.52	 0.17
Control group	 200	 77	   76.26	   93	   94.48	 30	 29.26	 0.05	 0.98

Table VI. Comparisons of the genotype distributions of TIMP2 rs79639165 and TIMP3 rs8136803 between the two groups.

	 Gene 	 SNP code	 Genotype	 Observation group	 Control group	 χ2	 p

TIMP2	 rs796391657	 CC/CT/TT	 250 (84.75)/	 117 (58.50)/	 42.827	 0.000
			     40 (13.56)/	   74 (37.00)/	
			       5 (1.69)	     9 (4.50)	
TIMP3	 rs8136803	 GG/GT/TT	 152 (51.53)/	   77 (38.50)/	   8.200	 0.017
			   110 (37.29)/	   93 (46.50)/		
			     33 (11.19)	   30 (15.00)		

Table VII. Comparisons of the allele distributions of TIMP2 rs79639165 and TIMP3 rs8136803 between the two groups.

	 Gene 	 SNP code	 Genotype	 Observation group	 Control group	 χ2	 p

TIMP2	 rs796391657	 C/T	 540 (91.53)/	 308 (77.00)/	 40.937	 0.000
			     50 (8.47)	   92 (23.00)	
TIMP3	 rs8136803	 G/T	 414 (70.17)/	 247 (61.75)/	   7.616	 0.006
			   176 (29.83)	 153 (38.25)		
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multiple pathological changes, such as those in 
intraocular pressure, choroid and retina regula-
tion and believe that vascular endothelial function 
is involved in the occurrence of POAG16. Accord-
ing to the findings of this study, the observation 
group had a lower NO level than the control 
group, but the level of ET-1 was higher than that 
in the control group. These results indicated that 
vascular endothelial functions are crucial to the 
onset of POAG and visual nerve defects. Spe-
cifically, NO is the protective factor of reducing 
POAG incidence rate, while ET-1 is the risk factor 
of increasing it. Hemorheological abnormalities 
often induce systemic or local hemodynamic 
disorders, and then ischemia and hypoxia occur, 
finally causing necrosis, edema, inflammation 
and other pathological changes to tissues and or-
gans. The increase of blood viscosity exerts a cer-
tain effect on the onset of POAG. Under normal 
physiological conditions, the vascular diameter 
and perfusion pressure are the main factors af-
fecting microcirculation. The blood flow volume 
is negatively correlated with blood viscosity, but 
positively correlated with vascular diameter. Nev-
ertheless, when the shear rate of retinitis declines 
and blood viscosity increases, the retinal blood 
perfusion remains decreased. As a result, local 
ischemia is induced, ultimately aggravating optic 
atrophy. The results of this work showed that 
the levels of PV, HCT and FIB were higher in 
the observation group than in the control group, 
suggesting the increased blood viscosity serves 
as the risk factor for POAG. Therefore, it is held 
that detecting vascular endothelial function and 
hemorheology indexes in patients with POAG are 
of great significance for effectively evaluating the 
disease and timely adjusting treatment regimens.

The recent studies have manifested that ge-
netic factors play important roles in the onset 
of POAG. In the present work, the TIMP2 and 
TIMP3 genes were selected as candidates from 
the TIMPs family. And we explored whether the 
polymorphisms of these two genes are correlat-
ed with POAG onset. TIMPs (TIMP1, TIMP2, 
TIMP3, and TIMP4). TIMPs participate in the 
growth, apoptosis, proliferation and migration 
of cells and the angiogenesis as well as its inhi-
bition. In the majority of reactions, TIMPs exert 
effects via suppressing MMPs. TIMP2, a soluble 
secretory protein, is the inhibitor of MMP-2, and 
TIMP3 is a non-soluble protein that can bind 
to ECM17,18. The over-expression of TIMP2 and 
TIMP3 can lead to the dynamic imbalance be-
tween the extracellular matrix synthesis and deg-

radation, and influence the discharge of aqueous 
humor, further raising the intraocular pressure 
to worsen POAG damage19,20. In this study, the 
TIMP2 rs796391657 (C/T) and TIMP3 rs8136803 
(G/T) were employed, and TaqMan-MGB probe 
assay was performed to analyze the frequen-
cy of genotypes and alleles in the observation 
group and control group. According to the results, 
there were significant differences in the compo-
sition of the mutation genotype distribution of 
TIMP2 rs796391657 (C/T) and TIMP3 rs8136803 
(G/T) between the two groups. This indicated 
that the polymorphisms of TIMP2 rs796391657 
(C/T) and TIMP3 rs8136803 (G/T) are correlated 
with the risk of POAG onset. Genotype CC at 
TIMP2 rs796391657 and genotype GG at TIMP3 
rs8136803 were its risk genotypes. The alleles 
were further analyzed in the two groups. The 
alleles of TIMP2 rs796391657 (C/T) and TIMP3 
rs8136803 (G/T) were notably differentially dis-
tributed in the two groups, suggesting that the 
C allele at TIMP2 rs796391657 and G allele at 
TIMP3 rs8136803 act as the risk alleles of POAG. 

Conclusions

We showed that the TIMP2 and TIMP3 gene 
polymorphisms are correlated with POAG.
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