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ABSTRACT 
                                                    
This study was performed to determine the levels of plasminogen activator inhibitor-1 
(PAI-1), transforming growth factor ß2 (TGFß2) and total protein in the aqueous 
humour of patients with glaucoma versus those without glaucoma. A total of 30 
aqueous humour samples were collected from patients with glaucoma and cataract 
(20 glaucoma aqueous samples and 10 cataract aqueous samples). The levels of PAI-
1 and TGFß2 were determined by enzyme linked immunosorbent assay (ELISA), while 
total protein levels by the Bradford method. There was a significant increase in the 
aqueous levels of PAI-1, TGFB2 and total protein in the glaucoma group compared 
to the cataract group. Further analysis of the glaucoma group showed a significant 
increase in the levels of PAI-1, TGFß2 in patients with late compared to patients with 
early open angle glaucoma. There was a significant positive correlation between the 
levels of PAI-1 and total protein in patients with glaucoma. Also a significant positive 
correlation was detected between PAI-1 and TGFß2 in both glaucoma groups. These 
data are consistent with the possibility that intraocularly produced PAI-1 may 
contribute to glaucoma pathogenesis. So, reducing the production or activity of PAI-1 
in the eye could constitute a new target for the design of glaucoma therapy. 

 
INTRODUCTION 

 
Elevation of the intraocular 

pressure (IOP) is recognized as the 
major causal risk factor for the 
progression of glaucoma, which is the 
leading cause of blindness(1). It is 
generally accepted that IOP elevation 
results from an involutional process 
occurring in the anterior chamber, 
which obstructs the aqueous 
outflow(2). The molecular mechanisms 
explaining the aqueous flow and IOP 
are not well understood yet. It is 
conceivable that the IOP could be 
controlled in part through genes that 

are expressed in the eye, specifically 
in the ciliary body and trabecular 
meshwork which is involved in the 
aqueous production and outflow. To 
this group of genes belongs the gene 
encoding PAI-1(3). 

PAI-1 is an inducible secreted 
protein that belongs to the serpin 
(serine protease inhibitors) 
superfamily(4). It constitutes a central 
component of the fibrinolytic system 
that maintains the patency of the 
vascular bed and other vascular 
structures(5). PAI-1 is the principle 
physiological inhibitor of the tissue 
type plasminogen activator, which 
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specifically converts the inactive 
zymogen plasminogen into plasmin(6). 
The latter is a non specific trypsin- 
like protease that degrades fibrin and   
is involved in extracellular proteolysis 
by degrading matrix components or 
activating the proenzyme of collagen- 
degrading metallo - proteases(7). 

Elevated levels of PAI-1 have 
been associated with various 
thrombotic disorders and acute phase 
response such as after trauma or 
bacterial infection(8). PAI-1 gene 
expression could be enhanced by 
inflammatory agents such as 
transforming growth factor B and 
interleukins(9). 

The transforming growth factor 
(TGF)-ß family of cytokines includes 
multifunctional proteins that regulate 
production of a wide variety of gene 
products, and thus control a wide 
variety of cellular processes. For 
example, TGF-ß family members are 
involved in inflammation, wound 
healing, extracellular matrix 

accumulation, bone formation, tissue 
development, cellular differentiation, 

and tumor progression(10). 
Three mammalian isoforms have 

been identified to date: TGF-ß1, -ß2, 

and -ß3, and these isoforms are 
structurally similar, despite being 
encoded by different genes(11). TGF-ß 

is a cytokine that alters extracellular 
matrix (ECM) metabolism, and excess 
ECM has been proposed to increase 
aqueous outflow resistance in the 
trabecular meshwork (TM) of 
glaucomatous eyes(12). TGF- ß appears 
to be involved in the pathogenesis of 

certain forms of glaucoma.  
So, the aim of this work is to 

estimate the aqueous levels of PAI-1, 
total protein (to evaluate the origin of 

PAI-1) and TGF ß2 in patients with 
glaucoma. 
 

SUBJECTS & METHODS 
 

The present study included 
twenty patients with primary open 
angle glaucoma (POAG), who were 
scheduled for glaucoma filtering 
surgery,10 patients with early open 
angle glaucoma (group2) and 10 
patients with late open angle 
glaucoma (group3).Their mean age 
was 63 years. Ten cataract patients, 
their mean age was 65 years (group1), 
they were used as controls. The 
cataract group was scheduled for 
cataract surgery and did not have 
glaucoma or other systemic disease.  

Patients visiting the glaucoma 
clinic of the Research Institute of 
Ophthalmology had a detailed work- 
up sheet including: 1- History: risk 
factors as family history of blindness 
or visual loss from different diseases. 
Previous history of increase in 
intraocular pressure or chronic steroid 
use and medical problems. 2- 
Complete ocular examination: each 
subject underwent a detailed 
ophthalmologic examination 
including: best corrected visual acuity, 
slit lamp biomicroscopy and 
applanation tonometry. Gonioscopy to 
asses the anterior chamber angle and 
dilated fundus examination with 
special attention to the optic nerve 
head. 3- Baseline documentation of 
the optic nerve: image analysis and 
meticulous drawing for diffuse 
narrowing of the neuroretinal rim or 
focal narrowing or notching, nerve 
fiber defects, disc hemorrhages, 
asymmetry of optic nerve cupping & 
or vertical elongation of the cup. 
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Automated VF testing (Humphrey) for 
early: superior or inferior nasal step, 
superior or inferior arcuate defect, 
generalized depression, paracentral 
loss or late:  temporal or central island 
of vision with advanced disease.  

Patients with other ophthalmic 
conditions such as angle closure, or 
secondary glaucoma, trauma or 
systemic diseases like diabetes were 
excluded. Patients with previous laser 
surgery or history of intraocular 
surgery were also excluded. None of 
the patients smoked, had special diets 
or were taking antioxidant vitamins, 
such as tocopherols, or ascorbic acid 
or non steroidal anti-inflammatory 
agents. 
Surgical technique &Sample 
collection: 

Aqueous humor samples were 
carefully collected at the beginning of 
surgery through a paracentesis, using 
a 27- gauge needle on a tuberculin 
syringe under an operating 
microscope with special care to avoid 
blood contamination. Standard 
trabeculectomy with fonix-based 
cojunctival flap was done after 
reformation of the anterior chamber 
by aqueous. Half thickness square 
scleral flap was dissected. 
Sclerostomy at sclerolimbal junction 
was perfomed, then a block of 
sclerolimbal tissue was removed with 
Vannas scissors. Periperal iridectomy 
was then performed. Suturing scleral 
flap with fixed sutures and assessment 
of flaps by injecting balanced salt 
solution through the paracentesis. 
Closure of the conjunctiva. Post 
operative subconjuntival steroid and 
antibiotics. Samples were rapidly 
frozen at -70 ْ◌C until assayed. 

Determination of aqueous PAI-
1: by an enzyme linked 
immunosorbent assay (ELISA) which 
is a monoclonal antibody based assay, 
specific for the active form of PAI-1 
which is captured by coated tPA. 
(HYPHEN BioMed ) (13). 

Total aqueous protein was 
determined using the Bradford 
method (14). This is a widely used 
sensitive colorimetric method that 
quantifies proteins based on the 
principle of protein dye binding. 

Determination of aqueous TGF-
ß2: by an enzyme linked 
immunosorbent assay (ELISA) 
(Quantikine, R&D System Inc)(15). 
Statistical analysis: 

Data was expressed as mean 
±SD. The groups were compared 
using the Student’s-t test .The degree 
of association between the variables 
was assessed using Pearson’s 
correlation coefficient (r), where 
values of p<0.05 were considered 
significant. 
 

RESULTS 
 

Table I shows the mean ±SD of 
PAI-1 (ng/ml), total protein (ng/ml) 
and TGFB2 (pg/ml) levels in aqueous 
of senile cataract patients and 
glaucoma patients.  

There was a significant increase 
in PAI-1 levels in aqueous of group2 
(early primary open angle glaucoma) 
patients when compared with cataract 
patients of group1, 4.2±0.33ng/ml and 
1.96±0.47ng/ml respectively (p<0.05). 
Also there was a significant increase 
in PAI-1 levels in aqueous humor of 
group 3 (late primary open angle 
glaucoma) patients when compared 
with cataract patients of group1, 
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5.21±0.38 ng/ml and 1.96±0.47ng/ml 
respectively (p<0.01). PAI-1 levels 
were significantly higher in group 3 
compared to group 2 (p<0.05).  

There was a significant increase 
in total protein levels in aqueous of 
group 2 (early primary open angle 
glaucoma) patients when compared 
with cataract patients of group1, 
77.5±3.8 ug/ml and 52.9±2.3 ug/ml 
respectively (p < 0.05). Also there was 
a significant increase in total protein 
levels in aqueous humor of group 3 
(late primary open angle glaucoma) 
patients when compared with cataract 
patients of group, 77.9±4.9 ug/ml and 
52.9±2.3 ug/ml respectively (p<0.05). 
No significant difference between 
group 2 & group 3 was detected.  

There was a significant increase 
in TGFß2 levels in aqueous of group 2 
(early primary open angle glaucoma) 

patients when compared with cataract 
patients of group1, 3.03±0.41 pg/ml 
and 1.6±0.12 pg/ml respectively (p < 
0.005). Also there was a significant 
increase in TGFß2 levels in aqueous 
humor of group 3 (late primary open 
angle glaucoma) patients when 
compared with cataract patients 
(group 1) 4.21±0.3 pg/ml and 
1.6±0.12 pg/ml respectively (p<0.05). 
TGFß2 levels were significantly 
higher in group 3 compared to group2 
(p<0.05).  

There was a significant positive 
correlation between total protein & 
PAI-1 in both glaucoma groups, r 
=0.52 (p<0.05) & r=0.8 (p<0.01) (fig. 
1, 2). Also a significant positive 
correlation between PAI-1 & TGFß2 
was detected in both glaucoma 
groups, r =0.72 & r=0.67 (p <0.01)   
(fig. 3, 4). 

         
 
 Table (1): Aqueous levels of PAI-1, total protein and TGFß2 in senile cataract 
and glaucoma patients ( mean ±SD). 

 Senile 
Cataract 
Group 1 

N=10 

Early 
glaucoma
Group 2 

N=10 

Late 
glaucoma
Group3 

N=10 

p value 
Group1 

& 
Group 2 

Group1 
& 

group 3 

Group2 
& 

Group3 
PAI-1 (ng/ ml) 1.96±0.47 4.2±0.33 5.2±0.38 p< 0.05 p< 0.001 p< 0.05 

Total 
protien(ug/ml) 

52.9±2.3 77.5±3.8 77.9±4.9 p< 0.05 p< 0.05 NS 

TGF B2( pg/ml) 1.6±0.12 3.03±0.41 4.2±0.3 P< 0.005 p< 0.05 p< 0.05 

P< 0.05  is considered significant.  
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Fig. (1)

Correlation btween  total protein & PAI-1 in 
group2(r=0.52)(p<0.05)
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Fig (2)

Correlation between total protein &PAI-1 in 
group3 (r=0.8)(p<0.01)
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Fig. (3)

Correlation between PAI-1 & TGFB2 in 
group2(r=0.7) (p<0.01)

0

1

2

3

4

5

6

0 1 2 3 4 5 6

PAI-1(ng/ml)

T
G

F
B

2(
p

g
/m

l)

 



 
 
Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007                                                 Hamid et al. 

 
110

Fig. (4)

Correlation between PAI-1 &TGFB2 in group3 
(r=0.67)(p<0.01)
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DISCUSSION 
 

One potential causative factor for 
the POAG-associated increase in 
intraocular pressure (IOP) is 
compromised outflow facility of 
aqueous humor (AH) through the 
trabecular meshwork (TM). A 
disproportionate accretion of ECM 
occurs in the TM region of POAG 
eyes, and this buildup is believed to 
impose greater resistance to AH 
outflow, resulting in increased IOP(16).  

The results of this study 
demonstrated that the aqueous levels 
of PAI- 1 and total protein were 
significantly elevated in both 
glaucoma groups compared to cataract 
group. Also there was a significant 
association between the levels of PAI-
1 and total protein. This is consistent 
with the results of Dan et al.(17) who 
suggested that enhanced PAI-1 
synthesis in the ciliary body may 
contribute to outflow resistance and 
IOP elevation.  

PAI-1 inhibits the activity of both 
tissue plasminogen activator (tPA) and 

urokinase plasminogen activator 
(uPA). Both tPA and uPA catalyze the 
conversion of plasminogen into 
plasmin, a key intermediate in the 
fibrinolytic cascade. Plasmin, in 
addition, is known to promote the 
conversion of certain pro matrix 
metalloproteinases (MMPs) into their 
active ECM-degrading forms(18). This 
was prompted by the findings of 
Masos et al(3) who found that in the 
adult murine eye, the PAI-1 gene is 
expressed exclusively in the apices of 
the ciliary body processes and 
accordingly PAI-1 activity was 
detected in the aqueous humor  . This 
could be possible for the human eye 
as it was showed that human ciliary 
body epithelial cells could express 
groups of several genes, including 
genes encoding protease inhibitors(19). 
This distinct localization implies that 
PAI-1 may play a role in the anterior 
chamber and trabecular meshwork.  

Therefore, an increase in PAI-1 
levels would be expected to lead to a 
reduction of activated MMP levels 
and, conceivably, accumulation of 
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pro-MMPs within responsive tissues.  
Specifically up regulation of PAI-1 
gene in the ciliary epithelium could 
shift the proteolytic balance towards 
inhibition and might also interfere 
with cell adhesion(20).  

The subgroup analysis of 
glaucoma patients showed that PAI-1 
levels were highest in patients with 
late-open angle glaucoma as Dan et 
al(17). They found that increased levels 
of PAI-1 in the aqueous humor 
glaucoma patients may contribute to 
sclerosis of the juxtacanilicular tissue 
and thereby to outflow obstruction 
and glaucoma pathogenesis (21).    

Also, this study has showed 
significant higher levels of TGF-ß2 in 
aqueous humor collected from POAG 
patients compared to cataract patients. 
. In agreement with these results are 
Ozcan et al.(22) and Picht et al.(23) , 
who postulated that TGF-ß is a 
cytokine that alters extracellular 
matrix (ECM) metabolism, and excess 
ECM has been proposed to increase 
aqueous outflow resistance in the 
trabecular meshwork (TM) of 
glaucomatous eyes. It has been shown 
that in vitro treatment of cultured 

human TM cells with TGFß2 leads to 
changes in gene expression, including 
genes that may contribute to ECM 
accumulation (22). 

This study showed a positive 
correlation between TGF-ß2 and PAI-
1 in both glaucoma groups which 
agreed with the findings of Debra et al 
(24). They found that TGFß2-treated 

human TM cells altered the 
production of the enzymes promatrix 

metalloproteinase-2 and plasminogen 
activator inhibitor (PAI)-1. Elevated 
levels of AH TGFß2 thus may have 
the dual effect of both a direct increase 

in TM production of ECM 
components (e.g., fibronectin) and an 
enhanced production of gene products 

inhibiting ECM degradation e.g., PAI-
1. The latter has potential effects on 
ECM accumulation and elevated PAI-
1 levels may have other consequences 
that also contribute to the 
pathogenesis of glaucoma(19). 

It has been reported previously 
that a progressive loss of human TM 
cells occurs with normal aging(25). The 
rate of this loss appears to be 
accelerated in POAG eyes. The 

underlying mechanism(s) for this loss 
is not yet known although, in addition 
to a decrease in replicative potential, it 
has been attributed to a variety of 
factors that affect TM cell migration 

and/or adhesion, including increased 
phagocytosis, oxidative stress, 
myocilin, and the presence of 
chemoattractants within the aqueous 
humor(26). 

Conclusion & Recommendation:  
The findings presented in this 

study suggest that enhanced PAI-1 
synthesis in the ciliary body may 
contribute to outflow resistance and 
IOP elevation. This raises the 
possibility of considering intraocular 
PAI-1 as a target for the design of new 
glaucoma drugs. 
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فى سائل الخزانة  ٢وعامل النمو المتحول ب  ١ –مثبط منشط البلازمينوجين 
  غير مصابين بمرض المياه الزرقاءالأمامية للمرضى المصابين وال

  
   أحمد هلال. د **، إيمان فهمى. د . أ ** ،*منى أحمد عبد الحميد. د *

  رمد بمعهد بحوث أمراض العيونقسم ال** ،قسم الكيمياء الحيوية الطبية بمعهد بحوث أمراض العيون*
  

فـــى ســـائل  ٢لنمـــو المتحـــول ب وعامـــل ا ١ –يهـــدف هـــذا البحـــث دراســـة دور مثـــبط منشـــط البلازمينـــوجين 
مريضاً بمرض المياه الزرقاء حيث تم مقارنتهم بعشرة  ٢٠وقد تم اختيار . الخزانة الأمامية  لمرضى المياه الزرقاء

مرضــى بمــرض الميــاه البيضــاء وتــم عمــل فحــص رمــدى شــامل بالاضــافة الــي قيــاس ضــغط العــين لكــل المرضــى 
  . الذين شملهم البحث 

وعامـل النمـو المتحـول ب  ١ –دلالة إحصائية فى مسـتوى مثـبط منشـط البلازمينـوجين وقد وجد ارتفاع ذو 
فى سائل الخزانية الأمامية  لمرضى المياه الزرقاء مقارنـة بمرضـى الميـاه البيضـاء وقـد تـوحظ أن هـذا الارتفـاع  ٢

  . ء الحديثة أكثر وذو دلالة إحصائية فى مرضى المياه الزرقاء المتأخرة عنه فى مرضى المياه الزرقا
فـى   ٢وعامـل النمـو المتحـول ب  ١ –وكذلك وجدت علاقةايجابية بين ارتفاع مثبط منشـط البلازمينـوجين 

مرضى المياه الزرقاء ومن هـذه النتـائج يمكـن اسـتنتاج أن مثـبط منشـط البلازمينـوجين يفـرز داخـل العـين وإنـه مـن 
  .أهم الأسباب المؤدية لحدوث مرض المياه الزرقاء 

 
 
 
 
 


