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AbsTrAcT

Aqueous humour of patients with the senile cataract, cataract on the background of glaucoma 
and cataract on the background of glaucoma with pseudoexfoliative syndrome became a subject 
for immune enzyme analysis. Relatively high indices of fibronectin, insulin-like growth factor-1 
and E2 prostaglandins were registered in aqueous humour of patients with the complicated cata-
racts compared to the same indices in senile cataracts. Due to the study performed, the role of 
fibroblasts transforming growth factor in the process of ACAID formation and withdrawal should 
be considered from a qualitatively new standpoint: in the aspect of its stimulatory influence on 
processes of selective synthesis of fibronectin and insulin-like growth factor-1 by cornea cells 
and the trabecular meshwork of the eye. 

In mechanism of ACAID withdrawal an important part should be assigned to E2 prostaglan-
dins, as their high level in case of complicated cataracts might inhibit in situ activity of cytotoxic 
T-lymphocytes, thus facilitating activation of humoral immunity reactions in membranes of the eye.

keywords: senile and complicated cataracts, ACAID, aqueous humor, fibronectin, insulin-like growth 
factor-1, E2 prostaglandin.

IntroductIon

The term “immune privilege of an eye” implies 
the entire complex of regional immune cell-medi-
ated and humoral reactions aimed to prevent de-
velopment of inflammatory and dystrophic pro-
cesses in membranes and liquids of an eye in a 
wide range of ophthalmologic maladies. 

At the same time, this term reflects first of all 
the state of “local immune homeostasis” under 
conditions of normal functioning of the eye. The 
entire cascade of local protective-adaptive mecha-
nisms is aimed at formation of immunological pro-
cesses, which altogether are defined as anterior 
chamber associated immune deviation (ACAID).

In processes ensuring ACAID formation and 
course, an important part belongs to in situ func-
tioning mechanisms of immune suppression condi-

tioned by the targeted activation of the lympho-
cytes cytotoxic subpopulation [Wilbanks G., 
Streilein J., 1990; Muhaya M. et al., 1999]. Fur-
thermore, targeted activation of T-killers is real-
ized due to the TGF-β-2 production by cells of fi-
broblastic line, in particular those localized in the 
cornea [Streilein J. et al., 1992; Abrahamian A. et 
al., 1995; Fleenor D. et al., 2006].

It should be emphasized that certain pathogenetic 
links underlying induction and withdrawal of ACAID 
in case of the senile and complicated cataracts are 
currently the subject of a wide discussion [Orge Y., 
Gungor S., 1984; Uenoyama K. et al., 1989; Cinatl J. 
et al., 2000; Kawakami M. et al., 2005].

 As a rule, the main reason of ACAID syndrome 
withdrawal in case of the complicated and senile 
cataract is 1- or 2-stage surgical intervention, as a 
result of which there occurs “baring” (uncovering) 
of antigenic determinants of the lens tissues. As a 
result, in the eye “immunocompetent” membranes 
there occurs a synthesis of specific auto-antibodies 
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targeted to the lens tissues; by the latter local pro-
cedures of autoimmune aggression conditioned by 
the damaging action of both autoantibodies and lo-
cally formed immune complexes are caused.

According to modern approach, in specific eye 
membranes (sclera, trabecular meshwork, cornea, 
ciliary body, iris, retina) the cells of epithelial gen-
esis and fibroblastic line besides their main func-
tion are also endowed with the ability to produce 
hormones: cortisol, prolactin [Plever U. et al., 
1991; Jacob E. et al., 1996; Duenas Z. et al., 2004], 
biologically active substances of the mediatory 
spectrum of action: prostaglandins of E and F 
group [Mishima S., 1981; Kremer M. et al., 1982; 
Nishi O. et al., 1992; Toris C. et al., 2008], fibro-
nectin [Wordinger R. et al., 2007; Stefan C. et al., 
2008; Hindman H. et al., 2010; Karamichos D. et 
al., 2010], insulin-like growth factors 1 and 2 [Ya-
mada N. et al., 2005; Izumi K. et al., 2006; Chung S. 
et al., 2007; Ko J. et al., 2009].

Shifts of cortisol and prolactin content in aque-
ous humour in case of senile cataracts and cata-
racts on the primary open-angle and closed-angle 
glaucoma were presented in our previous investi-
gation [Zilfyan A., 2009]. In the given study their 
important role in mechanisms of ACAID forma-
tion and withdrawal through modulatory influence 
on processes of activation and inhibition in spe-
cific lymphocytic subpopulations (CD4 and CD8) 
was revealed. 

At the same time, the role of E2 prostaglandins, 
insulin-like growth factor-1 and fibronectin in 
mechanisms of ACAID induction and withdrawal 
have not been entirely studied yet.

The present investigation is aimed to study 
shifts in content of fibronectin (FN), insulin-like 
growth factor-1 (IGF-1) and E2 prostaglandins 
(PgE2) in the aqueous humour of patients with the 
senile cataract and cataract on the background of 
primary and open-angle cataract, and the cataract 
on the background of glaucoma with pseudoexfo-
liative syndrome (PXF) as well.

The following circumstance preconditioned re-
alization of the mentioned studies: processes of FN 
and IGF-1 in situ production are in direct depen-
dence on the TgFβ-2 synthesis [Shaw L. et al., 2006; 
Stefan C. et al., 2008; Hindman H. et al., 2010] 
having an essential role in the mechanism of 
ACAID formation. 

MaterIal and Methods

Under our observation there were 960 patients 
with the senile and complicated cataracts operated 
at “Shengavit” Medical Center within a period of 
2008-2011. The degree of lens opacity was assessed 
according to Emery colorimetric classification and 
generally accepted classification of cataract pro-
posed by Buratto. Undoubtedly, the state of lens 
capsule, presence of elements of fibrous filaments, 
pseudoexfoliative deposits on the anterior surface 
of the capsule, lens subluxation to some degree, 
were taken into consideration together with classifi-
cation of phakodonesis suggested by Pashtaev. Ac-
tual PXF expressiveness was considered based on 
the classification proposed by Yeroshevskaya.

The studied groups of patients involved civil con-
tingent: residents of Yerevan and different provinces 
of Armenia; age range was from 40 to 82 years. All 
operated patents were divided into three groups.

The first group included patients with senile 
cataract (n=40).

The second group was made up of patients with 
the complicated cataract on the background of ex-
isting open-angle glaucoma (n=40), with initial 
and developed stage of the glaucomatous process. 

The third group involved patients with compli-
cated cataract on the background of existing open-
angle glaucoma and PXF.

The analyses were performed using the main clin-
ical laboratory methods accepted in ophthalmology.

Irrespective of the cataract degree and stage, all 
patients underwent microaxial Phacoemulsification 
- Microincision Cataract Surgery (MICS) through 
2.2 mm incision with implantation of posterior 
chamber intraocular lens. Intra-chamber adminis-
tration of antibiotics was not applied in these groups.

The methodical procedure of extracting aqueous 
humour was used intra-operatively under conditions of 
sterility. The corneocentis was done by insulin syringe 
through the upper limb; 0.1-0.2 ml aqueous humour 
was extracted. The fluid remained in a syringe until 
laboratory research was performed immediately after 
delivery of the material to the Scientific-Research 
Center of the Yerevan State Medical University.

All the operated patients were under intense ob-
servation, got appropriate post-operative treat-
ment. We observed the patients in the early post-
operative period. 

The content of FN, IGF-1 and PgE2 in aqueous 
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humour was determined with the use of appropriate 
kits (DRG-International Inc., USA). The immune 
enzyme assay was performed on the automatic spec-
trophotometer “Stat-Fax 3200” (USA) in the absor-
bance wavelength range 420-450 nm. The study was 
performed under observance of all items mentioned 
in the instruction attached to the appropriate test 
kits. The content of FN and IGF-1 was expressed as 
ng/ml, while PgE2 was revealed in pg/ml. 

Immune enzyme analysis was performed on aque-
ous humour of those patients with cataracts, whose 
post-operative period proceeded relatively “smooth”, 
without complications of inflammatory character. 

The study on clinical material was conducted in ac-
cordance with all conditions of the Ethical Committee 
of the Yerevan State Medical University that is headed 
by requirements of Declaration of Helsinki (1964).

 The obtained results were exposed to statistical 
analysis using Student’s criteria and application of 
SPSS-13 programme (one Sample T-Test and 
Paired Sample T-Test).

results and dIscussIon

No intraoperative complications were recorded 
in the first group of patients (n=40) with senile 
cataract. All patients underwent MICS through 2.2 
mm incision. In this group of patients the intraop-
erative complications were not identified as well.

During the post-operative period in 4 patients 
of this group there was observed insignificantly 
expressed inflammatory reaction manifested as 
aseptic iridocyclitis with inflammatory cells in the 
anterior chamber of an eye (+1 inflammatory cells 
in aqueous humour). This state was coped by gen-
erally accepted medicamentous treatment regimen 
during 2 days.

It is obvious that the inflammation, though in-
adequate to this surgical intervention, occurring in 
the eye at early post-operative period, on day 2 
after the surgery, is a manifestation of disorder in 
ACAID reactions. At the same time, the inflamma-
tory process was characterized by a rather flaccid 
course and passed in 2-3 days.

The second group of patients (n=40) involved 
patients with primary open-angle glaucoma. In the 
majority of patients the initial stage of glaucoma 
was observed. Compensation of the elevated intra-
ocular pressure was performed by local instillation 
hypotensive therapy. In the majority of cases, indi-

cation of local hypotensive preparation, 0.5% non-
selective B-blocker of thymolol maleate, 2 times a 
day was sufficient for patients of this group, while 
in some other cases “target pressure” was achieved 
due to application of the additional preparation: 
local inhibitor of carboanhydrase. 

Our aim was also to decrease, to the extent pos-
sible, the number of mechanical device (iris-retrac-
tors) applications to the pupil of the eye in order to 
achieve maximum mydriasis, as it is known that the 
more iris is damaged (and it is damaged indeed), the 
higher is the risk of iritis and in some cases of irido-
cyclitis in the early post-operative period. However, 
in 3 cases we used pupil rings of Malyugin. All pa-
tients of this group underwent MICS with implanta-
tion of posterior chamber intraocular lens. No intra-
operative complications were observed in this con-
tingent of patients. 

However, in 7 patients in the early post-opera-
tive period, since day 2, there was observed an ex-
pressed inflammatory process, iridocyclitis with 
the presence of inflammatory cells in the anterior 
chamber of an eye (+2), myosis up to 1.0 mm, 
painfulness of the eye ball, fibrin exudate into the 
anterior chamber of the eye and disorders of earlier 
medicamentously compensated intra-ocular pres-
sure that had a tendency to increase. It was possi-
ble to cope this state by the end of the first week 
only after the course of medicamentous therapy of 
topical spectrum of action. It should be noted that 
the revealed complications were not recorded if 
pupil rings of Malyugin were applied to the eyes.

The third group involved patients (n=40) with 
open-angle glaucoma and PXF. In majority of pa-
tients the initial stage of glaucoma was observed. 
Compensation of the elevated intraocular pressure 
was performed by local installation therapy. In most 
cases, indication of local hypotensive preparation, 
0.5% non-selective B-blocker of thymolol maleate, 
2 times a day was sufficient for patients of this 
group, while in some other cases “target pressure” 
was achieved due to application of the additional 
preparation: local inhibitor of carboanhydrase. At 
the same time, it is known that cataractogenesis and 
progression of glaucoma in eyes with PXF is highly 
aggravated. Again, our aim was to reduce, to the ex-
tent possible, the number of mechanical device 
(iris-retractors) applications to the pupil of the eye 
in order to achieve maximum mydriasis. However, 
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in 5 cases pupil rings of Malyugin were used. All 
patients of this group underwent MICS with im-
plantation of posterior chamber intraocular lens. No 
intra-operative complications were observed in this 
cohort of patients.

However, in 11 patients in the early post-opera-
tive period, since day 2, there was observed an ex-
pressed inflammatory process, iridocyclitis with 
the presence of inflammatory cells in the anterior 
chamber of an eye (+2 +3), myosis up to 1.0 mm, 
severe painfulness of the eye ball, fibrin exudate 
into the anterior chamber of an eye and disorder of 
previously medicamentously compensated intra-
ocular pressure that had a tendency to increase. We 
managed to cope this state by the end of the first 
week and at the onset of the second week. It should 
be noted that revealed complications were not re-
corded if pupil rings of Malyugin were applied to 
the eyes.

The immune enzyme assay was performed to 
determine shifts in FN, IGF-1, and PgE2 in aqueous 
humour of patients with the senile and complicated 
cataracts. The Table presents results of studies per-
formed.

As obvious from the Table, in patients with cata-
racts on the background of glaucoma (study group II) 
the level of FN in aqueous humour 1.8 times exceeded 
analogous level in aqueous humour of patients with 
senile cataracts. In those cases when cataract was ob-
served on the background of glaucoma and PXF (study 
group III) the highest indices of FN were determined 
in the aqueous humour; these indices were 3.0 and 1.6 
times higher compared to those in patients of groups I 
and II, appropriately.

A similar regularity was traced upon revealing 
shifts in PgE2 and IGF-1 content in aqueous hu-
mour of patients in study groups I and II. Thus, the 
level of PgE2 in aqueous humour of the study group 
II patients 1.5 times exceeded PgE2 level in aque-
ous humour of the study group I patients. In the 
group III PgE2 high levels were also determined 
(compared to the study group I), being similar to 
those revealed in aqueous humour of the study 
group II patients. As obvious from the Table, in the 
aqueous humour of patients in study groups II and 
III we recorded approximately the same IGF-1 in-
dices, which exceeded similar values in aqueous 
humour of study group I patients 2.27 and 2.36 
times, correspondingly.

On the basis of performed immune enzyme 
studies we managed to reveal that in aqueous hu-
mour of patients with the senile and complicated 
cataracts there occur significant shifts in FN, IGF-1, 
and PgE2 content. Relatively high levels of the 
studied biologically active substances were re-
corded in aqueous humour of patients with the 
complicated cataracts: cataracts occurring on the 
background of glaucoma and cataracts on the back-
ground of glaucoma with PXF.

We considered purposeful to present interpreta-
tion of research findings, taking into account the 
essential role that is related to the biological activ-
ity of TGF2 produced in cornea and trabecular 
meshwork of an eye: TGF2 is supposed to have the 
leading role in mechanisms of ACAID formation 
and withdrawal. 

It is considered to be generally accepted that in 
case of senile and complicated cataracts processes 

TAble. 
The FN, IGF-1, and PgE2 content in aqueous humour of patients with 

the senile and complicated cataracts

Study Groups
Studied Indices 

FN (ng/ml) IGF-1 (ng/ml) PgE2 (pg/ml)
I 11.26±0.99 1.10±0.18 43.05±4.13

II
20.71±2.37

0.005>p1>0.0005
2.50±0.46

0.005>p1>0.0005
66.11±7.40

0.005>p1>0.0005

III
33.83±5.97 

0.005>p1>0.0005
0.05> p2>0.025

2.60±0.39
0.005>p1>0.0005

p2>0.4

76.64±7.78
0.005>p1>0.0005

0.25> p2>0.10
notes: p1 –groups I and II compared to the study group I;

p2 - group II compared to the study group III.
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of TGFβ-2 synthesis are markedly intensified in the 
cornea and trabecular meshwork [de Iongh R. et 
al., 2005; Stefan C. et al., 2008; Dawes L. et al., 
2009; Pattabiraman P., Rao P., 2010]. Therefore, 
we cannot exclude that relatively high levels of FN 
and IGF-1 in the aqueous humour of patients with 
complicated cataracts are resulting from a direct 
stimulating influence of TGFβ-2 to cell populations 
localized in the cornea and trabecular meshwork of 
the eye selectively synthesizing FN and IGF-1.

The proposed statement, to a known extent, is 
also confirmed by the available literature data rel-
evant to the biological activity of TGFβ-2 – in the 
aspect of its selective modulatory impact to the 
processes of FN and PgE2 synthesis and secretion 
in the eye membranes. 

As known, keratocytes of the cornea and tra-
becular meshwork cells of the eye serve as the 
main sources of FN synthesis in situ, i.e. in the eye 
tissues. Dose-dependent stimulant effect of TGFβ-2 
to processes of FN synthesis was established 
[Wordinger R. et al., 1998; Karamichos D. et al., 
2005; Hindman H. et al., 2010] under the condi-
tions of cells cultivation. Moreover, according to 
[Stefan C. et al., 2008], TGFβ-2 produced in eye 
membranes should be considered as a “special” cy-
tokine that under conditions of barrier functions 
disturbance of the eye might increase FN concen-
tration in cells of trabecular meshwork of the eye 
anterior chamber’s angle.

The IGF-1 elevated level revealed in aqueous 
humour of patients with the complicated cataracts 
should be considered as a factor hindering drain-
age function of trabecular meshwork and thus fa-
cilitating the increase of intraocular pressure. It is 
not excluded that similar mechanism functions in 
association with FN-dependent mechanisms un-
derlying the disturbed drainage function of the tra-
becular meshwork in the senile and, moreover, in 
the complicated cataracts.

Literature data [Izumi K. et al., 2006; Yanai R. et 
al., 2006; Ko J. et al., 2009] signify in favour to the 
proposed assumption: IGF-1 produced in corneal 
epitheliocytes and cells of the trabecular meshwork 
significantly activates fibroplastic processes in situ. 
To our mind, in processes of IGF-1 enhanced syn-
thesis in the above mentioned structures of an eye 
the role should be assigned to TGFβ-2 produced in 
the same eye membranes, because the latter is 

known to markedly activate synthesis of IGF-1 and 
mediators, which take an active part in stimulation 
of fibroplastic processes [Yamada N. et al., 2005; 
Izumi K. et al., 2006; Ko J. et al., 2009], in cornea 
epitheliocytes and cells of trabecular meshwork.

Customizing our own and literature data, the 
role of TGFβ-2 in mechanisms of ACAID induction 
and withdrawal should be considered from qualita-
tively new positions. No doubt, the immunomodu-
latory effect of TGFβ-2 in situ that is conditioned by 
the targeted activation of the cytotoxic lympho-
cytes subpopulations (T-suppressors and T-killers) 
is determinant in processes of forming intercellu-
lar correlation among different lymphocytic sub-
populations localized in eye membranes, hence 
ensuring reactions underlying ACAID. However, it 
is not excluded that the sphere of TGFβ-2 activity 
under conditions of norm is more versatile, as in 
situ produced mentioned cytokine directly and/or 
indirectly (activating the synthesis of FN and 
IGF-1 in a mediated manner) participates in pro-
cesses of maintaining the drainage function of tra-
becular meshwork, thus ensuring the constant level 
of intraocular pressure. Apparently, the above-
mentioned mediatory effects of TGFβ-2 are strictly 
dose-dependent as under conditions of pathology 
(in the given case: at senile and, especially, at the 
complicated cataracts) a significant elevation of 
TGFβ-2 in eye tissues brings to trabecular mesh-
work disfunction; the latter is fraught with the in-
crease of intraocular pressure. 

Analysis of our own research results in the con-
text of available publications allows to judge on 
the important role of TGFβ-2 and IGF-1 produced in 
cornea and trabecular meshwork in mechanisms of 
ACAID formation and withdrawal. 

In our opinion, locally produced cytokines pos-
sess short-distant spectrum of action; their realiza-
tion might occur through both principles of inter-
cellular interaction, i.e. by paracrine mechanism, 
and the principles of intracellular autocrine inter-
regulation. As “target-cells” epitheliocytes and fi-
broblasts of cornea might serve in the first case 
and cells of trabecular meshwork of interior cham-
ber angle in the second case. Apparently, the dis-
turbance of both mechanisms plays an important 
role for ACAID withdrawal in pre- and post-oper-
ative period of patients with senile and, especially, 
complicated cataracts.
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Undoubtedly, mechanisms of ACAID formation 
and withdrawal are more versatile and cannot be re-
flected as TGFβ-2 “pleyotropic” effects to both im-
mune competent cells and cells of cornea and trabec-
ular meshwork. Studies related to the role of locally 
produced interleukins and other biologically active 
compounds of hormonal and mediatory nature to-
wards the processes of ACAID formation are at ini-
tial stages until present. In this respect, no less impor-
tance should be assigned to prostaglandins of E and F 
groups. Data obtained by us on shifts in PgE2 content 
in aqueous humour of patients with senile and com-
plicated cataracts also signify in favour of the pro-
posed assumption. Thus, in complicated cataracts the 
PgE2 level significantly increased in the aqueous hu-
mour as compared to that determined in aqueous hu-
mour of patients with senile cataracts. At the same 
time, it is considered to be established that besides 
the versatile activity of PgE2 in the mammalian or-
ganism, namely PgE2 are capable to inhibit the activ-
ity of cytotoxic lymphocytes. Therefore, it is not ex-
cluded that in processes of ACAID withdrawal, be-
sides TGFβ-2, an active part is also taken by PgE2, the 
high level of which through inhibition of activity of 
in situ produced cytotoxic lymphocytes facilitates ac-
tivation of the humoral immunity local reactions. 

conclusIon

Relatively high indices of IGF-1, FN, and PgE2 
were revealed in aqueous humour of patients with 
the complicated cataracts (cataracts on the back-
ground of glaucoma and cataracts on the back-
ground of glaucoma and PXF) as compared to 

similar indices in aqueous humour of patients with 
the senile cataracts. The role of TGFβ-2 in mecha-
nisms of ACAID formation and withdrawal should 
be considered from qualitatively new positions. 
Thus, in conditions of norm TGFβ-2, besides the 
stimulating action towards the T-suppressor and T-
killer subpopulations, produces also the modula-
tory effect to secretory function in cells of the cor-
nea and trabecular meshwork – in the aspect of 
IGF-1 and FN synthesis, due to which the optimal 
drainage function of the trabecular meshwork and 
the normal level of intraocular pressure are main-
tained. Under conditions of pathology (compli-
cated cataracts) the excessive level of in situ pro-
duced TGFβ-2 brings forth hyperproduction of 
IGF-1 and FN in the cornea and trabecular mesh-
work followed by disturbance of drainage function 
and an increase of intraocular pressure. 

In the mechanisms of ACAID withdrawal at 
complicated cataracts, apart from the TGFβ-2 an im-
portant role should be related to PgE2, the high 
level of which in the eye tissues and in the aqueous 
humour might bring to in situ inhibition of cyto-
toxic lymphocytes activity, thus creating optimal 
conditions for formation of the humoral immunity 
reactions as a response to the operational trauma.

The group of patients under study (patients with 
the senile cataracts) might be considered as a part of 
control group only rather conditionally, as the surgi-
cal trauma might be considered as the provoking 
factor that facilitates baring of antigen determinants 
in the eye haematoophthalic barrier with subsequent 
in situ development of an autoimmune process. 
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