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Abstract: The recognition and neutralization of invading pathogens by the 

human immune system is designed to protect the organism. Sometimes, the 

checks and balances in place securing a tightly controlled immune 

surveillance of privileged sites are lifted in order to ensure survival of the 

individual at the cost of losing the functionality of an organ. Here, we use 

choice areas to argue that, while much has been learned, further studies are 

needed to explain the lingering enigma of privileged immunity. 
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The notion that local control at sites of origin and 

metastasis of cancerous lesions can be traced to early 

publications, such as Burnet (1957) and has not been 

contested so far. An extensive array of examples for a 

tightly regulated local control, or, as it is also referred to, 

the immunological surveillance and how this interplay is 

expropriated by malignant lesions is investigated by 

many groups. 

As example in point, metastases to the bone can be 

correlated with the presence of soluble factors and cell 

types implicated in soothing the immune response on the 

one hand and a small number of what is termed cytotoxic 

cell types (Baschuk et al., 2015). Another example of 

this apparent compromise between local surveillance and 

sites of especially restricted supervision by the immune 

system is the eye. Here, cases are reported where 

survival of the organism is secured at the cost of lost 

vision (Niederkorn and Stein-Streilein, 2010). 

What is the implication for the development of new 

materials designed to aid caring ophthalmologists? One 

easy answer is that the local immunological situation 

ought to be taken into account when new materials are to 

be developed. This, however, is easier said than done 

because most cases of patients where the caring 

ophthalmologist recommends the use of synthetic 

materials are accompanied by either a compromised 

immune system or an immunological defense ready to 

fight severe infections, some of them may even threaten 

the patient’s survival. Looking at the progress made on 

the side of materials, e.g., Griffith and Harkin (2014), 

ophthalmologists find themselves often in a dilemma 

where they have to weigh risks of an intervention against 

the resulting benefits as they are the ones who have to 

advise a patient of the options available. 

All this is compounded by deceptively simple 

questions, such as the appropriate suture material for 

corneal surgery. Documented records describing 

techniques to close wounds or incisions using surgical 

gown prepared from animal connective tissue can be 

dated back to at least 2,500 B.C. (McPherson, 1959). 

The enthusiasm of the use of resorbable material was 

curbed, however, by Halsted (1913) arguing that said 

materials are likely to elicit adverse reactions by the 

host. Instead, the author recommended the use of non-
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resorbable ligatures or sutures, such as silk-based 

materials (Halsted, 1913). The enthusiasm associated 

with the use of non-absorbable suture materials was 

dampened by observations from Salthouse and Matlaga 

(1975). The authors observed an apparently pathological 

cellular enzyme activity and presence of bone marrow 

originating macrophages at rat gluteal muscle implant 

sites where nonabsorbable materials, such as polyester, 

polypropylene and silk, were used. Furthermore, all 

materials used were encapsulated at day 21 (Salthouse and 

Matlaga, 1975). 

Later investigators used Halsted’s (1913) critique on 

absorbable suture materials to establish a study object to 

investigate the pathologic phenomenon. Using rabbits as 

a model organism, Salthouse et al. (1970) reported two 

phases in enzyme activity as absorbable material is 

degraded in corneal suture sites: Alkaline phosphatase in 

an early phase (3 to 14 days) with polymorphonuclear 

leucocytes present adjacent to the suture-tissue interface 

and a later phase with a marked acidic phosphatase 

activity (14 to 21 days) with round monocytes and 

keratinocytes present adjacent to the suture-tissue 

interface. Salthouse (1976) attributed the apparent 

alkaline phosphatase to an activity associated with 

keratinocytes and the observed acidic phosphatase to the 

activity of monocytes. 

The notion that irritation of the cornea results in the 

appearance of capillaries and lymphatics, which may 

undergo atrophy, e.g., Lightbody (1867), is, so far, not 

contested in the literature. It must be noted that there 

appears to be no consensus in the literature when it 

comes to the issue of corneal vascularity, encompassing 

blood and lymphatic systems. As a result of examining 

healthy corneas from mammals and birds, the author 

described nucleated cells, resembling granular white 

blood cells, “occurring along one or both sides of the 

capillaries” (Lightbody, 1867). Notably, these cells were 

found to be “crowded and rounded towards the cornea 

[and] scattered towards the sclera” (Lightbody, 1867). 

Studies of restricted corneal burns in rabbits revealed 
that lesions at a distance greater than a critical radius (r > 
4.2 mm) from the limbus to the center of the cornea 
failed to yield a visible vascularization. Injuries inside 
the circular segment (r < 4.2 mm) from the limbus to the 
center of the cornea resulted in vessels growing from the 
limbus nearest to the trauma in the form of an isosceles 
triangle (Campbell and Michaelson, 1949). These studies 
would strongly suggest that either a removal of a 
repression or a de-novo synthesis of a secreted factor 
may be at the center of an injury-induced vascularization 
of rabbit corneas. 

Later studies revealed that there is a VEGF “trap” in 

the mouse cornea (see below), based on genetic studies 

revealing that 2 out of 24 patients suffering from 

sporadic aniridia (Nelson et al., 1984) displayed 

mutations in the human homolog of the murine Pax-6 

locus, both affecting protein function (Jordan et al., 

1992). The subsequently generated mouse model 

(Ramaesh et al., 2006) was then used to investigate the 

abnormal vascularization of the cornea of Pax-6 

heterozygous deficient (Pax-6+/-) mice by Ambati et al. 

(2006). The authors traced this phenomenon to the 

absence of the endogenous VEGF-1 “trap”, namely 

absence of the soluble form of the VRGF-1 receptor 

(sFLT-1; Ambati et al., 2006; Kendall et al., 1996). 

Significantly, the authors could confirm these 

observations using immunohistochemistry on a cornea of 

a patient with aniridia-associated vascularization (Figure 

4D in Ambati et al. (2006)). Further support for this 

notion of suppression of angiogenesis in mouse models 

comes from Cursiefen et al. (2006a) where the surface of 

murine corneal epithelium is found to be decorated with 

non-vascular VEGF receptor 3 and linked to a suppression 

of inflammation-elicited corneal angiogenesis. Taken 

together, it appears that there may be another complex 

regulation network involved in the suppression of corneal 

angiogenesis in the murine cornea. 

As justly pointed out by Cursiefen et al. (2006a) and 

Ambati et al. (2006), any generalization of their 

findings, in terms of including but not limited to the 

redundant regulation of vascularization, the 

immunological privilege of the cornea and the 

extrapolation to other species beyond their models tested, 

ought to be supported by formal experimental evidence. 

Whilst this should not and cannot be construed as an 

invalidity of murine models of certain maladies for basic 

immunological science, “[...] there is a serious problem, 

which is that virtually none of the advances in basic 

immunology [...] have been incorporated into standard 

medical practice [...]” (Davis, 2008). Credence to Davis’ 

concern is provided by Seok et al. (2013) where the 

response of mice and humans to acute inflammatory 

stimuli cannot be correlated. In this context, one is forced 

to acknowledge that, say, extrapolations from studies of 

mouse corneas to the immunological privilege of the 

cornea (p. 996 in Ambati et al. (2006)) or results from 

corneal angiogenesis induced by acute inflammatory 

stimuli (Figure 5 in Cursiefen et al. (2006a)) may have 

been entirely appropriate at the time but, in light of newly 

published evidence, represent areas where additional 

research is needed to solidify the experimental support for 

such general statements. 
Aside from the above-discussed evidence, the issue 

of corneal avascularityalbeit in a different model 
organism, Chakravarti et al. (2004) provided support for 
the notion that murine corneal keratinocytes of the 
stroma may assume functions of monocytes-derived 
macrophages, based on microarray studies of cultured 
stromal cells. While far from formal proof that 
keratinocytes may commit to a monocyte-lineage 
development, this suggestion ties in nicely with a report 
suggesting that inflammation-elicited lymphangiogenesis 
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in mouse corneal transplantation assays derives from 
innate immunity CD11b+CD11c-macrophages 
(Maruyama et al., 2005). These macrophages then play 
an active role in establishing the lymphatic 
vasculature by functional de-novo surface decoration 
with LYVE-1 and forming the onsets of vascular 
sheaths (Maruyama et al., 2005). If this is indeed the case 
and holds true for other organisms than the mouse, this 
would tie in nicely with the observation that developing 
human corneas, free from irritation, appear to be free of 
LYVE-1-positive lymphatic vessels (Cursiefen et al., 
2006b). The broader implication of the de-novo surface 
decoration of innate immune macrophages in the irritated 
mouse cornea with markers of lymphatic vessels could 
be, if true for man, that further research efforts may shed 
light onto the cell biology of the lingering enigma of 
corneal vascularization in response to irritation. 
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Other Remarks 
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the authors, wholeheartedly apologize to all colleagues 
whose importantstudies were not cited. 
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