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The effect of S10013 protein on the processes of wound repair in the rabbit cornea is 
studied. Subconjunctival injection of the protein is found to promote favorable and rapid 
healing of  the corneal injury, evidence of which is early epithelization, a drop of  the 
index of  migrating inflammatory cells, and prevention of the development of fibrous 
subepithelial tissue. 
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The study of morphogens, factors of growth and 
development which are implicated in the process of 
regeneration in the adult organism, is of great im- 
portance [1,3,6,9,10]. Such studies attract attention 
because of their undeniable theoretical and practical 
value, notably due to the possibility of obtaining 
biologically active substances - regulators of healing. 
In this regard the proteins of the S100 group, which 
are acid Ca-binding proteins of the nervous tissue 
of animals of different taxa - from mollusks and 
insects to mammals  and humans - seem to be 
promising. The primary structure of three major 
representatives of S100 proteins (S100o~, S1001], 
S100r has been determined; these proteins not only 
differ in their subunit composition and other phy- 
sico-chemical properties, but also exhibit a cell-spe- 
cific distribution. It has been found that S100a is 
localized in neurons, whereas S10013 occurs in glial 
cells [4,7]. However, these data are to be further 
corroborated, since there have been some reports that 
S10013 proteins have been discovered in tissues other 
than nervous [4]. For instance, proteins of this 
group have been found in the anterior and poste- 
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rior cornea, which is attributed to the presumed crest 
origin of the corneal stroma [11], i.e., its develop- 
ment, as in the case of nerve and glial ceils, from 
the blastophyllum. There is evidence that S100 pro- 
teins are implicated in ontogenesis, contribute to cell 
differentiation, and exert an effect on the regenera- 
tion of the nerve processes in a denervated region 
of the rabbit cornea [4,7]. It is worthy of note that 
a number of growth factors which accelerate wound 
repair, such as epidermal growth factor, nerve growth 
factor, and neurotrophic factor, have been found in 
the cornea. 

The objective of the present study was to ex- 
plore the effect of S10013 on wound healing in the 
rabbit cornea. 

MATERIALS AND METHODS 

The cornea is frequently used as an experimental 
model in studies of the effect of various biologically 
active substances on inflammatory and regenerative 
processes, since the cornea is avascular and trans- 
parent and is composed of relatively uniform tissues. 
Ten chinchilla rabbits weighing 1.5-2.0 kg were used 
in the experiments. The fight eye of animals was 
the experimental one and the left the control. After 
preliminary analgesia with dicame a dosed incision 
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Fig. 1. State of rabbit cornea 25 days after experimental surgical intervention with injection of S100[~ protein, a and b) experi- 
ment: recovery of stratified squamous epithelium over the entire length; the basement  membrane is observed over the entire 
length; infiltration is absent; corneal layers are parallel {• c and d) control; thickness of epithelial layer is nonuniform; the 
basement membrane is not observed over its entire length; fibroblast proliferation in subepithelial layers; subepithelial infiltration 
(x 1250). 

was performed in the cornea to 2/3 of its thickness 
with a trepan. The upper part of the trephined zone 
was removed with a dissecting knife. A single in- 
jection of SI00~ obtained after Selinfreund et  al. 
[12] (10 -8 M in 0.2 ml sterile physiological saline) 
was performed under the conjunctiva of the right 
eye on the 1st day after surgical intervention and 
every day throughout the follow-up period. Physi- 
ological saline (0.2 ml) was injected in the control 
eye. Rabbits were killed by air embolism on days 
1, 5, 10, 15, 20, and 25 after the procedure. Both 
eyes of the animals were then enucleated and placed 
in 2% glutaraldehyde, this being followed by f'Lxa- 
tion in paraformaldehyde or in 10% Formalin. The 
cornea was divided into 4 sectors, and each of them 
was embedded in paraffm and Epon. Sections 1-2 
~t thick were stained with 1% toluidine blue or with 
1% toluidine blue + 1% fuchsin (mixed staining) 
and examined under a light microscope. The total 
cell count and the number  of migrating cells (leu- 
kocytes, lymphocytes, and macrophages) and kerato- 
cytes/fibroblasts were determined with the aid of an 

ocular-micrometer in the peripheral and central part 
of the facette. The results were statistically processed 
on an IBM PC/AT computer using QuatroPro and 
Microstat software. 

RESULTS 

The results of comparative histological analysis are 
shown in Table 1. It was found that in the pres- 
ence of S10013 epithelization began as early as on 
day 1 postoperation, and on day 5 the integrity of 
the basement membrane was restored. On day 10 
the cornea was uniformly metachromaticaUy stained 
without signs of edema. In the control epitheliza- 
tion began on day 2 postoperation, and a discon- 
tinuous basement membrane did not form until af- 
ter day 15; within the first few days necrot ic  
changes of the stroma were noted; they then trans- 
formed into edema which was preserved till days 
20-25 (Fig. 1). 

The time course of the total cell count and of 
the nature of infiltration in the experiment and in 
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the control is presented in Fig. 2. The experimen- 
tal curve of the total cell count has virtually the 
same shape as in the control. In the experiment, 
however, on days 1 and 5 this index was higher 
(which attests to a more rapid onset of the pro- 
cesses of migration) and on days 20 and 25 it was 
markedly lower. Comparison of this fact with the 
histological picture suggests that this could be due 
to an earlier (than in the control) restoration of 
the intercellular matrix, represented in the cornea 
by collagen of the corneal layers and glycosami- 
noglycan (chondroitin and keratin sulfate). This is 
also shown by the formation of a subepithelial fi- 
broblastic film and irregular coarse collagen fibers 
in the control on days 20 and 25 (Fig. 1). 

A study of the nature of infiltration demon- 
strated that the curves of lymphocyte infiltration 
for the effect of S100~ protein and in the control 
were divergent. At the later stages (days 15, 20, 
and 25) the lymphocyte count dropped in the 
experiment, while in the control this index sharply 
rose, especially on day 25 (2-3-fold, as compared 
with days 5 and 10, p<0.05). The time course of 
monocyte infiltration was typical: its indexes on 
days 5, 10, and 15 were reliably higher than in 
the control and sharply dropped toward day 25 
postoperation, whereas the control indexes re- 
mained high (p<0.05). The data obtained suggest 
a high index of migration of monocyte-macroph- 
agal cells in the focus of lesions during the ftrst 
15 days, and then, on days 20-25, a virtual dis- 
appearance of migrating magrophagal cells due to 
restoration of the intercellular matrix. The curve of 
changes in the fibroblast and keratocyte count 
(these cells were counted together, since their dif- 
ferentiation is difficult) was the most interesting. In 
the experiment the fibroblast migration and, evi- 
dently, the keratocyte proliferation, peaked on day 
5, after which a gradual decrease of their count 
was observed. Meanwhile, in the control a marked 
rise of the fibroblast-keratocyte index was noted on 
day 10, its slight decrease on day 15, and then 
again a sharp rise on days 20 and 25 (p<0.05). 
Histologically, monocyte-macrophagal and lympho- 
cyte infiltration, disorganization of the corneal lay- 
ers, stromal edema, and a focal absence of endot- 
helial cells corresponded to the picture in the con- 
trol (Fig. 2). 

The results demonstrate that S100~ exerted a 
pronounced effect on the state of the focus of le- 
sions in the rabbit cornea and caused a more 
marked monocyte-macrophagal migration and fibro- 
blast and keratocyte proliferation during the ftrst 5 
days than in the control. In contrast, on days 10, 
15, 20, and 25 a gradual reduction of the total cell 
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Pig. 2. Time course of total cell count and of fibroblast and 
keratocyte count in the wound infiltration of rabbit cornea for 
the effect of SI00~ proteins. I) total cell count in the control; 
2) tota l  cell  coun t  in the  exper imen t ;  3) f ib rob las t s  and 
keratocytes  in the control; 4) fibroblasts and keratocytes  in 
the experiment .  An asterisk denotes  p<0.05. 

count was observed, which was most marked on 
day 25 postoperation, predominantly due to fibro- 
blasts and lymphocytes. The histological picture 
provided evidence that injection of Sl00~5 caused 
earlier epithelization in the zone of the wound and 
restoration of the basement membrane on day 5 
and of the number of layers and of its thickness 
on days 20 and 25. Meanwhile, the epithelium 
remained bflayer, and the monocytc-macrophage 
infiltration, disorganization of the corneal layers, 
and formation of the subepithelial f'tim were pre- 
served in the control at the same time points. 

Thus, subconjunctival injection of $I00~5 pro- 
motes favorable and rapid healing of a corneal 
wound, evidence of which is early cpithelization, 
a drop of the index of migrating inflammatory 
cells, and prevention of the development of fibrous 
subepithelial tissue. 

In view of the possible mechanisms of the 
discovered effect of this protein on the reparative 
regeneration of a corneal wound it is logical to 
consider the characteristics of molecular processes 
and substrates underlying the biological activity of 
Sl00~5 proteins, primarily their capability of Ca 
binding and of Ca-mediated interaction with a 
number of proteins and peptides [4]. It is known 
that Ca is one of the universal regulators of the 
intracellular metabolic processes, cell-cell interac- 
tions, and cell differentiation and development. 
Ca 2§ binding is a prerequisite for specific intermo- 
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TABLE 1. Effect of S10013 Proteins (10 -8 M) on Healing of a Corneal Wound in Rabbits as Assessed by Comparative Histological 
Analysis 

Time after surgical State of zone of surgical intervention 
intervention, days experiment control 

1 Epithelium covers edge of facette and ex- Epithelial layer is discontinued at edge of 
tends over the wound surface. Edema and facette. Necrosis  o f  superficial  layers of  
slight infi l trat ion of  stroma. Keratocyte  stroma. Pronounced stromal infiltration and 
nuclei are hyperchromic edema 

i :  ! ~ e s ~ 6 r ~ i ~  !~ii6asem~nt:  me~ra:fie:i  Ab ~ 
:~:~: ~:~e ~ ~ at!~n~, ~: ~ mb:iast~ ~ig~ ati on :~[:i ~S ~ o m  de ib r5t5 ~ast an k e rat b c~f e 

10 Epithelial plug at edge of facette is nar- 
row. Edema is absent. Uniform stromal 
metachromasia .  Dividing nuclei of  kera- 
tocytes are hyperchromic.  Chaotic distri- 
but ion  of fibers in subepithelial  layers. 
Pinocytic activity of  endothelium 

2 : : : : : : : : : : : : 2  : : :5 :  

: :  : : :  :;: : : : : 5 :  : : : : :  :::: :: : : ; : : : :  : : :  : : : : :  :::::::: : : : :5::::  ;5:::::::::: : : : : : : 2 : : : : : 5 :  : :  :: :;: ;::: : ::5:: : : : : : : : 2 : : :  ::::5::2 : : : : : 5 ;  : : : : ;  : : : :2:: : :  ::5::::::::::::::: :: :::  : : : :  

20-25 Thickness of  epithelium is uniform. Num- 
ber and structure of  layers are restored. 
Parallel arrangement of subepithelial layers. 
Absence of superficial infiltration. Solitary 
hyperchromic keratocytes (Fig. 1, a and b) 

Wide epithelial plug, cell-cell contacts are 
weakened. Basement layer is not differen- 
tiated. Stromal edema. Nonuni form meta-  
chromasia 

~ o ~ u o u s  ~i~se~e~ mem~ranei  : Ceti~e~ii 

::proliferating 

: : ! :  i : :  : :  : i  : : : : :  : : :  :: : : : : : : : : : :  

Epithelium is bflayer. Subepithelial mono-  
cy te-macrophagal  infil tration. Fibroblasts; 
disorganization of corneal layers. Edema in 
superficial  s t romal  layers;  weakening  of  
cell-cell 

lecular interaction of S100 proteins with oligopep- 
tides and proteins, including the regulators of cell 
growth, proliferation, and differentiation [2,4]. In 
this connection it is interesting that the transform- 
ing ~ growth factor, belonging to the family of 
epidermal growth factors, promotes healing of cor- 
neal-scleral wounds [ 13]. 

S100b proteins modulate the activity of some 
protein kinases and phosphoprotein phosphatases, 
and are thus able to exert an effect upon phos- 
phorylation/dephosphorylation of a number of cy- 
toplasmic and nuclear protein substrates [4]. These 
processes are directly associated with the mecha- 
nisrns of cell proliferation and differentiation, and 
affect the growth and regeneration of damaged tis- 
sues [2,4,14]. 

S100[~ proteins exert an effect upon the me- 
tabolism and specific regulation of transmitters, 
some of which, notably biogenic amines, are also 
factors of growth and development [4,5]. 

The data available provide evidence that S10013 
promotes healing of a corneal wound, allowing us 
to regard the growth and regenerative potentials of 
this protein as a participant in the general regula- 
tory-trophic system of the organism. 
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