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___________________________________________________________________________ 
 
Corneal dystrophies are commonly referred to as an congenital condition. Surgical 
complications are usually worse then the primary dysfunction and patients need to go 
through large surgical process. Only 25 % of the patients reach driving licence vision 
after a surgery. The aim of this study was to investigate if the application of human 
embryonic stem cells (hESc) could replace epithelial cells of the human cornea. Corneal 
markers such as cytokeratins CK3, CK15, CK19 and Pax - 6 were analysed by 
immunohistochemistry. HES - Cellect was used as indication of  stem cell potential of 
the transplanted cells. hESc transplanted onto the cornea could be seen to attach and 
expand dominantly  towards Bowman’s membrane. Human embryonic stem cells in 
culture were relatively positive for markers, contradictionally stem cells  in the epithelial 
trails lost their stem differentiation  potential  and appeared to be negative for all 
markers used in these trails. Optimization of stem cells differentiation into epithelial 
which may in the future may gives us the ability to perform clinical applications with 
successful outcome. 
___________________________________________________________________________ 
 
Introduction 
Cornea is the most frontal part of the eye , a smooth transparent structure and has a diameter 
of about 11, 5 mm and a thickness of 0.5- 0. 6. The main function of the cornea is to act as a 
barrier between the eye and the environment and it is protected by the normal defence 
mechanism present in tears in the form of lysosomes and protective proteins.  
 
Cornea contributes around 65 to 75 percentage of 
the eye total focusing power. 
The adult cornea consists of five layers, 
epithelium, Bowman’s membrane, substantia 
propria (corneal stroma), Descemts membrane and 
endothelium (Khurana AK 2008).  
 
The outermost stratified, squamous epithelium 
consists of 5-6 layers, which is constantly 
replenished by a supply of stem cells from the 
basal layer of the corneal limbal epithelium. The 
limbus is the vascularized junction between cornea 
and the opaque sclera and there stem cells are 
maintained in an undifferentiated state (Levis H 
2009). Obliteration of the limbal epithelial stem 
cells (LESC) in the cornea border can lead to stem 
cell deficiencies and disorders like chronic 
inflammation and impaired vision. Bowman’s 
membrane consists of collagen fibrils. The stroma  
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is an elastic membrane is said to be  90 % of thickness of a cornea. Descemts membrane is a 
homogenous layer separating stroma from endothelium (Khurana AK 2008, Levis H 2009).  
Endothelium is a single layer containing a number of metabolically active cells which 
maintain corneal transparency by pumping water out of the stroma. Dysfunction of 
endothelium leads in accumulation of water in stroma resulting disruption of collagen fibrils 
and opacification of the cornea (Chitra K 2009, Levis H 2009). 
 
Dystrophies occasionally occur at birth, but more often the first symptoms shows up some 
decade after birth. Classification of dystrophies is categorized according to the location in the 
cornea. The most common epithelial syndromes, recurrent corneal erosion (RCE) and 
Messmans dystrophy occurs in early life affecting the corneal epithelia basement membrane 
resulting in failure of adhesion complex maintenance. Fuch´s dystrophy, on the other hand is 
an endothelial disorder which is a slowly progressive bilateral condition which commonly 
occur later in  life (Wessam A 2010, Khurana AK 2008).   
 
Human embryonic stem cells (HESc) are the cells derived from the inner mass of the 
blastocyst (an early stage on the embryo). In recent years, several groups have reported 
success in the expansion and differentiation of hESc into various niche in our body.  hESc 
have two distinguishing characteristics: They are pluripotent (i.e. able to differentiate into one 
or all germ lines (Poursnar.B 2010). Transplantation of stem cells in damage cornea and 
possibly converting into epithelium would serve an better way of solving the clinical 
problems encountered in the clinical application like dystrophy arose in a cataracta operation.   
 
To confirm stem cell differentiation into epithelium invivo some experiments were done on 
hESCs cultivated in a Petri dish using cornea specific markers. Cultivated cells were used as 
control. The cells were evaluated for the expression of the corneal specific markers.  
 
There are three different cytokeratins (CKs) markers and two corneal markers specified for 
human cornea. CK3 is a putative marker for mature epithelia. CK 15 is a maker found in 
limbal basal cell and potential maker for LSCs (limbal stem cells) (Mikkel L 2008).  CK 19 is 
a marker express in the basal limbal epithelial layer (Susanne P 2004). Pax 6 is a marker 
expressed in the basal cells of the corneal epithelium (Zaniolo 2004).  HES-Cellect is a 
monoclonal marker identified in human embryonic stem cells. It is expressed in 
undifferentiated human embryonic stem cells (Wessam A 2010). Conjunctival pattern of these 
CK markers expressions in stem cells (invitro) would provide an idea of the possibility of 
transplanting stem cells in vivo.    
 
The aim of this study was to investigate if the application of human embryonic stem cells 
(hESc) could help replace epithelial cells of the human cornea. Differentiation of stem cells 
into epithelial would be an magnificent treatment which could be used in future to cure major 
corneal dystrophies which is caused by lack of epithelia in cornea.  
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Materials and Methods 
 
Samples Collection and Preparation 
Corneal samples used in the current study were obtained from patients undergoing corneal 
transplantation performed at Möndal Hospital (Department of Ophthalmology, Sahlgrenska 
Hospital, and Möndal. Gothenburg). The operation involves removal of the damaged Cornea and 
replaced with a donor cornea. Cornea samples were treated with embryonic stem cells at Fertility-
Centre before obtaining for experiment. The stem cells from two different cell lines were provided by 
Cellartis (Göteborg Sweden), and cells were green labelled (Almber et al. 2001). The stem cells were 
placed on Bowman’s layer of a cornea where epithelia were scraped away, the experiment was filmed 
with time-lapse set-up. The time-lapse procedure has been descried previously in Hardarson et.l 
(Hardarson T 2004).  This trail were taken out for two to six days depending on how well the  stem 
cells  attached and proliferated
 
Dehydration 
Tissues were incubated in formalin o for 12 hours and then in 70% ethanol for 24 hours. The tissues 
were washed with dH2O before incubation (70 %, 95 % and 99 % Isopropyl alcohol X 2)2 hours. 
Tissues were then rinsed with histoclear solution 2 X 2 hours.  
Paraffin Embedding 
Cornea was cut in two halfs before placing them into a metal holder filled with some drops of paraffin. 
Then a plastic rack filled with paraffin was placed over the cornea pieces and incubated in freezer (-20 
degree C).  
Preparing the slides 
Using a sliding microtome (slide 2002 copact, pfm produkte fur die Medizin AG, Germany), the 
sections of 5 µm were cut and placed on glass slides. The slides were incubated in 60°C for fixation.  
 
FISH analysis  
Alteration have done according to antibody treatment (see tab.1).Sections were deparaffinized 
by incubation in 37 °C for 10 min. Then the sections were incubated in tissue clear for 2 X 10 min 
at r.t (room temperature), 99 % isoproponal for 5 minutesX 2, 70 % of isoproponal for 2 X 5 min. 
Sections were rinsed with HCL (0,1 M) for 10 minutes respective 5 minutes in dH2O  and then 
incubated with protinease K buffer (1M Tris-HCL of pH 8, 0,5 M EDTA and dH2O) for three min 
followed by protinase K (50 µg/ml) for 20 minutes at 37 °C. After washing, the sections were treated 
with Phosphate buffered saline (PBS) (0,01 M PBS, pH 7,4) for 5 minutes and with 70, 90 and 100 % 
isopropnal for 3 minutes, the sections with dispensing 9 µl XY chromosomal probe (labelled with red 
flurochrome (spectrum orange VYSIS., Inc USA) green flurochrome (spectrum green VYSIS., Inc 
USA) respectively) were incubated on heated plate (80 °C) for 5 minutes at with a cover glass slid 
gluing around with rubber cement for denaturing. Hybridization of sections was done by incubating 
them over night at 40 °C in a mosit chamber. Cover slips were removed carefully and  washed in 50 % 
Formamid for 15 minutes of pH 7,6, 2 X SSC of pH 7,0 for 10 minutes and  2 X SSC/0,001 % Nonidet 
P40 for 5 minutes of pH 7,0. Ultimately the sections were mounted with appropriate amount of DAPI 
(4, 6- diamino-2 phenyl-indole) 0, 5 mg/mL (VYSIS Inc., USA) and analysed under a fluoresced 
microscope.  
 
FISH analysis on the stem cell plates were run with the same procedure as mentioned above without 
the HCL washing.   
 
 
 
 
 
 
Immunostaining 
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Immunostaining were done with two different protocols were one of the protocol is provided 
by Cellartis AB.  
 
Cellartis protocol   
Corneal paraffin embedded sections were Deparffinzed and stem cells cultivated on plate were fixed 
with 4 % paraformaldehyde at room temperature for 10 minutes. For immunohistostaining, the 
endogenous peroxidases activity was satiated with PBS for 2 X 10 min. Blockage of samples were 
done with milk powder solution (0,5 g/10ml PBS) alternative with a blocking solution (Normal horse 
Serum) for 30 minutes, then the samples were incubated with primary antibody over night at 4 degree 
C. The samples were rinsed in PBS X 2 before they got incubated with secondary antibody [Texas Red 
or Green Anti-Rabbit IgG (H+L)/ Texas Red Anti-Mouse IgG (H+L)] for 1 hour at r.m (in the dark). 
The samples were mounted with an antifade solution with DAPI and analysed under microscope. The 
other protocol was done with the same procedure as cellartis protocol expects the fixation with par 
formaldehyde step. (Antibodies and dilutions are shown in Table 1).  
 
IHC Vulcan fast red analysis 
This method was used as an alternative to the others immunostaining protocol explained earlier. There 
were trails done on both paraffin embedded sections and on stem cells culture. Paraffin embedded 
corneal sections was deparffinzed and stem cell cultivated on plate were fixed with 4 % 
paraformaldehyde at room temperature for 10 min. The sections were immersed in Diva Decloaker 
(1:10 dH2O) (Bio care Medical, LLC, USA) and were autoclaved in 120 °C for 15 minutes. (Note: The 
autoclave step was avoided with the stem cells grown on plastic goblet, as the plastic goblet melded). 
The sections were left at room temperature for 10 min before they were washed in dH2O followed by 
Tris-Buffered Saline (TBS) for 5 minutes. Milk powder solution was used as a blockage solution (0, 5 
g/10ml TBS) incubated for 30 min. Primary antibodies  used was diluted in TBS and incubated over 
night (see table 1). MACH 3 mouse probes  ((red and yellow) (Alk, phos polymer kit Biocare 
Medical)) or MACK 3 rabbit probe if CK 15 used as a primary antibody was applied on sections and 
incubated for 15 minutes and followed by washing step with TBS 2x2 min. After washing step the 
sections were incubated with Vulcan fast red (16 µl Vulcan fast red: 1,25 mL chromogen)(Chromogen 
Kit 2) for 5 min. The sections were mounted with  (Dako) fluorescent mounting medium.  
 
 
Table 1  
Antibodies used for immunohistochemistry 
 Antigen       Clone/peptide               Species                  Company       Antibody Concentration                
Cytokeratin 3            AE 5                        Mouse             Abcam (Ab77869)               1:600 (PBS) 
Cytokeratin 15          AA E3                      Rabbit            Abcam (Ab52816)                1:100 (PBS) 
Cytokeratin 19          BA17                       Mouse             Abcam (Ab7755)                 1:600  (PBS) 
HES-Selct                 monoclonal              Mouse            Cellartis AB                          1:500  (BSA) 
Pax 6                        C-terminal peptide    Mouse            Abcam (Ab78545)                1:50   (PBS) 
AA = amino acids 
 
 
 
 
 
 
 
 
 
Results 
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hESc cultured to the corneal samples from the transplantation 
The results from the time-lapse microscopy shows that the hESc transferred to Bowman layer 
of corneal samples attach and expand on the cornea (Table 6). The trails were terminated as 
the samples become darken, because it indicates that the stem cells started to degenerate. 
 
Expression of Corneal markers on hESc treated corneal sections 
As mentioned before, sections were treated with different IHC protocols to confirm the 
appropriate protocol for the markers, as different markers express in different conditions ( 
Table.2).  However it is evidenced that CK3 certainly binds to the epithelial layer of the 
Cornea.  CK 15 binds to progenitor cells found in limbus of the Cornea. HES-Cellect 
binds to human embryonic stem cells and CK 19 binds and expressed in basal limbal 
epithelial layer  (see Fig. 1) . Pax 6 is said to be expressed in corneal epithelium (Mikkel L 

2008). Although the results from the all trails done on Corneal sections didn’t support the 
allegation.  
 
Expression analysis on hESc grown in centre well culture dish 
CK 3 is a marker of  Corneal epithelial only expressed if the section have treated with FISH. 
Stem cells lose its green fluorescence in FISH. To resolve this problem, there were few trails 
done in stem cell culture dish. Most of trails resulted in detaching of cells from the bottom 
and those few colonies remaining were negative for green fluorescence.  Whereas some trails 
had an fainted positive signal for green fluorescence, which would not endure an IHC staining 
(Table 5).  
To determine the expression of corneal markers on stem cells an stem cell series having four 
days gap between every trail was perform.  CK 15 was the marker which expressed at the 
earlier stage of the serial, whereas CK 19 was expressed dominantly at later stage of serial. 
HES-Cellect was the marker expressed most of the trials as seen in table 3.    
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Fig 1. A. Progenitor cells in limbus of human cornea positive for CK 15, after IHC analysis. 
B. Epithelial cells of the human cornea positive for CK 3, after IHC analysis. C. Human 
embryonic stem cells, line SA0840 is positive for HES-Cellect, after IHC analysis 
(Magnification 600 X). D. Progenitor cells in limbus of human cornea positive for CK 19, 
after IHC analysis. E. Human embryonic stem cells, line #277.1 FF 10 is positive for CK 13 
after IHC analysis. F. Human embryonic stem cells, #277.1 FF 10 is positive for FISH + CK 
15 after IHC analysis. G.  Human embryonic stem cells on Corneal section (HES 39), #277.1 
FF 10 green fluorescence dyed cells (magnification 200 X) 
 
Stem cells series grown in centre well culture dish were tested (in summary) 
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Cornea used in the study with green fluorescence labelled hESC on Bowman’s layer (in 
summary). 

Cornea  Stem cells  Fish 
Signals  

FISH- IHC 
Protocol  

Cellartis IHC 
Protocol  

Mach-3 
Syctem  

HES 
38  

     XY  XX, XY  Negative CK 15, 
CK 3 and HES-
Cellct  

Negative CK 
15, CK 3 and 
HES-Cellct  

     nd  

HES 
39  

     XY  XX,XY  Negative CK 15, 
CK 3 and HES-
Cellct  

Negative CK 
15, CK 3 and 
HES-Cellct  

      nd  

HES 
41  

      0  0  Negative CK 15, 
CK 3 and HES-
Cellct  

Negative CK 
15, CK 3 and 
HES-Cellct  

     nd  

HES 
43  

      XY  X  Negative CK 15, 
CK 3 and HES-
Cellct  

Negative CK 
15, CK 3 and 
HES-Cellct  

Negative 
HES-Cellect, 
CK 15 and 
CK 13  

 
(Please see detailed tables about the samples in the attached file, following information 
about tables in discussion are relayed on the tables in the attachment).  

  CK 3  CK 15  Ck 19  HES-
Cellect  

 FISH 
Protocol  

Positive 
singal  

Negative 
signal 

Negative 
signal 

Negative 
signal  

 FISH 
Protocol 
without HCL  

Negative 
signal 

Positive 
signal  

Negative 
signal 

Positive 
signal  

#277.1 FF P11 
100211RY 
(Green 
Fluroscence  

Cellartis 
Protocol  

Negative 
signal 

Positive  
Signal  

Positive  
Signal  

Positive  
Signal  

181 9P (9/6) 
0211 1RY  

Cellartis 
Protocol  

Negative 
signal 

Positive  
Signal  

Positive  
Signal  

Positive  
Signal  
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Table 6. Corneas and stem cells and patients used for the epithelial trails as well.  

 
 
Discussion 
 
Human embryonic stem cells have a potential to develop into any types of cell in an adult 
body when given a necessary stimulation for specific cell-type differenation. We have 
evidenced that hESC attaches and expand towards Bowmans membrane by time-lapse set up. 
Although the sections from the stem cell treated Corneas have been negative for all markers 
used in this attempt. The reason behind unsuccessful trails is still unclear. However a number 
of alternations should be done in the methods used for the future investigations. However it 
has been shown that the same stem cells cultured on centre well cultured dish resulted positive 
signal intensity for the antibodies used.   
 
The aim of this study was to investigate if the application of human embryonic stem cells 
(hESc) could replace epithelial cells of the human cornea. The results reveals on the 
pronounced expression of corneal markers such as CK 3, CK 15, CK 19 and  HES-Cellect on 
paraffin embedded sections and as well as stem cells cultured on feeder free hEMSc.  
 
Comparing expression of the markers on different strategies the application of stem cells 
treated Cornea sections were not positive for any of the markers applied in this study whereas 
the same cell line cultivated on the plastic goblet resulted signal intensity for the same 

Cornea Stem 
cells 

Stem 
cells 
found 
on the 
slides 

hESC 
line used  

hESC 
passage 

Attachment of 
stem cells on 
the Cornea   

Number of 
incubation 
days 

Short description about 
the patient 

HES 38 
Green 
labeled  

Yes 100104 
#277.1 FF 
10  

P13 Not well  

4 Male 1919; 
retransplanatation, most of 
the epithelial cells have 
been taken away.  

HES 39 Green 
labeled 

Yes 

100111 
#277.1 FF 
10 

P14 Well 

4 Female 1921 re-pkp 
transplanted, most of the 
epithelial cells have been 
taken away, expect some 
in the central area of the 
cornea.  

HES 41 
Green 
labeled 

No 

100304 
#277.1 FF 
10 

P16 Well 

5 Male, 1979, Keratokonus, 
epithelial cells have been 
taken away. Cornea has 
been dividing into two 
parts and placed along with 
hESCs in small goblet.  

HES 43  
Green 
labeled  

Yes  

100406 
#277.1 FF 
10 

P25 well  

5 Male 1989, with small 
amount of epitelcells.  
Epithelial layer have been 
taken away. hES clumps 
have been placed in middle 
of cornea.  
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markers. This indicates that stem cells placed on the cornea may have started to differentiate 
or may have not reached to the differentiation level of progenitor cells positive for corneal 
markers. That is evidenced from the results of the stem cell serial trail which illustrates that 
different markers express at different instance. The strength of CK 15 marker expression is 
significantly high at earlier stage then at the later stage. Unlike CK 15, CK 19 expression was 
high at later stage of stem cells (see tab 3). The failure of IHC in paraffin- embedded sections 
may also depend on some technical problems like inefficient protocols. However treating 
sections from different background with the same protocol may reflect the dissimilarity in 
results as cells grown within a culture deposited in suspension would react to substances 
differently then sections of tissues where cells are found intact. However fine-tuning the 
protocol accordingly would possibly increase the chances for better outcome.  
 
Eight slides of HES 41 which was treated for IHC for finding stem cells as well as good 
signal intensity from corneal markers used turned to be negative for both stem cells and 
markers and also no signal from chromosomes found. The sample was supposedly to be rich 
in stem cells according to the logs from time-lapse trail.  However the sample was embedded 
twice due to the wrongly placed Cornea section. This might explain the results obtained 
which were both negative for stem cells and markers. Espousing sections with high 
temperatures like 60 degree C twice may cause cells to break (loose of green fluorescence) 
(see table 4) .  
 
FISH (fluorescence in situ hybridization) is a method used to access the nucleic acid targets. 
Enzymatic digestion, post fixation, denaturing at higher temperatures and hybridization can 
destroy the antigenic determinants, therefore an combinations of FISH and IHC/ICC (immuno 
histochemisty/immuno cytochemistry) is preferred in most cases (Aliya 2000). However the 
combinations of these technique needs still some labor-intensive adjustments according to the 
antibodies in order to obtain consistently good results. There has been some hinders by some 
technical problems like poor or no target signal intensity. The aim is to identify the optimal 
conditions of FISH technique for different antibodies and equilibrium between FISH and 
ICH. Enzymatic digestion using proteinase K is present in most of the FISH protocols. 
Rationally, it will interfere with a simultaneous immunodetection of different epitopes by 
destroying the antibody complexity (A Martinez. R 2004).  Trypsin can be used instead of 
proteinase K, trypsin is a moderate strength digester of formalin fixed paraffin embedded 
section (Mera 1980). However enzymatic digestion is not always necessary and it dose not 
increase the intensity of FISH signals, this is evidenced from the results obtained from trails 
done with stem cells culture (see table 5). It has also been detected that most of the green 
fluorescence signal removed after the proteinase K digestion (Chiara.D 2004), So it could be 
one of the reason why earlier trails didn’t give any positive results in holding green 
fluorescence alive in cells. Green fluroscence is also unstable for higher temperatures and to 
the agents used for cell permeablization (Chiara.D 2004). Some trails has been implemented 
by avoiding higher temperatures in denaturing stage as well as alcohol washing steps, that 
provided some significant improvement in both FISH following by IHC in getting results.  
Immunohistochemistry applies primary antibodies specific to the protein/antigen of interest, 
which then react with secondary antibodies (flurochrome), coupled to the detection system. 
Although antibodies used in the trails was faintly expressed in the cells grown on plastic 
goblet whereas there were no expression on paraffin –embedded sections. The discrepancy 
could be explained by various reasons, while using a new antibody, it must be tested to find 
its optimal staining conditions, as each antibody has an optimal dilution, concentration 
sometime varies from paraffin-embedded sections and formalin fixed section or between IHC 
and ICC (immuno cytochemistry). As mentioned earlier enzymes like proteinase K destroys 
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the antigen complexity and high temperature at denaturing step could cause cell lysis if the 
sections were treated with the FISH before IHC.  
The results gained using Cellarits protocol supports allegation (Table 1 and 4). For 
Counterstaining DAPI Vecta shield is used, which observed as a problem as the cells where 
detaching and that depends on Vecta shield contains antibleaching regent and well should be 
dried completely before embedding, otherwise the fraction of cells will detaches from the 
base (FISH protocol 2008). Fixation of sections would also plays an important role for the 
success of ICH. Ab cam where the most of the antibodies used in the trails are brought from 
recommends to fixate with 10 % neutral formalin (NBF) to get exceptional results, while we 
used 4 % formalin (Ab Cam ICH-P). Antigen retrieval is required before IHC staining in 
order to obtain good signal intensity from an antibody (A Martinez-R 2004. Ab Cam ICH-P).  
Antigen retrieval step breaks down the methyl bridges formed by fixation and expose the 
antigen sites for the antibody to bind. Incomplete Deparaffinization is also another application 
agitates bad staining of the sections. Buffer solutions used for washing also plays an 
important role in IHC followed by pH, some antibodies shows excellent intensity in PBS 
some in TRIS buffer solution. The pH in washing buffer should be fine-tuned before using it.  
 
The way of maintenance stem cell cultured Corneal might also matters for keeping stem-
cellness alive in cells. Stem cell viability and as well as expansion can be dramatically 
affected by irregular media change. To uphold an undifferentiated culture, cells need to be 
placed and grown in higher density (SIGMA- ALDRICH stem cell protocols. M.amit 2003.). 
Under these conditions stem cells can be maintained longer and may emphasizes for to get 
good signal intensity.    
 
Provoking the differentiation of epithelial progenitor’s invitro from ES cells and then 
transplanting them into Cornea would be another optional method in case if transplanting 
stem cells directly to Cornea turns into an inefficient way. There have been evidenced an  
successfully results  by inducing epithelial progenitors in vitro from ES cells from mouse and 
transplanting to mouse Cornea (Homma R 2004).  
 
The present study implicates the transplantation of hESCs onto human Cornea. The hESCs 
transplanted to the cornea turned out to be negative for HES-Cellect whereas it was positive 
on the cultured cells. The possible reason which could be is concluded as HES-Cellect might 
not express on paraffin- embedded section.  The other markers used in this attempt expressed 
in the different level of stem cell growth. This can be concluded as the stem cells cultured in 
the corneal samples might not have reached to the differentiation level of progenitor cells 
positive for Corneal markers used. Detachment of stem cells was the major problem in using 
FISH method, it can be depend on various reason. Altering the FISH protocol accordingly 
might gives an better outcome. Thus, the explanation given for the unsuccessful trails are only 
assumptions. Several trails need to be carried out in order to obtain an effective FISH protocol 
for Stem cells. Taken together the results from the trails carried out, it can be said that stem 
cells have an potential to become epithelial cells  but several improvements needs to done for 
the future investigation.  
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Table 2. Corneal slides were analysed with different IHC protocols along with 
antibodies in order to find an appropriate protocol for different antibodies treatment 
(for more details see tex). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
+ = Positive, - = Negative, 0 = No trails have done 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3. Stem cells series grown in centre well culture dish were tested with different 
antibodies with four days gap between every trail. There were two different stem cell 
lines used in this analysis where one of the stem cell lines was labelled with green 
fluorescence.  
 
 

 
 
 
 
 



 
Table 4.  Cornea used in the study with green fluorescence labelled hESC on Bowman’s 
layer.  

Cornea Slide Stem cells Fish Signals  
IHC analysis 
FISH 
Protocol  

IHC analysis 
Cellartis 
Protocol 

HES 38 1  XY XX,XY 
       - 
   CK 15  
      

       0 

HES 38 3 XY XX,XY        - 
HES-Cellect         0 

HES 38 5    None      None       0        -
   CK 15 

HES 38 6  
XY XX,XY         -  

     CK 3         0 

HES 38 7 XY 
 XX,XY 

      -
CK3 and 
CK15  

       0 

HES 38 8 XY XX,XY        0        0 
HES 38 11 XY XX,XY        0        0

HES 38 12 XY       None        0 
      -
CK 15 and 
HES- SELCT 

HES 38 13 XY       None        0 
       -
HES-Cellect  
and CK 15 

HES 38  14  XY       None        0 
        -
HES SELCT 
(conc1:300)

HES 39 1 XY XX,XY       -
    CK 15         0 

HES 39 5 
 XY XX,XY        - 

HES-Cellect  
           
       0 
 

HES 39 7 None       None        0         -
HES- Cellect 

HES 39 8 XY XX,XY        - 
    CK 3         0 

HES 39 10 XY XX,XY          - 
CK3 + CK15         0 

HES 39 11 XY XX,XY       0        0 

HES 39 12 XY XX,XY       0        0 

HES 39 13 XY         None       0 
        -
HES-Cellect 
and CK 15 

HES 39 14 XY        None       0 
      -
CK 15 and 
HES- Cellect 



 
 
XX & XY = Chromosomal type found, 0 = No trails have performed  
 
 

HES 39 15 XY        None       0 
        -
HES SELCT 
(conc1:300)

HES 41 3      0       None       0       0 
HES 41 9      0       None       0       0 
HES 41 11      0        X       0       0 
HES 41 12      0        X       0       0 
HES 41 14      0        X       0       0
HES 41 15      0        None       0       0 
HES 41 16      0        None       0       0 
HES 41 17      0       X       0       0 

HES 43 1       XY         None       - 
HES Cellect 

HES 43 2      XY        None        -
HES Cellect

HES 43  3      XY        None         -
   CK 15 

HES 43 4      XY       None         -
   CK 15

HES 43 5     XY       None        - 
HES Cellect  

HES 43 6      XY       None            - 
   HES Cellect 

HES 43 7      XY       None                      - 
HES Cellect 

HES 43 8      XY       None           -
   CK 15 

HES 43 9      XY       None         -
     CK 19

HES 43 10       XY       None         -    
     CK  3

HES 43 
(Mach – 3 
system) 

11       XY       None  

HES – Cellect 
positive X 1 
       - 
HES-Cellect 

HES 43 
( Mach – 3 
system) 

12       XY 
        None         -   

CK 15 X 2 

HES 43 
( Mach – 3 
system) 

13        XY        None           -   
 CK 19 X 2 

HES 43 
( Mach – 3 
system) 

14        XY        None          -   
 CK  3 X 2 



Table. 5 Green labelled stem cells grown on plastic goblet were tested with FISH 
protocol. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
After FISH 
treatment  

HES-Cellect –
Corneal (mouse) 

FISH protocol        -        0 

FISH protocol (without out protinase 
K step) 

      +
 (but very light 
signal) 

       0 

FISH protocol (without protinase K 
step+ decreased denaturing 
temperature) 

     +
 (but very light 
signal)

       0 

FISH protocol (without protinase K 
step+  alcohol washing step 

      +
 (but very light 
signal)

        0 

FISH protocol (without alcohol 
washing step) 

      + 
(but very light 
signal)

        + 

FISH protocol (decreased denaturing 
temperature) 

       +
(but very light 
signal)

        + 


