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Abstract 

 

Purpose: Our aim was to isolate mesenchymal stem cells (MSCs) from mouse umbilical cord and 
culture them with vitreous body to investigate their capacity to differentiate into lens fiber cells, 
crystallins are expressed. 
Methods:  Wharton's jelly is the appropriate source of MSCs. After isolation, the cells were cultured 
and alkaline phosphatase detection kit was used for staining undifferentiated umbilical cord-MSCs. 
In the experimental groups, MSCs were plated in the maintenance medium supplemented with 
bovine vitreous body (1:1, 3:1 v/v) for induction up to 10 days. Light microscopy and 
immunostaining methods used to assess differentiation of the cells. 
Results: Mouse umbilical cord-MSCs have alkaline phosphatase activity and vitreous body can 
induce them to differentiate into the lens fiber cells.  
Conclusion:  Lens fiber cells can be produced by umbilical cord-MSCs derived from mouse. MSCs 
have the potential to be useful source for stem cell researchers. 
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Introduction 
Studies carried out over the past two decades 
have made possible a more exact definition of 
the stem cells, in which they are capable of 
self-renewal, can differentiate into multiple 
lineages, and will function in vivo.1 A less 
examined source for mesenchymal stem cells 
(MSCs) is the stroma of umbilical cord, also 
called Wharton’s jelly, originating from 
extraembryonic mesoderm at day 13 of 
human embryonic development.2 Umbilical 
cord is composed of two arteries and one 
vein, all of which are surrounded by a unique 
connective tissue stroma rich in proteoglycans 
and mucopolysaccharides.3 In recent studies, 
cord stromal cells were reported to 
encompass MSC character.4,5 Wang et al4 
induced the differentiation of umbilical cord 
stromal cells into mesenchymal cell lineages, 
such as cardiomyogenic, chondrogenic, 
osteogenic, and adipogenic types. Sarugaser 
et al6 showed the isolation, culturing, and 
differentiation behavior of human perivascular 
umbilical cells and obtained osteogenic 
nodules. Fu et al7 and Weiss et al5 
demonstrated the differentiation capacity of 
human umbilical cord MSCs into 
dopaminergic neurons. Carlin et al8 
demonstrated some of embryonic stem cell 
markers, such as Oct-4, Sox-2, and Nanog, 
for the first time in porcine umbilical cord 
matrix cells. For Wharton’s jelly cells to be 
considered an alternative and potential source 
of stem cells, a greater effort must be made to 
study these cells to determine their 
differentiation potency and whether they can 
serve as a prospective reserve of stem cells to 
use in cell-based therapies. There is no study 
about mouse umbilical cord stromal cells 
ability to differentiate into lens fiber cells. Lens 
is composed of two populations of cells: a 
layer of cuboidal epithelial cells covers the 
anterior surface, and elongated, terminally 
differentiated fiber cells comprise the bulk of 
the tissue. Epithelial cells proliferate and 
differentiate into fiber cells near the lens 
equator under the control of factors from 
outside the lens.9 In differentiation pathway of 
lens fiber cells, crystallins are expressed. 
Crystallins, divided into two major families α 
and βγ are the major proteins of the lens. 
Crystallins are known to constitute about 90% 
of water soluble proteins of the lens and 
contribute to the transparency and refractive 

properties by a uniform concentration gradient 
in the lens. One of the most exciting findings 
in lens research has been the study of  
α-crystallin as a molecular chaperone.10  
αB-crystallin, but not αA, is a stress-inducible 
protein, and both are members of the heat 
shock protein family. αA and αB; βB1, βB2, 
βB3, βA1/A3, βA2, and βA4; γA, γB, γC, γD, 
γD, γE, γF and γS are the major crystallins 
expressed in the mammalian lens.11 The 
transcripts for crystallins appear very early 
during mouse lens development, with  
αB-crystallin being detected in the lens 
placode at E9.5 in the mouse, and  
αA-crystallin detected in the lens cup at E10 to 
10.5.12 Wharton’s jelly is the gelatinous 
connective tissue from umbilical cord and is 
composed of myofibroblast-like stromal cells, 
collagen fibers, and proteoglycans.13 Here, we 
present our findings about proliferative cells 
that we isolated from Wharton’s jelly. Our 
results show that Wharton’s jelly cells are 
easily attainable and can be expanded in vitro, 
maintained in culture, and induced to 
differentiate into lens fiber cells. 
 
Methods 
Isolation and cell culture 
We isolated MSCs from the whole mouse 
umbilical cord. After having been minced into 
1-2 mm3 fragments, were washed with Hank's 
balanced salt solution (HBSS) then  were 
incubated with collagenase type IA (Sigma, St 
Louis, MO, USA) for 10 min and then 2.5% 
trypsin (Sigma, St Louis, MO, USA ) for 5 min 
following pipetting for mechanical isolation of 
the cells. Cells were plated at a density of 
1×106 cells/cm2 in non-coated T-25 cell culture 
flask (Greiner bio-one, Germany). The cells 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM; Sigma-Aldrich, St Louis, 
USA) supplemented with 10% Fatal bovine 
serum (FBS; Sigma-Aldrich, St Louis, USA) 
1% penicillin/streptomycin (Sigma). Cultures 
were maintained in a humidified atmosphere 
with 5% CO2 at 37°C. After 3 days of culture 
the medium was changed and nonadherent 
cells were removed. Once 60-80% confluence 
had been reached, adherent cells were 
subcultured. 
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Collection of vitreous body 
Bovine eyes were placed on ice immediately 
after harvesting and were transported to the 
laboratory. Vitreous fluid from 10 eyes was 
collected and pooled using a sterile syringe 
without a needle. The pooled vitreous was 
homogenized with a syringe and a 18-gauge 
needle following by centrifugation at 14000 
rpm/4°c/20min, portioned into aliquots, and 
stored at –80°C. 
 
Identification of stem cells 
Alkaline phosphatase activity is a marker for 
the phenotypic assessment of undifferentiated 
embryonic stem cells. Alkaline phosphatase 
detection kit (Chemicon; catalog number 
SCR004) was used for staining of 
undifferentiated umbilical-MSCs from passage 
1(P1). 
 
Induction of lens fiber cells 
In the experimental groups MSCs were plated 
in the maintenance medium, DMEM plus 10% 
FBS and 1% penicillin/streptomycin, 
supplemented with bovine vitreous body (1:1, 
3:1 v/v) for induction, the supplemented 
medium was changed every two days. 
 
Preparation of lysates 
After 10 days, culture flasks (experimentals 
and control) were placed on ice and the cells 
were washed with ice-cold phosphate buffer 
saline (PBS). Then ice-cold lysis buffer was 
added (20 mM Tris-HCl, 5 mM EDTA, pH 7.5) 
followed by scraping adherent cells using a 
cold plastic cell scraper, then gently cell 
suspensions were transferred into a pre-
cooled microfuge tube and centrifuged at 
12,000 rpm/4°C/20 min. Supernatants were 
aspirated and were stored at -80°C. 
 
Western blot analysis of differentiated 
cells 
The expression of differentiation markers,  
αA- and αB- crystalline, were detected by 
Western blot analysis to standard procedure. 
Lysate of rat lens was used as a positive 
control. Cell lysates were subjected to 
electrophoresis (SDS-PAGE), and the 
separated proteins were transferred to 
nitrocellulose membrane (Fluka-biochemika: 
GA16285). Nonspecific antibody binding sites 
 
 

 
were blocked by incubation with blocking 
buffer (5% BSA in 0.05% Tween 40, 50 mM 
Tis, 0.5 M NaCl) for 1 hour. The membranes 
were then incubated at room temperature with 
primary antibody diluted in blocking buffer for 
1 hour. The rabbit polyclonal antibody, anti-
alpha A + alpha B crystallin (1:1000; abcam) 
was used as primary antibody. The primary 
antibody binding was detected with a 
biotinylated anti-rabbit IgG made in goat 
(1:500; Vector Laboratories, Burlingame, CA). 
After washes with wash buffer (0.05% Tween 
40, 50 mM Tis, 0.5 M NaCl) the membranes 
were incubated with vectastain ABC reagents 
(Standard Kit; Vector Laboratories, 
Burlingame, CA) and then were stained by 
vector blue alkaline phosphatase substrate kit 
III (Vector Laboratories, Burlingame, CA). 
 
Results 
Morphological characteristics and alkaline 
phosphatase activity of MSCs 
Freshly isolated cells (passage 0, P0) 
principally displayed a fibroblast-like 
appearance with long cytoplasmic processes 
extension as early as 24 hours (Figure 1). P1 
cells were examined for alkaline phosphatase 
marker expression; they showed alkaline 
phosphatase activity (Figure 2). 
 
Morphological studies of experimental 
groups 
Light microscopy showed that most cells in 
experimental cells were locally long and 
parallel aligned and compared to control cells; 
their cytoplasmic processes decreased and 
had fiberlike appearance (Figure 3). The 
fiberlike cells had large nuclei with multiple 
nucleoli (Figure 3). 
 
Analysis of Expression of α-crystallins in 
induced cells 
Western blot analysis of differentiated cells 
that were plated in the maintenance medium 
supplemented with bovine vitreous body (1:1, 
3:1 v/v) showed that both αA-crystallin and 
αB-crystallin expressed in MSCs (Figure 4). 
Therefore, these cells proceeded in 
differentiation process to the similar stage of 
lens cup. 
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Figure 1. MSCs in the primary culture of whole mouse 
umbilical cord  
Fibroblastoid morphological aspect of MSCs is observed 
(arrowheads) and dead cells have been shown with 
arrows: 400X. 
 
 
 

 
 
Figure 2. Alkaline phosphatase staining of umbilical cord 
MSCs 
Red region that are showed with arrowhead, revealed 
undifferentiated stem cells: 400X.  
 
 

 
A 

 

 
B 

 
Figure 3. A. Experimental MSCs that cultured with 
maintenance medium supplemented with vitreous (1:1 
v/v). Microscopical studies indicated that these cells are 
aligned, elongated and have fiberlike shape (arrow): 
400X. B.   Experimental MSCs that cultured with 
maintenance medium supplemented with vitreous (3:1 
v/v). Microscopical studies indicate that locally these 
cells are aligned, elongated and have fiberlike shape 
(arrowhead): 400X. 
 
 

 
Figure 4. αA- and αB- crystallin expression in 
experimental cultured MSCs by Western blotting. Rat 
lens extract served as positive control .Exp. (1:1) and 
Exp. (3:1): Experimental groups that have been plated in 
the maintenance medium supplemented with vitreous 
(1:1 v/v) and (3:1), respectively. 
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Discussion 
MSCs were initially isolated from bone marrow 
by Friedenstein et al14 and then studied by 
other investigators.15,16 Wharton's jelly is an 
alternative source to bone marrow for MSCs.17 
We report herein successful isolation of MSCs 
from whole mouse umbilical cord without its 
blood stem cells. Therefore umbilical cord 
derived cells that plated were from Wharton's 
jelly. The Wharton's jelly of the umbilical cord 
contains mucoid connective tissue and 
fibroblast- like cells. Using alkaline 
phosphatase detection kit, we found that 
predominant mesenchymal cells isolated from 
umbilical cord expressed alkaline 
phosphatase. This marker previously 
described for undifferentiated state of 
embryonic stem cells.18 Because of alkaline 
phosphatase activity, we could speculated 
about pluripotency of umbilical cord derived 
MSCs. We investigated the potential of these 
cells to differentiate into lens fiber cells by 
treating them with vitreous.  In the mouse, αA- 

and αB- crystallin are detected in the lens 
cup.12 Morphological studies showed that 
differentiated fiber-like cells were locally long 
and aligned. Western blot analysis of lens 
fiber cell markers, αA- and αB- crystallin, 
showed that they were expressed in both 
experimental groups but the level of 
expression in the group that MSCs were 
exposed to 25% vitreous as inducer were 
higher than those were exposed to 50% 
vitreous. Therefore, we can conclude that 
induced cells by vitreous, proceeded in 
differentiation up to similar stage of lens cup in 
the mouse embryo and the low level of 
inducer had better effect. 
 
Conclusion 
Results presented in this study suggest that 
MSCs derived from mouse umbilical cord 
have the potential to be a useful source for 
stem cell researches. 
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