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Abstract 

Umbilical cord can be considered as a source of stem cells with a wide differentiates capacity. It also supplies the embryos 
with blood contains oxygen and vital nutritional elements and may change by some abnormalities during embryo development. 
The study of different aspects of umbilical cord biology is critical for understanding of pathology and the way of its application 
in a stem cell therapy protocol. The objective of this study was to find the glycoconjugates distribution pattern in various regions 
of the umbilical cord. To do this, umbilical cords from normal pregnancy were fixed, sectioned and stained with WGA, PNA, 
Concanavalin A, PHy, DBA, SBA and UEA lectins. The lectins were FITC-conjugated. The slides were counterstained with 
DAPI and observed by fluorescence microscopy. The data showed amnioblasts were reacted with BSA, ConA, UEA, DBA and 
WGA and endothelial cells with BSA and UEA. Smooth muscle also took up BSA, UEA and WGA. Mesenchymal cells at the 
interarterial zone were stained with BSA, ConA and UEA. In conclusion, the staining pattern with lectins was different in various 
zones of umbilical cord. Any modification of this glycoconjugates distribution may be exerted effects on the proper umbilical 
cord function or structure. 
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1- Introduction1 

Umbilical cord as a biological waste product is a good 
source of mesenchymal stem cells (MSC) and can be 
considered as a cell source for regenerative medicine. 
Umbilical cord MSCs (UCMSC) have greater expansion 
and differentiation capacity (1) and also express 
pluripotency and mesenchymal CD markers (2, 3). These 
make it as a potential resource for cell therapy.  The 
characterization of the cell population in umbilical cord is a 
pre-requisition for using it in a routine cell therapy 
protocol.  

Umbilical cord has three regions; the perivascular zone, 
the intervascular zone and the sub-amniotic part. These 
three regions contain different cell number and nature (4). 
For instance, the cell isolated from sub-amniotic region has 
more proliferation rate while, the cells isolated form 
intervascular zone near the blood vessels have wider 
differentiation potential (5). The most common region to 
isolate MSC is intervascular and sub-amniotic part. 
However; the perivascular zone is also used as a source of 
MSCs (6). Two common methods that are used to isolate 
MSC from umbilical cord is explants-culture and 
enzymatic digestion.  In both methods, the isolated cells 
encounter  risk to contaminate with other cell types such as 
blood and endothelial cells (4). Therefore; it is necessary to 
find a method to reduce the cell contamination.  
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Cell surface glycoconjugates play roles in cell 
physiology. They involve in cell-cell and cell matrix 
interaction (7) and also cell growth and differentiation (8). 
Lectins are a valuable reagent for studying the cell surface 
glycoconjugates.  Cell surface glycoconjugates affinity can 
be used to separate and purified a specific cell type among 
different cell in a cell suspension (9).Lectin reactivity of 
sugar residues in human umbilical cord was compared in 
normal pregnancy with pregnancy complicated by intra-
uterine growth retardation (10) and also gestational 
diabetes mellitus (11). The correlation was also 
demonstrated in lectin reactivity of the human umbilical 
cord with various coiling indices and it was shown that the 
alternation in lectin reactivity in the connective tissue may 
be related to morphological and functional changes and the 
coiling of the umbilical cord (12). 

With regards to this consideration, the aim of this study 
was to investigate the regional difference in lectin 
reactivity. Especially, the main question that this study tried 
to answered it was if  the cell surface glycoconjugates were 
various in different cell population in umbilical cord.  
 
2- Material and methods:  
2-1-Sample collection 

This research is a descriptive study. Four umbilical 
cords from full term and normal pregnancywere collected 
from Hafez hospital, Shiraz. All umbilical cords were 
belonged to the healthy normal offsprings. The parents of 
all donors were volunteers   and signed the informed 
consent according to the headlines of University ethic 
committee.  
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2-2-Lectinhistochemistry 
The umbilical cords were washed in phosphate buffer 

saline (PBS) and flashed to remove the blood in the 
umbilical veins. Then the umbilical cords were fixed in 
buffer formalin and prepared histologically. The paraffin 
blocks were prepared and sectioned 5µm thickness. The 
sections were then deparaffinized with xylon, dehydrated in 
graduated alcohol and washed with PBS.  

The samples were incubated with FITC-conjugated 
lectins (Sigma) for 2 h at room temperature. The lectins 
was peanut agglutinin (PNA), Concanavalin A (Con A), 
Wheat germ agglutinin (WGA), Ulexeuropaeus (UEA) 
,soybean agglutinin (SBA), Dolichosbiflorus (DBA), 
Phaseolus  vulgaris-leucoagglutinin (PHA). The lectins 
react to Galactose/N-acethylgalactose amine, manose, N-
acetyl glucoseamine (and also sialic acid), fucose, N-acetyl 
galactoseamine (and also galactose), n-acetyl 
galactoseamine and glucose/manose/N-acetylglucoseamine, 
respectively. The samples were counterstained with 6-
diamidino-2-phenylindole (DAPI) for 1 min and washes 
with PBS6-diamidino-2-phenylindole (DAPI). The samples 
were studied by fluorescent microscopy. The intensity of 
the reaction was evaluated by a arbitrary scaling system as 
"very weak", "weak", "moderate" and "strong".  
 
3- Results 

The data showed amnioblasts were reacted with BSA, 
ConA, UEA, DBA and WGA; however, DBA and WGA 
stained just the apical surface and basal lamina of the 
amnioblast. The mesenchymal cells located in the sub-
amniotic zone could take up the BSA, ConA and UEA. The 
extracellular matrix was also reacted with BSA and ConA 
“weakly”, with UEA and DBA “moderately” and with 
PNA and WGA “strongly”. The pattern of the lectin 
reaction to PNA showed different distribution compared to 
the others, so that the island in the extracellular matrix was 
reacted to the lectin more intense and between the islands 
the intensity of the reaction to the PNA was “moderate” 
(Fig 1). The reaction of the amnioblast, mesenchymal cells 
at the sub-amniotic zone and extracellular matrix were 
negative for PYT. Intervascular zone Mesenchymal cells at 
the intervascular zone were stained “very weakly” with 
BSA, ConA and UEA. The extracelluar matrix also reacted 
with PNA, DBAand PHY“weakly” and with WGA 
“moderately” (Fig 2). 

Sub-endothelial zone and Endothelium Endothelium of 
the vessels were reacted with BSA “moderately” and with 
UEA “strongly”.  WGA also reacted with apical surface of 
the endothelial cell. Sub-endothelial cells consist of smooth 
muscle also took up BSA, UEA” moderately” and WGA 
“strongly”; however, WGA just reacted with the cell 
surface. Smooth muscle cells located in the media of 
arteries and vein did not show any reaction with PNA, 
ConA and PHY. DBA just reacted with cell surface of the 
smooth muscle; however, the cytoplasm of the cells did not 
show any reaction with this lectin.  Extracellular matrix in 
the sub-endothelial connective tissue reacted “strongly” 
with PNA and WGA and “weakly with PHY. Basement 
membrane of the endothelial cells covering the vein and 
internal elastic membrane of the arteries stained with ConA 

and DBA.  Elastic fibers stained with PHY. The smooth 
muscles located in the media of the vein and artery showed 
autoflorescence (Fig 3).  
 
4- Discussion 

The glycoconjugates play various structural and 
functional roles in different tissues. For instance, DBA has 
been demonstrated to accelerate the ossification capacity of 
the mesenchymal cells extracted from mouse limb bud 
(13). Lectins such as UEA and BSA have been known to be 
as endothelial cell and endothelial precursor markers (14). 
Our data also showed the endothelia covering the umbilical 
cord vessels were reacted with UEA and BSA. Peanut 
agglutinin has been considered as a mitogen agent, in vitro 
and in vivo.  
 

 
Figure 1: The micrographs of the amnion and sub-amniotic 
regions of the umbilical cord stained with different lectins. 

DAPI (Left) and FITC-conjugated lectins (right). 
 

It can be act through the receptors for growth factors 
(15). Our date showed more intense reaction with PNA in 
the sub-amniotic region than intervascular zone. 
Mesenchymal cells are located in the intervascular zone has 
been shown to have more proliferation rate (5).  More 
PNA-reacted substance at this location may be related to 
the higher proliferation rate.   
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Umbilical cord matrix contains sialic acid, d-Galactose 
(beta1-->3)-N-acetyl-d-galactosamine and N-acetyl-d-
galactosamine as indicated by reacting with WGA, PNA 
and DBA. These data confirmed the previous study (10). 
Glycoconjugates distribution has been demonstrated a 
correlation with structural characterization (16). 
 

 
Figure2: The micrographs of the intervascular zone of the 
umbilical cord stained with different lectins. In all sections 
a part of arteries were also demonstrated.  DAPI (Left) and 

FITC-conjugated lectins (right). 
 

Glycoconjugates with negative charge is highly 
hydrated (17). Hydration resulted from glycoconjugates, 
provides a mechanical stress in the extracellular metrix 
(18). This force can be responsible for tortuous state of 
umbilical cord (10).    

Although, the cells in various zones of umbilical cord 
showed a similarity in lectin reactivity, some variation was 

also shown. This may indicated the different nature of the 
cells in these zones. Our data showed WGA-positive 
reactivity for smooth muscle cell surface. This can be a 
base for isolation and purification of mesenchymal cells 
originated from intervascular and sub-amniotic zones from 
smooth muscle contamination.   

In conclusion, the glycoconjugates distribution was 
shown a regional difference in various parts of umbilical 
cord.  
 

 
Figure 3: The micrographs of the vascular zone of the 

umbilical cord stained with different lectins. DAPI (Left) 
and FITC-conjugated lectins (right). 

 
Acknowledgment 

The authors wish to thank Vic chancellor of research 
deputy of Shiraz University of Medical Sciences for 



          Journal of Infertility and Reproductive Biology, 2013, Volume 1, Issue 1, Pages: 7-11 

 

10 

 

financial support and offering the grant no 4533 and also 
Mr Ezad Nori for technical support.  
 
References: 

1. Guillot PV, Gotherstrom C, Chan J, Kurata H, Fisk NM. 
Human first-trimester fetal MSC express pluripotency 
markers and grow faster and have longer telomeres than 
adult MSC. Stem Cells. 2007 Mar;25(3):646-54. Epub 
2006 Nov 22. 

2. Fong CY, Richards M, Manasi N, Biswas A, Bongso A. 
Comparative growth behaviour and characterization of 
stem cells from human Wharton's jelly.Reprod Biomed 
Online. 2007 Dec;15(6):708-18. 

3. Nekanti U, Rao VB, Bahirvani AG, Jan M, Totey S, Ta M. 
Long-term expansion and pluripotent marker array analysis 
of Wharton's jelly-derived mesenchymal stem cells.Stem 
Cells Dev. 2010 Jan;19(1):117-30. doi: 
10.1089/scd.2009.0177. 

4. Semenov OV, Breymann C. Mesenchymal stem cells 
derived from Wharton’s jelly and their potential for 
cardiovascular tissue engineering. The open tissue 
engineering and regenerative medicine journal. 2011, 4, 64-
71. 

5. Karahuseyinoglu S, Cinar O, Kilic E, Kara F, Akay GG, 
Demiralp DO, Tukun A, Uckan D, Can A. Biology of stem 
cells in human umbilical cord stroma: in situ and in vitro 
surveys.Stem Cells. 2007 Feb;25(2):319-31. Epub 2006 
Oct 19. 

6. Ishige I, Nagamura-Inoue T, Honda MJ, Harnprasopwat R, 
Kido M, Sugimoto M, Nakauchi H, Tojo A. Comparison of 
mesenchymal stem cells derived from arterial, venous, and 
Wharton's jelly explants of human umbilical cord.Int J 
Hematol. 2009 Sep;90(2):261-9. doi: 10.1007/s12185-009-
0377-3. Epub 2009 Aug 6. 

7. Rosenman SJ, Gallatin WM. Cell surface glycoconjugates 
in intercellular and cell-substratum interactions.Semin 
Cancer Biol. 1991 Dec;2(6):357-66. 

8. Sharon N. Lectins: carbohydrate-specific reagents and 
biological recognition molecules. J Biol Chem. 2007 Feb 
2;282(5):2753-64. 

9. Diogo MM, da Silva CL, Cabral JM. Separation 
technologies for stem cell bioprocessing. 
BiotechnolBioeng. 2012 Nov;109(11):2699-709. doi: 
10.1002/bit.24706. Epub 2012 Aug 22. 

10. Sgambati E, Brizzi E, Marini M, GheriBryk S, Gheri G. 
Lectin binding in the human umbilical cord from normally 
grown pregnancies and from pregnancies complicated by 
intra-uterine growth retardation with absent or reversed 
diastolic flow. Biol Neonate. 2003;84(2):119-34. 

11. Sgambati E, Marini M, Thyrion GD, Vichi D, Parretti E, 
Mello G, Brizzi E, Gheri G. Lectin binding in the umbilical 
cord in altered glycemia. Eur J ObstetGynecolReprod Biol. 
2007 Jan;130(1):30-41. Epub 2006 Jan 27. 

12. Mobarak H, Ali HM. Histochemical study of the human 
umbilical cord in correlation with coiling index. Kufa Med 
J. 2012, 15: 85-92 

13. Talaei-Khozani T, Ghasemi M, Monsefi M. lectins 
influence ossteogenesis and chondrogenesis in mouse limb 
bud mesenchymal cells. Glycoconjugates, 2011,  

14. Eggermann J, Kliche S, Jarmy G, Hoffmann K, Mayr-
Beyrle U, Debatin KM, Waltenberger J, Beltinger C. 
Endothelial progenitor cell culture and differentiation in 
vitro: a methodological comparison using human umbilical 
cord blood. Cardiovasc Res. 2003 May 1;58(2):478-86. 

15. Singh R, Subramanian S, Rhodes JM, Campbell BJ. Peanut 
lectin stimulates proliferation of colon cancer cells by 
interaction with glycosylated CD44v6 isoforms and 
consequential activation of c-Met and MAPK: functional 
implications for disease-associated glycosylation changes. 
Glycobiology. 2006 Jul;16(7):594-601. Epub 2006 Mar 29. 

16. Zschäbitz A. Glycoconjugate Expression and Cartilage 
Development of the Cranial Skeleton. Acta Anat 
1998;161:254–274 (DOI: 10.1159/000046462). 

17. Heinegård D. Proteoglycans and more--from molecules to 
biology. Int J Exp Pathol. 2009 Dec;90(6):575-86. doi: 
10.1111/j.1365-2613.2009.00695.x.  

18. Wan LQ, Guo XE, Mow VC. A triphasic orthotropic 
laminate model for cartilage curling behavior: fixed charge 
density versus mechanical properties inhomogeneity. J 
Biomech Eng. 2010 Feb;132(2):024504. doi: 
10.1115/1.4000942.

 


