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Abstract 
 

Background and purpose: Umbilical cord derived Wharton's jelly is an enriched and accessible source of 

stem cells with highly proliferative and differentiation potential. This study aimed to evaluate the surface markers 

and related genes of the stem cells isolated from the human Wharton's jelly. 

Materials and methods: Explants of the human umbilical cord derived Wharton's jelly was dissected and 

cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 20% Fetal bovine serum (FBS). Then, 

those cells migrated from explant's boundary were replated and passaged in DMEM containing 10% FBS. Finally, by 

using flowcytometry and (Reverse–transcriptase polymerase chain reaction) RT-PCR techniques different surface 

markers and related genes were analyzed. 

Results: 5-7 days post-plating, the stem cells initiated the migration from cultured explants and showed up 

to 80% densities on days 16-18. Light microscopy demonstrated two distinct cell populations including fibroblast-

like and flat endothelial-like cells. Dual staining with flowcytometry also revealed that the cultured cells were found 

to be positive for CD44, CD73, CD90, CD105 and negative for CD34 and CD45. RT-PCR showed no changes in CD 

marker expression pattern during different passages. 

Conclusion: Human Wharton's jelly derived stem cells appear mesenchymal cell morphology and express 

related surface markers but no hematopoietic stem cell markers. 
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)101-11A jPAA(  �1  #OOJ�	 OO' �+�&�!&1� /-���OO1 �OO.�� -

)010-11P jPAA( =1:E �	 ��4  ����1 6�225T   3�O/&��

    ����O����� �O�	 �	 �&E�O� 8�OWVS - � A���� 6�2 .#�#� �	�	 

����	 2CO  � �+	 Y �!� �	37 �&��1 A)�	  � 	�!"5   #OJ�	

2CO   =O1:E 6O�2 Y��+ � 6E!" 8��J  �O4    (�� AO1 !O4

.# 	!" � �W� ��� =   

18-16  (� �	�OO ( ���OO'� 	�#OOW� n�!OO 3�OO7�	 AOO� �#OOW� (��

3��1 �4 � (�6E�� <�!? �4  8�OWVS - � �A���� �#� �	�	 6�2 �

  3��OO1 �(�OO1�#) 6OO*) � #OO 	!" n��OO �&E�OO� �OO4  eOO2 (�


0 	#v+ 6�2 ��� � =1:E   3��O1 -O � ��4     8#O+ AO� �O45-7 

 ) !�}mOO� 6OO�� AOO/�S	003-11L jPAA (Trypsin/ EDTA 

)Ethylenediaminetetraacetic acid /Trypsin (05/0 

  3��OO1 .#OO.&E!" ��!OOS #OOJ�	 �OO4   �	 !OO� 	 ��OO� �#OO� �#OO) �

 =O1:E  �O4 �25T     (� �&��OO.�  NO (�� �O� #�#OO� �	�	 6O�2


0         !Oq� �	 !cOJ ��O1�� 
��O.� AO� AO�9!+ -O � .# 0 61	 A� �4

.#� A&E!"  

 !4 ��(� A� �\]17-5      b2�!O� AO2 -O � (� \O� 6�2 (��

 AOO� ����OO180-75 3��OO1 �#�OO1� #OOJ�	 �OO4  6OO�2 Y�OO�+ �	

DMEM low glucose  ���910 	   � ��O" �O.�.) �!1 #J�

1 �.� #J�	 ' �+�&�!&1� /-���1�.#�#� �	�	 ��1�� -  

  

Immunophenotyping 3��1   AO�� �Q�����+ �	��.� ��4

�!&+�& �1��E �� ���'�� 
�����  

!���OOOO�� 
�OOOO����VOOOO1 ��4 105CD �90CD �73CD �

45CD �44CD  �34CD  �	3��1  ��4    AO�� �Q�O����+ �	�O�.�

AOO� 
�OO����  ^�� .6OOE!" ��!OOS �OO1�!� 	��OO+ �!&+�& �OO1��E 

3��1 ��	 ��1�� �	��.� ��4    �O� �O�&'� ��O��	 (� \� PBS-   �O�

 (� �	�c&OO1�Trypsin/EDTA 05/0  =OO1:E eOO2 (� #OOJ�	



 *��+ �/0+ 1
23��
�� ��4��� �56 ��"����� 1�
"7# 1
2 
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  6OO �*� �	 � #OO�# 	!" �#OO)   #�#OO� ����OO1 =OO�.  �#OO&��50 

 3��OO1 -OO � (� !O&���!��+ �OO4   �O�5  (� !OO&���!��+�OO&�0 �	�OO� ��OO4 

3!OOOOOOO&.2 kOOOOOOO ���� � ) �+�OOOOOOO�C31-MOPC :Clonej  

BD Pharmingen (FITC -1IgG ) �C31 -MOPC :Clonej 

BD Pharmingen (PE-1IgG �OO&�0 -�OO.sQ4 � �	�OO� �OO4 �

)563 :Clone jBD Pharmingen (PE-34CD�  

)26-44G :Clone jBD Pharmingen (FITC-44CD �

)1D2: Clone jBD Pharmingen (FITC-45CD �

)2AD :Clone jBD Pharmingen (PE-73CD�  

)10E5 :Clone jBD Pharmingen (FITC-90CD  �

)266 :Clone jBD Pharmingen (FITC-105CD  AOOOO�

 �	 A/�S	 �1 8#+4 �&��1 A)�	      (� \O� .#�#O� ���Ov+ 	�!O"

 �l.OO2��50  #OO��#��+!E���� 3�OO��+ (� !OO&���!��+4  AOO� #OOJ�	

  3��O1 \]O1 �#� AE�T� ����1 
��'��]1�1   �O4  !E�O� �O� PBS- 

  AOOO��Q� �6OOO �*� �	 � #�#OOO� �	�	 �OOO�&'�  �OOO4  ���&OOO1	 �OOO�

 �!&+�& �1��EPartec PAS III  �� � (� �	�c&1��!�  ���OE� e4/2 

Flomax &E!" ��!S �����0 	��+.#.  

  

Af'� �!�v�( l.2�� o��W+ ���	!� (�!Q��� �� (RT-PCR)  

 n�!f&1�RNA    3��O �!� 3�O��+ (� �	�c&1� �� 3��1 �2

)9424T jSigma 8��J �#�(�1 62!� �QW����&1	 U7? (

  6Oq�M .6E!"RNA       ���	���O� ���&O1	 �O� �#O� n�!f&O1�

    (� �!O"�!��+ =O  � #O 	!" -��W�RNA     �&.O1 6O*) �O2

cDNA )Complementary DNA6OOOOOOO�2 �OOOOOOO� (  

)1622 jReverseAidTM first strand cDNA 

synthesis fermentase(   � �OO*� bOOv9 �	20  !OO&���!��+

  �	�c&O1� 	��+  .6OE!" ��!OS      8�OWVS 3�O? � �O4!Q �!� ����O�

3�#) �	 A&E�  !�R��  ���Q�1 0+  8P�OL�+ .61� �#PCR 

3� ��� !OO� ��OO"0 ��OO4 2/1 #OOJ�	 #OO �+�!� �� #OO��� ���OO9 

)µg/ml 5/0 (   =OQ2 AO� �#� 	�v � #��� � #�#� (��E�!&���

 ���UV )Ultraviolet (    ���&O1	 =OQ2 AO�Uvidoc; UK 

.#� �#4��+  Q �!� AO��2    62!O� (� �h�O�!+ ��O4!Bioneer 

.#� ���# ! ���.) �!2  

NQ) A��Q� ���0 AWVS 6�2 � AW��V+ 	��+ ��4 
0 ��  � �4

 ��v�� ���RT-PCR 
� ��!�       AO1 �	 �S�#O9 �!Oq� 	��O+ ��O4

.6E!" 8��J b4 (� �/&'+ ��!��  

  

,���� ��  

�"@ � �� ����E��+ ��4  

       AO���� 6O�2 � <�O� #O.� �&E�O� 8�OWVS �(�1�#) 3�7�	 A�


0   ���QOOO� ! �OOOL�) =OOO1:E �	 �OOO4A1(  (� #OOOW�9-7  �(��

 3��O1    (� 
#OO� �#OO) AO� K�!OO� ���OO'�� �Q�O����+ �	�OO�.� ��OO4

 ! �L�) #�#�7'p =1:E e2 A� � #�	�Q� 8�WVS - � <�!?�

 ���QOO�B1(  6OO�i" (� \OO� .18-16   (� �	�OO ( 	�#OOW� �(��

3��1 ��4         �#O) �#O� �	�	 6O�2 AO���� �&E�O� AOWVS (� �	�O�.�

 ���QOO� ! �OOL�) #�#��OO��� �� =OO1:E eOO2 � #�#OO�C1( �	 .

 (�� 
� ��18-16      	#Ov+ 6O�2 � �&E�O� AOWVS -&��	!� (� \�

3��1 �4       ���O��E��+ �O� 3��O1 K�O� �	 �=O1:E AO� �#�7'p �


0 �	 tfOO�+    A&OO1	 j#OO 	!" �#4�OO�+ �OO4   8��OOJ AOO� ��

3��1      3��O1 AO� A�7O� ���O��E��+ �O� XV'+ =p�2 ��4   ��O4

    AOO� A�7OO� #OO.��+ {�	 !4�OOz ���	 ��!OO" � #OO�	�� �������#OO��

3��1  ���Q� ! �L�) #.&��	 �&1:��!7�E ��4D1.(  

  
 ����� ��	
1: ���� ��������� ���� �������� ��� ������ ���� ����� � ��	 � !"�# ��������  

Cycle Annealing Temperature 
(ºC) 

Size (bp) Primer Sequence (5´toward 3´) Gene 

30 54 575 Forward: CATCACCATCTTCCAGGAGC 
Reverse: CCTGCTTCACCACCTTCTTG GAPDH 

30 50 411 Forward: CAGCTGTGCGGAGTTTAAGA 
Reverse: CCGTTTTCCGTGTAATAAGG 

CD  34  

30 51 244 Forward: CATTCTCAGCCACAACCAAA 
Reverse: CCTTTGTAGCCCTCTCCACT 

CD  90  

30 51 395 Forward: GCCAGCATTGTCTCACTTCA 
Reverse: TGGAAAGAGAGGCTGTCCAT 

CD  105  

Bp = Base pair 



  
  � 	
���	����� ���� ���	�
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����� ����� 1: $%& !'��� � (���� ��)� ��� ���'*+ ,�%� -� !�( .����� 	*+  /�0)A: $%& ! 23 �4�+ !'��� !�( 

.����� � )B: �	
 .	� � 5�
�6� !'��� 7�� ��)�  ��8� -� 7-9 -�� ) $%&C: �'<=� � >��?@ ��)� ��� 

���'*+ �� ���-�� 18 -16 � )D: $%& �	C� 7�� ��)�  ��8� -� /DE ! 23 �4�+ !'��� �� ���-�� 18-16 .

���& ��)� G�+ � $��� 7�� ����� ��)� ��� �+ �(���4��� !H� ��')��	0� )$�IJ .�='� 	'�� (� !H� 

��I+��H'4 )$�IJ .�='� ��'� (�� .�%0 � ) 	��E: �'<=� � >��?@ ��)� ��� ���'*+ �� ��6�0� (���� ��L   

)7-5 -�� 8� -� $%& �	C� ��)�  (��� )F: N&��� ��%'+ ��)� ��� �+ �(���4��� !H� ��I+��H'4 �� (���� 

O�� )µm 200  =Scale bar.(  

  

3��1 ^!&'" � !�R�� 3�7�	 A� �4  ! �L�) !cJ ��1�� ��*&�� �	

 ���Q�E1
0 	#v+ ��1�� � (  
���+ (� �46�WQ) 3��1    �O� ��O4

�~�� �	 � #� A&1�2 �������#�� �����E��+  3��O1    AO2 � �O4

 #.&E�  !�R�� � #�#��+ �S�� �#.&��	 �&1:��!7�E A7� �����E��+

! �L�) ���Q� F1.(  

  

�!&+�& �1��E �����0  

d�� 8��J A� �!&+�& �1��E =�.�� (�    AO��"�	 ��O�+0

3��1 ��V1 ��4!����� 6�J�L -��W� ��!�  �O4  �	�O�.� �

    #OO� �	�c&OO1� ��	 ��O1�� �	 <�OO� #OO.� 
�O���� AOO�� �Q�O����+

)���QOO� ! �OOL� 2
�OOQ4 .(   ���QOO� 3�#OO) AOO2 ��OO?2  
�OO��

�OO+  j#OO4	15/69  3��OO1 #OOJ�	 �OO4 ��4!���OO�� �	�OO�.� � 

73CD/44CD     -O � -�O.sQ4 .#O�	!2 
��� �y�� 8��J A� ��

�OO1�!� �OO4     ��4!���OO�� �y�OO� 
�OO�� AOO2 	�	 
�OO��90CD  �

105CD 3��1 - � �	  �405/74  !&Q2 �3�9 - � �� .	�� #J�	

 (�5/0 3��1 - � #J�	 �4     (� �+y�O� 
�O�� #.&O'����34CD  �

45CD #.��� A&��	 .  

  

 �����0RT-PCR   


� 
��� �����0  �O4     ��VO1 ��4!���O�� AO� h�O�!+ � 3��O1  �O4 �

 
�OO���� AOO�� �Q�OO����+ �	�OO�.� �OO.W 105CD  �90CD  �OO�� �

 ��V1 !�����3��1 A� h��!+ �4 
�O �	��.� �  ) (�O134CD (

 ^�� A�RT-PCR  A2 	�	 
���3��1 �	   ��#O� n�!f&1� ��4


� 3��1 !����� ��4     AO�Q) (� �Q�O����+ �	�O�.� ��490CD  �

105CD   ��O*p � �	 ��4��O1�� �	 
0 3�7�	 A� � !cJ ��1�� �	 

  3��O1 !���O�� 
� A2 ���9 �	 �#.&��	 ��� 
���  ��O4   �	�O�.�


�  �(�134CD     #O�� 
�O�� ����O1 ��4��1�� (� ��#2 ��4 �	

 ���Q� ! �L�)3.(  
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����� ����� 2: 	L�� .�'+ ����S0�%0 �2� 105CD �90CD �73CD �45CD �44CD  �34CD ��)� ��� ���'*+ �'%0�V� !�( .����� /�0 	*+  .0�?0�

1R!W2*� � Gating ��)� ��� ���'*+ �� �+ ��*H� X*&��� ��)�  ��-� �Y0 �-�	0� ) ��)�FSC  ��Forward scatter� ( V'0 .�V'� ) �'?=)Z�&SSC  ��

Side scatter.[ ( .�%0 �� �  .	��–FITC1 IgG �PE -1IgG �0[ ���+ ��� \����V�� ���*& !@�]0�& �	� !+ ^'��� �+ FITC � PE � .	*��+ 1Q � 

4Q 	L�� .�'+ �� _� -� ����S0�%0 �2� �� !+ ��6*� � 2Q 	L�� .�'+ O`�� 7�� ���S0�%0 �� .�%0 �  .	*��3Q .�%0 �	*�� 	L�� O	J .�'+ ���S0�%0 

�� ��)� ��� ���'*+ $��.  

  

����� ��	
 2: ��)� �2� ����S0�%0 a��0� .�'+ 	L�� �� ���'*+ �

O`�� � ���*� 5��L !+ 0�?0� /�0 	*+ .����� !�( �'%0�V�  

��V1 !����� K�� 3��1 �#..2 
��� ��4 )#J�	(  

CD +44  22/69  

CD +73  86/99  

CD  /+44 CD +73  15/69  

CD +90   35/98  

CD +105  05/74  

CD +105  /CD +90  05/74  

CD +34  47/0  

CD45+ 60/7  

CD +45 / CD +34  17/0  

  
 ����� �����3.( .�'+ : ��)� �2� ����S0�%0 !+ b�+�� ���  ���'*+ ���

 .����� !�( �'%0�V�105CD  �90CD ��)� �2� �S0�%0 .( .�'+ O	J �  ���

.�" ���'*+  �-��34CD ) ��L ���(���� ��0P) �� �(2P) ��6# � (4P .(GAPDH 

)Glyceraldehyde 3-phosphate dehydrogenase� S0�" .( ( .	��+  

  

3-  

 ̂ �� ��� ��OO��E��+ �OO1�!� AOO.�+( �	  ��(�OO1�#) ��OO4

�OO"@ �   3��OO1 �� �OOQ� 8�#OOS � �]���OO.E ��OO4  �	�OO�.� ��OO4

    6O1� AO&E!" 8��OJ �	� ( 8�W��V+ 
����� A�� (� �Q�����+

)7(.   3��O1 -O � �(�1�#) (� \� �!T�9 U�/�� �	    6OE�� (� �O4

AWVS 6�2 ^�� A� <�� #.� \� !��+  ��V1 ��4!����� ���


� � 
0 A� A&'��� ��4       6O �4 �O� #O.&E!" ��!OS �O1�!� 	��+ �4

3��1 �Q�����+ � �	��.� �.� ��4   �	 
�O���� AO�� �Q�����+ �	�

.#1!� 8�7}� A� �4��� �+(0 Y �!�  

 
�OO�� 8�OOW��V+	#OO�	�   n�!f&OO1� ^�� �OO� AOO' �/+ �	 AOO2  
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8#+ #.p !4 �Q ��0 
�+( 3��1 n�!    6O�2 (� �	�O�.� ��4

AWVS 6�2 ^�� �	 �&E�� A���� !&��� �� �+� �61� 
���+ >�10  

����1 61� b2 � 3��1  �4
��� 8��9 !&����  (� �O&9 � #���	 

6�!1 !�R�� � 6���WE �&' (  #���	��!� ��� � P��)22 �8 �3(.  

     (� �	�c&O1� �O� AO2 	�O� 
0 (� �2�9 ��� !T�9 U�/�� � �&�

 AOWVS 6�2 ^��   �O? ���7-5  3��O1 �3�� (��    8�OWVS (� �O4

  j#�#�7O'p =1:E e2 A� 8!)�*+ (� \� � #�#� �#) �&E��

  b2�!O� ��&E�� AWVS !4 <�!?� �	 b4#v4 (�� �	 A2 ���? A�

3��1 - � A2 #� 	�v � �����!E ����1    �O�� �(�O1�#) (� \� �4

  8#O+ <!z � #�	�� ��	��!� � P�� !�R�� 8�#S (�7-5  (��

���1 b2�!� A� �80-75 .#�#�1� 
	�	 ��1�� ��!� #J�	  

    ����OO1 ���OO��E��+ K�OO� �	 	�OO)� (� �2�OO9 8�OOW��V+

3��1 �	 8��c&+   
#�7O'p A���� �9�!+ �	 <�� #.� �	��.� ��4

    (� 6OO�WQ) =OO  �+�OO� AOO2 6OO1� 6OO�2 <�!OOz eOO2 AOO�

3��1     �O�� � �������#O�� A7O� �����E��+ �� XV'+ =p�2 ��4

3��1 (� �&�WQ) !7�E A7� ��4   �O+ #O.��+ {�	 �&O1:��   .#.O���

3��1 - �  �4
� (� ����c&+ 
��� A&�� A� h��!+ ��4   �.���O.�� ��4

�+ 
��� ��  #.4	)24 �23(   6O�2 �	 �O�� !OT�9 AW��V+ �	 .   ��O4

l�OO� ���OO��E��+ K�OO� �	 �AOO���� 3��OO1 (� AOO&c"  �	�OO�.� ��OO4

  >OO��M 6OO�WQ) ���OO1�� 	�#OOW� l ��OOE� 3�OO7�	 AOO� .#OO� �#4�O�+

(� ����1 3��1 K��     .	�O� �&O1:��!7�E A7O� �����E��+ �� � �4

         #O�� ��!O� ��S�#O9 Y�O�+ (� �	�c&O1� �O��	 AO� !O+� - � # ��

3��1          #O�� �O+��� 
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