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Background and Objectives: CD4 positive cells play a central role in many lethal diseases, such as AIDS, cancer and 
autoimmunity diseases. CD4−commitment of hematopoietic stem cells involved in T cell lineage, monocyte and den-
dritic cells development. In this study, we showed that CD4 commitment out of thymus which may happen when 
hematopoietic cells undergo monocyte , dendritic cells or even earlier T cell progenitor differentiation. Methods and 
Results: after culturing in our medium for more than five weeks, CD4−CD34＋fraction, isolated from human umbilical 
cord blood, decreased to 1%. However, the fraction expressing CD4 went up to 86.5%. After CD4＋cells were cultured 
in methylcellulose-based CFU medium, about 40 colonies/2×104 cells could developed. An activation of notch-1 path-
way in the freshly isolated CD34＋cells and up-regulation of PI3K/JNK/c-Myc pathway may provide an explanation 
for the differentiation and proliferation of CD4＋ cells from CD34＋ hematopoieticstemcellsrespectively. Conclusions: 
ACD4＋ enrichedpopulationwasobtainedafterhighlypurified CD34＋ cells, isolated from human cord blood, underwent 
long term culture in a feeder layer-free culturing system. Colonigenic ability was maintained in the population of 
CD4＋ cells. This finding will be a benefit for the studies on the cell therapy for immune dysfunctions.
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Introduction 

  T cells are a type of white blood cell that plays a central 
role in cell-mediated immunity. The majority of T cells 
are produced after colonization by bone marrow (BM) pro-
genitors in the thymus, where the thymic microenviron-
ment directs differentiation, as well as positive and neg-
ative selection. During these differentiation steps, the ear-
liest progenitors that are clearly T-lineage committed are 
CD34lowCD3−CD4＋CD8− intrathymic T progenitor (ITTP) 
cells (1, 2). Notch signaling was regarded as essential during 

T-lineage development from multi-potent hematopoietic 
progenitors (3).
  Compared to peripheral blood transplantation, human 
umbilical cord blood (UCB) transplantation is a more 
promising route in order to treat pediatric and adult pa-
tients because of its rapid availability, lower risk of in-
fectious disease transmission, and lower risk of graft-ver-
sus-host disease (4). UCB transplantation has been well 
studied. CD34＋ cells, regarded as the population contain-
ing hematopoietic progenitor cells, were the valuable frac-
tion when used for transplantation. However, trans-
plantation purified CD34＋ cells have been reported to have 
reduced diversity of the peripheral T-cell repertoire (5).
  Previously, in order to overcome delayed engraftment 
and impaired immune reconstitution, several researches 
have been tried, intensively. However, the major limi-
tations were remained (6). Verhasselt et al. (7) has applied 
several conditions for expanding lymphocyte progenitors 
that could generate T cells and nature killer cells in fetal 
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thymus organ culture. However, applying fetal thymus or-
gan might bring extrinsic contamination and face the ob-
stacle of resource limitation. In this study, a CD3−CD4＋

CD8− intra-thymic T-cell progenitor (ITTP) enriched 
population has been directly harvested from a CD34＋ 
population, derived from UCB in a feeder layer- free 
system. This population has shown their progenitor char-
acter by the colonigenic potential. Thus, we developed a 
method for expanding large scale of T lineage cells from 
cord blood, efficiently, which might contribute to both ba-
sic research and clinical usage. 

Materials and Methods

CD34 positive cells isolation from human umbilical 
cord blood by MACs
  Human UCB was obtained from the umbilical vein im-
mediately after vaginal delivery with the informed consent 
of the mother, approved by Borame Hospital Institutional 
Review Broad (IRB). Also, this experiment was approved 
by Seoul National University IRB.
  UCB-mononuclear cells (MNCs) were prepared from 
heparinized UCB from a single parturient by Ficoll-Hypa-
que density centrifugation, according to standard proce-
dures (8). CD34＋ cells were isolated from the UCB-MNC 
fraction, using the MACS magnetobead separation system 
(Miltenyi Biotec). CD34＋ enriched cell were sorted for de-
letion of CD4＋ cells by FACs.

Ex vivo expansion and long term culturing
  CD4−CD34＋ cells (5×104/ml) were culture in 24-well 
plates with culturing medium that is composed of Iscove’s 
modified Dulbecco’s medium (IMDM), supplemented 
with a cytokine-limited cocktail, consisting of 20 g/ml 
Thrombopoietin (TPO), 50 ng/ml Stem Cell Factor (SCF), 
and 50 ng/ml Flk-2/Flt3 ligand (FL) (all recombinant hu-
man cytokines were purchased from PeproTech EC Ltd, 
London, UK), and 1%BSA (abbreviate as STF medium) 
in 5% CO2. Every 7 days of culture, a proper amount of 
cells were used for analyses. The remaining cells were 
sub-cultured in STF medium by half medium, changed 
weekly after the cells were centrifuged down at 1,500 rpm, 
10 min.

Flow cytometry analysis of surface antigen expression
  Right after MACs separation and every 7 days during 
culture term, cells were analyzed by flow cytometry on a 
FACSCalibur analyzer with CellQuest software (Becton- 
Dickinson). Cells were stained with fluorescein isothio-
cyanate (FITC)-conjugated anti-human CD34, CD45, 

CD38 CD4, CD51/61, CD2, or CD20, and phycoerythrin 
(PE)-conjugated anti-human CD10 or CD117, CD135, 
CD29, CD31, CD44, and CD90 (all antibodies were pur-
chased from Becton-Dickinson). A replicate sample stained 
by FITC or PE conjugated anti-human IgG was used as 
an unstained control to ensure specificity.

Colony formation unit assay
  Long term (8 weeks) cultured human UCB derived cells 
were sorted by FACS after stained by the CD4 antibody 
(Becton-Dickinson). Sorted CD4＋ cells were then plated in 
duplicate plates in methylcellulose, supplemented with 100 
ng/ml granulocyte-colony-stimulating factor (G-CSF), 1 
ng/ml granulocyte macrophage- colony-stimulating factor 
(GM-CSF), 5 ng/ml recombinant human IL-3 (rhIL-3), 
and 20 ng/ml recombinants SCF. Colony-Forming Units 
(CFU-GM) with more than 100 cells were counted after 
10 to 12 days.

Western blotting 
  Whole cell lysates extracted from freshly isolated hema-
topoietic progenitor cell and ITTPs cultured in STF me-
dium for 30 days were subjected to western blotting.
  Blots were incubated with primary antibodies: Mouse 
anti-human pPTEN (Cell Signaling Technology), rabbit 
anti human PTEN (Cell Signaling Technology), rabbit an-
ti-human Notch-1 (Chemicon International, Inc., Temecu-
la, CA), rabbit anti-human Akt (Cell Signaling Technolo-
gy), rabbit anti-human pAkt (Cell Signaling Technology), 
rabbit anti-human JNK (Santa Cruz Biotechnology), rabbit 
anti- human c-Myc (Santa Cruz Biotechnology) and be-
ta-actin (Sigma) as control. and the primary antibodies de-
tected using horseradish peroxidase labeled rabbit an-
ti-mouse immunoglobulin G or goat anti-rabbit immuno-
globulin (both from Zymed) followed by enhanced chem-
iluminescence (Perkin Elmer Life Science).

Statistical analyses
 The difference between groups was analyzed using stu-
dent’s t test. P values ＜0.05 were considered as significant 
difference.

Results 

Expansion of CD3−CD4＋CD8− ITTPs-enriched 
population
  The highly purified CD34＋ cells fraction was cultured 
in the STF medium in a 25 flask. In the first week, the 
cell number was dramatically increased nearly by 15 times 
(Fig. 1A). At the second week, cells were transferred to a 
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Fig. 1. The proliferation of UCB derived CD34＋ cells in STF medium after isolated by MACs (n=3). (A) shown the rapid proliferation
of the CD34＋ cells in the initial stage. (B) gives the entire growth curve from the day start seeding to the end of the 10th week. 

Fig. 2. The change of CD4 and CD34 expression and the Colonigenic capability of long term cultured CD3−CD4＋CD8− cells. Panel
(A-C) were the result for the CD34 enriched cells right after of MACs, while (D-F) show the result of the same population cells after 5 
weeks culturing. (A, D) was the fluorescence level in control, (B) and (E) shown the CD4 expression and (D) and (F) shown the CD34
expression. (G) The colony forming unit derived for long term cultured CD3−CD4＋CD8− cells. Colonies were colorless and compact.

75 cm flask with medium, and another 5ml of new me-
dium were added. From the third week on, half of the me-
dium was changed weekly. Cells were expended con-
tinuously by adding new medium and the cells were main-
tained at a concentration less than 1×106/ml. Cells prolif-
erated continuously at least for 10 weeks (Fig. 1B). At the 
end of the 10th week, cells were able to expand nearly 
2.5×104 fold, compared to the seed concentration as 

0.6×105/ml. Those results have shown, while the cells shift 
from CD34＋ population to CD3−CD4＋CD8− ITTPs- en-
riched population, they could expand dramatically to sat-
isfy the requirement of transplantation for adult.

FACS analysis after conversion CD4＋ cell population 
from CD34＋ population
  After CD4＋ cells deletion by FACs, selected CD34＋ 
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Fig. 3. (A) The expression of related proteins in the freshly isolated CD34＋ population and ITTPs cultured for 30 days. (B) Schematic diagram
for a possible pathway which might regulate the proliferation of ITTPs. After culturing in STF medium, the expression of PI3K was upregulated.
However, Akt could not be active due to PTEN suppress the production of PIP3. The upregulation of JNK, c-Myc indicate a PI3K/Akt-in-
dependent pathway (indicate by the bold arrow). Other factor in STF medium also might contribute to the activation of JNK (indicate by
the broken line).

Table 1. The expression of each selected CD antigens in the CD3−
CD4＋CD8− cells enriched population (n=3)

Antigen Mean±SD 

CON 
CD34 
CD4 
CD3 
CD2 
CD8 
CD10 
CD45 
CD117 
CD135 
CD20 
CD29 
CD44 
CD51/61 
CD90 

 0 
 1 

86.5 
 0 
 0 

 0.4 
13 

95.6 
17 
 9 
 4 
94 

94.9 
 0.83 
19.7 

±0 
±0.4 
±6 
±0.07 
±0.05 
±0.02 
±2.4 
±1 
±3.7 
±2.1 
±0.8 
±3 
±2 
±0.6 
±1 

cells had a purity of 90∼98% and the CD4＋ population 
was totally deleted, as determined by fluorescence- acti-
vated cell sorting (FACS) (Fig. 2B, C). However, after cul-
turing in STF medium for more than five weeks, CD4− 
CD34＋ fraction decreased to 1%. However, the fraction 
expressing CD4 went up to 86.5% (Table 1).
  Cells, after long term culturing, were characterized by 
their surface CD series antigen markers. the original 
CD34 positive cells, undergoing long term culture in STF 
medium, had a large fraction which expressed CD29 
(94%), CD4 (86.5%), CD44 (94.9%) and CD45 (95.6%). 

The fraction expressing CD34 was lost (Table 1) whereas 
ITTPs were dominant in the long term cultured cell 
population.

CFU assay of the long term cultured CD3−CD4＋CD8− 
Intra-thymic T cell progenitor- enriched population
  In order to confirm if there were some T cell progenitor 
cells in the CD3−CD4＋CD8− cells population, after long 
term culturing in STF medium, we preformed CFU assay 
at the 7 and 8 week after sorting the CD3−CD8−pop-
ulation with the CD4 antibody. After ITTPs were cultured 
in methylcellulose- based CFU medium, about 40 colo-
nies/2×104 cells developed. The developed colonies were 
colorless and compact (Fig 2G). Results gave the evidence 
that the CD3−CD4＋CD8− cells- enriched population con-
tained progenitor cells.

Signaling pathways involving in the expansion and 
differentiation
 In order to examine the specific signaling pathways in-
volving in proliferation of ITTPs, first of all, we examined 
the expression of pPTEN. The level of expression was 
slightly down regulated after the cells cultured in STF 
medium. An increase activation of Akt was not observed. 
However, PI3K, JNK and c-Myc were dramatically up 
regulated (Fig. 3A). In order to know whether the CD34＋ 
hematopoietic progenitor cells convert to T-cell lineages, 
we examined the expression of Notch-1 in the freshly iso-
lated CD34＋ cells and the long term cultured CD4 pos-
itive cells. Because the essential role of Notch-1 signaling 
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in intrathymic T lineage commitment and subsequent T 
cell development has been clearly documented (9). Notch- 
1 was highly expressed in the freshly isolated CD34＋ cells 
and then down regulated in CD4＋ cells after culturing 
and expanding in STF medium (Fig. 3A).

Discussion

  Transplantation with highly purified CD34＋ cells re-
sults in reduced diversity of the peripheral T-cell reper-
toire during the early post-transplant period compared to 
patients receiving un-manipulated or MoAb-depleted 
transplants (5). In our study, the STF medium supported 
the development and long term expanding of T cell pro-
genitors, which clinically could be of more fundamental 
help to relieve this dilemma.
  We obtained the population which could generate suffi-
cient amount of CD3−CD4＋CD8− ITTPs simply by 
CD34＋ cells selection, and what’s more, in our STF me-
dium, those purified CD34＋ cells could differentiate into 
T cells lineages, despite, physically, T cell development 
occurs in the thymus ,where the Notch pathway could play 
the critical role (10). In the present study, we showed the 
high expression of Notch-1 in the CD34＋ population in 
human cord blood. Obviously, in the STF medium, the 
balance leans to drive the hematopoietic stem cells to dif-
ferentiate to T cell lineage. This might help to explain 
that in our study, the ITTPs cells population were ex-
panded, while CD20＋ cells , which is indicative of the B 
cells, are still rare (11). Unlike the thymus, which is in-
capable of supporting the long-term self-renewal of pro-
genitors (12), the ITTPs could expand continually at least 
10 weeks without the sign of exhausting in the present 
study.
  The colony forming ability and long term culture- sup-
porting ability indicate evidence of progenitor cells. 
Together with the evidence provide by Verhasselt Bruno 
et al. that in the similar condition, CD34＋ cells could ex-
pand and provide lymphocyte progenitors for several 
weeks (7).
  The up-regulation of PI3K, JNK and c-Myc indicate an 
Akt-independent pathway which might correspond for the 
proliferation of ITTPs. The expression of PI3K induced 
by the binding of SCF and KIT were reported (13). In 
stead of the Akt activation by PIP3, there is a PI3K/ 
Akt-independent survival signal (14) that could response 
for the survival and proliferation of ITTPs. However, oth-
er growth factor like FL, TPO or the unknown factors con-
tained in serum may also activated JNK pathway (15-19) 
(Fig. 3B).

  T cell progenitor cells can generate both CD4＋ and 
CD8＋ T cells. Consideration of this, how to control the 
progenitor cells differentiation into desired direction 
needs to be studied further. In this study, the STF me-
dium might direct the hematopoietic progenitor cells to 
differentiate into T cells progenitors. Though this needs 
to be fully investigated in further studies, our results in-
dicated that the CD34＋ enriched cells could switch to a 
CD3−CD4＋CD8− ITTP-enriched population simply in 
STF medium but do not need culturing on fetal thymus 
or by adding other supplement. This will help the studies 
related to the development of T cell, as well as to contrib-
ute to improvement of the difficulties in clinical trans-
plantation and therapy for various diseases, where the T 
cells play a central role. 

Acknowledgements
  This work was supported by the Seoul R&BD program 
(#10548) and also supported by a grant BK21 program for 
veterinary science. Further support was provided by 
Invitation and Training of Outstanding Overseas Student 
Researchers Program (2004) of Korean research Founda-
tion.
  We appreciate the great contributes of Dr. James E. 
Trosko (National Food Safety Toxicology Center, Depart-
ment of Pediatrics and Human Development, Michigan 
State University, East Lansing, MI 48824, USA.), who 
helped to revise and fully discussed on this manuscript. 

Potential Conflict of Interest
  The authors have no conflicting financial interest.

References

1. Kraft D, Weissman I, Waller E. Differentiation of CD3-4-8- 
human fetal thymocytes in vivo: characterization of a CD3-4
＋8- intermediate. J Exp Med 1993;178:265-277

2. Lee MS, Hanspers K, Barker CS, Korn AP, McCune JM. 
Gene expression profiles during human CD4＋ T cell differ-
entiation. Int Immunol 2004;16:1109-1124

3. La Motte-Mohs RN, Herer E, Zún̈iga-Pflücker JC. Induc-
tion of T-cell development from human cord blood hema-
topoietic stem cells by Delta-like 1 in vitro. Blood 2005;105: 
1431-1439

4. Brunstein CG, Wagner JE. Umbilical cord blood transplan-
tation and banking. Annu Rev Med 2006;57:403-417

5. Bomberger C, Singh-Jairam M, Rodey G, Guerriero A, 
Yeager AM, Fleming WH, Holland HK, Waller EK. Lym-
phoid reconstitution after autologous PBSC transplantation 
with FACS-Sorted CD34＋ hematopoietic progenitors. Blood 
1998;91:2588-2600

6. Parmar S, Robinson S, Komanduri K, John LS, Decker W, 



50  International Journal of Stem Cells 2009;2:45-50

Xing D, Yang H, McMannis J, Champlin R, de Lima M, 
Molldrem J, Rieber A, Bonyhadi M, Berenson R, Shpall EJ. 
Ex vivo expanded umbilical cord blood T cells maintain na-
ive phenotype and TCR diversity. Cytotherapy 2006;8:149- 
157

7. Verhasselt B, Kerre T, Naessens E, Vanhecke D, De Smedt 
M, Vandekerckhove B, Plum J. Thymic repopulation by 
CD34＋ human cord blood cells after expansion in stro-
ma-free culture. Blood 1999;94:3644-3652

8. Tondreau T, Meuleman N, Delforge A, Dejeneffe M, Leroy 
R, Massy M, Mortier C, Bron D, Lagneaux L. Mesenchymal 
stem cells derived from CD133-positive cells in mobilized 
peripheral blood and cord blood: proliferation, Oct4 ex-
pression, and plasticity. Stem Cells 2005;23:1105-1112

9. Wu L. T lineage progenitors: the earliest steps en route to 
T lymphocytes. Curr Opin Immunol 2006;18:121-126

10. Jenkinson EJ, Jenkinson WE, Rossi SW, Anderson G. The 
thymus and T-cell commitment: the right niche for Notch? 
Nat Rev Immunol 2006;6:551-555

11. Goldschneider I, Komschlies K, Greiner D. Studies of thy-
mocytopoiesis in rats and mice. I. Kinetics of appearance 
of thymocytes using a direct intrathymic adoptive transfer 
assay for thymocyte precursors. J Exp Med 1986;163:1-17

12. Schwarz BA, Bhandoola A. Circulating hematopoietic pro-
genitors with T lineage potential. Nat Immunol 2004;5: 
953-960

13. Grichnik JM, Burch JA, Burchette J, Shea CR. The SCF/ 
KIT pathway plays a critical role in the control of normal 
human melanocyte homeostasis. J Invest Dermatol 1998; 
111:233-238

14. Zhong M, Lu Z, Foster DA. Downregulating PKC delta pro-
vides a PI3K/Akt-independent survival signal that over-
comes apoptotic signals generated by c-Src overexpression. 
Oncogene 2002;21:1071-1078

15. Godambe SA, Knapp KM, Meals EA, English BK. Role of 
vav1 in the lipopolysaccharide-mediated upregulation of in-
ducible nitric oxide synthase production and nuclear factor 
for interleukin-6 expression activity in murine macropha-
ges. Clin Diagn Lab Immunol 2004;11:525-531

16. Kurtz A. Mesenchymal Stem Cell Delivery Routes and Fate. 
International J Stem Cells 2008;1:1-7

17. Trosko JE. Human adult stem cells as the target cells for 
the initiation of carcinogenesis and for the generation of 
"cancer stem cells". International J Stem Cells 2008;1:8-25

18. Kim SU, Lee HJ, Park IH, Chu K, Lee ST, Kim MH, Roh 
JK, Kim SK, Wang KC. Human nerual stem cells for brain 
repair. International J Stem Cells 2008;1:27-35

19. Lee KB, Kim AK, Kim MJ, Do YS, Shin SW, Kim JS, Park 
CJ, Kyung-Sun Kang, Kim BS, Joh JH, Oh WI, Hong HK, 
Kim DI. Angiogenesis induced by autologous whole bone 
marrow stem cells transplantation. International J Stem 
Cells 2008;1:64-69


