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ABSTRACT 
 
Background: Umbilical cord blood (UCB) is an alternative source of hematopoietic 
stem cell transplantation (HSCT), used in Leukemia treatment. CD26+ cells, a fraction 
of CD34 positive cells, are a major population of UCB cells which negatively regulate 
the in vivo homing and engraftment of HSCs. CD26 is highly expressed in various cells 
such as HSCs, immune cells, fibroblasts, and epithelial cells. It has been shown that the 
inhibition of the CD26 on CD34+ cells improves the efficiency of Hematopoietic Stem 
and Progenitor Cell (HPC) transplantation. Objective: To evaluate the relationship 
between the production of B, T, and NK cells from the CD26 positive fraction of cord 
blood mononuclear cells. Methods: Cord blood mononuclear cells were cultured for 21 
days using different combinations of stem cell factors (SCF), Flt3 ligand (FL), IL-2, IL-
7, and IL-15. The harvested cells were then analyzed by flowcytometry every week for 
21 days. Results: T cell differentiation from CD26 subset of cord blood mononuclear 
cells increased by using IL-2 and IL-7. Our data showed that IL-2 and IL-7 significantly 
affected the generation of B cells from CD26 positive cord blood mononuclear cells. On 
the other hand, NK (NKp46+) derived CD26+ cells increased by IL-15 and IL-2. 
Conclusion: Taking all into account, we conclude that B, T, and NK cells can 
differentiate from the CD26+ subset of mononuclear cord blood cells by using key 
regulatory cytokines.  
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INTRODUCTION 
 
Bone marrow (BM) is not the only the source of hematopoietic cells used in 
transplantation. Umbilical cord blood (UCB) transplantation is an alternative source of 
hematopoietic stem and progenitor cells. UBC stem cells have a greater proliferative 
and self-renewal capacity than those from BM. UCB is more easily obtainable and has a 
reduced risk of graft-versus-host disease, compared to BM (GVHD) (1). It has been 
shown that  UCB myeloid progenitor cells are relatively chemo-resistant (2).  
However, this source of HSC has some disadvantages; low number of cells per delivery, 
low neutrophil recovery, and a high rate of mortality due to infection are just a number 
of the challenging issues in cord blood transplantation(3). 
In order to make an effective Cord blood transplantation, many laboratories perform ex 
vivo stem cell expansion before transplantation. Therefore, they use some extrinsic 
regulators, like cytokines for the cord blood mononuclear cell expansion. For example: 
Stem cell factors (SCFs) have been used to improve the homing and proliferation of 
UCB cells in preclinical models (4-5), fetal liver tyrosine kinase-3-ligand (Flt3) increase 
the proliferation and differentiation of HSCs in a short-term expansion (6). Previous 
studies have illustrated a mutual role of IL-7 in B cell development and NK cells 
differentiation (7,8). IL-15 is crucial factor for NK cell differentiation and activation (8-
10). IL-2 is a T cell growth factor, also mediating in activated B cell proliferation and 
NK cells differentiation (11-13). 
CD26+ cells, as a fraction of CD34+ cells, are a big population of mononuclear cells 
which negatively regulate in vivo homing and migration(14). They are highly expressed 
on hematopoietic stem cells, immune cells including T, B, and NK cells, the liver, and 
lungs (15-20). CD26 is a cell surface dipeptidylpeptidase which can cleave the N-
terminal dipeptide of several cytokines, including chemokine SDF-1 (CXCL12) (21,22). 
SDF has been shown to act as chemoattractant via cell surface CXCR4, also it regulates 
the trafficking of CD34+ HSCs, pre-B lymphocytes, and T lymphocytes in the bone 
marrow (1). These findings suggest that inhibition of CD26 may be a promising strategy 
for improving clinical outcomes. Enhancement of HSCs homing may reduce the number  
of required cells for UCB transplantation (23). Therefore, it is propitious to evaluate the 
potential of the CD26 fraction of cord blood mononuclear cells into B, T, and NK cells. 
In this study, we have evaluated the generation of B, T, and NK cells from CD26+/- 
fraction of cord blood mononuclear cells by using related cytokines.  
 
 
MATERIALS AND METHODS  
 
Cell Isolation. Five cord blood samples were collected from full-term normal 
deliveries. All samples were diluted a 2:1 solvent with phosphate-buffered saline (PBS) 
(SIGM). Subsequently, the mononuclear cells were isolated by centrifugation on Ficoll-
paque (GE healthcare -1.078 g/ml) at 850 gm for 25 minutes. The mononuclear cells 
were then collected, washed twice in RPMI1640 (Gibco), supplemented with 10% FBS 
(Gibco), and resuspended in RPMI1640 supplemented with 20% FBS and 1% 
penicillin/streptomycin either for culturing or freezing. 
Cell Culture and Culture Condition. The 105 cord blood mononuclear cells were 
seeded in 96-well plates in 250 µL of RPMI1640 (Gibco) containing 20% fetal bovine 
serum (FBS; Gibco), 1% penicillin/streptomycin (Gibco), supplemented with cytokines 
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with final concentrations of: SCF (40 ng/ml), Flt3 ligand (FL, 40 ng/mL), interleukin-7 
(IL-7, 40 ng/mL), IL-15 (40 ng/mL), and IL-2 (40 ng/mL) (all cytokines were purchased 
from PeproTech, USA).  
This study has been performed in 6 distinct groups containing: 
1. No cytokine, 
2. SCF+Flt3 
3. SCF+FL+IL-2, 
4. SCF+FL+IL-7,  
5. SCF+FL+IL-15,  
6. SCF+FL+IL-2+IL-7+IL-15 
Cells were cultured at 37°C for 21 days, and half of the culture medium was renewed 
every week. At the indicated days, cells were harvested and analyzed by FACS for B 
(CD20), T (CD3), NK (NKP46), CD26, and CD34 positive cells. 
Monoclonal Antibodies and Flowcytometry. All antibodies were from BD 
Biosciences unless stated otherwise. Monoclonal antibodies (conjugated with different 
fluorochromes) used to stain the cell-surface antigens were: CD34 (581; Abcam), CD26 
(M-A261), CD20 (2H7), CD3 (UCHT1; R&D), and NKP26 (9E2/Nkp46). The cells 
were incubated with Antibody cocktails for 20 minutes in 4 degree. 
We evaluated the cultured cells using flowcytometry in days 0, 7, 14, and 21. Propidium 
iodide (1.0 mg/mL; Invitrogen) was used to exclude dead cells from the analysis. 
Between 10,000 to 30,000 events were collected and analyzed by BD caliber (BD-
ebioscience) using flowing software (Perttu Terho, version: 2.5.1.). Gating on FACS 
plots has been performed as shown in Figures 1 and 3. 
 
 
 
 
 
 
 
 

Figure 1. Phenotype of CD3+ cells derived in vitro from CD26+ and CD26- cells. 105 cord blood 
mononuclear cells were cultured with different combination of cytokines. Ater 21 days in culture, 
labeling was performed using PE-conjugated anti-CD3 and FITC-conjugated anti-CD26. The 
cells were analyzed by flowcytometry in distinct time points. The experiments were repeated 
three times. 
 
 
Statistical Analysis. All results are expressed as mean (SD). The statistical significance 
between groups was determined using the student t-test and one-way ANOVA. p<0.05 
was considered as statistically significant. The analysis was performed by Graph Pad 
Prism software (version: 5.04). The ethical issues of this experiment have all been 
approved by the Ethical Committee of Tabriz University of Medical Sciences. 
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In the presence of a combination of the mentioned cytokines, the percentage of T cells 
increased from day 7 to day 21, significantly (Figure 2). IL-2 produced a high 
percentage of CD26+ T cells (16%) (Figure 2C) in comparison to either additional IL-7 
or IL-15, since their percentage of CD26+T cells were 13.9% and 9%, respectfully 
(Figure 2D and E). Moreover, in a combination of all cytokines the percentage of T 
cells was (16.3%), just like IL-2 alone (Figure 2F). No significant difference was 
detected between the expansion of CD3+CD26+ and CD3+CD26-, in different time 
points (Figure 2). 
Cytokines in the Generation of B Cells from Cord Blood CD26+/- Cells. We 
evaluated the effect of SCF, FL, IL-2, IL-7, and IL-15 on B cell derived CD26+/- 
umbilical cord blood cells for 21 days in culture conditions. The harvested cells 
analyzed for B cells by FACS in days 0,7,14, and 21. The CD20+CD26+ and 
CD20+CD26- cells were determined by sub-gating on the lymphoid mononuclear cells 
gated on FSC versus SSC (R1) (Figure 3). 
 

 
Figure 3. Representative FACS profile of 105 cultured cord blood mononuclear cells in identical 
time points. CD20+CD26+ (shown CD26+) and CD20+CD26-(shown CD26-) evaluated by gating 
on the lymphoid population in FSC versus SSC.Phenotypic analysis of CD20 positive cells 
derived from CD26 positive and negative fractions. Representative FACS profiles of 105 cord 
blood mononuclear cells were cultured with indicated combinations of cytokines and analyzed in 
identical time points. CD20+CD26+ (shown CD26+) and CD20+CD26-(shown CD26-) analyzed 
using CD20-PE and CD26-FITC. 
 

 
Our data illustrated the percentage of CD20+CD26+ cells which increased in groups A 
(1.5%), C (6.4%), D (5.2%), and F (6.4%) in day 14, but did not  changed in group B, 
despite its  slight decrease in group E (Figure 4). The percentage of CD20+CD26+ cells 
remained constant in day 21 except in groups D and F. The percentage of cells 
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analyzed by FACS in days 0,7,14, and 21 and the percentages of NKp46+CD26+ and 
NKp46+CD26- cells were determined (Figure 5). 
 
 

 
Figure 5. Representative FACS profile of 105 cultured cord blood mononuclear cells in identical 
time points. NKp46+CD26+ (shown CD26+) and NKp46+CD26- (shown CD26-) evaluated by 
gating on the lymphoid population in FSC versus SSC. 
 
 
 
Our data showed that the NKp46+CD26+ cells increased slightly until day 21.  
However, in the condition with no cytokines, the percentage of NKp46+ cells was 
constant from day 7 to day 21. Nevertheless, the percentage of NKp46+ increased 
dramatically by using IL-2 (8.4%), IL-15(9.3%), and in combinations (9.7%)(Figure 6C 
and D). The NKp46+CD26- cells increased in day 21 in all groups (Figure 6). In the 
presence of IL-15, the NK cells significantly increased (Figure 6E). Importantly, the 
percentages of NKp46+CD26+ and NKp46+CD26- did not change, significantly 
(Figure 6).    
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population of UCB cells which negatively regulate the in vivo homing and engraftment 
of HSCs, so inhibition of this population is a promising strategy for enhancing the 
efficiency of transplantation(23). In this study, we evaluated the potential of UCB 
CD26+ cells for differentiation into immune cells and also, the relationship between 
CD26 expansion and cytokine conditions. 
We compared the percentage of B, T, and NK cells derived from CD26+ and CD26- in 
the presence of different combinations of cytokines. The harvested cells were later 
evaluated to understand the effects of cytokines on the expansion of CD26 subsets to 
immune cells.  
Several cytokines are known to up regulate and control the generation of T cells. For 
instance, IL-2 is a T cell growth factor, and IL-7 is involved in the proliferation and 
survival of T cells (11-13). Based on previous studies, which have indicated a 
relationship between IL-2 and IL-7 with T cell differentiation (11-13), we tested T cell 
differentiation from cord blood mononuclear cells in the presence of IL-2 and IL-7. We 
found that IL-2, in comparison to IL-7, has more influence on T cell differentiation from 
CD26+ HSCs (Figure 2C). We obtained the same results in agreement with previous 
studies that declared the percentage of T cells increased in the presence of IL-7, Marcel 
R. M et al 2001 (27). However, IL-15 did not increase T cell differentiation. IL-7 has 
been identified as a critical regulator of B cells, and both IL-2 and IL-15 as stimulants 
of the proliferation, survival, and functional activities of NK cells and activated T and B 
cells (7-10,24). Our data showed that the percentage of B cells derived from cord blood 
mononuclear cells increased, on the same level, in the presence of either IL-7 or IL-2. 
IL-15 is a key cytokine for the development, proliferation, and differentiation of 
different subsets of NK cells (10,25). IL-7 also plays a role in NK cells` differentiation. 
It has been shown that IL-2 and IL-15 stimulate the proliferation, survival, and 
functional activities of NK cells as well as activated T and B cells (7,8). Also, Anne 
Caignard, et al. demonstrated that IL-15 is an essential requirement for the generation of 
CD56+ NK cells from CD34+ cells (13). Thus, in the absence of stromal cells, the 
combination of SCF and IL-2 leads to the production of a fewer number of CD56+ 
cells. Caignard, et al. showed the addition of 20 ng/ml IL-15 increased the numbers of 
CD56+ NK cells, significantly (13). Here, we showed that NK (NKp46+) derived from 
CD26+ cells increased in the presence of IL-15 (9.3%) and IL-2 (8.4%). 
As we have shown, immune cells like B, T, and NK cells can differentiate from the 
CD26+ subset of CD34+ mononuclear cord blood cells. Perhaps the CD26+ cells should 
be differentiated in vitro before being used in transplantation. These findings are very 
important in cord blood transplantation as they provide an answer to whether or not 
cytokine therapy should be conducted parallel to it. As researchers have shown, the 
negative role of CD26+ cells in transplantation is a very critical issue for using 
cytokines such as IL-2, IL-7, and IL-15 during the treatment of leukemia. Our data has 
shown the effects of cytokines on B cells derived from CD26+ cells, which is very 
essential for preventing infection in the transplanted donors.  However, the functionality 
of derived B cells still remains unclear. Even so, these findings hold great merit since 
they reduce the CD26+ cells, by differentiation of CD26 cells to B cells, in transplanted 
donors.  
As we showed, IL-2 and IL-15 increase the NK cells derived CD26+ cells. NK cells 
have a positive role in engraftment, without changing in GVHD in donors. NK cells kill 
leukemia cells without any pre activation. Therefore, our findings suggest that using IL-
2 and IL-15 during transplantation may increase the differentiation of CD26 positive 
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cells into NK cells. When Cd26+ cells differentiate to NK cells, we expect reduction in 
the number of CD26+ cells and a decline in their negative role in homing during 
transplantation. This is very prominent finding which can increase the efficiency of cord 
blood transplantation by increasing the NK cells differentiation and reduction of CD26+ 
cells, in the same time.   
However, in this regard, the cytokines also increase T cells. Possibly, depletion or 
repletion of T cells in culture conditions or during transplantation can reduce this 
negative factor. For further studies, it is vital to evaluate the function of immune cells 
derived from the Cd26`s positive fraction.          
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