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Abstract: Clinical isolation of circulating CD4+CD25+ regulatory T cells (Tregs) from peripheral blood mononuclear 
cells is usually performed by CD4+ cell negative selection followed by CD25+ cell positive selection. Although G-CSF 
mobilized peripheral blood (G-PBSC) contains a high number of Tregs, a high number of monocytes in G-PBSC limits 
Treg isolation. Using a small scale device (MidiMACS, Miltenyi) we initially demonstrated that an initial depletion of 
monocytes would be necessary to obtaina separation of CD4+CD25+FoxP3+CD127- cells from G-PBSC (G-Tregs) with 
a consistent purity >70% and inhibitory activity of T cell alloreactivity in-vitro. We then validated the same approach 
in a clinical scale setting by separating G-Tregs with clinically available antibodies to perform a CD8+CD19+CD14+ 
cell depletion followed by CD25+ cell selection (2-step process) or by adding an initial CD14+ cell depletion (3-step 
process) using a CliniMACS column. The 3-step approach resulted in a better purity (81±12% vs. 35±33%) and 
yield (66% vs. 39%). Clinically isolated G-Tregs were also FoxP3+CD127dim and functionally suppressive in-vitro. Our 
findings suggest that a better and more consistent purity of Tregs can be achieved from G-PBSC by an initial single 
depletion of monocytes prior to selection of CD4+CD25+ cells.
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Introduction

Regulatory T cells (Tregs) have been shown to 
inhibit donor T cell alloreactivity causing GVHD 
in stem cell transplants [1-3], as well as host T 
cell alloreactivity responsible for rejection in 
solid organ transplantation [4-6]. As only limit-
ed numbers of circulating CD4+CD25+FoxP3+ 
Tregs are found in normal peripheral blood, 
obtaining an adequate cell dose remains the 
major challenge to standard clinical application 
of Tregs. To address this problem, many studies 
have focused on either identifying the most 
efficient type of Treg [7-10], which would have 
sufficient inhibitory activity even in small num-
bers, or more commonly, on expanding Tregs ex 
vivo [11-13] or pharmacologically [14-16] to 
achieve adequate numbers of these cells for 
clinical applications. The pitfalls of these stud-
ies have been the loss of inhibitory activity 
upon expansion, or insufficient expansion.

The use of peripheral blood as a source of Tr- 
egs isolated in a clinically approved device has 

been previously reported [1, 7, 10, 11, 17]. 
These studies have utilized the CliniMACS 
device and reagents with standard practice 
being to perform a 2 step procedure of initial 
double negative selection (anti-CD8, anti-CD19) 
followed by positive selection (anti-CD25). The 
use of Granulocyte Colony-Stimulating Factor 
mobilized peripheral blood stem cells (G-PBSC) 
as a potential source of CD4+CD25+ Tregs 
(G-Tregs) has not previously been reported. 
Based upon observations that the cell compo- 
sition of G-PBSC grafts differs greatly from nor-
mal peripheral blood (PB), we hypothesized that 
modifications to the established cell separation 
method would be required to obtain high yields 
of inhibitory cells.

Methods

Flow cytometry

Flow cytometric analysis was performed on 
samples of peripheral blood products. The fol-
lowing fluorescein isothyocyanate (FITC), or phy-
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coerythrin (PE), or peridin chlorophyll protein 
(PerCP) conjugated monoclonal antibodies 
(mAbs) were employed: CD34, CD14, CD4, 
CD25, CD127 and intracellular FoxP3 (Becton-
Dickinson, San Jose, CA). Appropriate isotype 
controls were also utilized. Stained cells were 
washed twice in PBS and sample acquisition 
and analysis was performed on a FACSCalibur 
(Becton-Dickinson).

Small scale Treg separation

G-PBSC (All Cells, Alameda, CA) from healthy 
donors were incubated with an immunoconju-
gated CD34 monoclonal antibody andselected 
on a high gradient magnetic separation column 
(MidiMACS, Miltenyi Biotec, Auburn, CA). To 
assess the purity, aliquots of isolated CD34+ 
cells were re-stained with an anti-CD34 FITC-
conjugated mAb (Becton-Dickinson) as descri- 
bed above. After selection, the CD34- cell frac-
tion was utilized to isolate Tregs using the Treg 
isolation kit (Miltenyi) as previously described 
[18]. This includesa 2 step process: 1) CD4+ 
cells are separated by negative selectionutiliz-
ing a cocktail of biotin-conjugated mAbs against 
CD8, CD14, CD19, CD16, CD36, CD56, CD123, 
TCR g/δ and Glycophorin-A as a primary label-
ing reagent, and anti-biotin conjugated to 
microbeads, as secondary reagent. Therefore 
only the cells that do not express these mark-
ers, i.e. CD4+ cells, are eluted from the column; 
2) CD4+ cells are incubated with microbeads 
conjugated to an anti-CD25 antibody (Miltenyi) 
and Tregs are isolated by positive selection 
(Treg isolation kit, Miltenyi). In selected experi-
ments (3-step), weinitially incubated CD34- 
cells with an immuno-conjugated anti-CD14 

tion and Tregs were then isolated from the 
CD34- cell fraction. In the first series of proce-
dures Treg separation consisted of a 2 step iso-
lation process using CliniMACS antibodies 
(anti-CD14, CD8, CD19 or CD25). CD34- cells 
were incubated with anti-CD14, anti-CD8 and 
anti-CD19 antibodies and CD4+ cells were 
selected by negative selection. Following this-
step, the cells were then incubated with anti-
CD25 antibody and the CD25+ cell fraction was 
positively selected. The second method utilized 
in other experiments consisted of a 3-step pro-
cedure includingthe initial depletion of mono-
cyte from PBSC. PBSC were incubated with 
anti-CD14 mAb and the negative cell fraction 
was then collected in the CliniMACS. These 
CD14- cells were then incubated with anti-CD8 
and anti-CD19 antibodies and a negative selec-
tion (second step) obtained a cell population 
enriched in CD4+ cells. Finally cells were then 
incubated with anti-CD25 antibody and Tregs 
were positively isolated as CD4+CD25+.

Mixed lymphocyte reaction

Freshly isolated, purified CD34+ cells were 
washed twice, irradiated (3,000 cGy) and test-
ed as stimulators (S) in primary mixed lympho-
cyte culture (MLC) as previously described [18]. 
Cells were resuspended in medium containing 
RPMI-1640 (Lonza, MD), 25 mM Hepes, 100 U/
ml penicillin, 100 μg/ml streptomycin and 10% 
heat inactivated AB human seruminactivat- 
ed at 56° for 30 min. 5 × 104 purified T cell 
responders (R) were mixed with irradiated stim-
ulators at 1:2 S/R ratio in round-bottomed 
96-well plates for six days at 37°C in a 5% CO2 
humidified atmosphere. Cells were then pulsed 

Figure 1. Flow cytometric analysis of CD4+CD25+ cells in G-PBSC. G-PBSC 
from a healthy donor were stained with anti-CD4, CD25 and CD14 antibodies 
and analyzed by flow cytometry. G-PBSC contained a significant number of 
CD14+ cells and very few CD4+CD25+ cells (n=5 with representative image 
shown). 

antibody (Miltenyi) and isolat-
ed CD14- cells prior to isolat-
ing the Tregs with the process 
described above.

Clinical scale Treg separation

Tregs were purified from G- 
PBSC (AllCells) obtained from 
healthy donors. In some ca- 
ses CD34+ cells were initially 
isolated on a ClinMACS device 
(Miltenyi) by positive selec- 
tion using the CD34-reagent 
kit (CliniMACS CD34, Miltenyi) 
as per manufacturer’s instruc-
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with 1 µ Ci/well 3H-thymidine for 18 hours 
before harvest on day 6. Stimulation index (SI) 
was calculated for each individual experiment 
as: SI = cpm (T cell responders + stimulators)/
cpm (T cell responders). In addition, Tregs  
were added to the MLC at various ratiosof Treg: 
T cell responder in order to test suppressive 
function.

Statistical analysis

T-test or analysis of variance (ANOVA) was used 
for statistical analysis. All analysis was per-
formed using GraphPad Prism (GraphPad, La 
Jolla, Ca).

Results

High monocyte content in G-PBSC interferes 
with isolation of functional Tregs

To test the efficiency and purity of Treg isolation 
from PB and G-PBSC we initially utilized a small-
scale device. We isolated Tregs from PB using 
the standard isolation kit (Miltenyi) with a 
2-step process. This yielded a CD4+CD25+ pop-
ulation with purity >90% (Figure 2A). Then we 
applied the same method to isolate Tregs from 
G-PBSC. Starting from on average 4.0±1.8 × 
108 unseparated G-PBSC (n=3), we initially pos-
itively selected 2.9±0.6 × 106 CD34+ cells 

Figure 2. Efficient 3-step small scale isolation of Tregs from G-PBSC which show the ability to suppress T cell allore-
activity. Comparison of 2-step separation of unmanipulated peripheral blood and 2 vs 3 step separation of G-PBSC 
using a MidiMACS small-scale device (n=2 for 2 step G-PBSC and 3 for 3 step). A. CD4+ cells were initially negatively 
selected from unmanipulated peripheral blood cells after incubating the cells with a cocktail of lineage-specific an-
tibodies conjugated with microbeads (Treg cocktail, Miltenyi) and then passing them through an immunomagnetic 
column. The CD4+ cells were then incubated with an anti-CD25 antibody conjugated with microbeads and positively 
selected as CD4+CD25+. The 2 step process in peripheral blood yielded a high purity of Tregs. B. Tregs were sepa-
rated from G-PBSC by the same 2-step process. Without initial depletion of monocytes the Treg purity was low. The 
3-step process using G-PBSC that included an initial depletion of CD14+ cells prior to the other 2 steps described 
above greatly improved purity. C. G-Tregs isolated using the 3-step process expressed FoxP3. D. G-Tregs isolated via 
the 3 step MidiMACS process show the ability to suppress anti-CD34 alloreactivity in MLC when Tregs are added in 
a 1:1 ratio with responders (n=3). CD4+CD25- cells (control) do not affect alloreactivity.
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(>90% purity). Subsequently, using the 2-step 
procedure on the CD34- fraction, we consis-
tently obtained a Treg fraction with <10% purity 
(Figure 2B). Based upon the high content of 
CD14+CD4dim monocytes in G-PBSC (Figure 1), 
we hypothesized that the first step of the 2-pro-
cess was not efficient at depleting a large num-
ber of monocytes. In addition, as monocytes 
may express CD25 (Figure 3A), residual mono-
cytescould be positively selected in the second 

step. Therefore we added an initial depletion of 
monocytes with an anti-CD14 antibody alone, 
before the standard isolation process. This 
obtained a 90±4% pure CD14+ product with  
an overall yield of 14±4%. This subsequently 
improved the efficiency of the final separation 
step. Overall the 3-step process allowed us  
to obtain 1.4±0.9 × 106 CD4+CD25+ cells wi- 
th purity improving from 6±8% to 69±5% 
(p=0.001). Intracellular expression of FoxP3 

Figure 3. Clinical grade isolation of Tregs from G-PBSC. G-PBSC products obtained from healthy individuals were 
utilized to isolate Tregs in a clinically approved process (CliniMACS, Miltenyi). A. A2-step process, which combined 
CD14+ depletion with CD8 and CD19 negative selection, resulted in a final product with a large number of CD14+ 
cells and low purity of Tregs. B. A 3-step process where an initial negative depletion of CD14+ preceded the isolation 
of CD4+ cells by negative selection of CD8 and CD19 cells, and the positive selection of CD25+ cells resulted in a 
high percentage of CD4+CD25+. C. 3-step G-tregs were FoxP3+. D. 3 step G-tregs were CD127dim. E. Tregs isolated 
via the 3 step CliniMACS process showed the ability to suppress anti-CD34+ cell T cell alloreactivity in MLC in a dose 
dependent fashion. The figure shows the effect of addition of CD4+CD25- cells as responders (control). In addition 
we added Tregs to responders at a ratio of 1:1 or 2:1. The addition of G-Tregs lead to a dose dependent decrease 
in alloreactivity, which trended towards statistical significance (p=0.07). This analysis was likely under powered due 
to the low number of samples.
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Table 1. Clinical-grade separation of Tregs from 
G-PBSC

2 Step 3 step
PBSC (× 109) 33.0±5.8 15.0±0.1
CD4+CD25+ PRE (%) 0.58±0.0 1.0±0.1
CD4+CD25+ POST (%) 35.0±33 81.0±12
CD4+CD25+ abs number (× 106) 71±95 105.0±14
Yield (%) 39±52 66±6.0
Cells obtained from unmanipulated G-PBSC were utilized to 
isolate Tregs comparing a 2 step versus the 3 step Clini-
macs separation (n=3 for each method). The 3 step process 
resulted in a higher purity, less variability in the purity, and 
higher overall yield than the 2 step process.

was also detected in purified CD4+CD25+ cells 
by flow cytometry (Figure 2C). These findings 
showed that in a small-scale device after isola-
tion of CD34+ cells, adequate numbers of Tregs 
could be obtained from the CD34- cell fraction 
of G-PBSC by using a three-step process.

To test the regulatory function of G-Tregs we uti-
lized a model of anti-CD34+ cell T cell alloreac-
tivity previously described [18]. Primary MLC 
with irradiated CD34+ cells and allogeneic T 
cells were performed with further addition to 
the cell culture of G-Tregs or CD4+CD25- cells as 
control. Addition of G-Tregs at 1:2 Treg: respond-
er ratio resulted in 76±17% inhibition of anti-
CD34 T cell alloreactivity (cpm: 19000±530 vs 
4590±1880, n=3) (Figure 2D). As expected, 
control CD4+CD25- cells did not show suppres-
sive activity. Therefore, Tregs isolated from 
G-PBSC by a 3-step procedure suppressed in-
vitro T cell alloreactivity against CD34+ cells.

A 3-step isolation with the CliniMACS device 
improves Treg isolation from G-PBSC

In order to validate the results obtained on a 
small scale model in a clinical grade device, we 
compared a 2 step procedure (CD19 and CD8 
negative selection followed by CD25 positive 
selection) with a 3 step procedure including an 
initial CD14 cell depletion using the CliniMACS 
device (Miltenyi) after staining the cells with 
CliniMACS antibodies approved for clinical use. 
As expected, both groups had initial low Treg 
numbers prior to cell separation (0.58% and 
1%). The purity of Tregs following a 2-step sepa-
ration was on average only 33%, as opposed to 
81% using the 3-step process (Table 1). In fact, 
the 2-step process resulted in a high degree of 
variability in Treg purity due to the fact that in 2 

of 3 experimentsa large proportion of the fin- 
al product contained CD14+CD25+ monocytes 
(Figure 3A). The additional initial step of CD14 
depletion resulted in a decrease in the number 
of monocytes from 9% to 0.4%, which led then 
to a higher purity of Tregs (Figure 3B). To con-
firm that CD4+CD25+ cells isolated with the 
CliniMACS using the 3-step process were regu-
latory T cells, cells were then demonstrated to 
be CD127dim (Figure 3D) and FoxP3+ (Figure 
3C). In addition, we tested the ability of these 
Tregs to suppress anti-CD34 T cell allorea- 
ctivity using the same methodology as for 
MidiMACS separated Tregs. Using a Treg: T-res- 
ponder ratio of 1:1 and 2:1, we were able to 
show inhibition in proliferation in a dose depen-
dent fashion (Figure 3E). These findings sug-
gest that although the purity achieved with 
CliniMACS was <90%, the Treg product obtained 
with the 3 step process could suppress T cell 
alloreactivity.

Discussion

Here we show that clinical grade isolation of 
G-Tregs (CD4+CD25+FoxP3+) from G-PBSC ob- 
tained from a healthy donor achieved a better 
purity (>80%) and a greater yield when an addi-
tional step of initial monocyte depletion with 
anti-CD14 antibody was used. In addition, we 
were able to show continued suppressive activ-
ity of the isolated clinical G-Tregs.

Here we initially tested two different approach-
es to achieve a better purity of Tregs from 
G-PBSC, based on the observation that a large 
amount of CD14+ cells are present in the leuka-
pheresis product and that monocytes have a 
weak expression of CD4 but can also express 
CD25 [19]. Our findings in small-scale experi-
ments indeed confirmed that the standard 
immunomagnetic methodology to isolate Tregs 
would yield a low fraction of CD4+CD25+FoxP3+ 
cells. Prior descriptions of Treg separation  
with the CliniMACS device were performed on 
unmanipulated blood and were based on dou-
ble negative selection (CD8, CD19) followed  
by CD25 positive selection [2, 7]. The Tregs 
obtained rarely hadpurity greater than 60% and 
when the CD25bright fraction of the Treg product 
was considered, purity would dropfurther [20, 
21]. Because there are no prior reports of clini-
cal grade isolation of Tregs from G-PBSC and 
the expected absolute number of T cells, and 
therefore of Tregs, would be higher in G-PBSC, 
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we then tested whether our findings in a small 
scale using a cocktail of many antibodies could 
be reproduced in a clincal grade method with 
the limited reagents available. Likely because 
of the large amount of monocytes in the apher-
esis product, when we combined the CD14 
antibody with CD8 and CD19 antibodies for a 
first-step negative depletion on the CliniMACS 
we could not achieve a satisfactory depletion of 
monocytes, and after CD25+ selection the puri-
ty of Tregs was only 35±33%. On the contrary, 
an initial single depletion of CD14+ cells (1st 
step), followed by negative depletion of CD8+ 
and CD19+ cells (2nd step) and positive selec-
tion of CD25+ cells (3rd step) resulted in a more 
consistent and efficient isolation of T cells 
enriched in Tregs (purity: 81±12%). We believe 
that this type of study has not been done in the 
past due to the prohibitive cost of clinical 
reagents. This was also the reason for the limit-
ednumber of experiments in our study. One 
important consideration is that with the clinical 
grade antibodies used here the final clinical 
Tregs product included the CD25intermediate frac-
tion, which may not retain the same degree of 
suppressive activity as the CD25bright one. This 
may explaina slightly lower suppressive activity 
of the Tregs isolated on the CliniMACS com-
pared to cells separated with the MidiMACS 
device. However, Tregs isolated from G-PBSC 
did not show any proliferative response. Other 
groups have described refinements to the sep-
aration process, such as using different bead 
density and flow rates [7] which may enhance 
CD25bright numbers, and could potentially be 
applied also to the 3 step process described 
here when using G-PBSC grafts.

Improving methodologies of seperation of Tregs 
from G-PBSC will have a beneficial impact on 
future studies in graft engineering and cell ther-
apy to prevent T cell alloreactivity [22-24]. Using 
a 3-step isolation procedure, we were able to 
display a consistently high number of Tregs sim-
ilar to the number of CD34+ cells. Based on 
these findings we envision the design of clinical 
trials where donor Tregs and CD34+ cells could 
be collected from the same initial product and 
infused in patients at 1:1 ratio. In particular, co-
transplantation of donor CD34+ and G-Tregs 
could be exploited in HLA mismatched trans-
plantation, infusion of donor Tregs in steroid-
resistant GVHD, infusion of donor Tregs in 
rejection of organ transplant from living donor-

sor infusion of Tregs for the treatment of auto-
immune diseases [25, 26].

Acknowledgements

This study was partially supported by a research 
grant from the Elsa U. Pardee Foundation and a 
grant from The Perry Family Foundation to DR.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Damiano Rondelli, 
Division of Hematology/Oncology, University of 
Illinois at Chicago, 840 S. Wood St, 820-E, Chicago 
IL 60612, USA. Tel: 312-996-6179; Fax: 312-413-
7963; E-mail: drond@uic.edu

References

[1] Di Ianni M, Falzetti F, Carotti A, Terenzi A, Del 
Papa B, Perruccio K, Ruggeri L, Sportoletti P, 
Rosati E, Marconi P, Falini B, Reisner Y, Velardi 
A, Aversa F and Martelli MF. Immunoselection 
and clinical use of T regulatory cells in HLA-
haploidentical stem cell transplantation. Best 
Pract Res Clin Haematol 2011; 24: 459-466.

[2] Hoffmann P, Ermann J, Edinger M, Fathman 
CG and Strober S. Donor-type CD4(+)CD25(+) 
regulatory T cells suppress lethal acute graft-
versus-host disease after allogeneic bone mar-
row transplantation. J Exp Med 2002; 196: 
389-399.

[3] Taylor PA, Lees CJ and Blazar BR. The infusion 
of ex vivo activated and expanded CD4(+)
CD25(+) immune regulatory cells inhibits gra- 
ft-versus-host disease lethality. Blood 2002; 
99: 3493-3499.

[4] Bushell A, Jones E, Gallimore A and Wood K. 
The generation of CD25+ CD4+ regulatory T 
cells that prevent allograft rejection does not 
compromise immunity to a viral pathogen. J 
Immunol 2005; 174: 3290-3297.

[5] Golshayan D, Jiang S, Tsang J, Garin MI, Mottet 
C and Lechler RI. In vitro-expanded donor allo-
antigen-specific CD4+CD25+ regulatory T cells 
promote experimental transplantation toler-
ance. Blood 2007; 109: 827-835.

[6] Joffre O, Santolaria T, Calise D, Al Saati T, 
Hudrisier D, Romagnoli P and van Meerwijk JP. 
Prevention of acute and chronic allograft rejec-
tion with CD4+CD25+Foxp3+ regulatory T lym-
phocytes. Nat Med 2008; 14: 88-92.

[7] Wichlan DG, Roddam PL, Eldridge P, 
Handgretinger R and Riberdy JM. Efficient and 
reproducible large-scale isolation of human 
CD4+ CD25+ regulatory T cells with potent 

mailto:drond@uic.edu


Treg isolation from G-PBSC

85 Am J Blood Res 2015;5(2):79-85

suppressor activity. J Immunol Methods 2006; 
315: 27-36.

[8] Di Ianni M, Del Papa B, Cecchini D, Bonifacio  
E, Moretti L, Zei T, Ostini RI, Falzetti F, Fontana 
L, Tagliapietra G, Maldini C, Martelli MF  
and Tabilio A. Immunomagnetic isolation of 
CD4+CD25+FoxP3+ natural T regulatory lym-
phocytes for clinical applications. Clin Exp 
Immunol 2009; 156: 246-253.

[9] Baecher-Allan C, Brown JA, Freeman GJ and 
Hafler DA. CD4+CD25 high regulatory cells in 
human peripheral blood. J Immunol 2001; 
167: 1245-1253.

[10] Hoffmann P, Boeld TJ, Eder R, Albrecht J,  
Doser K, Piseshka B, Dada A, Niemand C, 
Assenmacher M, Orso E, Andreesen R, Holler E 
and Edinger M. Isolation of CD4+CD25+ regu-
latory T cells for clinical trials. Biol Blood 
Marrow Transplant 2006; 12: 267-274.

[11] Peters JH, Preijers FW, Woestenenk R, 
Hilbrands LB, Koenen HJ and Joosten I. Clinical 
grade Treg: GMP isolation, improvement of pu-
rity by CD127 Depletion, Treg expansion, and 
Treg cryopreservation. PLoS One 2008; 3: 
e3161.

[12] Godfrey WR, Ge YG, Spoden DJ, Levine BL, 
June CH, Blazar BR and Porter SB. In vitro-ex-
panded human CD4(+)CD25(+) T-regulatory 
cells can markedly inhibit allogeneic dendritic 
cell-stimulated MLR cultures. Blood 2004; 
104: 453-461.

[13] Hoffmann P, Eder R, Kunz-Schughart LA, 
Andreesen R and Edinger M. Large-scale in vi-
tro expansion of polyclonal human CD4(+)
CD25high regulatory T cells. Blood 2004; 104: 
895-903.

[14] Feng X, Kajigaya S, Solomou EE, Keyvanfar K, 
Xu X, Raghavachari N, Munson PJ, Herndon 
TM, Chen J and Young NS. Rabbit ATG but not 
horse ATG promotes expansion of functional 
CD4+CD25 high FOXP3+ regulatory T cells in 
vitro. Blood 2008; 111: 3675-3683.

[15] Liu Z, Fang Y, Wang X, Wang P, Yun P and Xu H. 
Upregulation of molecules associated with 
T-regulatory function by thymoglobulin pre-
treatment of human CD4+ cells. Transplan- 
tation 2008; 86: 1419-1426.

[16] Lopez M, Clarkson MR, Albin M, Sayegh  
MH and Najafian N. A novel mechanism of ac-
tion for anti-thymocyte globulin: induction of 
CD4+CD25+Foxp3+ regulatory T cells. J Am 
Soc Nephrol 2006; 17: 2844-2853.

[17] Di Ianni M, Falzetti F, Carotti A, Terenzi A, 
Castellino F, Bonifacio E, Del Papa B, Zei T, 
Ostini RI, Cecchini D, Aloisi T, Perruccio K, 
Ruggeri L, Balucani C, Pierini A, Sportoletti P, 
Aristei C, Falini B, Reisner Y, Velardi A, Aversa F 
and Martelli MF. Tregs prevent GVHD and pro-
mote immune reconstitution in HLA-haploi- 
dentical transplantation. Blood 2011; 117: 
3921-3928.

[18] Mahmud D, Nicolini B, van den Dries L, 
Mahmud N, Arpinati M and Rondelli D. Human 
CD4(+)CD25(+) Cells in Combination with 
CD34(+) Cells and Thymoglobulin to Prevent 
Anti-hematopoietic Stem Cell T Cell Alloreac- 
tivity. Biol Blood Marrow Transplant 2011; 17: 
61-68.

[19] Sun ZG, Wang Z, Zhu LM, Fang YS, Yu LZ and 
Xu H. The interleukin-2 receptor alpha chain 
(CD25) plays an important role in regulating 
monocyte-derived CD40 expression during an-
ti-porcine cellular responses. Transplant Proc 
2012; 44: 1139-1142.

[20] Sakaguchi S, Miyara M, Costantino CM and 
Hafler DA. FOXP3+ regulatory T cells in the hu-
man immune system. Nat Rev Immunol 2010; 
10: 490-500.

[21] Miyara M, Yoshioka Y, Kitoh A, Shima T, Wing 
K, Niwa A, Parizot C, Taflin C, Heike T, Valeyre 
D, Mathian A, Nakahata T, Yamaguchi T, 
Nomura T, Ono M, Amoura Z, Gorochov G and 
Sakaguchi S. Functional delineation and differ-
entiation dynamics of human CD4+ T cells  
expressing the FoxP3 transcription factor. 
Immunity 2009; 30: 899-911.

[22] Rondelli D, Anasetti C, Fortuna A, Ratta M, 
Arpinati M, Bandini G, Lemoli RM and Tura S. T 
cell alloreactivity induced by normal G-CSF-
mobilized CD34+ blood cells. Bone Marrow 
Transplant 1998; 21: 1183-1191.

[23] Rondelli D, Lemoli RM, Ratta M, Fogli M, Re F, 
Curti A, Arpinati M and Tura S. Rapid induction 
of CD40 on a subset of granulocyte colony-
stimulating factor-mobilized CD34(+) blood 
cells identifies myeloid committed progenitors 
and permits selection of nonimmunogenic 
CD40(-) progenitor cells. Blood 1999; 94: 
2293-2300.

[24] Abbasian J, Mahmud D, Mahmud N, Chunduri 
S, Araki H, Reddy P, Hoffman R, Arpinati M, 
Ferrara JL and Rondelli D. Allogeneic T cells in-
duce rapid CD34+ cell differentiation into 
CD11c+CD86+ cells with direct and indirect 
antigen-presenting function. Blood 2006; 108: 
203-208.

[25] Daniele N, Scerpa MC, Landi F, Caniglia M, 
Miele MJ, Locatelli F, Isacchi G and Zinno F. 
T(reg) cells: collection, processing, storage and 
clinical use. Pathol Res Pract 2011; 207: 209-
215.

[26] McMurchy AN, Bushell A, Levings MK and 
Wood KJ. Moving to tolerance: clinical applica-
tion of T regulatory cells. Semin Immunol 
2011; 23: 304-313.


