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Abstract
Hematopoietic stem cell transplantation (HSCT) is an important treatment option for patients with
malignant and non-malignant hematologic diseases. Methods to improve transplant efficiency are
being explored with the intent of improving engraftment and immune reconstitution post-HSCT. A
current approach under investigation involves treatment of donor cells with inhibitors that target
the protease CD26, a negative regulator of the chemokine CXCL12/SDF-1. CD26 inhibitor
treatment has been shown to improve the functional response of CD34+ cord blood (CB) cells but
not CD34+ G-CSF mobilized PBSC to CXCL12/SDF-1. The effect of CD26 inhibitors on un-
fractionated CB, bone marrow (BM), or G-CSF mobilized peripheral blood (mobPB) MNC has
not previously been evaluated. We observed that although CB had greater CD26 expression than
BM or mobPB, treatment with a CD26 inhibitor (Diprotin A) resulted in increased responsiveness
to SDF-1 for all three MNC sources tested. This suggests that clinical therapeutic benefit may be
gained to utilizing CD26 inhibitors as a strategy to improve engraftment of un-fractionated mobPB
cells as well as CB cells.
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Introduction
Hematopoietic stem cell transplantation (HSCT) has been historically performed using
hematopoietic stem and progenitor cells (HSC/HPC) obtained from the bone marrow (BM).
However, collection of HSC/HPC using BM is an invasive procedure. Alternative HSC/HPC
sources such as mobilized peripheral blood (mobPB) or cord blood (CB) are arguably
preferred do to ease of collection. Transplants in adults involving BM also exhibit prolonged
neutrophil and platelet recovery compared to mobPB, which puts patients at greater risk of
infection and bleeding, respectively [1]. Hence, BM is less widely utilized, and methods to
improve transplant efficiency utilizing mobPB should not be overlooked.

Mobilized PB is currently used as a prominent source for HSC/HPC for adults with
hematological diseases undergoing HSCT. Following mobilization, donors can easily
undergo apheresis procedures in an outpatient setting in order to acquire peripheral blood
stem cells (PBSC). It is known that in the absence of cytokine treatment, the peripheral
blood contains very few PBSC [2]. HSC/HPC can be mobilized into the peripheral blood
(PB) by various combinations of cytokine and/or growth factor treatments such as
granulocyte colony-stimulating factor (G-CSF) [3], granulocyte macrophage colony-
stimulating factor (GM-CSF) [4], stem cell factor (SCF) [5], flt-3 ligand (FL) [6], and
interleukin-3 (IL-3) [7]. The most common cytokine used for HSC mobilization is G-CSF.
However, single agent G-CSF mobilization has a quantifiable failure rate (often quoted at
between 5%–30%), [8] suggesting that under certain circumstances G-CSF may not be able
to produce sufficient quantities of PBSC for transplantation (< 2×106 CD34+ cells per kg
body weight of the recipient).. However, G-CSF treatment in combination with the newer
agent AMD3100, a CXCR4 antagonist, further increases mobilization of CD34+ cells [9].
AMD3100 currently has FDA approval for its autologous use in multiple myeloma and
lymphoma patients, but not yet for allogenic use in matched donors. This limits the potential
donor population. Transplantation of inadequate numbers of PBSC can lead to delayed
engraftment, a prolonged period of being immuno-compromised, and decreased patient
survival For donors unable to mobilize adequate numbers of PBSC in particular, it is
therfore important to improve upon strategies that enhance HSC/HPC trafficking to the bone
marrow (BM) during transplantation. There is also an argument for decreasing the time to
platelet, neutrophil, and/or immune reconstitution in all patients.

When a matched donor is unavailable, cord blood (CB) can be used as an alternative source
for HSC/HPC. Some benefits for using CB for HSCT include its availability, lower
histocompatability requirement, and reduced risk of graft vs. host disease (GVHD) [10].
However, a single CB donor produces a limited number of HSC/HPC and restricts patient
eligibility for HSCT. CB usually generates sufficient HSC/HPC for transplantation in
children and can include adults if the CB unit contains a higher number of stem cells. More
than one CB unit can be used to ensure adequate numbers of HSC/HPC but, in doing so, the
patient is put at greater risk of developing GVHD [11]. Therefore, current studies
investigating methods to expand CB HSCT for use in larger children and adults continue
[12]. Methods for improving engraftment would also be beneficial in this clinical scenario.

Chemokines are a large family of cytokines that have a traditional role as chemo-attractants
and activators of leukocytes. They have also been implicated in the regulation of leukocyte
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development [13]. Chemokines interact with chemokine receptors, a subfamily of G-protein
seven-transmembrane receptors [14]. CXCL12, also known as stromal-cell derived factor-1
(SDF-1), acts through its chemokine receptor, CXCR4 to enhance the activity of HSC/HPC
adhesion receptors during homing and engraftment, thereby allowing circulating cells to
undergo trans-endothelial migration into the BM extravascular space [15, 16]. Inactivation
of SDF-1 by endogenous peptidases can impair the functional role of HSC/HPC homing and
engraftment in cells.

CD26, also known as dipeptidyl peptidase IV (DPPIV), is a membrane-bound extracellular
peptidase that cleaves dipeptides from the N-terminus of polypeptide chains after an N-
terminal X-Pro or X-Ala motif [17]. The catalytically active soluble form of CD26 is also
present in plasma [18]. In vitro, CD26 cleaves SDF-1 into a truncated analog, SDF-1(3–68),
and is a likely in vivo target of CD26 [19]. The cleavage of SDF-1 by CD26 can be blocked
by the CD26 inhibitor, Diprotin A (Ile-Pro-Ile) [20]. Treatment with Diprotin A can be used
to improve the functional response of cells to CXCL12 by reducing inactivation of SDF-1
[21].

We have previously shown that inhibition of cell surface CD26 by Diprotin A treatment
increases the chemotactic response of human CD34+ cord blood (CB) cells to SDF-1 in vitro
[22]. In addition, we have shown that long-term engraftment of human CD34+ CB cells in
non-obese diabetic/severe combined immunodeficient/beta 2 microglobulin null (NOD/
SCID/β2mnull) mice increases in response to treatment of donor CD34+ cells with CD26
inhibitors. However, treatment of CD34+ cells from G-CSF mobPB with CD26 inhibitors
have reported to have no effect on SDF-1 induced migration [23]. The effect of CD26
inhibition on human mobPB mononuclear cells (MNC) is unknown. We therefore employed
in vitro methods to determine the effects of inhibiting CD26 activity on MNC from CB, BM,
and mobPB.

Materials and Methods
Isolation of Primary Cells

Human umbilical cord blood (CB) was obtained from Labor and Delivery and bone marrow
(BM) was obtained from the Hematology Outpatient Clinic at Rush University Medical
Center (RUMC) with institutional review board (IRB) approval. Human G-CSF mobilized
peripheral blood (mobPB) was purchased from AllCells, LLC (Emeryville, CA, USA).
Mononuclear cells (MNC) were isolated by density gradient centrifugation over Ficoll-
Paque Plus (GE Healthcare, Little Chalfont, Buckinghamshire, UK) and then adhered for 90
minutes on a tissue culture plate in Iscove’s Modified Dulbecco’s Medium (IMDM) + 10%
Fetal Bovine Serum (FBS) at 37°C, 5% CO2, 100% humidity to obtain non-adherent MNC.

CD26 Expression by Flow Cytometry
CD26/DPPIV expression on CD45+ cells was measured by multivariate flow cytometry.
Non-adherent MNC were stained with anti-CD26 [FITC] (Invitrogen, Carlsbad, CA, USA)
and anti-CD45 [Alexa Fluor 700] (Invitrogen, Carlsbad, CA, USA) using a previously
described staining protocol [24]. No less than 100,000 events were collected by an LSRII
flow cytometer (BD Biosciences, San Jose, CA, USA). Analysis was done with BD
FACSDiva Software and presented as percent (%) positive cells as compared to isotype
control and Mean Fluorescent Intensity (MFI).

CD26 Expression by Western Blot Analysis
Total protein was extracted from non-adherent MNC (CB, BM, mobPB) using M-PER
(Pierce, Rockford, IL, USA)As a positive control, total protein was extracted from Karpas
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299, a human T-cell lymphoma cell line (DSMZ- the German Resource Center for
Biological Material, Germany) and Jurkat, an acute T-cell leukemia cell line as a negative
control (American Tissue Culture Collection (ATCC), Manassas, VA) [25, 26]. Additional
human cell lines tested for CD26 expression were: AML-193 (monocytic leukemia cell
line), CCRF-CEM (acute lymphocytic leukemia (ALL) cell line), GA-10 (Burkitt’s
lymphoma cell line), HL-60 (promyelocytic leukemia cell line), HS5 (bone marrow stromal
cell line), MOLT-4 (acute lymphoblastic leukemia cell line), and THP-1 (acute monocytic
leukemia cell line). Overall protein concentration was determined by Micro BCA protein
assay (Pierce, Rockford, IL, USA) according to the manufacturer’s instructions. One
microgram (except Karpas 299, which had 0.5 μg) of each protein sample was loaded onto a
4–12% Bis-Tris gel and ran with NuPAGE MOPS SDS Running Buffer. Protein was then
transferred onto a polyvinylidene difluoride (PVDF) membrane (0.45 μm pore; Invitrogen,
Carlsbad, CA, USA). Membranes were blocked with 3% Bovine Serum Albumin Fraction V
(BSA-V) + PBS-T (0.15% Tween) and then stained with an anti-hCD26/DPPIV goat
polyclonal IgG primary antibody (200 ng/mL; R&D Systems, Minneapolis, MN, USA).
Membranes were washed with PBS-T and stained with donkey anti-goat IgG-HRP
secondary antibody (80 ng/mL; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in 5%
milk + 2% BSA-V + PBS-T and developed with ECL Plus (GE Healthcare, Little Chalfont,
Buckinghamshire, UK). To verify equal loading of protein, blots were re-probed with β-
Actin (C4) mouse monoclonal IgG (40 ng/mL; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and secondary antibody goat anti-mouse IgG-HRP (20 ng/mL; Santa Cruz
Biotechnology, Santa Cruz, CA, USA).

CD26 (DPPIV) Activity Assay
A working stock concentration of Diprotin A (Sigma-Aldrich, St. Louis, MO, USA) of
100mM was created using Dulbecco’s Phosphate Buffered Saline (DPBS). Non-adherent
MNC were then re-suspended in 0.2% BSA-V + DPBS to a concentration of 1×106 cells/mL
and either treated with Diprotin A at a final concentration of 5 mM or untreated (DPBS
control) for 15 minutes at 37°C. 5×104 cells were loaded per well on a 96-well tissue culture
plate. Each sample (untreated or Diprotin A treated) was performed in 3–8 replicates. CD26
peptidase activity was measured using the chromogenic substrate Gly-Pro-p-nitoanilide
(Gly-Pro-pNA, Sigma-Aldrich, St. Louis, MO, USA) [24]. Using a SpectraMax M5
microplate reader (Molecular Devices, Sunnyvale, CA, USA) and Soft Max Pro software,
CD26 activity was calculated from the linear portion of the curve generated by monitoring
production of pNA per minute for one hour at 405 nm [22]. Activity was expressed as
picomoles pNA/minute (U) per 50,000 cells. Data was normalized by subtracting BSA-V +
Gly-Pro-pNA substrate control at each time point. Data was analyzed using the unpaired
two-tailed Student’s t-Test assuming equal variance and presented as mean ± SEM.

Cell Migration Assay
Chemotaxis assays were performed on non-adherent MNC (Figure 1). Cells were diluted to
a final concentration of 1×106 cells/mL, and treated with 5 mM Diprotin A or DPBS. 2×105

cells were then loaded per well on a 24-well 5μm Transwell plate (Corning Inc, Corning,
NY, USA). Each sample (untreated or Diprotin A treated) was performed in 2–9 replicates
at each dose of SDF-1. Cells were exposed to a dilution range of 0–400 ng/mL SDF-1α
(Stem Cell Technologies, Vancouver, BC, Canada) in 1 mL of 0.2% BSA-V + DPBS with 5
mM Diprotin A for 2 hours at 37°C, 5% CO2, 100% humidity. Percent (%) migration was
determined after removing Transwell membranes and counting the number of cells in the
lower chamber with a hemacytometer. Data was normalized by subtracting percent
migration of untreated cells without SDF-1α. Data was analyzed using the unpaired two-
tailed Student’s T-test assuming equal variance and presented as mean ± SEM.
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Cell Adhesion Assay
Cell adhesion assays were performed on non-adherent MNC (Figure 1). Cells were diluted
to a final concentration of 5×104 cells/mL with DPBS + 0.2% BSA-V. MNC were treated
with 5 mM Diprotin A or DPBS and incubated for 15 minutes at 37°C, 5% CO2, 100%
humidity. Each sample (untreated or Diprotin A treated) was performed in 6 replicates at
each dose of SDF-1. Cells were treated with SDF-1α (Stem Cell Technologies, Vancouver,
BC, Canada) of concentrations ranging from 0–800 ng/mL and incubated at 37°C, 5% CO2,
100% humidity for 30 minutes. 5×103 cells per well were loaded onto prefabricated human
fibronectin 96-well plates containing 1 μg fibronectin (R&D Systems, Minneapolis, MN,
USA) and centrifuged at 400 g for 2 minutes. Plates were incubated at 37°C, 5% CO2, 100%
humidity for 30 minutes. Non-adherent cells were washed off with DPBS + 0.2% BSA-V.
Percent (%) adherence was determined by counting remaining cells at 20X and comparing to
a standard curve of cells. Data was normalized by subtracting percent adherence of untreated
cells without SDF-1α. Results were presented as mean ± SEM and analyzed using the
unpaired two-tailed Student’s t-Test assuming equal variance.

Results
CD26/DPPIV Expression

CD26 cell surface expression of non-adherent CB (n=3), BM (n=3), and mobPB (n=3) MNC
was quantitated by multivariate flow cytometry (Figure 2A). Variation in CD26 expression
was determined between the different cell types. The average CD26 expression of CD45+

cells on CB, BM, and mobPB was 59.5±5.6, 29.4±2.8%, and 32.3±3.7%, and of CD45+

cells (Figure 2B). CB had a much greater percent of CD26+ cells than either BM or mobPB
(P<0.05). There was no significant difference between CD26 expression on BM and mobPB
cells. The average normalized Mean Fluorescent Intensity (MFI) of CB, BM, and mobPB
was 717.7±77.1, 541.0±63.1, and 598.3±54.2 respectively. Although CB trended to a higher
MFI, there was no significant difference from BM or mobPB. CB had considerable variation
as seen with the larger SEM. In addition, expression of CD26 was also confirmed by
Western blot using the same cell sources (Figure 2C). CD26 was detected in all cell sources,
but mobPB MNC had qualitatively less CD26 expression. Of the cell lines tested, only
Karpas 299 (positive control) and HS5 cell lines were positive for CD26 by western blot.
The band for CD26 was located at 110 kDa for the positive control (Karpas 299), HS5 and
all primary MNC sources.

CD26 Activity
The amount of pNA produced per minute (CD26 activity) due to cleavage of the Gly-Pro-
pNA substrate was assessed for all three cell types (Figure 3). CD26 activity on non-
adherent cells was 14.7±0.5, 14.6±0.6, and 10.4±0.6 pmol pNA/minute (U) per 5×104 cells
in untreated CB (n=4), BM (n=3), and mobPB (n=3), respectively. Untreated CB and BM
MNC had significantly greater CD26 activity than untreated mobPB MNC (P<0.05). When
treated with Diprotin A, CD26 activity decreased to 5.3±0.5, 8.4±0.4, and 5.3±0.5 pmol
pNA/minute (U) per 5×104 cells in CB, BM, and mobPB respectively.

Treatment with 5mM Diprotin A results in a 3-fold reduction in CD26 activity in CB and a
2-fold reduction in CD26 activity in BM or mobPB (P<0.05).

CD26 and Cell Migration
To assess the effect of CD26 inhibition, migration of non-adherent MNC was evaluated by
chemotaxis assay (Figure 4). CB, BM, and mobPB cells displayed a dose-dependent
response to SDF-1α. Mobilized PB had the lowest chemotactic response of the three sources
at all doses of SDF-1α (P<0.05). The absolute percent migration of CB was greater than
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either BM or mobPB at 200–400 ng/mL SDF-1α (P<0.05). CD26 inhibitor (5 mM Diprotin
A) treatment resulted in a significant increase in percent migration for CB, BM, or mobPB.
The concentration of SDF-1α used dictated the response to Diprotin A. At 200 ng/mL or
greater of SDF-1α, Diprotin A treatment of CB cells resulted in a significant increase in
migration (n=3, P<0.05). At 100 ng/mL or greater of SDF-1α, BM cells treated with
Diprotin A had an increased migration (n=4, P<0.05). Migration of mobPB cells following
CD26 inhibitor treatment was only increased significantly at 400 ng/mL SDF-1α (n=3,
P<0.05). This data suggests that the effect of Diprotin A on mobPB is limited to higher
doses of SDF-1α, whereas CD26 inhibitor treatment affects CB and BM over a wider range
of SDF-1α concentrations. At 400 ng/mL SDF-1α, treatment of CB with Diprotin A
resulted in the greatest overall percent migration (56.1±3.2%). Although treatment of
mobPB with Diprotin A yieldeds the lowest overall percent migration at 400 ng/mL
SDF-1α, CD26 inhibitor treatment resulted in a 50% increase.

CD26 and Cell Adhesion
Adhesion of non-adherent MNC in response to SDF-1α was assessed using a static adhesion
assay (Figure 5). Cells exhibited a dose-dependent response to SDF-1α. Adhesion of
untreated cells was similar regardless of cell source, however, noticeable differences
between CB, BM, and mobPB adhesion arise at 800 ng/mL SDF-1α. At this chemokine
dose, mobPB MNC have the lowest adhesion in response to SDF-1α (P<0.05). The absolute
percent adhesion of CB was greater than BM at 800 ng/mL SDF-1α although this difference
was not significant. CD26 inhibition due to 5mM Diprotin A treatment resulted in a
significant increase in percent adhesion for CB, BM, and mobPB. The increase in percent
adhesion varied depending upon the concentration of SDF-1α from the three sources. At
12.5 ng/mL or greater of SDF-1α, Diprotin A treatment of CB (n=4) or BM (n=3) cells
resulted in a significant increase in adhesion (P<0.05). At 200 ng/mL or greater of SDF-1α,
mobPB cells treated with Diprotin A had increased adhesion (n=3, P<0.05). This data
suggests that the effect of Diprotin A on mobPB is limited to SDF-1α concentrations greater
than or equal to 200 ng/mL. Diprotin A treatment of CB resulted in the greatest overall
percent adhesion (34.9±1.8%) at 200 ng/mL SDF-1α. Diprotin A treated mobPB had the
lowest overall percent adhesion at 200 ng/mL SDF-1α, but treatment with the CD26
inhibitor resulted in a 78% increase. Regardless, adhesion of CB, BM, and mobPB treated
with CD26 inhibitor showed no significant differences compared to each other.

Discussion
Prior studies have investigated CD34+ cells from various cell sources to examine methods to
enhance trafficking during HSCT [22, 23, 27]. Our previous studies have documented that
inhibition of CD26/DPPIV activity on donor CD34+ cells from CB can improve transplant
efficiency into mice [22]. Other studies have shown that Diprotin A treatment of CD34+

cells from G-CSF mobPB does not result in a statistically significant increase in in vitro
migration in response to SDF-1 or in vivo engraftment in immune-deficient mice [23]. A
common theme of these prior studies is examination of isolated CD34+ cells. However,
CD26 is known to be expressed in B, T, natural killer (NK), epithelial, endothelial, and
fibroblast cells [23]. The abundance of CD26 expressed on non-CD34+ hematopoietic cells
in the donor graft, T-cells in particular, suggest that that non-CD34+ accessory cells
contained within the un-fractionated donor graft may be relevant for the kinetics of
engraftment. Additionally, investigation of MNC is clinically relevant because HSCT
patients do not typically receive isolated CD34+ cells. In the present study, we specifically
determined the effects of CD26 inhibition on MNC; comparing CB, BM, and G-CSF
mobPB.
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We show that non-adherent MNC from CB, BM, and mobPB express CD26 and exhibit
measureable CD26 activity. Although CB has the greatest CD26 expression, CD26 activity
is similar to that of BM. Mobilized PB have low CD26 expression similar to BM but also
have the lowest CD26 activity. Therefore, our data suggest that CD26 expression does not
necessarily correlate directly to the level of peptidase activity in MNC. Depending on the
cell source, CD26 on the cell surface may not be enzymatically active at all times although it
is expressed. CD26 activity on CB, BM, or mobPB cells can be suppressed by CD26
inhibitor (Diprotin A) treatment but is not entirely suppressed. The concentration of CD26
inhibitor may not be high enough to suppress all activity. More likely, activity may not be
solely due to CD26 and may extend to target other related family members. This data
suggests that all three cell sources (CB, BM, or mobPB) exhibit peptidase activity that can
be suppressed using Diprotin A, indicating that this activity can be attributed to CD26.

Untreated MNC migratory response to SDF-1 is greatest in CB and least in G-CSF mobPB,
but adhesion in response to SDF-1 is similar between each cell source. Inhibition of
endogenous CD26 with Diprotin A enhances the functional response of CB, BM, and
mobPB to SDF-1. All cells treated with CD26 inhibitor have increased migration in
response to SDF-1 at 400 ng/mL. However, Diprotin A treated CB and BM exhibit
increased migratory responses to lower concentrations of SDF-1 whereas mobPB does not.
In addition, all cells treated with Diprotin A have increased adhesion in response to SDF-1
at 200 ng/mL. Diprotin A treated CB and BM have increased adhesion in response to lower
doses of SDF-1 whereas mobPB does not. Therefore, functional responses of mobPB treated
with CD26 inhibitor occur at higher doses of SDF-1. The differences in SDF-1 induced
migration and adhesion of mobPB as compared to CB or BM may be due to specific
regulatory differences within the SDF-1/CXCR4 signaling pathway. Furthermore, the
absolute percent migration of cells treated with CD26 inhibitor is greatest in CB and least in
mobPB. Although adhesion of all cell types increases in the presence of CD26 inhibitor at
higher doses of SDF-1, the absolute percent adhesion is not different. In contrast to what has
been described for CD34+ cells, this data suggests that endogenous CD26/DPPIV activity
acts to regulate the response of MNC from all three sources (CB, BM, and G-CSF mobPB)
to SDF-1.

It remains to be determined whether differences in the response of AMD3100 versus G-CSF
mobPB cells to SDF-1 can be attributed to differences in CD26 expression and activity.
Other studies have shown in mice that CD26 expression on G-CSF mobilized c-kit+ cells is
reduced as compared to c-kit+ cells treated with the CXCR4 antagonist, AMD3100 [28]. It
has also been reported that human CB CD34+ cells express little to no CD26 on the cell
surface [23]. The mechanism by which G-CSF leads to HSC/HPC mobilization is believed
to be involved in the disruption of the SDF-1/CXCR4 axis [29]. Previous studies in CD26
deficient mice have shown that CD26 is required for normal G-CSF mobilization [24], but
AMD3100 induced mobilization is not altered in the absence of CD26 [30]. Therefore, the
use of a CD26 inhibitor on un-fractionated cells mobilized with G-CSF, AMD3100, or G-
CSF+AMD3100 has clinical relevance for potential use in cell therapy and may improve
engraftment.
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Figure 1. Chemotaxis and Adhesion Assays
(A) Chemotaxis Assays were performed following treatment of cells with Diprotin A for 15
min. Cells were then loaded onto a Transwell plate with a 5μm membrane containing 0–400
ng/mL SDF-1 in the lower well. After 2 hrs the plate was dissembled, the remaining cells
settled, and cell number in the lower well was enumerated. (B) Cell Adhesion Assays were
performed following treatment of cells with Diprotin A for 15 min. Cells were then
incubated with 0–800 ng/mL SDF-1 for 30 min and then loaded onto fibronectin coated
plates. After incubation for an additional 30 minutes, non-adherent cells were removed and
the number of adherent cells was enumerated.
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Figure 2. CD26 expression on non-adherent MNC by flow cytometry and Western blot analysis
(A) Flow cytometry was performed on non-adherent CB, BM, and G-CSF mobPB MNC
using fluorochrome-conjugated monoclonal antibodies. Representative isotype and sample
cell count vs. CD26-FITC histograms are shown. (B) Average CD26 expression and MFI
are shown. *P≤0.05 as compared to CB MNC. (C) CD26 expression in corresponding non-
adherent MNC and cell lines by Western blot. The representative molecular weight markers
(kDa) are shown to the left of each blot. When probed with anti-hCD26/DPPIV goat
polyclonal IgG, CD26 (110 kDa) bands appeared at various intensities for CB, BM, and G-
CSF mobPB MNC. In the cell lines, Karpas 299 was positive for CD26 and Jurkat was
negative, as previously reported. In addition, HS5 cell line was positive for CD26, and all
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others tested were negative. Both blots were re-probed with anti-β-actin (42 kDa) to ensure
equal loading.
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Figure 3. CD26 activity of non-adherent MNC
The CD26 activity was assessed in untreated or CD26 inhibitor (5 mM Diprotin A) treated
CB (n=4), BM (n=3), and G-CSF mobPB (n=3) MNC. CD26 activity was displayed as pmol
pNA/min per 5 × 104 cells. *P≤0.05 as compared to untreated cells.
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Figure 4. Increased migration of CD26 inhibited non-adherent MNC
SDF-1 induced chemotaxis was assessed in untreated or CD26 inhibitor (5 mM Diprotin A)
treated (A) CB (n=3), (B) BM (n=4), and (C) G-CSF mobPB (n=3) MNC respectively.
*P≤0.05 as compared to untreated cells.
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Figure 5. Increased adhesion of CD26 inhibited non-adherent MNC
SDF-1 induced adhesion was assessed in untreated or CD26 inhibitor (5 mM Diprotin A)
treated (A) CB (n=4), (B) BM (n=3), and (C) G-CSF mobPB (n=3) MNC respectively.
*P≤0.05 as compared to untreated cells.
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