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Comparative intracellular cytokine production
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human umbilical cord blood (HUCB) and
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To date over 400 HUCB transplants have been reported from
different centers. It has been suggested that there is a reduced
graft-versus-host-disease (GVHD) with HUCB compared to
bone marrow transplantation. Since cytokine production by
a cell is an indication of the cells function it is important to
determinate the differences between APB and HUCB with
respect to production of these soluble factors. Our aim was to
analyse the intracellular cytokine production by HUCB and
APB T lymphocytes with and emphasize on their possible
role in GVHD.

Heparinized HUCB samples from 8 normal full-term de-
liveries and 10 normal blood donors were stimulated 4 hours
at 37◦C and 5% CO2 with phorbol 12-myristate 13-acetate
(PMA) and Ionomycin in the presence of brefeldine. After-
wards cells were stained with CD3, CD4 or CD8 in differ-
ent combinations. Finally, after cell permeabilization, cells
were stained with Il-2, Il-4 or IFN-γ. Data acquisition was
performed on a FACScan flow cytometer.
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Compared to APB, HUCB T lymphocytes produced less
Il-2, Il-4 and IFN-γ. In HUCB, Il-2, Il-4 and IFN-γ were pro-
duced predominantly by CD4+ T cells. In APB, Il-2 and Il-4
were also produced predominantly by CD4+ cells compared
with CD8+ T lymphocytes, however, IFN-γ was produced
by both CD4+ and CD8+ T cells.

These results indicate that there are clear differences in the
cytokine profile between T cells in APB and HUCB.
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1. Introduction

Human umbilical cord blood (HUCB) is a rich
source of primitive hematopoietic stem cells and pro-
genitor cells [4] with extensive proliferative and self-
reneval capacityex vivo[3] and possiblyin vivo [10].
The first sucessfull HUCB transplantation was per-
formed in 1988 in a patient with Fanconi anemia [10].
Subsequently, HUCB has been used in both related [21]
and unrelated bone marrow transplantation (BMT) [16].
A potential advantage of this procedure is a lower pos-
sible incidence and severity of graft-vs-host disease
(GVHD).

GVHD is a complication of allogeneic BMT
(ABMT) and peripheral blood transplantation in which
recipient mature T cells and maybe natural killer (NK)
cells play an important role [9]. Both of these cells pro-
duce cytokines which are important mediators of this
process [18]. Secretion of a variety of pro-imflamatory
cytokines such as Il-2, TNF-α and IFN-γ, by the host-
reactive T cells mediate tissue damage either directly
or via activation of other effector cells such as cy-
totoxic T cells, antibody producing B cells and NK
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cells. Acute GVHD has been associated with a Th1
response, producing high amounts of IFN-γ, while
chronic GVHD has been associated with a Th2 re-
sponse, with high amounts of Il-4 and Il-5 [15]. There-
fore, it is important to investigate if altered cytokine
production of HUCB could justify the reduced inci-
dence and severity of GVHD after HUCB transplanta-
tion. Il-2 is an important regulatory cytokine and there
are some conflicting results regarding the expression of
this cytokine in HUCB and APB [5,11]. Han et al. [11]
found that the frequency of T HUCB producing Il-2
was higher than that of APB T lymphocytes. This is
consistent with a previous report that HUCB T cells
produced more Il-2 than APB T lymphocytes [19] but
differs from a recent report which examined the intra-
cellular cytokine profile of mononuclear HUCB [5].

In this study we have analysed the intracellular
expression of interleukin-2 (Il-2), interleukin-4 (Il-4)
and interferon-γ (IFN-γ) after phorbol 12-myristate
13-acetate (PMA)-and-ionomycin activation in HUCB
and adult peripheral blood (APB) T lymphocytes by
flow cytometry. In all experiments we have used hep-
arin anticoagulated whole blood and T lymphocytes
were selected according to their CD3 expression and
low side scatter (SSC). Therefore, a comprehensive
phenotypic analysis of cytokine producing cells has
been performed using CD4/CD8 markers.

2. Material and methods

2.1. Samples

Heparinized HUCB samples were obtained from the
placenta of eight normal full-term deliveries, following
ethical committee approval. Heparinized APB were
obtained from ten normal blood donors.

2.2. Intracellular cytokine analysis

Whole HUCB and APB samples were diluted with
RPMI 1640 without serum. Cells were stimulated for 4
hours at 37◦C and 5% CO2 with phorbol 12-myristate
13-acetate (PMA) (25 ng/ml) and ionomycin (1µg/ml)
in the presence of brefeldine (BFA) (10µg/ml) which
inhibits the intracellular transport of proteins, so anti-
gens and cytokines produced during activation will be
retained inside the cell. Cultured cells were washed
twice in phosphate-buffered saline (PBS)/1% bovine
serum albumin (BSA) and then stained with mono-
clonal antibodies (MoAb) to the following cell-surface

markers: CD3-FITC and PE, CD4-PerCP, CD8-PerCP
and CD69-PE. All MoAb were purchased from Bec-
ton Dickinson (San José, CA, USA). Samples were
incubated for 15 minutes at room temperature in the
dark, in the presence of 20µl of each of the above
mentionated MoAb. Afterwards, 2 ml of FACS lysing
solution (Becton Dickinson) was added and the sam-
ples incubated for 10 minutes in the same conditions.
Then the samples were centrifugated for 5 minutes at
2000 rpm and the cells pellet was fixed and perme-
abilized with FACS Permeabilizing solution (Becton
Dickinson) according to manufacturer’s instructions.
Finally, the cells were incubated with CD69 and with
MoAb to the following cytokines: Il-2-FITC, Il-4-PE
and IFN-γ-FITC purchased from Becton Dickinson.
An isotype-specific anti-mouse IgG1 or IgG2 were
used in all experiments to assess background fluores-
cence. In all experiments we used the next combina-
tions of markers: Il-2-FITC/CD3-PE/CD4-PerCP; Il-2-
FITC/CD3-PE/CD8-PerCP; CD3-FITC/Il-4-PE/CD4-
PerCP; CD3-FITC/Il-4-PE/CD8-PerCP; IFN-γ-FITC/
CD3-PE/CD4-PerCP; IFN-γ−FITC/CD3-PE/CD8-
PerCP and CD3-FITC/CD69-PE/-. Data acquisition
was performed on a FACScan flow cytometer (Bec-
ton Dickinson) equipped with an argon ion laser tuned
at 488 nm and 15 mW. Acquisition was performed
in two consecutive steps: in the first step a total of
10000 events/tube were acquired, and in the second
step, cells were acquired through a “live gate” drawn
on the side-scatter (SSC)/CD3-positive cells. In all ex-
periments we used an activation control in the same
conditions as previously described, but omitting BFA.
Then cells were staining with CD69 (and early activa-
tion marker) and CD3. We considered a correct activa-
tion if more than 90% of T cells expressed CD69. For
analysis the PAINT-A-GATE PRO software program
(Becton Dickinson) with the polynomial SSC transfor-
mation capability was used. The calibration of the in-
strument as well as fluorochrome compensation was
performed using CD4/CD8/CD3 lymphocytes prior to
data acquisition using previously well established pro-
tocols.

2.3. Statistical analysis

Student’st-tests were used to compare HUCB lym-
phocyte versus APB lymphocytes cytokine production.
P values< 0.05 were considered to be significant.
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3. Results

There were no differences in the percentage of T
lymphocytes between HUCB (72.0± 9.7%) and APB
(73.5± 3.8%). There were more CD4+ lymphocytes
(53.8 ± 7.8%) and less CD8+ T cells (16.0 ± 4.8)
in HUCB than in adult PB (APB) (45.3 ± 5.2 and
29.6± 4.7%, respectively) giving a higher CD4 : CD8
ratio in HUCB. After stimulation with PMA and Iono-
mycin more than 90% of T lymphocytes in HUCB and
APB in all experiments expressed the early activation
marker CD69.

3.1. Cytokine expression on HUCB and APB

Figure 1 shows the expression of Il-2, Il-4 and IFN-γ
on individual samples of HUCB and APB T lympho-
cytes. The gates used for analysis of T lymphocytes are
also shown in Fig. 1. These results show that there is
reduced production of Il-2, Il-4 and IFN-γ in HUCB T
lymphocytes compared with APB T lymphocytes. The
percentage of positive cells for each cytokine is signif-
icantly lower in HUCB compared with APB (Fig. 2).

3.2. CD4/CD8 subset analysis

Further phenotypic analysis of the cytokine-produ-
cing T lymphocytes was also performed according to
CD4 and CD8 expression. In HUCB, Il-2, Il-4 and
IFN-γ are produced mainly by CD4+ T cells com-
pared with CD8+ T lymphocytes. In APB, Il-2 and Il-4
are also produced predominantly by CD4+ cells com-
pared with CD8+ T lymphocytes. However, IFN-γ is
produced by both CD4+ and CD8+ cells (Table 1).

4. Discussion

In this study we have analysed the cytokine profile
of T lymphocytes from HUCB, using a modification
of the technique described by Jung et al. [14]. This
technique allows a more accurate and detailed compar-
ison of the cytokine profile of cord and adult T lym-
phocytes, at single-cell level in comparation with other
methods as ELISA or bioassay techniques which mea-
sure cytokine production in cell-culture supernatants.
The flow cytometric assay allows simultaneous deter-
mination of an individual T-cell’s ability to produce
multiple cytokines and its phenotype after only short
in vitro incubation (4 hours) with an activating stim-
ulus and the secretion inhibitor brefeldin A. In addi-

tion, T lymphocytes were selected according to their
expression of CD3 and low SSC.

Mosmann et al. [17] described two groups of clones.
“Th1 cells” secrete Il-2 and IFN-γ but not Il-4, and the
other, labelled “Th2 cells”, has a reciprocal cytokine
secretion profile. Th1 cells mediate pro-inflammatory
reactions and help B cells produce IgG2, whereas
Th2 type cells help B cells in production of antibody
IgG1 [20]. Although these functionally distinct T cell
subsets were originally described in the mouse, human
T cell clones have subsequently been shown to have a
similar, restricted cytokine profiles [6]. However, Th1
and Th2 type cells in the human are usually defined
according to the ratio’s of IFN-γ to Il-4 produced.

Previous studies have shown that after HUCB stim-
ulation, Il-2 and IFN-γ secretion into the supernatant
is lower than or similar to activated APB [2,18]. The
results of this study show that the proportion of T
lymphocytes expressing Il-2 and IFN-γ was lower in
HUCB than in APB. With regard to Il-4, this study
shows that the proportion of Il-4-producing cells was
lower in HUCB T lymphocytes compared with APB
T lymphocytes in keeping with previous data [5].
In our study the intracellular expression of Il-4 is
lower, in both HUCB and APB T lymphocytes, than
in Chalmers’ study [5]. This discrepancy could be ex-
plained by the kinetic of Il-4 synthesis with a peak in
its production at 8 hours after stimulation. Then, our
study performed at 4 hours after stimulation do not de-
tect the maximum level of production of this cytokine.
Chalmers et al. [5,7] found a lower expression of in-
tracelullar Il-2 and IFN-γ in HUCB lymphocytes com-
pared to APB lymphocytes similar to described by us.
These results are in contrast with recent report [11] that
HUCB T cells produced more Il-2 than APB T lym-
phocytes after 4 hours of stimulation. Using the same
protocol of T cell stimulation and flow cytometry anal-
ysis we have found a lower frequency of HUCB T lym-
phocytes producing Il-2. This agrees with the observa-
tion that HUCB lymphocytes are naive (CD45RA) [8,
12], since they have not yet become primed to the Th1
or Th2 type cells (results from our laboratory, data not
shown). However there are some CD45RA cells within
APB and it is not clear wheter these cells are as naive as
their equivalent in HUCB. A recent study by Hassan et
al. [13] suggested that the CD45RA population within
HUCB and APB differ in their cytokine production
since purified CD4+ CD45RA+ cells derived from
HUCB do not make Il-2 on stimulation, whereas puri-
fied adult CD4+CD45RA+ do. Thus HUCB CD45RA
cells may be more naive than adult CD45RA cells.
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Fig. 1. Flow cytometric cytokine expression on HUCB and APBT lymphocytes. The top three dot plots (A, B and C) show the forward and
transformed side scatter (SSC) distribution and the gate used to select T lymphocytes according to the expression of CD3 and low side scatter.
The expression of Il-2 (E), Il-4 (H) and IFN-γ (K) on APB CD3+ lymphocytes is compared with the expression of Il-2 (F), Il-4 (I) and IFN-γ
(L) on HUCB T lymphocytes. An isotype-specific negative control was used with each cytokine (D, G, and J, respectively).
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Fig. 2. Cytokine expression on HUCB and APB T lymphocytes. The percentage positivity of eight samples of HUCB and ten APB is shown
following PMA/Ionomycin activation. Results are expressed as a percentage of CD3+ lymphocytes.

Table 1

T-cell subset analysis. The cytokine-producing T lymphocytes
HUCB and APB were further characterized according to the expres-
sion of CD4 and CD8

HUCB (n: 8) APB (n: 10)

X ± SD X ± SD

CD3+CD4+Il-2+ 2.9± 1.1% 30.9± 7.3%

CD3+CD8+Il-2+ 0.5± 0.3% 5.9± 1.7%

CD3+CD4+Il-4+ 0.3± 0.2% 2.0± 0.5%

CD3+CD8+Il-4+ 0.1± 0.4% 0.2± 0.3%

CD3+CD4+IFN-γ 2.0± 1.5% 8.2± 2.3%

CD3+CD8+IFN-γ 0.5± 0.6% 10.0± 4.7%

We found a ten-fold decrease in the production of
Il-2 by CD3+CD4+ HUCB lymphocytes compared
with CD3+CD4+ APB lymphocytes. This reduced cy-
tokine levels in HUCB could be implicated in the re-
duced GVHD after HUCB transplantation and make
HUCB a particularly useful stem cell transplant.

Acknowledgement

This work was supported in part by a grant from
the Comunidad Autónoma de Madrid, CAM 08.3/001/
1997.

References

[1] J.H. Antin and J.L.M. Ferrara, Cytokine dysregulation and
acute graft-versus-host disease,Blood80 (1992), 2964–2968.

[2] C. Barbey, O. Irion, C. Helg, B. Chapuis, C. Grand, C. Chiz-
zolini, M. Jeannet and Roosnek, Characterization of the cy-
totoxic alloresponse of cord blood,Bone Marrow Transplant
22(Suppl. 1) (1998), 26–30.

[3] H.E. Broxmeyer, G. Hangoc, S. Cooper, S. Cooper, R.C.
Ribeiro, V. Graves, M. Yoder, J. Wagner, S. Vadhan-Raj, P. Ru-
binstein and E.R. Broun, Growth characteristics and expansion
of human umbilical cord blood and estimation of its potential
for transplantation of adults,Proc. Natl. Acad. Sci. USA89
(1992), 4109–4113.

[4] M.S. Cairo and J.E. Wagner, Placental and/or umbilical cord
blood. An alternative source of hematopoietic stem cells for
transplantation,Blood90 (1997), 4665–4678.

[5] L.M.H. Chalmers, G. Janossy, M. Contreras and C. Navarrete,
Intracellular ytokine profile of cord and adult blood lympho-
cytes,Blood92 (1998), 11–18.

[6] S.B.A. Cohen, J. Clayton, M. Londei and M. Feldmann, T cells
and cytokines, in:Cytokines: A Practical Approach, F. Blak-
well ed., Oxford University Press, 1995, pp. 179–196.

[7] S.B.A. Cohen, I. Pérez-Cruz, P. Fallen, E. Gluckman and J.A.
Madrigal, Analysis of the cytokine production by cord and
adult blood,Human Inmunol.60 (1999), 331–336.

[8] G. D’Arena, P. Musto, N. Cascavilla, G. Di Giorgio, S. Fusilli,
F. Zendoli and M. Carotenuto, Flow cytometry characterization
of human umbilical cord blood lymphocytes: immunopheno-
typic features,Haematologica83 (1998), 197–203.

[9] J.L.M. Ferrara and H.J. Deeg, Mechanism of disease: graft-
versus-host disease,N. Eng. J. Med.324(1991), 667–674.

[10] E. Gluckman, H.E. Broxmeyer and A.D. Auerbach, Hema-
topoietic reconstitution in a patient with Fanconi anemia by
means of umbilical-cord blood from a HLA-identical sibling,
N. Eng. J. Med.321(1989), 1174–1178.

[11] P. Han and G. Hodge, Intracellular cytokine production and
cytokine receptor interaction of cord mononuclear cells: rel-
evance to cord blood transplantation,Br. J. Haematol.107
(1999), 450–457.

[12] P. Han, G. Hodge, C. Story and X. Xu, Phenotypic analysis of
functional T-lymphocytes subtypes and natural killer cells in
human cord blod: relevance to umbilical cord blood transplan-
tation,Br. J. Haematol.89 (1995), 733–740.

[13] J. Hassan and D. Reen, Cord blood CD4+ CD45RA+ T cells
achieve a lower magnitude of activation when compared with
their adult counterparts,Immunology90 (1997), 397–401.

[14] T. Jung, U. Schauer, C. Heusser, C. Neumann and C. Reiger,
Detection of intracellular cytokines by flow cytometry,J. Im-
munol. Methods159(1993), 197.



98 J.A. García Vela et al. / Intracellular cytokine production by cord and adult T lymphocytes

[15] W. Krenger and J.L.M. Ferrara, Graft-versus-host disease and
Th1/Th2 paradigm,Immunol. Res.15 (1996), 50–73.

[16] J. Kurtzberg, M. Laughlin, M.L Graham, C. Smith, J. Olspn,
E.C. Halperin, G. Ciocci, C. Carrier, C.E. Stevens and Rubin-
stein, Placental blood as a source of hemopoietic stem cells for
transplantation into unrelated recipients,N. Eng. J. Med.335
(1996), 157–166.

[17] T.R. Mosmann, H. Cherwinsky, M.W. Bond, M.A. Giedlin and
R.L. Coffman, Two types of murine helper T cell clone. I. Def-
inition according to profiles of lymphokine activities and se-
creted proteins,J. Immunol.136(1986), 2348–2357.

[18] A. Paiva, A. Freitas, A. Loureiro, A. Couceiro, A. Martinho,
O. Simoes, P. Santos, J. Tomaz, M.L. Pais and H. Breda Coim-
bra, Functional aspects of cord blood lymphocytes response to
polyclonal and allogeneic activation,Bone Marrow Transplant
22(Suppl. 1) (1998), 31–34.

[19] G. Pastorelli, F. Rousset, J. Pene, C. Peronne, M.G. Roncarolo,
P.A Tobo and J.E. De Vries, Cord blood B cells are mature in
their capacity to swich to IgE-producing cells in response to
interleukin-4 in vitro,Clin. Experiment. Immunol.82 (1990),
114–119.

[20] N.E. Street, J.H. Schumacher, T.A. Fong, H. Bass, D.F.
Fiorentino, J.A. Leverah and T.R. Mosmann, Heterogeneity of
mouse helper T cells. Evidence from bulk cultures and limit-
ing dilution cloning for precursors of Th1 and Th2 cells,J. Im-
munol.144(1990), 1629–1639.

[21] J.E. Wagner, N. Kernan, M. Steinbuch, H. Broxmeyer and
E. Gluckman, Allogeneic sibling umbilical-cord blood trans-
plantation in children with malignant and non-malignant dis-
ease,Lancet346(1995), 214–219.


