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Human naive CD4� T helper (Th) and CD8� cytotoxic (Tc)
T cells, which only produce IL-2, may differentiate into Th1/Tc1-
or Th2/Tc2-like lymphocytes, characterized by their cytokine
production profile. 1�,25-dihydroxyvitamin D3 (1�,25(OH)2D3)
has been reported to inhibit Th1/Tc1-related, but increase Th2/
Tc2-associated cytokines in T cells from adults. In industrialized
countries, vitamin D supplementation for prevention of rickets is
initiated within the first days of life and continued throughout the
entire first year. Epidemiologic studies suggest an association of
vitamin D exposure in newborns with the incidence of allergic
diseases in later life. This study addresses the effects of
1�,25(OH)2D3 on Th1/Tc1 versus Th2/Tc2 differentiation in
long term cell cultures of (naive) cord blood T lymphocytes. Our
results show that in CD4� as well as CD8� cord blood cells,
1�,25(OH)2D3 inhibits not only IL-12-generated IFN-� produc-
tion, but also suppresses IL-4 and IL-13 expression induced by

IL-4. Thus, in cord blood 1�,25(OH)2D3 induces a T cell pop-
ulation without predominance of Th2 related cytokines. (Pediatr
Res 52: 12–18, 2002)

Abbreviations
CBMC, Cord blood mononuclear cells
PBMC, Peripheral blood mononuclear cells
IDC, Intracellular detection of cytokines
PHA, Phytohemagglutinin
PMA, Phorbol 12-myristate 13-acetate
PE, Phycoerythrin
APC, Allophycocyanin
PerCP, Peridinin chlorophyll
FSC, Forward Scatter
SSC, Side Scatter

Human naive T cells, which produce only IL-2, can differ-
entiate into at least two functionally distinct subsets of memory
or effector T cells, which can be distinguished by their cytokine
profile (1, 2): CD4� Th1 cells on one hand producing predom-
inantly IFN-�, IL-2, and lymphotoxin, and CD4� Th2 cells on
the other hand, which are the main source of IL-4 and IL-5,
represent two extremely polarized phenotypes of a continuous
spectrum of cytokine-producing T lymphocytes. Similar sub-
populations (i.e. Tc1 and Tc2) exist in the CD8� T cell
population (3, 4). Th1- and Th2-associated immune responses
have been implicated in the pathogenesis of infectious, allergic,
and autoimmune diseases (3).

The local cytokine environment plays an important role in
the differentiation of naive T cells along the Th1/Tc1 or
Th2/Tc2 pathway (5, 6). For example, in vitro priming of naive
T cells in the presence of IL-4 generates IL-4-producing Th2
effector cells (7–10). Similarly, IL-12, secreted by monocytes

and dendritic cells, induces the capacity to produce IFN-� in
neonatal T cells (11).

Furthermore, the arachidonic acid metabolite prostaglandin
E2 (12, 13), and several members of the steroid hormone
family, such as progesterone (14, 15), glucocorticoids (16), and
1�,25-dihydroxyvitamin D3 (1�,25(OH)2D3) (17) have been
reported to influence Th and Tc subset generation.
1�,25(OH)2D3 is not only required for normal mineral ho-
meostasis but also regulates differentiation, growth, and func-
tion of different cell types such as hematopoietic and immune
cells as well as a variety of normal and malignant epithelial
cells (18–20). The discovery of the high affinity receptor for
1�,25(OH)2D3 in monocytes and activated lymphocytes (21)
suggested that this steroid acts as an immunoregulatory hor-
mone (22, 23). Interference with cytokine production of mono-
cytes and lymphocytes seems to be a key mechanism by which
1�,25(OH)2D3 interacts with the immune system. Suppression
of mitogen-induced proliferation (24) and inhibition of secre-
tion of IL-1, IL-2, IL-6, IL-12, TNF, and IFN-� have been
observed in human blood mononuclear cells (PBMC) (25–30).
In adult human CD4� and CD8� T cells, however, we have
recently demonstrated the induction of IL-6-producing sub-
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populations by 1�,25(OH)2D3 (31). Possible therapeutic im-
plications have been deduced from the preferential inhibition
of Th1-related cytokines by 1�,25(OH)2D3 (17), which might
prove useful in prevention of Th1-mediated clinical situations
such as autoimmune reactions or of transplant rejection (32–
34). In this respect, Wjst and Dold (35) have put forward the
hypothesis that the association of vitamin D exposure in new-
borns with the incidence of allergic diseases in later life -
suggested by a number of epidemiologic studies (36–38) –
may be due to inhibition of Th1 differentiation and function by
1�,25(OH)2D3. As vitamin D supplementation for prevention
of rickets is initiated within the first days of life and continued
throughout the entire first year, the influence of 1�,25(OH)2D3

on T cell cytokine production during differentiation of (naive)
cord blood T cells is of special interest. Although effects of
1�,25(OH)2D3 on cytokine production of T cells derived from
peripheral blood of adults have been analyzed in several
studies (31, 39–42), nothing is known about its action on
neonatal cytokine production, which could be different from
the adult situation, mainly because cord blood contains primar-
ily naive T cells expressing the CD45RA� phenotype (43).

In the present study the effects of 1�,25(OH)2D3, alone or in
concert with IL-4 and IL-12, on cytokine production and
differentiation of cord blood CD4� and CD8� T cells were
investigated using a flow cytometry-based intracellular cyto-
kine detection method. We herewith report that in cord blood
T cells, 1�,25(OH)2D3 inhibits not only Th1/Tc1 differentia-
tion as in T cells from adults, but also suppresses Th2/Tc2
differentiation. 1�,25(OH)2D3 specifically induces cord blood
T cells to differentiate into a functionally distinct IL-6-
producing subpopulation, which can be expanded through a
permissive effect of IL-4. In addition we report a significant
direct inhibitory effect of 1�,25(OH)2D3 on IFN-� production
of T cells, which is not mediated by suppression of IL-12
production by accessory cells.

MATERIALS AND METHODS

Cord blood mononuclear cells (CBMC). Cord blood was
collected with a heparinized syringe by aspiration from the
umbilical vein of four normal term deliveries. The mononu-
clear cells (CBMC) were isolated by density gradient centrif-
ugation over Ficoll-Paque (Pharmacia, Uppsala, Sweden).

Culture conditions. CBMC (106/mL) were cultured in Ultra
Culture (UC) Medium (Bio Whittaker, Walkersville, MD,
U.S.A.) supplemented with 2 mM L-glutamine, and 170 mg/L
gentamycinsulphate (both from Sigma Chemical Co. Bio Sci-
ences, St. Louis, MO, U.S.A.). A schematic representation of
the cell culture protocol is shown in Fig. 1: Initially PHA (Life
Technologies, Grand Island, NY, U.S.A.) was supplemented at
a concentration of 1% vol/vol. This was replaced by IL-2 (20
U/mL, Roche Diagnostics GmbH, Basel, Switzerland) after 3 d
to maintain cell proliferation and viability. Cultures were
exposed to 1�,25(OH)2D3 (10�8 M, kind gift from Hoffmann
La-Roche, Basel, Switzerland), IL-4 (450 U/mL, Strathmann
Biotech, Germany), or IL-12 (200 U/mL, gift from M. Gately,
Hoffmann La-Roche, Nutley, NJ, U.S.A.), respectively, or to a
combination of 1�,25(OH)2D3 with either one of the two

cytokines. On day 7 and 14, cells were washed once and IL-2,
1�,25(OH)2D3, IL-4 and IL-12 were re-added as described
above. Fresh medium was added to the cultures on day 10 and
17. Cultures with IL-2 alone served as control.

Intracellular cytokine detection. On day 0, 7, 14, and 21,
the percentage of cytokine-producing CD4� T helper cells
(Th) and CD8� cytotoxic T cells (Tc) was analyzed by intra-
cellular cytokine detection. Expression of IFN-�, IL-2, IL-4,
IL-5, IL-6, IL-10, and IL-13 was assessed with MAb and
four-color flow cytometry. The technique has been described
previously (44, 45). At the respective time points, cells were
stimulated with 10 ng/mL phorbol 12-myristate 13-acetate
(PMA), and 1.25 �M ionomycin, in the presence of 2 �M
monensin (all from Sigma Chemical Co. Bio Sciences, St.
Louis, MO, U.S.A.). 4 h later, cells were harvested, washed
and fixed with 2% formaldehyde.

Four-color fluorescence staining was performed using rat or
mouse anti-human MAb and the respective isotype controls
labeled with FITC, phycoerythrin (PE), peridinin chlorophyll
(PerCP), or allophycocyanin (APC): anti-CD4 (APC), anti-
CD8 (PerCP), anti-IFN-� (FITC), anti-IL-2 (PE), anti-IL-4
(PE) (all from Becton Dickinson, San Jose, CA, U.S.A.),
anti-IL-6-PE and anti-IL-13-PE (from Pharmingen, San Diego,
CA, U.S.A.).

Statistics. Data were analyzed with the two-tailed paired
Student‘s t test. p-Values �0.05 were considered significant.

RESULTS

Effect of 1�,25(OH)2D3 on the frequency of cytokine-
(IL-2, IFN-�, IL-4, and IL-13) producing cord blood T cells.
In the first series of experiments, cytokine production at the
single cell level was assessed in the CD4� and CD8� fraction
of cord blood mononuclear cells (CBMC), which had been
cultured for up to 21 d in the absence or presence of 1 � 10�8

M 1�,25(OH)2D3. On day 0, both CD4� and CD8� cells, as
expected, exclusively expressed IL-2, but were negative for all
other cytokines under investigation (IFN-� – Fig. 2; IL-4, IL-6,
IL-13 – data not shown).

The relative number of IL-2-producing cells within the
CD4� population was similar in controls (18.5 � 10.2%) and

Figure 1. Experimental protocol for CBMC culture. Duration of treatments is
indicated by closed horizontal bars. Time points of medium change and
addition of fresh reagents are indicated by vertical ticks. Vertical arrows
indicate the time points when cultures were restimulated with PMA and
ionomycin in the presence of monensin and subsequently processed for
intracellular detection of cytokines (IDC).

13VIT D AND CORD BLOOD T CELL CYTOKINES



1�,25(OH)2D3-treated cultures (17.6 � 6.9%) on day 7. How-
ever, on day 14, the percentage of IL-2 positive CD4� cells
was markedly lower in the latter (53.5 � 9.4% versus 28.8 �
18.5%; p � 0.05). The difference was no longer significant on
day 21 (43.8 � 8.5% in controls versus 36.9 � 5.8% in
1�,25(OH)2D3 cultures) (data not shown).

The percentage of IFN-�-producing cells was low in both
the CD4� and CD8� subpopulation of untreated CBMC cul-
tures. A significant (p � 0.05) inhibitory effect of
1�,25(OH)2D3 was observed only in CD8� cells on day 14 and
day 21 (Fig. 3).

1�,25(OH)2D3 had no effect on IL-4 production in CD4�

and CD8� cells during a 21 day culture period, but transiently
suppressed IL-13 production on day 14 (p � 0.01) (Fig. 4).

Effect of 1�,25(OH)2D3 on induction of cytokine-(IFN-�,
IL-4, and IL-13) producing T cells by IL-4 or IL-12. When
CBMC were cultured in the presence of IL-4, the frequency of
IL-4-producing T cells had the tendency to rise, though only
resulting in a significance for CD4� cells on day 21 (p � 0.05).
The fraction of CD4� IL-13-positive cells was markedly, that
of CD8� IL-13-positive cells moderately, expanded by IL-4
(Fig. 4). This induction of IL-4 and IL-13-producing cells was
almost completely inhibited by simultaneous addition of
1�,25(OH)2D3 (Fig. 4).

As shown in Fig. 3, treatment of CBMC cultures with IL-12
increased the frequency of IFN-��expressing T cells in the
CD4� and in the CD8� population. 1�,25(OH)2D3 consider-
ably reduced this effect. IL-12 also stimulated IL-4 production,
which again was inhibited by 1�,25(OH)2D3 (Fig. 3).

Modulation of 1�,25(OH)2D3-induced IL-6 production by
IL-4 and IL-12. While control cultures remained negative for

IL-6 throughout the observation period, addition of
1�,25(OH)2D3 led to significant proportions of IL-6-expressing
CD4� (6.7 � 4.1%, p � 0.05) and CD8� (6.1 � 3.7%, p � 0.05)
lymphocytes on day 21. Neither IL-4 nor IL-12 had such stimu-

Figure 3. 1�,25(OH)2D3 and IL-12: time course of IL-4 and IFN-� production
by human CD4� and CD8� lymphocytes. PHA-stimulated CBMC were cultured
with or without 1�,25(OH)2D3, with IL-12, and with 1�,25(OH)2D3 � IL-12. The
percentage of cytokine producing cells was determined by four-color flow cytom-
etry. Each column represents the mean � SD from four experiments. Significance
is expressed by p values (*p � 0.05, **p � 0.01, ***p � 0.001).

Figure 2. Intracellular detection of cytokines in CD4� and CD8� human cord blood lymphocytes. Percentages of cytokine-producing cells were determined
by four-color flow cytometry. Dot plots from one representative experiment (day 0) are shown. Left panel shows the forward/side scatter (FSC/SSC) plot of
CBMC. Cells gated as lymphocytes are encircled. The middle panel shows gating on CD4� and CD8� lymphocytes. Dot plots of the right panel show specific
cytokine-producing subpopulations of CD4� and CD8� lymphocytes, respectively. IL-2-positive/IFN-�-negative cells are represented in the upper left,
IL-2-negative/IFN-�-positive cells are represented in the lower right quadrants. IL-2 and IFN-�-co-expressing cells are shown in the upper right quadrants. The
values within the quadrants represent means of 4 cord blood samples.
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latory properties. IL-12 even tended to suppress this
1�,25(OH)2D3 effect when supplemented simultaneously, though
without reaching statistical significance (Fig. 5).

In contrast, the combination of IL-4 and 1�,25(OH)2D3

accelerated and amplified the surge of IL-6-positive T cells so
that already on day 14 a significant proportion of both CD4�

and CD8� cells expressed IL-6. On day 21, the percentage of
IL-6-positive CD4� cells was three times higher than in the
cultures treated with 1�,25(OH)2D3 alone (Fig. 5). A signifi-
cant IL-4-related increment in the IL-6 levels was also noted in
CD8� cells (Fig. 5).

1�,25(OH)2D3 specifically modulates cytokine (co-)
expression patterns triggered by IL-4 or IL-12. Co-expression
of IFN-� with IL-6, IL-4 or IL-13 after 21 d of culture with
IL-4 or IL-12 �/- 1�,25(OH)2D3 is presented in Fig. 6 for
CD4� and in Fig. 7 for CD8� lymphocytes. In CD4� cells,
IL-12 generates a Th1 pattern, defined by predominance of a
subpopulation of cells only expressing IFN-� (Fig. 6). Also
cells positive for IL-4 or IL-13 frequently co-express IFN-�
(upper right quadrants). Simultaneous incubation with IL-12
and 1�,25(OH)2D3 reduces the frequency of IFN-�-producing
lymphocytes. Under this condition, IL-6-positive cells appear
to partially co-express IFN-�.

IL-4 induces a typical Th2 phenotype, characterized by a
significant proportion of cells producing only IL-4 and IL-13, but
scanty IFN-� and no IL-6 (Fig. 6). The most remarkable pheno-
type evolves in cultures treated with IL-4 and 1�,25(OH)2D3

which is characterized by a significant subpopulation of T cells
only positive for IL-6, and a decrease of the percentages of IL-4,
IL-13 and IFN-�-expressing cells (Fig. 6). Although total rates of
IL-4 and IL-13-positive cells (Fig. 6, upper left plus upper right
quadrants) are comparable to those from cultures with IL-12,

co-expression of IFN-� and IL-4 or IL-13 (upper right quadrants)
is more pronounced (p � 0.05) in IL-12 cultures.

In CD8� cord blood cells (Fig. 7) regulatory effects on
cytokine (co-)expression patterns are similar to CD4� cells.

Figure 5. 1�,25(OH)2D3 and IL-4 or IL-12: time course of IL-6 production by
human CD4� and CD8� lymphocytes. PHA-stimulated CBMC were cultured
with or without 1�,25(OH)2D3, with IL-4 or IL-12, and with 1�,25(OH)2D3 �
IL-4 or IL-12. Percentage of IL-6-producing cells was determined by four-color
flow cytometry. Each column represents the mean � SD from four experiments.
Significance is expressed by p values (*p � 0.05, **p � 0.01, ***p � 0.001).

Figure 6. 1�,25(OH)2D3 modulates in vitro triggered Th1/Th2 cytokine produc-
tion patterns. PHA-stimulated CBMC were cultured for 21 d with the appropriate
cytokine and/or 1�,25(OH)2D3 (D3). CD4� lymphocytes were gated as shown in
Fig. 2. In all dot plots, x axis reflects IFN-� expression, whereas y axis shows IL-6
(first panel), IL-4 (second panel) or IL-13 (third panel) production. Under culture
conditions with IL-12, naive CD4� T cells differentiated into a typical Th1
phenotype (left column), whereas with IL-4, differentiation into a typical Th2
phenotype was observed (right column). These polarized phenotypes were mod-
ified by simultaneous addition of 1�,25(OH)2D3, as shown in the two central
columns (D3�IL-12 and D3�IL-4). Dot plots from one representative experiment
are shown. Values within quadrants represent means of four experiments.

Figure 4. 1�,25(OH)2D3 and IL-4: time course of IL-4 and IL-13 production by
human CD4� and CD8� lymphocytes. PHA-stimulated CBMC were cultured
with or without 1�,25(OH)2D3, with IL-4, and with 1�,25(OH)2D3 � IL-4. The
percentage of cytokine producing cells was determined by four-color flow cytom-
etry. Each column represents the mean � SD from four experiments. Significance
is expressed by p values (*p � 0.05, **p � 0.01, ***p � 0.001).
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However, the CD8� population generally comprises higher
proportions of IFN-�-positive cells, and lower percentages of
cells producing IL-4 and IL-13. Also, IL-6-producing cells are
less frequent in the CD8� than in the CD4� population.

DISCUSSION

1�,25(OH)2D3 represents an immunoregulatory hormone
with distinct immunosuppressive activities, inhibiting T cell
proliferation and Th1-associated cytokine production (25, 33,
39, 46, 47). Th1 inhibition has been suggested to trigger a
Th2-associated immune response (17). Furthermore, we have
recently shown that 1�,25(OH)2D3 has the capacity to enhance
the development of cells producing Th2/Tc2 associated cyto-
kines without impairing IFN-� production (31).

All studies in the human system published so far have
investigated cells derived from adult peripheral blood, which
contains predominantly mature T cells. In our present experi-
ments, umbilical cord blood T cells were used as a source of
immunologically naive cells (43). Our data show that
1�,25(OH)2D3 suppresses Th1/Tc1 as well as Th2/Tc2-
associated cytokine production driven by IL-12 or IL-4, re-
spectively. This suggests that 1�,25(OH)2D3 modulates Th/Tc
differentiation in memory and naive T cells in different ways.

Several investigators assume an indirect mechanism for the
suppression of IFN-� production by 1�,25(OH)2D3, i.e. medi-
ated by inhibition of IL-12 secretion from costimulatory cells,
such as monocytes, dendritic cells, or B cells (30, 48). In our
experiments, the addition of 1�,25(OH)2D3 to IL-12-treated

cord blood T cells considerably reduced the proportion of
IFN-�-producing CD4� and CD8� T cells, suggesting a direct
inhibitory effect as well.

IL-6 is a multifunctional cytokine involved in the regulation
of acute phase reaction and hematopoiesis (49), which induces
B cell differentiation to antibody producing plasma cells (50,
51) and regulates T cell growth and differentiation (52–54).
Although initially thought to be a pro-inflammatory cytokine,
there is increasing evidence supporting a predominantly anti-
inflammatory and immunosuppressive role of IL-6 and of some
of the IL-6-regulated acute phase proteins (55).

In human peripheral blood, monocytes represent the primary
and main source of IL-6 (56). In addition, mitogen-stimulated
T cells have been demonstrated to produce IL-6 (57, 58).
1�,25(OH)2D3 can have variable effects on IL-6 production by
human PBMC. Depending on the cell stimulus, inhibition as
well as induction or increase of IL-6 has been measured in cell
culture supernatants. 1�,25(OH)2D3 seems to suppress IL-6
release by monocytes (27, 47) while stimulating IL-6 produc-
ing T cells (31, 42). Our results from the experiments with
naive cord blood T cells are in accordance with those obtained
with adult T cells (31). PBMC, activated in the presence of
1�,25(OH)2D3 develop a significant proportion of IL-6-
positive CD4� and CD8� T cells. While, naive T cells require
a culture period of more than 14 d till measurable IL-6
expression takes place, a significant proportion of IL-6-positive
T cells could be detected already on day 7 in samples from
adults (31). Naive (CD45RA�) T cells from peripheral blood
of adults show delayed responses to 1�,25(OH)2D3, compared
with the mature (CD45RO�) T cell fraction (59), and cord
blood CD45RA� T cells fail to acquire similar activation status
to their adult counterparts (60).

Two studies indicate that IL-4 synergizes with
1�,25(OH)2D3 on leukemia cells (61, 62). IL-4 has been
described to potentiate the pro-differentiating and anti-
proliferative effect of 1�,25(OH)2D3 in myeloid and monocytic
leukemia cells of mice (16, 63). Our data indicate that this
synergistic effect also operates in T cells. For the latter, we
demonstrated a significant concurrent antagonism of
1�,25(OH)2D3 and IL-4 in respect to IL-4 and IL-13 produc-
tion. This indicates that the IL-6-positive T cell subpopulation
represents a specific phenotype selectively induced and en-
hanced by particular stimuli.

Beside a Th1/Tc1 or Th2/Tc2 phenotype a Th3 subset has
been described, mainly characterized by its TGF-� production,
with varying amounts of IL-4 and IL-10 (64). The discovery of
these cells once more suggests the existence of polarized T cell
subsets beyond the Th1/Th2 dichotomy. Until now intracellu-
lar detection of TGF-� by flow cytometry is technically not
possible. However, we have analyzed production of IL-10,
which we could not detect in any cord blood cultures treated
with IL-4 plus 1�,25(OH)2D3 (data not shown). Moreover,
there are no reports about pronounced IL-6 production by Th3
cells so far. Therefore, we suggest that the IL-6-producing T
cell subpopulation is distinct from the Th3 subset as well.

It has been shown that only IL-4 but not IL-6 generates IgE
antibodies (65). Furthermore, IL-6 induces B cells in PBMC to
become IgG- and IgA-producing cells (66, 67). IgG1 response

Figure 7. 1�,25(OH)2D3 modulates in vitro triggered Tc1/Tc2 cytokine
production patterns. PHA-stimulated CBMC were cultured for 21 d with the
appropriate cytokine and/or 1�,25(OH)2D3 (D3). CD8� lymphocytes were
gated as shown in Fig. 2. In all dot plots, x axis reflects IFN-� expression,
whereas y axis shows IL-6 (first panel), IL-4 (second panel) panel or IL-13
(third panel) production. Under culture conditions with IL-12 naive CD8� T
cells differentiated into a typical Tc1 phenotype (left column), whereas with
IL-4, differentiation into a typical Tc2 phenotype was observed (right column).
These polarized phenotypes were modified by simultaneous addition of
1�,25(OH)2D3, as shown in the two central columns (D3�IL-12 and D3�IL-
4). Dot plots from one representative experiment are shown. Values within
quadrants represent means of four experiments.
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was stronger than IgG2 and IgG4 antibody production (67).
The synergistic induction of an IL-6-producing subpopulation
with partial inhibition of IL-4-positive T cells by simultaneous
exposure to 1�,25(OH)2D3 and IL-4 may thus modify immun-
globulin isotypes relations.

The reported preferential inhibition of Th1/Tc1-like cytokines
by 1�,25(OH)2D3 raised fear of boostering toward Th2/Tc2-
related immune responses, favoring development of allergy
(35). However, our data demonstrate a balanced effect of
1�,25(OH)2D3 on Th1/Tc1 and Th2/Tc2 cytokines during
differentiation of cord blood T cells, suggesting that in the
perinatal period application of vitamin D should not promote
the development of allergies.

It is remarkable that 1�,25(OH)2D3 regulates cytokine pro-
duction in cord blood CD4� as well as CD8� T cells in
parallel. In this respect our data are in line with results from
adult blood T cells (31) and with reports that CD8� T cells are
able to produce Th1- and Th2-type cytokines. The differenti-
ation of CD8� cells into Tc1 and Tc2 is triggered by the same
agents necessary for Th1 and Th2 development (45, 68–70).

We have previously shown that IFN-�, IL-4, or IL-13
co-expression of IL-6-positive CD4� and CD8� T cells is
negligible (31). In the present study a divergent regulation of
Th2/Tc2-like cells compared with IL-6-producing T cells could
be demonstrated, strengthening the hypothesis that these cells
represent a specific subset outside the continuum of Th1/Tc1
and Th2/Tc2 phenotypes.

REFERENCES

1. Mosmann TR Coffman RL 1989 TH1 and TH2 cells: different patterns of lymphokine
secretion lead to different functional properties. Annu Rev Immunol 7:145–173

2. Romagnani S 1991 Human TH1 and TH2 subsets: doubt no more. Immunol Today
12:256–257

3. Mosmann TR Sad S 1996 The expanding universe of T-cell subsets: Th1, Th2 and
more. Immunol Today 17:138–146

4. Salgame P, Abrams JS, Clayberger C, Goldstein H, Convit J, Modlin RL, Bloom BR
1991 Differing lymphokine profiles of functional subsets of human CD4 and CD8 T
cell clones. Science 254:279–282

5. Seder RA, Paul WE 1994 Acquisition of lymphokine-producing phenotype by CD4�
T cells. Annu Rev Immunol 12:635–673

6. Abbas AK, Murphy KM, Sher A 1996 Functional diversity of helper T lymphocytes.
Nature 383:787–793

7. Swain SL, Weinberg AD, English M, Huston G 1990 IL-4 directs the development of
Th2-like helper effectors. J Immunol 145:3796–3806

8. Le Gros G, Ben Sasson SZ, Seder R, Finkelman FD, Paul WE 1990 Generation of
interleukin 4 (IL-4)-producing cells in vivo and in vitro: IL-2 and IL-4 are required
for in vitro generation of IL-4- producing cells. J Exp Med 172:921–929

9. Demeure CE, Wu CY, Shu U, Schneider PV, Heusser C, Yssel H, Delepesse G 1994
In vitro maturation of human neonatal CD4 T lymphocytes. II. Cytokines present at
priming modulate the development of lymphokine production. J Immunol 152:4775–
4782

10. Maggi E, Parronchi P, Manetti R, Simonelli C, Piccinni MP, Rugiu FS, De Carli M,
Ricci M, Romagnani S 1992 Reciprocal regulatory effects of IFN-gamma and IL-4 on
the in vitro development of human Th1 and Th2 clones. J Immunol 148:2142–2147

11. Wu CY, Demeure C, Kiniwa M, Gately M, Delespesse G 1993 IL-12 induces the
production of IFN-gamma by neonatal human CD4 T cells. J Immunol 151:1938–
1949

12. Katamura K, Shintaku N, Yamauchi Y, Fukui T, Ohshima Y, Mayumi M, Furusho K
1995 Prostaglandin E2 at priming of naive CD4� T cells inhibits acquisition of
ability to produce IFN-gamma and IL-2, but not IL-4 and IL-5. J Immunol 155:4604–
4612

13. Demeure CE, Yang LP, Desjardins C, Raynauld P, Delespesse G 1997 Prostaglandin
E2 primes naive T cells for the production of anti- inflammatory cytokines. Eur
J Immunol 27:3526–3531

14. Piccinni MP, Giudizi MG, Biagiotti R, Beloni L, Giannarini L, Sampognaro S,
Parronchi P, Manetti R, Annunziato F, Livi C 1995 Progesterone favors the devel-
opment of human T helper cells producing Th2-type cytokines and promotes both
IL-4 production and membrane CD30 expression in established Th1 cell clones.
J Immunol 155:128–133

15. Wilder RL 1998 Hormones, pregnancy, and autoimmune diseases. Ann N Y Acad Sci
840:45–50

16. Chiappelli F, Manfrini E, Franceschi C, Cossarizza A, Black KL 1994 Steroid
regulation of cytokines. Relevance for TH1-to-TH2 shift? Ann N Y Acad Sci
746:204–215

17. Lemire JM, Archer DC, Beck L, Spiegelberg HL 1995 Immunosuppressive actions of
1,25-dihydroxyvitamin D3: preferential inhibition of Th1 functions. J Nutr
125:1704S–1708S

18. Tong WM, Bises G, Sheinin Y, Ellinger A, Genser D, Potzi R, Wrba F, Wenzl E,
Roka R, Neuhold N, Peterlik M, Cross HS 1998 Establishment of primary cultures
from human colonic tissue during tumor progression: vitamin-D responses and
vitamin-D-receptor expression. Int J Cancer 75:467–472

19. Bouillon R, Okamura WH, Norman AW 1995 Structure-function relationships in the
vitamin D endocrine system. Endocr Rev 16:200–257

20. Reichel H, Koeffler HP, Norman AW 1989 The role of the vitamin D endocrine
system in health and disease. N Engl J Med 320:980–991

21. Provvedini DM, Tsoukas CD, Deftos LJ, Manolagas SC 1983 1,25-dihydroxyvitamin
D3 receptors in human leukocytes. Science 221:1181–1183

22. Rigby WF 1988 The immunobiology of vitamin D. Immunol Today 9:54–58
23. Manolagas SC, Hustmyer FG, Yu XP 1990 Immunomodulating properties of 1,25-

dihydroxyvitamin D3. Kidney Int Suppl 29:S9–16
24. Rigby WF, Stacy T, Fanger MW 1984 Inhibition of T lymphocyte mitogenesis by

1,25-dihydroxyvitamin D3 (calcitriol). J Clin Invest 74:1451–1455
25. Rigby WF, Denome S, Fanger MW 1987 Regulation of lymphokine production and

human T lymphocyte activation by 1,25-dihydroxyvitamin D3. Specific inhibition at
the level of messenger RNA. J Clin Invest 79:1659–1664

26. Bhalla AK, Amento EP, Serog B, Glimcher LH 1984 1,25-Dihydroxyvitamin D3
inhibits antigen-induced T cell activation. J Immunol 133:1748–1754

27. Muller K, Diamant M, Bendtzen K 1991 Inhibition of production and function of
interleukin-6 by 1,25- dihydroxyvitamin D3. Immunol Lett 28:115–120

28. Bhalla AK, Amento EP, Krane SM 1986 Differential effects of 1,25-dihydroxyvita-
min D3 on human lymphocytes and monocyte/macrophages: inhibition of interleu-
kin-2 and augmentation of interleukin-1 production. Cell Immunol 98:311–322

29. Reichel H, Koeffler HP, Tobler A, Norman AW 1987 1 alpha,25-Dihydroxyvitamin
D3 inhibits gamma-interferon synthesis by normal human peripheral blood lympho-
cytes. Proc Natl Acad Sci USA 84:3385–3389

30. D’Ambrosio D, Cippitelli M, Cocciolo MG, Mazzeo D, Di Lucia P, Lang R,
Sinigaglia F, Panina-Bordignon P 1998 Inhibition of IL-12 production by 1,25-
dihydroxyvitamin D3. Involvement of NF-kappaB downregulation in transcriptional
repression of the p40 gene. J Clin Invest 101:252–262

31. Willheim M, Thien R, Schrattbauer K, Bajna E, Holub M, Gruber R, Baier K,
Pietschmann P, Reinisch W, Scheiner O, Peterlik M 1999 Regulatory effects of
1alpha,25-dihydroxyvitamin D3 on the cytokine production of human peripheral
blood lymphocytes. J Clin Endocrinol Metab 84:3739–3744

32. Bouillon R, Garmyn M, Verstuyf A, Segaert S, Casteels K, Mathieu C 1995 Paracrine
role for calcitriol in the immune system and skin creates new therapeutic possibilities
for vitamin D analogs. Eur J Endocrinol 133:7–16

33. Casteels K, Bouillon R, Waer M, Mathieu C 1995 Immunomodulatory effects of
1,25-dihydroxyvitamin D3. Curr Opin Nephrol Hypertens 4:313–318

34. Branisteanu DD, Waer M, Sobis H, Marcelis S, Vandeputte M, Bouillon R 1995
Prevention of murine experimental allergic encephalomyelitis: cooperative effects of
cyclosporine and 1 alpha, 25-(OH)2D3. J Neuroimmunol 61:151–160

35. Wjst M, Dold S 1999 Genes, factor X, and allergens: what causes allergic diseases?
Allergy 54:757–759

36. Heinrich J, Nowak D, Wassmer G, Jorres R, Wjst M, Berger J, Magnussen H,
Wichmann HE 1998 Age-dependent differences in the prevalence of allergic rhinitis
and atopic sensitization between an eastern and a western German city. Allergy
53:89–93

37. Jarvis D, Burney P 1998 ABC of allergies. The epidemiology of allergic disease. BMJ
316:607–610

38. Mielck A, Reitmeir P, Wjst M 1996 Severity of childhood asthma by socioeconomic
status. Int J Epidemiol 25:388–393

39. Muller K, Odum N, Bendtzen K 1993 1,25-dihydroxyvitamin D3 selectively reduces
interleukin-2 levels and proliferation of human T cell lines in vitro. Immunol Lett
35:177–182

40. Muller K, Rieneck K, Hansen MB, Bendtzen K 1992 1,25-Dihydroxyvitamin D3-
mediated suppression of T lymphocyte functions and failure of T cell-activating
cytokines to restore proliferation. Immunol Lett 34:37–44

41. Jordan SC, Toyoda M, Prehn J, Lemire JM, Sakai R, Adams JS 1989 1,25-
Dihydroxyvitamin-D3 regulation of interleukin-2 and interleukin-2 receptor levels
and gene expression in human T cells. Mol Immunol 26:979–984

42. Hustmyer FG, Girasole G, Manolagas SC 1992 Signal-dependent pleiotropic regula-
tion of lymphocyte proliferation and cytokine production by 1,25-dihydroxyvitamin
D3: potent modulation of the hormonal effects by phorbol esters. Immunology
77:520–526

43. Yamada A, Kaneyuki T, Hara A, Rothstein DM, Yokoyama MM 1992 CD45 isoform
expression on human neonatal T cells: expression and turnover of CD45 isoforms on
neonatal versus adult T cells after activation. Cell Immunol 142:114–124

44. Assenmacher M, Schmitz J, Radbruch A 1994 Flow cytometric determination of
cytokines in activated murine T helper lymphocytes: expression of interleukin-10 in
interferon-gamma and in interleukin-4-expressing cells. Eur J Immunol 24:1097–
1101

45. Willheim M, Ebner C, Baier K, Kern W, Schrattbauer K, Thien R, Kraft D,
Breiteneder H, Reinisch W, Scheiner O 1997 Cell surface characterization of T
lymphocytes and allergen-specific T cell clones: correlation of CD26 expression with
T(H1) subsets. J Allergy Clin Immunol 100:348–355

17VIT D AND CORD BLOOD T CELL CYTOKINES



46. Matsui T, Takahashi R, Nakao Y, Koizumi T, Katakami Y, Mihara K, Sugiyama T,
Fujita T 1986 1,25-Dihydroxyvitamin D3-regulated expression of genes involved in
human T-lymphocyte proliferation and differentiation. Cancer Res 46:5827–5831

47. Muller K, Bendtzen K 1996 1,25-Dihydroxyvitamin D3 as a natural regulator of
human immune functions. J Investig Dermatol Symp Proc 1:68–71

48. Lemire JM 1995 Immunomodulatory actions of 1,25-dihydroxyvitamin D3. J Steroid
Biochem Mol Biol 53:599–602

49. Akira S, Taga T, Kishimoto T 1993 Interleukin-6 in biology and medicine. Adv
Immunol 54:1–78

50. Hirano T, Yasukawa K, Harada H, Taga T, Watanabe Y, Matsuda T, Kashiwamura
S, Nakajima K, Koyama K, Iwamatsu A 1986 Complementary DNA for a novel
human interleukin (BSF-2) that induces B lymphocytes to produce immunoglobulin.
Nature 324:73–76

51. Teranishi T, Hirano T, Arima N, Onoue K 1982 Human helper T cell factor(s) (ThF).
II. Induction of IgG production in B lymphoblastoid cell lines and identification of T
cell-replacing factor. J Immunol 128:1903–1908

52. Van Snick J 1990 Interleukin-6: an overview. Annu Rev Immunol 8:253–278
53. Lotz M, Jirik F, Kabouridis P, Tsoukas C, Hirano T, Kishimoto T, Carson DA 1988

B cell stimulating factor 2/interleukin 6 is a costimulant for human thymocytes and
T lymphocytes. J Exp Med 167:1253–1258

54. Takai Y, Wong GG, Clark SC, Burakoff SJ, Herrmann SH 1988 B cell stimulatory
factor-2 is involved in the differentiation of cytotoxic T lymphocytes. J Immunol
140:508–512

55. Tilg H, Dinarello CA, Mier JW 1997 IL-6 and APPs: anti-inflammatory and immu-
nosuppressive mediators. Immunol Today 18:428–432

56. Kato K, Yokoi T, Takano N, Kanegane H, Yachie A, Miyawaki T, Taniguchi N 1990
Detection by in situ hybridization and phenotypic characterization of cells expressing
IL-6 mRNA in human stimulated blood. J Immunol 144:1317–1322

57. Andersson U, Matsuda T 1989 Human interleukin 6 and tumor necrosis factor alpha
production studied at a single-cell level. Eur J Immunol 19:1157–1160

58. Horii Y, Muraguchi A, Suematsu S, Matsuda T, Yoshizaki K, Hirano T, Kishimoto
T 1988 Regulation of BSF-2/IL-6 production by human mononuclear cells. Macroph-
age-dependent synthesis of BSF-2/IL-6 by T cells. J Immunol 141:1529–1535

59. Muller K, Bendtzen K 1992 Inhibition of human T lymphocyte proliferation and
cytokine production by 1,25-dihydroxyvitamin D3. Differential effects on CD45RA�
and CD45R0� cells. Autoimmunity 14:37–43

60. Hassan J, Reen DJ 1997 Cord blood CD4� CD45RA� T cells achieve a lower
magnitude of activation when compared with their adult counterparts. Immunology
90:397–401

61. Kasukabe T, Okabe-Kado J, Hozumi M, Honma Y 1994 Inhibition by interleukin 4
of leukemia inhibitory factor-, interleukin 6-, and dexamethasone-induced differen-
tiation of mouse myeloid leukemia cells: role of c-myc and junB proto-oncogenes.
Cancer Res 54:592–597

62. Kasukabe T, Okabe-Kado J, Honma Y, Hozumi M 1992 Interleukin 4 potentiates the
antiproliferative effect of 1 alpha, 25- dihydroxyvitamin D3 on mouse monocytic
leukemia cells but antagonizes the antiproliferative effects of interferon alpha, beta
and interleukin 6. Leuk Res 16:1191–1196

63. Petrovsky N, Harrison LC 1998 The chronobiology of human cytokine production. Int
Rev Immunol 16:635–649

64. Chen Y, Inobe J, Kuchroo VK, Baron JL, Janeway CA, Weiner HL 1996 Oral
tolerance in myelin basic protein T-cell receptor transgenic mice: suppression of
autoimmune encephalomyelitis and dose-dependent induction of regulatory cells.
Proc Natl Acad Sci USA 93:388–391

65. Jenmalm MC, Bjorksten B, Macaubas C, Holt BJ, Smallacombe TB, Holt PG 1999
Allergen-induced cytokine secretion in relation to atopic symptoms and immunoglob-
ulin E and immunoglobulin G subclass antibody responses. Pediatr Allergy Immunol
10:168–177

66. Fujihashi K, Kono Y, Kiyono H 1992 Effects of IL6 on B cells in mucosal immune
response and inflammation. Res Immunol 143:744–749

67. Kono Y, Beagley KW, Fujihashi K, McGhee JR, Taga T, Hirano T, Kishimoto T,
Kiyono H 1991 Cytokine regulation of localized inflammation. Induction of activated
B cells and IL-6-mediated polyclonal IgG and IgA synthesis in inflamed human
gingiva. J Immunol 146:1812–1821

68. Croft M, Carter L, Swain SL, Dutton RW 1994 Generation of polarized antigen-
specific CD8 effector populations: reciprocal action of interleukin (IL)-4 and IL-12 in
promoting type 2 versus type 1 cytokine profiles. J Exp Med 180:1715–1728

69. Noble A, Macary PA, Kemeny DM 1995 IFN-gamma and IL-4 regulate the growth
and differentiation of CD8� T cells into subpopulations with distinct cytokine
profiles. J Immunol 155:2928–2937

70. Seder RA, Gazzinelli R, Sher A, Paul WE 1993 Interleukin 12 acts directly on CD4�
T cells to enhance priming for interferon gamma production and diminishes inter-
leukin 4 inhibition of such priming. Proc Natl Acad Sci U S A 90:10188–10192

18 PICHLER ET AL.


	1α,25(OH)2D3 Inhibits Not Only Th1 But Also Th2 Differentiation in Human Cord Blood T Cells
	MATERIALS AND METHODS
	Cord blood mononuclear cells (CBMC).
	Culture conditions.
	Intracellular cytokine detection.
	Statistics.

	RESULTS
	Effect of 1α,25(OH)2D3 on the frequency of cytokine-(IL-2, IFN-γ, IL-4, and IL-13) producing cord blood T cells.
	Effect of 1α, 25(OH)2D3 on induction of cytokine-(IFN-γ, IL-4, and IL-13) producing T cells by IL-4 or IL-12.
	Modulation of 1α, 25(OH)2D3-induced IL-6 production by IL-4 and IL-12.
	1α, 25(OH)2D3 specifically modulates cytokine (co-) expression patterns triggered by IL-4 or IL-12.

	DISCUSSION
	References


