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Background: Although the involvement of T cells in delayed
reactions to drugs has been studied, little is known about the
interaction between the drug and the antigen-presenting cells.
Dendritic cells (DCs) are professional antigen-presenting cells
essential for initiating T-cell responses. Their ability is
regulated in a process known as maturation, by which they
modulate the effector immune response.

Objectives: We studied the role of DCs in subjects who had a
delayed-type hypersensitivity reaction to amoxicillin to assess
the effect on the pattern of maturation and determine the
capacity of DCs to activate T lymphocytes.

Methods: We examined the consequences of the

interaction between monocyte-derived DCs, lymphocytes,

and amoxicillin by means of phenotypic and functional
studies, including endocytosis, proliferation, and cytokine
production.

Results: Amoxicillin drove DCs from hypersensitive subjects
to a phenotypic and functional semimature status, inducing

a T-cell proliferation response.

Conclusions: In delayed reactions to amoxicillin, DCs play a
relevant role in inducing the T-cell responses. These results are
useful not only to understand the mechanism but potentially as
a possible approach to diagnosis.

Clinical implications: A better understanding of T-cell and
DC involvement in delayed-type hypersensitivity reactions is
needed. This in vitro assay might provide clues to the diagnostic
evaluation of patients allergic to penicillins. (J Allergy Clin
Immunol 2006;118:949-56.)
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B-Lactams, the most common agents involved in
allergic reactions to drugs, form hapten-carrier conjugates
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Abbreviations used
APC: Antigen-presenting cell
DC: Dendritic cell
DTH: Delayed-type hypersensitivity
FITC: Fluorescein isothiocyanate
imDC: Immature dendritic cell
LTT: Lymphocyte transformation test
MFI: Mean fluorescence intensity
PE: Phycoerythrin
SI: Stimulation index

with proteins that can be processed and presented by
antigen-presenting cells (APCs) to naive T lympho-
cytes."? In hypersensitive subjects the immune system de-
velops either immediate Ty2-type responses mediated by
specific IgE antibodies® or delayed Tyl-type responses
mediated by specific T lymphocytes.* B-Lactams provide
the best model to analyze both types of reactions.”

Most information about T lymphocyte-mediated reac-
tions to [3-lactams concerns the specific effector immune
response. In vitro studies show that there is a specific lym-
phocyte proliferation after culture with the culprit drug,
and in vivo monitoring indicates an increase of CD4 acti-
vated cells, CD8 activated cells, or both in both tissue and
peripheral blood, parallel to the evolution and the clinical
manifestations of the disease.®® Little is known, however,
about the initial steps mediated by the innate immune sys-
tem, which is served mainly by dendritic cells (DCs). DCs
are professional APCs essential for initiating T-cell re-
sponses.’ Their abilities are regulated in a process known
as maturation, by which they modulate the tolerant or the
effector immune responses mediated by different subtypes
of T lymphocytes.'® Although immature DCs (imDCs)
and semimature DCs have been related to tolerant immu-
nologic responses and mature DCs to effector responses,
this concept seems to be more complex, and other factors
must be involved.'" Different studies have supported the
role of DCs in the response to haptens.'*'* Contact der-
matitis, a delayed-type hypersensitivity (DTH) reaction
against low-molecular-weight compounds, such as nickel,
is the best-studied model.'> The hapten by itself is able
to produce a maturative state in the DCs that induces a spe-
cific T-cell response.'*'> Apart from these models, we are
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TABLE I. Clinical characteristics and results of the allergologic work-up in the group of patients studied

Skin test (AX)

Patient no. Sex Age (y) Reaction Time interval (mo) Induration IHC dermal infiltrate
1 M 37 MPE 196 5 X 6 mm (V) CD4*" CD8*

2 F 50 MPE 171 8 X 6 mm NT

3 F 60 MPE 180 8 X 10 mm (V) CD4*" CD8*

4 F 52 MPE 60 8 X 8 mm CD4"* CcD8”"

5 F 43 MPE 66 5 X 7 mm NT

6 F 43 MPE 132 9 X 9 mm CD4"* CcD8”*

7 F 57 MPE 31 10 X 11 mm CD4** " cD8* "
8 F 49 MPE 55 9 X 11 mm CD4™* CcD8”

9 F 54 MPE 240 9 X 7 mm NT

AX, Amoxicillin; /HC, immunohistochemical (were evaluated as + [10%-25%], ++ [25%-50%], and +++ [more than 50%] of infiltrated marked cells);
M, male; MPE, maculopapular exanthema; V, Vesicle formation; F, female; NT, not tested.

unaware of any studies dealing with the involvement of
DCs in DTH to drugs.

The aim of this study was to examine the role of DCs in
the generation and modulation of the pathologic T cell-
mediated DTH response against amoxicillin in patients
with homogeneous clinical manifestation (maculopapular
exanthema) compared with subjects who tolerated the
drug. We reasoned that the immunologic mechanism
involved could lie in very early events that include the
interactions between the imDCs and the drug. This could
modify the maturative status of these imDCs, which could
affect the lymphocyte response to the drug. We cultured
monocyte-derived DCs in vitro with amoxicillin and au-
tologous lymphocytes from hypersensitive patients and
control subjects and monitored the phenotypic and func-
tional changes in the imDCs induced by amoxicillin.
Subsequently, we studied the proliferative response of
the T lymphocytes, changes in their phenotype, and the
cytokine secreted. Amoxicillin-stimulated DCs resembled
semimature DCs in hypersensitive subjects. These DCs
in vitro generated the proliferation of a mixed T-lympho-
cyte population that could correspond to both active and
regulatory phenotypes, as occurs when semimature DCs
act as APCs. This approach enabled us to demonstrate
that stimulation of DCs by amoxicillin could be a trigger-
ing factor in the DTH response. Inferring our in vitro
results to the in vivo response, we can speculate that
amoxicillin in an adequate environment could not only
be the target antigen of the response but also a stimulus
of DC maturation. The capacity of DCs to induce prolifer-
ation of amoxicillin-specific lymphocytes in hypersensi-
tive patients compared with other APCs, such as B cells
or monocytes, could suggest a procedure to improve the
in vitro diagnosis of the DTH reactions to drugs.

METHODS

Patients and control subjects

Nine patients (mean age, 49.44 * 7.37 years) with DTH reactions
to amoxicillin and a positive delayed intracutaneous test response to
amoxicillin were studied.'®'” All patients had maculopapular exan-
thema. Table I shows their clinical characteristics, the time interval
between the reaction and sample collection (mean, 156.67 * 74.91
months), and the results of the allergologic work-up.

Control subjects were composed of 8 healthy sex- and age-
matched subjects with no history of hypersensitivity reactions and
confirmed good tolerance to penicillins.

The institutional review board approved the study, and informed
consent for all the diagnostic procedures was obtained from all
patients and control subjects.

Generation and maturation of imDCs

From each patient and control subject, 40 mL of fresh peripheral
blood was obtained. Monocytes were purified from the PBMCs by
means of plastic adherence by incubating 3 X 10° PBMCs per well in
a 12-well plate for 2 hours at 5% CO, and 37°C. The nonadherent
fraction was washed out thoroughly, placed in aliquots in 10%
dimethyl sulfoxide, and frozen. T lymphocytes from this fraction
or from PBMCs were separated by using sterile nylon columns.
Immature DCs were generated by incubating monocytes for 5 days
with 200 ng/mL human recombinant GM-CSF and 100 ng/mL
recombinant IL-4 (both from R&D Systems, Minneapolis, Minn),
as previously described.’

The imDCs were incubated at a concentration of 1 X 10° cells/mL
in 48-well plates with amoxicillin (SmithKline Beecham, Madrid,
Spain) at 10, 50, or 250 pwg/mL, LPS (Sigma, St Louis, Mo) at
1 pg/mL, or TNF-a (R&D Systems) at 10 ng/mL or a combination
of amoxicillin plus LPS or amoxicillin plus TNF-a. After stimulation
for 24, 48, and 72 hours, culture supernatants were collected and stored
at —20°C for subsequent analysis of secreted cytokines. Cells were
harvested, and viability was assayed before the next experiments.

Phenotypic analysis of DCs

A total of 2 X 10* treated or nontreated imDCs were incubated for
30 minutes on ice with specific mAbs (CD14—peridinin-chlorophyll-
protein complex and HLA-DR—fluorescein isothiocyanate [FITC;
BD Pharmingen, San Diego, Calif], CDla—phycoerythrin [PE],
CDB80-PE, CD86-FITC, and CDS83-PE [Immunotech, Marseille,
France]) or with an isotype-matched control. Cells were analyzed
by using FACSCalibur flow cytometry, and data were processed
with CellQuest (BD Biosciences). Results were expressed as the per-
centage of positive cells and the mean fluorescence intensity (MFI).

Dextran-FITC endocytosis

Nontreated imDCs or amoxicillin-, LPS-, or TNF-a—treated imDCs
(2 X 10*) were incubated in 48-well plates with dextran-FITC (molec-
ular weight, 40,000 d; Sigma) at 10 mg/mL for 1 hour at 37°C and at
4°C (nonspecific-binding, negative control). The fluorescence from
the internalized dextran was analyzed by means of flow cytometry,
and the percentage of positive cells and the MFI were recorded. All
data were compared with those for nontreated imDCs at 37°C.
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FIG 1. Phenotypic characteristics of DCs. A, Phenotypic characteristics expressed as MFI for HLA-DR, CD80,
and CD86 before and after culturing with amoxicillin, LPS, or TNF-« in 9 patients (left) and 8 control subjects
(right) are shown. B, Histograms representative of 3 patients showing phenotype changes after culturing DCs
with amoxicillin, LPS, LPS plus amoxicillin, TNF-a, and TNF-a plus amoxicillin are shown. Percentage positiv-

ity and MFI are shown in parentheses. AX, Amoxicillin.

Mixed leukocyte reaction

Allogeneic T lymphocytes (1.5 X 10%) and 150, 1500, or 15,000
amoxicillin-, LPS-, or TNF-treated and nontreated DCs were cultured
into U-bottom 96-well microplates at 37°C in a 5% CO, atmosphere.
After 4 days, 1 nCi of tritiated thymidine (Moravek Biochemicals,
Brea, Calif) was added to each well, and the cells were incubated
for an additional 18 hours. The cells were then harvested onto glass
fiber filters (Skatron, Tranby, Norway), and the cell-associated
radioactivity was assessed in a 3 scintillation counter (TopCount,
Packard Instruments, Downers Grove, Ill). Results were expressed
in counts per minute as the mean of triplicate wells.

Activation and proliferation of T cells

The studies were made in parallel by using as APCs either
monocytes and B cells from PBMCs (classical lymphocyte transfor-
mation test [LTT]) or imDCs. In both experiments autologous T
lymphocytes were seeded at 1.5 X 10° cells per well onto U-bottom
96-well microplates. Monocytes and B cells or imDCs previously
cultured for 1 hour with amoxicillin at 1, 10, 50, and 250 pg/mL
were added. The lymphocyte/APC ratio was 1:4 for monocytes and
B cells and 1:15 for imDCs. Each plate was done in duplicate, one
for cell phenotypic analysis and supernatant cytokine determination
and the other for proliferative analysis after 6 days’ culture. The pro-
liferation was analyzed by using tritiated thymidine incorporation,
as described above. Results were expressed as the stimulation index
(SI), which was calculated as a ratio of the mean of triplicate counts
per minute of each sample by the mean of triplicate counts per minute
of lymphocytes alone. An SI of greater than 3 was considered
positive.

Lymphocyte phenotypic analysis
Cells were harvested from cultures, and viability was assayed by
staining with trypan-blue. For the phenotypic study, 1 X 10* cells were

incubated for 30 minutes on ice with specific mAbs (CD3-
peridinin-chlorophyll-protein complex, CD4-APC, CDS-APC, CD25-
PE, and HLA-DR-FITC [BD Pharmingen]). Acquisition and analysis
were performed as described above for DCs.

Cytokine production

After culture of imDCs with amoxicillin, lymphocytes, or both
under different conditions, the supernatants were collected, and
the cytokine production (IFN-vy, IL-4, IL-6, IL-10, and IL-12) was
analyzed by means of ELISA (Quantikine, R&D Systems, Minne-
apolis, Minn).

Statistical analysis

Comparisons for quantitative variables between patients and
control subjects were done with nonparametric analysis (Mann-
Whitney and Kruskall-Wallis tests for nonrelated samples).
Comparisons of the results with the different stimuli of these
quantitative variables were carried out with the Wilcoxon test for
related samples. All reported P values represent 2-tailed tests, with
values of .05 or less considered statistically significant. The statistical
analysis was performed with the SPSS program, version 11.5 (SPSS,
Chicago, IlI).

RESULTS

Amoxicillin induced phenotypic and
functional changes in imDCs from
hypersensitive patients

LPS and TNF-a produced a significant upregulation in
the MFI and the percentage of imDCs expressing HLA-
DR, CD86, CD80, and CDS83 in both patients and control
subjects at 24, 48, and 72 hours (Fig 1), with no significant

logy

| immuno

O
=
=

Basic and cl




-
a
("]
2,
o
3
o
==
s
3.
o
3
3
c
3
o
0
Q
<

952 Rodriguez-Pena et al

imDC L AX

4°C 37C a7

o 1wt w02 1e* ! o 10! w02 w* 10f

- LPS
g (+ 53%)
3
S HeL
0 10! 1w 0% w? o ' wd 1w 0?
TNFa TNFo+AX

(+ 40%) S (+ 84%)

o 1! w2 oed ! o ' w2 o d
Dextran-FITC

Counts per minute

J ALLERGY CLIN IMMUNOL
OCTOBER 2006

——-DC —&— DC+LPS
—84-DC+AX - DC+INF

10 Patient Control

1-1500 " 1-150 T 1-15 1-1500 1-150 1-15
DC-T ratio

FIG 2. Dextran-FITC intake and allogeneic stimulation in the mixed leukocyte reaction. A, DCs from allergic pa-
tients were stimulated with amoxicillin, LPS, LPS plus amoxicillin, TNF-a, and TNF-a plus amoxicillin before
analyzing dextran-FITC intake. All figures show positive (37°C) and negative (4°C) controls. The percentage of
reduction with respect to DCs without stimulus intake at 37°C is shown in parentheses. The experiment shown
is representative of 3 with comparable results. B, Allogeneic stimulation of T lymphocytes induced by serial
numbers of DCs before and after treatment with amoxicillin, LPS, or TNF-a. Each point is the mean counts per
minute = SD from triplicates of 1 patient (left) and 1 control subject (right). These results are representative of

3 experiments. AX, Amoxicillin.

differences between the 2 groups, indicating that DCs
were similar at baseline and responded at equal levels
to the maturation stimuli generated by TNF-o or LPS. In
hypersensitive patients the results obtained from imDCs
stimulated for 72 hours with amoxicillin at 50 and 250
pg/mL showed significant increases in both the MFI and
cell percentages of HLA-DR (P = .008 and P = .012, re-
spectively), CD86 (P = .015 and P = .008, respectively),
and CD80 (P = .011 and P = .008, respectively) com-
pared with imDCs without stimulus. No changes in
CD83 were detected. The same analysis in control subjects
showed no significant changes in any of these markers. The
increases induced by LPS and TNF-a were always higher
than those induced by amoxicillin (Fig 1, A). In 3 patients
tested phenotypic changes in imDCs stimulated with
amoxicillin plus LPS and amoxicillin plus TNF-a showed
that in all cases the MFI of HLA-DR was upregulated when
imDCs were cultured with the combination of amoxicillin
plus TNF-a compared with TNF-a alone and with amox-
icillin plus LPS compared with LPS alone. No similar
changes were observed for CD80 or CD86 (Fig 1, B).

A decrease in dextran-FITC uptake was observed in
amoxicillin-treated imDCs compared with in nonstimu-
lated cells. This was greater in LPS- or TNF-a—treated
imDCs and even greater with the combination of amox-
icillin plus LPS or plus TNF-a (Fig 2, A).

Allogeneic T lymphocytes were added to increasing
numbers of imDCs in the absence or presence of amox-
icillin, LPS, or TNF-a. After LPS- and TNF-a—induced
maturation, DCs from patients and control subjects
showed a higher stimulation capacity than in an immature
status (Fig 2, B). Compared with untreated DCs, the addi-
tion of amoxicillin also resulted in an increased

proliferation of T cells in patients, although not in control
subjects. The increase was lower than that generated by
LPS or TNF-a (Fig 2, B).

Amoxicillin-loaded DCs are able to present
the drug to autologous lymphocytes,
inducing proliferation

In only 2 of the 9 patients did lymphocytes proliferate
in the presence of amoxicillin using B cells and monocytes
as APCs (Fig 3). Nevertheless, when we added imDCs
as APCs, a positive proliferation was obtained in 8 of 9
patients (Fig 3). The SI was significantly increased when
imDCs were added to the culture (P = .003). This effect
on the proliferation was only observed in patients and
not in control subjects, independently of the APCs added
to the culture (Fig 3).

Interaction between DCs, autologous
lymphocytes, and amoxicillin induced
phenotypic changes in both T lymphocytes
and DCs from hypersensitive patients

In 8 of 9 patients, both CD4 and CD8 T lymphocytes
proliferated to amoxicillin when DCs were used as APCs,
but a clear predominance of CD4 versus CD8 T cells
was detected. CD4 "HLA-DR " and CD8 "HLA-DR " ac-
tivated cells were significantly increased (P = .012 and
P = .012, respectively; Fig 4, A). Regarding CD25, a sig-
nificant increase was observed in CD4 T lymphocytes
(P = .018) when cultured with DCs and amoxicillin
(Fig 4, A). Among total CD4"CD25% cells, the dot-plot
image showed that a set of CD4*CD25"™e" cells was
significantly increased (P = .05).
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FIG 3. Lymphocyte proliferative response. Proliferative responses against amoxicillin with B cells and
monocytes (solid columns) or with DCs (shaded columns) as APCs. The results of 9 patients (/eft) and 8 control
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FIG 4. T-lymphocyte phenotype cultured with amoxicillin plus B cells and monocytes or amoxicillin plus
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However, in the classic LTT, when B cells and mono-
cytes acted as APCs, no CD4 or CDS proliferation was
detected in 7 of 9 patients, although we detected a
significant increase in the percentage of CD8 HLA-
DR cells (P = .02; Fig 4, A). No changes in the CD25
marker were detected.

Regarding cytokine production, we observed a de-
crease in IFN-y in supernatants when T lymphocytes were
cultured with amoxicillin and DCs compared with the
classic LTT with amoxicillin. We did not detect any pro-
duction of IL-4. IL-10 values were variable and were not
related to the percentage of CD4*CD25*"" T lympho-
cytes or the proliferation index.

Higher levels of HLA-DR in terms of MFI (P = .011)
and CD86 in terms of both MFI and percentage of express-
ing cells (P = .008 and P = .011, respectively) were
obtained when imDCs were cultured with lymphocytes
and amoxicillin compared with imDCs cultured only with
lymphocytes or only with amoxicillin.

Concerning imDC cytokines (IL-6, IL-10, and IL-12),
we detected IL-10 production from nonstimulated imDCs,
with a variable response after culture with lymphocytes
and amoxicillin: 3 patients showed an increase and 4
showed either a decrease or no change in IL-10 levels. No
changes were found in IL-6 levels when compared with
imDCs alone or with imDCs plus amoxicillin or lympho-
cytes. Very low levels of IL-12 production under both
baseline and stimulation conditions were observed in just
3 patients: 2 increased and 1 decreased.

No significant changes, either in the lymphocyte or DC
phenotype or in cytokine production were detected in the
control subjects.

These results showed that in this in vitro system with
amoxicillin, a bidirectional interaction occurs between DCs
and lymphocytes that generates effector and regulatory-
type CD4 and CD8 mixed lymphocyte populations that
could take part in the in vivo response of patients with
DTH responses.

DISCUSSION

The aim of this study was to determine whether
amoxicillin induces any influence on imDCs in subjects
who had a T cell-mediated DTH response. Results
showed that amoxicillin increased the expression of DC
maturation and activation markers (HLA-DR, CD86, and
CD80). Furthermore, amoxicillin-treated imDCs acquired
a higher T cell-stimulatory capacity, illustrated by in-
creased proliferation of allogeneic T cells. Also, matura-
tional changes (endocytosis capacity) were noted after
amoxicillin-imDC interactions. Although other haptens
have been reported to induce DC maturation,'*' to our
knowledge, this is the first study showing that a widely
used drug like amoxicillin is able to induce maturational
changes in imDCs from patients with DTH. However,
amoxicillin was unlikely to induce full maturation of
DCs because after 72 hours of treatment, no changes
were observed in CD83, nor were any changes detected
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in the cytokines produced and secreted (IL-10, IL-12, or
IL-6). Compared with other agents that interact directly
with receptors (LPS and TNF-a), amoxicillin was a less
strong stimulator.

Lutz and Schuler'" characterized semimature DCs as
those that do not produce proinflammatory cytokines de-
spite the expression of MHC and costimulatory molecules,
as occurs with TNF-a—stimulated DCs."® Our results with
amoxicillin resembled, to a certain extent, this semimature
status. Semimature DCs have been proposed as a major
component in immune homeostasis.'” They can induce
simultaneously active tolerance against self-antigens
derived from peripheral tissues in mice by inducing
antigen-specific CD4*CD25*™&" (T regulatory cells) or
immunity, depending on the type of T cell responding to
the presented antigen. 19

Although amoxicillin was not a strong inductor of
maturation, what is very exciting is that this effect was
detected only in patients with DTH reactions to amoxicil-
lin but not in control subjects. Whether this was due to an
intrinsic property of DCs or to factors present in the serum
of patients is a matter of speculation. The serum includes
cytokines, chemokines, antibodies, apoptotic or necrotic
cells, and possibly other factors that can modulate DC
maturation.”>° However, no differences were detected be-
tween imDCs from patients and control subjects before the
addition of amoxicillin or after LPS or TNF-a stimulation.
Thus amoxicillin might play a fundamental role in trigger-
ing the maturational process. Another possibility could
be that amoxicillin generates signals in patients’ imDCs,
which could induce the release of inflammatory mediators
that activate DCs. Aiba et al*'** showed in contact der-
matitis that dinitrochlorobenzene induced maturation of
DCs, but this was significantly suppressed by either anti-
IL-1B or anti-TNF-a antibodies, suggesting that both
proinflammatory cytokines could be involved, whereas
the maturation induced by another hapten, NiCl,, was rel-
atively nonsensitive to treatment with these antibodies,
demonstrating differences for each hapten.

In the interactions among DCs, amoxicillin, and lym-
phocytes, amoxicillin-loaded DCs were able to present
this drug to autologous lymphocytes inducing prolifera-
tion, being much more potent when compared with other
APCs (monocytes and B lymphocytes) used in LTT*
because monocytes and B lymphocytes were able to in-
duce proliferation in only 2 patients, whereas DCs induced
proliferation in 8 of 9 patients. These preliminary results
indicate that this approach could be useful for in vitro
diagnosis. The 2 patients showing proliferation with mon-
ocytes and B lymphocytes as APCs were those with the
shortest period between the DTH episode and our in vitro
study, suggesting a higher presence of circulating effector
memory lymphocytes,* which can be stimulated by sec-
ondary APCs.”® The time elapsed in the other patients
was longer (Table I), and accordingly, these effector cells
can be diminished, so that only DCs could act as APCs,
interacting with other memory T subsets, probably central
memory T cells.”® Another possibility for the different re-
sponse mediated by DCs regarding monocytes and B cells
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could be that DCs induce proliferation of potentially pre-
sent, specific naive T cells, although 6 days’ culture seems
to be a short time for this.?” These possibilities need to be
verified in further studies.

We determined which lymphocyte subpopulation re-
sponses were modulated by the imDCs. There were high
proliferation rates, with a predominance of total CD4, but
no changes in the CD4/CDS8 ratio between the start of
culture and 6 days later with amoxicillin-loaded imDCs,
which could mean that both subpopulations proliferate.
Moreover, activation of both CD4 and CDS8 subsets was
generated, with an increase in HLA-DR expression, as
well as in CD4"CD25™ cells, when DCs acted as APCs,
whereas with monocytes or B cells we detected only slight
changes in CD8 "HLA-DR *, as have been reported previ-
ously.zg’29 This finding indicates that in addition to gener-
ating a stronger proliferation, DCs induced more complex
lymphocyte responses, involving the activation of both
CD4 and CD8 subpopulations. With regard to the cytokine
production, heterogeneous results were found, as has been
described in previous studies.*® This in vitro response is
similar to in vivo data during the reaction, showing that
in DTH responses to amoxicillin a mononuclear perivas-
cular infiltrate composed mainly of CD4 cells expresses
activation markers and cutaneous homing receptor.zg’zg’31
Regarding the functional significance of these lympho-
cytes, CD4 T cells regulate CD8 T cell-mediated cutane-
ous immune responses by restricting the development
of effector CD8 T cells.* This could explain why we de-
tected lower IFN-y concentrations when DCs acted as
APCs compared with monocytes or B cells. This regula-
tory function might be mediated by the increase in pheno-
typic-type regulatory (CD4"CD25 &) T cells detected
in our DC-mediated responses.

Regulatory T cells are difficult to phenotype because
none of the markers described thus far are expressed
exclusively. The most accepted phenotype is
CD4*CD25*"e" with FoxP3 positivity.*® The limitation
in cell availability of our in vitro system only allowed us to
test for an increase in phenotypic CD4+CD25+high—type
cells in the culture but only in the presence of DCs as
APCs. Nevertheless, we were not able to find any relation-
ship between the proliferation or IL-10 levels in superna-
tants with the percentage of CD4 " CD25* ™€ cells. To our
knowledge, this is the first study in which DC maturation
has been implicated in the induction of T lymphocyte—
mediated drug hypersensitivity. The data suggest that
amoxicillin seems to be not only the antigen but also a
maturative stimulus underlying the pathologic immune re-
sponse. Amoxicillin by itself in this in vitro model was
able to enable DCs to generate lymphocyte proliferation
of CD4 and CD8 T cells; in vivo it is possible that other
factors, maybe related with the infectious disease treated
with amoxicillin, are needed to induce a clear cytotoxic
Tyl response and the clinical manifestations of exan-
thema. Because the design of this study involved a large
number of cells, not easily available, other determinations
were not done. Nevertheless, this is a novel and very inter-
esting approach for the analysis of mechanisms causing
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DTH, and that warrants further study34'36 to open new

insights to explore novel tools for the in vitro diagnosis
of patients with DTH.

We thank Ian Johnstone for help with the final English language
version of this manuscript and Marifa Isabel Sénchez Rivas for
nursery assistance.
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Correction

With regard to the August 2006 article entitled ‘““Advances in basic and clinical immunology”
(2006;118:489-95): In the paragraph under the heading ‘“‘Regulation of the T-cell response: Tyl versus
Tyx2” on page 490, the third sentence should have appeared as follows: ‘“‘Phosphorylated T bet thus pre-
vented GATA3 from binding its DNA target sites.”




	Potential involvement of dendritic cells in delayed-type hypersensitivity reactions to &beta-lactams
	Methods
	Patients and control subjects
	Generation and maturation of imDCs
	Phenotypic analysis of DCs
	Dextran-FITC endocytosis
	Mixed leukocyte reaction
	Activation and proliferation of T cells
	Lymphocyte phenotypic analysis
	Cytokine production
	Statistical analysis

	Results
	Amoxicillin induced phenotypic and functional changes in imDCs from hypersensitive patients
	Amoxicillin-loaded DCs are able to present the drug to autologous lymphocytes, inducing proliferation
	Interaction between DCs, autologous lymphocytes, and amoxicillin induced phenotypic changes in both T lymphocytes and DCs from hypersensitive patients

	Discussion
	References


