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Imbalance of CD45R and CDw29 helper cell
subsets after seven days of culture from penicillin
hypersensitive patients
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Specifie PBMC proliferation to penieillin represents one of the in vitro diagnostic proce-
dures to show antigenic sensitization. Nine patients with suggestive clinieal history of
penieillin hypersensitivity, significant stimulation index in the lymphocyte transformation
test (LTT), and increased CD25 expression were selected. Their phenotypic expression of
T-cell subset markers was eompared with that of six normal subjects after 7 days of
culture. Higher pereentages of CD45R and CDw29 positive cells were found in pen-
icillin-hypersensitive patients. This group of patients showed a significantly (P<Q.Q1)
higher percentage of CD45R positive cells compared with normal subjects, after 7 days of
culture. The percentage of CD45R cells did not differ between patients and normal
subjects at day 0, and the progressive decrease of CD45R positive cells in culture of
normal subjects was not observable in our patients. These results suggest that the patients
with penicillin hypersensitivity have an imbalance of CD45R/CDw29 ratio after 7 days of
culture, with a higher expression of CD45R positive cells.
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Allergy reactions to penicillin and their deriv- different stages of maturation (13). According to
atives are a major factor limiting their clinical this interpretation, memory T cells are found
use. This antibiotic can induce most types of within the CDw29 + subset and naive T cells
immunological reactions. Delayed hypersensi- are part of the CD45R-i- subset (t, 2). The
tivity reactions, which include exanthema and CD4 4- CDw29 -K subset proliferates poorly
contact dermatitis, are the most frequent (10). upon stimulation with Con A, but responds well
This type of reaction is mainly T cell-mediated, on exposure to soluble antigens, providing a
with a specific penicillin proliferative response good helper signal for PWM-induced immuno-
often being observed in vitro (3, 4, 5). Other globulin synthesis. In contrast, the CD4-i-
immunological reactions, although largely me- CD45R + cell subset, proliferates well in re-
diated by the B-cell compartment, require a sponse to Con A stimulation, but poorly to
specific T-cell help (6). Again, a specific peni- soluble antigen stimulation and provides little
cillin proliferative response can also be observed help to B cells for PWM-induced Ig synthesis
in a number of them. (8, 9). Another observation which distinguishes

The physiology of T-cell subsets is beginning naive (CD45R -i-) and memory (CDw29 -̂  ) T
to be understood. Recent studies suggest that cells is that naive cells respond well to mitogen
these subsets of T-helper cells correspond to and alloantigens, but do not proliferate in re-
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Table ].

Type of clinical reaction

exanthema
exanthema
exanthema
exanthema
exanthema
urticaria
urticaria
urticaria, asthma

Time interval

3 months
4 months
6 months
4 months
6 months
J year
3 years
} year

sponse to the recall antigen (15). This subset
includes cells with suppressor-inducer function
(7, 9). The CD4-FCDw29-h subset proliferates
in response to recall antigen (13) and includes
cells with helper functions (8). Recent studies
demonstrated that CD4 + CD45R + cells, when
stimulated with tnitogens, produced high levels
of IL-2 mRNA, but only traces of IL-4 or
IFN-y mRNA (11, 12). In contrast,
CD4 4-CD45R- cells produced all three lym-
phokines but less IL-2 mRNA than naive cells
after mitogenie stimuli (11).

In the present study, cells from patients who
presented a hypersensitivity reaction to pen-
icillin were studied. Their peripheral blood lym-
phoeytes were cultured for 7 days, analysed for
their T cell subset distribution, and compared
with a group of normal subjects, in the same
conditions of culture. Our results show a speci-
fic T cell proliferation in response to penicillin,
as well as a higher expression of IL-2 receptors
in eells from penicillin-hypersensitive patients.
After 7 days in culture, the phenotypie expres-
sion of the CD4/CD45R phenotype was signifi-
cantly increased in cells from penicillin-hyper-
sensitive patients, when compared with those
from normal subjects.

MATERIAL AND METHODS

Patients

The selected population consisted of nine pa-
tients with histories of penicillin hypersensitivity
and significant stimulation index (SI > 2) for
penicillin G in a first lymphocyte transformation
test. All patients presented skin symptoms (6

tnaculopapular exanthemas, 3 urticaria) (Table
1) and were cultured in vitro with a delay of 1
month to 3 years. Five of six patients tested in
skin prick tests were positive for one of the
penicillin determinants (PPL or MDM), two
were penicillin G RAST-IgE positive and two
were atopies, as defined by skin test positivity
for eight common major allergens. Patients
were free of infiammatory disease or immuno-
suppressive drugs for the 3 months preceditig
the in vitro culture. The normal control popula-
tion consisted of six subjeets who had received
penicillin without an adverse reaction and in
whom lymphocyte transformation test to pen-
icillin was negative.

Cell preparation

Peripheral blood mononuclear cells (PBMG)
from normal subjects and patients with pen-
icillin allergy were separated from heparinized
venous blood by Ficoll-Hypaque (Phannacia
Fine Cheinicals, Uppsala, Sweden) gradients
(15 minutes at 500 x g). Leukocytes at the
serum FicoU interface were removed and
washed twice in medium and resuspended in
the eulture medium (RPMI 1640, Gibco Ltd.,
Scotland) supplemented with 2 mmol/1 of L-
glutamine, 100 (Xg/ml streptomycin atid 20%
autologous serum.

Stimulation with antigens

Peripheral blood mononuclear cells 10'' in 1 ml
of culture medium were distributed in the plates
(Linbro, Flow No. 76.063.04) and supplemen-
ted with a selected dilution of antigen added
into the culture medium. The optimal eoncen-
tration of penicillin G was stabilized from
several dose-response analyses from different
patients. The final eoncentrations applied to all
cultures were for penicillin G, 1000 U/ml, for
PPD, 10 (ig/ml used as positive control. The
cultures were incubated at 37°G in 95% air,
5% COj humid attnosphere for 7 days.

After this period, the proliferative response to
antigens was measured by H-thymidine itieor-
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poration. 2 x 10"'' cells were placed in microtiter
plates (Falcon, Labware, No. 3070) and 20 fxl of
mcthyl-'̂ H thymidine (20 |xg Ci/ml, specific ac-
tivity of 5 Ci/mmol) was added 8 h before
harvesting. The cultures were harvested with a
semiautoinatic multifold cell harvester (Skatron,
Bergen, Norway) and the radioactivity was
counted in a liquid scintillation counter. The
results of 'H-thymidine incorporation into DNA
are expressed as mean counts per minute,
(cpm + SD) and stimulation index (SI) calcula-
ted according to the formula:

cpm (-I- antigen)
SI =

cpm (-antigen)

The test was considered positive when the SI is

Monoclonal a?itibodies

The following monoclonal antibodies were used.
OKT4 (CD4) (Ortho Diagnostic Systems Inc.,
NJ), anti IL2-R (CD25) (Becton Dickinson,
Labo Systcme, Heidelberg), anti 4B4 (CDw29),
anti 2H4 (CD45R) (Coulter Immunology, Zur-
ich, Switzerland).

Analysis of lymphocyte populations with single and

two-color fluorescence flow cytometry

After 7 days of culture the cells are harvested,
washed twice in phosphate buffered saline (PBS)

1
I
I
h
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Control Peniciilin G

Fig. lA. PBMC proliferation to penicillin G (1000 U/ml) and
PPD (10 ug/ml) after 7 days in culture from 9 penicillin-
allergic patients and 6 normal subjeets. The results are
expressed in cpm.
Fig. IB. CD25 plienotypic expression on PBMC from 9
])enicillin-allergic patients, and G normal subjects, after 7
days of in vitro culture. Control group eultured witiiout
antigen versus group cultured with penicillin G (P<0.03).
Members of both groups were penicillin allergic. The results
are expressed in percentage of positive cells.

Fig. 2A. Specific penicillin induced proliferation of PBMC in
vitro at days 4, 5, 6, 7 of culture, from a patient with
penicillin hypersensitivity. The results are expressed in cpm.
Fig. 2B. CD25 phenotypic expression on PBMC, at days 4,
5, 6, 7 of culture from one patient with penicillin hypersensi-
tivity. The results are expressed in percentage of positive
cells.
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Fig.3A. CD45R (2H4) phenotypic expression of PBMC at
days 4, 5, 6, 7 of eulturc from a penicillin-hypersensitive
patient. The results are expressed in percentage of positive
cells.
Fig. 3B. CDw29 (4B4) phenotypic expression of PBMC at
days 4, 5, 6 7 of eulture from a penieillin-hypersensitive
patient. The results are expressed in percentage of positive
eells.

and supplemented with 5% goat serum. The
antibody (5 |xl for 2x10^ cells) was added to the

cells and incubated for 30 min at 4°C. The cells
were washed twice with PBS 5 % goat scrum,
and 50 (xl of conjugated goat antimouse im-
munoglobulin F(abj) fragment (GAM-FITC)
was added and incubated for 30 min in the dark
at 4°C. Cells were washed twice and analysed
with cytoiluorograph (FACS EPICS IV, Coul-
ter Electronics).

Two-color fluorescence was performed using
anti-T4 FITC and anti-4B4 phycocrythrin (PE);
anti-T4 FITC and anti-2H4 phycoerythrin
(PE). In brief, the cells are washed twice and
the antibody (10 |il for 2 x 10') added and in-
cubated 10 min at room temperature. Cells
were washed twice and analysed.

Statistical analysis

Student t test and analysis of variance were used
to compare the results from the different
groups.

RESULTS

When cultured in vitro with penicillin C, the
PBMC of nine patients with penicillin hyper-
sensitivity, showed an increased incorporation
of ^H-thymidine on day 7 when compared with
those of six normal subjects (/'<0.05)
(Fig. lA). Cells in culture showed a maximal
proliferation at day 7 (Fig. 2A), as well as an
increased expression of CD25 + cells (Fig.2B).
In addition, among the cultures of penicillin-
hypersensitive patients, the percentage of

Table 2.

PBMC phenotypic expression in penieillin-hypersensitive patients and normal subjeets after 7 days of eulturc

Patients

A. Penicillin-allergie
Control
Penicillin
PPD

B. Normal subjects
Control
Penicillin
PPD

Number

9
9
9

C
6
6

CD4 +

53±13
57±9
48±10

42±14
51±15
51 ±5

CD4 + CD45R +

19+10*
18+9'*
15±8***

6+3 '
6+3**

CD4 + CDw29 +

37+14**"
33+13
33±11

22+12****
22±15
23±14

**P<0.03, ""P<0.07.
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CD25 + cells was signifieantly higher (P< 0.03)
in those cultures supplemented with penicillin
G, than iti those without the antigen (Fig. IB).
This percentage was not significantly increased
in culture of normal subjeets.

We observed the phenotypie expression of
PBMG from one patient with penicillin hyper-
sensitivity at different times during culture, and
found a progressive increase in the percentage
of GDw29-t- eells up to day 7 (Fig.3B). When
we studied the GD45R -t- cells of the satxie pa-
tient, we found the persistence of the same
percentage of positive eells until day 7 (Fig.3A).
The speeific T cell subset markers were ana-
lysed in PBMG from penicillin-hypersensitive
patients and compared with those from normal
subjects. We found a modification in the per-
centage of GD4 + GDw29 + and GD4 +
GD45R -t- cells in penicillin-hypersetisitive pa-
tients. Compared with normal subjects after 7
days of culture, PBMG from penicillin-hyper-
sensitive patietits exhibited a signifieantly higher
(P<0.01) percentage of eells expressing the
CD4 -f GD45R -i- markers (Table 2) in the pre-
sence of either relevant or ii'relevant antigen, or
medium alone. When we analysed the same
group (patients and normal subjects) at day 0,
we found that the percentage of GD45R -I- cells
from normal subjects was higher at day 0 than
at day 7 (20 versus 6 respectively), but without
changes in eultures of penicillin-hypersensitive
patients (18 versus 19) (Table 3). This percent-
age was iti the same order of magtiitude, at day
0, in penicillin-hypersensitive patients and nor-
mal subjects (18 versus 20, respectively).

The percentage of GD4 + GDw29 + T cells
from penicillin-hypersensitive patients after 7
days of culture with penicillin, was not signifi-
eantly different from those of normal subjeets
(Table 2). Similarly, no significant difference
could be observed (P<0.07) when the control

conditions of penicillin-hypersensitive patients
were eompared with those of normal subjects.
The percentage of GDw29 + cells increased
from day 0 to day 7 in penicillin-hypersensitive
patients (28 versus 37), whereas it decreased in
normal subjects (28 versus 22). Although this
observation was of interest it was not sigtiificant
given the number of patients studied.

DISGUSSION

As reported (3, 4, 5), we were able to show in
this study a speeific in vitro lymphoproliferation
for penicillin-hypersensitive patients. There was
a concordant relationship between thymidine
ineorporatioti and expression of GD25 after 7
days of culture. The phenotypie expression of
the IL-2 receptor (GD25) was higher in cultures
with penicillin from penicillin-hypersensitive pa-
tients than in those from normal subjeets, indi-
cating that cells were specifically activated by
penicillin antigen. The maximal expression of
GD25 positive cells occurred late, when com-
pared with a common antigen such as PPD, for
which the GD25 expression peaked at day 4
(data not shown). Our understanding is that the
amount of precursors is most likely much lower
for petiicillin than for PPD, explaining the de-
layed maximal aetivation.

The proliferating T cells have beeti shown to
express the GDw29 phenotype (12). This phe-
nometion was obsei'ved on the T eells from
tiorinal subjects and petiicillin-hypersensitive
patients, and most likely represented the expan-
sion in eulture of memory T eells. It has been
demonstrated recently that T cells in culture
increase their GDw29 expression and lose the
GD45R phenotype (1, 15). More convincingly,
wheti T-eell clones with GD45R phenotype
were cultured for 14 days the eells lost the
expression of the GD45R marker (11). In our

Table 3.

PBMC phenotypie e.xpression in penieillin-hypersensitivc patients and normal .subjects at clay 0

Patients

A. Penicillin-allergie

B. Normal subjects

Number

5

CD4- CD4 + CD45R +

49±9

55±6

18+11

20 ±4

CD4 + CDw29 +

28+14

28±7
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study, we found that the cells from normal
subjects lose the CD45R phenotype after 7 days
of culture, whereas cells from penicillin-hyper-
sensitive patients maintained a higher expres-
sion of CD45R in the same conditions of cul-
ture. This phenomenon could correspond to a
modification of the capacity of these cells to
proliferate in culture, given that it appeared to
be antigen-independent. Indeed, the cells main-
tained in culture medium as well as those cul-
tured with PPD displayed a similar percentage
of the CD4 + CD45R+ phenotype, which was
significantly different from those observed in
normal subjects. We do not know at the mo-
ment, whether a soluble factor present in super-
natants at day 7 in penicillin-hypersensitive pa-
tients could modulate the expression of CD45R
positive cells of normal subjects. Alternatively,
the difference between the two groups could be
explained by the selection of our patients on the
basis of a response of cells in culture to pen-
icillin. However, these patients did not respond
specifically to other antigen and their responses
to phytohemagglutinin (PHA) were in the nor-
mal range (data not shown).

Since the persistance of the CD45R expression
on cells in culture seemed to be related to the
capacity of the cells to proliferate in vitro, we
analysed a possible relationship with the time
interval elapsed from the onset of the clinical
symptoms. Indeed, a regulatory factor at the level
of T cell not found in normal subjects could still
be active in the penicillin-hypersensitive patients.
However, no correlation between the decrease in
CD45R expression at day 7 of culture and the
time elapsed from clinical symptoms could be
demonstrated (data not shown).

The phenotypic expression of CDw29 of
PEMC after 7 days in cultures of penicillin-
hypersensitive patients was not significantly dif-
ferent from those of normal subjects. We found
at day 7 a non-significant increase of the expres-
sion of the CDw29 phenotype in penicillin-
hypersensitive patients, regardless of the pre-
sence of stimulatory agents (control culture, ir-
relevant or relevant antigen), when compared
with that in normal subjects. When analysed at
day 0, a similar percentage of positive cells was
found in both groups.

In the patients who responded in vitro to pen-
icillin antigen we have found a modification of
the expression of the T cell subset markers
(CDw29 and CD45R) that could account for an
increased cell reactivity.

Along the same line an imbalance of
CD45R + and CDw29 + T helper cell subsets
in patients with atopic dermatitis has been de-
scribed (16). Similarly to our results this study
suggests that CD45R + cells are incapable of
differentiation into CDw29 + helper T cells in
atopic dermatitis.
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