Delayed reactions to drugs show levels
of perforin, granzyme B, and Fas-L to be
related to disease severity
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Background: Drugs can induce different immunologic reac-
tions; T-cell mediated responses produce the most severe reac-
tions. Although in vitro studies show that T cells recognize
drugs or their metabolites and induce an effector cytotoxic
response, direct in vivo evidence of involvement is lacking. T
lymphocytes produce cytotoxic markers that are responsible
for 2 major pathways to cell death: granule-mediated exocyto-
sis (perforin and granzyme B) and Fas/FasL interaction.
Objective: The purpose of this investigation was to establish
the role of proinflammatory TNF-o. and cytotoxic markers in
subjects with delayed responses to drugs.

Methods: We assessed expression levels by quantitative-com-
petitive PCR of TNF-c, perforin, granzyme B, and FasL in
mononuclear cells from peripheral blood and blister fluid
from subjects with delayed reactions to drugs. Samples were
obtained within 24 hours of the reaction and 30 days later. Fif-
teen patients were included and classified according to severity
of the reaction, as follows: (A) maculopapular exanthema, (B)
desquamative exanthema, (C) Stevens-Johnson syndrome, (D)
toxic epidermal necrolysis.

Results: At the acute stage, there was a large increase in TNF-
a (9-fold), perforin (6-fold), and GrB (7-fold) in patients in
comparison with control subjects. FasL was expressed in
PBMC:s only in Stevens-Johnson syndrome and toxic epider-
mal necrolysis. A high association between cytotoxic markers
and disease severity was seen (P < .001).

Conclusion: our data show that TNF-o, perforin, GrB, and
FasL are increased in the early stage of disease, suggesting
that a cytotoxic mechanism might be taking part. These find-
ings support the role of T cells in allergic drug reactions and
provide further clues pertaining to therapeutic interventions.
(J Allergy Clin Immunol 2002;109:155-61.)
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Drug allergies are a significant problem in public
health and represent an important element in iatrogenic
pathology, being responsible for an underestimated num-
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ber of deaths, frequent morbidity, and high cost.! Drugs
are capable of inducing any of the 4 types of immuno-
logic reactions described by Gell et al.2 IgE-mediated
allergy, the most common form, results from the interac-
tion between the drug and specific IgE antibodies on the
surfaces of the mast cells and basophils.3 Drugs or their
metabolites can also directly activate T lymphocytes,
induce proliferation, and produce an effector response,*3
inducing delayed allergic reactions (type IV in the sys-
tem of Gell et al2), such as maculopapular eruptions, con-
tact dermatitis, toxic epidermal necrolysis (TEN), and
Stevens-Johnson syndrome. Of these, bullous skin erup-
tions are the most severe.®

T lymphocytes in PBMCs from patients with delayed
reactions to drugs express increased levels of the activa-
tion markers CD69, CD25, and DR, as well as of the cuta-
neous lymphocyte antigen, during the acute response;
these levels are normalized when the clinical symptoms
subside.”? Immunohistochemical studies have demon-
strated that in drug-induced diseases such as Stevens-
Johnson syndrome and TEN, an infiltrate composed of
CD8* T cells is present in the epidermis and an infiltrate
composed of CD4+ T cells is present in the dermis.5’

Recent evidence shows that immunologic reactions to
drugs follow the classical Ty1/Ty2 paradigm in vivo.!0
On the other hand, most in vitro studies have shown a
heterogeneous profile of cytokine production, there
being no agreement with the clinical diagnosis.!1-12

Despite these considerations, the precise role of cyto-
toxic T cells in allergic drug reactions remains unclear.
Two major pathways lead to apoptosis of target cells by
cytotoxic T lymphocytes: granule-mediated exocytosis
and Fas/FasL interaction.!3-15 The presence of activated
T cells expressing granzyme B (GrB) and perforin has
been observed in various immunologic diseases, includ-
ing acute heart, lung, and kidney allograft rejection.16-13
This mechanism has also been seen in adverse cutaneous
drug reactions.1® When FasL binds to its cognate recep-
tor Fas, apoptotic signals are delivered to the cells, and
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TABLE I. Clinical characteristics in subjects with delayed reactions
Pat Sex Age (y) Clinical entity Body extension (%)  Severity* Drug involved Skin testt Challenget
1 F 42 MPE 30 + Ceftriaxone +ID + (100 mg)
2 M 47 DMPE 30 ++ Phenytoin -P + (50 mg)
3 M 60 SJ 40 +++ Phenytoin -P ND
4 M 47 DMPE 30 ++ Amiodarone -P + (100 mg)
5 F 49 MPE 40 + Amoxicillin +ID + (250 mg)
6 M 32 MPE 60 + Amoxicillin +ID + (250 mg)
7 F 21 TEN 80 ++++ Carbamazepine -P ND
8 M 53 SJ 30 +++ Phenytoin -P ND
9 M 37 DMPE 40 ++ Ampicillin +ID + (250 mg)
10 F 43 MPE 60 0 Amoxicillin +ID + (250 mg)
11 M 35 MPE 30 + Amoxicillin +ID + (250 mg)
12 F 59 MPE 40 + Amoxicillin +ID + (250 mg)
13 M 50 TEN 50 ++++ Allopurinol -P ND
14 F 40 DMPE 60 ++ Sulfamethoxazole -P + (200 mg)
15 M 46 DMPE 40 ++ Amoxicillin +ID + (250 mg)

E Female; M, male; ID, intradermal; P, patch; MPE, maculopapular exanthema; DMPE, desquamative maculopapular exanthema; SJ, Stevens-Johnson; TEN,

toxic epidermal necrolysis; ND, not done.
*Disease severity was scored in 4 categories.

FPlus sign (+) indicates that the patient exhibited a positive response after testing.

#The dose used in the challenge is given in parentheses.

FasL expression is present at the transcription and pro-
tein level in T cells.20.21

In this investigation, a well-characterized group of
subjects with delayed reactions to drugs was studied to
determine the degree of involvement in PBMCs of the 2
cytotoxic pathways just mentioned, both during the
acute response and after recovery from the disease. A
competitive RT-PCR was used to quantitate the specific
transcription of TNF-q, perforin, GrB, and FasL, mark-
ers that are thought to play a relevant role in the reac-
tions studied.

MATERIAL AND METHODS
Patient selection

Fifteen subjects (mean age,44.06 + 10.24 years) who developed
delayed responses after drug intake were included in the study. The
criterion for diagnosis was the development of cutaneous lesions 24
hours or more after drug intake. The reactions were classified in 4
categories according to severity, as described previously22:

A. (+) Maculopapular exanthema, consisting of maculopapules
of varying sizes on different parts of the body

B. (++) Desquamative maculopapular exanthema, consisting of
maculopapules of varying sizes on different parts of the body fol-
lowed by skin desquamation but without formation of blister

C. (+++) Stevens-Johnson syndrome, consisting of erythema and
maculopapules followed by vesicles and bullae with mucosal
involvement

D. (++++) TEN, consisting of widespread erythema with forma-
tion of bullae and detachment of the epidermis resembling scalding.

The clinical reactions are shown in Table I. Skin testing was done
through use of intradermal or patch methods, and 8 cases proved to be
positive (Table I). Intradermal testing was carried out only for -lac-
tams, as previously described.?3 In brief, 0.2 mL of a 20-mg/mL solu-
tion of the B-lactam involved (Table I) was injected in the volar surface
of the forearm. Readings were made after 48 hours, and results were
considered positive when an indurated area with a diameter greater
than 5 mm was present. Patch testing, conducted according to interna-
tional standard procedures,?* was undertaken in patients with pheny-
toin, amiodarone, sulfamethoxazole, allopurinol, or carbamazepine,

all drugs being prepared 5% to 10% in petrolatum. The occlusion time
was 48 hours, and readings were made as described previously.25
Challenge testing was done through oral administration of the culprit
drug. Patients 1, 2,4, 5, 6,9, 10, 11, 12, 14, and 15 developed positive
responses at the doses indicated in Table 1. Patients 5, 6, 10, and 11
developed exanthema of the trunk 24 hours after challenge; this
reached maximum expression at 72 hours. Patients 1 and 12 developed
exanthema of the trunk, abdomen, and legs 48 hours after challenge,
with a maximum expression after 4 days. Patients 9 and 15 had symp-
toms similar to those described for patients 1 and 12, but at 5 days their
exanthema was followed by skin desquamation. Patients 2, 4, and 14
developed exanthema 48 hours after challenge but without the desqua-
mation that occurred with the original reaction. In all instances,
responses were induced with doses lower than the recommended ther-
apeutic concentrations. Because of the risk of inducing severe reac-
tions, 4 patients (3, 7, 8, and 13) were not challenged.

Controls

To assess whether the drug itself could induce any change in
TNF-o and cytotoxic marker expression as a result of pharmacolog-
ic or other mechanisms, the same drugs that were involved in the
reactions were administered to a group of 21 control subjects.
Because a total of 7 different drugs were involved, 5 control subjects
took amoxicillin, 5 ampicillin, 4 sulphametoxazole, and 4 phenytoin.
None of the control subjects had a previous history of allergic drug
reactions or presented with any cutaneous or immunologic disease,
including atopy, at the moment of selection. The concentrations used
for intradermal testing and patch testing were the same as those for
the patients. Responses were negative in all of the tests.

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

Sample collection

Two blood samples were obtained in each case, the first 24 hours
after initiation of the reaction and the second 30 days later. In each
sample, 20 mL of peripheral blood was obtained. Ten milliliters in
EDTA were processed immediately for RNA extraction, cDNA syn-
thesis, and competitive RT-PCR analysis. In patients 3, 7, 8, and 13,
blisters were present during the course of the disease and 2 to 8 mL
of blister fluid containing mononuclear cells (MNCs) was obtained
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(at the time when the first blood sample was obtained) for RNA
extraction, cDNA synthesis, and competitive PCR analysis. Sam-
ples from the controls were taken at the same time.

PBMC isolation, RNA isolation, and cDNA
synthesis

PBMCs and MNCs were isolated on Ficoll-Paque gradients (Phar-
macia Biotech Inc, Piscataway, NJ). Total RNA was isolated from
cells by the method of Chomczynski and Sacchi.26 Total RNA was
incubated for 15 minutes at 37°C with Dnase I (Boehringer
Mannheim, Indianapolis, Ind). Rnase inhibitor was present during all
enzymatic manipulations of RNA. Concentrations of total RNA were
determined in a spectrophotometer (Ultrospec III, Pharmacia LKB,
Uppsala, Sweden); the OD260/280 ratio was between 1.8 and 2.2 in
all samples. The cDNA template for RT-PCR was synthesized from
RNA by reverse transcription through use of a first-strand cDNA Syn-
thesis Kit (CLONTECH Laboratories, Palo Alto, Calif). In every
sample, the quantity of total RNA that was retrotranscribed was 1
umg per reaction. For comparison of TNF-o. and cytotoxic markers,
mRNA and cDNA concentrations were normalized to yield equiva-
lent B-actin products (housekeeping gene). Results with this control
amplification can be used to adjust the amount of the cDNA used in
the PCR to use equivalent amounts of cDNA in each reaction.

PCR

PCR was performed with a mixture containing 10 mmol/L Tris-
HCI (ph 8.3), 50 mmol/L KCI, 1.5 mmol/L MgCl,, 0.2 mmol/L
dNTP, 0.4 micromolar 5" and 3" oligonucleotide specific primers,
and 2 U of Taq polymerase (Boehringer Mannheim). Aliquots were
then amplified by 35 cycles in a GeneAmp 9600 thermocycler
(Perkin Elmer, Irvine, Calif). Each cycle consisted of denaturation
at 94°C for 45 seconds, annealing at 60°C for 45 seconds, and
extension at 72°C for 2 minutes for TNF-o. For perforin and FasL,
we used 30 cycles, each consisting of denaturation at 94°C for 2
minutes, annealing at 55°C for 2 minutes, and extension at 72°C for
Iminute; for GrB, we used 30 cycles, each consisting of denatura-
tion at 94°C for 2 minutes, annealing at 67°C for 1 minute, and
extension at 72°C for 2 minutes. Aliquots of PCR products were
electrophoresed in 1.8% agarose gels and visualized by means of
ethidium bromide staining. The sequences of 5" and 3" TNF-o—spe-
cific primer pairs were provided by CLONTECH Laboratories.27-28

Competitive PCR for TNF-o. and cytotoxic
markers

To determine the number of molecules expressing TNF-o, per-
forin, GrB, and FasL, we used competitive PCR experiments. In this
method, a DNA competitor containing the same primer template
sequences as the target cDNA competes for primer binding and
amplification. To quantitate the relative amounts of gene transcript
present in various samples, the individual PCRs were performed by
coamplifying the cDNA of interest with an internal PCR control.
Differences as low as 2-fold in cytokine gene expression can be
detected through use of this competitive template technique. The
competitor DNA fragment (higher MW) was derived from the v-erb
B gene (CLONTECH Laboratories) to which the primer templates
had been added. The amplification product of each synthetic com-
petitor differs in size from the original cDNA product. Amplifica-
tion of the competitor fragment as an internal standard in RT-PCR
allows amplification of both the wild-type original DNA and the
competitor fragment DNA in the same reaction through use of gene-
specific primers and separation of the products on the basis of size.
At similar concentrations of the PCR product, comparable band
intensities will occur in the ethidium bromide gel electrophoresis.
The target cDNA was adjusted to equal concentrations by competi-
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FIG 1. Comparison by Pearson correlation coefficient between the
expression of perforin and the expression of GrB in the 15 cases
studied.

tive PCR between B-actin cDNA and competitor fragment.2® Eval-
uation of competitive RT-PCR experiments was performed on digi-
talized agarose gels through use of image analysis software (1D
Manager, TDI, Technology for Research and Diagnosis, Madrid,
Spain). The detection limit of this method was determined through
use of serial dilutions of a known concentration of positive control
cDNA,; after PCR optimal amplification, this was equivalent to 200
molecules of competitor fragment.

Statistical analysis

The values obtained by competitive PCR of TNF-a., perforin,
GrB, and FasL determined in the assay were analyzed by means of
the Pearson correlation coefficient. The differences in TNF-o. and
cytotoxic marker expression between the subjects with drug allergy
and the controls were assessed through use of the nonparametric
Mann-Whitney test. Data are presented in terms of means and SDs
unless otherwise indicated.

To study the association between the cytokine and cytotoxic medi-
ators and the severity of the disease, this was classified as mild (+;
category A), intermediate (++; category B), severe (+++; category C),
or extremely severe (++++; category D). These categories were relat-
ed through use of the Spearman rank correlation coefficient.

RESULTS
Correlation between TNF-o. and cytotoxic
markers during the acute phase

To ascertain the relationship between TNF-o and the
cytotoxic markers perforin and GrB, we used a Pearson cor-
relation coefficient (data not shown). No significant correla-
tion was observed between TNF-o and perforin or GrB.

Correlation between cytotoxic markers
during the acute phase

Comparison of the relationship between the cytotoxic
markers perforin and GrB at 24 hours gave a very high
correlation, the R value being 0.904 (P < .01; Fig 1).
Because FasL. was expressed in only 4 patients (in cate-
gories C and D), no comparison was made between this
and expression of perforin or GrB.
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FIG 2. mRNA determination of TNF-a (A), perforin (B), and GrB (C) in 15 patients (white boxes) and 21 con-
trols (gray boxes) 24 hours and 30 days after the initiation of the reaction. Data were analyzed by Mann-

Whitney test. ***P < .001. **P < .006.

Analysis of TNF-o. and cytotoxic marker
expression levels between patients and
controls during the acute and postreaction
phases

Levels of TNF-a and cytotoxic markers were com-
pared between subjects and controls (Fig 2). The TNF-o.
expression levels in patients and controls are presented in
Fig 2, A. Although TNF-o expression was observed in
the patients and most of the controls at the 24-hour mea-
surement, there were very significant differences in the
expression levels, the mean values being 9106 + 1596 for
the patients and 1158 + 553 for the controls (P < .006).
Comparison of mean values at the 30-day measurement
showed no significant differences (1233 + 271 for the
patients and 1276 + 467 for the controls).

Comparison of the cytotoxic markers perforin and GrB
in the patients and controls is presented in Fig 2, B and C.
The perforin levels showed significant differences between
patients and controls at the 24-hour measurement, the mean
values being 6260 + 1914 for the patients and 1042 + 87 for
the controls (P < .001). Comparison of mean values at the
30-day measurement showed no significant differences
(2273 = 887 for the patients and 1564 + 584 for the con-
trols). A similar pattern was observed when we looked at
GrB expression in the patients and the controls; the mean
values at the 24-hour measurement were 7453 + 2553 for
the patients and 1264 + 1136 for the controls (P < .006).

Relationship of TNF-o. and cytotoxic marker
levels with disease severity during the acute
phase

There were positive correlations between disease
severity and levels of TNF-o expression (R, = 0.55; P <
.05), perforin (R, = 0.987; P < .01), and GrB (R, =0.911;
P < .01; Fig 3, A-C, respectively). No statistical compar-
ison was made for FasL, because it was expressed in only
4 cases, corresponding to the patients with the most
severe reactions—two each in categories C and D.

Results in MNCs from blister fluid

For the 4 patients with blisters (3, 7, 8, and 13), only
perforin and GrB were found in PBMCs and MNCs
(Table II). It can be seen that their expression in blister
fluid MNCs was almost always at least twice the expres-
sion in PBMCs.

DISCUSSION

Although there have been many in vitro studies focus-
ing on the lymphocyte recognition and effector response
in immunologic reactions induced by drugs,!1-30 these do
not always mimic the in vivo situation.3! Thus, comple-
mentary in vivo studies might be necessary for a better
understanding of the immunologic response. In this work
we monitored disease activity and/or severity and the
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FIG 3. Comparison by Spearman correlation coefficient of disease severity and mRNA expression of TNF-o.
(A), perforin (B), and GrB (C). Disease severity was classified in 4 categories—A, B, C, and D (of increasing
severity in that order), corresponding to 1, 2, 3, and 4 on the y axis. The association was significant in all
cases—more so for the 2 cytotoxic markers perforin and GrB.

related immunologic effector response by measuring
expression levels of the proinflammatory cytokine (TNF-
o) and the cytotoxic markers perforin, GrB, and FasL in
PBMCs and MNCs during delayed drug reactions. The
advantage of working with PBMCs is the ease of obtain-
ing samples at different time intervals both during the
acute phase and after resolution of the disease, as well as
the ease of obtaining adequate specimens in control sub-
jects. Although obtaining parallel samples from peripher-
al blood and the skin is difficult to achieve, we were able
to obtain samples from blister fluid and to measure the
same cytotoxic markers as those measured in blood in the
patients with blisters.

The data showed an increase in levels of TNF-o, GrB,
and perforin during the acute phase of the reaction, the
levels being normal after resolution of the reaction. This
increase was not observed in the controls exposed to the
same drugs, suggesting a T-cell mediated effector
response. Our data confirm previous studies carried out
in bullous skin reactions to drugs in which cytotoxic
activity was shown,32 and they provide additional evi-
dence of direct involvement of perforin and GrB. The
determination made at 30 days, after the symptoms had
resolved, showed a decrease in their expression, such that
their levels were similar to those in the control group. To
our knowledge, this increase in the expression of cyto-
toxic makers during the acute phase of a delayed drug-
induced reaction has not been previously reported in
immunologic reactions to drugs.

TABLE Il. Cytotoxic marker expression levels in cells
from peripheral blood and blisters

Perforin Granzyme B
Patient no. Blood Blister Blood Blister
3 8,000 19,000 10,000 20,000
7 10,000 21,000 12,000 22,000
8 8,200 18,000 10,500 19,500
13 10,200 20,000 12,400 23,500

Results are expressed as numbers of molecules per microgram of total
RNA.

The tissue response during the acute phase of the reac-
tion was studied in the skin blister fluid in the patients in
whom bullae were present (categories C and D). The
PCR study results showed a higher expression of perforin
and GrB in blister fluid than in peripheral blood samples
drawn simultaneously (Table II). These results indicate
that in both PBMCs and MNCs, the activation pattern
reflects the pathophysiologic mechanism occurring in the
target tissue, as has been suggested in other diseases.33:34

Although perforin and GrB levels can be constitutive-
ly expressed in lymphocytes of healthy donors,353¢ the
increased values in the patients studied—the highest
expression being seen in the most severe reactions—indi-
cates that a cytotoxic mechanism was involved.37 Direct
participation of FasL has been shown in severe diseases
induced by drugs, confirming the role of this cytotoxic
mediator in disease activity.38 There was also a signifi-
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cant association between TNF-o and disease severity in
the study group. This cytokine has been reported to
induce adhesion and activation of T cells and mono-
cytes3940 and also to participate in apoptosis indepen-
dently of perforin.#! We therefore believe that this is a
relevant cytokine contributing to the skin lesions.#2

The association between disease severity and perforin
or GrB was high and significant (P < .001), being prefer-
entially expressed in the most severe cases. This differ-
ence between severe and mild drug reactions is relevant
because it can be used for predicting and monitoring dis-
ease activity and/or severity.

The observations made in PBMCs constitute the pre-
dominant tendency of a number of clones that contribute
to the pathologic phenomena in patients with delayed
reactions to drugs. However, although we did not deter-
mine which T-cell subpopulations were involved, it can
be assumed that CD4 and CDS take part in this response,
as has been reported by others.34 Despite the differences
seen in disease severity and cutaneous reactions, there
seems to be a common mechanism of T-cell activation,
the clinical response being related to the levels of the
proinflammatory and cytotoxic markers studied. The rea-
sons for these differences are being investigated by our
group.

In conclusion, this is the first in vivo evidence sug-
gesting the functional role of T cells with cytotoxic activ-
ity in delayed reactions to drugs, indicating that the clin-
ical and laboratory findings are in agreement with the
pathophysiologic mechanism involved in these diseases.
Further studies of lymphocyte subpopulations, in addi-
tion to parallel monitoring of the skin lesion response,
should be carried out for the sake of gaining a better
understanding of the immunologic mechanisms involved,
leading to improved therapeutic interventions.

We thank Ian Johnstone for his help with the English language
version of this paper.
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