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Abstract

Background: The introduction of pegylated interferon (PEG-IFN)-a in the treat-
ment of chronic hepatitis C has led to an increase in sustained virological
response. Despite reduced immunogenicity of the pegylated form in comparison
with native interferon (IFN)-o, a high frequency of adverse cutaneous reactions
has been reported with pegylated IFN-a. Here, we aimed to investigate the immu-
nological mechanisms underlying pegylated IFN-a-induced drug eruptions.
Methods: Hepatitis C patients suffering from drug eruptions in association with
administration of pegylated interferons were enrolled in the study (n = 22). Sub-
jects were tested for sensitivity to pegylated IFN-a,,, pegylated IFN-o,y, or riba-
virin using intradermal, scratch, and/or patch tests, as well as lymphocyte
activation tests (LATs). Skin biopsies obtained from pegylated IFN-a-associated
exanthemas, as well as from localized inflammatory skin reactions at pegylated
IFN-a injection sites, were analyzed for the expression of relevant chemokines by
quantitative real-time PCR and immunohistochemistry.

Results: A subset of patients suffering from pegylated IFN-a-associated exanth-
emas displayed positive intradermal tests to PEG-IFNs but not to conventional
IFN (11/22). In selected patients, this observation correlated with the presence of
pegylated IFN-specific T cells (3/11). Chemokine profiles of inflammatory skin
reactions at the injection sites reflected an IFN-o-signature, whereas lesional skin
of exanthemas showed induction of TH2-associated chemokines.

Conclusions: Our results indicate that specific sensitizations are one cause of
exanthemas under therapy with PEG-IFNs. Clinical proof-of-concept analyses
demonstrate that affected patients may benefit from a switch to conven-
tional, nonpegylated drugs, enabling IFN-a therapy continuation without drug-
associated skin eruptions.

rhosis, and hepatocellular carcinoma (1, 2). Interferon (IFN)-a
remained the sole treatment option for individuals infected
with HCV until ribavirin was introduced (3, 4). Later, pegylat-
ed interferons (PEG-IFNs) led to substantially improved sus-
tained virological response rates compared to the unmodified
protein (5, 6). Pegylation refers to the modification of proteins
by adding polyethylene glycol (PEG), leading to enhanced
delivery, prolonged pharmacologic activity, and potentially
reduced immunogenicity and antigenicity (5, 7). Despite the
advantages of PEG-IFN, cessation of therapy is often reported
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PEG induces allergic drug eruptions

due to significant adverse drug reactions (ADRs) occurring in
up to 48% of the treated patients (8-15).

Adverse drug reaction can be divided into two catego-
ries based on underlying pathomechanisms: type A reac-
tions, defined by unanticipated pharmacologic actions,
and, type B reactions characterized by intolerance, idio-
syncratic, and allergic or hypersensitivity reactions (16).
The underlying pathomechanisms of ADRs caused by
PEG-IFNs have remained largely elusive (8-15). The fre-
quently observed localized inflammatory skin lesions at
the site of PEG-IFN injection may reflect the pro-inflam-
matory properties of IFN-o. On the other hand, PEG-
IFN-induced exanthemas are characterized by the develop-
ment of initial lesions at the site of injection (SOI) and a
subsequent dissemination. This clinical course resembles
the evolution of heparin/heparinoid-induced drug erup-
tion, a typical T cell-mediated type B ADR (17). Based
on these clinical observations, we sought to indentify
immunological mechanisms underlying PEG-IFN-induced
localized inflammatory and disseminated exanthematic
drug eruptions.

Methods
Patients

Biopsies were taken, after obtaining informed consent, from
localized inflammatory lesions (SOI), generalized exanthema
lesions, and nonlesional skin of patients under PEG-IFN
treatment. Additional biopsies were taken from positive
intradermal tests. Biopsies obtained from age-matched
healthy individuals served as controls. Samples were
divided, snap-frozen, and stored at —80°C. This study was
performed in accordance with the guidelines of the Declara-
tion of Helsinki and was approved by the local ethics
committee.

Atopy status was defined by one or more of the following
criteria: (i) reported personal history of an allergic disorder;
(ii) positive prick tests to common aeroallergens; (iii) serolog-
ical detection of specific IgE to common aeroallergens by Im-
munoCAP; and/or (iv) total serum IgE concentration of
>100 kU/I in the absence of other known causes of elevated
IgE. Healthy volunteers had no history of atopic disease and
negative prick tests.

Cutaneous tests

Cutaneous tests were performed in accordance with the EA-
ACI recommendations (18). Injections of 0.03-0.05 ml IFN-
o, (3 Mio. 1.LE./0.5 ml), PEG-IFN-0y,, (135 pg/0.5 ml), and
PEG-IFN-o,;, (150 pg/0.5 ml) were used for intradermal test-
ing. Normal saline served as negative control and histamine
as positive control. For patch testing, 0.03-0.05 ml of each
undiluted drug on filter paper disks in Finn chambers
(12 mm; Epitest Ltd., Tuusula, Finnland) applied on nonle-
sional back skin was used. Sodium lauryl sulfate and saline
served as controls.
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Immediate readings of prick and intradermal tests were
performed at 20 min and were considered positive when the
diameter of the reaction was >3 mm. Delayed intradermal
readings were evaluated at 24, 48, 72, 96, 120, 144 and
168 h. Erythema, infiltration and papules or vesicles were
considered as positive in delayed reading. Patch tests were
evaluated at 48 and 96 h.

Quantitative real-time PCR analysis

Biopsies were homogenized using a Mikro-Dismembrator U
(Sartorius AG, Goettingen, Germany), and RNA was
extracted with RNAzol (Tel-Test, Friendswood, TX, USA).
The resulting RNA was reverse transcribed, and gene expres-
sion was analyzed using quantitative real-time PCR (ABI
PRISM® 7000 Sequence Detection System; Perkin Elmer, Wal-
tham, MA, USA) as described previously (19).

Lymphocyte activation tests (LAT)

T cell activation was measured using BD FastlImmune tests
(CD69/CD3; BD Bioscience, San Jose, CA, USA). Briefly,
whole blood from patients or healthy donors was stimulated
for 4 h (37°C). Anti-CD2/CD2R antibodies (BD Bioscience,
San Jose, CA, USA) served as positive controls. Anti-CD3-
PerCP and anti-CD69-PE (50 pl) were added to each sample.
Cells were analyzed by FACScan flow cytometer (BD
Bioscience, San Jose, CA, USA) using CELLQuest™-Pro
software (BD Bioscience, San Jose, CA, USA). CD3" lym-
phocytes were displayed as two-color dot plots to measure
the proportion of activated lymphocytes expressing CD69.
Stimulation indices (SI) were calculated as a ratio of counts
per minute (Cpm) of cells cultured in the presence vs the
absence of antigen.

Histology and immunohistochemistry

Skin sections were fixed with acetone and preprocessed
with H,O, followed by an avidin and biotin blocking
step (Vector Laboratories, Burlingame, CA, USA). Sections
were stained for CCL18 (polyclonal goat IgG; R&D Sys-
tems, Minneapolis, MN, USA) and CCL22 (goat IgG;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) using
appropriate isotype antibodies as negative controls and the
Vectastain ABC and AEC Kits (Vector Laboratories, Bur-
lingame, CA, USA). Sections were counterstained with
hematoxylin.

Cell culture and treatment of cell lines

Human primary epidermal keratinocytes, dermal fibroblasts,
and dermal microvascular endothelial cells (Lonza, Walk-
ersville, MD, USA) were cultured in specialized media
(KGM-2, FGM-2, and EGM-2) as previously described
(20, 21). Cells were treated with IFN-o (100, 500, or
1000 units/ml; R&D Systems, Minneapolis, MN, USA) or
left untreated.
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Statistical analysis

Unpaired Mann-Whitney U-tests were performed using
GraphPad Prism 5.03 (GraphPad Software Inc., La Jolla, CA,
USA). P values <0.05 were considered statistically significant.

Results
Characterization of patients

A total of 216 CHC patients and 55 patients with chronic
hepatitis B (total n = 271), treated with PEG-IFNs, were
evaluated. Among these, 22 patients (8.1%) developed drug
eruptions and underwent additional allergological examina-
tions. The time span between the first drug administration
and appearance of the symptoms ranged from 2 weeks to
24 months. Initially, patients displayed localized inflamma-
tory skin lesions at the SOI and subsequently developed gen-
eralized pruritic  maculopapular exanthemas (Fig. 1).
Histological analyses of skin specimens were consistent with
the clinical diagnosis of drug eruption showing perivascular
inflammation with or without spongiosis. The infiltrate was

PEG induces allergic drug eruptions

mainly composed of lymphocytes; in some cases, eosinophils,
histiocytes, or neutrophils were also observed. Atopy status
was assessed by means of self-reported atopic disease, clinical
examinations, total IgE levels, and allergen-specific IgE.
Notably, all patients showing a positive LAT to PEG-IFNs
had a negative atopy status.

Cutaneous tests

Patients with PEG-IFN-induced drug eruptions (n = 22) as
well as healthy individuals (7 = 3) underwent intradermal
tests with conventional IFN-a,,, PEG-IFN-a,,, and PEG-
IFN-o,, (Table 1). After 20 min, no intradermal reactions to
IFN-o,,, PEG-IFN-o,,, or PEG-IFN-oy, were observed.
Healthy controls did not display any positive skin reaction
but exhibited adverse effects, including flu-like symptoms and
myalgia, nausea, vomiting, or reversible paresthesia. Con-
versely, 11 of the 22 patients with drug eruptions (50%)
showed delayed positive reactions to PEG-IFN-o,,. Six of
these patients (6/11) also demonstrated hypersensitivity to
PEG-IFN-0,,, whereas one patient (1/11) exhibited a reac-
tion to all tested IFNs. Skin scratch tests did not indicate

Figure 1 Clinical images from localized inflammatory skin lesions at
the site of injection of pegylated interferon-o,, and erythematous
macules and papules scattered on the trunk and extremities at week 8

(A, B). Histological examination showing a perivascular and interstitial
dermatitis (C). The inflammatory infiltrate composed of lymphocytes
and eosinophils (D). (Original magnification x100 in C; x400 in D).

Allergy 70 (2015) 775-783 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 777
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Table 1 Administrated drugs and test results
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In vitro tests

In vivo tests

Slin LAT [100 ng/ull

Intradermal tests

Onset after Scratch

Administrated initiation of Peginterferon- Peginterferon- Interferon- Peginterferon- Peginterferon- Interferon-

drug treatment oy Olog Oloa Olop Oloa Oloa Ribavirin
1. Peginterferon-o,y, 2 months  11.1 2.2 2.4 D3 D3 Negative Negative
2. Peginterferon-oyy, 10 months 2.0 4.5 1.3 D6 D6 Negative Negative
3. Peginterferon-oyy, 4 months 1.0 2.8 1.1 D1 Negative Negative Negative
4. Peginterferon-oyy, 2 weeks 4.2 3.5 1.5 D1 D1 D1 Negative
5. Peginterferon-a,, 24 months 0.9 25 2.1 Negative Negative Negative Negative
6.  Peginterferon-oy, 2 months n.d. n.d. n.d. D3 Negative Negative Negative
7.  Peginterferon-oyy, 3 months n.d. n.d. n.d. D3 Negative Negative Negative
8.  Peginterferon-oy, 3 weeks n.d. n.d. n.d. D7 D7 Negative Negative
9.  Peginterferon-oyy, 3 months n.d. n.d. n.d. D1 D1 Negative Negative
10. Peginterferon-oyy, 3 months n.d. n.d. n.d. D2 D3 Negative Negative
11.  Peginterferon-oyy, 3 months n.d. n.d. n.d. D2 Negative Negative Negative
12.  Peginterferon-oa, 3 weeks n.d. n.d. n.d. D2 Negative Negative Negative
13. Interferon-o 1-2 months n.d. n.d. n.d. Negative Negative Negative Negative
14. Peginterferon-oyy, 3 months n.d. n.d. n.d. Negative Negative Negative Negative
15.  Peginterferon-oyy, 14 months  n.d. n.d. n.d. Negative Negative Negative Negative
16. Peginterferon-oyy, 3 months n.d. n.d. n.d. Negative Negative Negative Negative
17. Peginterferon-as,, 2 months n.d. n.d. n.d. Negative Negative Negative Negative
18. Peginterferon-o,, 2 days n.d. n.d. n.d. Negative Negative Negative Negative
19. Peginterferon-os, 1.6 months n.d. n.d. n.d. Negative Negative Negative Negative
20. Peginterferon-oyy, 2 months n.d. n.d. n.d. Negative Negative Negative Negative
21. Peginterferon-o, 3-4 months n.d. n.d. n.d. Negative Negative Negative Negative
22. Peginterferon-o, 4 months n.d. n.d. n.d. Negative Negative Negative Negative
Controls
23. Peginterferon-oyy, - n.d. n.d. n.d. Negative Negative Negative Negative

(Hepatitis C pos.

control)
24. Interferon-a (Hepatitis — n.d. n.d. n.d. Negative Negative Negative Negative

C pos. control)
25.  None (healthy control) - n.d. n.d. n.d. Negative Negative Negative Negative
26. None (healthy control) — n.d. n.d. n.d. Negative Negative Negative Negative
27. None (healthy control) - n.d. n.d. n.d. Negative Negative Negative Negative
28. None (healthy control) - 1.3 0.8 0.6 n.d. n.d. n.d. n.d.
29. None (healthy control) - 1.4 0.9 0.6 n.d. n.d. n.d. n.d.

SI, stimulation index; LAT, lymphocyte activation test.

Summary indicating the administrated drug, the onset of drug eruption, and the respective test results (d: day, n.d.: not determined). Stimu-
lation indexes calculated as the x-fold increase of the CD69 upregulation after stimulation with the drug compared to cultures without drug.

any sensitization against ribavirin. Furthermore, patch testing
with IFN-o,,, PEG-IFN-o,,, PEG-IFN-o,,, and ribavirin
did not induce any skin reactions (data not shown).

Expression of chemokines and interferon regulatory factor

in vivo

To further understand the nature of these skin reactions, we
set out to analyze gene expression changes associated with
PEG-IFN treatment in the following sets of samples: (i)
localized inflammatory skin lesions at SOI (n = 3), (ii) distant
to SOI in patients suffering from PEG-IFN-induced exanth-

emas (n = 10), (iii) nonlesional skin of patients suffering from
PEG-IFN-induced exanthemas (n =38), and (iv) positive
intradermal tests to PEG-IFN or conventional interferons
(n = 7). We first investigated expression of the IFN-o-induc-
ible gene IRF7, a biomarker for the pharmacological activity
of IFN. As expected, we observed a significant upregulation
of IRF7 expression at the SOI of PEG-IFN and, to lesser
extent, in lesional skin of the exanthemas (Fig. 2). These
results indicate that PEG-IFN exerts pharmacological effects
both locally and systemically. Furthermore, we investigated
the expression of selected chemokines and detected an abun-
dant induction of the IFN-a-inducible, THI-associated

778 Allergy 70 (2015) 775-783 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Figure 2 Quantitative RT-PCR analysis of IFN-o-inducible IRF7,

CXCL9, CXCL10, CXCL11, and chemokines CCL1, CCL17, CCL18,
and CCL22 in healthy skin and PEG-IFN-induced exanthemas at site

chemokines CXCL9-11 at SOI as well as skin specimens of
positive intradermal tests to pegylated or conventional IFN
(Fig. 2). A similar induction was observed for PEG-IFN-
induced exanthemas, albeit at lower levels.

In contrast, the TH2-associated chemokines CCL17 and
CCL18 were significantly induced solely in exanthematic
lesions distant to SOI (Fig. 2). Similar expression profiles
were observed for other TH2-associated chemokines such as

Allergy 70 (2015) 775-783 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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areas (PEG-IFN (NL)), and biopsies after intradermal testing of PEG-
IFNs (PEG-IFN (IT)), *P < 0.05, **P < 0.01, ***P < 0.001.

CCL1 and CCL22 but without reaching statistical signifi-
Immunohistochemical analyses demonstrated that
CCL18 protein was induced in cells with dendritic morphol-
ogy within epidermal and dermal compartments (Fig. 3).
Expression of CCL22 was observed in basal keratinocytes,
skin-infiltrating leukocytes, and cells with dendritic morphol-
ogy. CCL18 and CCL22 were absent in healthy skin (results
not shown).

cance.
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Figure 3 Immunohistochemical analysis of CCL18 (A) and CCL22 (B)
in lesional skin specimens obtained from patients with drug eruptions

Effect of IFN-a on structural cells of the skin in vitro

To rule out that upregulation of TH2-associated chemokines
reflects a direct pharmacologic effect of IFN-o, we next ana-
lyzed the effects of IFN-o on structural cells of the skin in vi-
tro. We previously demonstrated that IFN-o rapidly and
markedly induces expression of the THl-associated chemo-
kines CXCLO9-11 in structural cells of the skin (22). Here, we
broadened our previous survey to include CCL1, CCLI17,
CCL18, and CCL22 (Fig. 4). IFN-o had no relevant effect
on the expression of these genes, although we detected robust
induction of IRF7 in all cell types.

IFN-o
Units/ml

CCL1
[RU]  [fa/25ng cDNA]  [RU] [RU]

after administration of pegylated interferons (PEG-IFNs).(Original
magnification x200).

Lymphocyte activation tests

To investigate whether the observed exanthema and localized
inflammatory reactions were mediated by activation of drug-
specific T cells, we performed LATs by measuring the upreg-
ulation of CD69 on CD3 " lymphocytes (Fig. 5). Beeler et al.
(23) define a SI cutoff value of 2 to discriminate between
allergic and nonallergic patients. As IFN-o represents an im-
munostimulatory cytokine, we first performed quality control
experiments and conducted dose-response experiments with
PBMCs of healthy individuals. In dose-response curves of
nonallergic, nonexposed healthy controls, the SI value peaked

CCL17 CCL18 CCL22
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0

Figure 4 Quantitative RT-PCR analysis of TH2-associated chemo-
kines CCL1, CCL17, CCL18, and CCL22, in dermal fibroblasts, der-
mal endothelial cells, and cultured human primary keratinocytes

20 8000 0 30 1

stimulated with increasing doses of IFN-a. Gene expression is
shown as absolute units (CCL17) or as relative units (CCL1, CCL18,
and CCL22). (Representative results from three experiments).

780 Allergy 70 (2015) 775-783 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Meller et al.

PEG induces allergic drug eruptions

-
[7)]
2 Healthy controls Patients
g #1 #2 #1 #2 #3 #4 #5
e
K IFN-cL,, - - — - — + -
g PEG-IFN-c,, - - + + —_ + -
£ PEG-IFN-c.,, - - + + + + -
C «
0
2 10 I N H g :
ng H H H .
S PN, | . a s : ;
IS el ; : : 5 :
| Histamine s iong I : : :
- ©  PEG-IFN-u, : : : E : 3
it “"’"GF : ; E : :
Sodium 3 : : : : : ‘
chloride Fry 10ng : t ! ; :
= o PEG-IFN-c.,, ' : : : : :
« = 100 ng £ & 3 .
o : : : - . :
E Positive control ] [ — | EEXCH . :
el | 0 a 8lo 4 8lo 4 8lo 4 8lo 4 8lo 4 8lo 4 8 [SI
Figure 5 Representative findings of intradermal tests of drug eruptions after administration of pegylated interferons

interferon-o,,, peginterferon-a,,, and peginterferon-a,, (A). Results
of cutaneous tests of two healthy controls and five patients with

at 3.1 in response to 1000 ng/ml PEG-IFN-o,;, (data not
shown). However, in these individuals, no SI>2 was
observed at lower concentrations (10-100 ng/ml). Hence, to
avoid false-positive results, we classified tested PEG-IFNs
and IFN as positive, only when the SI was > 4 in response to
100 ng/ml, as recommended by Pichler et al. (24).

We then performed LATs with blood cells from five
patients with PEG-IFN-associated ADRs, four of which dis-
played positive results in the intradermal tests (+I1D). LATs
were positive (SI > 4) in response to pegylated or conven-
tional IFN in three of four +ID patients and negative for the
single —ID patient (Fig. 5).

Taken together, we detected drug-specific T cells to PEG-
IFN in 3 of 5 (60%) of the tested patients.

Discussion

The long-term use of PEG-IFN is hampered by the develop-
ment of ADRs (8-15). We found ADRs to PEG-IFN in 22
of 271 patients (8.1%), which consisted of exanthema in the
vast majority of the cases (Table 1). Withdrawal of PEG-
IFN and topical treatment with glucocorticoids resulted in
resolution of the lesions, suggesting that PEG-IFN was the
causative agent. Moreover, a subset of these patients was
switched without any further ADR to a combination therapy
of nonpegylated IFN and ribavirin.

Our clinical observations are in accordance with publica-
tions by other groups (10, 12, 25). Veldt et al. (10) reported a
patient with a drug eruption under therapy with PEG-IFN
and ribavirin that tolerated subsequent therapy with conven-
tional IFN and ribavirin. Cottoni et al. (12) observed ADRs
using PEG-IFNs in combination with amantadine and/or
oral ribavirin, necessitating a termination of the treatment.
Finally, Li et al. presented a CHC-positive woman tolerating
native but not pegylated IFN (10, 12, 25).

Allergy 70 (2015) 775-783 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

(PEG-IFNs) (B). Corresponding results of lymphocyte activation
tests (C).

To characterize the PEG-IFN-related ADRs, we conducted
a series of tests on patients with treatment-associated exan-
thema. In intradermal tests, 11 of 22 patients (50%) exhibited
a positive reaction to PEG-IFN (Table 1). Only one of these
11 patients showed a positive reaction to conventional IFN.
With regard to intradermal tests of PEG-IFN, healthy con-
trols showed systemic reactions to the drug (flu-like symp-
toms) but no cutaneous symptoms. Hence, positive results in
the intradermal tests were suggestive of sensitivity to PEG-
IFN.

Chemokines play a central role in inflammation by
recruiting specific leukocyte subsets to the site of irritation.
Additionally, certain chemokine expression profiles are asso-
ciated with distinct reactions, including ADRs. Increased
expression of THI- and TH2-associated chemokines has
been reported in drug-induced exanthema (26, 27). As T
cells are likely involved in PEG-IFN-associated ADRs, we
chose to focus on whether distinct patterns of THI (e.g.,
CXCL9, CXCL10 and CXCLI11) or TH2 (CCL1, CCL17,
CCL18, and CCL22)-associated chemokines were present in
skin samples from PEG-IFN-sensitive patients. In addition,
we have previously shown that IFN-o is a potent inducer
of the CXCR3 ligands CXCL9, CXCL10, and CXCLI11
in vitro (22). Here, we show that IFN also elicits an upregu-
lation of CXCL9, CXCLI10, and CXCLI11 at the site of
PEG-IFN injection, concomitant with an upregulation of
the IFN response gene IRF7 (Fig. 2). These chemokines
and IRF7 are also upregulated, to a lesser extent, in lesion-
al skin of patients with exanthema. Thus, we detected an
IFN-o-induced signature, indicating a direct pharmacologi-
cal ADR associated with PEG-IFN.

In contrast to THl-associated CXCR3 ligands, the TH2-
associated chemokines CCL1, CCL17, CCLI18, and CCL22
show a prominent upregulation within generalized exanthema
but not at injection sites or in intradermal tests (Fig. 2). At
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the SOI, the high transient concentration of IFN is likely to
exert immediate effects on the local tissue cells that dominate
immunomodulatory effects of the infiltrating TH2 cells.
Notably, these TH2-associated chemokines are not regulated
by IFN-o in vitro (Fig. 4). This differential expression of
TH2 chemokines indicates that at least two molecular and/or
cellular mechanisms are involved: (i) a delayed-type reaction
via drug-specific T cells as well as (ii) direct pharmacological
effects of (PEG-) IFN. The link to pegylation is further sup-
ported by results from the LAT experiments in which we
detected PEG-IFN-specific T cells in a subset of patients
(Fig. 5). Importantly, Tough et al. (28) did not observe an
upregulation of CD69 in T lymphocytes poststimulation with
type I IFNs.

Notably, we detected PEG-IFN-specific T cells but no spe-
cific T cells against conventional IFN. PEGs are considered
to be inert, and pegylation of proteins is used to decrease
immunogenicity and antigenicity (5, 7). Nevertheless, allergic
contact dermatitis against PEG, an integral part of many
cosmetics, has been described (29, 30). Furthermore, several
studies have reported the development of antibodies against
pegylated liposomes in humans as well as in animal models,
suggesting that PEG moieties represent potential antigenic
epitopes (31-35). The mechanism of T cell sensitization by
PEG-IFNs remains unclear. It is possible that either the
PEG molecule itself or the linkage between PEG and IFN
resulting in a formation of new antigenic epitopes is causa-
tive. However, further experiments are required to clarify the
exact nature of the elucidating antigen. Of note, a limitation
of the present study is that neither PEG-specific T cell clones
were generated nor other pegylated proteins were used as
controls.

Although PEG-specific hypersensitivities are rare, these
findings suggest that sensitizations against PEG may result in
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