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Insect venom immunotherapy induces interleukin-
10 production and a Th2-to-Th1 shift, and changes
surface marker exgr@gsmﬁ m venom- -allergic

subjects 2:17/6 ,;? 6

- The current study was carried out to elucidate the imn mnmcwuiatou changes

induced by venom immunotherapy (VIT) in bee or wasp a ]uom subjects. All
subjects included in this study had a hlstory of severe systemic AHu«uc reactions

to stings of the respective insect as well as posltxve skin tests with the respective

venom or venom-specific IgE in the sera. Parameters assessed in peripheral
blood mononuclear cells (PBMC) before and after initiation of VIT (rush: ther-
reaching a maintenance dose of 100-pg venom injected subcutaneously

leukin (IL)-2 receptor (R)a, 1L-4R, IL-12R, FeeRIL, CD40. and CD40 ligand

~ (CD40L), cells producing interferon (IFN)-y and IL-10 after stimulation with
phorbol 12-myristate 13-acetate - 10nomyc1n in the presence of monensin’ mea-

sured by flow cytometry; secretion of IFN-y, IL-4, and IL-10 nieasured by

-ELISA (IFN-y and IL-10 were additionally measured by PCR), and prolifera-

tion. after stimulation with the respective venom. Significant decreases were
observed after VIT for proliferative response to venom and venom + 1L-4, 1L-4
secretion. FeeR1I, CD40, and CD40L expression. Significant increases were
observed after VIT for IFN-y concerning the amount secreted and the number of
producing cells. and 11L.-10. TL-10 was mdmly produced by CD4 " cells that were
negative for [FN-y, but some double-positive (1L-10 and IFN -v) cells were
always detected. Addition of blocking anti-1L-10 antibodies. but not isotype con-
trol antibodics. prevented down-regulation of proliferation (but not 1L-4 secre-
tion) and further enhanced 1FN-y secrction after VIT. These data indicate that in
insect venom allergic subjects, \/II not only induces a rapid shift in cytokine
expression from Th2 to Thi ¢ cytokines, but also leads to induction of the immu-
nosuppressive cytokine IL ~10, which may be important for the limitation of
potentially harmful allergen-specific Thl responses. The described changes in
cytokine expression may be responsible for subsequent increases in dlluacm
specific I;,G and decreases in Igl? production, as well as suppressive activity
observed mn earlier studics.

allergen-specific TG production can be observed after
immunotherapy |3, 8, 9]. However, the immunoregulatory
mechanisms by which VIT induces these changes are not

Venom immunotherapy (VIT), i.e. subcutaneous injection
of graded doses of venom, is very effective to protect bee-
or wasp-allergic subjects with serious Igli-mediated sys-
temic allergic reactions of the immediate type after stings
of the respective insect [1-4]. In older studies, induction of
hlocking 1gG antibodies, especially 1gG4 was thought to
be responsible for this protective effect [4-6]. The genera-
don of CD8' suppressor cells which modulate allergen-
specific TgE production was also described [7]. Overall. a
decline of allergen-specific Ighl and an  increase of
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fully understood.

lgk production is induced and enhanced by the Th2 cyto-
kine 11.-4 [10-13] and inhibited by the Thi product TFN-y
[14-17]. In humans, TL-13 can also inducc Lok and T1gG4
production | 18-20]. Besides IL-4 or 11.-13, the interaction
between CDA0 and its ligand CD40L has hun identified to
be necessary for isotype class switching [21-25]. PBMC
from atopic and normal donors have been shown to pm»
duce both el and IgGd upon stimulation with IL-
[26-28]. but the IC\'Lls of Igks and IgGH arc mmusxl)
regulated by 14 high 1L -4 IFN- ratios favor the pro-
duc,m.m of Ik, while Ig_(x4 production declines [29].

Recent studies provide cvidence that immunotherapy
(including bee VIT) may alter the pattern of cytokine syn-
thesis by allergen-specific T cells by inducing a shift in
cytokine expression from Th2 (1L~ TL-3) to Thi (IFN-v)
cytokines [30-32].

The purposce of our study was to extend these observations

to wasp allergy. to investigate additional parameters be-
sides Thi and Th2 eytokines, to analvze cytokine produc-
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and methods
Subjects

Wasp- and bee-allergic paticnts (71=102 and 12,
tively) were included in the study. All suffered from severe
systemic reactions to stings of the res Dective insect (/.o gen-
cralized urticaria, angioedema. - hypotension. hock).

respee-

or shog
Specific sensitization was docum ated by positive skin tests
to the respective venom (intracutaneous injection of () | wg/
ml venom) or detection of venom-specitic [gE in the sera
(radioimmiunosorbent assay or-RAST class =2). Of the
included patients. 46 % were atopic, suffering from alleroic
rhim)co‘njunch’vitis, asthma, atopic eczema. or had a rotal
serum IgE greater than 100 Ul and 54% were pot
atopic. Patients with other knOwn,immum)logic disorders or
systemiic imnmnomoduiuﬁng therapy were excluded.

2.2 Rush VIT

VIT was carried out according to the manufacturery de-
sceriptions (ALK-lyophilized SQ. Scherax, Hamburg, Gep
many). reaching a maintenance dose of 1)) e venom
injected subcutancously within | week

2.3 Timing of blood sampling

Heparinized biood (30 ml) was obtained on the dav of hos-
pital admission (before VIT) and Iweek Tater o the day of
discharge (after the mitiation of VIT) when the mainge.
nance dose of 100 ug was reached.

24 Proparation of cells

PBMC were isolated from heparinized blood by Ficoll-
Pague (1.077 g/ee) (Biochrom, Berlin. Germany) density
centrifugation and washed (hree times with PBS congajn.
ing L mM EDTA. For some experiments, CD4™ or C]HN-
1 eells were removed from PBMC with the anti-Cp4 mAD
QKT (mouse IgG2b. American Type Culture Collection:
. . Rockville, MD). or the ant-CD8 mah ORTY
tmouse [gG2b, ATCC) and sheep anti-mouse lgG mag.
netic beads M-45() (Dynal. Hamburg, Germany), Deple.

bon was controlled by flow cytometry,

2.5 Cell cultures

For cviokine production and proliferarion assays i ovigrp,
cells were suspended in RPMI 1640 (Gibeo BRI, Life
{eehnologies Ld. Puaisley. Scotland)  with 2 mM -

glutamine supplemented  witly 100 g/l streplomyein,
100 Ulml penicillin, 5 uM 2-mereaptoethanol, 20 myl

Hepes, T mM sodium pyruvate. 24 mM sodium hydrogen-
carbonate, and 5% AR serum (transfusion center Mainz.

Gicrmany),

I
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- determination of TL-4, 1L-100 and {FN- seeretion,
S cells (200 ulrwell) were cultured for 48 h in 96-wel]
o ve-culture plates {Costar, Bodenheim, Ger
rbee venom (Alk vophilized SO. Scherax)
oncentration of 250 ng/ml. The antigen
vas used at - concentration of {0 ugimi.
) and PMA + ionomycin (10 ng/mi and
0.3 ‘;aM.‘rc:f;pcczivciy) were used as positive controls. and
incubation with medium alone as negative control. Cells
were cultured at 37°C in humidified .5 % COL/95 % air.
After 2 davs of culture, supernatants were harvested and
stored at —=70°C unti] analysis. As insect venoms contain
eylotoxic components, the remaining cells were harvested
and analyzed for their viabifity by the trypan blue method
or by staining with propidium iodide detected by flow cyto-
metry. : :

+g/mi

For proliferation assays, 2 < 10° PBMC were incubated in
Y6-well flat-bortom tissue-culture plates in 200 ul/well in
triplicate for 4 days. The following reagents were added:
250 ng/ml bee or Wasp ovenom. 10 ug/ml tetanus toxoid,
00 U/ml el 1o + bee orwasp venom, rll -4 + teta-

aus toxoid. rat anti-human 17:50 MAb (1 ug/ml; JES3-
911, ATCC), rar anti-human - 1L-10 mAb -+ bee or
wasp venom. or PMA + ionomycin (10 ng/ml and 0.3 WM,
respectively).

2.6 Determination of cytokine content in tisspe culture
supernatants

Fuman 11L.-4 and IEN-y was measured by ELISA kits (Bio-
source. Camarillo, Ca) according fo the manufacturers
descriptions, ELISA plates were analyzed in a microplate
ELISA veader Model 45() (Bio-Rad, Miinchen, Cierma«ny)
tsing the microplate manager software (Bio-Rad). The
Cvlekine concentrations were caleulated according (o
standard curves. The detection limits were 8 pg/ml for I
and 15 pa/ml for TFN-v,

Human i1-10 protein concentrations were also measured
by LIS A according to instructions of the manufacturer of
the employed pair of antibodies (PharMingen, San Dicgo,
CAY Briefly., Maxisorp  Nune tmmunoplates (Nunc
GmbH, Wiesbaden, Germany) were coated overnight at
70 with 1 g/l purified rat anri-human 1010 mAD
(JES3-9D7) diluted in 0. M NaHCO, pH 8.2, After wash-
ng with PBS containing 0.05 % Tween 20, the plates were
blocked Tfor 2 b at room temperaiure with PRS containing
Y2 FOS (Gibeo BRL). Then, serial dilutions of tissuc
culture supernatants and he provided human 1L-10 siap-
dard (PharMingen) were incubated overnight at 4°C. The
nestday, plates were washed and incubated at room tem-
perature for | h with 1 wg/ml rat biotinylated anti-human
10 mAD (JES3-12G8) diluted in PBS containing 10 %
After  additional washing, 1 ug/ml alkaline

FOS
phmplmuuc-conjugzltcd cgg white avidin (Jackson Immuy-
nolescareh Laboratories Inc.. Bultimore, PA) was added
for I'h. After development wig /;-»m'tmphcnylplws];}hatc
(digma. Deisenhofen, Germany), the plates were read in g
microplate ELISA reader Mode] 450 (Bio-Rad) at 405 nm.,
I'he cvtokine Loneentrations were caleulated aceording to
the standard curves. The limit of detection was 15 pg/ml
for 11.-10,
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2.7 Determination of proliferative response

B

[PH]thymidine (1 uCi; ICN. Irvine. CA: 5 mCi/mi) was
added to the cultures for the last 6-8 . Ts were har-
vested with a Skatron AS cellha rway)
and ['H]thymidine incorporati alig-

uid scintiflation counter 1205 Betaplate (LKB Wallac.
Turku, Finland) after addition of scintillation liquid (Roth.
Karisruhe, Germany).

2.8 Determination of surface marker expression and
cytokine production by flow cytometry

Surface phenotyping of PBMC was performed by staining
2 X 10° cells with marker-specific mAb for 30 min on ice.
Antibodies used were phycocrythrin (PE)-conjugated anti-
CD3 UCHT- (mou% leGl. lmmunotech Marseille,
France), PE-conjugated anti-CD4 13B8.2 (mouse IgGl.,
Immunotech), PE-conjugated anti- CD6 B9.11 (mousc
IgG1l, Immunotech), PE-conjugated anti-CD45RA HI100

(mouse IgG2b, PharMingen), PE-conjugated —anti-
CD45R0O UCHLI (mouse [gG2a, Immunotech), PE-

conjugated anti-HLA-DR B8.12.2 (mouse IgG2a. Immu-
notech), PE-conjugated anti-CD23 (FceRII) EBVCS-5
(mouse IgGl, Becton Dickinson, San Jose, CA), PE-
conjugated anti-CD25 (IL-2Ra) B1.49.9 (mouse I1gG2a.
Immunotech), PE-conjugated anti-CD40 B-B220 (mousc
[gGl. Camon, Wiesbaden. Germany), PE-conjugated
anti-CD40L 24-31 (mouse 1gG1. Ancell I Corporation, Bay-
port, MN). anti-IL-4R Sf21 (mouse TgG2a. Sigma) and
anti-1L-12R 2-4E6 (mouse TG, l\mdly provided by Dr.
Maurice Gately, Hofmann- LaRoche Inc., Nutley, NJ).
After washing in PBS supplemented with 2 % FCS (Gibeo
BRL), cells were stained (only when unconjugated mAb
had been used) with donkey PE-conjugated anti-mouse
[gG  (Jackson ImmunoRescarch) for 15 min on ice.
washed twice, and analyzed on a FACScan (Becton Dick-
inson) equipped with Lysis 11 software.

For determination of intracellular IFN-y and IL-10 produc-
tion, 2 X 10° PBMC/m! were incubated in 24-well tissue-
culture plates for at least 4 h with 10 ng/mi PMA, 0.5 uM
ionomycin, and 2.5 uM monensin (stoma) at a final vol-
ume of 2 ml/well. Then, the cells were harvested, washed
twice with HBSS. and fixed with 4% paraformaldehyde
for 5-10 min on ice. After SU]MLL phcncslypmo (sm
above) cells were treated with 0.1 % saponin diluted in
HBSS and stained with 10 uv/m] anti-human [FN-v B-B1
mAb (mouse fgGl; Camon) or 3 ug/ml anti- human 1L.- 10
mAb (rat TpG. JES3-19F 111, ATCC) for 30 min on ice.
Alter washing with HBSS/0.1 % saponin, the cells were
stained  with  rat  FITC-conjugated  anti-mouse 1gG
(Camon) or donkey PE-conjugated anti-mouse 1gG (. dck
son ImmunoRese mch) and goat FITC mn;us.dtul anti-rat
[gG (Sigma) for 30 min on ice. washed (wice with HBSS,
and analyzed on a FACScan (Becton Dickinson).

2.9 Determination of IL.-10 and IFN-y mRNA expression
by reverse transcription (R1)-PCR and Southern blot
hybridization

PBMC were prepared as described above and RNA was
extracted with TRIzol (Gibeo BRL) following the instruc-
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tions of the manufacturer. The extracted RNA was reverse-
transcribed and the ¢cDNA was amplified by 25 cycles using
the Perkin Elmer RT:PCR kit (Pe erkin Elmer. Uberling gen,
Germany) in a Gene Amp PCR Syg;:,m 9600 ma‘ hmc (Per-
kin E}m ). Briefly. 100 ng | 1 md
don of each JATP, dCTP. . uh S6 U
reverse transcnpm\, 100 pmoles of each primer. and
25U AmpliTaq” DNA r)ol\memw The cycling condi-
tions chosen were 1 min at 95 °C (denaturation), 1.5 min at
57°C (annealing), and 2 min at 72°C (extension). The
primer sequences for [L-10 are 3’ TCT CAA GGG GCT
GGG TCAGCTATC. and IL-10 5" ATG CCC CAA GCT
GAG AAC CAA GAC, and for IFN v 3" ACC GAATAA
TTA GTL AGC TT, and IFN-y 5" AGT TAT ATC TTG

'GCTTTT CAG. In cach E\penment amplifications were

pertom, d without addition of RNA and primers as a neg-
ative control. PCR products were separated for 1 h by aga-
rose gel electrophoresis (2 %) and stained with ethld]um

ide.” For analyzing the molecular size of the PCR
'xmphflcates a 100-bp DNA ifadder (Pharmacia, Freiburg,
Germany) was used as a standard. Then, the PCR amphh«
cates were blofted on a positively charged nylon mem-
brane (Boehxmoerl annhcim. Mannheim, Germany) by a
Southern: transfer tcchmquc using 20 x SSC butfer. The
DNA was immobilized by baking thg membrane at 120°C
for 30 min. Thereafter a nonisotopic Southern blot hybrid-
ization was performed with an IL-10 or IFN-v specific
internal digoxigenin (D1G)-labeled probe (IL-10 int GAG
CAG GTG AAG AAT GCCTTTAATAAG GTC. IFN-vy
int GGC ATT TTG AAG AAT TGG AAA GAG GAG
AG) to confirm the origin of the PCR products using the
DIG oligonucleotide tailing kit (Bochringer Mannheim).
The DIG-labeled nucleic acids were detected by enzyme-
linked immunoassay using an anti-DIG alkaline phospha-
tase conjugate, a luminescence substrate (DIG Jumines-
cent detection kit. Boehringer Mannheim) and subsequent
exposure to X-ray film (Amersham, Little Chalfont. GB).

2.10 Statistics

Student’s i-test and paired /-test were employed to test the
statistical significance of results: p < 0.05 is considered
signilicant.

3 Results

3.4 VITreduces bee or wasp venom- and IL-4 + bee or
wasp venom-specitic proliferation of PBMC from
venom-allergic patienis

First, venom-specific proliferation of PBMC before and
after initiation of VIT were measured. Before VIT, 91 of
114 patients responded to the respective venom, while 23
patents did not respond (mean index of stimulation = 1.98
£ 132, no= 14). The venom-specilic proliferation was
diminished almost to the level of unstimulated PBMC
after the patients had undcryom induction of VI'T {(mean
index of stimulation = [.13 + 0.5, Fig. 1), Since the pres-
ence of [L-4 inhibits the deve loprm,m of Thi cells [16, 17],
we also analyzed the proliferation to allergen + 114,
which may reflect the allergen-specific p!o]lkmnva
response of Th2 (or ThO) cells. 11-4 and IL-4 -+ bee or
wasp venom-induced proliferation was also significantly
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Figure 1. Allergen-specific proliferative responses of PBMC from
insect venom-allergic subjects before and alter initiation of VIT,
PBMC (2 < 10%) from insect venom-allergic subjects were pre-
pared before and after induction of ViT and incubated for 4 days
10 the presence of 230 ng/ml specific bee or wasp venom, 400 U/
m] TL-4. venom -+ 14 or medium alone as negative control,
["H]thymidine meorporation was measured after addition of
[*H]thymidine for the last 6-8 h ol culture. The data represent the
means * S from 114 pationts. * indicates resulis after injtiation
of VIT that differ significantly from results before VIT (p < 0.01).
Stimulation index = venom specific proliferation / proliferation in
medium alone of the cells of an individual donor,

reduced after VIT (Fig. 1) Profiferadon to the antigen
tetanus toxoid or an unspecilic simulus like PMA + iono-
mycin remained unalfected by VIT (data not shown).
Nonspecific effects of venom components gs a reason for
decreased proliferation were excluded by viability tests by
the trypan blue method and propidium iodide staining
(tlow cytometry). Additionally. toxicity of venom compo-
nents should also aftect allergcn-nonspecific 1 cells and
T cells before and after induction of VIT in the same way.
Although high batch-to-batch consistency of the venom is
guaranteed by the manufacturer. the sume bateh of venom
was used to stimulate the cells of an individual donor
belfore and after induction of VI

3.2 VIT deereases allergen-driven 113 production and
increases allevgen-driven 18N- production

To analyze whether evtokines that are representative for
Tht and Th2 cvtokines are influcnced by VIT, we mea-
sured the production of IFN-y and 114 in response to the
specitic allergen before and afier induction of VIT, Kinetic
studies revealed that maximal cviokine production was
observed alter 48 b of culture. PBMC from bee or wasp
allergic  patients  spontaneously  produced only small
amounts of TL-4. while allergen-driven [l -4 production
was higher {194 % 147 pe/ml (mean + SID)  versus
L4193 pe/mls Fig. 2al. After initiation of VIT, the
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Figure 20 Allergen-driven 14 and IFN-y sceretion of PBMC
from insect venom-allergic subjects before and alter initiation of
VIT PBMC (5 107) were incubated with 250 ng/ml specific bee
orwasp venont or medium alone as neeative control. After 48 h of
culture. supernatants were harvested and i1-4 production (a) and
JEN-y production (h) were measured by BLISA as deseribed in

Secl. 2.6, Shown e the means SO from 78 patients before and
alter induction of VIT. # p -2 .05 and #% p <2 001 indicate
results after mitition of VI that diifer sienificantly from results
before VI

allergen-driven T4 production was signilicantly reduced
and was only in the range of spontancous -4 production
(213 4 1105 pu/ml, Fig, 2a). The decrease m Ha-4 produce-
tion ranged between 3.49% and 97.3% in individual pa-
tients.

In parallel to TL-4 production. we also measured the 1FN-y
production before and after induction of VIT, Before VIT,
addition of allergen did not increase 1FN-y production
[202.3 £ 160.5 pg/ml (mean + SD) versus 192,7 £ 134.3
pe/ml Fig. 2b]. After initiation of VI'T. the IFN-y produc-
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Figure 3. Percentage- of IFN-y-producing cells among different
T cell subsets hom insect venom-allergic subjects after nonspe-
cific stimulation before and after initiation of VIT. PBMC
(2 x 10°ml) were incubated for at least 4 h with 10 ng/ml PMA,
0.5 uM ionomycin, and 2.5 uM monensin and intracelular TF N-v
productlon among  different - T cell subscts (CDH3, CDh§”
CD45RA™, and CD45R0" T cel Is) was analvzed by flow cvto-
metry as described in Scct. 2.8. The {igure shows a representative
example of the double stainings of one patient before and after
initiation of VIT.

tion  was  significantly  enhanced  in stimulated
(429.1 & 411.6 pg/ml). but also in unstimulated cultures
(299.2 £ 184.8 pg/ml; Fig. 2b). The increase of 1FN-y pro-
duction ranged between 3.3% and 2300 % in individual
patients. In some patients. we also measured [FEN-y
mRNA expression before and after induction of VIT In
accordance with the protein data, IFN-y mRNA cxpres-
sion was also enhanced after induction of VIT in unstimu-
lated and in venom-stimulated PBMC (data not shown).

3 VIT increases the number of YEN-y-producing cells in
different T cell subsets

To assess whether the increase in IFN-y production was
due to increased numbers of lFN-y—pmducing cells and to
determine which cells produced TFN-y, we measured the
[F'N-y production on a single- cgl! [cwl by flow cviometry.,
To obtain detectable levels of intracellular TEN-v produc
tion, PBMC were not stimulated with the al!ugcn. but
with PMA + ionomycin in the presence of the protein
U'umport inhibitor monensin for at lcast 4 h. The number
IFN-y-producing cclls among PBMC was significantly
ummsul after VIT ll“ ()1 + 5. (v‘) Yo (mean %D) before
VITversus [8.84 = 7.8% after initiation of VIT: Fig. 3].

Double staining of PBMC to detect TFN-v and CDASRA,
CI45R0, CD8 revealed that TFN-y production was
increased in all of these subsets to a similar extent (Fig. 3).
The number of CD&™ IFEN-y" cells among PBMC increased
from 3.96 + 2.03 (mean £ SD. n = 46) before VIT 10
581 & 3.54 after initiation of VIT. the number of
CD4SRATIFN-vy " cells increased from 6.09 + 2.8 o
807 £ 4.94 and the number of (l)h ROVTEN-v™ cells
increased from 6.39 £ 2,41 t0 8.68 + 3.97. Applxmn(m of

the same technique for intracellular ngu,w(m of 1L-4 pro-
duction did not yield quantitative results.

i
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Figure 40 TL-10 protein secretion and mRNA expression of
PBMC from inscet venom-allergic subjects before and after initi-
ation of VIT. () PBMC (5 x 10°) were incubated with 230 ng/ml
specilic bee or wasp venom or medium alone as negative control.
After 48 h of culture, supernatants were harvested and 1L-10 pro-
duction was measured by ELISA as described in Scel. 2.6, The
data represent thu means + SD from 46 pulium before and after
induction of VI'T. # indicates results after initiation of VIT that dif-
fer significantly from results before VIT (p < 0.01). (b) Total cel-
lular RNA was extracted from 1 x 107 freshly isolated PBMC
before and after induction of VIT. RT-PCR and Southern blot
hybridization were performed as described in Scct. 2.9, Shown
are the signals for B-actin (221-bp template) and 1.-10 (351-bp
template) of the same RNA probes from scven representative
patients before (b) and after (a) induction of VI,

3.4 VIT increases 11.-10 production on the protein and
mRNATevels

Besides IFN-v production, allergen-driven 1-10 secretion
was also significantly enhanced after mduc‘(ion of VIT
[from I81 £ 143 pg/ml (mean & SD) 10 '—‘Hl 378.8 paf
ml, Fig. da]. To determine whether 11.-10 expression is
regulated at the transcriptional level. we axmly/,,cd I1.-10
mMRNA production before and after induction of VIT, and
show that the amount of 1L-10 mRNA produced was
enhanced after the initiation of VIT. The enhancement of

10 mMRNA expression was observed after 2 h of culture
with the specilic allergen (data not shown) as well as in
freshly isohucd PEMC after the patients had reecived their
Jast injection (Fig. 4b).
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venom (250 ng/ml)

1g*

anti-IFN-y-PE

Frgure 5. 1L-10 is produced by CD4' Thl and Th2
cells. (a) CD4" or CD8" cells were depleted from
PBMC prior to culture and 5 x 10° cells were incub-
ated with 250 ng/ml specific bee or wasp venom or
medium alone as negative control. Afrer 48 h of cul-
ture, supernatants were harvested and 1L-10 produc-
tion was measured by ELISA as described in Sect. 2.6.

5.9

i 42

15t

anti-lH-10-FITC

3.5 1L-10 is produced by CD4* T helper cells, but not
exclusively by Th2 cells

To determine which cell type produces 1L.-10, we depleted
diffcrent cell subsets prior to cell culture. Depletion of
CD47 cells abolished 1L-10 production, while depletion of
CD8" cells did not (Fig. 5a). Measurement of intracellular
[L-10 production by flow cytometry revealed that a smaller
part of the 1L-10-producing cells also produced ITFN-v,
while the majority did not (Fig. 5b). Again, after depletion
of CD4" cells, no IL-10 production was detected by this
mcthod (data not shown).

ey

The data represent the means = SD from 23 patients
after VIT. * indieates results that differ significantly
from . IL-10° production of undepleted PBMC
. (p < 0.01). (b) PBMC (2 X [0°ml) were incubated for
~ at least 4 h with 10 ng/ml PMA, 0.5 uM ionomycin,
and 2.5 uM monensin and analyzed by flow cytometry
for intracellular IFN-y and 11.-10 content as described
in Sect. 2.8, The figure shows one representative result
of ten independent experiments.

1o

3.6 Addition of anti-IL-10 antibodies prevents the down-
regulation of allergen-specific proliferation and
further enhances M-y production of PBMC after
initiation of VIT

To address the biological significance of increased 11.-10
production after induction of VIT, we investigated the
effect of blocking anti-IL-10 antibodies added to prolifera-
tion assays and cytokine production assays. This resulted
i @ restoration of the proliferative response of PBMC
from venom-allergic patients to venom after initiation of
VIT, but did not restore the allergen-driven 11.-4 produc-
tion. whereas TFN-y production was further enhanced
[from 429.1 % 411.0 pg/ml (mean + SD) to 630.7 + 400.2
pg/ml: Fig. 6]. Addition of isotype control antibodies had
no effect on proliferation or cytokine production.
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Figure 6. Cytokine secretion and proliferation of PBMC from insect venom-allergic subjects after initiation of VIT with:-or without
blocking anti-IL-10 antibodies added. For cytokine production assays 5 x 10° PBMC were incubated with the specific bee or wasp
venom (250 ng/ml) with or without addition of blocking anti-IL- 10 antibodies (1 pg/ml). Supernatants were harvested after 48 h and
IL-4 and IFN-y production were measured by ELISA as described in Sect. 2.6. Shown are the means + SD (scale on left y-axis) from
26 patients after induction of VIT. For proliferation assays 2 x 10° PBMC were cultured with the 250 ng/mi specific bee or wasp venom
with or without the addition of 1 ug/ml blocking anti-IL-10 antibodies. and [*H]thymidine incorporation was measured after 4 days of
culture. The data represent the means + SD (scale on right y-axis) from 62 patients after VIT. * p < 0.05 and ** p < 0.01 indicate
results after induction of VIT that differ significantly from results before VIT.

3.7 VIT decreases expression of IL-4R, FeeRII, CD40,
and CD40L

To determine whether VIT changes surface marker expres-
sion, we analyzed the expression of different T and B cell
surface markers. As shown in Table 1, VIT not only signifi-
cantly decreased IL-4 production, but also the expression
of IL-4 receptor and FeeRIT (CD23). The percentage of
CD40 and CD40L-expressing cells was also significantly
reduced. while other surface markers such as IL-2R
(CD2S), [L-12R, CD3. CD4, CD8, CD45RA, CD45R0,
and HLA-DR were not significantly changed after initi-
ation of VI'T (Table 1).

4 Discussion

The presented data clearly indicate that in bee and wasp
venom-allergic subjects, initiation of VIT not only induces
a rapid shift in cytokine expression from Th2 (IL-4) to Th1
(IFN-v) cytokines, but also leads to increased IL-10 pro-
duction and down-regulation of the proliferative responsc
to the venom. Inclusion of a control group of patients with
insect venom allergy that were left untreated was impos-
sible for ethical reasons, as these patients are vitally threa-
tened by their sensitization and VIT represents the only
approved successful therapy for them. However, in a few
allergic patients that were not able to undergo VIT within

Table L. Surface marker expression of PBMC from insect venom-allergic subjects before and after VIT?

Before VIT After VIT
(Percent positive cells)

Surface marker

Statistical significance

H.-2Ra (CH25)

604 6.5 61.8 =+ 10.6
L-4R == 21 8.94 £ 3.21 538+ 2.82
H-12R o= 58 125 4+ 53 10.68 + 3.97
Fee RIL (C1323) 7.72 % 3.07 6.3 £ 2.60
CD40 16,22 &= 5.4 1296 + 4.3
CD40L 6.49 £ 4.93 4.09 & 3.01
cD3 553 & 9.2 5875 & 9.1
CD4 36.9 & 7.4 389 & 7.6
CDY 214 & 6.3 2003+ 6.1
CD45RA 5014 % 10.1 S12 £ 128
CID45R0 374 4129 39.7 & 131
HLA-DR 9.48 & 37 9.69 & 4.2

n.s.
P < 0.05

n.s.

p < 0,05

2 < 0.05

< 0.05
n.s.
n
n
n

by
5
o5
S
5

a) PBMC from 53 insect venom-allergic subjects before and after induction of VIT were prepared by Ficoll density centrifugation and

analyzed by FACScan. Expression of FeeRI1 (CD23), CD40, CD3,

CD4. CDE, CDASRA, CD45RO, and HLA-DR was measured

directly ex vivo, while expression of [L-2Ra (CD25), IL-4R, 11.-12R, and CD40L, was measured after stimulation with the specific
venom for 48 h. Results are shown as the mean £ SID (n.s, =

not significant).
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a short period of time. no significant changes of the
deseribed immunologic parameters were observed until
they underwent VI excluding spontancous changes of
the deseribed parameters (data not shown ). Additionally,
several patients were di d and treated months after
their Jast insect st wspontancous changes in
their immune frobserved chunges in evto-
kine production were venome-specific. sinee reSponses 1o
another antigen, tctanus-toxoid or nonspecitic stimuli were
not altered significantly after induction of VIT (data not
shown).

n several studies. the antagonistic effects of IL-4 as an

mducer and IFN-y as a suppressor of [gE production have

been described [14. 34-37]. Recently, Carballido ct-al:
[29]. who analyzed the regulation of 1¢E and leG+respon-

ses by allergen-specific T cell clones to bee venom phos-

pholipase A, i vitro, demonstrated that low [L-4: IFN-y
ratios may decrease IgE production and simultancously
enhance 1gG4 production and vice versa. Therefore. i
rivo, the decrease in allergen-driven -+ and increase in
allergen-driven IFN-y production (the latter also at the
transcriptional level) may be responsible for the decline in
venom-specific [pE and the rise in venom-specific leG4
antibodies in the scra observed in carlier studics [5,38].
The decrease in 11-4R expression may also be due to
decreased 1i-4 production, as JL-4R expression i up-
regulated in response to 1L-4 [39, 40]. Decreased [L-4R
expression may in turn contribute to decreased IeE pro-
duction by B cells, as 1gE production depends on L4
stimulation [41. 42]. Additionally. CD23 expression. which
is also induced by 1L-4 [43]. was decreased. as has been
deseribed in carlier studies with other antivens [d4].

Besides overall IFN-y protein secrction, the number of
[EN-v-producing cells measured at the single-cell level was
enhanced by VIT. The proportion of TEN-v-producing celis
was significantly increased also among CDS ™ cells. indicat-
ing that VIT also induces changes in cviokine expression in
CD8 T cells and not only in CD4" T helper cells. A gen-
eral increase of CD8Y T cells was not observed and neither
were changes of other T cell markers like CD3. CD4.
CDASRA L and CD43SRO. Tt has to be keptin mind that the
changes in cytokine expression measured by flow cyto-
metry do not retlect cytokine production in response to
allergen. but rather to unspecific stimulation. Stimulation
with allergen did not result in detectable induction of cytos
kine production assessed by this method (data not shown).

Our cytokine data concerning the Th2-10-Th1 shifl are in
accordance with other recent studies. which ulso indicated
that immunotherapy altered the eytokine secrction by
Teells from atopic individuals [30-32, 45]. Seerist et al.
[30] demonstrated that allergen immunotherapy reduced
L4 production by allergen-specific CD4 T cells from
arass pollen- and mite-allergic subjects. while JFN-v seere-
tion remained unalfected, However, Varney et al. |31]
observed an enhanced 1FN-y mRNA expression alter

immunotherupy of patients with arass-pollen allergy. Jutel
ctal. [32]. who investigated the influence of VIT on Cyto-
kine seeretion in phospholipase As-stimulated T cell cul-
tures. observed a deerease in -4 and IL-5 and an increase
i IFN-y, but not in 11.-10 production afier VIT. The dis-
crepaney to our data concerning the 1L-10 production may
be due to different experimental approaches taken. In the

Ear I Immunol. 1997, 272 1131-1139
study of Jutel et al. [32]. PBMC were not only stimulated
with the alleroen phospholipase A but also restimulated
with plastic-bound OKT3 Fab' ), after 7 davs of culture.,
and cytokine secretion was measured on day 8. while in
our study, TL-10 productio ~measured ex vive (TL=10
mRNA) or after v the specific allergen
(IL-10 protein). Themcreased 1L-10 mRNA expression
even m freshiy isolated PBMC may be due to the fact that
the blood was obtained directly after the last injection of
100 ug venom. Overall, the observed induction in [L-10
production after VIT was especially interesting because it
could be responsible for the prevention of a-potentially
harmiul exaggerated allergen-specific Thi respthe. This
assumption is supported by the fact that the addition of
blocking anti-11-10 antibodies to the cultures further aug-
mented the already enhanced allergen-driven IFN-y syn-
thesis and restored the proliferative response to the aller-
gen. but not the allergen-driven IL-4 production, indicat-
ing that the presence of 1L-10-may prevent the expansion
of Thi cells after VIT. Furthermore. this finding is consis-
tent with results carlier reported by Del Prete et al. [46]
showing that 11-10 inlibited antigen-specific proliferation
and IFN-y production, ‘

The induced shift from Th2 to Thl cytokines by VIT might
be achieved by the high cumulative doses of insect venom
administered during immunotherapy. This hypothesis is
supported by the report that eytokine patterns change in
response o the antigen concentration in phospholipase
As-specitic T eell clones [47]. Furthermore, the cytokine
profile was also modulated by the involvement of different
antigen-presenting cells [48]. Thercfore, another impor-
tant fuctor that could influcnce eytokine synthesis in
allergen-specitic T cells may be the route of allergen expo-
sure. As VIT involves subcutaneous injections. of bee or
wasp venom instead of an intracutaneous insect sting,
cutaneous mast celb-derived eytokines. especially T1-4 [49,
SOL may be less involved and the allergen may be pro-
cessed by different antigen-presenting cells. e.g. macro-
phages in the subcutancous tissue versus dendritic cells in
the epithelium,

Besides the deseribed changes in eytokine expression, VIT
also induced a reduced expression of CD40 and its ligand.
This reduced cxpression may interfere with isotype switch-
ing in B cells. leading o a further decrease of IgE produc-
tion and potentially preventing stronger increases in IeG
production [2:4. 31]. On the side of the T cell, decreased
CDA0 and C401 expression may contribute to reduced
T4 production. as the CDA0/CDA0L pathway has been
implicated in preferential -4 induction in T cells by
B eells [S2]. The observed changes in CD40 and CD40L,
expression were not duce to changes in the composition of
different cell types after VIT, as CD3. CD4, CDS,
CDASRAL CDASRO, and MHC class 11 expression were

“not altered,

Overall, VIT induces a shift in eytokine production from
Ih2 o Thl eviokines. and also induces the production of
the immunosuppressive cytokine 11-10. inhibiting the
potentially exaggerated Thi responses.

This work was supporwd by the Stiftung Rheinland-Plalz fiir Inno-
vation (8036-380.261/7()),
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