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Roles of IL-4 and other factors in trichosanthin-induced

ovalbumin-specific IgE response!
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ABSTRACT

AIM. To study the mechanism of trichosanthin (TCS)-
induced ovalbumin ( OVA )-specific immunoglobulin E
(IgE) response in vivo. METHODS; To determine
whether intedeukin-4 (IL-4) was involved in TCS-
induced I1gE production, TCS and OVA co-immunized
mice were treated with anti-IL-4 monoclonal antibodies
(mAb) and OVA-specific serum IgE production was
measured by enzyme-linked immunosorbent assay
(ELISA). To distinguish whether recombinant T4
(rlL-4) was sufficient to support OVA-specific IgE re-
sponse, OVA alone immunized mice were treated with
rlL.-4 and OVA-induced IgE production were examined by
ELISA in the serum. To determine whether additional
factors were involved in TCS-induced IgE response, the
kinetic expression of CD40 ligand (CD40L), tumor
necrosis factor-a (TNF-), and interleukin-13 (IL-13)
were measured by semi-quantitative RT-PCR in draining
mesenteric lymph node (MLN) from TCS-immunized
mice. RESULTS: TCS-induced OVA-specific IgE
production was suppressed by anti-IL-4 antibody, whereas
IL4 alone could not induce OVA-specific IgE produc-
tion. CD40L, TNF-a, and IL-13 all expressed high lev-
els in MLN after both primary and secondary immune re-
sponses, Among them CD40L had the similar transient
expression peak to that of IL-4. CONCLUSION: [L-4
was indispensable for TCS-induced OVA-specific IgE
production. and the other three factors examined may also
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be involved in, but CD4OL may play a more important
role.

INTRODUCTION

Trichosanthin (TCS), the majot effective compo-
nent from Chinese herb Trichosanthes Kirilowii Maxim,
with abortion induction effect, is also effective in anti-
cancer and anti-HIV therapy'! 7. Since TCS is a potent
allergen, thus limits its therapeutic use in clinic. Im-
munoglobulin E (IgE) is the principle mediator in
allergy. In our IgE response mouse model, TCS was
able to induce TCS-specific IgE response without any ad-
juvant® . In addition, TCS co-immunization with oval-
bumin (OVA) was able to help OVA to induce OVA-
specific IgE response™®, while OVA alone immunization
could not. However, this help could happen only when
TCS was injected one day earlier than OVA. So there
must be some non-specific and transiently expressed fac-
tors involved in this process. To synthesize IgE, B cells
tequire some important signals during T-B coopera-
tion®1? One signal is interleukin-4 {IL-4), which
initiates the activation of transcription of constant region
of € (Ce) gene!™ . Our previous work showed that after
TCS immunization the expression of IL-4 mRNA in
mesenteric lymph node (MLN) was quick and transient
and could be fitted well into the “narrow window™ help of
TCS to OVAL?.  So we supposed that TL-4 might be
one of the transiently expressed critical factors in IgE re-
sponse. In the current work, we used neutralizing anti-
L4 monoclonal antibody and recombinant IL-4 to proof
this hypothesis .

CD40L., mainly expressed on activated T cells, can
cognate with CD40 on B cells and exert great impact on B
cell proliferation and differentiation. It has been shown
that CD40./CD40L interaction is the second critical signal
for IgE production’®~'%),  Membrane TNF-g is required
for antibody responsel’®) and facilitates the induction of
surface molecules on B cells that are important in T-B co-



ISSN 0253-9756  Acta Phannacol Sin
E-mail aps @ mail. shene.ac. cn

T EABEFE 2001 Avg; 22 (8)

Ptm/Fax 86-21-6474-2629 737 -

operation''™.  Since it has significant structural homo-
logy to CD40L, TNF-a may have some overlapping func-
tion with that of CD40L!®), L-13 is a recently ex-
plored cytokine that shares one of receptor subunits with
IL4 thus shares many functions with IL-4.  So, in
consideration for other factors that may be involved in this
TCS help for OVA, we also used the semi-quantitative
RT-PCR to analyze the kinetic expression of CD40 ligand
(CIMOL), interleukin-13 (IL-13), and tumor necrosis
factor-a { TNF-a)} during the TCS-induced IgE response.

MATERIALS AND METHODS

Mice C57BL/6J, female, 9 — 12 weeks old,
were obtained from the Animal Center of Institute of Bio-
chemistry and Cell Biology, Chinese Academy of Sci-
ences (Grade [, Shanghai Animal Certificate No 153)
and animals were breed according to the Institutional
guidelines.

Antigen and reagents Crystallized TCS in tri-
chosanthin injection solution (1.2 g/L) produced by Jin-
San Pharmaceutical Factory (Shanghai, China). Anti-
IL-4 monoclonal antibody (11B.11) was purchased from
NCI-FCRDC (Frederick, MD, USA). Murine recom-
binant [L4 was purchased from Schering Plough Research
Institute ( Kenilworth, UK) with specific activity 1 x 10"
Ursg.

Treatment of animals with 11B.11 and rIL-4
Group T ; negative control, OVA immunized alone on d
+1. Group I : positive control. On d 0 mice were
immunized with TCS (5 pg, ip) and on d +1 the mice
were immunized with OVA (10 pg, ip). Group II:
anti IL-4 mAb treated group. The mice were treated
with 11B.11 (0.5 mg/d per mouse) at d -1, 0,
and +1 and immunized the same as group [ . Group
V. rIL4 treated mice. The mice were treated with rIL-
4 (105 U/d per mouse) on d 0, +1, and +2 and im-
munized with OVA ond +1. On d 21 all the mice were
boosted with the same antigen as the first time in each
group. Serum were collected on d 31 following immu-
nization and OVA-specific IgE was determined by
ELISA. FEach group included 3 mice in two independent
experiments .

ELISA The level of OVA-specific IgE antibody in
serum was evalvated by ELISA as previously de-
scribed® . Briefly, 96-well plates ( Coming Costar,
Coming, USA) were coated with OVA (2 mg/L). Af-
ter blocking the plates with bovine serum albumin (Sino-
American Biotechnology Company, Shanghai, China)

and ovemight incubation with serum samples, the plates
were developed with horseradish peroxidase-conjugated
goat anti-mouse-IgE subclass-specific antibodies { from
Jingmei Biotech Co Ltd, Shanghai, China). The Ab-
sorbance at 450 nm was then measured with MI-
CROPLATE AUTOREADER ( BIO-TEK INSTRU-
MENTS INC, EL311, Vermont, USA).

Preparation of total cellular RNA from
mesenteric lymph node of TCS-immunized mice
TCS was diluted in PBS and adjusted to 10 mg/L. Each
mouse was injected ip with 0.5 mL of antigen solution.
On d 30 after the primary immunization, another 0.5 mL
TCS solution was injected into each mouse as previously
described™’.  The MLN of three mice were collected as
agrowpondl, 2, 3,5, 7,11, 30, 31, 32, 33, 35,
37, 41, and 60 following immunization. The total RNA
was directly exiracted from draining MLN without cul-
ture. The experiment was repeated and the kinetic
graphs of expression genes were drawn on the average
value of these two experiments.

RT-PCR and quantitative analysis Total RNA
was extracted from MLN with GIBCC-BRL TRIZOL
Reagent (Rockville, USA) as directed by manufacturer.
c¢DNA was synthesized using GIBCO-BRL M-MLYV :. 10
L of 5 x first strand buffer, DTT 0.01 mol/L, 1 mmol/
L of each dNTP, random hexamer primers 5 pmol/L and
RNA 20 mg/L in a total volume of 48 uL. The mixture
was denatured at 70 C for 10 min then chilled on ice for
2 min. After adding reverse tramscriptase M-MLV 400
U, the mixture was put in 37 C water bath for 1 h and
then inactivated at 95 C for 5 min. The method was de-
scribed in our previous work!'?),  Semi-quantitative PCR
was based on Chelly’s protocol®’ with some modifica-
tions. PCR amplification was performed on CEL-BIO
Temperature Cycling System ( HYBAID OmniGene, Mid-
dlesex, United Kingdom). PCR system: 12 pL of 10 x
reaction buffer, each dNTP 0.25 mmol/L, 0.75 pmol
each sense and antisense primers, and 6 pL of cDNA.
Added double-distilled H,O to 117 pL.. The mixture was
denatured at 95 C for 5 min, then 3 pL of Tag DNA
polymerase (3 U per pL, Sino-American Biotechnology
Company, China) was added as a “hot start” method to
eliminate non-specific annealing. PCR was performed as
following conditions: denaturation for 45 s at 94 T, an-
nealing for 45 s at 59 C for CD4OL and 61 T for IL-13
and TNF-a, and extension for 45 s at 72 . Initally,
target genes were amplified for 7 — 13 cycles and then the
primers for intemal standard, GAPDH, were added by
the “primer-dropping” method.  After another 14 — 17
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cycles, 17 pl of template of PCR seaction was collected
from the following different cycles and templates were
then seperated by electrophoresis through 6 % polyacry
famidis gebs,  stained with ethidiom bromide and  phe-
wgraphed.  The density of largel bands were measuned
by FURI Smartview-2000 { Shanghai FURI Science and
Technology Co, Led). For each gene product, the opti
mal mumbers of PCR cycles were determined.  Thus the
ratios of el over intemal standand from B senial poinis
of PCR reactions were analysed and lincar standand curve
was made. The target mRNA expression was calculated
from the curve. ‘The sequences of primens and expected
sies ol products are: GAFTDH: Sense primer (SP): 5'-
ACGACCOCTTCATTGACC-Y ;. Antisense  primer
(AS): 5 AGACACCAGTAGACTCCACG- (194 bp).
CIMOL: (SP): 5-TOCTGAAGAGATGAGAAGGC-S
(AS); 5-CCGATTAGAGCAGAAGGTG-3 (291 bp).
IL-13: { 8P ): S3-GGCTCTGGGCTTCATGGOG-3';
(AS): 5-GCTGGAGACCGTAGTGGG-3" (481 bp ).
TNF-a: ( SP ). 5 ACAAGCCIGTAGOCOCACG S
{AS); 5" -TOCAAAGTAGACCTGCCC-3 (424 hp).

RESULTS

1L-4 was required to induce Igkl production,
but 1L-4 alone could not induce OVA-specific IgE
response  To evaluate whether IL-4 production is in-
volved in TCS induced OVA-specific IgE response, the
TCS and OVA were combined to immunize mice.  In
this system, immunization with OVA alone failed 1o in-
duce OVA-specific 1pE production, however, when ani-
mals were treated with single injection of TCS one day
before OVA immunization, the immunized mice wen:
able to produce OVA-specific Ig®' .  When anti-IL-4
mAb was used 10 block the endogenous IL-4ond =1, O
and + 2 successively [ollowing TCS immwnization,
OVA-specific IgE production was completely inhibited
(Fig 1). When animals were injected Il to neplace
the TCS “helping” on d 0, +1, amd +2 following OVA
alone immunization, OVA-specific TgE production Tailed
o restone, These data sugpesied that in TCS induced
OVA-qpecific TgE response, i addition to IL-1, other
factors also played important roles,

CPD40I, mIRINA  expression showed similar
pattern to IL-4 expression in MLN from TCS im-
munized mice  CDJOL expression was also transient:
it peaked on d 3 and Faded o nearly baseline level ond 5
both after the primary and secondary TCS immunization,
and the first peak was higher than that of the secondary
one (Fig 2). The results showed that CD4OL expression

followed TL=+ mBRNA exprossion and had s similar inm-
sienl expression patiem g T1-4.

35
03 | QG
1L25 i i =
2 = =
g 02 b= & = =
- - = & -
015 2z i z z
- = = =
11 l =
Ik —
1 i I
Groups
Fig 1. OVA-specific IgE production in rIL-4 ud unti-
IL-4 treated mice. n=3. x+s. Group [; negative
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Fig 2. Kinetic expression of CIMOL, TNF-a, and [1-13
genes, Expression of CDMOL, TNF-o; and IL-13 genes

in MNL from TCS immunized mive, PCR products
were electrophoresed through 6 % polyacrylamide gels
as described in methods and matevials. The ratio of in-
tensity of turgel genes over GAPDH was used to express
the level of mHNA expression. Iligh ratio indicated
high expression of targel genes.

TNF-u and IL-13 mRNA expression showed
different patterns to that of IL-4 and CD4UL
TNF-e's first peak was nearly identical o that of CIMUOL,
it peaked on d 3 but faded more slowly; on o 11 s level
was still about hall of the peak value (Fig 2).  In con-
trast, 1L-13 peaked on d 5, 4 d later than that of [L-4.,
ard maintined at relatively high levels through all the
rest time of experiment (on d 30 its expression level was
siill about 70 % of the peak on d 5. On d 30 and G0 its
level was still sipnificantly higher than its haseline level ;
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0.922 and 0. 777 in comparison with 0.6 (Fig 2).

DISCUSSION

It has been accepted that IL.-4 and CD40/CD40L in
teraction are two critical signals for IgE production!'!!)
In our mouse model, we found TCS could help OVA to
induce OVA-specific IgE response. However, this help
could happen only when TCS was injected one day before
OVA immunization. This means the factors that realiz-
ing this help must be expressed transiently. We sup-
posed the transiently expressed genes during the IgE re-
sponse wete most likely the candidates for the help effects
of TCS to OVA. For this reason, we analyzed the k-
netic gene expression in TCS immunized mice. The ex-
pression of IL-4 in MLN afier TCS injection was really
transient, it reached peak on d 1 and decreased to base
level quickly'?). In this work, we firstly used anti-IL4
mAb 1o block IL-4 and found that OVA-specific IgE
product was inhibited completely. Thus, it is likely that
T4 is essential not only to TCS-induced IZE response,
but also to IgE response of other unrelated antigen immu-
nized shortly after TCS immunization. Next we asked
whether rIL-4 was able to replace TCS and help OVA to
induce IgE response. The data showed that supplement
of exogenous rlL-4 failed to induce OVA-specific IgE
production, suggesting that in addition to IL-4 other fac-
tors were also involved in IgE induction. So we further
analyzed the kinetic expression of the other three genes
(CTM0L, TNF-a, and IL-13) that have a potential role
in the induction of IgE response. The results showed all
three factors had enhanced expression after first and sec-
ond TCS immunization, suggesting that they play roles in
the IgE response.

CDMGL had the similar transient expression pattem to
that of IL-4, implying its key role in the process of TCS
induced OVA-specific IgE response. In fact, CD40L
plays a crucial role in initiating the B cell response and is
a key factor to induce the IgE switch recombina-
tion'™ " So it seems that CD4OL on TCS-specific T
cells could bind directly to the CD40 on the OVA-specific
B cells and stimulate these B cells to produce IgE.

Both membrane TNF-¢ ( mTNF-«) and CD40L be-
long to the TNF superfamily. Based on their significant
structural homology, il makes a semse to ask whether
mTNF-« could act as a costimulator and induce IgE re-
sponse in B celt in the similar way as CD40L did"”’. In
our experiments, the expression of TNF-a reached peak
on day 3 after immunization and faded slowly. Ond 11

after immunization, its level was still about half of the
peak value. This sustaining high expression of TNF-a
implied its role in the process. In fact, mAb against
mTNF- could strongly inhibit IgE synthesist?') ,

IL-13 shares many biological activities with TL-4.
This is due to the fact that IL-13 and IL-4 receptor com-
plexes share the same o-chain, which is important for
their signal trapsduction. In fact, IL-13 is required for
optimal induction of IgE synthesis'™ . In our work, in
contrast to IL-4 and CD40L, the expression of [L-13 was
slower to reach the peak, but it was kept at relatively
high levels during the whole process. This suggested
that IL-13 played a more important role in the sustaining
of the IgE response, rather than initiating it.

In conclusion, IL-4 was indispensable in TCS in-
duced OVA-specific IgE production, but some other fac-
tors such as CD40L may be also involved.
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