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Abstract

Background—NMast cells and basophils are key effector cells of IgE-mediated anaphylactic
reactions. The Chinese herbal formula, FAHF-2, protects against peanut anaphylaxis in mice.
However, the mechanisms underlying this effect are not fully elucidated.

Objective—To investigate whether FAHF-2 inhibits mast cell/basophil numbers and IgE
mediated activation.

Methods—Peanut allergic mice (PNA mice) were treated with FAHF-2 intragastrically (i.g.) for
7 weeks and challenged (i.g.) with peanut 1 day and 4 weeks post treatment. Peripheral blood
basophil numbers and peritoneal mast cell numbers and FceRI1 expression were determined. Direct
effects of FAHF-2 on murine mast cell line MC/9, and effects of four fractions and three
compounds isolated from FAHF-2 on rat basophilic leukemia cells (RBL-2H3) and human skin
mast cells degranulation, and on the IgE mediated Syk signaling pathway were determined.

Results—While all sham-treated PNA mice developed anaphylaxis, FAHF-2-treated PNA mice
were protected against anaphylaxis following peanut challenge at 1 day and 4 weeks post therapy.
Reduction of peripheral blood basophils began after 1 week of treatment and continued for at least
4 weeks post therapy. The number and FceRI1 expression of peritoneal mast cells were also
significantly decreased 4 weeks post therapy. FAHF-2 treated MC/9 cells showed significantly
reduced IgE-induced FceRI expression, FceRl y mMRNA subunit expression, proliferation, and
histamine release upon challenge. Fraction 2 (F2) from FAHF-2 inhibited RBL-2H3 cell and
human mast cell degranulation. Three compounds from F2- berberine, palmatine and jatrorrhizine
inhibited of RBL-2H3 cell degranulation via suppressing Syk phosphorylation.

Conclusion—FAHF-2 reduction of basophils and mast cell numbers as well as suppression of
IgE-mediated mast cell activation may contribute to FAHF-2 persistent protection against peanut
anaphylaxis.
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Clinical Implications—FAHF-2 blocked peanut anaphylaxis. This effect was associated with
reduction of mast cells/basophils activation and proliferation. FAHF-2 may be a novel anti-peanut
anaphylaxis therapy.

Keywords
peanut anaphylaxis; Chinese herbal medicine; mast cells/basophils; FceRI

INTRODUCTION

Anaphylaxis is a potentially life-threatening allergic reaction of rapid-onset. Food allergy
reactions account for one-third to one-half of anaphylaxis cases in emergency departments.
(1) Food-induced anaphylaxis is an IgE-mediated Type | hypersensitivity reaction, in which
mast cells and basophils are key effector cells. Mast cells, released from the bone marrow as
undifferentiated precursor cells mature in tissues, where they reside. In contrast, basophils
complete their differentiation in the bone marrow and subsequently circulate in the blood
stream.(2) Both cells express high affinity IgE receptors (FceRI), which bind to specific IgE
molecules. Upon exposure, specific allergen cross-links the surface IgE molecules, which
stimulate mast cells and basophils to release potent preformed mediators such as histamine.
Reduction of FceRI expression is an active research area with the goal of preventing or
treating allergic disorders.(3)Animal models are important tools for testing potential
therapeutic modalities for food allergy and exploring novel pharmacological agents. Using a
well-established murine model of peanut (PN) anaphylaxis, we found that the food allergy
herbal formula-2 (FAHF-2) abrogated anaphylactic reactions in mice and this protection
persisted for at least 36 weeks after therapy was discontinued. (4—6) The increased IFN-y
production by CD8+ T cells, as shown previously, may be an important mechanism
underlying FAHF-2 modulated potent and long-term protection.(4;6) However,
neutralization of IFN-y or depletion of CD8+ T cells blocked the suppression of IgE and Th2
cytokine production induced by FAHF-2, while protection from anaphylaxis still existed up
to 4 weeks post therapy.(6) We therefore hypothesized that FAHF-2 may also directly
inhibit mast cells/basophils.

In this communication, we investigated the effect of FAHF-2 on the number of peripheral
blood basophils and peritoneal mast cells, as well as mast cell FceRI expression in PN
allergic mice. We further investigated FAHF-2 in vitro effects on murine mast cell (MC/9
cells) proliferation, histamine release, and FceRI subunits expression in response to IgE.
Using preparative High Performance Liquid Chromatography (prep-HPLC), we identified
and tested the effect of four fractions (F) and 3 major alkaloid compounds on rat mast cells
(RBL-2H3) and human skin mast cells. In addition, we determined the mechanism by which
the isolated compounds inhibit mast cell degranulation.

METHODS

Mice and reagents

C3H/HeJ mice (female, 5 week-old) purchased from the Jackson Laboratory (Bar Harbor,
ME) were maintained on PN-free chow under specific pathogen-free conditions according to
standard guidelines for the care and use of animals. Freshly ground, whole roasted PN were
prepared as previously described.(7;8) Cholera toxin (CT) was purchased from List
Biological Laboratories, Inc (Campbell, CA). MC/9 cells (mouse mast cell line) and
RBL-2H3 cells (rat basophilic leukemia cell line) were obtained from American Type
Culture Collection (Manassas, Virginia). FAHF-2 is dried powder of aqueous extract of 9
herbs. The formula and process of preparation of the final product are the same as described
in previous publications(6;9) and included in repository (Methods E1). To identify active
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compounds, FAHF-2 was first extracted with butanol, then dried, and then further divided
into 4 fractions (F) based on polarity by prep-HPLC. Compounds were identified by liquid
chromatography mass spectrometry (LC MS) with standard compounds as described in
details in the repository (Methods E2).

Phycoerythrin (PE) —conjugated mAbs specific for mouse FceRI mAb (MAR-1),
allophycocyanin (APC)-conjugated anti- mouse Gr-1 (RB6-8C5), anti-c-kit (2B8),
fluorescein isothiocyanate (FITC)-conjugated anti-mouse IgE (23G3) and FITC-conjugated
control hamster IgG were obtained from eBioscience (San Diego, CA). FITC-conjugated
anti-mouse CCR3 mADb (83101) was purchased from R&D Systems (Minneapolis, MN). PE-
conjugated anti-mouse CD3e(145-2C11), PE-conjugated anti- mouse B220(RA3-6B2),
APC-conjugated anti-mouse CD49b(DX5), FITC conjugated anti-mouse I-Ak (AbK, 10-3.6)
and purified anti-mouse CD16/32 mAb (2.4G2) were purchased from BD Biosciences (San
Diego, CA). Mouse anti-dinitrophenol (DNP) IgE was purchased from Sigma-Aldrich (St.
Louis, MO).

PN sensitization/challenge, FAHF-2 treatment and assessment of anaphylaxis

Mice were sensitized intragastrically (i.g.) with ground PN (10 mg/mouse) weekly for 5
wks, and boosted at weeks 6 and 8 (50 mg/mouse) (Figure 1A), as previously described.(4)
FAHF-2 was administered 24h after the wk 8 boost, at which time PN hypersensitivity was
established.(4) FAHF-2 was administered i.g. at 32 mg in 0.5 ml water, twice daily for 7
wks. The daily dose of FAHF-2 used in this study was calculated by normalizing the daily
human dose to mouse body weight as previously described. (4;5)An additional group of
PNA mice received equal volume of water (sham). Both groups exhibited equal levels of PN
specific IgE prior to treatment. Naive mice served as normal controls. All mice were PN
challenged i.g. (200 mg/mouse) 1 day (wk 14) and 4 weeks post treatment (wk 18). CT as
mucosal adjuvant at 20ug/mouse was co-administered with PN at all times except at final
challenge. Anaphylactic symptoms were evaluated approximately 30 minutes after the
challenge dose utilizing a previously described scoring system(4;5) (Repository Methods
E3) in a blinded manner. Rectal temperatures were measured approximately 30 minutes
following challenge using a thermal probe (Harvard Apparatus, Newark, NJ). Plasma
histamine levels were determined 30 minutes after the second challenge and analyzed using
an enzyme immunoassay kit (ImmunoTECH Inc., Marseille, France) as described by the
manufacturer.

Flow cytometry measurement of basophil number, peritoneal mast cell number and Fce RI

expression

Peripheral blood leukocytes (PBLCs) were obtained before FAHF-2 treatment, then weekly
during treatment and 4 weeks post therapy from all mice, as shown in figure 1A.
Approximately 150ul of EDTA anti-coagulated blood samples per mouse were pooled and
subjected to red cell lysis using Pharmlyse(BD Biosciences, CA). PBLCs (1x10°) were
incubated in 100ul of staining buffer (HBSS containing 0.02%NaN3 and 2 mM EDTA,
0.1%BSA, 2% FBS, 1% normal mouse serum, 1% normal rat serum) and 20 ug/mlof
purified anti-mouse CD16/32mAb (2.4G2) as Fcy receptor-blocking mAb for 30 minutes at
4°C. PE-conjugated anti-mouse FceRI, FITC-conjugated anti-mouse I-AK, APC conjugated
Gr 1 were then added to the cell suspension in the presence of Fcy receptor blocking mAb
on ice for 30 minutes. After washing, cells were acquired on an LSR-1I flow cytometer (BD
Bioscience, CA) and data was analyzed using Flowjo software (Tree Star, Inc. Ashland,
OR). FceRI *CCR3~Gr is defined as mouse blood basophils. (10-12)
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Two days after the final challenge at wk 18, mice were sacrificed, and peritoneal cavity cells
were lavaged using 10 ml of cold HBSS. Peritoneal cavity cells from every 3—4 mice in each
group were combined in a total three subsets. 5x10° cells were incubated in 100 pl of HBSS
staining buffer containing 20 pg/mlof purified anti-mouse CD16/32mAb (2.4G2) as Fcy
receptor-blocking mAb for 30 minutes at 4°C. They were then incubated with the following
antibodies for 30 min: PE conjugated anti-mouse FceRI, FITC conjugated anti-mouse 1-AK
and APC conjugated anti-mouse c-kit. After washing, cell acquisition and data analysis were
performed as described above.

Flow cytometric determination of FAHF-2 effects on murine MC/9 mast cell FceRI
expression in vitro

MC/9 cells cultured at 5x10%/ml in Dulbecco’s Modified Eagle Medium(DMEM) containing
10% FBS were incubated with 2ug/ml of mouse anti-DNP IgE (Sigma-Aldrich, St. Louis,
MO) in the presence or absence of different dose of FAHF-2 (at 10 or 20 pg/ml) for 48
hours. After washing, cells were then incubated in 100 ul of HBSS buffer containing 20 pg/
mlof purified anti-mouse CD16/32mAb (2.4G2) as Fcy receptor blocking mAb for
30minutes at 4°C as previous described.(13) Purified mouse anti-DNP IgE (2ug/ml) was
then added to the cell suspension in the presence of Fcy receptor blocking antibody and
incubated on ice for another 30 minutes to saturate any FceRI expressed by these cells as
previously described.(13) After washing twice, 1pg of FITC conjugated rat anti-mouse IgE
was added to 100ul of cell suspension in HBSS containing 0.1% BSA and incubated for
30minutes at 4°C. FITC conjugated rat IgG1 was used as isotype control. After washing
twice, cell acquisition and data analysis were performed as described above.

Determination of the effect of FAHF-2 on mast cell proliferation and degranulation in vitro

To examine the effect of FAHF-2 on mast cell growth, 1x10° MC/9 cells were cultured in
200ul of DMEM containing 10% FBS in the presence or absence of 2ug/ml mouse anti-
DNP IgE with or without 20pug/ml FAHF-2. Cell viability was assessed 24h, 48h and 72h
after treatment by trypan blue exclusion. (14) The fold of cell growth was calculated
(number of viable cells at 24h, 48h and 72h divided by the number of cells on day 0). The
percent of trypan blue positive cells was used to assess toxicity.

Mast cell degranulation was determined by measuring histamine release as previously
described.(15;16) Briefly, 1x10° of MC/9 cells were cultured in 200ul of DMEM containing
10% FBS in the presence of 2ug/ml of mouse anti-DNP IgE. Cells were co-cultured with or
without FAHF-2 at 20pg/ml for 48 hrs. This concentration was used based on the above in
vitro study showing FAHF-2 markedly reduced Fce RI expression by MC/9 mast cells at
20pg/ml. The cells were then collected, washed with DMEM and resuspended in 100 pl of
Tyrode’s solution containing 1mg/ml BSA and 1mM CaCl,. FceRI cross-linking was
performed by stimulation with specific antigen, 100ng/ml of DNP conjugated with human
serum albumin (HSA) (Sigma-Aldrich, St. Louis, MO) for 45 minutes at 37°C, as previously
described. (15;16) After centrifugation at 300 g for 5 min supernatant was collected and cell
pellets were lysed with 100ul of distilled water, followed by freeze-thaw cycle twice.
Histamine levels in the supernatants and cell lysates were measured using ELISA as
described above. Additional control cultures included MC/9 cells cultured in the media
alone, with anti-DNP IgE but without DNP stimulation, or with irrelevant antigen,
conalbumin (CA, 100ng/ml) stimulation.

Quantifying FceRI subunit mMRNA levels by real-time PCR (QPCR)

Real-time reverse transcription quantitative PCR (gPCR) was performed using a SYBR
green protocol and an ABI7900 HT machine (Applied Biosystems, Foster City, CA, USA)
as previously described. (17) (Repository Methods E6)
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Testing isolated fractions and identified compounds from FAHF-2 on RBL-2H3 and human
skin mast cells

RBL-2H3 were plated at 2.5x 10° cells/well in 24 well plates for experiments described
below. For B-hexosaminidase assays, RBL-2H3 cells were pretreated with FAHF-2 fraction
1 or 4 (18, 36, 72ug/ml), faction 2 or 3 (9, 18, 36ug/ml) and three compounds from fraction
2, berberine (1.25, 2.5,5, 10ug/ml), palmatine or jatrorrhizine (1.25, 2.5, 5, 10, 20, 40ug/ml)
for 24 hours. The doses used were based on our preliminary studies. Cells were then
sensitized with anti-DNP IgE (72 ng/ml) and challenged with DNP-BSA(150ug/ml). p-
hexosaminidase was assayed according to a previously published method. (18)Cell viability
was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium bromide (MTT)
assay following the method of previous publications. (19)

Human skin-derived mast cells were prepared as previously described. (20)Mast cells (1 x
10°) were treated with FAHF-2 fraction 2 at 200 ug/ml for 24 hours. The cells were then
washed and stimulated with FceRla specific mAb 22E7 (1 pug/ml) or compliment pathway
activator C5a(100ng/ml). Degranulation was assessed by measuring p-hexosaminidase in
culture supernatants and cell lysates as previously described. (20)

Western blot—IgE-sensitized RBL-2H3 cells (7 x105) were cultured with or without B+P
+J for 24 hours and stimulated with DNP (150ug/ml) for 5 minutes. The cells were then
lysed and western blot analysis for determination of early FceRI-mediated signal events was
performed using anti-Syk or anti-phosphorylated Syk antibodies (Cell Signaling, Danvers,
MA)as described previously. (21) (Repository Methods E7).

Statistical analysis

RESULTS

Data were analyzed using the SigmaStat statistical software package (Systat, Chicago, IL).
For normally distributed data, differences between multiple groups were analyzed by one-
way ANOVA followed by the Bonferroni T test for all pairwise comparisons. For any data
failed normality test, one-way ANOVA on ranks followed by all pairwise comparison was
employed. The differences between two groups were analyzed by T test and Mann-Whitney
Rank Sum Test for normally distributed data and non-normally distributed data,
respectively. P- values<0.05 were considered significant.

FAHF-2 prevented PN induced anaphylactic reactions in the chronic PN allergic murine

model

To investigate the mechanisms by which FAHF-2 abrogates PN-induced anaphylaxis, we
used the previously described model (Figure 1A).(4) As expected, all sham-treated mice
developed anaphylactic reactions following the first oral PN challenge at week 14 (median
symptom score = 3, Figure 1B). Concurrently, body temperatures of sham-treated mice
decreased significantly compared to those of naive mice, a sign of systemic anaphylaxis
(p<0.001, Figure 1C). Plasma histamine was also markedly elevated in all sham treated mice
(p<0.001, Figure 1D). In addition all sham treated mice responded to PN re-challenge 4
weeks later at wk 18 (Figure 1C-D, p<0.001). In contrast, FAHF-2 treated mice showed no
anaphylactic symptoms immediately following treatment (at week 14), or 4weeks post
therapy (at wk 18) maintained normal body temperatures, and showed suppressed histamine
levels (Figure 1B-D).
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FAHF-2 reduced the number of peripheral blood basophils

Using the model described above, we used flow cytometry to determine the number of
peripheral blood basophils before and after FAHF-2 treatment. As shown in figure 2A, the
FceRI positive cells were MHC-I1 negative, thereby excluding B cells, monocytes and
dendritic cells; and CCR3 negative, excluding eosinophils. This phenotype is characteristic
of blood basophils.(10-12) Blood from PNA mice contained significantly more FceRI
positive peripheral blood cells (0.84%) than naive mice (0.27%) when treatment was
initiated at wk 8 (Figure 2A). Mean fluorescent intensity (MFI) was also increased in PNA
mice (Figure 2B), reflecting increased FceRI expression. However, basophil numbers in
FAHF-2 treated mice were significantly reduced when compared to sham treated mice
immediately after completing treatment (wk 14, 0.49% and 0.87% respectively (Figure 2C).
In fact, they were essentially the same as naive mice (0.38%). Figure 2D shows the
reduction of basophils between weeks 9-14 and post FAHF-2 therapy (wk 18). This
reduction persisted until 4 wks post therapy. However, FAHF-2 treatment did not affect the
density of FceRI expression (Figure 2E). We also employed the CD49b*FceRI™ basophil
criteria to detect the difference between FAHF-2 treated PNA mice and PNA sham mice and
the basophil results were similar to what was observed using FceR*CCR3~Gr ~ as markers
(see the result and figure E1 in Online Repository).

FAHF-2 reduced the number and FceRI expression of peritoneal mast cells

To determine the effect of FAHF-2 on mast cell numbers and FceRI expression, mice were
sacrificed after the final challenge (wk 18) and peritoneal cavity cells were lavaged from
naive, sham-treated and FAHF-2 treated mice. The number of mast cells (c-kit" cells) and
their FceRI1 expression were determined. As shown in figure 3A, the percent of mast cells in
peritoneal cavities of sham-treated mice was increased compared with naive mice (2.68+
0.27% in sham treated vs. 0.98+ 0.14% in naive mice). Peritoneal mast cells in FAHF-2
treated mice were 1.9+ 0.16%, significantly lower than in sham treated mice (p=0.014,
Figure 3A). FceRI expression was also reduced (Figure 3B,C).

In addition, we determined mast cell numbers and extent of degranulation in skin and
intestinal tissues histologically (Repository Methods E4). Unlike peritoneal mast cells there
were no differences between in numbers of intestinal or cutaneous mast cells in FAHF-2
treated and sham treated groups (data not shown). Consistent with our previous findings,
(8;22) the percent of degranulated mast cells in tissues from FAHF-2 treated mice was
significantly lower than in sham treated (11.7+£2.1% vs 41.3+2.5%, p<0.001, Figure 3D and
E). We also found a trend of reduction of % degranulation of intestinal mast cells (FAHF-2
vs sham, p=0.053, data not shown).

FAHF-2 inhibited IgE mediated MC/9 mast cell proliferation and degranulation

Binding of monomeric IgE to its high-affinity receptor (FceRI), promotes mouse mast cell
survival and growth.(13;14;23) We hypothesized that FAHF-2 may inhibit mast cell
proliferation. As found in our preliminary study, FAHF-2 at 20 pg/ml was not cytotoxic to
MC/9 cells. Therefore, this concentration was used in the following experiments. MC/9 cells
were incubated with FAHF-2 for 24, 48, and 72 h, and viable cells were counted at each
time point. As shown in figure 4A, the number of mast cells increased at each time point,
demonstrating proliferation. Addition of FAHF-2 caused no statistically significant decrease
of proliferation. Addition of anti-DNP IgE significantly increased mast cell proliferation at
both 48h and 72h as compared with medium alone (p<0.01, Figure 4A). Co-culture with
FAHF-2 significantly reduced anti-DNP IgE induced proliferation at 72h (p<0.01, Figure
4A). These results indicate that FAHF-2 specifically inhibited IgE stimulated mast cell
proliferation. No cytotoxicity was detected using trypan blue exclusion assay (data not
shown).
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We next determined the effect of FAHF-2 on IgE receptor cross-linking induced mast cell
degranulation. MC/9 cells were sensitized by incubation with FAHF-2 in the presence of
mouse anti-DNP IgE. Cells were then activated by addition of 100ng/ml of anti-DNP IgE.
Histamine levels were determined by ELISA. As shown in figure 4B, anti-DNP IgE (15! bar)
following DNP-challenge induced significant release of histamine. FAHF-2 (2" bar)
significantly decreased specific antigen-mediated histamine release (14.5 £1.2% vs. 35.8 +
2.9%, p<0.001). Spontaneous release following DNP only (3" bar), non specific antigen
conalbumin challenge (CA, 4™ bar), unspecific antigen CA plus FAHF-2 (5™ bar) and, CA
only (6™ bar) were all less than 5%.

FAHF-2 blocked IgE-induced up-regulation of FceRI expression by MC/9 cells

IgE up-regulates mast cell FceRI expression in vitro and in vivo. (13;24) We hypothesized
that FAHF-2 might directly suppress IgE-mediated up-regulation of FceRI expression. To
address this possibility we employed the well-characterized murine mast cell line MC/9
treated with DNP specific IgE. As expected, IgE augmented FceRI expression by MC/9 cells
(Figure 5A). Addition of FAHF-2 to the cultures attenuated this augmentation. FceRI MFI
was reduced 37% by 10ug/ml and 53% by 20ug/ml FAHF-2 as compared to controls (Figure
5A).

We next determined Fce RI subunit mRNA expression by real-time quantitative PCR.
Receptor surface expression could not be measured due to the lack of a commercially
available antibody against murine Fce RI subunits. As shown in figure 5B, mRNA levels of
the FceRI y subunit were significantly enhanced by anti- DNP IgE as compared to the
medium alone group (p<0.001). IgE-mediated up-regulation of the y subunit was
significantly attenuated by FAHF-2 (p<0.05). FceRla, and B subunit mRNA expression was
not affected by the presence of IgE with or without FAHF-2 treatment.

FAHF-2 fraction 2 inhibited B-hexosaminidase release by RBL-2H3 and human skin mast

cells

To identify active compounds, FAHF-2 was first extracted with butanol, then further divided
into 4 fractions (F) based on polarity by prep-HPLC. F1 contains water soluble compounds,
F2 mainly alkaloids compounds, F3 and 4 mainly flavonoids and terpenoids (method E2).
The RBL-2H3 cell line has been widely used as a mast cell model for IgE-mediated
degranualtion studies, but may be more similar to basophils than other histamine-releasing
cell types.(18) The B-hexosaminidase assay has been widely used to monitor RBL-2H3 mast
cell degranulation. We therefore employed the RBL-2H3 cell line as an in vitro model and
the B-hexosaminidase assay for testing effects of isolated fractions and identified compounds
from FAHF-2 on degranulation. RBL-2H3 cells were treated with varying doses of FAHF-2
fractions (F 1, 2, 3 and 4) for 24 hours prior to sensitization by anti-DNP IgE. Figure 6A
shows that, F2 at 18ug/ml and 36pg/ml (3™ and 4™ bars) significantly reduced f-
hexosaminidase release compared to untreated control (1%t bar) (p < 0.01-p<0.001, Figure
6A), in a non toxic manner (data not shown). F 1, 3 and 4 did not result in significant
inhibition (Figure 6A). In view of the inhibitory effects of fraction 2 on RBL-2H3 cells, we
examined its effects on human skin mast cells. F 2 also inhibited human skin mast cell
degranulation triggered by IgE cross-linking and C5a (p < 0.05 for both, Figure 6B).

Berberine, palmatine and jatrorrhizine effects on B-hexosaminidase release, Syk signaling
pathway and IgE binding in RBL-2H3 cells

Using LC MS we identified 3 major alkaloid compounds peaks (11, 13 and 15) that
corresponded to jatrorrhizine, palmatine and berberine (Figure 7A) in fraction 2. We then
tested effects of these compounds on RBL-2H3 cells. Figure 7B shows that f3-
hexosaminidase release in the presence of berberine at 5ug/ml and 10pg/ml (4™ and 5Mbars),
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palmatine at 40pug/ml (7t bar) and jatrorrhizine at 20pg/ml and 40pug/ml (61 and 7t bars)
was significantly inhibited when compared with untreated cells (15 bars) (Figure 7B,
p<0.05-p<0.001 ), in a non toxic dose-dependent manner (Figure 7C). Furthermore, we
determined effects of combination of BPJ on Syk, an IgE-mediated FceRI early signaling
event, focusing on Syk, which is required for mast cell degranulation. Phosphorylation of
Syk in antigen-stimulated RBL-2H3 cells was significantly inhibited by the combination of
these compounds (Figure 8A and 8B). To further clarify the mechanisms of inhibition of
RBL-2H3 cell degranulation by berberine, palmatine and jatrorrhizine, we examined the
effect of these compounds on IgE binding to RBL-2H3 cells using the method as previous
established(25) and described in Repository Methods E8. Co-culture of cells with mouse IgE
in the presence of berberine, palmatine and jatrorrhizine (Figure 8C, purple, brown and blue
lines) showed no difference in IgE binding to mast cells from cells cultured with mouse IgE
alone (Figure 8C, green line), demonstrating that berberine, palmatine and jatrorrhizine did
not inhibit IgE binding to the mast cells.

DISCUSSION

PNA is a type | hypersensitivity. During the sensitization phase, peanut allergen presented
by antigen presenting cells to T cells stimulates B cells to produce specific IgE that binds to
effector cells such as basophils and mast cells. During the activation phase, following
antigen challenge, effector cells degranulate, and release mediators such as histamine that
lead to clinical symptoms. In this study, we demonstrated that FAHF-2 protected PNA mice
against oral PN challenge-induced anaphylaxis, and that this effect is persistent, as
previously reported.(4) FAHF-2 treated animals exhibited normal body temperature, no
allergy symptoms, or no increased histamine release. In this study, FAHF-2 was
administered at week 8, at which time PN hypersensitivity was established.(4) This
simulates a potential human treatment regimen to prevent food-induced anaphylaxis. We
further demonstrated that FAHF-2 treatment reduced the number of peripheral blood
basophils and peritoneal mast cells, and cutaneous mast cell degranulation. Basophil
numbers began to decrease after 1 wk of treatment, reached nadir at the end of treatment (wk
14), and remained lower for at least 4 weeks post treatment (wk 18). At that time, the
number of peritoneal mast cells was also significantly reduced as was their expression of
FceRI.

In our previous publications, and in this study (data not shown) we found a significant
reduction in PN-specific IgE levels after four weeks of treatment.(4—6) Previous
publications reported that binding of monomeric IgE to FceRI promotes mouse mast cell/
basophil survival and function.(3;14;23) Therefore, decreased peanut specific IgE levels
could play a role in decreased mast cell and basophil levels after 7 weeks of treatment with
FAHF-2 in this model. However, the finding that peripheral blood basophil numbers
reduced as early as 1 week of treatment, prior to IgE reduction, suggests that additional
mechanisms may co-exist. To test the possibility that FAHF-2 may also directly suppress
basophil and mast cell activities, we employed the MC/9 mast cell line as an in vitro model
and showed that MC/9 cells treated with FAHF-2 showed significantly suppressed both anti-
DNP IgE induced cell proliferation, and histamine release upon DNP challenge in a non
cytotoxic manner. FAHF-2 also significantly suppressed anti-DNP IgE induced FceRI
expression. These results suggested that FAHF-2 suppression of mast cell and basophil
numbers and activation contributes to FAHF-2 persistent protection against peanut
anaphylaxis.

Mast cell activation is triggered by binding of IgE to the high affinity receptor, FceRI.
Rodent FceRl is a tetrameric receptor that consists of one a-chain, unique to this receptor,
one B-chain and two disulfide-linked y-chains. Our in vitro study showed that FAHF-2
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treatment suppressed y subunit FceRI expression by MC/9 cells. These data together with
the in vivo findings that peritoneal mast cells exhibited significantly reduced FceRI
expression suggest that FAHF-2 suppression of mast cells growth and activation may be
through suppression of mast cells high affinity receptors and specific suppression of the
signaling y chain. In this study, we found FAHF-2 reduced mast cell FceRI expression, but
peripheral blood basophil FceRI1 expression was unaffected although basophil numbers were
significantly reduced. The mechanisms of basophil reduction were not determined. One
possibility is FAHF-2 suppression of IL-3 and/or IL-33 receptors, because activation of
these receptors are important for basophil maturation, survival and migration. (26) Further
investigation is required.

FAHF-2 is a water extract of 9 herbs. Previously, we began to determine how FAHF-2 acts
on the allergic immune response in the murine model of peanut allergy at a single
component herb level.(9) While FAHF-2 blocked histamine release, significantly reduced
peanut-specific serum IgE and IL-4, IL-5 and increased 1gG2a and IFN-y levels, no
individual herb affected all these aspects. These results suggested that component herbs of
FAHF-2 may work synergistically to produce the therapeutic effects produced by the whole
formula. In this study, we focused on identification of active compounds in FAHF-2 that
affect mast cells using rat RBL-2H3 cells, widely used in previous studies. (18;19)We found
that the alkaloid rich fraction 2 inhibited RBL-2H3 cell degranulation and human skin mast
cell degranulation activated by FceRla specific mAb 22E7 as well as the compliment
pathway activator C5a. We for the first time demonstrated that 3 major alkaloid compounds
(berberine, palmatine and jatrorrhizine) in FAHF-2 showed dose depend responses,
berberine being most effective. Interestingly, the mixture of 3 compounds showed a
synergistic action (data not shown), which was associated with suppression of the
phosphorylation of Syk in antigen-stimulated RBL-2H3 cells. A previous study also showed
honeybee-collected pollen inhibition of mast cell degranulation associated with inhibition of
IgE binding to mast cells, but no effect on FceRI expression.(25) However, our study
showed that FAHF-2 compounds did not affect IgE binding to mast cells. This finding
suggests that FAHF-2 inhibition of IgE-mediated mast cell degranulation is less likely via “a
steric hindrance” or “competes off the IgE” phenomena. (27-28)

In summary, we demonstrated for the first time that FAHF-2 reduces basophil and mast cell
numbers in a murine model of PNA. FAHF-2 also suppressed FceRI1 expression in vivo and
directly suppressed IgE induced mast cell growth, and activation in vitro, which may be due
to suppression of FceRI y subunit expression. The 3 major alkaloid compounds may
contribute to FAHF-2 inhibition of mast cells/basophils activation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FAHF-2 Food allergy herbal formula -2

intragastrically

cholera toxin

wk (s) week (S)
B.i.d Twice daily
PBLCs peripheral blood leukocytes
MFI Mean fluorescent intensity
RBL-2H3 rat basophilic leukemia cell-2H3
B+P+J berberine, palmatine and jatrorrhizine
Syk spleen tyrosine kinase
HPLC high performance liquid chromatography
LC MS liquid chromatography mass spectrometry
BF2 butanol FAHF-2
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Figure 1.

A. Experimental protocol. Female C3H/HeJ mice were sensitized intragastrically with
freshly ground roasted peanut together with cholera toxin as indicated and treated with
FAHF-2 (n = 10), or water (Sham, n = 10). All mice were orally challenged with peanut at
wk14 and 18. Naive mice were served as controls (n = 10). B. Anaphylactic symptom
scores. C. Post-challenge body temperatures. D. Post-challenge plasma histamine levels.
Bars in B indicates median of scores of mice from each group with combined data at wk 14
(open triangles) and wk 18 challenges (solid triangles). (Sham, n=20; FAHF-2, n=20; and
naive, n=20). Bars in C and D are means of each group of mice from combined data at wk
14 (open circles) and wk 18 (open triangles) challenges. *, p< 0.05; ***, p<0.001 vs sham.
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Figure 2. FAHF-2 reduced the number of peripheral blood basophils

A. Dot plots show an increased percent of basophils in PNA mice, at wk 8 following the last
boost, as compared to naive mice. B. Histogram shows labeled FceRI expression on cells
from allergic (bold line) and naive mice (thin line). Shaded = unstained cells; gray = isotype
controls. C. Percent of basophils in peripheral blood from each group at wk 14 immediately
after treatment. D. Reduction of basophil numbers as determined weekly at different time
points as indicated. Numbers were normalized to and expressed as % of sham. E. FceRl MFI
of blood basophils from each group over time as in D.
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Figure 3. FAHF-2 reduced the number of and FceRI expression of peritoneal cavity mast cells
A. Data show one representative result with mast cells within the gated area. Numbers
indicate percent. B. Mast cells (c-kit and FceRI double-positive) were gated to show FceRl
levels in each group as indicated. C. FceRl MFI. Each dot indicates one set of pooled cells
from each group. Bars indicate the mean values of each group. D. Representative images of
cutaneous mast cells in skin tissue of each group of mice. E. Percent of degranulated
cutaneous mast cells in skin samples post challenge. Data is shown as Mean + SEM (n=5).
***p<0.001 vs naive.
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Figure 4. FAHF-2 inhibited mast cell proliferation and degranulation

A. Mast cell proliferation. MC/9 cells were cultured and viable cells were counted at
indicated time points. Cell numbers are expressed as fold increase vs day 0. Data are shown
as Means + SEM of 3 individual experiments. * p<0.05, ** p<0.01 vs. IgE alone. ##, p<0.01
vs Medium alone (Med). B. Mast cell degranulation. MC/9 cells were cultured and then
challenged at different conditions as indicated. Supernatant and total cell histamine levels
were determined. Data expressed as percent of histamine release (Means = SEM of 3
individual experiments). ***p<0.001vs IgE + DNP without FAHF-2 (1%t bar).
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Figure 5. FAHF-2 treatment in vitro reduced the expression of surface FceRl and mRNA levels

of FceRI y subunit by the mast cell line MC/9

A. Flow-cytometry detection of mast cell surface FceRI expression. Dashed line, isotype
control; Grey line, medium alone (Med); bold line, 2ug/ml of I1gE (IgE only); thin lines, IgE
plus 10pg/ml and 20pg/ml of FAHF-2. B. Messenger levels of FceRI1 subunits of MC/9 cells
in the presence or absence of anti-DNP IgE with or without FAHF-2. Data are expressed as
means + SD of 3 individual experiments (*p<0.05 vs IgE alone, # # # vs Med alone).
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Figure 6. Effect of active fractions of FAHF-2 on RBL-2H3 cells and human skin mast cells

A. Effect of fractions at different doses fraction 1(0, 18, 36,72ug/ml), fraction 2 and 3(0,
9,18, 36ug/ml, ) and fraction 4(0,18, 36,72ug/ml) of FAHF-2 on B-hexosaminidase released
by RBL-2H3. B. Effect of fraction 2 on human skin mast cells. -hexosaminidase release
was triggered by mAb 22E7 or C5a. Data are mean+SD of 3 experiments. *p<0.05,
**p<0.01,***p<0.001vs untreated control.
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Figure 7. Major alkaloid compounds in fraction 2 inhibited mast cell degranulation in RBL-2H3

Cells

A. Identification and chemical structures of berberine, palmatine and jatrorrhizine in F2 of
butanol FAHF-2 (B-FAHF-2). B. Dose dependent responses to berberine, palmatine and
jatrorrhizine by RBL-2H3 cells. C. Cell viability. Berberine, palmatine and jatrorrhizine
toxic effects on RBL-2H3 cells using MTT assay. *p<0.05, ***p<0.001vs untreated control.
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Figure 8. Berberine, palmatine and jatrorrhizine effects on Syk signaling pathway and IgE
binding in RBL-2H3 cells

A. Down-regulation of Syk-phosphorylation (p-syk) in IgE-triggered RBL-2H3 cells by
berberine, palmatine and jatrorrhizine combination (B+P+J). Bands are representative of
three individual western blot experiments. B. Quantitative assay by densitometry of p-syk/p-
actin ratio. All data are Mean + SD of 3 individual experiments.*p<0.05, DNP+IgE+B+P+J
vs DNP+IgE. C. Effects of B, P and J on IgE binding to RBL-2H3 cells. Red line=cells only
without IgE, green=cells with IgE, purple, brown, blue= B, P, J +IgE.
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