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Abstract

Background: Innate immune responses play a critical role in determining the course of
acquired immunity, including that associated with allergic disease. Type I interferons, which
are generated early on in these reactions, are important soluble factors that prime for Th1-like
activity.

Objective: Since human basophils secrete IL-4 and IL.-13 in response to both IgE -dependent
and -independent stimuli, we tested whether IFN-a., a major type I IFN, affects the production
of these Th2 cytokines and/or mediator release from these cells.

Methods: Basophils isolated from blood were treated with IFN-o in the presence and absence
of IL-3 priming before stimulating through the IgE receptor to release histamine, LTC4, and
[1.-4. Effects of [IFN-c. on IL-3-mediated IL-13 secretion and basophil survival were also tested.
IFN-o. receptor expression was determined by RT-PCR.

Results: IFN-a specifically inhibited the effects IL-3 has on basophil cytokine secretion.
Enhanced secretion of IL-4 resulting from IL-3 priming was significantly inhibited in cells
concurrently cultured with IFN-a. This effect was specific for cytokine generation, since
histamine and LTC4 were unaffected. Furthermore, IFN-o blocked IL-13 secretion directly

induced by IL-3. While IFN-f also possessed some inhibitory activity, IFN-vy (a type II IFN)

had no effect on basophil cytokine secretion. Basophils constitutively expressed mRNA for the



type I IFN receptor and IFN-a did not affect basophil viability with regard to inhibition of

cytokine secretion.

Conclusion: These results support the belief that early innate immune responses resulting in

IFN-a production negatively regulate allergic responses by also inhibiting priming of basophil
| cytokine release.

Key words: IgE, innate immunity, hypersensitivity, cytokine priming, histamine, leukotriene
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IMDM: Iscove’s modified Dulbecco’s medium

HPRT: Hypoxanthine phosphoribosyl transferase

PDC: Plasmacytoid dendritic cell



Introduction

Basophils are one of several cell types known to selectively infiltrate allergic lesions, both
naturally and when experimentally induced . The significance of these cells in allergic
inflammation has increased during the last decade with evidence that they secrete large
quantities of the pro-inflammatory cytokines, IL-4 and IL-13, in addition to releasing the
potent inflammatory mediators, histamine and LTC4 °. Activation through the IgE receptor
plays a critical role in the release of all these products. Furthermore, there are several cytokines
that markedly enhance this response in what is often referred to as  “priming” . Of these
priming cytokines, none appear to have greater activity than IL-3, which not only primes for
IgE-mediated release, but is also known to directly induce the secretion of IL-13, particularly
from basophils of allergic subjects ®3. In contrast to the priming qualities of IL-3, there are
currently no reports of cytokines that suppress basophil mediator release and/or cytokine
generation.

Interferon (IFN)-o is a major member of the type I IFN family °. While initially
characterized for its potent anti-viral activity, there is increasing evidence that [FN-a also plays
a significant role early on in the course of Th1-like immune responses. Among the more recent
activities attributed to this cytokine is its ability to induce dendritic cell maturation, enhance the

cytotoxic activity of macrophages and natural killer (NK) cells, support antibody production by

B cells, and promote Th1-like responses by increasing the expression of IL-12 and IFN-y '°.



Although the cell most responsible for IFN-a production has remained elusive for many years,
there is mounting evidence that plasmacytoid pre-dendritic cells account for more of this
cytokine than any other immune cell "1 When stimulated with viral replication products, such
as double-stranded-RNA (dsRNA) or unmethylated CpG motifs of bacterial DNA, these cells
are capable of producing 200 to 1000 times more IFN-c than any other white blood cell 2.
These observations, in part, have led to the belief that IFN-o plays an essential role in linking
innate and acquired immune responses ",

As the first available therapeutic cytokine, IFN-o has also been widely used in the
treatment of a variety of neoplastic conditions ', chronic hepatitis B and C infection '> '€,
hypereosinophilic syndrome Y. systemic mastocytosis %, and histiocytosis '°. Moreover, there
are recent reports of IFN-a being used in the treatment of steroid-resistant asthma and
intractable atopic dermatitis with favorable results, even though no definitive mechanisms of
action have been determined »°. In accordance with these latter findings, Bufe et al. have shown
a significantly lower amount of virus-induced IFN-a. in patients with allergic asthma than in
healthy children and patients with non-allergic asthma, suggesting that its decreased expression
may account, in part, for these conditions *'.

In this study, we show evidence for the first time that type I interferons, specifically IFN-a,
inhibit the effects IL-3 has on basophil cytokine secretion, suggesting one mechanism by which

innate immune responses might negatively regulate allergic reactions.



Material and Methods

Special Reagents

The following reagents were purchased: crystallized human serum albumin
(Calbiochem-Behring Corp, La Jolla, CA, USA); Piperazine-N,N’-bis-2-ethanesulfonic acid
(PIPES), FBS, and crystallized BSA (Sigma Chemical Co, St Louis, MO, USA); gentamicin,
Iscove’s modified Dulbecco’s medium (IMDM), non-essential amino acids (100X stock) and
0.4%Trypan blue (Life Technologies, Inc, Grand Island, NY, USA); Percoll (Pharmacia Biotec,
Inc, Piscataway, NJ); recombinant human IL-3, interferon-a2, interferon-p and interferon-y
(Biosource, Inc. Camarillo, CA, USA). The polyclonal anti-human IgE antibody used in these

experiments was made in a goat. %

Special Buffers and Media

10x PIPES buffer (250 mM PIPES, 1.10 M NaCl, 50 mM KCl, pH 7.3) was stored at 4°C
as a stock solution. PIPES-albumin-glucose (PAG) was made by diluting 1 part 10x PIPES
with 9 parts deionized water and contained 0.003% human serum albumin and 0.1% D-glucose.
PAG-EDTA additionally contained 4 mM EDTA. Isotonic Percoll (referred to in this article as

100% Percoll) was prepared by mixing 1 part 10x PIPES and 9 parts Percoll. Working

solutions of Percoll at 55% (density, 1.072 g/ml) and 61% (density, 1.081 g/ml) were made by



mixing the appropriate amounts of 100% Percoll with 1x PIPES. Conditioned medium
(C-IMDM) consisted of IMDM supplemented with 5% heat-inactivated (56°C for 30 minutes)

FBS, 1x nonessential amino acids, and Spg/ml gentamicin.

Cell Purification and Culture
Basophils were purified from either fresh blood or from residual cells of normal donors
undergoing leukopheresis. Venipuncture was performed on non-medicating consenting adults
(age range, 21-55 years) by using guidelines approved by either the Western Institutional
Review Board (Seattle, Washington) or by the Johns Hopkins University Institutional Review
Board. Subjects were not selected based on their allergic status. Mixed-leukocyte suspensions
| containing basophils were prepared using double-éercoll density centrifugation, as previously
described **. The basophils were additionally purified to 95-99.9% by negative selection using
an antibody cocktail and microbead protocol (StemCell Technologies, Vancouver, Canada)
followed by gravity filtration through a magnetized LS-column attached to a MidiMACS
magnet (Miltenyi Corp., Auburn, CA, USA). The percentages of basophils were determined by
counting Alcian blue positive and negative stained cells on a Spiers-Levy chamber . Cells
were cultured in 96-well flat-bottom microtiter plates (in duplicate) with C-IMDM and were
warmed to 37°C, 5% CO; before adding reagents that were also equilibrated to these conditions.

For the concurrent detection of histamine, LTC4, and IL-4 following IgE-mediated activation,



basophils were pre-incubated in C-IMDM alone or with the indicated concentrations of [L-3,
interferons, or a combination of both. After 18 h incubation, the cells were then activated with
anti-IgE antibody (final concentration of 10-25 ng/ml) and cultured for an additional 4h. In
experiments investigating IL.-3-dependent IL-13 secretion, interferon and IL-3 were added
simultaneously and the cells cultured for 18-20 h, as previously described ’. Portions of the
cell-free supernatants were analyzed for histamine and LTC4 using automated fluorimetry and
RIA, respectively, and according to protocols previously detailed 2*+°, Cytokine protein was
detected by ELISA using IL.-4 (e-Bioscience, International,Camarillo, CA) and IL-13

(Immunotech, Westbrook, ME) commercial kits.

RNA isolation

Total RNA was isolated from 0.5-1.0x10° basophils using the RNAzol protocol (Tel-test
Inc., Friendswood, TX, USA). Following isopropanol precipitation, the RNA was washed with
70% ethanol and nearly dried under vacuum. Subsequently, the RNA was reconstituted in

diethylpyrocarbonate (DEPC)-treated water and stored at —70°C.

Detection of IFN-a receptor IFN-aR) mRNA by RT-PCR
Reverse transcription (RT) and polymerase chain reaction (PCR) were performed using

the GeneAmp RNA PCR kit (Perkin-Elmer Cetus, Norwalk, CT, USA), as described elsewhere
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26 Both the forward primer sequence: 5’- AGTGTTATGTGGGCTTTGGATGGTTTAAGC-3’
and the reverse primer sequence: 5’-TCTGGCTTTCACACAATATACAGTCAGTGG-3’ for
the IFN-aiR; subunit (accession No. NM 000629) have been previously reported >, Resolution
of the cDNA product (765 bp) after amplification was done in 3% agarose gels. Imaging was
performed with an Electrophoresis Documentation and Analysis System 290 (Kodak Scientific

Imaging Systems, New Haven, Conn.).

Basophil viability

Basophils were cultured in C-IMDM alone, with IL-3 (100 pg/ml) or IFN-a (100U/ml),
and with a combination of these two cytokines. Basophil viability under these conditions was
determined after 1, 24, 48, 72, 96, and 120 hours incubation using trypan-blue exclusion with

enumeration of the cell counts made using a Spiers-Levy chamber.

Statistical analysis

Data are presented as meant standard error of the mean (s.e.m.) unless otherwise
indicated. Statistical analysis was performed with SPSS 10.0 software (SPSS, Inc, Chicago, IL,
USA). Nonparametric tests (Wilcoxon signed rank test or Friedman test as indicated) were
used to determine the statistical significance of differences. P values less than 0.05 were

considered significant.
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Results
The effects of IFN-a on IgE-mediated cytokine and mediator release by IL-3 primed
human basophils

In the first series of experiments, we tested the effects of IFN-a on IgE-mediated cytokine
and mediator release using various culture conditions that we routinely use in screening the
effects of pharmacological and biological substances on basophil secretion. While short (e.g.
15 min) pre-incubations with [FN-o produced no identifiable effects on the IL-3 priming of
mediator release and cytokine secretion (data not shown), this type I IFN did affect basophil
function after 18 h pre-incubation. Figure 1a shows the effects of IFN-o-on the IgE-mediated
release of IL-4 in both the presence and absence of priming with low concentrations of IL-3
(100 pg/ml) for 18 h. Whereas increasing concentrations of IFN-a had no effect on the IL-4
secreted in response to anti-IgE alone (i.e. without IL-3 priming), the 4.5-fold increase in IL-4
achieved with IL-3 priming was significantly inhibited at concentrations of 500 and 5000 U/m]
IFN-c. In contrast to this inhibitory effect of IFN-a on the priming of IgE-mediated 11.-4
secretion, only a marginal, yet insignificant, inhibition of LTC4 was observed even with the
highest (5000 wml) concentration tested (figure 1b). Moreover, IFN-a produced no effects on
the histamine released in these cultures, either in the presence or absence of IL-3 priming

(figure 1c).
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Effect of IFN-a on IL-3-mediated IL-13 production

Since [FN-a precluded IL-3 priming of IgE-mediated IL-4 secretion, we decided to
investigate whether this type I IEN would also affect other IL-3-dependent basophil responses.
In particular, we, and others, have shown that basophils secrete large amounts of IL-13 when
exposed to IL-3 alone 6,28 Therefore, we tested a wide range of IFN-a. concentrations on this
response, adding them simultaneously with several concentrations of IL-3 and culturing
basophils for 18-20 h to measure IL-13 protein. As shown in figure 2, IFN-o inhibited IL-13
production from basophils in a dose-response fashion when activated with IL-3 at either 1 or 10
ng/ml. In fact, a significant 20-30% inhibition was observed with as low as 1 U/ml IFN-c, and
nearly 60 % inhibition seen with 1000 U/ml. While significant inhibition by IFN-o. was also

seen when IL-13 was induced with 0.1 ng/ml IL-3, the much lower levels of IL-13 (2019 pg/ml)
secreted under these conditions likely account for the lack of discernible dose-response

inhibition.

Effect of Type I vs. Type II interferons on IL-3-mediated IL-13 production

IFN-B represents another well-characterized Type I IFN which like IFN-a, is produced
primarily by plasmacytoid dendritic cells in response to viral infection 1 We therefore tested
this IFN along with IFN-a to compare whether these substances produced similar inhibitory

activity. Additionally, we compared the effects of the type Il IFN, IFN-y, which unlike type I

12
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IFN, is produced primarily by T cells and NK cells and is known to bind receptors other than
those for IFN-o and -3. As shown in figure 3, IFN-o. once again significantly inhibited IL-13
secretion when using stimulating concentrations of IL-3 at 10 ng/ml. Inhibitory activity (~35%)
was also observed with IFN-§3, but only at the highest concentration tested (i.e. 100 U/ml),
which did not reach significance (p=0.08). In contrast, there was no evidence for inhibition of
IL-13 mediated by IFN-y, which is consistent with the belief that suppression of this response is

specific only for type I IFN.

Human basophils constitutively express IFN-a receptor mRNA

Both IFN-a and IFN- are reported to signal through a common receptor, IFN-aR, for
which the former IFN is thought to mediate greater activity. We therefore proceeded to
determine whether basophils express this receptor. Figure 4 shows conventional RT-PCR
results demonstrating that mRNA for IFN-oR is constitutively expressed in basophils. It is
most important to note that these cells were not manipulated in any way other than being
purified from blood. Furthermore, an amplicon of 765 bp was detected in all five of the
basophil preparations and was qualitatively similar to that observed in a T cell preparation used

as a positive control.

Effect of IFN-t on human basophil viability
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There is evidence that therapeutic administration of IFN-a causes a sustained decrease in
the circulating counts of various immune cells, including basophils *°. We therefore thought it
possible that a mechanism of IFN-a-mediated inhibition of basophil cytokine secretion might
simply result from an ability to induce basophil cell death over a prolonged period of time.
‘While this seemed unlikely in light of the anti-apoptotic and survival-enhancing properties that
IL-3 has on basophils, we did test whether co-culture with IFN-o might reverse this effect of
~ IL-3. As shown in figure 5, IL-3 markedly enhanced the survival of basophils cultured during a
5-day period, as expected, with approximately 50% of the qells viable at the end of 5 days
compared to 15% survival in medium alone. More importantly, the addition of IFN-a (100
U/ml) did not significantly reduce this IL-3-mediated survival, especially during the first 72h
of culture. Finally, there was some evidence that IFN-a alone provided slightly better survival
conditions than those observed for cells cultured in medium alone, although no significant
differences were identified. From these data it was concluded that IFN-o does not significantly

affect basophil viability to the extent of inhibiting cytokine secretion.
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Discussion

There have been many studies performed during the last 15 years showing that [1.-3 is
effective in priming human basophils for IgE-mediated responses, including both mediator
release and cytokine secretion 2 *3*. More recently, IL-3 has also been shown to directly
activate basophils for IL-13 secretion and to promote their survival in culture 6.8.35 The
enhancing effects of IL-3 are further substantiated by its ability to reverse the inhibitory effects
that glucocorticosteroids have on mediator release % In contrast, we show for the first time that
IFN-a, a type I interferon, specifically inhibits the ability of IL-3 to promote cytokine secretion
in basophils, an important finding considering it did not prevent cytokine produced in response
to IgE-mediated stimulation alone (figure 1). In particular, we found that IFN-a reduced IL.-3
priming of IgE-mediated IL-4 secretion and inhibited the capacity of IL-3 to directly induce
IL-13 generation. Surprisingly, IFN-a did not affect the priming of IgE-mediated histamine
release and LTC4 generation, suggesting that it targets an IL-3-dependent pathway(s) specific
only for cytokine production. Furthermore, there was no evidence that IFN-a reversed the
survival-enhancing capabilities of IL-3, which might otherwise account for its inhibitory effect -
on cytokine secretion (figure 5).

The biological significance of IFN-a inhibiting basophil cytokine secretion mediated by
IL-3 is speculative at this time, yet we believe it relates to the Thl-like priming capabilities of

this cytokine. For example, IFN-o has the abilityto “prime” T cells for increased IFN-y
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production by making them more responsive to IL-12 through the up-regulation of STAT4 7
As mentioned, there are recent studies showing that plasmacytoid dendritic célls (PDC)
account for the greatest production of this cytokine, particularly following viral infection or
exposure to certain CpG-DNA oligonucleotides, both of which favor Thi-like responses. As a
result, the data presented in this study are consistent with the Th1-promoting activities of
IFN-a by showing that it suppresses the generation of IL-4 and IL-13, both of which are
hallmark Th2-like cytokines. The fact that this occurs in basophils is most intriguing and
suggests a more direct line of communication between basophils and PDC. To add to this
complexity, both IL-4 and IL-13 are reported to inhibit IFN-a by PDC %, Therefore, basophils
and PDC each secrete at least one regulatory cytokine that potentially down-regulates the
cytokine-producing capabilities of the other. While it has long been suspected that such a
control mechanism might exist between basophils and Thl lymphocytes, we have yet to find a
Th1-like cytokine possessing inhibitory activity equal to that mediated by IFN-a. (JTS,
unpublished data). In fact, this is exemplified in the present study by the observation that IFN-y
(a classic Thl cytokine) had no inhibitory effect on the production of IL-13 by basophils
treated with IL-3 (figure 3).

There is a long history of reports demonstrating that basophils of allergic subjects possess
a primed phenotype and are hyper-responsive in nature 3941 More recent findings indicate that

chronic allergen exposure plays a significant role in this increased responsiveness. For example,

16



17

we have shown that basophils spontaneously secrete IL-13 following repeated nasal allergen
challenge **. While the simplest explanation for this finding is that allergen exposure induces
cytokines (e.g. IL-3) that systemically prime basophils, it is intriguing to think that immune
responses resulting in IFN-o production may, in fact, inhibit the priming of these cells. In this
respect, the ability of IFN-a. to inhibit priming is likely not limited to just the basophil. Indeed,
several studies have presented evidence that IFN-a also decreases Th2 cytokine secretion (and
mediator release) in eosinophils and mast cells “**.

‘While there is currently no in vivo evidence supporting IFN-o.’s role in preventing the
priming of any cell type involved in allergic inflammation, there are clinical studies showing
that its expression is reduced in allergic disease compared to non-allergic conditions. In a
retrospective study involving 88 children, Bufe, et al. reported a significant correlation
between the presence of an atopic phenotype and reduced levels of IFN-a. Approximately 2 to
3-fold lower levels of IFN-a were produced by mononuclear cells obtained from subjects
diagnosed with allergic asthma compared to normal controls. Interestingly, this reduction was
only evident in allergic asthmatics with measurable éllergen-speciﬁc IgE, whereas normal
levels of IFN-a were produced by PBMCs of children presenting with non-atopic asthma. At
least one study has also reported reduced serum levels of IFN-o in a patient presenting with
atopic dermatitis “6. Accordingly, these clinical observations have led to the belief that IFN-o.

plays a significant role in reducing the atopic state. It therefore follows that its ability to
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antagonize the enhancing effects of IL-3 on basophil IL.-4 and IL-13 secretion accounts, in part,
for this negative regulation.

Clinical case studies arising from IFN-o therapy also support the concept that this
cytokine is an important modulator of Thl- and Th2- type immune responses. For example,
there have been reports that injections of [FN-o have led to exacerbation of psoriasis and/or
autoimmune conditions, both of which are characterized by Th1-like responses ‘" “®. As noted
above, IFN-o has been used with success in treating neoplastic conditions such as
hypereosinophilia, mastocytosis, and chronic myelogenous leukemia (CML). All of these
involve the uncontrolled growth of immune cells for which growth factors (such as IL-5, SCF,
and IL-3, respectively) likely have a positive influence. The high doses of IFN-o used in
treating these conditions are thought to play a role in blocking the growth-enhancing
capabilities of these growth factors % It therefore seems possible that this is related to our
observations of IFN-o inhibiting IL-3 priming for cytokine production. However, it is
important to note that the inhibitory concentrations of IFN-a used in our study (i.e. 10-100
U/ml) are well below the estimated sérum concentration (~750 U/ml) achieved with minimal
therapentic doses (e.g. 3x10° units). Whether low-dose IFN-a. therapy would be suitable for
allergic disease remains to be seen, although at least one study has successfully used this
cytokine in treating steroid-resistant asthma .

Finally, it is difficult at this time to predict the mechanism(s) by which IFN-o: inhibits
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IL-3-mediated cytokine secretion in basophils. Once again, the inhibition was specific for
cytokine secretion and not mediator release. Therefore, the recent discoveries regarding the
role of IL-3 in modulating mediator release by affecting various intracellular pathways may not
fully apply to our findings **°'. Messenger RNA for the IFN-aR subunit of the common type I
IFN receptor was detected in basophils and at levels comparable to those found in T cells
(figure 4). Thus, it does seem likely that the IFN-o used in this study mediated signaling
through this receptor. This may further explain why some inhibitory activity was observed
using IFN-f, which is also known to bind IFN-aR. It is currently not known whether any of the

other variants of IFN-a, or other type I IFN’s (e,g, IFN-w) ° possess similar repressive activity

on basophil cytokine secretion.

In summary, these data show that IFN-a is capable of suppressing the enhancing effects
IL-3 has on basophil production of IL-4 and I1.-13, thus representing the first description of a
cytokine possessing this activity. Significantly, this was only true for IL-4 and IL-13
production, as priming for histamine release and LTC4 synthesis was unaffected. These
findings are consistent with the Thl-like promoting activities of IFN-a,, suggesting that this

cytokine plays a critical role in down-modulating allergic inflammation.
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Figure Legends

Figure 1. Effect of IFN-o on the IgE-mediated secretion of IL-4 (panel a), LTC4 (panel b),
and histamine (panel ¢) with and without IL-3 priming. Basophils were cultured with and
withoutIL-3 (100 pg/ml) and increasing concentrations of IFN-a. Cells were activated after
18h with the addition of anti-IgE antibody (10-20 ng/ml). Supernatants were harvested 4h later
for concurrent measures of histamine, LTC4, and IL-4. Results are the averagets.e.m. of 4

experiments using cells from different donors. (*) denotes statistical significance (p<0.05).

Figure 2. Effect of IFN-c on the IL-3 —mediated production of IL-13. Basophils were
cultured with the indicated concentrations of IL-3 and/or IFN-a.. Supernatants were harvested
after 18-20h incubation and analyzed for IL-13 protein by ELISA. The results from 6-8
experiments are expressed as the mean percentage * s.e.m. of the control responses obtained in
the absence of IFN-a., which were 2019, 49£11, and 107123 pg/ 108 basophils using IL-3 at 0.1,

1, and 10 ng/ml, respectively. (*) denotes statistical significance (p<0.05).

Figure 3. Inhibition of IL-3-mediated IL-13 secretion by type I vs. type IT IFN. Basophils
were stimulated with IL-3 (10 ng/ml) alone or in the presence of the indicated concentrations of

IFN-o, IFN-f, and IFN-y. Supernatants were harvested after 18-20 h incubation and analyzed

28



for IL-13 protein by ELISA. The results from 5 experiments are expressed as the mean
percentaget s.e.m. of the control response with IL-3 alone, which was 102232 pg/10° basophils.

(*) denotes statistical significance.

Figure 4. Expression of type I IFN receptor (IFN-aR) in human basophils. Total RNA was
extracted from basophil (exceeding 97% purity) and T cell pellets immediately after isolation
from blood. Conventional RT-PCR was performed as described in the materials & methods.
Shown is a gel image of the amplicons generated from 5 different basophil preparations and

one T cell sample. HPRT expression is shown for comparison.

Figure 5. Effect of IFN-c. on basophil survival in vitro. Basophils were cultured in medium
alone or with the indicated concentrations of IFN-a (100 w/ml) and/or minimal TL-3 (100
pg/ml). Cell viability was assessed at the time points shown. Values represent the meants.e.m.

of 3 experiments.
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Summary

Unmethylated CpG-DNA and oligonucleotides containing CpG motifs (CpG-ODN)
stimulate potent innate immune responses and have therapeutic potential in attenuating the Th2-
mediated effects associated with allergic disease. Expression of Toll-like receptor 9 (TLR9),
which is described exclusively in plasmacytoid dendritic cells (PDC) and B-cells, plays an
important role in this immunomodulation as it is the putative receptor for CpG-DNA. We show
here that TLR9 mRNA expression is found at high levels in human basophils, with relative levels
comparable to those in PDC. Most significantly, basophils constitutively expressed more TLR9
protein, than did PDC, when assessed by both flow cytometry and Western blot. Pretreatment
with IL-3 enhanced TLRO expression in basophils and markedly up-regulated protein for this
receptor in PDC to Jevels approaching those found on basophils. Evidence for functional TLR9
in basophils was demonstrated by the ability of CpG-ODN to activate NFxB (p65 subunit) for
nuclear Jocalization. Finally, basophils pretreated 16h with CpG-ODN secreted 25-50% less IL-4
and IL-13 when subsequently activated through the IgE receptor. These data suggest that while
CpG-ODN/TLRSY interactions induce Th1 cytokine production in PDC they also help attenuate

allergic responses by inhibiting Th2 cytokine generation from basophiis.
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Introduction

Unmethylated CpG motifs found in bacterial DNA stimulate strong innate immune
rasponses both in virro and in vivo and are characterized, in part, by the production of Thl
cytokines (e.g. IL-12, IFN-c) (1). These findings have provided the basis for using
oligodeoxynucleotides containing specific CpG motifs (CpG-ODN) as immunostimulatory
sequences (ISS) in allergen immunotherapy, offsetting the Th2 responses that are hallmark in
allergic disease (2). While the exact mechanisms for this immunomodulation remain poorly
defined, immune cells expressing Toll-like receptor 9 (TLR9) are likely to play a pivotal role, as
this molecule is the putative receptor for CpG-DNA (3). To date, the presence of functional
TLRY in human cells is reportedly confined to plasmacytoid dendritic cells (PDC) and B-cells.
Other cells, including T-lymphocytes, monocytes, dendritic cells of monocyte origin, and natural
killer (NK) cells all seemingly lack TLRO mRNA expression and fail to respond directly to CpG-
ODN (4-6).

Human basophils have gained greater recognition in recent years for their capacity to
generate large quantities of IL-4 and IL-13 in addition to releasing histamine and L'TC4, all of
which are hallmark in allergic inflammation (7). They share with PDC the unique distinction of
expressing high levels of IL-3 receptor (CD123), through which IL-3 plays an important role in
the development, maturation, and function of both cell types (7-9). This relationship prompted
our investigation of whether basophils, like PDC, might express TLR9. As presented here, our
findings show a striking amount of this receptor in basophils, with protein levels remarkably
greater than those concurrently detected in PDC isolated from blood. Most importantly, CpG-

ODN showed inhibitory activity against the IgE-mediated secretion of IL-4 and I-13, indicating
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that DNA oligos, while inducing Th1 cytokine production in PDC, may additionally help

attenuate allergic responses by inhibiting Th2 cytokine generation from basophils.



Materials and Methods

Special Reagents

The following were purchased: crystallized human serum albumin (Calbiochem-Behring Corp,
La Jolla, CA, USA); Piperazine-N,N’-bis-2-ethanesulfonic acid (PIPES), FBS, and crystailized
BSA (Sigma Chemical Co, St Louis, MO, USA); gentamicin, Iscove’s modified Dulbecco’s
medium (IMDM) , and nonessential amino acids,100x stock (Life Technologies, Inc, Grand
Island, NY, USA); Percoll (Pharmacia Biotec, Inc, Piscataway, NJ); recombinant human IL-3
(Biosource, Inc. Camarillo, CA, USA); Rat monoclonal anti-TLR9 conjugated with
phycoerythrin (PE) and its isotype/PE-conjugated control (e-Bioscience, San Diego, CA); anti-
NFxB (p65 subunit) from Transduction Laboratories (San Diego, CA). Phosphorothioated
ODN’s were synthesized by Invitrogen (Grand‘Island, NY). Specific sequences described
elsewhere included: PS2006, 5’- TCGTCGTTTTGTCGTTTTCGTGTT-3’ and its GpC control,

PS2083, 5’TGCTGCTTTTGTGCTTITTGCTGTT-3’ (10).

Special Buffers and media

10x PIPES buffer (250 mM PIPES, 1.10 mM NaCl, 50 mM KCL, pH to 7.3 with 10 N NaOH)
was stored at 4°C as a stock solution. PIPES/albumin/glucose (PAG) was made by diluting 1 part
10x PIPES with 9 parts deionized water; it containing 0.003% human serum albumin and 0.1%
D-glucose. PAG-EDTA additionally contained 4 mM EDTA. Isotonic Percoll (referred to in this
article as 100% Percoll) was made by mixing 1 part 10x PIPES with 9 parts Percoll. Solutions of

55% and 61% were made by mixing the appropriate amounts of 1x PIPES with 100% Percoll.



Conditioned medium (C-IMDM) consisted of IMDM supplemented with 5% heat-inactivated

(56°C for 30 min) FBS, 1x nonessential amino acids, and 5 ug/ml gentamicin, pH 7.4.

Cell preparation and culture with CpG-ODN

Peripheral blood, anticoagulated with 10 mM EDTA, was taken with informed consent
from healthy volunteers in accordance with protocols approved by the Western Institutional
Review Board (WIRB). In some instances, residual cells of normal donors undergoing
leukopheresis were used. Basophil-enriched cell (BEC) and basophil-depleted cell (BDC)
suspensions were prepared on double Percoll gradients (1.075/1.081 g/ml), as previous described
(11). Basophils within the BEC suspension were further purified to purities exceeding 96% (96
to >99%) using negative selection involving reagents from StemCell Technologies (Vancouver,
Canada) combined with LS cell separation columns from Miltenyi Corporation (Auburn, CA), as
described (12). Enumeration of basophils was done using Alcian-blue staining (13).

Basophils were cultured with CpG-ODN in C-IMDM containing low IL-3 (100 pg/ml)
for 16 hours prior to activation for an additional 4h with anti-IgE antibody. Supernatants were
measured for histamine release, IL-4 and I.-13 protein, as previously described (14).

PDC were enriched from BDC suspensions using the BDCA-4 positive selection kit, also
from Miltenyi, with cell separation performed using LS columns attached to a Midi MACs
magnet. Non-PDC were removed using 4 washes with buffer. PDC were then collected by
removal of the column from the magnet and gently plunging it with buffer. Although not
presented in this manuscript, cells isolated in this manner showed dendrite formation indicative
of PDC following culture in IL-3 and produced high levels of IFN-o (>1ng/10° cells) during a

24h incubation upon activation with CpG-ODN.



Flow Cytometry

Direct staining for TLR9 protein was attained using an anti-TLR9 antibody conjugated
with PE (e-Bioscience, San Diego, CA) and involved methods previously described for the
detection of intracellular cytokines (15). Flow cytometry was performed using a FACSCalibur

machine.

Qualitative and Quantitative RT-PCR

Total RNA was isolated from basophils and PDC (0.5-1.0x10° for each cell type) using
the RNAzo! protocol (Tel-test Inc., Friendswood, TX, USA). Methods for conventional and real-
time reverse transcription (RT) and polymerase chain reaction (PCR) have been described
elsewhere (16). Primers and/or probes were checked for specific sequences within the TLR9
gene (Accession No. AB045180). TLR9 primers for conventional RT-PCR were: forward primer
sequence: 5'- TTATGGACTTCCTGCTGGAGGTGC-3’ and reverse primer sequence: 5’-
CTGCGTTTTGTCGAAGACCA-3’, as reported (5). Hypoxanthine phosphoribosy! transferase
(HPRT) was used for housekeeping gene expression as described elsewhere (17). Resolution of
the cDNA products after amplification (35 cycles) was done in 3% agarose gels. Imaging was
performed with an Electrophoresis Documentation and Analysis System 290 (Kodak Scientific
Imaging Systems, New Haven, Conn.). One-step real-time (quantitative) RT-PCR was performed
using an ABI PRISM 7700 thermocycler (Applied Biosystems, Foster City, CA). Primer/probe
combinations for TLR9 have been published elsewhere (6) and included: forward primer 5°-
GGACCTCTGGTACTGCTTCCA-3’, reverse primer 5’-AAGCTCGTTGTACACCCAGTCT-3
and Probe 5°-CTGCAGGTGCTAGACCTGTCCCGC-3". The reporter dye was 6-carboxy-

fluorescein and the quencher was 6-carboxy-tetramethyl-rhodamine. Delta CT’s were determined



by normalization to 18s rRNA using a commercially available kit (Applied Biosystems, Foster

City, CA).

Western blot analysis

TLR9 protein expression was additionally determined by Western Blot analysis, as was
the sub-cellular localization of NFxB following basophil activation with CpG-ODN. For TLR9
protein, both basophil and PDC whole cell lysates (using 5x10° cells for each) were prepared by
adding an equal volume of sample buffer NOVEX, San Diego, CA) containing 5% 2-
mercaptoethanol to cells resuspended in 1x PIPES buffer. For sub-cellular NFxB localization,
basophils (at 3x10%condition) were stimulated with CpG-ODN (or controls) for 1h in C-IMDM.
Nuclear extracts were then prepared using a commercially available kit (Active Motif, Carlsbad,
CA) and were diluted with an equal volume of sample buffer. Electrophoresis, protein transfer,
and immunoblotting were performed as previously described (12) using the rat monoclonal anti-
TLR9 and monoclonal NFkB (p65 subunit) antibodies noted above. Horseradish peroxidase-
conjugated anti-rat and anti-mouse secondary antibodies were used for visualization with

enhanced chemiluminescence.



Results

Expression of TLR9 mRNA in human basophils

Figure 1 shows RT-PCR results testing for TLR9 mRNA expression in basophil
suspensions exceeding 99% purity. Conventional RT-PCR analysis indicated that basophils
isolated from blood constitutively expressed mRNA for TLR9 (panel a). This somewhat
surprising observation prompted further investigation using real-time RT-PCR to provide a more
quantitative analysis comparing the relative levels of TLR9 mRNA in basophils with those
detected in PDC. As seen in panel B, quantitative RT-PCR confirmed that the levels of TLR9
message expression in basophils from 10 subjects were comparable to those measured in 2

different PDC preparations after normalizing to 18s rRNA.

Constitutive expression of intracellular TLRY protein in human basophils

Although few studies have actually demonstrated the presence of TLR9 protein in PDC
or B cells, there is a body of evidence suggesting that this receptor is intracellular rather than
expressed on the cell surface. Therefore, we next examined the expression of TLR9 protein using
tlow cytometric techniques for both intracellular and extracellular staining, and compared the
levels of this receptor in basophils to that found in PDC. Since both cell types functionally
respond to IL-3, we further investigated whether this cytokine plays a role in modulating the
expression of TLRY in these cells. Inserted in Figure 2 is a representative histogram showing that
basophils stained for TLR9 using a PE-conjugated monoclonal antibody. Background staining
with an isotype-matched control antibody is also shown for comparison. In basophils isolated

from 7 subjects, the average mean fluorescence intensity (MFI) for intracellular TLR9 in
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untreated cells (i.e. baseline) was 6 + 0.5 (figure 2). Remarkably, this level of staining in
basophils was over 6-fold greater than the baseline TLR9 protein barely detectable in PDC
isolated from the same subjects. Anl8 h incubation in medium alone produced little change in
TLRS staining for either cell type. However, both cell types, when maintained in medium
containing IL-3 (10 ng/ml), showed increased TLR9 protein expression. This was most
significant for PDC in which the MFI increased to an average of 8+2, or to levels comparable to
those seen in basophils (i.e 10£2). It is important to note that the MFI values for TLR9 in both
cell types markedly decreased to levels barely above background when saponin was omitted
from the staining so]uﬁon, suggesting that this receptor is predominantly intracellular (data not
shown).

Further analysis using immunoblotting confirmed the presence of TLR9 protein in
basophils. Figure 3A shows prominent bands approximately 120 kd in size that were detected
using anti-TLRY antibody in whole cell lysates from four different basophil preparations. For
comparison, panel B of this figure shows lysates prepared from 4 different PDC preparations
using equivalent numbers of cells (5 x 10%), clearly suggesting that qualitatively less TLRY is
found in these cells compared to that detected in basophils. However, in panel C, the 120 kd
band scarcely visible in the lysates of PDC cultured 18 h in medium alone or in the presence of
0.1 ng/ml IL-3 is markedly increased in the same cells treated with 10 ng/ml IL-3. Overall, both
the flow cytometry and immunoblotting results show that TLR9 is constitutively found in
basophils and at relatively higher levels than those found in PDC. In addition, these results are
the first to show that IL-3 plays an important role in regulating TLRS protein levels in PDC and

basophils.
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CpG-ODN induces nuclear localization of NFKB in human basophils

A common downstream signaling event resulting from most TLR/ligand interactions is
the activation and nuclear localization of NFxB (18). Therefore, we investigated the possibility
of active TLR9 in basophils by testing whether CpG-ODN induces nuclear localization of NFxB.
Figure 4 shows a representative experiment for which the nuclear extracts of cells treated 1h with
the CpG oligo PS2006 showed immunoreactivity for the p65 subunit of NFxB, as assessed by
Western blot analysis. The result was similar to that observed with equal numbers of basophils
treated with PMA/Ionomycin (P/I) used as a positive control. In contrast, the p65 subunit was
notably reduced in extracts of cells treated 1h in medium alone or with PS2083, a GpC control
for the PS2006 oligo. All conditions showed immunoreactivity for a nonspecific band (NS)

indicating equal loading of the nuclear extracts.

Effects of CpG-ODN on IgE-mediated histamine release and cytokine secretion

Since the NFxB experiments indicated functional responses using CpG-ODN, we next
tested whether this oligo affected basophil secretion in response to IgE-mediated stimulation.
Basophils were pretreated with several concentrations of PS2006 for 16h. Low levels of IL-3
(100 pg/ml) were added to these cultures in order to maintain basophil responsiveness to
subsequent stimulation with anti-IgE. As show in figure 5, PS2006 equally inhibited the
secretion of IL-4 and IL-13 by up to ~40% at concentrations between 8-200 nM. However, at
higher concentrations, this oligo actually augmented histamine release, while having less
inhibitory effect on cytokine. The effect on histamine release was, in part, due to the oligo alone
inducing a small amount of histamine at these concentrations (panel B). In contrast, PS2006 did

not induce cytokine release when used alone (data not shown).
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Discussion

The results presented here show that human basophils express significant levels of TLRO,
making this cell type a potential target of CpG-DNA activation. Until now, studies in humans
have emphasized TLR9 expression in PDC and B-lymphocytes, since these cells express high
levels of mRNA for this receptor and respond to CpG-ODN (4-6). However, using PDC as a
positive control, we also detected TLR9 mRNA in basophils using quantitative RT-PCR
analysis. To our surprise, we found relatively equal ratios of TLR9/18s tTRNA in both cell types
(Figure 1). Moreover, our results indicate that basophils may very well express more TLR9
protein than do PDC. Without additional treatment (other than their purification from blood)
basophils constitutively expressed more protein for this receptor than did PDC, when analyzed
using either flow cytometry or Western blot analysis (figures 2 and 3, respectively). In contrast,
the expression of TLR9 protein was not apparerﬁ in PDC immediately isolated from blood
(figure 2). While it remains possible that the positive selection protocol necessary for purifying
PDC may account for this disparity, there is currently no evidence to suggest that engagement of
the BDCA-4 antigen during purification causes a down-regulation in TLR9 protein expression.

We further believe that our results are the first to substantiate the importance of IL-3 in
regulating TLR9 expression, particularly in PDC. As noted above, there are many studies
showing that IL-3 plays a critical role in the development, maturation and function of both
basophils and PDC. In fact, this relationship between the two cell types was, in part, the impetus
for testing whether basophils might share with PDC the expression of TLRS. However, while
II.-3 helped to maintain TLR9 protein expression in basophils, it had only a modest effect in up-

regulating this receptor in these cells. In contrast, PDC required incubation with IL-3 in order to



achieve the levels of TLR9 protein found in basophils. Consequently, the constitutive expression
of TLRSY in basophils supports the belief that these cells not only participate in innate immune
responses, but may very well be a primary target for CpG-ODN mediated immunomodulation.

Another important observation is that TLR9, unlike any of the other TLR described thus
far, is reported to be intracellular (18). Our study supports this concept, since staining for TLR9
protein was only evident following membrane permeabilization with saponin. This was true for
both basophils and PDC. While it remains possible that IL-3, CpG-ODN or some other substance
might promote cell surface expression of TLRY, this hypothesis was not investigated in the study
presented here.

We can only speculate at this time as to the biological relevance of TLR9 expression in
basophils, but there is indication that CpG-DNA affects the function of these cells. At relatively
low concentrations (8-200 nM), the PS2006 oligo inhibited IgE-mediated secretion of IL-4 and
IL-13 from basophils (figure 5). Since PS2006 at 100 nM also resulted in the nuclear localization
of NFxB, it seems possible that activation of this transcription factor is partly responsible for this
inhibition. In fact, this belief is supported by our previous work showing that phorbol myristate
acetate (PMA), well known for its ability to activate NFxB in many cell types including
basophils, inhibited IL-4 secretion from basophils stimulated with either anti-IgE or calcium
ionophore (17). It is important to emphasize, however, that the inhibition of IL-4 and IL-13 by
PS2006 was comparatively modest (25-350%) and occurred during a 16 h pre-incubation. This
may indicate that the oligo indirectly inhibited the secretion of these cytokines in basophils by
inducing some other factor(s) that act in an autocrine fashion. While this hypothesis requires
additional investigation, we do feel that it is independent of IFN-¢: and IL-12, as we have yet to

detect these cytokines in basophils following treatment with PS2006 (JTS, unpublished resuits).
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It also remains possible that CpG-ODN other than PS2006 (a so-called type B or B cell-specific
ODN) will differentially affect basophil function, much like what has been described for both
PDC and B-cells (1, 19, 20). Nevertheless, our findings do suggest that CpG-ODN negatively
regulate Th2 production in basophils allegedly though interactions involving TLR9. This
observation, combined with our present understanding of what occurs in PDC and B-
lymphocytes, may provide insight into the mechanisms behind the Thl-like promoting activities

associated with CpG-DNA that may have therapeutic potential.
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Figure Legends

Figure 1. Qualitative and quantitative analysis of TLR9 mRNA Expression in human
basophils. Total RNA was extracted from basophils and PDC (5x10°-1x10°) immediately
isolated from blood. A, Gel image of conventional RT-PCR results for TLR9 using basophils
from 5 different donors showing relative expression to the housekeeping gene, HPRT. B,
Quantitative real-time RT-PCR results comparing TLR9 mRNA expression in basophils and
PI:C. Mean =« s.e.m. of 10 basophil preparations using different donors and the minimum and

meaximum values from 2 different PDC preparations.

Figure 2. Intracellular TLR9 protein in basophils and PDC using flow cytometry. Basophils
and PDC isolated from blood were either untreated (i.e. baseline) or were cultured 18h in IL-3
(10 ng/ml) or medium alone. Cells were fixed with 4% paraformaldehyde and prepared for
intraceliular TLR9 staining using single color flow cytometry as described in Materials and
Methods. The inserted histogram shows staining with anti-TLR9 (and its isotype control) in a
ropresentative preparation of untreated (i.e. baseline) basophils. Bar graph results are presented

s the means = s.e.m of 7 basophil and 6 PDC preparations from different donors.

Figure 3. Western blot analysis for TLR9 protein in basophils and PDC. Whole cell lysates
from 4 different donors were prepared using 5x 0° untreated basophils (panel A) and an equal
number of untreated PDC (panel B). Panel C is of a separate experiment using cells from a single
donor for which whole cell lysates were prepared from untreated PDC and PDC cultured 18 h in

IL-3 (0.1 and 10 ng/ml) or medium alone (5x10° cells for each condition). Electrophoresis and

19



immunoblotting were performed as described in Materials and Methods. The single band

detected at 120kd denotes TLRO protein.

Figure 4. Nuclear localization of NFxB in basophils following CpG-ODN activation.
Basophils (3x10%condition) were cultured 1h in either medium alone, 100 nM PS2006 (CpG),
100 nM PS2083 (GpC), or PMA and ionomycin (10 and 500 ng/ml, respectively, P/I). Nuclear
extraction was then performed followed by electrophoresis and Western blotting for the p65
subunit of NFxB, as described in Materials and Methods. NS denotes non-specific protein and

suggests equal loading of nuclear extracts. Shown is a representative of 3 experiments.

Figure 5. Effect of pretreatment with CpG-ODN on IgE-mediated histamine release and
cytokine secretion. Basophils isolated from blood were incubated 16h in the presence of IL-3
(100 pg/ml) and the indicated concentrations of PS2006. Cells were then activated with anti-IgE
(10-20 ng/ml) and incubated 4h for mediator release and cytokine content. A, Values are the
mean =+ s.e.m. (n=3). Control release of IL-4 and JL-13 with anti-IgE (no PS2006) was 382+46
and 173+39 pg/ 10° basophils, respectively. B, Control release of histamine when PS2006 and

anti-IgE were used separately.
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Abstract

Allergen immunotherapy, first introduced in the early part of the twentieth century, is
widely practiced despite several limitations. Considerable effort has been devoted to
developing new anti-allergic therapeutic vaccines that, compared with conventional
allergen immunotherapy, improve efficacy, decrease the time required to achieve
effect, reduce inconvenience and enhance safety. Increased understanding of the
molecular biology of allergic respiratory inflammation has led to the development of
therapeutic vaccines that potentially suppress or arrest the disease process in asthma
or allergic rhinitis. This paper addresses a specific DNA vaccine approach in which
highly active immunostimulatory DNA are conjugated to the principal allergenic
moiety of a relevant aeroallergen (i.e., ragweed Amb a 1). ISS-DNA based vaccines
have proven to drive Thl-type immune responses and to prevent Th2- type allergic
inflammations in various models. A study group at Johns Hopkins University has
recently completed the first human study of AIC, a new therapeutic vaccine composed
of a conjugate of Amb a 1 and 1018 ISS, in patients with allergic rhinitis. The results
of this study demonstrated that AIC was 185 fold less allergenic than licensed
ragweed extract used for conventional immunotherapy when evaluated by quantitative
intradermal skin titration methodology. Furthermore, AIC was 50-fold less likely to

trigger histamine release from human basophils. Mixture of ISS and Amb a 1 did not



alter the histamine release compared with Amb a 1 alone. Placebo-controlled,
randomized, double-blinded clinical trial recently conducted at the Johns Hopkins
revealed encouraging clinical efficacy and safety of AIC in ragweed allergic rhinitic
subjects. AIC may offer the potential for an improved safety and efficacy for
immunotherapy. Additional trials to further evaluate long-term safety, immunologic
effect, and therapeutic efficacy of AIC for ragweed-induced allergic rhinitis and

asthma are ongoing.



Introduction

Conventional immunotherapy is a well-recognized method that aims to modulate
an allergic patient's immune response through administration of increasing doses of an
extract, comprised of the aeroallergens to which the patient has been demonstrated to
be allergic, and thereby to attenuate or eliminate the patient's symptoms. Allergen
immunotherapy was first introduced in the early part of the 20th century and has been
widely practiced. Controlled clinical trials have demonstrated the therapeutic efficacy
and detailed the favorable immunologic changes associated with allergen
immunotherapy for the treatment of allergic rhinitis, asthma, and venom sensitivity.'”

However, this approach is saddled with a number of encumbrances including the
need for frequent dosing over years, which impacts upon patient compliance; the need
to administer a relatively large dose of the immunizing agent to achieve control of
symptoms; and the potential for clinically significant allergic reactions to the
treatment. Therefore, considerable effort has been devoted to developing improved
therapeutic vaccines for treatment of allergic diseases to a) improve efficacy; b)
decrease the time required to achieve effect; c) reduce the inconvenience and hence
improve compliance with immunization regimens; and d) enhance safety.

Allergen dose is limited by systemic reactions to the respective allergens. Thus,

efforts have largely been directed at decreasing the "allergenicity” (i.e. their potential



for inducing an allergic reaction) of the antigens while maintaining or heightening
their immunogenicity (i.e. their ability to induce a beneficial immunologic response).
Although various chemical modifications of allergens have been attempted, the
end-result has been that allergenicity and immunogenicity have either decreased or
increased in tandem.

Certainly, an allergenic vaccine with reduced allergenicity, but maintained
immunogenicity, which could be given in a few doses, would have important
therapeutic implications. Millions of patients with poorly controlled allergic rhinitis
and asthma would be candidates for such a form of immunomodulation.

This paper addresses a specific DNA vaccine approach in which highly active
immunostimulatory phosphorothioate oligodeoxyribonucleotide moieties (ISS-ODN)
are conjugated to the principal allergenic moiety of a relevant aeroallergen (e.g.,
ragweed Amb a 1).® ° This adjuvant approach may prove to be highly effective at
directing the immune response toward up-regulation of a more favorable Thl
phenotypic expression to counter-balance the untoward Th2-driven pro-inflammatory

allergic process.



Allergy is a Th2 disease

To improve materials for immunotherapy, it is important to understand the
pathophysiology of the disease process. Upon allergen exposure in a susceptible
individual, there is an acute allergic response reflective of IgE-dependent cell
activation resulting in release of histamine, leukotrienes, and other mediators from
mast cells and basophils.

In addition, allergen is processed by antigen-presenting cells that display allergen
in association with class IT human leukocyte antigen molecules. If appropriate co
stimulatory signals are also induced, the result is T-lymphocyte activation with
induction of Th2 cells that produce "pro-inflammatory" cytokines (e.g., IL-4, IL-5,
and [L-13). The identification of transcription factors controlling Th1 and Th2
development further support the Th2 hypothesis because GATA3 is over expressed
and T-bet is under expressed in the asthmatic airway. These cytokines induce
recruitment of inflammatory cells such as eosinophils and basophils with the resultant
development of airway inflammation.'**?

Mechanism of Conventional Immunotherapy

The allergy group at Johns Hopkins took an early lead in examining the

mechanisms by which allergen immunotherapy effects clinical improvement. As

increasing doses of extract are injected, there is an initial elevation in the levels of



both IgG- and IgE-specific antibodies. With continuing therapy, IgG levels further
increase and plateau whereas antigen-specific IgE titers gradually decline toward
pretreatment levels and are not boosted by subsequent environmental exposure to the
allergen.'*""Induction of IgG antibodies is a predictor of clinical success albeit
clinical benefit is not likely to be achieved until doses are large enough to risk
anaphylaxis.

Nasal allergen challenge techniques have been used to demonstrate that
immunotherapy shifts Th2 cell responses toward Thl activation. Immunized patients
demonstrate less immediate mediator release in their nasal secretions and less
late-phase eosinophil migration.'®?! Nasal biopsies of grass-immunized rhinitic
patients after grass pollen extract challenge show a significant increase in mRNA for
specific Thl cytokines [IFN-y and IL-12). This is paralleled by a significant reduction
in allergen-induced accumulation of total numbers of CD4+ T cells and eosinophils in
nasal mucosa. Interestingly, these techniques showed little down-regulation of the
expression of cytokines from Th2 cells (e.g., IL-4, IL-5 ).”*** Tangential to these
findings, Secrist et al cultured peripheral blood mononuclear cells from allergic
patients receiving maintenance grass immunotherapy and demonstrated a significant

decrease in allergen-induced IL-4 synthesis when these cells were exposed to allergen

in vitro.%



These studies demonstrate that immunotherapy has the potential to down-regulate
not only the immediate-phase allergic reaction, but also late-phase T-cell-mediated
responses. The problem lies in administering a dose large enough to induce the
desired changes without causing intolerable allergic side effects. Towards this goal,
Dynavax Technologies Corporation has developed a novel product consisting of
ragweed allergen (Amb a 1) linked to immunostimulatory phosphorothioate
oligodeoxyribonucleotide. The Amb a 1 immunostimulatory oligonucleotide
conjugate (AIC) induces an enhanced, ragweed-specific Th1-type response in mice in
comparison to either Amb a 1 alone or Amb a 1 + alum.®*’

Background for adjuvant approaches

Several molecules including lipopolysaccharides, aluminum hydroxide salts, and
Freund's adjuvant have long been observed to possess immunostimulatory properties
with enhanced response to antigen. Attempts have been made td capitalize on this
observation to improve a vaccine's immunogenicity through an enhanced adjuvant
effect. Tokunaga and his colleagues made the initial discovery of the adjuvant effect
of bacterial DNA with their study of the active components of Freund's adjuvant. 25
Krieg et al subsequently identify unmethylated CG dinucleotides, so-called CpG

motifs, to be responsible for the immunostimulatory effect of bacterial DNA.*!

Bacterial DNAs are now known to possess immunostimulatory properties that are



absent in vertebrate DNA. These properties are related to the higher frequency of CpG
motifs and to the absence of cytosine methylation in bacterial as opposed to vertebrate
DNA, which otherwise would abolish the immunostimulatory activity. ****** The
effects of bacterial DNAs can be mimigked using synthetic oligonucleotides (ODN),
thus allowing a more accurate definition of the bacterial DNA immunostimulatory
sequences. Early research studies initially identified optimal ISS sequences containing
palindromic hexamers based on the general formula of:
5'-purine-purine-CG-pyrimidine-pyrimidine-3' (e.g., 5'-GACGTC-3', 5-AGCGCT-3'
and 5'-AACGTT-3"). *! More recent work has extended to the identification of
different types of CpG ODN based on their activities to plasmacytoid dendritic cells
(PDC), NK cells and B cells. CpG-A ODN contains phosphodiester backbones and is
particularly effective at inducing production of interferon-o from plasmacytoid
dendritic cells and activating NK cells whereas CpG-B ODN possesses
phosphorothioate backbones that enhance B cell proliferation and immunoglobulin
production but little PDC and NK cell stimulation.****
ISS-ODN INDUCE TH1-TYPE AND INHIBIT TH2-TYPE IMMUNE
RESPONSES

Not until recently that Toll-like receptor-9 (TLR-9) is identified to be the‘ receptor

of CpG.*® CpG binds TLR-9 and signaling through MyD88 and activate NF-xB



similar to other Toll-like receptors.’” TLR-9 was found to express predominantly on
PDC and B cells in human though some cell types yet to be tested.*** CpG-A ODN
strongly stimulates PDC to produce high amount of IFN-o. and IL-12 thus activate
IFN-y producing NK cells and 3 T cells, which drive immune cells toward Thl
responses™>0+3

Low concentration of CpG-ODN leads to great increase in B cell proliferation,
antigen-specific immunoglobulin secretion and IL-6 production *** Exposure of
tonsil B cells to CpG-ODN induces a concentration- and time-dependent
up-regulation of the activation markers CD23, CD25, CD40, CD54, CD80, CD86 and
HLA-DR, and counteracted IgE production induced by IL-4. ** CpG directly induces
T-bet expression and inhibits IgG1 and IgE switching in B cells induced by IL-4 and
CDA40 signaling.*®

Pre-administration of CpG ODN prevents allergen-induced Th2 responses,
including IL-5 production, eosinophilic airway inflammation, airway hyper-reactivity
as well as chronic airway remodeling in murine models *’!

Therefore, CpG, or ISS-ODN, appears to stimulate the innate immune system to
produce cytokines that drives adaptive immune system toward Thl-type and inhibit

Th2-type immune responses, which suggests a potential clinical utility for CpG in the

immunotherapy of allergic diseases.
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Effects of ISS-ODN based allergen vaccine
Conjugation of allergen with ISS-ODN (AIC) was developed because it was

believed that AIC may be more immunogenic and less allergenic than simple cocktail
of allergen mixed with ISS-ODN.® The immunomodulatory effect of direct linkage or
conjugation of allergen with ISS is demonstrated in Figure 1. This graph shows that in
a murine animal model immunization with a conjugate of Amb a 1 and 1018 ISS
(AIC) promotes IgG2a antibody production that is significantly greater than that
observed with either allergen mixed with ISS, allergen + alum, or allergen alone. In
contrast, an inhibition of IgE production has been a corollary finding to this
"protective" IgG antibody response. These observations bear particular relevance
when it is recognized that in the murine model IgG2a is a marker of induction of a T
Hlresponse; whereas IgE production is induced through TH2 mechanisms.
Furthermore, these reciprocal IgG and IgE antibody responses are similarly
reproducible in previously sensitized and not simply naive animals.**” This proffers
the opportunity to not only use this approach as prophylactic intervention but also to
employ this therapeutic construct in sensitized individuals that are in the midst of an
allergic diathesis.

AIC results in the preferential induction of naive CD4+ T cells with differentiation

toward a Thl phenotypic profile. The corollary to this observation of a

11



down-regulation in Th2-mediated responses to allergen (e.g., IL-4, IL-5) is thought to
be the result of macrophage or monocytic activation (IL-12, IL-18, IFN-o/p with
constituent effects on Th1 activation (increased IFN-y). %%’ Figure 2 demonstrates in
a murine model the specific up regulation of IFN-y (Thl profile) as a resuit of AIC
immunization in contradistinction to the Th2 cytokine dysregulation that would
otherwise be observed with allergen alone, allergen + alum, or allergen mixed with
ISS but not linked to this specific adjuvant. Marshall et al® have made similar
observations by means of in vitro studies of peripheral blood mononuclear cells
obtained from ragweed-allergic human subjects. Indeed this work demonstrates that
cells exposed to AIC produced significant IFN-y (indicative of the Thl-response)
with diminished production of IL-4/IL-5 (TH2-like profile).

Furthermore, Horner et al showed in a recent study that an optimal conjunction
ratio of AIC lead to approximately 100 fold less allergenic than native allergen using
mast cell degranulation method and marked reduction in anaphylactogenicity and
Arthus reaction in murine models.”

Clinical applications with DNA vaccine
Our study group at Johns Hopkins has recently completed the first human safety
study of the use of immunostimulatory DNA in ragweed-allergic rhinitic patients.

This was a US FDA-defined clinical safety study that employed quantitative



intradermal endpoint skin test titration to assess the relative potency of the AIC
product to its comparator (standardized ragweed extract). The results of this study
demonstrated that AIC were 185 fold less reactive than licensed ragweed extract when
evaluated by this quantitative intradermal skin titration methodology. Furthermore,
AIC was 50-fold less likely to trigger histamine release from basophils. Mixture of
ISS and Amb a 1 did not alter the histamine release compared with Amb a 1 alone.>
Our first clinical trial with subcutaneous administration of AIC has demonstrated the
ability of the DNA vaccine to induce ragweed- pecific IgG antibody production in
ragweed-allergic patients. This is an important clinical observation since favorable
clinical outcomes correlate with, and can be predicated by, induction of an IgG
antibody titer.”* Our observations that AIC exhibited fewer local reactions on skin
testing, in comparison to licensed ragweed, suggests that this novel product may offer
the potential for an improved safety profile for immunotherapy. Pilot
placebo-controlled, randomized, double-blinded clinical study recently conducted at
the Johns Hopkins revealed encouraging clinical efficacy and safety of AIC in
ragweed allergic rhinitic subjects.”> However, further trials on evaluating the optimal
dosing, long-term safety, immunologic effect, and therapeutic efficacy of AIC as a

treatment modality for ragweed-induced allergic rhinitis and asthma are needed.
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IMPORTANT: Please complete this form and bring to your appointment.
NAME: DATE OF BIRTH: APPT. DATE:
ALLERGY PROFILE

Please check the problems that you have or had: [] rhinitis or "hay fever" []sinusitis [ ] asthma

[ ] food allergy [ ] drug allergy [ ] stinging insect allergy [ ] latex allergy [ ] eczema [ ] hives [ ] swelling

Please check the things that trigger or worsen any of the above: []dust []pollens []molds
[ ] tobacco smoke [ ] fumes or perfumes []dry or cold air [] exercise [ ] aspirin, ibuprofen, naproxen
[ ] animals, specify: [ ] food, specify: [ ] others, specify:

Have you experienced an allergic or other adverse reaction to a medication? [JNo. [] Yes.

If y"ies, please list the date(s) of occurrence, the drug(s), and the side effect(s). Use extra sheet if needed.

Have you been previously tested for any form of allergy? []No. [] Yes, skintest. [] Yes, blood test.
If )‘#s, when was it done and which tests were positive?

Have -Lyou been previously treated for any of the above conditions? []No. [] Yes, with allergy injections.
|

[ ] Yes, with medications. Please specify:

PAST MEDICAL AND SURGICAL HISTORY

‘Please check the medical conditions that You have or had and write the date when they were diagnosed.

[ ] Cataracts or Glaucoma [ ] Other medical conditions. Specify and date:

[ ] Depression

[] Diabetes

[ ] Heart disease

[ ] Hepatitis or any liver disease . [ 1 Surgical operations. Specify and date:
[ ] High blood pressure '
'[ ] Peptic ulcer or acid reflux

[ ] Thyroid disease
CURRENT MEDICATIONS

C - Please wx:;ite the name and dosage of ALL prescription and over-the-counter drugs that you are taking. ‘

1 : 5
2 6
3 7
4 8

FAMILY MEDICAL HISTORY

Please write the medical conditions that members of your family have or had.

[]living []deceased Father:
{]living []deceased Mother:

Siblings/others:
Number of brothers & sisters: ___ Number of children: __ Please list any family member who has or had

[ ] rhinitis or "hay fever™ [ ] asthma: [ ] allergic dermatitis:

JHAAC 2002




' ENVIRONMENTAL. HISTORY

Piease list the cities/states where you have resided in from birth to present (including dates):

How old is your present HOME? How long have you lived there?

Is your home a [ ] single family house? []rowhouse? []townhouse? []apartment? [ ]mobile home?
Does vour home have [ ] central or forced warm air heating? [ ] radiator heating? [ ] central air-conditioning?
[ ] window air-conditioning units? [ ] humidifier? []any damp area? [ ] cockroaches? [ ] any smoker?
Does your bedroom have [ ] wall-to-wall carpeting? [ ] hardwood flooring? [ ] area rugs? [ ] stuffed toys?
Do you use [ ]foam pillows? [] fiber-filled pillows? [] feather pillows? [] bed mattress? [ ] box spring?

[ ] water bed? [ ] dust mite-proof pillow covers? [] dust mite-proof bed covers?

Do you have fur-bearing pets? [ ]No. []Yes. Ifyes, please specify how many and what kind?

Since when? Do the pets go into your bedroom? []No. [] Yes, sometimes. [ ] Yes, often.
Please list your hobbies: ' -
Occupation: Dates and places and of employment: -

Does your workplace have [ ] central air-conditioning? [ ] window air-conditioning units?
Are you exposed to chemicals, irritants, latex products, or animals at' school or at work? []No. [] Yes.
If yes, please specify:
PERSONAL AND SOCJIAL. HISTORY
Do you or did you smoke cigarettes? []No. []Yes, until now. [] Yes, but stopped in

If yes, how many pack>s do you or did you smoke per day and for how many years?

Do you drink alcoholic beverages? []No. [] Yes. If yes, how much and how often?
REVIEW QOF SYSTEMS:
Please check all t'hat'appiy to you. v

Constitutional: [ ] prolonged fever or chills [ ] significant weight loss or weight gain [ ] chronic fatigue
Eyes: []itchy and watery eyes []use of eye glasses or contacts ENT: [] hearing loss [ ] ear ache

[ ]runny nose []swffy nose []frequentsneezing [ ] postnasaldrip [ ] frequent nose bleeding

[ ] mouth ulcers [ ]hoarseness [ ] tongue or throat swelling [ ] difficulty in swallowing
Resp: [] breathlessness [] wheezing []chesttighmess []cough []bloody sputum [ ] abnormal X-ray
CV: []chest pain [ ] palpitations []heart murmur []abnormal heart rhythm []abnormal EKG
GL: []abdominal pain [ ] heartburn []jaundice []diarrhea [] constipation []bloody stools
GU: [] pain in urination [ ] frequent urination [ ] difficulty in urination [ ] incontinence [ ] kidney stones
Heme: []anemia []easy bruising []abnormal bieeding Skin: []frequenthives []rash []itching
Musculoskeletal: []joint pain []joint swelling []joint stiffness [] muscle pain

Neurc: []seizures []weakness []numbness Psych: [] feeling depressed [] difficulty in slesping

If everything listed above is negative, please check here: [ ]

Additional details or comments:

L

L

JHAAC 2002 Physician's initial/signature:
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'_" ture T
Local Anesthetics | “riaoeor- | 1:1000 1:100 1:10 Concentrate
Aylocaine
O with pabadEa Ll e 4
methyiparaben
Procaine
D (Novocain) |04 SRR eend 1 el b ek e
Mepivacains
D (carbocaine) Ds
Xyiocain
dJ witowt D8 e e’
oreservative
Insulins 0.001 u/ml | 0.01 u/mi 0.1 u/mi 1.0 w/ml 10 u/mi
Ultrapurs W - W ,__;
- Pork 07 € {
O bumin o8 ‘: .........................................
| BeeiPork  |De : .............................. .
Afg‘;'(‘h“g,'ﬁ ;1000 1:100 1:10 Concentrate
o Paacuronium 5 B %
romide  ID10bS S R cesnesead | [esssssued
Pevuion) 2mgmi
Curare
D {Tubocuraine) Samanms
3 mgiml
Succinyicholine
D |{Quelicin Suxn:\oh p—
onium) 20 mo/m!
D 'ggogg;‘)rt“a‘l l
) tu
Other Drugs ~ | Puneium Test 1:1000 1:100 1:10 Concentrate
Bactrim w | :
D {IV Prep) D14 s ] H
W
D E ................................
- il
D E ........................
Ol | Peed EEEeend 1 bed D el L
O o —
D —
i . formad in dupii —
D Uer:s“"y c1 : To be periormed in Record ge oi d
1D-Alb_.saiine Criteria A (Puncrure and Inrademal) Criteria B Gnoradamal miy)
" . Erythana (mm) Wheal (me)
Hlstan:_?oewm coffu 34 0 no discomible wheal>diluent 0 <5 <
1D-0.1 rma/mi € 1+ <1/2 histamine diameter +/- 5.10 5.10
" 2+ 21/2 histamine: < histamins diameter 1+ 11-20 5.10
Codeine c3 w 3+ asize of histumine congrol £ 1 mm 2+ 21-30 510
P-15 my/mi e 1 4+ >histarnine diameter: <2x diameter 3+ 3140 10-15
1> 2moym S+ 22 histamine convol 4+ 41-50 >15
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The Johns Hopkins Center for Asthma and Name:
Allergic Diseases .
History No.
Skin Test Diagnostic Profile Physician:
[lnsects/Stinging & Bitingj Date Technician
Time ON
READ
Lcnm} Reagent ’ D F‘UTQCIUre 1nt%r;etr1mai Intr_g:sejrzmal Imraderﬂmal Intradermai
Size A B Size A B Size A 8 Size A B Size A B
Hymenopteras 0.1 ug/mi 0.01 ug/mi 0.1 pg/mi 1.0 ug/mi 3.0 yg/mi
HoneyBee |I1 |& '
B
Yellow Jacket | 12 P .
White-faced W
= Hornet 13 [
El| Yellow Hornet| 14 J¥-
E
Polistes Wasp| 15 |2
&
C n
E
3" Other Insects™ 1:100 1:1,000 1:100 1:10
O} Fire Ant 6 P
.
U1 Blackfly 17 P
E
U} peerfly 8 P
LE
| Mosquite | 19 1
o
D W
E
O 2
E
Diluent  B%®.. C1 1Y Notes: = Routine Screen
E Standard dilutions are unshaded.
| Histamine &2mgm. | c2 [ 3=
E '
E]| Codeire  &3xmem| o3 [ i_— |
3 .

+ Venom Proteins

* Whoie boay extracts

Form 103
Revised 11/8/85

Criteria A (Puncture and Intradermal)

0 no discernible wheal>diluent
1+ <4 histamine diameter
2 + 214 histamine: <histamine diameter
3 4 =size of histamine control = lmm
4 + >histamine diameter: 2x diameter
5 4+ 22x histamine control

Criteria B (Intradermal only)

0

+/-

1+
2+

-
3
4+

Erythema (mm) Wheal (mm)
<5 4
5-10  5-10
11-20  5-10
21-30  5-10
31-40 10-15
41-50 >15



The Johns Hopkins Center for Asthma Name:
and Allergic Diseases i
History No.
Skin Test Diagnostic Profile Att. Physician:
Date Technician
Time ::AD Time ::AD Secondary Food List
m;{ Extract l D | PunctureTest ::u‘ Extract o | PunctureTest
Size A Size A iD | CommonName | ID | CommonName
Primary Panel - D Other Foods x%:;n ;:? Onuf:';a
iEee Foo O B:::’y‘ﬂ ;: ::_:;_..&QL
[ |Peanut F2 : O :: rlej;nv?{ :::; ':?ggrer. Green
3| mik P O —'H}tizg!;env 7o _[Pepper, Black
my F87__| Pineappie

| O = TR
| L P L O Z s R —
Ofshenrisn i Jrs 2 O gL £%2_Sheliish Clam |
] - O T Fonaifoh- Seales ]
J|Po B - ey ?:;M‘-s—ﬂm——ﬁm'#b -
| Beet Fs [ O 8;?;:0" :g:_. S
[ {Potato, whits Fio ¥ O e :;: IE%_M_@
] R T = e
| strawbery F12 :’ 0 ::; fsh, Flounder ;;;_
O w0 e e e
Dl = ERe A
(]| Greenbean F18 : a :? gcr:g‘:%hne ::? FE:, S:lm?‘n emin
1/ Rice F16 : O :: G;;tnéi‘tm F112 |Fish, Lake Trout
[iRye 7o O — e oo
O gggﬁ&;’i‘:ﬁ Fre [ Provocation Tests: £%_|-emor
]| English Wainut Fig & E:: :::js‘nroom
] Note: m Ao
Ol omt - : g m',”é“,ff“ - Food
Divent_Zexey | G1 FA— TN~ Comann
Histamine §iomm | C2 : 3+ :3 :51 Eil;ea:/Hazet
Codene 3790 | C3 : &:g glt“::r:igreen

Criteria A (Puncture and Intradermal)

1+
2+
3+
4+
S5+

no discernible wheal

<1/2 histamine diameter

>1/2 histamine: < histamine diameter
=size of histamine control £ 1 mm
>histamine diameter: <2x diameter
22x histamine control



S:Iutéon \éials provided The Johns Hopkins Center for Patient’s

Do recaras - Asthma and Allergic Diseases Name
Comp: tree grass weed IMMUNOCTHERAPY SCHEDULE Physician
mold animal mite
ions: Date
1. Frequency of injection: until maintenance dose # achieved, then repeat dose # avery wesks,
2. Patient should remain for observation for 30 minutes after each injection.
3. Dosage adjustments:
A) Modify dosage accordingly for missed injections: 2) Cut back 1 dose # for wheal/swelling of >60mm
1) Repeat last dose, if shot is 1 wk. overdue. (2 1/2") diamster.
2; Cut back by 1 dose #, if shot is 2 wks. overdue. Cj Modify dosage schedule accordingly for systemic reactions
3) Cut back by 2 dose #'s, if shot is 3 wks. overdue. 1o injections: .
4) Call "Center" if shot is 4 or more wks. overdus, 1) Cut back by 2 dose #'s for systemic reactions in vials A-D.
B) Modity dosage for local swelling 12-24 hrs. post injection:  2) Cut back by 3 dose #'s for systemic reactions in vial E.
1) Repeat same dose #, for wheal/swelling D) Call "Canter” at 550-2312 it you are concamed about any
of >30mm (50¢ size) diametar, raaction t rad of adj 19
Recommended Schedule Record Injection Treatments Here Local Pred._

CCuU 29 129192

- : induration Best
Cheok Dose No. Vial Vo! (ml) Systemic* >30mm at CutoR
- 1 A (1:10,000) 0.1 Date ~Dose# GlvanBy Time Arm  Reaction 12-24 hrs. PREPOST
1 3. 0.2 R L Y N Y N
I 0.8 R L YN Y N
R L Y N Y N
[ 5 B (1:1,000) 0.1 R L Y N Y N
[ 6 0.2 = R L Y N Y N
[ 7 0.4 : R L Y N Y N
] 8 ' 0.8 : R L Y N Y N
R L Y N Y N
3 9 C (1:100) 0.1 : R L YN Y N
] 1w 02 R L Y N Y N
— 0.4 R L Y N Y N
I I V- 0.8 : R L Y N Y N
: R L Y N Y N
10
3 13 D (1:10) 0.1 | R LY N Y N
L1 0.2 | R L Y N Y N
L] :z 2"; R L YN Y N
L : _ R L Y N Y N
: N
E 17 E ( mnumme) 0.1 : R L M » M
E 18 0.15 R L Y N Y N
Ej 19 o2 R L Y N Y N
— o0 0' 3 : R L Y N Y N
1 2 0.4 : R L Y N Y N
= 0s : R L Y N Y N
— o3 06 : R L Y N Y N
= ) 0 R L Y N Y N
Ei' - o ; | R L Y N Y N
0 o5 0'9 : R L Y N Y N
= o7 1'0 R L Y N Y N
: R L Y N Y N
Initial dose Date__ Dose# _mm wheal/erythema ~ Systemic Rﬂeacﬁo.n Notes . —PEFR—
Skin st [ / (append additional sheets for systemic reactions if required)
Date Dascription Onset ( mmm)  Treatment By
Treatment Facllity/Physician 0O JHAAC
O JHH-A
O JHH-P
O OTHER

OVER FOR SOLUTION REORDER FORM _** Please record dose # (not volume of dose) for each injection given.



SOLUTION REORDER FORM

Location Seen
[0 JHAAC at FSK Medical Center

Name: [0 JHH Aduit Asthma & Allergy Clinic
Date: [T JHH Pediatric Asthma & Allergy Clinic
1. Solution refill request should be completed and returned at least three weeks.in advance of need.
2. Mail the completed form to:

Allergen Laboratory

Johns Hopkins Asthma & Allergy Center

Unit Office 6

5501 Hopkins Bayview Circle

Baltimore, Maryland 21224
3. The solutions should be mailed to:
4. Center policy requires that patients on allergy injection treatments be seen by a staff allergist at least

yearly. Last or next appointment: . If necessary, call (410) 550-2300
for appointment.

Payment for renewal solutions must accompany this form. A check for 3100 should be made payable to

the Johns Hopkins Allergen Lab, or indicate charge card information below. BC/BS of Maryland (Major
Medical), HMO, Medicare and Medical Assistance patients will have charges billed directly for them.

D Check attached D BC/BS of MD D I—MOBﬂﬁng
Major Medical Referral Required (please attach)
[0 Medicare [0  Medical Assistance
I.D.# M.A#
Enroll. date Exp. date
O visa

[ Charge card

{1 Master Charge
as follows:

[0 American Express

Card number Expiration date

CCU H 47259

Signature




M

The Program Tracks of Johns Hopkins Asthma and

Allergy Center

Program Description

The Division offers post-doctoral training designed to prepare well-qualified trainees with
either an M.D. or Ph.D. for academic careers in allergy and immunology and, more
generally, in inflammation research. The program is strongly oriented toward research
training ranging from purely laboratory or bench investigation to clinical investigations or
therapeutic studies. Three tracks are offered:

Allergy-Clinical Immunology

This program is ordinarily a three year commitment for physicians who have
completed training in internal medicine and who desire sub-specialty allergy
and immunology clinical training leading to board certification. An intensive
supervised research program is included. The Division accepts both trainees
who wish to prepare for a career in laboratory research and those who wish
to prepare for investigation of patients in the clinical arena. During the first
two years, approximately 50% effort is devoted to clinical training and
conferences, with the remainder of time assigned to research instruction,
closely supervised by one or more faculty members. During the second year,
a mutual agreement is reached concerning the advisability of a third year of
intensive research.

Research-Intensive Experience

For those physicians who have completed or are in the midst of clinical
training in another specialty (e.g., pulmonary medicine, rheumatology,
otolaryngology) and who do not seek formal clinical training in allergy and
immunology, this program provides an intensive research experience. While
these physicians may be assigned to one clinic session (1/2 day) per week
throughout their tenure, the great majority of their time wiil be focused on
laboratory or clinical investigation under the guidance of one or more faculty
members. Designed for physjcians committed to careers in biomedical

research and wishing to pursue this goal with minimal clinical responsibilities,



this track is not intended for those desiring board certification in aliergy and

immunology.

+« Post-Doctoral Laboratory Research

This program provides laboratory research training experience for scientists

with Ph.D.s, M.D.s or comparable advanced degrees. Such post-doctoral
trainees will often apply to, and be accepted by the individual member of the
Faculty with whom he or she desires to work. Applications for undesignated
post-doctoral positions are aiso accepted. Such trainees will not ordinarily
have clinical, teaching, or administrative responsibilities, except as may be

mutually agreed upon prior to the Fellowship.

The Program tracks of Johns Hopkins Asthma and Allergy Center

Brief Training No.of Pre- Research Clinical Consult
Description | Period(year { Positions Sessions(per | Service
) Availablefyr | Tequisites | Time Years week) (mofyr)
Allergy 75% Lab 1 4 3
or clinical
Clinical 3 2 MD/! tesearch 2 2 2
Immunology
3 1 *
Research 2-3 varied MD. | 90%Lab 1 1 *
intensive or clinical
research 2 ! '
?3) 1 ¥
Post-doctori 2-3 varied PhD,MD. | 100% lab i * *
al Lab or research
research equivalent 2 ' *
3 ¥ *

# Residency training in internal medicine or pediatrics

+ Advanced clinical training in allied specialty

10




JULY 2003
ORIENTATION CONFERENCES

1:00 ‘Genetic-epidemiology of

allergic diseases
- Kathleen Barnes, Ph.D.

1 2:00 “HIV/radiation/hepatitis
‘precautions and lab
practices
Allen Myers, Ph.D.

3:00 Optimizing aerosol
delivery and deposition in
human airways
Beth Laube, Ph.D-

MONDAY TUESDAY |- WEDNESDAY THURSDAY FRIDAY
1 12 13 4
)} 1:00 Prevalent and relevant ‘No Conferences
_-outdoor allergens.
: Peter-Creticos, M.D.
}2:00 Pathophysiology of
- rhinitis
. Alvin Sanico, M.D.
13:00 Pathopathology of
asthma
Alkis Togias, M..D.
7 8 19 110 11
‘§ 1:00 Prevalent and relevant indoor 1:00 Historical perspective on
allergens } : B immunotherapy
v Peyton Eggleston, M.D... - | Philip Norman, MD
2:00 Anaphylaxis.and other allergic -j 2:00 Clinical trials of
] emergencies RS immunotherapy in
_RomiSaini, M.D. : allergic rhinitis/asthma
3:00 Consults: Do's & Don’ts Peter Creticos, M.D.
’ Bruce Bochner, M.D., N.F. :
: : Adkinson, M.D. & Staff
114 15 416 - - 17. 18
: §.1:00 Therapeutic decisions in : ]
asthma management No Conferences
Peter Creticos, M.D. . )
}2:00. Acute and-chronic sinusitis
] Jean Kim, M.D., Ph.D.
{ 3:00 Methods to study allergic
airways inflammation
Mark Liu, M.D.
21 22 23 24 - 25
1:00 Drug hypersensitivity 1:00 Choosing a research
: N.F. Adkinson, M.D. ‘project
'} 2:00 Biology of1gG and IgE . N.F. Adkinson, M.D.
receptors ¥ 2:00 Atopic dermaritis
. Romi Saini, M..D. Lisa Beck, M.D.
3:00 Mast cell and basophil 3:00 OPEN
secretion '
John Schroeder, Ph.D.
28 29 30 31

To Be Scheduled:
A) " Abnual fall weed walk
B) Practicums to be arranged independently with Nurse Manager for:
1) Nebulizer/metered dose inhaler/peak flow meter devices
2) NSAID’s/sulfite challenge
3) Bronchoprovocation techniques



MONDAY | TUES WEDNESDAY | THURS FRIDAY
} 1:00. Food and food addmve
.+ hypersensitivity- - :
-~ Robert"'Wood, MD
2:00- Transcriptional rcgulanon of
cytokine:genesJ = -~
g " Vincenzo Casoliro, M.D. and -
2 . ‘Steve Georas, M.D. .
3:00  IgE biology-and synthesm
. Susan MacDonald, M.D.
{ 1:00 Thland Th2 paradigms 1 1:00 -Cell adhesion'molecules
X ‘“David Essayan, M.D: ‘) 1. Bruce Bochner;"M.D.
| 2:00 -Airway smooth muscle physmlogy § 2:00-:Diagnosis and treatment of
. Allen-Myers, Ph.D. : ©-§- - “-urticaria and angioedema -
“-¥-3:00 ‘Chemokines and chemokine rccepturs - Romi-Saini; M.D.-
- “Cristiana:Stellato, ML.D., Ph.D. i - 3:00 - Interpretation-of pulmonary
B N -~ fanction tests
’ . - - Robert Wise, M.D.
S Q13 B RCH T BT '
1:00--Animal models.of allergic diseases - : 1:00 The use of mass spectrometry *
2 e Brendan Canning, Ph,D. o = "for detection and quantitation -
1:2:00 ‘Signal transduction pathways-I-." of mediators.and markers of
Donald MacGlashan, M:D., Ph. D airway inflammation:
- and Becky Vonakis, Ph.D. Wailter Hubbard, Ph.D.
3:00 ‘Signal transduction pathways-II 2:00 Anti-inflammatory actions of
: "Donald MacGlashan, M.D., Ph.D. steroids .~ - .
“and Becky Vonakis, Ph.D. Robert Schleimer, Ph.D.
| it A 3:00 Virus-immune regulation
o Farhad Imani, Ph.D.
118 -4.19 ST [ R w21 22 g -
i " NO CONFERENCES 1:00 Choosing a research project
R o N. Franklin:Adkinson, M.D.
ABIM 2:00 Laboratory evaluation of the
' ' allergic patient
" :Robert Hamilton, Ph.D.
3:00 Pharmacology of airways -
hyperreactivity
] ; Brad Undem, Ph.D
+25 126 127 f28 29 :
"1:00 Research skills practicum: bench to: 1:00 . OPEN
‘bedside . . :2:00 Insect venom sensmvity and *
- Bruce Bochner,:M.D., Peter ; treatment
" :Creticos, M.D..and Brendan David Golden, M.D.
Canning, Ph.D. 3z 00 OPEN

: 2:00 Acute and-chronic sinusitis
- ‘Jean Kim, ML.D., Ph.D.

To Be Scheduled:

A) Annual fall weed walk -

B) Practicums to be arranged independently with Shirley Dixon and Sharon Pickett for:
1) Nebulizer/metered dose inhaler/peak flow meter dev1ces
2). 'NSAID’s/sulfite challenge -

3) - Bronchoprovocation techniques




JUNE 2003

JOHNS HOPKINS ASTHMA AND ALLERGY CENTER
5501 HOPKINS BAYVIEW CIRCLE, BALTIMORE, MARYLAND 21224

DIVISION OF CLINICAL IMMUNOLOGY

MONDAY | TUESDAY WEDNESDAY THURSDAY FRIDAY
2 3 4 5 6
FACULTY/FELLOW 8:00 a.m. Hurd Hall
PHOTOGRAPHS Medical Grand Rounds
L 12:30 No Luncheon
11:45 Lunch 1:00 ACI Conf 2B.65
12:00 am CTP 2B.65 “Allergy/Clinical
“Sinus Polyposis” Immunology Journal
Tao Lee, M.D. Club”
1:00 Res. Conf. 2B.65 Bradley Undem, PhD
“Transgenic Modeling of
IL-13 in the Lung”
Paul Elias, M.D.
3:00 FELLOWS FAREWELL
RECEPTION
9 10 11 - 12 13
11:45 Lunch 8:00 a.m. Hurd Hall
12:00 am CTP 2B.65 Medi and Rounds
“Clinical Case Study” son
Mark Scarupa, M.D. 1:00 ACI Conf 2B.635
1:00 Res. Conf. 2B.65 “Urticaria
“IgE-dependent and IgE- (Autoimmune)”
independent Pathways of Allen Kaplan, M.D.
Human Mast Cell Activation™
Guha Krishnaswamy, M.D.
2:00 General Facuity Meeting
4:00 Clinical Faculty Meeting
16 17 18 - 19 20
11:45 Tunch 8:00 a.m. Hurd Hall
12:00 am CTP 2B.65 Medical Grand Rounds
“Rev: ABPA” 12:30 Luncheon
Tamara Perry, M.D. 1:00 ACI Conf 2B.65
1:00 Res. Conf. 2B.65 “Aspirin
Desensitzation”
NO CONFERENCE Paul Greenberger, MD
! 24 25 26 27
8:00 a.m. Hurd Hall
ical Grand Rounds
NO CONFERENCE heon
1:00 ACI Conf 2B.65
“Aspirin Respiratory
: Disease: Pathogenesis
and Treatment”
Don Stevenson. M..D.
30

Key: IC-Immunology Council Mtg., Mountcastle Auditorium, PCTB; CTP-Clinical Teaching Program,
GR-Grand Rounds, Hurd Hall, JHH; ACI-Allergy Clin. Immun.; GFM-General Fac. Mtg.; CFM-Clinical Fac
Mtg., RC-Research Conference, CAIR-~ Comprehensive Allergy & Immun. Review. 5/30/03



MAY 2003

JOHNS HOPKINS ASTHMA AND ALLERGY CENTER
5501 HOPKINS BAYVIEW CIRCLE, BALTIMORE, MARYLAND 21224
DIVISION OF CLINICAL IMMUNOLOGY

MONDAY | TUESDAY WEDNESDAY THURSDAY FRIDAY
1 2
8:00 a.m. Hurd Hall
ical Grand Rounds
i eon
1:00 ACI Conf 2B.65
NO CONFERENCE
5 6 7 i — 8 9
11:45 Lunch 8:00 a.m. Hurd Hall
4:15 pm. IC 12:00 am CTP 2B.65 Medical Grand Rounds
SPH - Rm. W2030 “Clinical Case Study” 12:30 NoTiunchéon
Tao Le, M.D. 1:00 ACI Conf 2B.65
NO SEMINAR 1:00 Res. Conf. 2B.65
“Regulation of Chemokine Gene NO CONFERENCE
Expression by Hyaluronic Acid”
Dr. Maureen Horton 1:00 General Faculty
2:00 CAIR Conference, 2B.74 Meeting
3:00 Clinical Faculty Meeting
12 13 14 15 16
11:45 Liinch 8:00 2.m. Hurd Hall
4:15 p.m. IC 12:00 am CTP 2B.65 Medical Grand Rounds
SPH - Rm. W2030 “Food Allergen Epitopes” 12:30 No-T.uncheon
Mark Scarupa, M.D. 1:00 ACI Conf 2B.65
Dr. John O’Shea 1:00 Res. Conf, 2B.65 *Allergy/Clinical
“Regulation of Pulmonary Immunology Journal
Inflammation” Club”
Dr. Dale Umetsu Brendan Canning, PhD
2:00 CAIR Conference, 2B.74
3:00 General Faculty Meeting 2:00 INSERVICE EXAM
19 20 21 22 23
8:00 a.m. Hurd Hall
4:15 p.m, IC NO CONFERENCES Medical Grand Rounds
SPH - Rm. W2030 12:30 NoLuncheon
ATS MEETING 1:00 ACI Conf 2B.65
Dr. Martin Kast “Management of Non-
Allergic Rhinitis”
Michael Kaliner, M.D.
26 27 28 29 30
4:15 pm. IC 11:45 Lunch 8:00 a.m. Hurd Hall
SPH - Rm. W2030 12:00 am CTP 2B.65 Medical Grand Rounds
“Levalbuterol for Bronchodiiation” 12:30 No eoi
Dr. Wink Baldwin Sally Joo, M.D. 1:00 ACI Conf 2B.65
1:00 Res, Conf. 2B.65 “Welch Updates™
“Regulation of Eosinophil Holly Harden
Survival by Siglec-8: Research
Update”
Dr. Esra Nutku
2:00 CAIR Conference, 2B.74

Key: IC-Immunology Council Mtg., Mountcastle Auditorium, PCTB; CTP-Clinical Teaching Program, GR-Grand
Rounds, Hurd Hall, JHH; ACI-Allergy Clin. Immun.; GFM-General Fac. Mtg.; CFM-Clinical Fac. Mtg., RC-Researct
Conference, CAIR- Comprehensive Allergy & Immun. Review.
Thi




