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Abstract
Pro-inflammatory CD4+ T cell mediated autoimmune diseases, such as multiple sclerosis, are
hypothesized to be initiated and maintained by self-reactive interferon-gamma (IFN-γ) and
interleukin-17 (IL-17) producing CD4+ T cells. Previous studies have shown moderate to
significant alterations in inflammatory T cell responses and potentially treatment of autoimmune
disease by administration of anti-histamine or tricyclic antidepressants alone. The goal of the
present study was to determine if treatment of PLP139–151-induced relapsing-remitting
experimental autoimmune encephalomyelitis (R-EAE) in SJL/J mice with a combination of two
FDA approved drugs for other indications could decrease R-EAE disease. The findings show that
combination treatment with desloratadine and nortriptyline decreases the mean clinical score,
disease relapse frequency, and number of CD4+ T cells infiltrating into the CNS. In addition,
combination treatment of PLP139–151 primed mice decreases the level of IFN-γ and IL-17 secreted
via a decrease in both the number of cells secreting and the amount of cytokine secreted per cell
following PLP139–151 reactivation ex vivo. This is in contrast to an increase in the level of IL-4
produced and the number of IL-4 secreting cells. The data also show that combination treatment
with desloratadine and nortriptyline inhibits the production of IFN-γ and IL-17 produced by naive
CD4+ T cells activated in the presence of Th1 cell- and Th17-cell promoting conditions, while
increasing the level of IL-4 produced by naive CD4+ T cells activated in the presence of Th2 cell-
promoting conditions. The present findings suggest a novel method for the development of a
putative autoimmune therapy.
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1. Introduction
The present study was designed to elucidate the potential in vivo translation of a novel
combinatorial treatment for autoimmune diseases, such as multiple sclerosis, using drugs
that are already FDA approved for other indications. MS is a disease triggered by an
initiating event in which myelin autoreactive CD4+ T cells are activated and subsequently
induce damage of central nervous system (CNS) myelin [1; 2; 3], and disease is
characterized by perivascular CD4+ T cell and mononuclear cell infiltration [4] with
subsequent primary demyelination of axonal tracks leading to progressive paralysis [5]. As
such, MS is generally considered to be an autoimmune disease characterized by IFN-γ and
IL-17 producing CD4+ T cell responses to a variety of myelin proteins including myelin
basic protein (MBP) [6; 7; 8; 9; 10], myelin proteolipid protein (PLP) [9], and/or myelin-
oligodendrocyte glycoprotein (MOG) [11; 12; 13]. In order to study the potential disease
mechanisms involved and the subsequent alterations due to therapies, experimental
autoimmune encephalomyelitis (EAE), a myelin specific peptide/protein-induced disease in
mice is a best-fit model. EAE is characterized by transient ascending hind limb paralysis,
perivascular mononuclear-cell infiltration, and fibrin deposition in the brain and spinal cord
with adjacent areas of acute and chronic demyelination [14]. In the PLP139–151-induced
disease model of relapsing-remitting EAE (R-EAE) in SJL/J mice, peripheral PLP139–151-
specific CD4+ T cell reactivity is maintained throughout the disease, but prior to the first
relapse, PLP178–191-specific CD4+ T cell reactivity arises, i.e., intramolecular epitope
spreading, and during the second relapse, T cells specific for a myelin basic protein epitope,
MBP84–104, arise, i.e., intermolecular epitope spreading [15; 16]. The development of these
spread epitope responses correlates with the extent of myelin destruction during the acute
disease phase, and can be utilized experimentally to determine the efficacy of potential
therapeutics.

The preliminary in vitro discovery phase of this study was designed to determine the ability
of various FDA approved drugs to act in combination to inhibit inflammatory T cell
responses in vitro. CRx-153 was identified by CombinatoRx via a proprietary screening
assay for novel drug combinations demonstrating enhanced inhibition of TNFα, interferon
gamma (IFN-γ) and interleukin 2 (IL-2) release; cytokines that are potentially involved in
the pathogenesis of Th1/Th17 cell-mediated autoimmune disease. CRx-153 consists of the
antihistamine, desloratadine, in combination with nortriptyline hydrochloride (HCl), a
tricyclic antidepressant (TCA). Desloratadine (NeoClarityn®, Claramax®, Clarinex®, and
Aerius®) is the histamine receptor H1 (H1R) antagonist. Histamine is a biogenic amine with
both neurotransmitter and vasoactive properties [17]. Findings from other laboratories
suggest that the blockade of histamine inhibits both the recruitment of immune cells to and
the ability for these cells to traffic into sites of inflammation via H1R-induced secretion of
RANTES from vascular epithelial cells via the activation of AP-1 and NF-κB [18].
Histamine also acts as an immunomodulatory molecule in both allergic and inflammatory
reactions. For example, CD4+ T cells from H1R-deficient mice produce decreased levels of
IFN-γ and increased levels of IL-4 in vitro as compared to wildtype mice [19].
Consequently, H1R-deficient mice present with a decreased level of EAE as compared to
wildtype mice [19; 20]. Published data also show that H1R is a susceptibility gene in both
EAE [21] and experimental autoimmune orchitis [22], which are two classical T cell-
mediated models of organ-specific autoimmune disease. There are two potential
mechanisms by which treatment with an antihistamine antagonist decreases the level of
disease severity in EAE. First, H1R antagonists alter both the ability of immune cells to
traffic into sites of inflammation via alteration of chemokine release, i.e., CCL5, CXCL8,
and CXCL10, [23], and second blockade of H1R decreases the level of IFN-γ produced by
Th1 cells [24; 25].
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Besides the role of H1R in modulating immune cell function, further evidence show that
blockade of histamine receptor H2 (H2R), also decreases the severity of disease symptoms
in EAE via a decrease in pro-inflammatory cytokines, i.e., tumor necrosis factor-alpha
(TNF-alpha) and interleukin-12 (IL-12) and reactive oxygen species are involved in ongoing
EAE [26]. For example, since H2R activation suppresses production of reactive oxygen
species, TNF-α, and IL-12 by inflammatory cells, H2R agonist reduced the severity of EAE
via decreasing blood-brain barrier leakage and monocyte/macrophage activation. T cells
isolated from H2R-deficient mice produced decreased levels of IFN-γ when activated in the
presence of Th1 cell-promoting conditions, while producing equivalent levels of IL-4 as
compared to wildtype mice [27]. This argues that the decrease in the level of EAE in both
H1R- and H2R-deficient mice is due to an alteration in the level of IFN-γ produced, and not
merely an increase in the level of IL-4 produced [27]. However, it should be noted that the
level of IL-17 produced was not assayed in these studies. Taken together, while the immune
modulatory effect of histamine is classically associated with release from mast cells and
basophiles during an allergic response [28], histamine binding of both H1R and H2R also
positively regulates the level of IFN-γ produced by Th1 cells.

The second drug investigated in the present study is nortriptyline, (Pamelor®), which is a
second-generation tricyclic antidepressant indicated for the treatment of major depression.
Besides its primary indication as an antidepressant, nortriptyline also has indications for the
treatment of chronic illnesses such as chronic fatigue syndrome [29], chronic pain and
migraines [30], and labile affect in some neurological conditions [31]. Consequently,
nortriptyline is prescribed to MS patients for the treatment of both depression and
parasthesias. Nortriptyline inhibits the activity of such diverse targets as histamine, 5-
hydroxytryptamine, and acetylcholine. Published findings suggest that nortriptyline
interferes with the transport, release, and storage of catecholamines [32], consequently
altering the sympathetic output to secondary lymphoid organs which has been shown to
decrease Th1 cell-mediated responses [33; 34]. Several pharmacological mechanisms may
be involved following the treatment with a tricyclic antidepressant like nortriptyline. First,
the sympathetic nervous system output is also altered following nortriptyline treatment,
which would alter the level of norepinephrine released from sympathetic nerve terminals in
secondary lymphoid tissue during the immune response. Sympathetic release of
norepinephrine during an immune response in vivo has been shown to have positive and
negative on Th1 cell responses via beta-2-adrenergic receptor (β2AR) binding dependent
upon the time of release and the model system used [33; 35; 36]. Second, nortriptyline
treatment may alter cytokine profile of CD4+ T cells via the inhibition of serotonin, the
activity of serotonergic neurons have been shown to modulate immune cell function both
positively and negatively [37; 38; 39; 40].

While nortriptyline is approved for the treatment of parasthesias and depression in patients
with MS, no data exists to determine if nortriptyline has indications for decreasing the
severity of MS disease severity. Initial in vitro studies showed that the present combination
of desloratadine and nortriptyline inhibits the release of pro-inflammatory cytokines. Based
upon these preliminary findings, the purpose of the present study was designed to
investigate the ability of desloratadine and nortriptyline combination treatment to inhibit an
inflammatory autoimmune disease using the PLP139–151-induced model of R-EAE in SJL/J
mice. Our present data show that co-treatment of mice with desloratadine and nortriptyline
decreases disease severity, while the mice are maintained on the therapy. There is a
significant decrease in the number of infiltrating cells in to the CNS as well as a decrease in
the epitope spreading to PLP178–191 and MBP84–104. We have also shown that co-treatment
of mice with desloratadine and nortriptyline skews the CD4+ T cell cytokine profile away
from IFN-γ/IL-17 pro-inflammatory profile toward an IL-4 anti-inflammatory profile. We
go on to determine that the skewing of the CD4+ T cell population appears to be happening
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at the level of naïve CD4+ T cell activation and differentiation into effector CD4+ T cell
populations.

2. Materials and Methods
2.1. Mice, cell isolation, peptides, and reagents

Female SJL/J mice were purchased from Harlan Labs (Indianapolis, IN) and 5B6 TCR
transgenic (PLP139–151/I-As-specific) either on wildtype or Thy1.1+ background are
currently bred in the Northwestern University Center for Comparative Medicine. Naïve
CD4+ T cells were purified using mouse naïve CD4+ T cell AutoMacs Magnetic Bead
isolation kit (Miltenyi Biotech; Auburn, CA) and found to be >98% CD4+, CD25−, CD62Lhi

via flow cytometry. Peptides (PLP139–151, PLP178–191, and MBP84–104) were purchased
from Peptides International (Louisville, KY) and purified by HPLC (purity of 96–99%).

2.2. CRx-153 development/screening and pharmacokinetics study
The ability of CRx-153, compared to its components, to attenuate proinflammatory cytokine
release in vitro, was investigated in human primary blood mononuclear cells (PBMC)
(20,000 cells/well) collected from healthy donors stimulated with phorbol 12-myristate 13
acetate (PMA) and ionomycin in 384-well microtiter plates for 18 hours. Cytokines released
in the supernatant were measured using ELISA. To determine the pharmacokinetics of
CRx-153 in vivo female SJL/J mice (n=3–5 per PK time point) were dosed with 3 mg/kg
Desloratadine, 10 mg/kg Nortriptyline, or combination of the above doses of the two drugs
that were diluted in 100 μl of vehicle [20% ethanol, 20% propylene glycol, 20%
polyethylene glycol 300 (PEG300), and 40% water] administered via gavage. Blood
sampling for pharmacokinetics analysis was done after a single dose and after 21 days of
chronic dosing. Samples were analyzed by a reversed phase HPLC/MS/MS method.

2.3. R-EAE, 5B6 transgenic CD4+ T cell transfer, and co-treatment
Six- to 7-wk-old female SJL/J mice were immunized s.c. with 100 μl of an emulsion
containing 200 μg of or 100 Mycobacterium tuberculosis H37Ra (BD Biosciences; San Jose,
CA) and 50 μg of PLP139–151 or 100 μg of PLP178–191 distributed over three sites on the
flank. In experiments where PLP139–151-specific 5B6 CD4+ Tg T cells were transferred to
PLP139–151-primed mice, 3×106 naïve transgenic CD4+ T cells were transferred i.v. on day
-2 before priming. For transfer EAE draining lymph nodes were collected on day 8 post
priming, and total draining lymph node cells reactivated in the presence of 20μg/ml of
PLP139–151, at a cell density of 8×106 cells/ml for 72 hours. After culture 2–3×106 blast cells
were transferred to recipient SJL/J mice. At the onset of remission (approximately day +15–
20 for most animals) mice received twenty-one consecutive daily doses of vehicle,
desloratadine, nortriptyline, or combination of both drugs (1–10 mg/kg). Individual animals
were observed at the indicated time points and clinical scores assessed in a blinded fashion
on a 0–5 scale: 0, no abnormality; 1, limp tail; 2, limp tail and hind limb weakness; 3, hind
limb paralysis; 4, hind limb paralysis and forelimb weakness; and 5, moribund. The data are
reported as the mean daily clinical score; the cumulative mean disease score (summation of
the daily mean clinical scores for each day over the duration of the experiment), and the
relapse frequency (mean number of relapses per mouse per treatment group). A relapse is
defined as worsening of at least one grade of clinical disease after stabilization for at least
two days.

2.4. Delayed-Type Hypersensitivity Assay and Ex Vivo Recall
Active EAE was induced in 10 SJL/J mice as described above. Mice were treated according
to the treatment groups described above and were followed for disease. On day 75 post
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disease induction mice were assayed for delayed type hypersensitivity (DTH). Mice were
anaesthetized by inhalation of isoflurene and the thickness of both ears was measured. Mice
received a subcutaneous injection in the dorsal surface of the ear of 10μg of PLP139–151 and
PLP178–191 in 10μl of PBS in the left and right ear respectively. The increase in ear
thickness was determined after 24 hours and mice were sacrificed. The spleens and draining
lymph nodes were collected, made into a single cell suspension, and 1×106 cell were
cultured in the presence of medium alone, OVA323–339, PLP139–151, PLP178–191, and
MBP84–104 (20μg/ml). At 24 hours the cultures were pulsed with 1μCi of tritiated
thymidine, and the cultures were harvested at 72 hours will the level of tritiated thymidine
uptake detected using a Topcount Microplate Scintillation Counter and results are expressed
as the mean counts per minute (CPM) of triplicate cultures.

2.5. Flow Cytometry and Immunohistochemistry
CNS leukocytes were isolated from the spinal cords of individual mice perfused with 20 mL
of PBS. Single cell suspensions were prepared as previously described [41]. Flow
cytometric analysis was performed on cells from individual animals (8 mice per group).
Cells were stained with anti-CD4-APC (clone RM4–5), anti-CD90.1-PE-Cy7 (clone OX-7),
anti-CD25-APC-Cy7 (clone 7D4), anti-CD44-Fitc (clone IM7), anti-FoxP3-PE (clone
FJK-16e), and anti-CD69-PerCP-Cy5.5 (clone H1.2F3) (eBioscience; San Diego, CA).
5×105 viable cells were analyzed per individual sample using a BD Canto II cytometer
(Becton Dickinson), and the data were analyzed using BD FACSDiva™ version 6.1 software
(BD Bioscience). Immunohistochemistry was performed on 6-m–thick frozen lumbar spinal
cord sections of PBS-perfused mice as previously described [42]. We analyzed staining
using a Leica DM5000B fluorescent microscope and Advanced SPOT software. Confocal
microscopy was performed using a Zeiss LSM 510 META laser scanning microscope.

2.6. CD4+ Th cell-promoting culture conditions
Naïve T cells were activated in the presence of anti-CD3/anti-CD28 coated beads (Dynal;
Carlsbad, CA) at a ratio of 1 bead: 1 naïve CD4+ T cell in Th0 cell- (IL-2 200U/ml), Th1
cell- (IL-2 200U/ml; IL-12 10ng/ml; anti-IL-4 1μg/ml), Th2 cell- (IL-2 200U/ml; IL-4 10ng/
ml; anti-IFN-γ 1μg/ml), or Th17 cell-(TGF-beta 10ng/ml; IL-6 50ng/ml; anti-IFN-γ 1μg/ml;
anti-IL-4 1μg/ml; anti-IL-2 1μg/ml) promoting conditions in the presence of vehicle,
desloratadine, nortriptyline (101–106 nM), either alone or in combination. After 3–7 days of
culture, the T effector cells are isolated and culture supernatants collected and the level of
cytokine determined via multiplex Luminex LiquiChip (Millipore; Billerica, MA).

2.7. Statistical analyses
Comparisons of the percentage of animals showing clinical disease were analyzed by X2

using Fisher’s exact probability and two-way ANOVA with a Bonferroni post-test was used
to determine statistical differences between mean clinical disease scores. The statistical
significance of cytokine and percentage of viable or apoptotic cells was analyzed using a
one-tailed analysis of variance with group means compared using the Scheffe’ multiple
comparison test. Single comparisons of two means were analyzed by Student’s t-test.

3. Results
3.1. Identification of desloratadine and nortriptyline combination treatment in vitro and in
vivo

The goal of the present work was to determine the efficacy of R-EAE treatment using a
combinatorial drug candidate that combines two agents presently not approved for the
treatment of MS. While Nortriptyline is approved for the treatment of paresthesia and
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depression in patients with MS, no data exists to determine if nortriptyline has indications
for decreasing the severity of MS disease severity. Initial in vitro studies showed that the
combination of desloratadine and nortriptyline inhibits the release of pro-inflammatory
cytokines. The release of interferon gamma (IFN-γ) and tumor necrosis factor alpha (TNF-
α) was stimulated from human peripheral blood mononuclear cells (PBMCs) by treatment
with a mixture of phorbol-12-myristate 13- acetate and ionomycin; release of TNF-α was
also induced by treatment with lipopolysaccharide (LPS). Cells were treated with
nortriptyline and desloratadine, vehicle (DMSO) or recombinant TNF-α or IFN-γ as positive
controls, and cytokine release was examined via ELISA. Combination activity was assessed
by comparison to the additivity (ADD) reference model. Treatment with nortriptyline and
desloratadine resulted in additive inhibition of IFN-γ (Fig. 1A, B, and C) and TNF-α (Fig.
1D, E, and F) from ionomycin- or LPS-stimulated PBMCs.

We next sought to determine if the combination treatment of mice with desloratadine and
nortriptyline is able to decrease disease severity in PLP139–151-induced R-EAE in SJL/J
mice. In the first study, groups of ten mice were treated via oral gavage with a vehicle
control, desloratadine or nortriptyline alone at either a high dose (10 mg/kg) or a low dose (3
mg/kg) at the onset of disease remission. As shown in the Fig. 2A and B respectively, none
of the single agent doses produced a significant reduction in clinical disease score. However,
it should be noted that treatment with the high dose of each agent did show a moderate trend
toward a decrease in disease severity. Therefore, we next tested a combination range of
doses similar to those currently used in clinical settings, and sought to determine the optimal
combination therapy dosage. Mice were treated with vehicle, desloratadine (1 mg/kg) +
nortriptyline (5 mg/kg) (Fig. 2C), desloratadine (1 mg/kg) + nortriptyline (10 mg/kg) (Fig.
2D), desloratadine (2 mg/kg) + nortriptyline (10 mg/kg) (Fig. 2E), or desloratadine (3 mg/
kg) + nortriptyline (10 mg/kg) (Fig. 2F) beginning at the onset of clinical remission via daily
gavage for a period of 21 days. After administration of the test compounds, the mice were
followed until Day 60 to assess clinical disease severity. While there was not a significant
difference in disease severity between mice that received the various dosages of
desloratadine (1, 2, and 3 mg/kg) + desloratadine (10mg/kg), mice that received
desloratadine (3 mg/kg) + desloratadine (10mg/kg) or desloratadine (2 mg/kg) +
desloratadine (10 mg/kg) showed the greatest decrease in disease severity as compared to
vehicle treated mice. We next assessed the level of epitope spreading via DTH and ex vivo
recall responses by total splenocytes and draining lymph node cells in the presence of
PLP139–151, PLP178–191, and MBP84–104. SJL/J mice were primed with PLP139–151 in CFA,
followed for disease severity, and treated with either vehicle or desloratadine (3 mg/kg) +
desloratadine (10mg/kg) beginning at disease remission on 21 consecutive days via gavage.
On Day 75 post disease induction the level of epitope spreading was assayed via DTH
responses to PLP139–151 and PLP178–191. The present data show that combination treatment
with desloratadine (3 mg/kg) + desloratadine (10mg/kg) decreases the level of in vivo
esponses to the spread epitope PLP178–191. We next collected spleens and lymph nodes and
determined the level of encephalitogenic peptide-specific proliferation in response to the
disease inducing peptide, PLP139–151, and the spread epitopes, PLP178–191 and MBP84–104.
The present data show that combination treatment with desloratadine (3 mg/kg) +
desloratadine (10mg/kg) decreases epitope spreading as compared to vehicle treated mice,
which is supported by the disease course data presented above. Therefore, combination
treatment of SJL/J mice with PLP139–151-induced R-EAE during remission with
desloratadine (2 or 3 mg/kg) + desloratadine (10mg/kg) induces a significant decrease in
disease severity, and were the chosen as the treatment dose used in the experiments
presented below.
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3.2. Combination treatment with desloratadine and nortriptyline has a combinatorial effect
in treatment of R-EAE

Based on the results presented in Fig. 2, we determined the pharmacokinetics (PK) of
desloratadine and nortriptyline following treatment of each drug separately and in
combination with one another. The study showed that desloratadine had no effect on the
pharmacokinetics of nortriptyline, but there was some prolongation of desloratadine
exposure when co-administered with nortriptyline. Therefore, the following experiments
were designed to determine if a unique therapeutic effect of combination treatment existed
versus an increase in the half-life of desloratadine and/or nortriptyline in serum following
combination treatment, as suggested by the above PK studies (Fig. 3A and B). SJL/J mice
were primed with PLP139–151 in CFA, and mice were treated with desloratadine (3 mg/kg)
or desloratadine (3 mg/kg) + nortriptyline (10 mg/kg) once a day, or desloratadine (3 mg/kg)
twice daily separated by 6 hours. After administration of the test compounds, the mice were
followed until Day 42 to assess clinical disease. The data indicate that treatment of the mice
twice daily with desloratadine, separated by 6 hours, does not decrease the mean disease
score in PLP139–151-induced R-EAE in SJL/J, hence the therapeutic effect is not due to
prolongation of desloratadine exposure. The study confirms that desloratadine and
nortriptyline must be administered together for effective suppression of disease relapse (Fig.
3C). In previous studies, mice that received the combination treatment rapidly relapse
following the removal of treatment. Since in active disease a bolus of PLP139–151 in CFA
remains on the dorsal aspect of the mice, the possibility exists that disease relapse is do to
the continual release of PLP139–151 and the reactivation of new PLP139–151-specific CD4+ T
cells. To test this possibility, the efficacy of desloratadine and nortriptyline was determined
in PLP139–151 transfer model of disease, thereby removing the continual release of
PLP139–151. While treatment of mice with either combination of desloratadine and
nortriptyline did decrease disease severity, the treated mice relapse with similar kinetics as
mice in active disease (see Fig. 3D). Therefore, the rapid relapse seen in active disease may
not be due to the bolus of PLP139–151 in CFA present in these mice. This finding suggests
that combination treatment of mice with desloratadine and nortriptyline does indeed have a
combination effect on the mean disease score, but the decrease in the PLP139–151-induced
disease severity is not due to an induction of PLP139–151–specific tolerance.

3.3. Combination treatment with desloratadine and nortriptyline decreases the number of T
cells infiltrating the CNS and alters peripheral T cell responses

In the initial determination of the mechanism by which treatment of mice with a
combination of desloratadine and nortriptyline reduced the severity of disease, mice were
treated with the same combination of low dose desloratadine (3 mg/kg) and nortriptyline (10
mg/kg) via oral gavage for 21 days beginning during disease remission. Therefore, we next
determined if treatment of mice altered the number of CD4+ T cells present within the lower
lumbar spinal cord via histology and flow cytometric analysis. The data presented in Fig. 4
show that the percentage of CD4+ T cells within the lower lumbar spinal cord of
desloratadine and nortriptyline treated mice is decreased from 31.9+/− 3.4% of the isolated
infiltrating CD45hi cells in vehicle treated mice as compared to 13.1+/− 2.3% in
desloratadine and nortriptyline treated mice. Therefore, combination treatment of SJL/J mice
with desloratadine and nortriptyline during PLP139–151-induced EAE decreases the number
of CD4+ T cell infiltrating into the low lumbar spinal cord during treatment.

Based on the decrease in the number of CD4+ T cells present within the low lumbar spinal
cord following treatment with desloratadine and nortriptyline, we determined if treatment
with desloratadine and/or nortriptyline has a direct effect on CD4+ T cell phenotype or
activation in vivo via utilizing the transfer of a traceable peptide-specific CD4+ T cell
population, i.e., PLP139–151-specific TCR transgenic T cells (5B6 T cells), into PLP139–151
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primed recipient SJL/J mice. SJL/J mice received 3×106 naive 5B6 T cells on day -2 prior to
PLP139–151 in CFA priming, and groups of mice received either vehicle, or a combination of
desloratadine and nortriptyline via gavage. On Day 6 cells were isolated from spleen and
draining lymph nodes for to determine if combination treatment alters the number of
PLP139–151-specific CD4+ T cells that express the effector CD4+ T cell phenotype, as
compared to a regulatory T cell phenotype. In this same experiment we also determined the
number of cytokine secreting cells, and amount of cytokine produced by cells present within
the spleen and draining lymph nodes. Spleens and lymph nodes were collected on Day 6
post priming with either OVA323–339 in CFA or PLP139–151 in CFA respectively. Treatment
of mice with desloratadine and nortriptyline did not alter the total number of cells present
within the spleen or the lymph nodes of mice as compared to vehicle treated mice (Fig. 5A-
B). We also assessed the ability of desloratadine and nortriptyline treatment to alter the
number of PLP139–151-specific CD4+ T cells that were expressing either an effector T cell
phenotype or Treg cell phenotype following priming recipient mice with either OVA323–339
in CFA or PLP139–151 in CFA. As shown in Fig. 5C-D, the flow cytometric data show that
the overall number of 5B6 effector CD4+ T cells (as determined by CD4+/CD90.1+/CD69+/
CD44+) and CD4+ regulatory T cells (as determined by CD4+/CD90.1+/CD25+/FoxP3+) is
not altered by the combination treatment. Since there was not an alteration in the number of
PLP139–151-specific CD4+ T cells that were expressing an effector T cell phenotype, then we
also assayed the cytokine profile being produced by the bulk population of splenocytes or
lymph node cells present within these same mice. As shown in Fig. 6, combination treatment
of mice with desloratadine and nortriptyline decreases the number of IFN-γ (Fig. 6C) and
IL-17 (Fig. 6E) producing cells, while not altering the number of IL-2 (Fig. 6A) and IL-4
(Fig. 6G) producing cells. When the level of cytokine produced was assayed, the level of
IL-2 (Fig. 6B) and IL-17 (Fig. 6F) produced was significantly decreased. In contrast, there
was a trend to a decreased level of IFN-γ (Fig. 6D) produced and there was a significant
increase in the level of IL-4 produced (Fig. 6H). Likewise, when the cells from the draining
lymph nodes were analyzed, combination treatment of mice with desloratadine and
nortriptyline decreased the number of IL-2 (Fig. 7A), IFN-γ (Fig. 7C) and IL-17 (Fig. 7E)
producing cells as well as decreasing the amount of the respective cytokines secreted as
shown in Fig. 7B, D, and F respectively. In contrast, combination treatment with
desloratadine and nortriptyline increased the number of IL-4 producing cells, and the
amount of IL4 secreted (Fig. 7G-H). These findings suggest that combination treatment with
desloratadine and nortriptyline skews the CD4+ T cell response while not inhibiting the
overall level of CD4+ T cell activation.

3.4. Combination treatment with desloratadine and nortriptyline induces IL-4 production
The above data has shown that combination treatment of mice with desloratadine and
nortriptyline decreases the severity of PLP139–151-induced EAE in SJL/J mice by decreasing
the infiltration of CD4+ T cells into the CNS. The findings also suggest that the combination
treatment with desloratadine and nortriptyline decrease the amount of IFN-γ and IL-17
produced by decreasing the number of IFN-γ and IL-17 producing cells. Therefore, we next
determined if desloratadine or nortriptyline alone, or in combination alters CD4+ T cell
recall response ex vivo. Donor SJL/J mice were immunized with PLP139–151/CFA. On day 8
following immunization the draining lymph nodes were collected, and total lymph node
cells were reactivated in the presence of 20 μM of either PLP139–151 or OVA323–339. Parallel
cultures were set up, one for cellular proliferation and one for determining the level of
cytokine produced in the presence of various concentration of desloratadine plus or minus
nortriptyline. As shown in Fig. 8A and B, while desloratadine or nortriptyline treatment
alone of PLP139–151 sensitized lymph node cells inhibits the proliferative response, there is a
dose-dependent decrease when the level of proliferation when cells are reactivated in the
presence of both desloratadine and nortriptyline. In agreement with the proliferation data, a
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treatment of PLP139–151 sensitized lymph node cells with desloratadine and nortriptyline
decreases the level of IFN-γ (Fig. 8C and D) and IL-17 (Fig. E and F) produced in a dose-
dependent manner while increasing the level of IL-4 (Fig. 8G-H) produced. Therefore,
combination treatment with desloratadine and nortriptyline appears to inhibit Th1 cell and
Th17 cell activation.

Since combination treatment of ex vivo activation cultures of lymph nodes from PLP139–151
primed mice decreased the level of inflammatory cytokines produced, while increasing the
level of anti-inflammatory cytokines produced, we next determine if desloratadine or
nortriptyline alone, or in combination alters naïve CD4+ T cell differentiation into Th1 or
Th17 cells in vitro. Naïve CD4+ T cells (3–5×105 naïve CD4+ T cells per well) activated in
the presence of 5×105 anti-CD3/anti-CD28 coated beads in neutral (Th0), Th1 cell-, Th2
cell-driving, or Th17 cell-promoting conditions. As shown in Fig. 9, both desloratadine and
nortriptyline are able to decrease the level of IFN-γ (Fig. 9A) and IL-17 (Fig. 9C and D)
produced by naive CD4+ T cells activated in the presence of Th1 cell- and Th17 cell-
promoting conditions respectively. Subsequently, this decrease in the level of Th1 cell and
Th17 cell differentiation is decrease further following combination treatment of the cultures
with both desloratadine and nortriptyline in a dose-dependent manner. In contrast, both
desloratadine and nortriptyline are able to increase the level of IL-4 (Fig. 9E and F)
produced by naive CD4+ T cells activated in the presence of Th2 cell-promoting conditions,
and the level of IL-4 produced is increase further following combination treatment of the
cultures with both desloratadine and nortriptyline in a dose-dependent manner. The present
data show that combination treatment of CD4+ T cells activated in culture inhibits Th1 cell
and Th17 cell responses, while stimulating Th2 cell responses.

4. Discussion
The goal of the present study was to determine the efficacy of combination treatment of
mice with desloratadine and nortriptyline during PLP139–151-induced R-EAE in SJL/J mice.
The present findings suggest that combination treatment with desloratadine and nortriptyline
decreases disease severity and epitope spreading. A putative mechanism for the decrease in
disease severity is a reduction in the number of immune cells (T cells and monocyte/APCs)
infiltrating the CNS during treatment, also combination treatment with desloratadine and
nortriptyline appears to skew the CD4+ T cells cytokine profile toward the production anti-
inflammatory cytokines. i.e., IL-4, and away from proinflammatory cytokines, i.e., IFN-γ,
IL-2, and IL-17. Studies were also designed to determine if a unique therapeutic effect of
combination treatment existed versus an increase in the half-life of desloratadine and/or
nortriptyline in serum following combination treatment, as suggested by the PK studies and
published data [43]. Our present data show that following combination treatment with both
desloratadine and nortriptyline, the half-life of desloratadine in serum is extended, however
mice treated twice daily with desloratadine did not show a decrease in disease severity (see
Fig. 2). Therefore, we conclude that the decrease in disease severity following combination
treatment with desloratadine and nortriptyline is due to a unique therapeutic effect of the
combination treatment, and is not merely due to an increase in the half-life of desloratadine
in vivo.

Classically, histamine released from activated mast cells and basophils is an important
mediator during allergy [44; 45] and is generally not associated with the Th1 cell/Th17 cell
response during autoimmune diseases, such as EAE and MS. However, histamine is also
produced by both CD4+ and CD8+ T cells activated in the presence of concanavalin A [46].
In support of the ability of an H1R antagonist to skew the immune response toward a Th2
cell-type response in vivo, CBA mice sensitized with bee venom allergen extracts produce
increased levels of IgE when the H1R antagonist clemastine is co-administered at the time
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of sensitization. This is in contrast to vehicle treated mice that produce increased levels of
IgG2a [47]. This Th2 cell response shift in the humoral response appears to be due to a
reduced level of Th1 cell-associated IFN-γ produced and an enhanced level of IL-4
produced by the bee venom allergen extracts-specific T cells in the absence of H1R
stimulation. This finding is further supported by data showing that activation of H1R-
knockout CD4+ T cells in the presence of anti-CD3/CD28 beads produce decreased levels of
IL-2 and IFN-γ [46]. While H1R expression on naive CD4+ T cells has been shown to be
required for maximal IFN-γ production, data also show that H1R expression is dispensable
with regard to cellular proliferation [27]. This is in contrast to our data that show that co-
treatment of ex vivo reactivation cultures from PLP139–191 sensitize total splenocytes or
lymph node cells with desloratadine and nortriptyline decreases the level of cellular
proliferation (see Fig. 8). This may in part be explained by the differences in cell source and
cellular activation status used in both studies, since the present study used a mix population
of cells from PLP139–151 primed mice and not purified CD4+ T cells alone.

One potential mechanism by which H1R blockade alters Th1 cell/Th17 cell activation is that
H1R signaling at the time of TCR ligation is required for activation of p38 MAPK, which is
a known regulator of IFN-γ expression [19]. This potential mechanism is supported further
by data showing selective re-expression of H1R in CD4+ T cells fully complemented both
the IFN-γ production and the EAE susceptibility of H1R-deficient mice [21]. These findings
suggest that the presence of H1R in CD4+ T cells and its interaction with histamine regulates
early TCR signals that lead to Th1 cell differentiation and autoimmune disease. While we
did not directly assess APC function in the present study, previous studies have shown that
histamine is able to modulate the function of dendritic cells (DCs). Histamine appears to be
required for the normal differentiation of DCs, and regulating the chemotaxis of immature
DCs [48]. Histamine is also able to modulate the DC endocytosis of Ag, and peptide-
presentation to CD4+ T cells. For example, the endocytosis of soluble HRP and FITC-OVA
and presentation of OVA is significantly increased when DCs are cultured in the presence of
histamine [49]. Therefore, histamine is able to alter CD4+ T cells function and the resultant
level of IFN-γ produced via both direct stimulation of H1R expressed by the CD4+ T cell,
and indirect alteration in DC endocytosis and presentation of Ag to CD4+ T cells.

As more MS patient data is cross-referenced with animal models of disease, a very complex
picture of disease onset and etiology is beginning to emerge. Not only are there alterations in
CD4+ T cell subset function (Th1, Th2, Th17, and Treg cells), but also there is a complex
involvement of CD8+ T cells, antigen presenting cells (APC) (macrophages, dendritic cells,
and B cells) and resident CNS cells (microglia, astrocytes, oligodendrocytes, and their
precursors). A protective role for CD4+CD25+FoxP3+ regulatory T cells (Treg cells) has
been reported in multiple autoimmune diseases. It is noteworthy that regulation of self-
reactive T cells most likely involves multiple populations of immunoregulatory T cells,
including nTreg cells, IL-10-producing induced (iTreg) cells and TGF-β-producing Treg
cells (Th3) [50; 51; 52]. However, it is currently hypothesized that that in CD4+ T cell-
mediated autoimmune disease, such as MS, is a consequence of an alteration in the balance
between pro-inflammatory T cells, i.e., Th1 cells and Th17 cells, and Treg cells is a
determinant between autoimmune disease and self-tolerance. In the current model system
we did not see an alteration in the number of Treg cells following combination treatment
with desloratadine and nortriptyline. However, it should be noted that published data show
that the ability of Treg cells to suppress the in vitro proliferation of effector CD4+ T cells in
response to anti-CD3/CD28-coated beads is reduced in the presence of syngeneic bone
marrow-derived mast cells activated by Fc epsilonR cross-linking, and also in the presence
of exogenous histamine. In the aforementioned study specificity of H1R activity was shown
by co-administration of the H1R selective antagonist loratadine that restored Treg cell
function. In contrast, co-administration of the H2R antagonist famotidine was not able to
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restore Treg cell function [53]. Taken together, the argument can be made that combination
treatment with desloratadine and nortriptyline should decrease Treg cell function in vivo,
which argues against Treg cells having a major role in the decrease in disease severity seen
in the present model system following combination treatment with desloratadine and
nortriptyline.

While the studies completed to date demonstrate the ability of combination treatment with
desloratadine and nortriptyline to decrease disease severity in R-EAE via a decrease in the
number of immune cells infiltrating the CNS and decreasing the level of proinflammatory
cytokines (IFN- γ, IL-2, and IL-17) produced by CD4+ T cells, the pharmacological
mechanism of drug action following combination treatment with desloratadine and
nortriptyline in the present model system is not know. While desloratadine is a H1R
antagonist, tricyclic antidepressants like nortriptyline have also been shown to bind H1R
[54; 55]. Therefore, one potential mechanism is the combination effect by H1R antagonism.
As an alternative mechanism, nortriptyline may antagonize a secondary pathway allowing
for the synergistic decrease in the level of disease severity following combination treatment
with desloratadine and nortriptyline. Nortriptyline is a tricyclic antidepressant that inhibits
the re-uptake of norepinephrine and serotonin, which is approved for use in patients with
MS [56]. As such, published findings in the field of neuroimmunology suggest several
pharmacological mechanisms may also be involved. Nortriptyline treatment may alter
cytokine profile of CD4+ T cells via the inhibition of serotonin; the activity of serotonergic
neurons have been shown to modulate immune cell function both positively and negatively
[37; 38; 39; 40]. Secondly, the sympathetic nervous system output is also altered following
nortriptyline treatment, which would alter the level of norepinephrine released from
sympathetic nerve terminals in secondary lymphoid tissue during the immune response.
Sympathetic release of norepinephrine during an immune response in vivo has been shown
to have both positive and negative effects on Th1 cell responses depending on the time of
release and the model system used. Norepinephrine binds the beta-2-adrenergic receptor
(β2AR) that is expressed by naive CD4+ T cells and Th1 cells [35]. Functionally, when Th1
and Th2 cell clones are activated with anti-CD3 at the time of β2AR agonist exposure, Th1
cell clones produced decreased levels of IL-2 and increased levels of IFN-γ, while Th2 cell
clones showed no change in the level of IL-2 and IL-4 produced [57]. These data, in
conjunction with radioligand binding and cAMP analysis [33; 36] to determine the level of
functional β2AR protein expression, revealed that Th1 cells express a functional β2AR,
while Th2 cells do not. Likewise, chemical sympathectomy of scid mice prior to transfer of
Ag-specific Th1 cell clones and Ag-specific B cells decreased the level of IgG2a present in
serum following Ag challenge as compared to control mice, and this decrease in the level of
IgG2a could be reversed by the administration of the β2AR selective agonist [33]. These
findings present a secondary mechanism by which the combination treatment with
desloratadine and nortriptyline may decrease Th1 cell activity in vivo.

In conclusion, the present study was designed to determine the efficacy of the combination
treatment using desloratadine and nortriptyline over a dose range similar to those in use in
current clinical settings. Our data show that combination treatment with desloratadine and
nortriptyline decrease disease severity and epitope spreading via a unique therapeutic effect
of combination treatment versus an increase in the half-life of desloratadine and/or
nortriptyline in serum following combination treatment. Subsequently, a putative
mechanism by which combination treatment with desloratadine and nortriptyline treatment
decreases disease severity is via an alteration CD4+ T cell cytokine production and
trafficking into the CNS. The findings from this study suggest that combination with
desloratadine and nortriptyline skews the cytokine response away from a proinflammatory
cytokine profile (IFN-γ, IL-2, and IL-17), toward an anti-inflammatory profile (IL-4). While
the present hypothesis that combination treatment with two FDA approved drugs from other
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indications may prove to be a viable alternative in drug discovery and shows promise for
clinical therapy in the treatment of autoimmune disease, caution must also be taken. For
example, the initiation of a high-dose treatment with an anti-histaminic might cause
sleepiness and patient discomfort, and initiation of high-dose anti-depressant treatment
would also have to be carefully monitored for patient mental health. Therefore, while the
present doses in the combinational treatment show clinical efficacy in R-EAE, the proper
safety trials would still have to be completed in a patient population.
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CTLA-4 cytotoxic T lymphocyte associated antigen-4

MBP myelin basic protein

MS multiple sclerosis

OVA ovalbumin
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Highlights

• Treatment with desloratadine and nortriptyline decreases EAE in SJL/J mice

• Drug treatment inhibits clinical relapses and epitope spreading

• Drug treatment inhibits inflammatory cell infiltration to the CNS

• Drug therapy inhibits recall production of antigen-induced IFN-γ and IL-17

• Drug therapy inhibits Th1 and Th17, while promoting Th2, differentiation
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Fig 1. Identification of CRx-153, i.e., the combination of desloratadine and nortriptyline activity
The ability of CRx-153, compared to its individual components was tested for the ability to
inhibit inflammatory cytokine production by PBMCs. Total PBMCs were activated in vitro
in the presence of PMA and ionomycin plus an increasing concentration of desloratadine,
nortriptyline, or a combination of both. The level of IFN-γ (A-C) and TNF-α (D-F) were
assayed via ELISA. The data is presented as the percent inhibition in the absence (A and D)
or presence (B and E) of exogenous IFN-γ and TNF-α, respectively. The data is also
presented in an isobologram illustrating several different dose combinations that attain the
specified effect of decreasing the level of IFN-γ (C) and TNF-α (F).
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Fig 2. Combination treatment with desloratadine and nortriptyline decreases disease severity in
R-EAE
Active R-EAE was induced in groups of 10 SJL/J mice with PLP139–151 in CFA on day 0.
Following recovery from the acute disease episode (day +20), groups of 10 SJL/J mice were
treated with Vehicle (■), desloratadine or nortriptyline (3mg/kg) (▲), or desloratadine or
nortriptyline (10mg/kg) (▼) on twenty-one consecutive days via gavage, and monitored for
clinical disease (A, B). Groups of 10 SJL/J mice were also treated with either a Vehicle (■),
desloratadine (1mg/kg) plus nortriptyline (5mg/kg) (●) (C), desloratadine (1mg/kg) plus
nortriptyline (10mg/kg) (◆) (D), desloratadine (2mg/kg) plus nortriptyline (10mg/kg) (▼)
(E), and desloratadine (3mg/kg) plus nortriptyline (10mg/kg) (▲) (F) on twenty-one
consecutive days via gavage, and monitored for clinical disease. Clinical results are
expressed as the mean clinical score. To determine the effect of combination treatment on
epitope spreading, 10 SJL/J mice were primed with PLP139–151 in CFA, and treated with
desloratadine (3mg/kg) plus nortriptyline (10mg/kg) on twenty-one consecutive days via
gavage beginning during disease remission. On day 75 post disease induction, the level of
DTH response to PLP139–151 and PLP178–191 (G), as well as the ex vivo proliferative
response of total splenocytes (H) and lymph node cells (I) to medium alone, OVA323–339,
PLP139–151, PLP178–191, and MBP84–104 was assessed. A pound symbol (#) indicates a p
value < 0.05, a commercial at symbol (@) indicates a p value < 0.01, and an ampersand
symbol (&) indicates a p value < 0.001 in comparison to Vehicle treated mice. One
representative experiment of two is shown.
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Fig 3. Increased efficacy of combination treatment with desloratadine and nortriptyline is not
due to an increase in desloratadine half-life
To determine the pharmacokinetics of CRx-153 in vivo female SJL/J mice (n=3–5 per PK
time point) were dosed with 3 mg/kg desloratadine or 10 mg/kg nortriptyline alone (●), or in
combination (■). Blood sampling for pharmacokinetics analysis was done after a single dose
and after 21 days of chronic dosing. Samples were analyzed by a reversed phase HPLC/MS/
MS method (A and B). Active R-EAE was induced in groups of 10 SJL/J mice with
PLP139–151 in CFA on day 0. Following recovery from the acute disease episode (day +21),
groups of 10 SJL/J mice were treated with either a Vehicle (■), desloratadine (3mg/kg) once
daily (▲), desloratadine (3mg/kg) twice daily at 0 and 6 hours (▼), or a combination of
desloratadine (3mg/kg) plus nortriptyline (10mg/kg) (◆) on twenty-one consecutive days
via gavage, and monitored for clinical disease (C). PLP139–151 transfer disease was induced
in SJL/J mice (10 mice per treatment group). At the onset of disease remission (day +23)
mice were treated with Vehicle (■), desloratadine 2mg/kg plus nortriptyline (10mg/kg) (▲)
on twenty-one consecutive days via gavage, and monitored for clinical disease (D). Clinical
results are expressed as the mean clinical score. One representative experiment of two is
shown.
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Fig 4. Decrease in CD4+ T cell infiltration into the CNS
Active R-EAE was induced in groups of 10 SJL/J mice with PLP139–151 in CFA on day 0.
Following recovery from the acute disease episode (day +20), groups of 10 SJL/J mice were
treated with either a Vehicle, or a combination of desloratadine (3mg/kg) plus nortriptyline
(10mg/kg) on twenty-one consecutive days via gavage. After the final treatment mice were
perfused PBS and lumbar spinal cords collected for histological analysis and flow
cytometric analysis to determine the number of infiltrating CD4+ T cells. Representative
data from individual mice is presented, and the mean percentage of 5 mice per group is
listed on each histogram +/− standard deviation. One representative experiment of two is
presented.
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Fig 5. Combination treatment with desloratadine and nortriptyline does not alter the number of
peptide-specific T cells following priming
SJL/J mice received 3×106 naive PLP139–151-specific TCR transgenic T cells (5B6 T cells)
on day -2 prior to PLP139–151 in CFA priming. Groups of 5 mice received either Vehicle, or
a combination of desloratadine (3mg/kg) plus nortriptyline (10mg/kg) via gavage on days 0–
10 post PLP139–151 sensitization. On day 6 spleens and draining lymph nodes were collected
and total cells enumerated for the spleen (A) and the lymph nodes (B). We also determined
the number 5B6 effector CD4+ T cells (as determined by CD4+/CD90.1+/CD69+/CD44+)
and CD4+ regulatory T cells (as determined by CD4+/CD90.1+/CD25+/FoxP3+) present via
gating on singlet, live, CD90.1+ congenic CD4+ T cells within the spleen (C) and the lymph
nodes (D). The data is presented as the mean number of cell present from 5 mice per
treatment group that were analyzed individually. One representative experiment of two is
presented.
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Fig 6. Decrease in the number and level of inflammatory cytokine produced ex vivo by
splenocytes
SJL/J mice received 3×106 naive PLP139–151-specific TCR transgenic T cells (5B6 T cells)
on day -2 prior to PLP139–151 in CFA priming. Groups of 5 mice received either Vehicle, or
a combination of desloratadine (3mg/kg) plus nortriptyline (10mg/kg) via gavage on days 0–
10 post PLP139–151 sensitization. On day 6 spleens were collected and total splenocytes
(5×105 cells per well) activated ex vivo in the presence of OVA323–339 (20μM), PLP139–151
(20μM), or anti-CD3 (1μg/ml) in ELISPOT plates and culture plates to determine the
number of IL-2 (A), IFN-γ (C), IL-17 (E), and IL-4 (G) secreting cells and level IL-2 (B),
IFN-γ (D), IL-17 (F), and IL-4 (H) secreted, respectively. The level of cytokine secreted
was determined via 10-plex LiquiChip. The data is presented as the mean number of
cytokine secreting cells, and level of cytokine secreted in pg/ml from splenocytes collected
from individual mice reactivated in triplicate wells. An asterisk symbol (*) indicates a p
value < 0.05 in comparison to Vehicle treated mice. One representative experiment of two is
presented.
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Fig 7. Decrease in the number and level of inflammatory cytokine produced ex vivo by lymph
node cells
SJL/J mice received 3×106 naive PLP139–151-specific TCR transgenic T cells (5B6 T cells)
on day -3 prior to PLP139–151 in CFA priming. Groups of 5 mice received either Vehicle, or
a combination of desloratadine (3mg/kg) plus nortriptyline (10mg/kg) via gavage on days 0–
10 post PLP139–151 sensitization. On day 6 lymph nodes were collected and total lymph
node cells (5×105 cells per well) activated ex vivo in the presence of OVA323–339 (20μM),
PLP139–151 (20μM), or anti-CD3 (1μg/ml) in ELISPOT plates and culture plates to
determine the number of IL-2 (A), IFN-γ (C), IL-17 (E), and IL-4 (G) secreting cells and
level IL-2 (B), IFN-γ (D), IL-17 (F), and IL-4 (H) secreted, respectively. The level of
cytokine secreted was determined via 10-plex LiquiChip. The data is presented as the mean
number of cytokine secreting cells, and level of cytokine secreted in pg/ml from lymph node
cells collected from individual mice reactivated in triplicate wells. An asterisk symbol (*)
indicates a p value < 0.05 in comparison to Vehicle treated mice. One representative
experiment of two is presented.
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Fig 8. Dose-dependent decrease in inflammatory cytokine
SJL/J mice were primed with PLP139–151 in CFA and draining lymph nodes from 5
individual were collected on Day 8 post priming. Total lymph node cells from individual
mice were reactivated in the presence of PLP139–151 (20μM), and OVA323–339 (20μM) as a
negative control ex vivo in the presence of various conditions and combinations of
desloratadine and nortriptyline (0–1mM). Cultures were analyzed at 72 hours for the level of
cellular proliferation via tritiated thymidine incorporation (A, B), and level of IFN-γ (C, D),
IL-17 (E, F), and IL-4 (G, H) secreted via 10-plex LiquiChip. The data is presented as the
mean ▵CPM and level of cytokine secreted as pg/ml. One representative experiment of two
is presented.
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Fig 9. Dose-dependent alteration in naive CD4+ T cell differentiation
Naive CD4+ T cells were isolated from unprimed wild-type SJL/J mice and cultured (1×106

cells) activated in the presence of anti-CD3/CD28 beads in the presence of Th1 cell-
promoting conditions [IL-2 (100U/ml), IL-12 (4ng/ml), and anti-IL-4 (10μg/ml)] (A, B),
Th17 cell-promoting conditions [TGF-β (10ng/ml), IL-6 (50ng/ml), IL-23 (10ng/ml), anti-
IFN-γ (10μg/ml), and anti-IL-2 (10μg/ml)] (C, D), or Th2 cell-promoting conditions [IL-4
(10ng/ml) and anti-IFN-γ (10μg/ml)] (E, F). To triplicate wells the cells were activated in
the presence of various conditions and combinations of desloratadine and nortriptyline (0–
1mM). The level of secreted cytokine was assayed, and the data is presented as the mean as
pg/ml. One representative experiment of two is presented.
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