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ABSTRACT Supporting Background

Increased production of pro-inflammatory tumor necrosis factor-

alpha (TNF) mediates development of neuropathic pain (NP). The Dat a. & M et h O d S

contribution of TNF to diabetic NP is being studied by assessing

TNF production in mice | ackin

productsdé, or RAGE. Activation

TNF production. The hypothesis is that macrophages from RAGE- POSS | b | e CytO kl ne Cascad e | n Dl ab etes |n d u Ced

KO mice produce less TNF, protecting from NP development.
Following streptozotocin (STZ) or saline injection, wild-type and NeU ro p at h y N RAG E_KO \Y/ | ce
RAGE-KO mice were grouped as STZ-diabetic neuropathy (STZ-
DN), STZ-non-responders (STZ-NR), and saline-injected controls by
gender. Harvested macrophages were stimulated with

| i popol ysacchari de {a®&)AB agondts, eox
assess regulation of TNF production. LPS-stimulated STZ-DN
macrophages show increased TNF production, while STZ-NR
macrophages produced less. Both female wild-type and RAGE-KO
are resistant to STZ-induced diabetes, with their macrophages
producing less TNF than their male counterparts. These results
support that diabetic neuropathy is associated with increased
macrophage TNF production.

(Sources of Research Support: Dept. of Pathology and Anatomical Sciences;
UB CURCA- J. Hawkins)

BACKGROUND

AModels of neuropathic pain such as chronic constriction injury

(CCl) and Streptozotocin (STZ)-induced diabetes, induce thermal
hyperalgesia [1-3] and mechanical allodynia [4]. Figure 2. The Progression of Diabetes in RAGEMice through the production of various cytokines, leading to
the development of Diabetic Neuropathy. In wildtype mice the production of cytokines follows the above
. . . P - - pathway, ending with increased TNF production and Diabetic Neuropathic Pain. The R&Gtice lack the
ALevels (.)f TNhI.: are mcreasedclinl regions af lthe brliag] IQvoh/ecéglpalg receptor for advanced glycation end product (AGE), which was hypothesized to result in decreased TNF
perception (hippocampus and locus coeruleus (LC)) in the an production and Diabetic neuropathic pain.

STZ neuropathic pain models [1,4].

ATumor necrosis factor-U (TNF), when administered i.p. to mice,

TEEe s he perEs N 6 s 5. Adrenergic Receptor Regulated M@ TNF Production

Alncreasing TNF in the brain, and only in the hippocampus, can
induce neuropathic pain behavior in naive animals [2, 6].
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AMacrophage from rats expressing STZ-induced diabetic
neuropathy show enhanced production of TNF [4].
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AMacrophage (M@) TNF production is susceptible to regulation by
stimulation of the NE-sensitive U,- and b,-adrenergic receptors on
the macrophages.

-activation of the U,-adrenergic receptor causes a pro-
inflammatory response, increasing LPS-stimulated TNF
production [9-12] (Fig. 3A).

-activation of the b,-adrenergic receptor generally causes an
anti-inflammatory response, inhibiting LPS-stimulated TNF
production from M@s [10,11,13] (Fig. 3B).
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Figure3.Peri toneal macr,@apgh @qe r (@ Wadreadigit rebeptor regulated TNF

AElevated glucose levels contribute to activation of RAGE and production at day-61 post-STZ/saline injection (i.p., 45 mg/kg). A. Ef f e c j}-adrerfericWeceptor
increased production of TNF (Fig. 5). RAGE expression increases activation (D_ex, 107M) (o] _LPS (30 ng/ml)-stimulated production of TNF from Qerltoneal M@ at day-61

temically, causing an increase in TNF production and thus, an post_—STZ/sallne |njec_t|0_n (i.p., 45 mg/kg). Results are presented as the mean NS.E.M. from the n_umber of
_Sys o ) ) ’ rats in brackets. Statistical analysis was by ANOVA, followed by Tukey Test for multiple comparisons: *p
increase in neuropathic pain [12]. < 0.05, compared to the Saline group. B. Ef f g-adtenengic refzeptor activation (Iso, 10-6 M) on LPS

(30 ng/ml)-stimulated production of TNF from peritoneal M@ at day-61 post-STZ/saline injection (i.p., 45
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Figure 4. Blood Glucose levels of both wildtype and KO mice over the course of ~4 weeks. The first
measurement was made prior to the induction of diabetes via STZ injection. All female mice were non
responsive to the injection, accounting for low levels of glucose. WT-M-DN and KO-M-DN showed

Figure 1. A link common to chronic pain, inflammation and the brain. The o ) ) e
significant elevation in blood glucose levels, as well as a moderate rise in KO-M-NR levels.

relationship between chronic pain and inflammation, while complex, shares similar
pathologic changes, including changes in the brain. An increase in the pro-
inflammatory cytokine and neural mediator T N FiS common to both disorders.

PURFOS =

To determine whether peripheral macrophages in mice
lacking RAGE expression will produce less TNF and
maintain normal adrenergic regulation of TNF
production, thereby contributing to protection from
neuropathic pain development.

Objective: To assess TNF production from LPS stimulated

macrophages in both male and female wildtype and RAGE-KO

mice.

1 STZiinduced diabetic neuropathy.
91 Determine adrenergic regulation of TNF production by
peritoneal macrophages.

WVIENIR@IDS

Both male and female C57BL/6 wild type and C57BL/6-RAGE-KO
mice were separated into two groups: vehicle-injected (saline)
control animals and streptozotocin (STZ)-injected experimental
animals.

Mice weights were monitored every other day; blood glucose
readings were performed prior to, on day 4 post-STZ, and on
day 27 post-STZ.

Upon sacrifice select brain regions were harvested, processed,
and stored until assayed for TNF; levels of TNF were assessed
via WEHI bioassay (bioactive protein).

Peritoneal macrophages were harvested by lavage and plated in
48-well plates for short-term in vitro experiments: assess the
effect of lipopolysaccharide (LPS; 30 ng/ml)-induced TNF
production.

Adrenergic agents for in vitro studies:
QZ-Adrenerqic Agents b,-Adrenergic Agents

Dexmedetomidine (Dex) - Highly Isoproterenoal (Iso) - Selective
selective U,-adrenergic agonist. b,-adrenergic agonist.

Atipamezole (Atipam; A) - Selective Propranolol (Pro) i Non-

U,-adrenergic antagonist. selective b-adrenergic
antagonist.

Phenoxybenzamine (Phen; P) - Non-

selective, irreversible U,-adrenergic ICI-118,551 (ICI) i Highly

antagonist. selective b,-adrenergic receptor
antagonist.
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Figure 5. Effect of lipopolysaccharide (LPS, 30 ng/ml) stimulation of peritoneal
macrophages on TNF production at day-28 post-STZ/saline injection (i.p., 150
mg/kg). The production of TNF showed significant increase in all groups
under the stimulation of STZ regardless of their response to the STZ injection.
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Figure 6. Male peritoneal macrophage (M@) U,-adrenergic receptor regulated TNF production at
day-28 post-STZ/saline injection (i.p., 150 mg/kg). A. Male Wildtype M@ U,-adrenergic receptor
activation increases LPS (L: 30 ng/ml)-stimulated TNF production. Effect of the highly selective
U,-adrenergic agonist dexmedotomidine (Dex; 107 M) on LPS-induced TNF production, and the
effect of t halreseegicardagoniseatidamizole (A; 10°M) alone and on the response
elicited by Dex. Also shown is the effect of the non-selective, irreversible alpha antagonist,
phenoxybenzamine (P; 10 M) on the response elicited by Dex. B. Male RAGE-KO M@ U,-
adrenergic receptor activation decreases LPS (30 ng/ml)-stimulated TNF production, a result
opposite of what is expected from stimulation, in all but the groups experiencing diabetic
neuropathy.
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Figure 7. Female peritoneal macrophage (M@) U,-adrenergic receptor regulated TNF

production at day-28 post-STZ/saline injection (i.p., 150 mg/kg). A. Female Wildtype M@ U,-
adrenergic receptor activation increases LPS (L; 30 ng/ml)-stimulated TNF production. Effect

of the hi ghl,pdrenerdiceaganistvdexmébotomidine (Dex; 107 M) on LPS-induced
TNF production, and t he,adrerfemic antagdnisttatipamizke (AeX0f i v e
M) alone and on the response elicited by Dex. Also shown is the effect of the non-selective,
irreversible alpha antagonist, phenoxybenzamine (P; 10 M) on the response elicited by Dex.

B. Female RAGE-KO M@ U,-adrenergic receptor activation decreases LPS (30 ng/ml)-

stimulated TNF production, a result opposite of what is expected from stimulation.

CONCLUS[ONS

1 RAGE-KO mice M@ produce less TNF than wild-type mice M@ (Fig. 5).

1 Peritoneal M@s from STZ-DN wild-type mice are more pro-inflammatory than
those from STZ-NR and saline control mice (Fig. 5, No LPS).

1 M@ from RAGE-KO mice demonstrate opposite adrenergic regulation of LPS-
stimulated TNF production compared to wild-type M@ (Figs. 6-9).

TA | o s sadrenérgiclfeceptor regulation of TNF production from LPS-
stimulated Mds is observed for both wild-type and RAGE-KO mice receiving
STZ that do not develop diabetic neuropathy (STZ-NR) (Fig. 6 & 7).

1 M@ from RAGE-KO mice with STZ-DN have adrenergic regulation of LPS-
stimulated TNF production similar to control wild-type mice M@ (Figs. 6 & 8).

fThe difference in adrenergic receptor regulation of LPS-stimulated TNF
production by M@s from RAGE-KO mice may contribute protection from
development of STZ-induced diabetic neuropathy.
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Figure 8. Male peritoneal macrophage (MQ) b,-adrenergic receptor regulated TNF production at day-28
post-STZ/saline injection (i.p., 150 mg/kg). A. Male Wildtype M@ b,-adrenergic receptor activation
decreases LPS (L; 30 ng/ml)-stimulated TNF production. Effect of the selective b,-adrenergic agonist
isoproterenol (Iso; 10 M) on LPS-induced TNF production, and the effect of the selective b,-adrenergic
antagonist ICI-118,551 (ICI; 10® M) and the non-selective b-adrenergic antagonist propranolol (Pro; 10
M) on the response elicited by Iso. B. Male RAGE-KO M@ b,-adrenergic receptor activation increases LPS
(30 ng/ml)-stimulated TNF production, opposite of what is expected. Effect of the selective b,-adrenergic
agonist isoproterenol (Iso; 10-6 M) on LPS-induced TNF production, , and the effect of the antagonists ICI
and Pro (10° M) on the response elicited by Iso.
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Figure 9. Female peritoneal macrophage (M@) b,-adrenergic receptor regulated TNF production at day-28
post-STZ/saline injection (i.p., 150 mg/kg). A. Female Wildtype M@ b,-adrenergic receptor activation
decreases LPS (L; 30 ng/ml)-stimulated TNF production. Effect of the selective b,-adrenergic agonist
isoproterenol (Iso; 106 M) on LPS-induced TNF production, and the effect of the selective b,-adrenergic
antagonist ICI-118,551 (ICI; 10® M), and the effect of the non-selective b-adrenergic antagonist
propranolol (Pro; 10 M) on the response elicited by Iso. B. Female RAGE-KO M@ b,-adrenergic receptor
activation increases LPS (30 ng/ml)-stimulated TNF production, opposite of what is expected. Effect of
the selective b,-adrenergic agonist isoproterenol (Iso; 10® M) on LPS-induced TNF production, and the
effect of the antagonists ICl and Pro (10 M) on the response elicited by Iso.

Future Studies

A To more fully characterize and better understand the development diabetes
induced neuropathy in both wildtype and RAGE-KO mice, we will extend the
recording of mechanical allodynia through day 60 following i.p. injection of
STZ.

Experimentally increase levels of TNF in RAGE-KO mice to test whether STZ-
induced pain and adrenergic regulation of LPS-stimulated TNF production
from M@s will be comparable to that expressed by wild-type mice.




