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• The cerebellum is one of the first areas to form and the last to 

fully develop, making it susceptible to developmental 

perturbations

• Previously, we have shown that LPS, a bacterial mimic, 

induced inflammation during a critical period in cerebellar 

development which produced enduring changes to Purkinje 

neuron growth in males and altered their play behavior later 

on. 

• These changes are mediated by estradiol, produced de novo 

in the cerebellum, in response to inflammation, via the PGE2-

E2 pathway

• LPS induces inflammation via TLR4 signaling. We are curious 

whether TLR3 induced inflammation has the capacity to 

induce cerebellar inflammation and trigger the PGE2-E2 

pathway just as TLR4 induced inflammation does

• In these studies, we  seek to extend our model of LPS induced 

inflammation into Polyinosinic:polycytidylic acid, PIC, induced 

inflammation. PIC is a viral mimic that triggers inflammation 

via a TLR3 mediated pathway.  In these studies we 

characterize the sickness of exposed animals and the cytokine 

response in cerebellar homogenates and cultured microglia.

• QUESTIONS OF INTEREST:
• DOES PERIPHERAL PIC TREATMENT INDUCE 

INFLAMMATION WITHIN THE CEREBELLUM?
• DOES PIC INDUCED INFLAMMATION UTILIZE THE 

SAME CYTOKINE CASCADE AS LPS INDUCED 
INFLAMMATION?

• WHAT CYTOKINES ARE INVOLVED IN PIC 
MEDIATED INFLAMMATORY RESPONSE?

CONCLUSIONS

RESULTS

input resistance stable with age, Purkinje cells adjust by
also increasing specific resistance per unit area of mem-
brane with age, as demonstrated by the correlation be-
tween age and the decay constant. The lack of interaction
between sex and estradiol treatment for the decay constant
undercuts the possibility that the change in Rin across sex
and estradiol treatment results from a greater density or
unitary conductance of leak channels because the decay
constant is the product of the specific resistance and an
invariable constant, the specific capacitance. The electro-
physiological measurements were made between PN14
and PN24, after our morphological measurement of Gol-
gi-Cox impregnated neurons on PN14, so we cannot pre-
clude the possibility that increased input resistance and
decreased capacitance in females or estradiol-treated
males could reflect a late-emerging change in the size of the
cell, especially considering that we previously observed a
sex difference in the overall size of the cerebellum, which
was larger in males at PN40 (6). However, this also as-
sumes that sex and estradiol do not affect the properties of
complex electrophysiological models, such as the electro-
tonic compactness of Purkinje neurons (29). Moreover,
unlike in females, the increase in resistance observed in
males after estradiol treatment might somewhat offset the
effect of the increased in action potential threshold. Males
also had a significantly greater amplitude of the AHP than
females, regardless of estradiol treatment. The calcium-
chelating protein calbindin, found particularly in Purkinje
cells, is lower in male cerebellum than female (30) and may
contribute to the sex difference in AHP by allowing for
greater increases in free cytosolic calcium in males than
females (31). The activation of Ca2!-activated K! chan-
nels would be greater in males resulting in larger AHPs and
could shut down burst-firing activity sooner, thus decreas-

ing the intrinsic excitability and the
bursting firing rate of their Purkinje
neurons (31).

Howtheseestradiol-inducedchanges in
basic cellular parameters would affect so-
cial play behavior and other brain regions
important for the behavior remains a dif-
ficultprediction.Electrical stimulationof
Purkinje cells increases extracellular lev-
els of dopamine in the medial prefrontal
cortex (MPFC), a brain area implicated
in social play behavior (32, 33). The tar-
gets of dopaminergic activity in the
MPFC, includingsynapsinII, regulateso-
cial play behavior (33, 34). Moreover,
decreases in Purkinje cells, and therefore
activity, mimic the effects of excitotoxic

lesions to the MPFC and result in increased repetitive behav-
ior, a hallmark of autism (35).

The ability of the brain to locally synthesize steroids is
of increasing interest, but there are relatively few examples
of either physiological regulation of local steroidogenesis
or a functional impact of such. The cerebellum is poised to
provide unique insights on both levels, because it is not
only capable of the in situ aromatization of estradiol from
testosterone, but also the complete repertoire of enzymatic
steps to synthesize cholesterol into gonadal steroids. Pur-
kinje cells expresses multiple neurosteroidogenic enzymes
including steroidogenic acute regulatory protein, cyto-
chrome P450 side-chain cleavage family 11 subfamily A
polypeptide 1 enzyme (P450scc or Cyp11a1) (36), 3-!
hydroxysteriod dehydrogenase (3!-HSD) (37), 17!-HSD
(38), and aromatase (39, 40). Estradiol levels are higher in
the neonatal cerebellum than in the plasma (41), and ex-
pression of some of these enzymatic isoforms are higher in
the cerebellum than in endocrine tissues (38). The regu-
lation of these enzymes is also important for a number of
cellular functions and may mediate the phenotype of cer-
tain genetic mutations. Estradiol administration to males,
but not females, restores deficiencies in reelin mRNA lev-
els caused by heterozygote expression of the null mutation
and thereby increases the survival of Purkinje cells (42).
Moreover, other laboratories administered estradiol to
rats at earlier developmental time points than here and
observed dendritic outgrowth (39). The source of varia-
tion could also be related to route of administration, dose,
timing, or methods for measuring dendrites. In zebra
finches, cerebellar lesions up-regulate steroidogenic acute
regulatory protein, P450scc, 3!-HSD, and aromatase, and
estrogen signaling is necessary for improvements in cog-
nitive and motor function after these injuries (43). Here we
show the inflammatory mediator PGE2 initiates the neu-

FIG. 5. Working model of PGE2-E2 pathway in the cerebellum. Arachidonic acid is converted
to PGH2 by the enzymes COX1/2, and further metabolized to PGE2 via PGE synthase-1. PGE2

interacts with its receptors EP(1–4), increasing aromatase activity to convert testosterone to
estradiol, which binds to its receptors ER" and ER! and regulates Purkinje cell dendritic
growth. Estradiol acts as a brake on growth; changes to the pathway that increase E2 stunt
dendritic growth (red), and changes to the pathway that decrease E2 allow for dendritic
overgrowth (blue). E2, Estradiol; ICI, ICI 182,780.
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These data demonstrate that a 5mg/kg dose of PIC administered 

peripherally, during a sensitive period in cerebellar development, 

is sufficient to induce sickness while maintaining animal viability. 

Further, PIC treatment did induce inflammation within the 

cerebellum as indicated by the presence of CCL5. PIC and LPS 

stimulation resulted in distinct cytokine profiles, where LPS results 

in an increase in TNF-A and IL-1B, PIC treatment resulted in CCL5 

expression specifically in males. Further work investigating the role 

that CCL5 plays in this model is warranted. MA
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GENE EXPRESSION
Using RNA extracted from cerebellar homogenates we assessed gene expression across several targeted 

immune, metabolic, and neurotransmitter systems using Nanostring and Polymerase Chain Reaction. Of 

particular interest to us is that CCL5 (RANTES cytokine) is explicitly expressed in PIC treated PN11 males, not 

in LPS animals or female PIC animals. CCL5 is a chemotactic cytokine that recruits immune cells to the site of 

inflammation and has a known protective role in several inflammatory neurological diseases. 

METHODOLOGY
Day of Birth

PN0

PN11PN10PN8
PN30

Adult Animal 
Tissue

Collection

Neonatal Animal
Tissue Collection

PIC or saline
IP injection

PIC or saline
IP injection

Funded by: NIMH 10018215

CHANGE IN TEMPERATURE 3H 
AFTER PIC TREATMENT

PIC 1MG/KG

PIC 5MG/KG

PIC 10MG/KG

SALINE

20-2-4-6

*
*

*

DIFFERENTIAL GENE EXPRESSION OF 
PN11 PIC MALE VS PN11 LPS MALE

1 54320-1

5

4

3

2

1

0

-lo
g1

0(
p-

va
lu

e)

Log2/fold change

5

4

3

2

1

0

-lo
g1

0(
p-

va
lu

e)

540-1
Log2/fold change
1 32

>4100 >4100

6

LP
S

PO
LY

SA
LIN
E

0

200

400

600

800

IFN-Y

LP
S

PO
LY

0

200

400

600

800

1000

IL1-B

LP
S

PO
LY

0

1000

2000

3000

4000

5000

TNF-A

800

600

400

200

0

LPS PIC SALINE LPS PIC LPS PIC

1000

800

600

400

200

0

5000

4000

3000

2000

1000

0

* **

IFN-G IN MICROGLIA 
CULTURE 6h TIME POINT

IL-1B IN MICROGLIA 
CULTURE 6H TIME POINT

TNF-A IN MICROGLIA 
CULTURE 6H TIME POINT

CYTOKINES
We have previously shown 

IL-1B and TNF-A are 

involved in TLR4 mediated 

cerebellar inflammation. 

Since PIC induces TLR3 

mediated inflammation 

we wanted to see if PIC 

and LPS induced 

inflammation activate 

similar cytokines and what 

the time course for 

cytokine activation is after 

stimulation.

DIFFERENTIAL GENE EXPRESSION OF 
PN11 PIC MALE VS PN11 SALINE MALE

>4100 >4100


