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FASD (Fetal Alcohol Spectrum Disorders)

* Clinical evidence: Individuals with FASD display
sensory dysfunction and an increased risk of
substance use during adulthood.

* Underlying mechanisms are poorly understood.
e Preclinical models suggests that long-term
neuroimmune dysfunction may be the root cause

of FASD-associated CNS deficits.

 Dysregulated immune profile in newborns &
children with prenatal alcohol exposure (PAE).
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approximately

1in10
pregnant women ages 15 to 44
in the U.S used alcohol in the
past month*

FASD affects

1to 5%

of 1st grade children
in the U.S.**

A person with FASD can struggle with:
* Poor coordination

» Hyperactive behavior

« Difficulty paying attention

« Learning disabilities ﬂ -
* Poor reasoning and judgment F‘ZQQJD
NETWORK

oF SOUTHERM CALIFORMIA

References: Ahluwalia, et al. 2000, Bodnar et al., 2020, Franklin, L. et al., 2008, 2020 Bodnar et al., 2016, Myles Himmelreich, C. J. Lutke and Emily Travis Hargrove, CDC,

MMWR Morb Mortal Wkly Rep. 2015;64(3):54-57,



Prenatal alcohol exposure (PAE) & neuroimmune interactions

Key points:
Evidence from rodent models of prenatal alcohol exposure

« PAE increases proinflammatory glial/immune cell function during adulthood.

« PAE-induced immune priming leads to pathological light touch sensitivity (allodynia) following a
minor peripheral nerve injury during adulthood.

« PAE creates susceptibility to opioid (morphine)-mediated adverse immune interactions following
nerve injury and paradoxically prolongs allodynia.

 Non-coding circular RNAs may play regulatory roles in PAE-associated deficits.



Neuropathic (pathological) Pain

Significant pain processing occurs in the dorsal horn of the
spinal cord

Allodynia

* Clinical symptom in chronic pain patients

* Touch hypersensitivity, normally non-painful stimuli are
now coded as painful

Dorsal Root
Ganglion

A common cause is peripheral nervous system injury

Skin
Spinal Cord

Source: Brainfacts.org



Peripheral nerve damage and consequent proinflammatory glial activation drive allodynia
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* Innate immune receptor, TLR4 (Toll-Like Receptor 4) is expressed on spinal glia.

* Nerve injury results in cell stress factors/ DAMPs e.g., High Mobility Group Box 1, HMGB1, from damaged
neuron terminals within the spinal cord and activated immune cells.

* Neurons and glia express IL-1BR.

Created with Biorender.com



Long-term adverse effects of PAE: susceptibility to develop allodynia following a minor nerve
injury during adulthood

Hypothesis #1

PAE-induced glial-immune priming leads to allodynia following a minor nerve injury during adulthood.
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Moderate Prenatal Alcohol Exposure in mice:
voluntary drinking: 10% ethanol (with 0.066%
saccharine solution) throughout pregnancy

BACs reach about 60 mg/dl.

PAE offspring

Either 0.66% SAC or 10% w/v Ethanol solution ‘ !

> > >

\Q Nerve injury
- &, - — .
1 week 5 days ~21 days during adulthood
Dam Mice Breedi
ﬁg Gestation

SAC offspring
Non-PAE control

“Minor” chronic Constriction Injury (CCl)

* Single chromic gut suture around the
nerve

* Inflammation and trauma to the sciatic
nerve

. Crainial Thigh

Sciatic
Nerve

Adapted image from
http://www.theodora.com/rodent_laboratory/injections.html



Long-term adverse effects of PAE: susceptibility to develop allodynia following a minor nerve

injury during adulthood
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* Minor nerve injury results in chronic
allodynia only in adult PAE rats and mice,
in males and in females, young adult, and
aged rats.

Noor S et al., Alcohol: Clinical and Experimental Research, 2023.
Sanchez J and Noor S et al., Journal of Neuroinflammation, 2017,
Noor S et al., Brain, Behavior & Immunity, 2017



Opioid (Morphine)-TLR4 actions

 Morphineis a gold standard for treating chronic pain.
» deleterious effects such as hyperalgesia and tolerance.

 Morphine activates TLR4, in addition to opioid receptors!!

 Morphine-TLR4 activation leads to CNS glial
proinflammatory actions on primed glial cells.

« Sustained/repeated opioid treatment exacerbates chronic
pain responses and increases the risk of opioid misuse
and OUD.

References: Song and Zhao, 2001, Raghavendra et al., 2002, Johnson et al., 2004, Hutchison et
al., 2008, Hutchinson et al., 2009, Hutchinson et al., 2010, Chao et al., 1994, Grace et al., 2016,
Grace et al., 2016, Suzanne et al, 2019.

WHO Analgesic Ladder

If pain
persists or Step 3
EIcleases Strong opioid
(e.g. morphine,
oxycodone, methadone,

buprenorphine,
i v Step 2 fentanyl and non-
i pain Weak opioids opioid * adjuvants®
persists or 2
increases (e.g. codeine,

dihydrocodeine or
tramadol) + adjuvants®

Step1
Non-opioids
(e.g. paracetamol or
NSAIDs) + adjuvants®

Morphine

Mui-opioid Rs

Reduce Pain

Source: https://geekymedics.com/prescribing-
analgesia-and-the-who-analgesic-ladder/



Morphine and prenatal alcohol exposure (PAE) neuroimmune interface

Hypothesis # 2:
PAE and morphine immune interactions may promote allodynia
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Morphine and prenatal alcohol exposure (PAE) immune interface

Hypothesis # 3:
PAE and morphine interactions promote NLRP3-dependent proinflammatory immune actions
increasing the chronicity of allodynia.
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During nerve injury conditions, morphine treatment paradoxically prolongs the chronicity of
al|0dynia in PAE mice (A) -8~ Sac + minor CCl+ vehicle + vehicle -+ PAE + minor CCl+ vehicle + vehicle

-0~ Sac + minor CCl+ morphine + vehicle -+ PAE + minor CCl+ vehicle + MCC950

~+= PAE + minor CCIl+ morphine + vehicle

(A) -4~ Sac + minor CCIl + morphine - PAE + minor CCIl + morphine i )
9+ PAE + minor CCl+ morphine + MCC950
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Noor S and Sun M. et al., ACER, 2023 (female mice)
* Individuals with FASD may be at risk for poor therapeutic pain outcomes

from opioid pain therapies



Exploring non-coding circular RNAs as potential drivers of PAE-induced neuroimmune
dysfunction

Circular RNAs are a novel class of noncoding

RNAs

e enriched in the CNS

* diverse cellular functions that regulate gene
expression

Cell cycle

Source: https://researchoutreach.org/



Differential expression pattern of blood circular RNAs as a long-term consequence of PAE

Blood leukocytes:
PAE vs control

I ' « PAE-induced circular RNA dysregulations were detected
in blood.

« CircRNAs have longer half-life than other biomarkers
(MRNA, miRNAS) in blood, with better cross-species

conservation.

-log10(p value)

* CircRNAs can be used as novel biomarkers.

Log2(Fold Change)

Differentially expressed circular RNASs

were determined in blood leukocytes,
P<0.05 and fold>1.5. Noor at al., 2023



Summary :

 PAE and morphine neuroimmune interactions increase the chronicity
of allodynia. NLRP3 is a key driver.

« Susceptibility to allodynia in PAE mice is associated with specific
spinal circular RNAs, preferentially from immune-related genes.
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