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INTRODUCTION

METHODS

CONCLUSIONS

Emerging evidence suggests that opioids (including buprenorphine and methadone) and alcohol
activate toll-like receptor 4 (TLR4) offering a framework to examine the consequences of opioid
and alcohol mediated adverse immune signaling in the placenta. When activated, TLR4 initiates
the sequential activation of several intracellular signaling molecules ultimately causing the release
of the potent pro-inflammatory cytokine interleukin (IL) -1β. Notably, pro-inflammatory immune
factors are associated with dysregulated serotonin function in preclinical models. Given that
placenta derived serotonin plays a critical role in fetal neurodevelopment, understanding the
effect of prenatal opioid and alcohol exposure on human placental immune and serotonin
function is critical. Our central hypothesis is prenatal opioid exposure (POE) or prenatal alcohol
exposure (PAE) will be associated with increased activation of the TLR4 and NLRP3 pathway
resulting in augmented pro-inflammatory cytokines and altered serotonin

Placental Tissue - Samples were generally collected within 2 hours after delivery. Eight small core
samples, one-half inch in diameter were taken from the top to the bottom side of the tissue.
Samples were rinsed in ice-cold saline, blotted to remove excess blood and fluid, placed in
polypropolyne tubes, frozen with liquid nitrogen and stored at -80° C.
RNA extraction and Real-Time PCR RNeasy Mini Kits (Qiagen) were used to process tissue for
total RNA extraction. RNA concentration and purity were assessed using Nanodrop technology
before standardization at 190-200 ng/ul. cDNA was synthesized using Superscript VILO cDNA
synthesis kit (Thermofisher Scientific). cDNA dilutions were made for endogenous control 18s
(1:200) and for target genes TLR4, NLRP3, SLC6A4 (1:2.5). mRNA transcript levels were quantified
using Taqman Gene Expression assays specific to each target. The equation C =
2CTNormalizer/2CTTarget was used to quantify normalized mRNA levels.

STATISTICAL ANALYSIS

SAMPLE

Data were collected from a subset of participants enrolled in the prospective ENRICH-1 pre-birth
cohort-Early Indices of Atypical Neurodevelopment Associated with Fetal Alcohol Exposure and
includes 4 study groups: 1) PAE (n =20), 2) medications for opioid use disorder [(MOUD; n = 28),
buprenorphine or methadone]; 3) PAE and MOUD (n = 20), and 4) health controls (HC; n = 20).

RESULTS

One-way ANOVA was conducted to examine the effect of group on mRNA expression. Fisher’s
Least Significant Difference (LSD) was conducted post hoc to examine group differences.

Figure 1. mRNA levels of TLR4 in placental tissue. 
ANOVA showed no significant differences between 
group means (F (3,84) = 0.76, p = 0.51)

Figure 2. mRNA levels of NLRP3 in placental tissue are 
increased in the Alcohol exposure group

Figure 3. mRNA levels of  SLC6A4  in placental 
tissue. ANOVA showed a main effect of group on 
mRNA expression (F (3,86) = 2.71, p = 0.04). 
SLC6A4 mRNA is decreased in MOUD/Alcohol and 
Alcohol groups. 

RESULTS Cont.
Table 1. Participant Demographics

• The placenta is the dominant source of serotonin during early brain 
development linking placental function to fetal neural development.

• Our results show PAE may potentially upregulate NLRP3 gene expression in 
human placental tissue and POE/PAE and PAE may downregulate SLC6A4 
expression in human placental tissue.

• Given that alteration of the placental immune system and serotonin system 
can lead to adverse fetal neurodevelopment, further investigation of the 
effects of POE and PAE on placental inflammatory factors in the TLR4 pathway, 
the placental serotonergic system, and the convergent effect of these is 
warranted.
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Variable Healthy Cont
rol

MOUD MOUD/Alcohol Alcohol P-Value

(N=20) (N=28) (N=20) (N=20)
AGE (Mean ± SD 
(N))

26.6 ± 4.0 
(N=20)

27.3 ± 4.8 
(N=28)

27.4 ± 5.7 
(N=20)

28.5 ± 5.0 
(N=20)

0.74¹

Marital Status
Single/ 

Separated/ 
Divorced

3 (15.0%) 10 (35.7%) 6 (30.0%) 0 (0.0%) 0.0081²

Married/ 
Cohabitating

17 (85.0%) 18 (64.3%) 14 (70.0%) 20 (100.0%)

HISPANIC, LATINO, OR SPANISH DECENT

No 6 (30.0%) 9 (32.1%) 4 (20.0%) 9 (45.0%) 0.42²
Yes 14 (70.0%) 19 (67.9%) 16 (80.0%) 11 (55.0%)

RACE
White 19 (95.0%) 26 (92.9%) 19 (95.0%) 16 (80.0%) 0.32²

Black or African 
American

1 (5.0%) 0 (0.0%) 0 (0.0%) 1 (5.0%)

American Indian 
or Alaskan Native

0 (0.0%) 2 (7.1%) 1 (5.0%) 1 (5.0%)

Other 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (10.0%)
EDUCATION LEVEL

High School or 
Less

7 (35.0%) 16 (57.1%) 12 (60.0%) 4 (20.0%) 0.0001²

Some College or 
Vocational School

13 (65.0%) 11 (39.3%) 6 (30.0%) 6 (30.0%)

College Degree or 
Higher

0 (0.0%) 1 (3.6%) 2 (10.0%) 10 (50.0%)

EMPLOYMENT STATUS
No 8 (40.0%) 15 (53.6%) 14 (70.0%) 3 (15.0%) 0.0032²
Yes 12 (60.0%) 13 (46.4%) 6 (30.0%) 17 (85.0%)
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