Systems Biology Approach Identifies Common Biological Pathways Enriched in DNA Methylation, Associated with
Chronic Postsurgical Pain and Anxiety, in Children Undergoing Surgery

@

& & Cincinnati

Children’s

changing the outcome together

University of

CINCINNATI.

|

Charlotte Walter, MD, Xue Zhang, Hong Ji, PhD, Lili Ding PhD, Bobbie Stubbeman, BS, Kristie Geisler, Vidya Chidambaran, MD, MS
Cincinnati Children’s Hospital Medical Center, Cincinnati OH

Introduction

Chronic postsurgical pain (CPSP), a significant
socioeconomic problem affecting 15-38% children
undergoing major surgery’, involves multiple signaling
and modulatory pathways. CPSP’s pathophysiology
includes a genetic risk as well as environmental
factors like anxiety. Hence, it is necessary to
understand gene-environmental influences
(epigenetics) on shared mechanisms of CPSP and
anxiety. A common epigenetic modification, DNA
methylation at CpG sites, is involved in pain
maintenance?, but single CpG sites yield small effect.
Here, we use a systems-biology

approach, anticipating that DNA methylation
differences aggregate when genes are grouped
according to their cellular pathways, to study
pathways enriched in epigenetic modifications
associated with both CPSP and anxiety.

We conducted a prospective observational study in
55 adolescents undergoing spinal fusion for idiopathic
scoliosis. Data collected included demographics, pain
scores, opioid consumption, surgical/anesthesia
factors and questionnaires to assess child anxiety
sensitivity (CASI) and parent/child catastrophizing
(PCS-C, PCS-P). Subjects were followed over 12
months for CPSP outcomes. Blood samples collected
preoperatively were analyzed using MethylationEPIC
arrays. Epigenome wide analyses were conducted for
association of DNA methylation with CPSP and CASI
after adjusting for significant non-genetic covariates.
Ingenuity pathway analysis (IPA) was used to identify
shared canonical pathways involved in CPSP and
CASI.

Demographics for the 55 subjects are given in Table. Incidence of CPSP was 29% (16/55). After quality control, 842,148 CpG sites were included in beta models,
controlled for age, sex and race = surrogate variable for both outcomes (Fig). Final models for CPSP contained age, preoperative and acute postoperative pain,
while race and PCS-P were retained in the model for CASI. For association with CPSP, 290 sites (p<0.05, change in beta=0.05) and for CASI, 4,872 sites (p<0.05,
change in CASI>5 units) met criteria for inclusion in IPA. The top canonical pathway identified for both CPSP and CASI was the Dopamine-DARPP32 Feedback in
cAMP Signaling (p-value 0.00016 for CPSP; p-value 1.08*10-8 for CASI).

Chronic Post-surgical pain (CPSP,

N=55 No (N=39) Yes (N=16) p value
145+ 1.7 142418 153413 0.031
9 (16%) 7 (18%) 2 (13%) 1.00
45 (82%) 32 (82%) 13 (81%) 1.00
53.7 (51.0-58.0) 53.3 (50.4-57.2) 54.1 (51.7-59.8) 0.51
4.3(3.0-7.0) 4.4 (3.0-6.8) 3.7(3.1-83) 0.84
6.3 (4.5-8.0) 5.7 (4.5-8.0) 7.5 (4.4-8.4) 0.62
0.0 (0.0-1.0) 0.0 (0.0-0.0) 1.0 (0.0-2.0) 0.003
12.0 (11.0-13.0) 12.0(11.0-13.0) 12.0 (10.0-12.0) 0.22
42+11 43+1.0 39+13 0.35
201.8 + 85.8 181.4 + 77.5 254.9 + 85.8 0.004
1.3(1.0-1.9) 1.2 (1.0-1.8) 1.5(0.9-2.6) 0.29

mg/kg

28.1(24.0-31.7) 26.5 (24.0-31.0) 29.6 (27.0-33.0) 0.11
1.0 (0.0-4.0) 0.0 (0.0-1.0) 5.0 (4.0-6.0)
21.4+118 213+122 21.5+11.7

Note: a: data exhibited normal distribution; shown as mean * SD and compared using t tests for PP.
b: shown as frequency (proportion) and compared using Fisher’s exact tests for PP.
c: data did not exhibit a normal distribution; shown as median (IQR) and compared using Wilcoxon rank sum tests for PP.

« Using systems biology-based integrative computational analysis, we identified a common, reversible
pathway for CPSP and anxiety in children undergoing spine surgery.

The Dopamine-DARPP32 pathway (Figure) is a key player in emotion and reward, amenable to
dopamine/NMDA modulation. This opens new avenues for personalized interventions based on
epigenetics.
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