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Figure S1: Morphine treatment differs from TLR agonism in cultured microglia.

(A-D) Volcano plots summarizing gene expression changes in cultured rat cortical microglia after 24
hours of treatment with 1 pM morphine (A), LPS (1 ng/mL) (B), PAM3CSK4 (1 ng/mL) (C), or Zymosan
(100 pg/mL) (D). Blue and red symbols indicate significantly downregulated or upregulated genes,
respectively, from DESeq?2 (padj<0.01). The numbers in the lower corners indicate the total numbers of
downregulated (blue) and upregulated (red) genes at padj<0.01.

(E) gPCR for 111b and 116 24 hours after LPS (1 ng/mL) or morphine (1 or 10 uM) exposure and 4 hours
after 10 uM morphine.



B

FIX

CCl 7dpi

ESC

CCl 7dpi

Odds ratio

200 400 600

N.S.

SNT

-Log,,(P value)
FIX

-Log, (P value)
ESC

oI

SNT 7dpi

SNT 7dpi

-Log, (P value)
FIX

° =

-Log,(P value)
ESC

Top 10 upregulated genes

N.S.

CCl

N.S. N.S. SNI

N.S. N.S. SNT
N.S. N.S. ccl

-

FIX ESC

N.S.: Not Significant; --: Ignored

CClI 7dpi
18

SNI 7dpi

SNI 7dpi

3%
am'

2

-Logm(/P value)

-Log, (P value)
FIX
-Log,,(P value)
SNI 7dpi
-Log, (P value)

SNT 7dpi

-Log, (P value)

SNI 7dpi SNT 7dpi

Top 10 upregulated genes




Figure S2: Hypergeometric analysis shows little overlap between injury and morphine conditions.

(A) Heatmaps of the RRHO analysis showing threshold-free comparisons of differentially expressed
genes (DEGs) between each condition. Conditions include morphine fixed (FIXX), morphine escalating
(ESC), CClI 7dpi, SNI 7dpi, and SNT 7dpi. Each pixel represents the overlap between the transcriptome
of each comparison as noted, color-coded according to the significance of overlap, —log10(P value), of
the hypergeometric overlap analysis.

(B) Heatmap of the gene overlap analysis, color-scaled according to odds ratios and including P values
when significant overlap is found. Overlap analysis is performed on all comparisons for the top 10
upregulated genes at 7 dpi.

(C) Corresponding Euler plot showing overlap between conditions. Conditions are color-coded. FIX: red,
ESC: yellow, SNI: white, SNT: gray, CCI: blue.

(D) Euler plot of the proliferation-associated genes identified for each condition in the top 100
upregulated genes. Conditions are color-coded. FIX: red, ESC: yellow, SNI 7dpi: white, SNT 7dpi: gray,
CCI 7dpi: blue, SNT 2dpi: purple, CCI 2dpi: green.
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Figure S3: Diverse transcriptional responses of spinal microglia in chronic neuropathic pain versus
opioid exposure.

(A) Volcano plots summarizing gene expression changes in microglia 7 days after PNI, with all PNI
conditions pooled together. Blue and red dots indicate significantly downregulated or upregulated genes,
respectively, from DESeq2 (padj < 0.05). The numbers in the lower corners indicate the total numbers of
downregulated (blue) and upregulated (red) genes at padj < 0.05.

(B) Volcano plots summarizing gene expression changes in microglia after morphine exposure, with all
morphine conditions pooled together. Blue and red dots indicate significantly downregulated or
upregulated genes, respectively, from DESeq?2 (padj < 0.05). The numbers in the lower corners indicate
the total numbers of downregulated (blue) and upregulated (red) genes at padj < 0.05.

(C) Heatmap of the RRHO analysis showing threshold-free comparisons of DEGs between injury and
morphine conditions. Each pixel represents the overlap between the transcriptome of each comparison as
noted, color-coded according to the significance of overlap, —log10(P value), of the hypergeometric
analysis.

(D) Euler plot of the top 50 upregulated genes for injury and morphine conditions. Conditions are color-



coded. injury: white, morphine: gray.

(E) Euler plot of the top 50 downregulated genes for injury and morphine conditions. Conditions are
color-coded. injury: white, morphine: gray.

(F) Volcano plots summarizing gene expression changes in microglia 2 days after PNI, with all PNI
conditions pooled together. Blue and red dots indicate significantly downregulated or upregulated genes,
respectively, from DESeq2 (padj < 0.05). The numbers in the lower corners indicate the total numbers of
downregulated (blue) and upregulated (red) genes at padj < 0.05.



- S ok K ok |
kX * ok kK
.
A oo e B * kK K C
- 1
kkokk  kkokk
{ BERS  SBEE ook ook
'ﬁiﬂ' rrrermr
1000 XFKkkk  kokkok 3004 %% m* 60+
b - A * . A‘ °
= g .
: e e
c 8 = .
8 2001 o © 40-
. o o
@ E o ®©
R = . g
- + 100 8 201
< —
[ea) [0)
= (@]
0- 0- T
- = o = = = s - 0 o
Eoz bt 282 Egz b g2 EB =5 £ €
n » £ 7] n e n n g
]
= s =
* ok k
* ok ok |
RkAK * ok k
D * %k E sk ok %k % F % %k %k Xk
1 | ——
*kkk  kkkk — * ok kK |
1T 1
[xkx  xx% | * % K * K Kk ik
I 1 T
* %k * ok %k kK
200, 2 25 [dkkn  kkk - KKK
E - 3 * % * %k k * ok ok %
\:; £ 2 -
£
g g ; 2
e o ©
[0) = Q
° s =]
S c £
2 © ®©
L) Q -
Q g (o]
8 © =+
o 1o
= 5]
>
<

Sham
CClI
SNI
SNT
Saline
Morphine
Sham
CCl
SNI
SNT
Saline
Morphine
Sham
CClI
SNI
SNT
Saline
Morphine

Figure S4: Microglia display different histological and morphological signatures following PNI
versus chronic morphine exposure.

(A) Quantification of IBA1 density (% area) in the dorsal horn, normalized as % vs. control. Ipsilateral
for PNI conditions, bilateral for the morphine condition. Control = sham for PNI conditions, Control =
saline for the morphine condition.

(B) Quantification of the number of microglia in the dorsal horn for each condition.

(C-F) Analysis of microglia morphology, including number of ramifications, microglia body area, total
branch length, and average branch length. One-way ANOVA and Holm-Sidak’s test (I, N); * indicates p
<0.05; ***, p <0.001; **** p < 0.0001 vs. CCI, SNT, SNI, sham, saline, or morphine. Dots: n =4
mice/condition.
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Figure S5: Proliferation drives microglial activation following PNI but not morphine treatment.

(A) Top enriched GO Terms associated with SNT (blue) or CCI (green) at 2 dpi.

(B) Time course of normalized (FPKM) expression across time and injury for genes associated with
proliferation. * Indicates significantly differentially expressed with DESeq2 p < 0.01 compared to
relevant control groups.

(C) Example images of spinal cord dorsal horns in situ hybridization 2 days after procedure (CCI or
sham) or treatment (escalating morphine or saline). Markers include Cd11b, mKi67, Oprm1 RNAscope
probes and a merge image. Scale bars = 200 um.

(D) Quantification of hybridization density (% area) for each marker on the ipsilateral side. Normalization
was made as % vs. control sham.

(E) Quantification of cell number positive for each marker. Normalization was made as % vs. control
sham. One-way ANOVA and Holm-Sidak’s test (B, C); * indicates p < 0.05; **, p <0.01; **** p <
0.0001 vs. sham or saline or morphine. n = 4 mice.
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Table S1: Differentially expressed genes after nerve injury.
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Table S2: Differentially expressed genes after morphine treatment.
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