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How do HIV-infected microglia change the
metabolic profile in complex human brain organoids?




Step 1: Microglia infection
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Step 2: Co-culture
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Step 3: Multi-omics

Microglia embedded brain organoids (MBOs)
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Step 3: Multi-omics




U

HIV-infected microglia induce inflammation in BOs

Mock vs. HIV
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HIV-infected microglia induce inflammation in BOs

Mock HIV

Mock vs. HIV
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Changes in metabolic flux are caused by HIV-infected microglia

Mock HIV

—— glycinelc] + valine[e] <=> glycine[e] + valine[c]

_— cysteine[c] + tryptophan[e] <=> cysteine[e] + tryptophan|c]
~— glutamine[c] + glycine[e] <=> glutamine[e] + glycine[c]

- alanine]c] + leucine[e] <=> alanine[e] + leucine[c]

JJI

/ spermidine[c] <=> spermidine[e]
— citrate[c] + H+[c] + oxalate[m] => citrate[m] + H+[m] + oxalate[c]
— cysteine[c] + histidine[e] => cysteine[e] + histidine[c]
- cysteine[c] + ornithine[e] => cysteine[e] + ornithine[c]
’r arginine[c] + Na+[e] + valine[e] => arginine[e] + Na+[c] + valine[c]
- histidine[c] + leucine[e] + Na+[e] => histidine[e] + leucine[c] + Na+[c]
~ lysine[c] + Na+[e] + tyrosine[e] => lysine[e] + Na+[c] + tyrosine[c]
— citrulline[c] + Na+[e] + phenylalanine[e] => citrulline[e] + Na+[c] + phenylalanine[c]
- arginine[c] + Na+[e] + tryptophan[e] => arginine[e] + Na+[c] + tryptophan]c]
\\ lysine[c] + methionine[e] + Na+[e] => lysine[e] + methionine[c] + Na+[c]
\L arginine[c] + methionine[e] + Na+[e] => arginine[e] + methionine[c] + Na+[c]
- methionine[c] + Na+[e] + proline[e] => methionine[e] + Na+[c] + proline[c]
/~ phenylalanine[c] + kynurenine[e] <=> kynurenine[c] + phenylalanine[e]

cysteine[c] + homoserine[e] <=> cysteine[e] + homoserine[c]
asparagine[c] + phenylalanine[e] <=> asparagine[e] + phenylalanine[c]

— isoleucine[c] + tryptophan[e] <=> isoleucine[e] + tryptophanic]
\- asparaginec] + tryptophan[e] <=> asparagine[e] + tryptophan|c]
L asparagine[c] + serine[e] <=> asparagine[e] + serine[c]

L AKGIc] + succinate[m] <=> AKG[m] + succinate[c]

L glutamine|c] + isoleucine[e] <=> glutamine[e] + isoleucine[c]

.i.

[ H20|c] + N-acetylornithine[c] <=> acetate[c] + ornithine[c]
F H20Ole] + 5-S-Cysteinylglycine Dopale] => glycine[e] + 5-S—cysteinyldopale]
\~ AKG[c] + kynurenine[c] => Kynurenic acid[c] + glutamate[c] + H20][c]
— / creatine[c] + H+[c] + SAH[c] <=> guanidinoacetate[c] + SAM[c]
'~ H20Je] + 5-S—glutathionyl-L—dopale] <=> glutamate[e] + 5-S—Cysteinylglycine Dopale]
A /~ dehydrospermidine[c] + H+[c] + NADH][c] <=> NAD+[c] + spermidine[c]
=/ CoA[c] + H+[c] + N8—acetylspermidine[c] <=> acetyl-CoA[c] + spermidine[c]
7\ 1-pyrroline—5—carboxylate[c] + 2 H+[c] + NADH[c] => NAD+[c] + proline[c]
- S—adenosylmethioninamine[c] + spermidine[c] => 5—methylthioadenosine[c] + H+[c] + spermine[c]
- 5-methylthioadenosine[c] + Pi[c] => adenine[c] + methylthioribose—1p[c]
— v 4-methylthio—2—-oxobutanoic acid[c] + glutamine[c] + 2 H+[c] => glutamate[c] + methionine[c]
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Changes in metabolic flux are caused by HIV-infected microglia
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Impaired polyamine metabolism
- Behavioral problems
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Conclusions

* Successful integration of HIV-infected microglia in human brain organoids
- transfer of virus proteins or virus particles

* HIV-induced transcriptional changes in BOs embedded with microglia
- upregulation of inflammatory pathways

* Genome scale modeling shows an impaired metabolism

- Impaired polyamine metabolism
- Elevated spermidine levels

HIV-induced inflammation in brain organoids is mediated by HIV-infected microglia



Step 1: Microglia infection

Microglia
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Step 2: Co-culture
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Step 3: Multi-omics
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