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Kynurenine 3-monooxygenase (KMO), a key player in the kynurenine pathway (KP) of tryptophan degradation,

regulates the synthesis of the neuroactive metabolites 3-hydroxykynurenine (3-HK) and kynurenic acid (KYNA).

KMO activity has been implicated in several major brain diseases including Huntington’s disease (HD) and

schizophrenia. In the brain, KMO is widely believed to be predominantly localized in microglial cells, but verification

in vivo has not been provided so far.
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1. Introduction

Kynurenine 3-monooxygenase (KMO) catalyzes the conversion of L-kynurenine to 3-hydroxykynurenine (3-HK) in

the kynurenine pathway (KP), the major route of tryptophan degradation in eukaryotic organisms. While 3-HK is

mainly known for generating reactive oxygen species and thereby causing oxidative damage, it is also able to

scavenge free radicals and therefore has remarkable antioxidant properties. Importantly, because of its pivotal

position in the KP, KMO is not only critical for 3-HK formation but controls the synthesis of several other biologically

active KP metabolites, including kynurenic acid (KYNA), xanthurenic acid, 3-hydroxyanthranilic acid, xanthurenic

acid, quinolinic acid, picolinic acid and cinnabarinic acid . An NADPH-dependent enzyme located in the outer

mitochondrial membrane  and linked to mitochondrial function , KMO is widely expressed in peripheral

tissues, macrophages and monocytes . Notably, as a number of KP metabolites are increasingly perceived to

have considerable significance in normal brain function (see , for review), impaired KMO activity may play a

substantive role in the pathophysiology of several neurological and psychiatric diseases . For both

conceptual and translationally relevant reasons, it is therefore essential to have a clear understanding of the

cellular localization of KMO in the brain in health and disease.

Based almost entirely on studies of various cell types or immortalized cell lines in vitro, the prevailing view is that

KMO in the central nervous system is predominantly localized in microglial cells (Figure 1) , and that

inflammatory conditions greatly stimulate enzyme activity in these cells . However, the presence of

KMO has also been described in neurons and astrocytes in the rat brain . KMO readily converts kynurenine to 3-

HK in cultured fetal human neurons , and both KMO expression and function have been reported to be up-

regulated in neurons in a mouse model of neuropathic pain . Unfortunately, since state-of-the-art experimental in

vivo tools have not been applied in this context so far, the present dogma that the major proportion of KMO in the

mammalian brain is localized in microglial cells should therefore be considered with appropriate caution.
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Figure 1. Conventional “glio-centric” view of the distinct de novo formation of 3-hydroxykynurenine and kynurenic

acid in microglia and astrocytes, respectively.

2. Effect of PLX5622 Treatment in Healthy Mice

Real time PCR analysis of the microglial marker genes Aif1 (−89%), Csf1r (−97%), Cx3cr1 (−97%), Siglech (−97%)

and Tmem119 (−90%) confirmed that daily administration of PLX5622 for 21 days caused the massive depletion of

microglial cells in the forebrain of normal mice. However, the expression of these microglial markers was fully

recovered 22 days after discontinuation of the treatment (Figure 2).
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Figure 2. Effect of PLX5622 (PLX) treatment on microglial marker genes. Wild-type controls and PLX5622: n = 6

each; 22-day recovery (R): n = 3. Data (mean ± SEM) are expressed as a percentage of control values. See text

for experimental details. *** p < 0.01 vs. control,  p < 0.05 vs. 22-day recovery (Kruskal–Wallis test with Dunn’s

test for multiple pairwise comparisons).

In the same animals, neither Kmo expression nor KMO activity were significantly changed in the forebrain

immediately after the treatment with PLX5622 or after a 22-day recovery period (Figure 3A,B). Forebrain 3-HK and

KYNA levels, too, were not significantly affected by PLX5622 immediately after the treatment was terminated or 22

days later (Figure 3C,D).

Figure 3. Effect of PLX5622 (PLX) on Kmo expression (A), KMO activity (B), 3-HK levels (C) and KYNA levels (D)

in the forebrain of the same wild-type mice used to examine microglial marker genes (same n/group as in Figure

2). Data are the mean ± SEM. See text for experimental details. Kruskal–Wallis test, with Dunn’s test for multiple

pairwise comparisons, revealed no significant group differences (p > 0.05).

3. Effect of PLX5622 Treatment in R6/2 Mice

Researchers next examined the effect of prolonged PLX5622 treatment of R6/2 mice, a well-established animal

model of HD which shows pronounced microglial activation . As reported earlier  and confirmed here, KMO

activity was significantly elevated in the brain in R6/2 mice compared to wild-type controls. However, PLX5622 had

++
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no effect on KMO activity, 3-HK and KYNA levels in the forebrain of either wild-type or R6/2 mice (all p >

0.05; Figure 4A–C). In agreement with the results obtained in normal mice (cf. Figure 3), PLX5622 also failed to

influence KMO activity and the tissue concentrations of 3-HK and KYNA in the forebrain of the respective control

animals (Figure 4A–C).

Figure 4. Effect of PLX5622 (PLX) on KMO activity (A), 3-HK (B) and KYNA (C) levels in the forebrain of wild-type

(WT) and R6/2 mice. Data are the mean ± SEM (n = 10 per group). See text for experimental details. *** p < 0.001

(Kruskal–Wallis test with Dunn’s test for multiple pairwise comparisons).

4. Kmo Expression and KMO Protein in Freshly Isolated
Brain Cells

In light of the unexpected failure to affect Kmo expression and activity, as well as 3-HK and KYNA levels, by

experimentally depleting the vast majority of microglial cells in the brain in vivo, researchers decided to

magnetically separate astrocytes, microglia, and neurons from whole mouse brain to examine the presence of

KMO in each cell type. The purity of the freshly isolated cells was evaluated with specific surface markers for

astrocytes (GLAST-PE), microglia (CD11b-PE) and neurons (CD24-APC). As illustrated in Figure 5A–C, the purity

obtained using this procedure was 94.5 ± 1.0% for astrocytes, 92.5 ± 0.8% for microglia, and 95.7 ± 1.7% for

neurons. Notably, microglia and neurons showed substantial Kmo expression, whereas no signal was detected in

astrocytes (Figure 5D).
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Figure 5. (A–C) Representative dot plots of side scatter height (SSC-H) vs. its corresponding marker, illustrating

the purity of brain cells that were isolated from 6 separate mouse brains. After magnetic cell separation, the purity

of astrocytes (GLAST-PE+), microglia (CD11b-PE+) and neurons (CD24-APC+) was evaluated by flow cytometry;

(D) Kmo mRNA, determined by RT-qPCR. Data are the mean ± SEM. See text for experimental details.

Next, KMO protein in these cells was examined by flow cytometry and immunofluorescence. In line with

the Kmo mRNA expression data described above, double-staining revealed that less than 4% of GLAST+ cells,

i.e., astrocytes, were KMO-positive (Figure 6A) whereas KMO was present in 95% of CD11b+ (Figure 6B) and

90% of CD24+ (Figure 6C) cells. Representative microscopic images of the cells, using anti-CD11b-PE, anti-
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NeuN-Alexa 488 and anti-GFAP-Cy3 antibodies to selectively stain microglia, neurons and astrocytes, respectively,

are shown in Figure 7.

Figure 6. Dot plots illustrating intracellular staining of KMO protein in purified brain cells, assessed by FACS. The

percentage of KMO+ cells in (A) astrocytes (GLAST-PE), (B) microglia (CD11b-PE) and (C) neurons (CD24-APC)

is shown in Q2. See text for experimental details.



Kynurenine 3-Monooxygenase | Encyclopedia.pub

https://encyclopedia.pub/entry/20031 7/10

Figure 7. Representative images illustrating the presence of KMO protein in freshly isolated microglial cells

(CD11b-PE: red), neurons (NeuN-Alexa 488: green) and astrocytes (GFAP-Cy3; red). Nuclei were stained with

DAPI (blue). KMO was identified using anti-rabbit Alexa 488 in microglia and astrocytes, and anti-rabbit Alexa 549

in neurons, as secondary antibodies. See text for experimental details. Images were acquired at 40× magnification.

Scale bars: 20 µm.

5. KMO Activity in Freshly Isolated Brain Cells

Researchers next assessed the relative proportion of astrocytes, microglial cells and neurons in whole brain

homogenate in order to determine their relative contribution to KMO activity in the normal mouse brain. Using

specific markers for each cell type (GFAP and GLAST for astrocytes, CD11b and Iba1 for microglia, and MAP2 for

neurons), the percentage of astrocytes was ~30% (GFAP: 34 ± 3%, GLAST: 27 ± 1%), the percentage of microglial

cells was ~15% (CD11b: 12 ± 2%, Iba1: 15 ± 1%), and the percentage of neurons was 29 ± 5% (Figure 8A). KMO

activity was detectable in microglia and neurons but not in astrocytes. Notably, specific enzyme activity was

significantly higher in neurons than in microglial cells (Figure 8B).
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Figure 8. (A) Proportion of astrocytes, microglia, and neurons, assessed in whole mouse brain homogenate (n =

4–6). Cell suspensions were incubated with markers for astrocytes (GFAP and GLAST), microglia (CD11b and

Iba1) and neurons (MAP2), respectively. See text for experimental details; (B) KMO activity in isolated cells (>90%

purity). Data are the mean ± SEM. * p < 0.01 (Mann–Whitney test).
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