doi:10.1093/brain/awy305 BRAIN 2019: 142; 176-192 | 176

A JOURNAL OF NEUROLOGY

MMP 13 inhibition rescues cognitive decline

in Alzheimer transgenic mice via BACEI
regulation

Bing-Lin Zhu,"* Yan Long,"* Wei Luo,? Zhen Yan,® Yu-Jie Lai,' Li-Ge Zhao,' Wei-Hui Zhou,*

Yan-Jiang Wang,” Lin-Lin Shen,’ Lu Liu,' Xiao-Juan Deng,' Xue-Feng Wang,' Fei Sun® and
Guo-Jun Chen'

*These authors contributed equally to this work.

MMP13 (matrix metallopeptidase 13) plays a key role in bone metabolism and cancer development, but has no known functions in
Alzheimer’s disease. In this study, we used high-throughput small molecule screening in SH-SYS5Y cells that stably expressed a
luciferase reporter gene driven by the BACE1 (B-site amyloid precursor protein cleaving enzyme 1) promoter, which included a
portion of the 5’ untranslated region (5UTR). We identified that CL82198, a selective inhibitor of MMP13, decreased BACE1
protein levels in cultured neuronal cells. This effect was dependent on PI3K (phosphatidylinositide 3-kinase) signalling, and was
unrelated to BACE1 gene transcription and protein degradation. Further, we found that eukaryotic translation initiation factor 4B
(eIF4B) played a key role, as the mutation of eIF4B at serine 422 (S422R) or deletion of the BACE1 5'UTR attenuated MMP13-
mediated BACE1 regulation. In APPswe/PS1E9 mice, an animal model of Alzheimer’s disease, hippocampal Mmp13 knockdown
or intraperitoneal CL82198 administration reduced BACE1 protein levels and the related amyloid-§ precursor protein processing,
amyloid-p load and eIF4B phosphorylation, whereas spatial and associative learning and memory performances were improved.
Collectively, MMP13 inhibition/CL82198 treatment exhibited therapeutic potential for Alzheimer’s disease, via the translational
regulation of BACEI1.
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Figure | CL82198 inhibits BACE| protein expression through MMP 3. (A) HEK293 cells were transfected with the luciferase reporter
plasmids pGL4.21-BACEI and pGL4.10 (negative control) in the absence or presence of 5 tM CL82198 or 10 nM WAY 170523 for 48 h. Luciferase
assays were performed with a GloMax 96 microplate luminometer. Firefly luciferase activity was normalized to that of the plasmid pGL4.10.

(B) BACEI was knocked down with BACE | siRNA (siBACE-| and -6) or control siRNA (NC) in HEK293 cells for 48 h. A dramatic decrease in the
amount of BACEI protein is shown at ~70 kD. M = protein marker. (C) HEK293 cells were treated with WAY 170523 (WAY, 10 nM) for 48 h,
while control cells were treated with DMSO (CTRL). (D) SH-SY5Y cells were treated with 5 M CL82198 for 6, 12, 24 and 48 h. (E) SH-SY5Y
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Figure 4 MmpI3 knockdown ameliorates Alzheimer’s disease-associated pathology in APP/PS| mice. (A) Representative western
blots and bar plot summary of MMP|3 and PI3K expression in the prefrontal cortex of control (n = |3) and Alzheimer’s disease patients (n = |3).
Data in (i and ii) and in (iii—v) were from samples provided by Sydney Brain Bank and NIH NeuroBiobank, respectively. (B) Immunohistochemical
images and bar plot summary of neuritic plaques in the hippocampi of wild-type (WT) and APP/PS| mice (AD) treated with vehicle (CTRL) and
Mmp |3 shRNA-1 (shMMPI3-1). Neuritic plaques were probed with the amyloid-3-specific monoclonal antibody 6E10 (n = 6). (C) Representative
western blots and bar plot summary of MMP13, APP, ADAMI0, BACEI, PSENI, BCTF, «CTF, sAPPf and sAPP« expression in the hippocampi of
wild-type (n = 8), wild-type with Mmp |3 shRNA-1 (WT-shMMPI3-1, n = 8), Alzheimer’s disease (n = 8) and Alzheimer’s disease with Mmp |3
shRNA-| mice (AD-shMMP13-1, n = 8). The soluble fractions were used to detect sAPPJ and sAPP« with sAPP and 6E|0 antibodies. (D)
Representative western blots and bar plot summary of MMP13 and BACE| expression in the hippocampi of wild-type (n = 6), wild-type with
Mmp |3 shRNA-2 (WT-shMMP13-2, n = 6), Alzheimer’s disease (n = 6) and Alzheimer’s disease with Mmp 3 shRNA-2 mice (AD-shMMPI3-2,
n = 6). (E) ELISAs were used to measure soluble and insoluble amyloid-B 40,4, levels in the brain homogenates of wild-type (n = 6), WT-shMMP| 3-
| (n = 6), Alzheimer’s disease (n = 6) and AD-shMMPI3-1 (n = 6) mice. (F) Representative western blots and bar plot summary of p-elF4B, elF4B,
neprilysin and insulin-degrading enzyme (IDE) levels in the hippocampi of wild-type (n = 8), WT-shMMP13-1 (n = 8), Alzheimer’s disease (n = 8)
and AD-shMMP13-1 (n = 8) mice. All values were normalized to CTRL or wild-type (1.0) within each experiment. The error bars are the SEM.
n.s.= no significant difference; *P < 0.05, **P < 0.01, ***P < 0.001 (ANOVA).
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