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neuroinflammation but does not
ameliorate neuron loss in a mouse
“sssnaos model of neurodegeneration
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Minocycline is a broad-spectrum tetracycline antibiotic. A number of preclinical studies have
shown that minocycline exhibits neuroprotective effects in various animal models of neurological
diseases. However, it remained unknown whether minocycline is effective to prevent neuron loss.
To systematically evaluate its effects, minocycline was used to treat Dicer conditional knockout
(cKO) mice which display age-related neuron loss. The drug was given to mutant mice prior to the
occurrence of neuroinflammation and neurodegeneration, and the treatment had lasted 2 months.
Levels of inflammation markers, including glial fibrillary acidic protein (GFAP), ionized calcium-
binding adapter moleculea (Iba1) and interleukin6 (IL6), were significantly reduced in minocycline-
treated Dicer cKO mice. In contrast, levels of neuronal markers and the total number of apoptotic
cells in Dicer cKO mice were not affected by the drug. In summary, inhibition of neuroinflammation
by minocycline is insufficient to prevent neuron loss and apoptosis.

Neurodegeneration occurs in a group of diseases displaying progressive loss of neurons from the nervous
system!. Based on its distinct symptoms and brain areas affected, neurodegenerative disease (ND) is clas-
sified as Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD), frontotemporal
dementia (FTD) and amyotrophic lateral sclerosis (ALS)?. Other important features of ND include neu-
roinflammation and abnormal protein assemblies®. It has been shown that neuron loss and tau phospho-
rylation are increased in parallel with the severity of dementia, and that neuron loss contributes directly
to cognitive impairment in AD*.

In the central nervous system (CNS), neuroinflammation is mediated by microglia and astrocytes,
which produce inflammatory cytokines, reactive oxygen species, and other toxic materials®. In AD, there
are increased levels of inflammatory cytokines and chemokines such as IL13%, IL67, IL8!, tumor necrosis
factor-o (TNFa)®, macrophage inflammatory proteinl3 (MIP13)'° and monocyte chemoattractant pro-
teinl (MCP1)'!. Neuroinflammation, including reactive astrocytes and activated microglia, is widely seen
in AD'? and correlates with cognitive decline and brain atrophy®. Accumulating evidence has indicated
that anti-inflammatory agents are protective for AD". Neuroinflammation was reported to take place
prior to overt neuron loss in various animal models displaying age-related neuron loss'*-'¢. Therefore,
neuroinflammation is an early event of neurodegeneration and may play a critical role in the disease
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progression. Indeed, neuroinflammation is believed to be a driving force for neurodegeneration', raising
the possibility that the early use of anti-inflammation drugs may prevent neuron loss.

Minocycline is a broad-spectrum tetracycline antibiotic, and can readily cross the blood-brain bar-
rier to exert beneficial effects such as anti-inflammatory, anti-apoptotic and neuroprotective in animal
models of neurological diseases'®'®. Several studies have demonstrated that minocycline inhibits neu-
roinflammation and neuron death in mouse models of AD with amyloid plaques®®*!, ALS*, HD%, PD*,
Down’s syndrome?, and stroke?®?”. Minocycline prevents A3 deposition and improves cognitive deficits
in amyloid precursor protein (APP) transgenic (Tg) models of AD?'?% and it also inhibits tau phos-
phorylation and prevents aggregation of insoluble tau likely through inhibiting caspase3 activation in a
Tg mouse model of tauopathy®**!. The evidence above indicates that minocycline is effective to reduce
plaque and tangle pathology. Since it has been unknown whether minocycline could be used as a valuable
anti-neurodegeneration drug for ND, it is of great importance to evaluate its preclinical efficacy using
appropriate neurodegenerative mouse models.

Impaired microRNA (miR or miRNA) network due to loss of endoribonuclease Dicer affects early
cortical development and morphogenesis®**-*. It has been shown that conditional deletion of Dicer in
different brain areas causes age-related neurodegeneration®-¥’. In this study, 2 months old Dicer cKO
mice exhibiting neither neuroinflammation nor neuron loss had received minocycline treatment for 2
months. We found that neuroinflammation was effectively inhibited, and that neuron loss and apoptosis
were not ameliorated.

Results

Dicer cKO mice at the age of 2 months showed normal brain morphology. To generate
neuron-specific Dicer cKO mice, we bred floxed Dicer (Dicer!)* to the T29-1 line of CaMKIIa-Cre®4.
Mice with the genotype of Dicer;CaMKIIa-Cre were designated as Dicer cKO. In the T29-1 line, the
expression pattern of Cre recombinase has been fully characterized®. The Cre expression starts from
about 1.5-2 months in forebrain excitatory neurons of adult mice®. Unlike two previously published
Dicer cKO lines**¥, the line generated in this study did not show abnormal postnatal death!®.

We first examined whether young (2 months old) Dicer cKO displayed neuron loss. We conducted
Nissl staining and observed no detectable cortical atrophy (data not shown). We then performed immu-
nohistochemistry (IHC) for NeuN (a marker for mature neuron) and GFAP (a marker for astrocyte).
There were no differences in NeuN immuno-reactivity and the number of NeuN positive (+) cells in
the cortex, hippocampal CA1l and hippocampal CA3 areas of control and Dicer cKO mice (Fig. 1A).
There was no change in GFAP immuno-reactivity as well (Fig. 1B). Western analyses confirmed no
changes in levels of NeuN (data not shown) and GFAP (data not shown) in Dicer cKO at this age. To
determine whether synaptic morphology was affected, we examined levels of synaptophysin (SVP38)
and post-synaptic density 95 (PSD95), markers for pre- and post-synaptic components, respectively. No
significant difference was found in levels of SVP38 (control = 100% =+ 1.1%, cKO = 105.1% =+ 10.7%) and
PSD95 (control=100% =+ 0.6%, cKO =100.1% £ 8.7%) in Dicer cKO mice (ps>0.3). IHC for SVP38
(Fig. 1C) revealed no change in synaptic morphology at 2 months. IHC for microtubule-associated pro-
tein2 (MAP2) (Fig. 1D) further showed no change in dendrite morphology.

To determine at which age Dicer cKO mice start to exhibit neuroinflammation and neuron loss, we
conducted THC for GFAP and NeuN using mice at the age of 2 months, 11 and 13 weeks. We observed
age-dependent increase in GFAP immuno-reactivity. Increased number of GFAP+-cells was observed in
Dicer cKO at 11 weeks, suggesting early astrocytosis (Fig. S1A). More severe astrocytosis was found in
Dicer cKO at 13 weeks (Fig. S1A). In contrast, no detectable change in NeuN immuno-reactivity was
found in the cortex and the hippocampus of Dicer cKOs at 2 months (Fig. 1A), 11 and 13 weeks (Fig.
S1B). Thus, the occurrence of neuroinflammation precedes overt neuron loss in this mouse model. The
age of 2 months was chosen as the starting point for the drug treatment.

Minocycline reduced neuroinflammation in Dicer cKO mice. Following a 2-month period of
minocycline treatment, several neuroinflammation markers were examined. We performed biochem-
ical analysis and found that GFAP levels were massively increased in Dicer cKOs aged at 4 months
(Fig. 2A). GFAP levels in the two control groups were not different (saline=100% = 12.9%, minocy-
cline=108% £ 4.9%, p > 0.1). Interestingly, GFAP levels in minocyline-treated cKOs were significantly
lower than those in saline-treated cKOs (Fig. 2B: saline = 417.9% =+ 7.0%, minocycline = 331.4% == 25.3%,
p <0.05). Faint immuno-reactivity for GFAP was seen in brains of control groups (Fig. 2E-ab,e,f,ij).
Abundant GFAP+-cells were detected in the cortex and the hippocampus of minocyline- and saline-treated
cKO mice (Fig. 2E-c,d,g,hk,]l). GFAP immuno-reactivity was reduced in minocyline-treated cKOs
(Fig. 2E-d,h,]), as compared to saline-treated cKOs (Fig. 2E-c,g,k).

To examine whether minocycline affected microglial activation, we performed Western blotting for
Ibal, a marker for microglia. We found increased intensities for the Ibal band in 4-month-old Dicer
cKOs (Fig. 2A). First, there was no significant difference in Ibal levels in the two control groups (Fig. 2C:
saline=100% % 6.9%, minocycline=89.7%=+7.6%, p>0.1). Second, Ibal levels were significantly
reduced in minocyline-treated cKOs than in saline-treated cKOs (Fig. 2C: saline = 171.9% =+ 7.4%, min-
ocycline=121.5% =+ 5.5%, p < 0.01), suggesting that microglial activation was inhibited. Since elevated
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Figure 1. No morphological changes in Dicer cKO mice at the age of 2 months. (A)
Immunohistochemistry for NeuN. The number of NeuN-cells in the brain of Dicer cKO mice (e-g) was not
different from that in control mice (a—c). (B) Immunohistochemistry for GFAP. The number of GFAP+-cells
in Dicer cKO (e-g) and control mice (a-c) was comparable. (C) Immunohistochemistry for SVP38.

SVP38 immuno-reactivity in Dicer cKO mice (b,d) was not different from that in control mice (a,c). (D)
Immunohistochemistry for MAP2. MAP2 antibody was used to label dendritic structure. MAP2 immuno-
reactivity showed no difference between Dicer cKO and control mice. Scale bar = 50pum.
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Figure 2. Minocycline reduced inflammatory responses in Dicer cKO mice. (A) Western blotting

for GFAP, Ibal and IL6. 3-actin served as the internal control. Representative WB bands for 4 groups

of mice were shown. (B) Quantitative results for GFAP. There was significant difference in GFAP levels
between control and Dicer cKO mice. GFAP levels in minocyline-treated cKOs significantly differed from
those in saline-treated cKOs. GFAP levels in minocyline-treated control did not differ from those in
saline-treated control. (C) Quantitative results for Ibal. Levels of Ibal in minocyline-treated cKOs were
significantly reduced as compared to saline-treated cKOs. The two control groups did not differ (p > 0.1).
(D) Quantitative results for IL6. Levels of IL6 in minocyline-treated cKOs were significantly lower than
those in saline-treated cKOs, and were not different from those in control mice. (E) Immunohistochemistry
for GFAP. Abundant GFAP+cells were observed in the Dicer cKO mice. Minocyline-treated cKOs (d,h,l)
showed less number of GFAP+cells than saline-treated cKOs (c,g,k) did. There was no difference in the
number of GFAP+cells between minocyline- (b.f,j) and saline-treated control (a,e,i) mice. Scale bar = 20pm.
Raw Western blotting images for GFAP, Ibal and IL6 were shown in Supplementary Figures 2-3.
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levels of IL6, an inflammatory cytokine, were seen in neurodegenerative brains”*!, we conducted
Western analysis (Fig. 2A). IL6 levels in minocyline-treated cKOs were significantly lower than those
in saline-treated cKOs (Fig. 2D: saline=172.3% =+ 11.2%, minocycline=118.4% + 14.8%, p < 0.05).
Moreover, IL6 levels in minocyline-treated cKOs did not differ from those in control mice (p > 0.1).
Overall, 2-month minocycline treatment effectively inhibited neuroinflammation.

Minocycline did not ameliorate neuron loss in Dicer cKO mice. To determine whether min-
ocycline affected neurodegeneration in Dicer ¢<KO mice, NeuN*** was examined using biochemical
and morphological methods. Compared to control mice, Dicer cKOs showed significantly decreased
NeuN levels at 4 months (Fig. 3A). Quantitative data showed about a 30% reduction on total NeuN
levels in saline-treated Dicer cKOs, suggesting significant neuron loss. Indeed, analysis of variance
(ANOVA) revealed a highly significant main genotype effect (p < 0.005) but no drug effect (p>0.3).
NeuN levels in minocyline-treated controls were not different from those in saline-treated controls
(saline=100% % 10.1%, minocycline=93% +5.0%, p>0.1). No significant difference in NeuN lev-
els was found between minocyline- and saline-treated cKOs (Fig. 3A: saline=72.1% =+ 1.5%, minocy-
cline=66.2% £ 2.9%, p > 0.1). These results suggest that there was no rescue effect by minocycline.

Furthermore, IHC for NeuN was conducted. Abundant NeuN-cells were found in control brains
(Fig. 3B-a,b,e,fi,j), and there was no difference between minocyline- and saline-treated control mice.
However, much less number of NeuN—cells was found in the cortex and the hippocampus of Dicer cKO
mice as compared to controls. NeuN immuno-reactivity was not different between minocyline- and
saline-treated cKO mice (Fig. 3B-c,d,g,h,k,1). Overall, 2-month minocycline treatment did not ameliorate
neuron loss.

Minocycline did not attenuate synaptic loss in Dicer cKO mice. To examine the effect of min-
ocycline on synapses, we conducted Western blotting for SVP38 and PSD95. In Fig. 4A-C, ANOVA
revealed significant genotype effects (ps < 0.05) but no drug effects (ps>0.3) on levels of SVP38 and
PSD95, suggesting reduced levels of pre- and post-synaptic components in Dicer cKOs. However, levels
of SVP38 in minocyline- and saline-treated Dicer cKOs did not differ (Fig. 4B: saline=81.3% + 6.0%,
minocycline=70.1% =+ 2.6%, p > 0.1). PSD95 levels in minocyline- and saline-treated cKOs were not dif-
ferent (Fig. 4C: saline = 85.0% = 4.0%, minocycline = 77.5% =% 6.9%,p > 0.1). While immuno-reactivity of
SVP38 was strong in the cortex and the hippocampus of control mice (Fig. 4D-a,b,e,f), it was quite weak
in Dicer cKO mice (Fig. 4D-c,d,g,h). There was no significant difference between the two cKO groups.
Hence, minocycline did not prevent synaptic loss caused by conditional inactivation of Dicer.

To examine whether minocycline affects dendrite morphology, we carried out IHC for MAP2. Strong
MAP2 immuno-reactivity was seen in control groups (Fig. 4E-a,b,e,f). The integrity of MAP2-labeled
dendrites was largely disrupted in Dicer cKO mice (Fig. 4E-c,d,g,h). Moreover, there was no detectable
improvement on MAP2 immuno-reactivity or MAP2-labelled dendritic structure in Dicer cKOs after the
minocycline treatment. Overall, minocycline did not prevent synaptic and dendritic loss.

Minocycline did not inhibit apoptosis in Dicer cKO mice. We previously reported that Dicer cKO
mice display increased apoptosis in the cortex'®. To determine whether minocycline affects apoptosis, we
performed the terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling (TUNEL)
assay. First, abundant TUNEL+cells were observed in 4-month-old Dicer cKO mice (Fig. 5A-g,j).
Second, we counted total number of TUNEL+cells using a stereological method. The average number
of TUNEL+-cells per section for the cortex in each group was plotted (Fig. 5B). Third, ANOVA revealed
a highly significant main genotype effect (p < 0.001). A total number of >60 TUNEL+cells in the cor-
tex were found in each section of the cKO groups (Fig. 5A:g-1). In contrast, TUNEL+4-cells were hardly
seen in each section of the control groups (Fig. 5A:a-f). Fourth, there was no significant difference in
the total number of TUNEL+-cells in the cortex of minocycline- and saline-treated cKO mice (Fig. 5B:
minocycline= 66.4 + 4.8, saline=73.8+ 6.6, p > 0.4). Fifth, there was also no significant difference in
the total number of TUNEL+-cells in the hippocampus (Fig. 5C: p > 0.1). Therefore, apoptosis was not
inhibited by minocycline.

Minocycline did not reduce tau hyperphosphorylation in Dicer cKO mice. A previous study has
shown that conditional deletion of Dicer in forebrain excitatory neurons results in neurodegeneration
through affecting tau phosphorylation®”. To examine whether tau phosphorylation is increased in this
line of Dicer cKO and is affected by minocycline, we used antibodies specifically against tau phosphoryl-
ated at several epitopes (p-tau) to conduct Western analyses (Fig. 6A).

For p-tau™2% (Fig. 6B), compared to age-matched littermate controls, Dicer cKO mice showed a
dramatic increase (control = 100% =+ 8.6%, cKO = 284.5% + 25.5%). However, minocycline did not affect
p-tau™2% levels in cKO groups (284.5% =+ 25.5% for “minocycline” vs 256.0% + 57.0% for “saline”).
ANOVA confirmed a significant genotype effect (p < 0.001) but no drug effect (p > 0.7). For p-tauS®
(Fig. 6C), Dicer cKO mice showed increased levels (control=100% =+ 8.0%, cKO = 156.7% % 6.5%). We
found that minocycline did not affect p-tau®** levels in cKO groups (156.7% = 6.5% for “minocycline”
vs 151.9% £ 21.7% for “saline”). Levels of total tau were not changed in Dicer cKO mice and were not
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Figure 3. Minocycline did not ameliorate neuron loss in Dicer cKO mice. (A) Western blotting for NeuN
using cortical lysates. 3—actin served as the internal control. In the bar graph, there was significant difference
in NeuN levels between control and cKOs. NeuN levels were not different between saline- and minocycline-
treated Dicer cKOs. (B) Immunohistochemistry for NeuN. Dicer cKO mice (c,d,g,h,k,]) exhibited less
number of NeuN+cells than control animals (a,b,e,f,i,j) did. However, there was no difference in the number
of NeuN+cells between minocyline- and saline-treated Dicer cKOs. Scale bar = 40p.m. Raw Western blotting
images for NeuN were shown in Supplementary Figure 4.
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Figure 4. Minocycline did not rescue synaptic and dendritic loss in Dicer cKO mice. (A) Western
blotting for SVP38 and PSD95. Cortical samples of 4 groups of mice were used. 3—actin served as the
internal control. (B) Quantitative results for SVP38. There was significant difference in SVP38 levels between
control and cKO mice (p < 0.05). There was no difference in SVP38 levels between minocyline- and saline-
treated Dicer cKO mice (p > 0.1). (C)Quantitative results for PSD95. There was significant difference in
PSD95 levels between control and cKO mice (p < 0.05). However, there was no difference in PSD95 levels
between minocyline- and saline- treated Dicer cKO mice (p > 0.1). (D) Immunohistochemistry for SVP38.
Significantly reduced SVP38 immuno-reactivity was found in Dicer cKO mice (c,d,g,h), as compared to
control mice (a,b,e,f). There was no difference in SVP38 immuno-reactivity between minocyline- and saline-
treated cKO mice. (E) Immunohistochemistry for MAP2. Compared to control mice (a,b,e,f), Dicer cKO
(c,d,g,h) exhibited significantly decreased MAP2 immuno-reactivity in the cortex and the hippocampus.
However, there was no difference in MAP2 immuno-reactivity between minocyline- and saline-treated

Dicer cKO mice. Scale bar = 25um. Raw Western blotting images for SVP38 and PSD95 were shown in
Supplementary Figures 5-6.
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Dicer cKO (g,j) mice. Scale bar =25 pm. (B) Quantitative results on the average number of TUNEL+cells
in the cortex per section. Dicer cKO mice exhibited>60 TUNEL+cells in average, and were significantly
different from controls (p < 0.001). Minocycline did not change the total number of TUNEL+-cells. (C)
Quantitative results on the average number of TUNEL+-cells in the hippocampus per section. Dicer cKOs
showed significantly more number of TUNEL+-cells than controls did (p < 0.001).

| 5:120535 | DOI: 10.1038/srep10535



www.nature.com/scientificreports/

A Control Dicer cKO

kDa saline mino saline mino

55— - o WD W 8 om0

55— M e S S R s g p-tauS396

55- Gl ey e e b 8l &b & (ofa] tau
B p<0.001 C

350- B 350-
" 300—_ _} T » 300—_
% § 250—_ TITH % § 250—_ p<0.005
'3 [_‘g 200-_ H E mg 200—_ NS
.2 71504 2 % 150 NS
< & - < & <
5 %5100- = <100-
a4 ] (a4 i
A0 4 O A €
Control Dicer cKO Control Dicer cKO

Figure 6. Minocycline did not reduce tau hyperphosphorylation in Dicer cKO mice. (A) Western blotting
for p-tau. Representative bands for p-tau™, p-taus3® and total tau were shown. (B) Quantitative results for
p-tau™®. Relative levels of p-tau™ to total tau were plotted for four groups of mice. There was significant
increase in p-tau™ levels in Dicer cKO mice, as compared to control animals. There was no difference
between minocyline- and saline-treated Dicer cKO mice. (C)Quantitative results for p-taus*®. Relative

levels of p-taus**® to total tau were plotted and were increased in Dicer cKO mice. No difference in relative
p-tau> levels was found between minocyline- and saline-treated Dicer cKO mice. Tau5 antibody was used
to detect levels of total tau. There was no difference between Dicer cKO and control mice. Raw Western
blotting images for p-tau and total tau were shown in Supplementary Figure 7.

affected by minocycline (data not shown). Overall, the findings on tau phosphorylation in this line of
Dicer cKOs are in general agreement with those reported previously?’.

Dicer may regulate tau phosphorylation through affecting activities of several tau kinases includ-
ing Erk1/2 and GSK33%. We conducted Western blotting to examine levels of p-Erk1/2 (Fig. 7A). For
p-Erkl, ANOVA revealed a main genotype effect (p < 0.005) but no drug effect (p > 0.4). For p-Erk2,
ANOVA showed a weak main genotype effect (p < 0.05) but no drug effect (p > 0.9). These results sug-
gest that activities of Erk were increased in Dicer cKO mice but were not affected by minocycline. We
then conducted biochemical analyses to examine GSK3a/3. As shown in Fig. 7B, we observed a signifi-
cant genotype effect on p-GSK33%, as revealed by ANOVA (p < 0.001), suggesting that GSK3( activities
were decreased in Dicer cKO mice. In contrast, we did not find significant genotype effect on levels of
p-GSK3a%?! (p > 0.6), suggesting unchanged activities of GSK3a (Fig. 7B). We further examined Akt, a
major GSK3 kinase, by Western analysis (Fig. 7C). A highly significant genotype effect was observed on
levels of p-Akt*”® (p < 0.001), suggesting increased activities of Akt in Dicer cKO mice. However, we did
not find significant drug effect on p-Akt*”® levels (Fig. 7C: p >0.2). Overall, these results suggest that
minocycline did not alter activities of Erk, GSK3 and Akt.

Discussion
It remained unknown whether minocycline is an effective drug to prevent or to stop neuron loss in
neurodegenerative diseases. In this study, minocycline was used to treat a mouse model displaying
age-dependent neuron loss, synaptic loss and apoptosis in the cortex. We have shown that the treatment
of minocycline successfully reduced neuroinflammatory responses but failed to ameliorate neuron loss
and apoptosis. We also reported that the treatment of minocycline did not inhibit tau hyperphospho-
rylation.

Dysregulation of miRNAs contributes to neurodegenerative diseases including AD*-%. Indeed, a
number of miRNAs were down-regulated in sporadic AD*-3!. The expression of (3-amyloid cleavage
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Figure 7. Minocycline did not affect activities of tau upstream kinases in Dicer cKO mice. (A) Western
blotting for Erkl1/2. Representative bands for p-Erk1/2 and total Erk1/2 were shown. For quantification
analysis on Erkl, Relative levels of p-Erkl to total Erkl were significantly increased in Dicer cKO mice, as
compared to control animals. But there was no difference between minocyline- and saline-treated Dicer
cKO mice. For quantification analysis on Erk2, relative levels of p-Erk2 to total Erk2 were increased in
Dicer cKO mice (p < 0.05). There was no difference between minocyline- and saline-treated Dicer cKO
mice. (B) Western blotting for GSK3a and GSK3(3. Representative bands for p-GSK33%/p-GSK3a5!

and total GSK3 were shown. For quantification analysis on GSK3(3%, relative levels of p-GSK33% to total
GSK3 were significantly increased in Dicer cKO mice, as compared to control animals. For quantification
analysis on GSK3a’2, relative levels of p-GSK3a’?! to total GSK3 were not changed in Dicer cKO mice.
(C)Western blotting for p-Akt and total Akt. Representative bands for p-Akt*¥’* and total Akt were shown.
For quantification analysis, relative levels of p-Akt>*”* to total Akt were significantly increased in Dicer cKO
mice, as compared to control animals. There was no difference between minocyline- and saline-treated Dicer
cKO mice. Raw Western blotting images for phosphorylated Erk1/2, GSK3a, GSK33 and Akt were shown in
Supplementary Figures 8-10.
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enzyme 1 (BACE-1), one of the key enzymes to produce A, is regulated by several miRNAs including
miR-15a and miR-107*+8, Interestingly, age-related neurodegeneration shown in the cortex of the Dicer
cKO mouse is caused by specific loss function of miR-15a but not global miRNAs, as miR-15a affects
tau phosphorylation®. Since Dicer cKO mice also exhibit a wide range of AD-like pathology such as
age-related synaptic loss, apoptosis, tau hyperphosphorylation, neuroinflammation and neurogenesis
impairment'®, it is an excellent animal model to test potential therapeutic candidates for neurodegen-
erative diseases®. Unlike the Dicer cKO published previously®, the line used in this study did not exhibit
early death, and therefore can be conveniently used to test anti-neurodegeneration drugs. For example,
it can be treated before and after neuron loss or neuroinflammation has started, and the drug effect can
be evaluated at various post-neurodegenerative stages.

Multiple lines of evidence have demonstrated that minocycline successfully inhibits neuronal death
in mouse models of AD with amyloid pathology*!, ALS?2, HD? and PD*. Interestingly, uncontrolled
and prolonged neuroinflammation is believed to be critical for neurodegeneration'’. Here, we designed
a prevention study in which minocycline was used to treat the mice prior to overt neuroinflammation.
The selection of this starting point for the drug treatment is important. First, in a recent treatment study,
minocycline was administered to a sheep model of ND at a stage where neuroinflammation had already
started'. Neither neuron loss nor neuroinflammation was suppressed!®. Second, no improvement on
plaque pathology was observed when the drug was given to APP Tg mice at a post-neuroinflammation
stage®. In this study, while successfully inhibiting inflammatory responses, minocycline failed to amelio-
rate neuron loss in Dicer cKO mice. The above findings suggest that inhibition of neuroinflammation is
not sufficient enough to prevent neuron loss. However, since only one dose of minocycline was used to
treat the mouse model (this study) or the sheep model'®, we can not rule out the possibility that higher
doses of the drug may show protective effects.

The exact cause of neurodegeneration remains largely unknown. Our and other studies suggest that
mechanisms for neurodegeneration and neuroinflammation are likely not the same. Previously, we have
shown that apoptotic cells were detected as early as 11 weeks of age's at which no neuron loss displayed
in the Dicer cKO model. Here, we reported that apoptotic cells were markedly increased (Fig. 5) in
Dicer cKO mice at 4 months when dramatic neuron loss was observed (Fig. 3). Interestingly, signifi-
cantly increased number of apoptotic cells has been commonly observed in several cell-type specific
Dicer cKO mice*>**>, Increased apoptosis was also detected in other neurodegenerative mouse models
at a pre-neurodegeneration stage, and became more severe at later stages!*>*-¢. Since a big amount of
apoptotic neurons directly account for the neuron loss, apoptosis likely plays a key role in initiating and
driving neurodegeneration observed in the mouse models discussed above.

Hyperphosphorylated tau is generally believed to cause neuron death in AD and FTD*"". Here, we
observed age-related tau hyperphosphorylation in Dicer cKO mice, as evidenced by increased levels of
p-tau (Fig. 6). The latter is likely caused by increased activities of Erkl but not GSK3, as levels of an
activated form of Erkl but not GSK3a/3 were increased (Fig. 7). The findings on p-tau are in agreement
with those reported in the Hébert et al. (2010) study. In our study, minocycline seemed not to affect
p-tau levels in Dicer cKO mice. In contrast, it was found that minocycline reduces p-tau levels and insol-
uble tau aggregates in a tau Tg mouse model of AD*. The discrepancy is likely due to different mouse
models used. For example, tau hyperphosphorylation is caused by overexpression of human tau in tau
Tg mice®*! but by enhanced Erkl activities in Dicer cKO mice. Moreover, whereas no changes in p-tau
levels were found in minocycline-treated Dicer cKO mice, levels for activated forms of several tau kinases
were also not altered by the drug.

In summary, we have demonstrated that minocycline effectively inhibited neuroinflammation but
failed to suppress neuron loss in a neurodegenerative mouse model. Due to a wide range of protective
effects in different mouse models of various brain diseases?!-2%?3031 minocycline has been proposed
as a potential therapeutic agent for the treatment of ND'®!°. However, the findings in this study, along
with the failure of a clinical trial of minocycline in treating ALS®, strongly suggest that minocycline
may improve neuroinflammation-related symptoms but not necessarily delay neuron death in human
neurodegenerative diseases. In order to make better clinical outcome for ND, minocycline needs to be
used in combination with other therapies targeted at different pathological pathways.

Methods

Animals. Floxed Dicer mice (Dicer’f) and CaMKIIa-Cre transgenic (Tg) mice were obtained from the
Jackson Laboratory (Bar Harbor, ME, USA). To generate mature neuron-specific Dicer cKO mice, Dicer”/
were first crossed with CaMKIIa-Cre to obtain Dicer’*;CaMKIIa-Cre. The latter were bred to Dicer’/ to
get age-matched Dicer/ (control) and Dicer /;CaMKIla-Cre (Dicer cKO) for experiments. Mice were
housed in an SPF room of the core animal facility of the MARC (Model Animal Research Center of
Nanjing University). The room temperature kept at 25°C constantly and the light-cycle is automatically
controlled (12hrs for light and 12hrs for dark). Animals had free access to food and water. The genetic
background of all the mice used in this study was C57BL/6. Mouse breeding was conducted under
IACUC approved protocols at the MARC. All the experiments were performed in accordance with the
Guide for the Care and Use of Laboratory Animals of the MARC at Nanjing University. Great effort was
made to reduce the total number of mice used and to minimize their suffering. The total number of mice
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used in this study was as follows, 8 for controls with or without minocycline treatment, 6 for Dicer cKO
mice with or without minocycline treatment.

Minocycline treatment. Minocycline was purchased from Sangon Biotech (BBI MD0356). The con-
centration of minocycline for this study was 10 mg/kg, the same as used by the Friedlander group?>*>>.
Minocycline was freshly prepared in each injection day. Mice received intraperitoneal injection of mino-
cycline hydrochloride in saline (“minocycline” group) or saline alone (“saline” group) for 2 months. Mice
were sacrificed 2 hrs after the final injection and brains were dissected. All the experimental protocols on
mice were approved by the institutional committee of the MARC at Nanjing University.

Immunohistochemistry. Mice were perfused with PBS*. The brain was dissected out and then
fixed in 4% paraformaldehyde (PFA) overnight. After the fixation, the brain was washed using PBS
for several times. Brains were dehydrated and then embedded in paraffin. Paraffin blocks were sec-
tioned at the thickness of 10pm. For THC, saggital sections were deparaffinized, ethanol hydrated and
then incubated with monoclonal antibodies against GFAP (1:1000; Sigma-Aldrich, Saint Louis, US),
NeuN (1:500; Millipore, Billerica, US), MAP2 (1:500, Sigma-Aldrich), SVP38 (1:500, Sigma-Aldrich).
The slides were rinsed with PBS for several times to wash out the first primary antibody, biotinylated
goat anti-mouse IgG (vector,1:500) was used as the secondary antibody. Signals were amplified using
the ABC (avidin-peroxidase complex) kit (Vector). After the reaction with DAB (Vector), sections were
dehydrated by ethanol and xylene, and then mounted using neutral resin. For fluorescence immunos-
taining, the following secondary antibodies were used: Alexa Fluor 488 goat anti-mouse and Alexa Fluor
594 goat anti-mouse (Invitrogen). The dilution of the second antibody was 1:500. Sections were scanned
using a Leica TCS SP5 laser confocal microscope.

Tissue preparation. Mice cortices were dissected and homogenized in cold radio immunoprecipi-
tation assay lysis buffer [consisting of the following (in mM): 20mM Tris-HCI, pH 7.4, 150 mM NaCl,
1mM EDTA, 1% NP-40, 0.5% sodium deoxycholate, and 0.1% SDS] containing protease and phosphatase
inhibitors®. Lysates were cleared by centrifugation (14,000 rpm for 20 min).

Immunoblotting. The same methods for Western blotting as those we described previously have been
used in this study!*1642%0, For each protein to be examined, e.g. GFAP, NeuN, Ibal and IL6, cortical sam-
ples for all the mice were divided into 2 sets for gel-running (each set consists of 13-14 samples including
3-4 controls with saline, 3-5 controls with minocycline, 3 cKOs with saline and 3 ¢KOs with mino-
cycline). Normalized volumes of samples (40pg total protein) were resolved in 10% 15-well NuPAGE
Bis-Tris gels (invitrogen), transferred to nitrocellulose membrane. After blocking with 5% (w/v) dry milk
for 1h, membranes were probed with primary antibodies overnight. The membrane was washed using
TBS for three times, and then incubated with one of the Li-Cor IRDye infrared dye-coupled secondary
antibodies, such as goat anti-rabbit IRdye800, goat anti-rabbit IRdye680, goat anti-mouse IRdye800 and
goat anti-mouse IRdye680. Membranes were scanned using Odyssey Infrared Imaging System (Odyssey
Image Studio by Li-Cor).

After scanning, the targetrd bands with correct molecular weight for each molecule in each image
were processed by the Odyssey Image Studio for band intensity analysis, and data were then exported
to Excel. The same membrane was then re-probed with primary antibodies against GAPDH (or (3-actin)
for analyses on intensities for GAPDH (or (3-actin) as the internal control. For each protein in each lane,
relative levels of one protein/molecule =band intensity of the targeted protein/band intensity of GAPDH
(or B-actin). For p-tau, relative levels =p-tau band intensity/total tau band intensity. Relative values for
different groups were then averaged for each group. The averaged value for the control group without
minocycline was defined as the baseline (always 100% for the control group without minocycline). Levels
for the other three groups were calculated relative to the control group without minocycline.

Primary antibodies used were as follows: anti-NeuN (1:500; Millipore), anti-GFAP (1:500;
Sigma-Aldrich), anti-SVP38 (1:1000, Sigma-Aldrich). anti-IL6 (1:200; Cell Signaling, Danvers, US),
anti-p-tau™2% (1:200; Invitrogen, Carlsbad, US), anti-p-tau* (1:200; Invitrogen), anti-p-tau™?23!
(1:500; Millipore), anti-tau5 (1:200; Millipore), anti-p-GSK3a52/33% (1:500; Cell Signaling), anti-p-Erk1/2
(1:500; Cell Signaling), anti-p-Akt*’®> (1:200; Thermo Fisher, Waltham, US), anti-Akt (1:1000; Cell
Signaling), anti-GPADH (1:10,000; Sigma-Aldrich) and anti-3-actin (1:10,000, Sigma-Aldrich).

TUNEL staining. The brain sections were blocked using 5% of goat serum for 30 min followed by
the treatment of Fluorescein (Roche) at 37°C for an hour'**®. The slides were then washed using TBS
(tris-buffered saline) for three times. TUNEL staining was analyzed using a Leica TCS SP5 confocal
laser scanning microscope. The total number of TUNEL+cells in the cortex and the hippocampus were
counted using a stereological method.

Statistical analysis. Data were presented as the mean + SEM. Two-way ANOVA was conducted to
analyze genotype, drug or genotypex drug interaction effect. Two-tailed student’s t-test for pair-wise
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comparisons was performed post hoc to examine the difference between minocycline- and saline-treated
groups. P < 0.05 (*) was considered statistically significant.

References

1.

W

wu

~

jesd

N

10.
11.
12.
13.
14.

15.

16.
17.
18.

19.
20.

21.
22.
23.
24.
25.
26.
27.

28.

29.
30.
31
32.
33.
34.
35.
36.
. Hébert, S. S. et al. Genetic ablation of Dicer in adult forebrain neurons results in abnormal tau hyperphosphorylation and

38.

39.

Hardy, J. & Selkoe, D. J. The amyloid hypothesis of Alzheimer’s disease: progress and problems on the road to therapeutics.
Science 297, 353-6 (2002).

. Schon, E. A. & Przedborski, S. Mitochondria: The next (neurode)generation. Neuron 70, 1033-1053 (2011).
. Rubinsztein, D. C. The roles of intracellular protein-degradation pathways in neurodegeneration. Nature 443, 780-6 (2006).
. Gomez-Isla, T. et al. Neuronal loss correlates with but exceeds neurofibrillary tangles in Alzheimer’s disease. Ann Neurol. 41,

17-24 (1997).

. Rogers, J., Strohmeyer, R., Kovelowski, C. J. & Li, R. Microglia and inflammatory mechanisms in the clearance of amyloid 3

peptide. Glia 40, 260-269 (2002).

. Griffin, W. S,, Sheng, J. G., Roberts, G. W. & Mrak, R. E. Interleukin-1 expression in different plaque types in Alzheimer’s disease:

significance in plaque evolution. ] Neuropathol Exp Neurol 54, 276-81 (1995).

. Huell, M., Strauss, S., Volk, B., Berger, M. & Bauer, J. Interleukin-6 is present in early stages of plaque formation and is restricted

to the brains of Alzheimer’s disease patients. Acta Neuropathol 89, 544-51 (1995).

. Sokolova, A. et al. Monocyte chemoattractant protein-1 plays a dominant role in the chronic inflammation observed in

Alzheimer’s disease. Brain Pathol 19, 392-8 (2009).

. Dickson, D. W, Lee, S. C., Mattiace, L. A., Yen, S. H. & Brosnan, C. Microglia and cytokines in neurological disease, with special

reference to AIDS and Alzheimer’s disease. Glia 7, 75-83 (1993).

Xia, M. Q,, Qin, S. X., Wu, L. ], Mackay, C. R. & Hyman, B. T. Inmunohistochemical study of the beta-chemokine receptors
CCR3 and CCR5 and their ligands in normal and Alzheimer’s disease brains. Am J Pathol 153, 31-7 (1998).

Ishizuka, K. et al. Expression and distribution of CC chemokine macrophage inflammatory protein-1 alpha/LD78 in the human
brain. Neuroreport 8, 1215-8 (1997).

McGeer, P. L. & McGeer, E. G. Anti-inflammatory drugs in the fight against Alzheimer’s disease. Ann N 'Y Acad Sci 777, 213-20
(1996).

McGeer, P. L., Schulzer, M. & McGeer, E. G. Arthritis and anti-inflammatory agents as possible protective factors for Alzheimer’s
disease: a review of 17 epidemiologic studies. Neurology 47, 425-32 (1996).

Tabuchi, K., Chen, G., Siidhof, T. C. & Shen, J. Conditional forebrain inactivation of nicastrin causes progressive memory
impairment and age-related neurodegeneration. J Neurosci 29, 7290-7301 (2009).

Kay, G. & Palmer, D. Chronic oral administration of minocycline to sheep with ovine CLN6 neuronal ceroid lipofuscinosis
maintains pharmacological concentrations in the brain but does not suppress neuroinflammation or disease progression. J
Neuroinflamm 10, 97 (2013).

Cheng, S. et al. Age-dependent neuron loss is associated with impaired adult neurogenesis in forebrain neuron-specific Dicer
conditional knockout mice. Int | Biochem Cell Biol 57, 186-196 (2014).

Gao, H. M. & Hong, J. S. Why neurodegenerative diseases are progressive: uncontrolled inflammation drives disease progression.
Trends Immunol 29, 357-65 (2008).

Noble, W.,, Garwood, C. J. & Hanger, D. P. Minocycline as a potential therapeutic agent in neurodegenerative disorders
characterized by protein misfolding. Prion 3, 78-83 (2009).

Yong, V. W. et al. The promise of minocycline in neurology. Lancet Neurol. 3, 744-751 (2004).

Fan, R. et al. Minocycline reduces microglial activation and improves behavioral deficits in a transgenic model of cerebral
microvascular amyloid. ] Neurosci 27, 3057-3063 (2007).

Choi, Y. et al. Minocycline attenuates neuronal cell death and improves cognitive impairment in Alzheimer’s disease models.
Neuropsychopharmacology 32, 2393-2404 (2007).

Zhu, S. et al. Minocycline inhibits cytochrome c release and delays progression of amyotrophic lateral sclerosis in mice. Nature
417, 74-78 (2002).

Chen, M. et al. Minocycline inhibits caspase-1 and caspase-3 expression and delays mortality in a transgenic mouse model of
Huntington disease. Nat Med 6, 797-801 (2000).

Wu, D. C. et al. Blockade of microglial activation is neuroprotective in the 1-Methyl-4-Phenyl-1,2,3,6-Tetrahydropyridine mouse
model of Parkinson disease. ] Neurosci 22, 1763-1771 (2002).

Hunter, C. L., Bachman, D. & Granholm, A. C. Minocycline prevents cholinergic loss in a mouse model of Down’s syndrome.
Ann Neurol 56, 675-88 (2004).

Yrjanheikki, J., Keinanen, R., Pellikka, M., Hokfelt, T. & Koistinaho, ]. Tetracyclines inhibit microglial activation and are
neuroprotective in global brain ischemia. Proc Natl Acad Sci USA 95, 15769-74 (1998).

Hayakawa, K. et al. Delayed treatment with minocycline ameliorates neurologic impairment through activated microglia
expressing a high-mobility group box1-inhibiting mechanism. Stroke 39, 951-958 (2008).

Parachikova, A., Vasilevko, V., Cribbs, D. H., LaFerla, E. M. & Green, K. N. Reductions in amyloid-beta-derived neuroinflammation,
with minocycline, restore cognition but do not significantly affect tau hyperphosphorylation. J Alzheimers Dis 21, 527-542
(2010).

Seabrook, T. ], Jiang, L., Maier, M. & Lemere, C. A. Minocycline affects microglia activation, A3 deposition, and behavior in
APP-tg mice. Glia 53, 776-782 (2006).

Noble, W. et al. Minocycline reduces the development of abnormal tau species in models of Alzheimer’s disease. The FASEB
Journal 23, 739-750 (2009).

Garwood, C. J., Cooper, J. D., Hanger, D. P. & Noble, W. Anti-inflammatory impact of minocycline in a mouse model of
tauopathy. Front Psychiatry 1, 136 (2010).

Davis, T. H. et al. Conditional loss of Dicer disrupts cellular and tissue morphogenesis in the cortex and hippocampus. ] Neurosci
28, 4322-30 (2008).

Kawase-Koga, Y., Otaegi, G. & Sun, T. Different timings of Dicer deletion affect neurogenesis and gliogenesis in the developing
mouse central nervous system. Dev Dyn 238, 2800-12 (2009).

Kawase-Koga, Y. et al. RNAase-III enzyme Dicer maintains signaling pathways for differentiation and survival in mouse cortical
neural stem cells. J Cell Sci 123, 586-94 (2010).

Kim, J. et al. A MicroRNA feedback circuit in midbrain dopamine neurons. Science 317, 1220-4 (2007).

Schaefer, A. et al. Cerebellar neurodegeneration in the absence of microRNAs. | Exp Med 204, 1553-8 (2007).

neurodegeneration. Hum Mol Genet 19, 3959-3969 (2010).

Harfe, B. D., McManus, M. T., Mansfield, J. H., Hornstein, E. & Tabin, C. J. The RNaselll enzyme Dicer is required for
morphogenesis but not patterning of the vertebrate limb. Proc Natl Acad Sci USA 102, 10898-903 (2005).

Tsien, J. Z. et al. Subregion- and cell type-restricted gene knockout in mouse brain. Cell 87, 1317-26 (1996).

SCIENTIFIC REPORTS | 5:10535 | DOI: 10.1038/srep10535 13



www.nature.com/scientificreports/

40. Fukaya, M., Kato, A., Lovett, C., Tonegawa, S. & Watanabe, M. Retention of NMDA receptor NR2 subunits in the lumen of
endoplasmic reticulum in targeted NR1 knockout mice. Proc Natl Acad Sci USA 100, 4855-60 (2003).

41. Wood, J. A. et al. Cytokine indices in Alzheimer’s temporal cortex: no changes in mature IL-1 beta or IL-1RA but increases in
the associated acute phase proteins IL-6, alpha 2-macroglobulin and C-reactive protein. Brain Res 629, 245-52 (1993).

42. Chen, G., Zou, X., Watanabe, H., van Deursen, J. M. & Shen, J. CREB binding protein is required for both short-term and long-
term memory formation. J Neurosci 30, 13066-13077 (2010).

43. Roshan, R., Ghosh, T, Scaria, V. & Pillai, B. MicroRNAs: novel therapeutic targets in neurodegenerative diseases. Drug Discovery
Today 14, 1123-1129 (2009).

44. Hebert, S. S. et al. MicroRNA regulation of Alzheimer’s amyloid precursor protein expression. Neurobiol Dis 33, 422-428 (2009).

45. Hébert, S. S. & De Strooper, B. Alterations of the microRNA network cause neurodegenerative disease. Trends Neurosci. 32,
199-206 (2009).

46. Delay, C., Mandemakers, W. & Hébert, S. S. MicroRNAs in Alzheimer’s disease. Neurobiol Dis 46, 285-290 (2012).

47. Hébert, S. S. et al. Loss of microRNA cluster miR-29a/b-1 in sporadic Alzheimer’s disease correlates with increased BACE1/b-
secretase expression. Proc Natl Acad Sci USA 105, 6415-6420 (2008).

48. Wang, W.-X. et al. The expression of microRNA miR-107 decreases early in Alzheimer’s disease and may accelerate disease
progression through regulation of beta-site amyloid precursor protein-cleaving enzyme 1. J Neurosci 28, 1213-1223 (2008).

49. Nelson, P. T. & Wang, W. X. MiR-107 is reduced in Alzheimer’s disease brain neocortex: validation study. J Alzheimers Dis 21,
75-9 (2010).

50. Shioya, M. et al. Aberrant microRNA expression in the brains of neurodegenerative diseases: miR-29a decreased in Alzheimer
disease brains targets neurone navigator 3. Neuropathol Appl Neurobiol 36, 320-30 (2010).

51. Wang, W. X,, Huang, Q., Hu, Y., Stromberg, A. J. & Nelson, P. T. Patterns of microRNA expression in normal and early Alzheimer’s
disease human temporal cortex: white matter versus gray matter. Acta Neuropathol 121, 193-205 (2011).

52. Delay, C. & Hebert, S. S. MicroRNAs and Alzheimer’s Disease Mouse Models: Current Insights and Future Research Avenues.
Int ] Alzheimers Dis 2011, 894938 (2011).

53. Pang, X. et al. Dicer expression is essential for adult midbrain dopaminergic neuron maintenance and survival. Mol Cell Neurosci
58, 22-8 (2014).

54. Saura, C. A. et al. Loss of presenilin function causes impairments of memory and synaptic plasticity followed by age-dependent
neurodegeneration. Neuron 42, 23-36 (2004).

55. Feng, R. et al. Forebrain degeneration and ventricle enlargement caused by double knockout of Alzheimer’s presenilin-1 and
presenilin-2. Proc Natl Acad Sci USA 101, 8162-7 (2004).

56. Wines-Samuelson, M. et al. Characterization of age-dependent and progressive cortical neuronal degeneration in presenilin
conditional mutant mice. PLoS One 5, e10195 (2010).

57. Wang, J., Xia, Y., Grundke-Igbal, I. & Igbal, K. Abnormal hyperphosphorylation of tau: sites, regulation, and molecular
mechanism of neurofibrillary degeneration. J Alzheimers Dis 33 (Suppl 1), , S$123-39 (2013).

58. Gordon, P. H. et al. Efficacy of minocycline in patients with amyotrophic lateral sclerosis: a phase III randomised trial. The Lancet
Neurology 6, 1045-1053 (2007).

59. Wang, X. et al. Minocycline inhibits caspase-independent and -dependent mitochondrial cell death pathways in models of
Huntington'’s disease. Proc Natl Acad Sci USA 100, 10483-7 (2003).

60. Saura, C. A. et al. Conditional inactivation of presenilin 1 prevents amyloid accumulation and temporarily rescues contextual
and spatial working memory impairments in amyloid precursor protein transgenic mice. ] Neurosci 25, 6755-6764 (2005).

Acknowledgements

This work was supported by grants from the National Basic Research Program of Ministry of Science and
Technology of China (2014CB942804), the National Natural Science Foundation of China (31271123)
and the Natural Science Foundation of Jiangsu Province (BK20140018). We thank Zenglan Lu and Beibei
Lu for technical assistance.

Author Contributions

S.C, JH.,, C.Z, CX,, LW. and X.Z. performed experiments. S.C., ] H. and G.C. analyzed the data; H.Y,,
Z.Y. and Y.S. contributed unpublished reagents; G.C. and Z.Y. designed the research; G.C. wrote the
manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Cheng, S. et al. Minocycline reduces neuroinflammation but does not
ameliorate neuron loss in a mouse model of neurodegeneration. Sci. Rep. 5, 10535; doi: 10.1038/
srepl0535 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The

M images or other third party material in this article are included in the article’s Creative Com-
mons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 5:10535 | DOI: 10.1038/srep10535 14


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Minocycline reduces neuroinflammation but does not ameliorate neuron loss in a mouse model of neurodegeneration

	Results

	Dicer cKO mice at the age of 2 months showed normal brain morphology. 
	Minocycline reduced neuroinflammation in Dicer cKO mice. 
	Minocycline did not ameliorate neuron loss in Dicer cKO mice. 
	Minocycline did not attenuate synaptic loss in Dicer cKO mice. 
	Minocycline did not inhibit apoptosis in Dicer cKO mice. 
	Minocycline did not reduce tau hyperphosphorylation in Dicer cKO mice. 

	Discussion

	Methods

	Animals. 
	Minocycline treatment. 
	Immunohistochemistry. 
	Tissue preparation. 
	Immunoblotting. 
	TUNEL staining. 
	Statistical analysis. 

	Acknowledgements

	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ No morphological changes in Dicer cKO mice at the age of 2 months.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Minocycline reduced inflammatory responses in Dicer cKO mice.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Minocycline did not ameliorate neuron loss in Dicer cKO mice.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Minocycline did not rescue synaptic and dendritic loss in Dicer cKO mice.
	﻿Figure 5﻿﻿.﻿﻿ ﻿ Minocycline did not inhibit apoptosis in Dicer cKO mice.
	﻿Figure 6﻿﻿.﻿﻿ ﻿ Minocycline did not reduce tau hyperphosphorylation in Dicer cKO mice.
	﻿Figure 7﻿﻿.﻿﻿ ﻿ Minocycline did not affect activities of tau upstream kinases in Dicer cKO mice.



 
    
       
          application/pdf
          
             
                Minocycline reduces neuroinflammation but does not ameliorate neuron loss in a mouse model of neurodegeneration
            
         
          
             
                srep ,  (2015). doi:10.1038/srep10535
            
         
          
             
                Shanshan Cheng
                Jinxing Hou
                Chen Zhang
                Congyu Xu
                Long Wang
                Xiaoxia Zou
                Huahong Yu
                Yun Shi
                Zhenyu Yin
                Guiquan Chen
            
         
          doi:10.1038/srep10535
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep10535
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep10535
            
         
      
       
          
          
          
             
                doi:10.1038/srep10535
            
         
          
             
                srep ,  (2015). doi:10.1038/srep10535
            
         
          
          
      
       
       
          True
      
   




