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Abstract

The p.H157Y variant of TREM2 (Triggering Receptor Expressed on Myeloid Cells 2) has been
reported to increase Alzheimer’s disease (AD) risk. This mutation in the extracellular domain of
TREMZ2 localizes at the cleavage site, leading to enhanced shedding. Here, we generated a novel
Trem2 H157Y knock-in mouse model to investigate how this H157Y mutation impacts TREM2
proteolytic processing, synaptic function, and AD-related amyloid pathology. Consistent with
previous in vitro findings, TREM2-H157Y increases the amount of soluble TREM2 (STREM2)
in the cortex and serum of mutant mice compared to the wild type controls. Interestingly, the
Trem2 H157Y variant enhances synaptic plasticity without affecting microglial density and
morphology. In the presence of amyloid pathology, TREM2-H157Y surprisingly accelerates A3
clearance and reduces amyloid burden and microgliosis. Taken together, our findings support a
beneficial effect of the Trem2 H157Y mutation in synaptic function and in mitigating amyloid
pathology. Considering the genetic association of TREM2 p.H157Y with AD, we speculate
TREMZ2-H157Y might increase AD risk through an amyloid-independent pathway, as such its

effects on tauopathy and neurodegeneration merit further investigation.
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Introduction

Alzheimer’s disease (AD) is a chronic neurodegenerative disease characterized by the
pathological deposition of extracellular amyloid plaques and intraneuronal hyperphosphorylated
tau tangles, as well as a prominent microglia activation responding to neuropathology and
neurodegeneration (DeTure & Dickson, 2019, Guo, Zhang et al., 2020, Querfurth & LaFerla,
2010). Rare variants of multiple microglia genes are found to be associated with AD risk
(Simsvan der Lee et al., 2017), including Triggering Receptor Expressed on Myeloid Cells 2
(TREM2). In particular, the TREM2 p.H157Y variant was identified from a relatively small
number of carriers and conferred an increased AD risk with an odds ratio (OR) of 11.01 (MAF,
0.4%) in a Han Chinese cohort (Jiang, Tan et al., 2016), whereas in a Caucasian cohort used in
the Alzheimer’s Disease Sequencing Project, the OR was 4.7 (MAF, 0.06%) (Song, Hooli et al.,
2017). However, how this rare TREM2 variant impacts its function as it relates to AD risk is not
clear.

TREM2 is an immunoreceptor exclusively expressed in microglia in the central nervous
system and in myeloid cells (e.g., macrophage) in the periphery (Ulland & Colonna, 2018).
Structurally, it consists of an Ig-like V type domain, stalk region, a transmembrane domain, and
a short cytoplasmic tail (Kober, Alexander-Brett et al., 2016). Most AD-risk variants (e.g.,
p.R47H, p.R62H) of TREM2 (Benitez, Cruchaga et al., 2013, Guerreiro, Wojtas et al., 2013,
Jonsson & Stefansson, 2013) are located in exon2 which encodes an Ig-like domain. These
pathogenic mutations often lead to ineffective binding of ligands such as A oligomers (Vilalta,
Zhou et al., 2021, Zhao, Wu et al., 2018, Zhong, Wang et al., 2018), fibrillar Ap-associated

anionic lipids (Wang, Cella et al., 2015), LDL (Song et al., 2017, Yeh, Wang et al., 2016), HDL
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(Song et al.,, 2017), and apolipoproteins (Atagi, Liu et al., 2015, Yeh et al., 2016). These
impairments are further associated with microglial dysfunction in phagocytosis in vitro
(Kleinberger, Yamanishi et al., 2014, Yeh et al., 2016, Yin, Liu et al., 2016) and amyloid
plaques engulfment in vivo (Song, Joshita et al., 2018, Yuan, Condello et al., 2016). In contrast,
the p.H157Y variant is located in exon3, encoding the stalk region. Intriguingly, the H157-S158
site was identified as the ADAM10/17 cleavage site that produces soluble TREM2 (STREM2)
where the H157Y mutant enhances this shedding (Feuerbach, Schindler et al., 2017, Schlepckow,
Kleinberger et al., 2017, Thornton, Sevalle et al., 2017). Ectopic TREM2-H157Y expression in
the HEK293 cells increases STREMZ2 in conditioned medium accompanied by reduced
membrane-associated mature full-length TREM2 (Schlepckow et al., 2017, Thornton et al.,
2017). The increased TREM2 shedding might be related to impaired phagocytosis of pHrodo-
E.Coli in HEK293 cells (Schlepckow et al., 2017) and decreased TREM2 signaling activation in
response to phosphatidylserine in 2B4 T cells (Song et al., 2017). Despite these in vitro
observations, the AD-related outcomes of TREM2 H157Y mutation in vivo remain unknown.
Towards this, we generated a novel Trem2 H157Y knock-in mouse model through
CRISPR-cas9 technology. We found that TREM2-H157Y increased STREM2 production.
Moreover, TREM2-H157Y enhanced synaptic plasticity but did not affect microglial number and
morphology. In the presence of amyloid pathology, TREM2-H157Y reduced amyloid burden,
toxic AP oligomer, and microgliosis. Our results imply that the TREM2-H157Y might be

beneficial to brain function and in reducing amyloid pathology and related toxicity.

Results

Generation of Trem2 H157Y knock-in mouse model
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93 TREMZ2-H157 is located where TREM2 undergoes shedding to produce sTREM2 (Fig 1A)
94  (Feuerbach et al., 2017, Schlepckow et al., 2017, Thornton et al., 2017). To study the in vivo
95 effects of the Trem2 H157Y mutation, we introduced a C>T substitution in exon3 through
96 CRISPR/Cas9 technology to create the missense H157Y mutation (Fig 1B). Two founders (1*
97  and 2") were obtained with no off-target mutation observed in the offspring of either founder
98  (Fig EV1A and B). Results reported below were generated using the offspring of Founder 17

99  unless otherwise stated. By crossing the Trem2 H157Y heterozygous mice, we obtained three

+/+ +/H157Y

100  genotypes: wild type (Trem2™", referred to as WT), heterozygous (Trem2 , referred to as
101 Het), and homozygous (Trem2"57YH157Y referred to as Hom). Littermates of the three genotypes
102 were used to investigate the impact of the Trem2 H157Y mutation.

103

104 TREMZ2-H157Y increases the production of STREM2

105 At the transcription level, there was no significant change of cortical Trem2 mRNA level in
106  Trem2 H157Y Het or Hom mice compared to WT mice at 6 months of age (Fig. 1C) compared
107  to the WT mice. To evaluate TREM2 protein levels, proteins were sequentially extracted from
108  cortex with Tris-buffered saline (TBS) and TBSX (TBS+1% Triton X-100) and analyzed by N-
109  terminal TREM2-capturing ELISA. Although membrane bound TREM2 in TBSX did not differ
110  between genotypes (Fig. 1E), there was an increase of STREM2 in the TBS lysates in Hom
111 compared to Het and WT mice (Fig. 1D).

112 To further examine TREM2 processing in microglia, we cultured cortical primary
113 microglia from Het breeder littermate pups. Consistent with in vivo findings, we observed an

114  increase of STREM2 in conditioned medium (CM) from Hom microglia compared to Het and

115  WT microglia (Fig 1F). The membrane associated TREMZ2 in microglia RIPA lysates did not
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116  differ between genotypes (Fig 1G). Further supporting an increase of STREM2 production by the
117 Trem2 H157Y mutation, we observed higher levels of serum STREMZ2 in Hom mice compared to
118  WT and Het mice (Fig. 1H). Together, our results support an effect of the Trem2 H157Y
119  mutation on increasing STREM2 production in homozygous mice which are consistent with prior
120 invitro findings (Schlepckow et al., 2017, Thornton et al., 2017).

121

122 TREMZ2-H157Y does not affect microglia density and morphology

123 To quantify the microglia density and assess the morphology of microglia, we performed IBAl
124  immunofluorescence staining of brain slices from Trem2 H157Y knock-in mice at 6 months of
125  age. Microglia density and cell body size did not change with the Trem2 H157Y mutation (Fig
126 EV2A-C). Analyses after microglia skeletonization (EV2D-F) showed no significant differences
127  in the branch number, junction number, or total branch length per microglia between genotypes
128  (EV2G-I). These results suggest TREM2-H157Y does not affect microglia density and
129  morphology in vivo under physiological conditions.

130

131  TREMZ2-H157Y enhances synaptic plasticity

132 It has been reported that microglia play important roles in synaptic pruning and neural circuit
133 regulation (Filipello, Morini et al., 2018). Thus, we assessed whether the Trem2 H157Y mutation
134  affects synaptic plasticity. We performed hippocampal long-term potentiation (LTP) in WT and
135  Hom mice at 6 months of age. While the basic transmission and presynaptic facilitation were
136  unaffected (Fig 2A and B), we observed an enhanced LTP in the Hom mice compared to WT

137  mice (Fig 2C and D).
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138 To examine whether this strengthened synaptic capability is correlated with enhanced
139  cognitive performance, we conducted a battery of behavioral tests with Trem2 H157Y knock-in
140 mice. We did not observe significant performance differences in anxiety (Fig EV3A) and
141  associative memory assessments (Fig EV3C and D) between genotypes. However, using Y-maze
142 spontaneous tests, we observed a trending performance improvement of spatial working memory
143 in Hom mice compared to Het mice while no difference between Het mice and WT mice (Fig
144  EV3B; Het vs Hom, p = 0.06). These results together support a beneficial effect of TREM2-
145  H157Y on synaptic plasticity, even though it did not translate into significant enhancement at the
146  Dbehavioral level.

147

148  TREMZ2-H157Y reduces amyloid burden in 5xFAD mice

149  To investigate the effects of H157Y mutation on AD-related amyloid pathogenesis, Trem2
150  H157Y knock-in mice were crossed with 5XFAD amyloid model mice to generate littermates
151 with three genotypes, 5XFAD/WT (5xFAD; Trem2*'*), 5xFAD/Het (5xFAD; Trem2*"%™) and
152 5XFAD/Hom (5xFAD; Trem2™7YM15™y " Animals were harvested at 8.5 months of age to assess
153  amyloid pathology at a middle-to-late stage of amyloid development in the cortex (Jay, Hirsch et
154  al., 2017).

155 Total AP immunostaining with MOAB2 antibody revealed significant reductions plaque
156  number (Fig 3A and B) in 5xFAD/Hom mice compared to 5xFAD/WT mice. Plaques from all
157  three genotypes were found to be similar in size (Fig 3C). We did not observe significant
158  decreases of the X34-positive fibrillar AP signal with the Trem2 H157Y mutation (Fig EV4A-C).
159  Moreover, we detected AB40 and AP42 by ELISA in cortical lysates obtained through sequential

160 TBS, TBSX, and guanidine (GND) extraction. Consistent with the reduction of total AP in
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161  staining, we observed significant reductions of AB40 and AB42 in GND lysates (Fig 3D and E)
162  from 5XxFAD/Hom mice compared with 5XFAD/WT mice. The 5xFAD/Het group exhibited no
163  significant differences compared to 5xFAD/Hom and 5xFAD/WT groups (Fig 3D and E). We
164  did not observe a significant decrease of AB40 and AB42 in both TBS and TBSX lysates with the
165  Trem2 H157Y mutation (Fig EV4D-G).

166 To confirm TREM2-H157Y effects on amyloid burden, we crossed 5XxFAD mice with
167  our second founder of the Trem2 H157Y knock-in mice (Founder 2%). Consistent with the results
168  from the Founder 17 offspring, we observed significant reductions of Ap40 and AP42 levels in
169 GND lysates from 5xFAD/Hom mice compared to 5xFAD/WT (Fig 3F and G). Also,
170  5XFAD/Hom group showed trending decreases compared 5xFAD/Het group (Fig 3F and G;
171 AP40, Het vs Hom, p=0.08; Ap42, Het vs Hom, p=0.05). In this cohort, both TBS-AB40 and
172 TBS-AB42 in 5xFAD/Hom mice reduced significantly compared to 5xFAD/WT and trended
173 toward reductions compared to 5XFAD/Het mice (Fig EV4H and J; Ap40, Het vs Hom, p=0.05;
174  AP42,Het vs Hom, p=0.05). TBSX-AB40 was significantly reduced in 5xFAD/Het mice and
175  trended toward a reduction in 5XxFAD/Hom mice compared to 5XxFAD/WT mice (Fig EV4l; WT
176  vs Hom, p=0.07). No significant reductions of TBSX-AB42 were observed with the Trem2
177  H157Y mutation (Fig EV4K).

178 We further measured the levels of AP oligomers, the neuronal toxic species (Walsh,
179  Klyubin et al.,, 2002, Wei, Nguyen et al., 2010) in TBS and TBSX fractions, and found
180  significant reductions in 5xFAD/Hom mice compared to 5XFAD/WT mice (Fig 3H and I). There
181  were no significant differences between the 5XxFAD/Het group and the other two groups (Fig 3H
182  and I). We then examined AP toxicity-related dystrophic neurites through lysosome-associated

183  membrane protein (LAMP1) immunostaining. We did not observe significant changes in


https://doi.org/10.1101/2021.10.04.463020

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.04.463020; this version posted October 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

184  LAMP1 signal with the Trem2 H157Y mutation (Fig EV4AL and M). Taken together, the Trem2
185  H157Y mutation reduced insoluble A levels and total amyloid burden in homozygous mice.

186

187 TREMZ2-H157Y facilitates AP clearance in 5XFAD mice

188  To address the potential mechanism of amyloid reduction in the Trem2 H157Y mice, we
189  examined the APP processing products (Chen, Xu et al., 2017) and found no significant changes
190 in the levels of sAPPa, sAPPB, and CTFp between groups (Fig EV5A-C), suggesting unaltered
191 AP production. We then conducted in vivo microdialysis with awake, free-moving mice at 3
192  months of age (Cirrito, May et al., 2003, Liu, Zhao et al., 2017) to analyze Ap42 clearance in the
193  interstitial fluid (ISF) while AB production was inhibited with y-secretase inhibitor, LY411575
194  (Fig 4A). The elimination Kkinetic analysis showed enhanced clearance of Ap42 with decreased
195  AP42 levels four hours post drug administration (Fig 4B) and a 50% reduction of AB42 half-life
196  (Fig 4C) in 5XFAD/Hom mice compared to 5XFAD/WT mice.

197

198 TREMZ2-H157Y reduces microgliosis in 5XxFAD mice

199  To assess the microglial responses to amyloid pathology with TREM2-H157Y, we performed
200 immunostaining of IBA1 and the phagocytic marker CD68 in cortical brain slices from mice at
201 8.5 months of age. A significant reduction of microgliosis was observed with both IBA1 (Fig 5A
202 and B) and CD68 (Fig 5D and E) signals in 5xFAD/Hom mice compared to 5XxFAD/WT. The
203  5xFAD/Het group showed no significant differences compared to 5xFAD/WT group and
204  5xXFAD/Hom mice. We further found positive correlation between either IBA1 or CD68 signals
205 and AP42 in GND lysates, suggesting that the decreased microgliosis is likely due to a reduction

206  inamyloid load in mice with the Trem2 H157Y mutation (Fig 5C and F).
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207 Plaque-associated microglia have been identified as a critical pathological event in
208  response to amyloid (DeTure & Dickson, 2019). We found that the number of microglia
209  associated with amyloid plaques (Fig 5G and H) and plague area coverage by microglia (Fig 5I)
210  were significantly reduced in 5XFAD/Hom mice compared to 5XFAD/WT mice. Plaque size did
211 not differ between 5xFAD/Hom and 5xFAD/WT mice (Fig 5J). Overall, we observed reduced
212 microgliosis in 5XFAD mice with the Trem2 H157Y mutation.

213

214  Discussion

215  In this study, we provided in vivo evidence that TREM2-H157Y promotes TREM2 shedding in
216 our novel Trem2 H157Y knock-in mouse models. Moreover, we found TREM2-H157Y
217  enhances synaptic plasticity, facilitates A clearance, and reduces amyloid burden.

218 Consistent with previous in vitro findings (Schlepckow et al., 2017, Thornton et al.,
219  2017), we observed significantly higher sSTREM2 level in cortical TBS lysate, conditioned
220  medium of primary microglia, and peripheral serum from mice with the Trem2 H157Y mutation.
221  We did not observe significant changes in membrane associated full-length TREM2. Since N-
222 terminal TREM2 ELISA does not distinguish mature and immature full length TREM2, we
223 cannot conclude that TREM2-H157Y specifically reduces mature TREM2 in our mouse model
224  as described in the in vitro studies (Schlepckow et al., 2017, Thornton et al., 2017) .

225 Trem2 p.R47H and p.Y38C variants impair synaptic plasticity through a loss of TREM2
226  function (Jadhav, Lin et al., 2020, Ren, Yao et al., 2020). In contrast, we observed enhanced
227  synaptic plasticity in Trem2 H157Y knock-in mice implying there might be a different
228  mechanism by which TREM2-H157Y affects brain functions compared to other variants such as

229  p.R47H or p.Y38C. Considering the increased sTrem2 in our Trem2 H157Y mice, we speculate
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230 that the enhancement of synaptic plasticity may be due to the increased levels of STREM2. Such
231 amechanism would be consistent with previous findings that exogenous STREM2 enhances LTP
232 in an amyloid mouse model (Zhong, Xu et al., 2019). Additionally, it has been reported that
233 sTrem2 is associated with neurons (Song et al., 2018) further implicating STREM2 may affect
234 synaptic function. However, elucidating the roles of TREM2 and STREMZ2 in regulating neuronal
235  activity needs more comprehensive studies.

236 The mechanism by which TREM2-H157Y facilitates AP clearance and lowers amyloid
237  burden is not well understood. However, we speculate that this might link to the interaction
238  between STREM2 and AP. It has been shown that the AP oligomer can bind to TREM2 or
239 sSTREM2 (Lessard, Malnik et al., 2018, Vilalta et al., 2021, Zhao et al., 2018, Zhong et al., 2018).
240  Also, AP oligomers stimulate STREM2 production in a dose-dependent manner in vitro and
241 STREMZ2 in return inhibits AP aggregation (Vilalta et al., 2021), suggesting that STREM2 could
242  facilitate Ap diffusion and clearance in vivo. Studies have shown that elevating STREM2 through
243 exogenous administration or AAV-mediated overexpression significantly reduces amyloid
244  burden (Zhong et al., 2019). Depleting microglia abolishes the rescuing effect of STREM2,
245  suggesting that STREM2 may reduce amyloid load through microglial activation (Zhong et al.,
246 2019). Thus, in our mouse models, increased STREM2 by TREM2-H157Y may accelerate Ap
247  clearance and/or microglia activation, leading to the overall decrease of amyloid burden and
248  related microgliosis. Microgliosis reduction may also slow down amyloid progression since
249  phagocytic microglia with AP aggregates may serve as a source of seeding for amyloid plaques
250  (Fuhrmann, Bittner et al., 2010).

251 Studies on Trem2 p.R47H reveal a loss of TREM2 function in ligand binding, signaling,

252 and microglial responses to pathological cues (Song et al., 2017, Song et al., 2018), which
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253  inspired the development of TREM2 activating antibodies to alleviate AD pathology. TREM2
254  antibody administration in amyloid mouse models has been found to boost microglial responses
255  to AP, reduce amyloid load, toxicity, and behavioral impairments (Cheng, Danao et al., 2018,
256  Fassler, Rappaport et al., 2021, Schlepckow, Monroe et al., 2020, Wang, Mustafa et al., 2020).
257  While TREM2 activating antibodies stabilize the membrane form of TREM2 and related
258  signaling, the levels of STREM2 in serum and CSF decrease accordingly in a dose dependent
259  manner in mice and humans (Fassler et al., 2021, Schlepckow et al., 2020, Wang et al., 2020).
260 These findings emphasize the critical role of membrane bound TREM2 in cell-autonomous
261  microglia activation and phagocytosis to reduce amyloid pathology. Using Trem2 H157Y knock-
262 in mouse models, our data alternatively suggests non-cell autonomous benefits of STREM2 on
263 neuronal function and A clearance, encouraging a consideration of increasing STREM2 as a
264  potential therapeutic strategy to treat AD. Combination therapy by activating TREM2 signaling
265 and elevating STREM2 level should also be considered.

266 In summary, our study confirmed increased shedding of TREM2-H157Y in vivo and
267  defined beneficial effects of TREM2-H157Y in brain function and in reducing amyloid
268  pathology. However, these findings conflict with the genetic studies showing the increased AD
269  risk associated with TREM2 p.H157Y. Considering that no animal model fully mimics the AD
270  related pathologies and 5xFAD mice merely develop amyloid pathology which recapitulates the
271 very early stage of AD (McDade, Llibre-Guerra et al., 2021), our current data cannot address
272 how TREM2 p.H157Y affects late stage AD pathologies including tauopathy and
273 neurodegeneration. Thus, more investigations are necessary to further elucidate the effect of
274  TREM2 H157Y mutation on AD pathogenic events, in particular the tau pathology and related

275  neurodegeneration.
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276

277  Materials and Methods

278  Generation, genotyping, and off-target analysis of Trem2 H157Y knock-in mice

279  Trem2 H157Y knock-in mice were generated via CRISPR/Cas9 by the Hope Center Transgenic
280  Vectors Core of the Washington University (Ran, Hsu et al., 2013). CRISPR gRNAs for in vitro

281  testing were identified using CRISPOR (http://crispor.tefor.net/) and synthesized as gBlocks

282  (IDT) with the sequence 5’GGAGGTGCTGTgTTCCACTT3’. In vitro target specific gRNA
283  cleavage activity was validated by transfecting N2A cells with PCR amplified gRNA gblock and
284  Cas9 plasmid DNA (px330, addgene) using ROCHE Xtremegene HP. Cell pools were harvested
285 48 hours later for genomic DNA prep, followed by sanger sequencing of PCR products spanning

286  the gRNA/Cas9 cleavage site, and TIDE analysis (https://tide.nki.nl/) of sequence trace files.

287  CRISPR sgRNA (IDT, 20 ng/ul) and Cas9 (IDT, 50ng/ul) proteins were complexed to generate
288 the ribonucleoprotein (RNP) for injection along with a 200 nucleotide sSODN donor DNA
289  (synthesized by IDT, 20 ng/ul), 5’tatatcttgtcctttgetgatetgtttgeectgggacctecatecgeagtcactgecagggg
290 gtctaagaagggaccactactgtacCTGGAGGTGCTGTaTTCCACTTGGGCACCCTCGAAACTCGAT
291  GACTCCTCGGGGACCCAGAGATCTCCAGCATCTTGGTCATCTAGAGGGTC tgtaatagacaa
292 accatgagg3’. All animal experiments were approved by institutional IACUC protocols. B6/CBA
293  F1 mice at 3-4 weeks of age (JAX Laboratories, Bar Harbor ME, USA) were superovulated by
294  intraperitoneal injection of 5 IU pregnant mare serum gonadotropin, followed 48 hours later by
295 intraperitoneal injection of 5 IU human chorionic gonadotropin (PMS from SIGMA, HGC from
296  Millipore USA). Mouse zygotes were obtained by breeding B6/CBA stud males with
297  superovulated B6/CBA females at a 1:1 ratio. One-cell fertilized embryos were injected into the

298  pronucleus and cytoplasm of each zygote. Microinjections and mouse transgenesis experiments
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299  were performed as described previously (Behringer, Gertsenstein et al., 2014, Pease & Saunders,
300 2011). Founder genotyping was through deep sequencing (MiSeq, llumina). Mosaic founders
301  were crossed to WT to generate heterozygous F1 offspring, which were also deep sequenced to
302  confirm correctly targeted alleles. Trem2 H157Y mice were genotyped by gPCR with Custom
303 TagMan SNP Genotyping assays (Thermo Fisher).

304

305 To exclude introduction of unexpected mutation, we performed off-target analysis with
306 two heterozygous F1 mice from each of the two founders (1% and 2") using the online tool

307 CRISPOR (http://crispor.tefor.net/) (Haeussler, Schonig et al., 2016). Three putative sites with

308 top CFD scores above 0.3 were identified and examined by Sanger sequencing (GENEWIZ) of
309 PCR amplification products using extracted genomic DNA.

310 Our mice were housed in a temperature-controlled environment with a 12-h light—dark
311  cycle and free access to food and water. All animal procedures were approved by the Mayo
312 Clinic Institutional Animal Care and Use Committee (IACUC) and in accordance with the
313 National Institutes of Health Guidelines for the Care and Use of Laboratory Animals.

314

315  Introduction of Trem2 H157Y mutation to 5XFAD amyloid mouse model

316  Trem2 H157Y homozygous mice (Trem2t7YH1STY

) were crossed with 5XFAD mice (The
317 Jackson Laboratory, stock # 34840) to obtain the 5xFAD; Trem2™"Y"* offspring. 5xFAD;
318 Trem2™"™""* mice were used to setup breeding cages to establish the littermate cohorts with three
319  genotypes including 5XFAD; Trem2**, 5xFAD; Trem2"H5"Y"* 5xFAD; Trem2™57Y/HISTY.

320

321 Tissue preparation for immunofluorescence staining or biochemical analyses
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322 Blood samples were collected from mice vena cava after isoflurane induced deep anesthesia and
323  stored at 4°C overnight and subsequently centrifuged at 1000 g for 10 min to collect the
324  supernatant as serum. Mice were transcardinally perfused with 0.01M PBS and the brains were
325  dissected out. Half of the brain was fixed in 4% paraformaldehyde (PFA, Fisher Scientific) for
326 24 hours followed by dehydration with 30% sucrose (Sigma) for 48 hours. Finally, one
327  hemisphere was embedded in O.C.T. compound (SAKURA) and snap-frozen in liquid nitrogen
328 before cryostat sectioning. The other hemisphere was dissected into cortex, hippocampus,
329  midbrain, and cerebellum which were snap-frozen in liquid nitrogen and stored at -80°C. The
330  cortices were then pulverized and divided into 20-30 mg for RNA extraction and 55-65 mg for
331  protein extraction.

332 Cortical proteins were extracted sequentially with different lysis buffers. Cortical powder was
333  homogenized in Tris-buffered saline (TBS, Fisher Bioreagents, BP2471-500) supplemented with
334  protease inhibitor (cOmplete, Roche) and phosphatase inhibitor (PhosSTOP, Roche) and
335  subjected to ultracentrifugation at 100,000 g for 1 hour at 4°C. The supernatant was collected as
336 TBS lysate. The pellets were then resuspended in TBSX (TBS plus 1% Triton-X100)
337 supplemented with protease inhibitor and phosphatase inhibitor followed by mild agitation at
338 4°C for 30 min and centrifuged at 100,000 g at 4°C for 1 hour. Supernatant was collected as
339 TBSX lysate. For amyloid bearing mice, the pellet was further resuspended in 5 M guanidine
340 hydrochloride (GND, Sigma) followed by sonication and centrifuged at 100,000 g for 1 hour at
341  4°C. The supernatant was collected as GND lysate. Total protein concentration in each lysate
342 was measured (Pierce™ BCA Protein Assay Kit, Cat# 23225) before transferring to 96-well
343  storage plates or 1.5 ml tubes and stored at -80°C until further analysis.

344
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345  Immunofluorescence staining, X34 stain and quantification

346 Embedded hemispheres were coronally sectioned at a 40 um thickness. Referencing the mouse
347  brain atlas (Paxinos & Franklin, 2013), sections located from AP -1.7 mm to AP -2.06 mm were
348  selected for the following procedures. First, brain slices were blocked in blocking buffer (5%
349  goat serum plus 0.25% Triton in PBS) for 1 hour at room temperature (RT), then incubated
350 overnight in primary antibody solution at 4°C. Slices were then incubated in the Alexa Fluor-
351  conjugated secondary antibodies solution (1:1000, Invitrogen) at RT for 2 hours. The primary
352  antibodies used in this paper include anti-IBA1 (Wako, 019-19741, 1:1000), anti-Ap (MOAB2,
353  Abcam, ab126649, 1:1000), anti-LAMP1 (Abcam, ab25245, 1:500), and anti-CD68 (Bio-Rad,
354 MCA1957,1:500). Fibrillar AB plaque staining used free-floating sections from 5xFAD mouse
355  cohorts. Sections were permeabilized with 0.25% Triton X-100 in PBS and stained with 10 uM
356  X-34 (Sigma, SML1953) in a mixture of 40% ethanol and 0.02M NaOH in PBS as described
357  (Ulrich, Ulland et al., 2018). To assess the plaque associated microglia, IBA1 stain was
358  performed after the X34 stain. To quantify signals of AP, X34, IBA1l, LAMPI and CD68,
359  images were taken, stitched using Keyence (BZ-X800) at 20X for the whole slice and analyzed
360 in batch by customized macro coding in Image J with the same setting parameters for all the
361  groups. For X34 and IBAL co-stain, 30-40 images were taken under Confocal (Zeiss) at 40X
362  with a 0.6 zoom. The number of microglia surrounding plaques within the radius of 30 um were
363  manually counted. Colocalization of IBAl-and X34 was measured for each plaque in a batch-
364  analysis mode of Image J with customized macro coding. Researchers were blinded to genotypes
365 and groups when performing and quantifying the immunofluorescence staining.

366

367  Primary microglia culture
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368  Cortical cells from pups (pl-p3) were isolated, filtered with 100 um cell strainers (Falcon,
369  352360), and plated in T75 flasks (Genesee, 25-209) with high-glucose DMEM medium (Gibco,
370 11965084) containing 10% Fetal Bovine Serum (FBS). Medium was changed to medium
371 containing 25 ng/mL recombinant mouse GM-CSF (Gemini Bio, 300-308P) the next day. Tails
372 from each pup were kept for genotyping. Five days after cell plating, medium in each flask was
373 replaced with fresh GM-CSF-containing medium. On day 9 or 10, microglia were collected by
374  shaking the flasks at 200-220 rpm at RT for ~20 min, resuspended in non-GM-CSF containing
375  medium, and plated into 6-well plates. After 24 hours, medium from each well was collected as
376  conditioned medium. Cells were lysed with RIPA buffer (Millipore, 20-188) supplemented with
377  protease inhibitor (cOmplete, Roche) and phosphatase inhibitor (PhosSTOP, Roche) followed by
378  mild agitation at 4°C for 30 min and centrifugation at 20,000 g at 4°C for 30 min. Supernatant
379  was collected as RIPA lysate.

380

381  Ap40, Ap42, AB oligomer, SAPPa, SAPPB, CTFp and TREM2 ELIZA

382  AP40 and AP42 levels in TBS, TBSX, and GND lysates were determined by ELISA as
383  previously described (Shinohara, Petersen et al., 2013) using an end-specific Ap monoclonal
384  antibody (13.1.1 for AP40 and 2.1.3 for AB42) and a HRP-conjugated detection antibody (Ab5,
385  from Dr. Golde lab) (Chakrabarty, Li et al., 2018). AB42 in ISF was detected by commercial Kits
386  (Thermo Fisher, KHB3544). AP oligomers in TBS and TBSX lysates were detected by
387 commercial kits (Biosensis, BEK-2215-2P). sAPPa, sAPPb in TBS lysates were detected by
388  commercial kits (Meso Scale Discovery, K15120E-2). CTFp in TBSX lysates was detected by

389  commercial kit (IBL, 27776).
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390 TREMZ2 in TBS lysate, TBSX lysate, serum, conditioned medium, and microglia RIPA lysates
391  were measured as described (Kleinberger et al., 2017) with minor modification using the Meso
392  Scale Discovery (MSD) platform. Streptavidin-coated 96-well plates (MSD, L55SA-2) were
393  blocked overnight at 4°C in blocking buffer (3% bovine serum albumin and 0.05% Tween-20 in
394  PBS). Capture antibody (R&D Systems, BAF1729, 0.25 ug/ml) was applied at RT for 1 hour.
395  Samples were incubated overnight at 4°C with an established dilution in fresh-prepared sample
396  buffer (1% bovine serum albumin and 0.05% Tween-20 in PBS) supplemented with protease
397 inhibitor (cOmplete, Roche). Detection antibody (R&D Systems, MAB1729,) was applied at RT
398  for 1 hour. Sulfo-tag labeled anti rat antibody (MSD, R32AH-5) was applied at RT for 1 hour,
399  and final measurements were made with Read Buffer (MSD, R92TC-3). TBS lysate, TBSX
400 lysate, and serum from Trem2-KO mice were used as negative controls.

401

402  Hippocampal LTP recordings and analyses

403  Electrophysiological recordings were performed with littermates of Trem2 H157Y homozygous
404 mice and WT time at 6 months of age as previously described (Rogers, Liu et al., 2017) with
405  minor modifications. Each mouse was acutely decapitated and the brain was dissected out to
406  conduct transverse slicing in ice-cold cutting solution containing 110 mM sucrose, 60 mM NacCl,
407 3 mM KCI, 1.25 mM NaH2P0O4, 28 mM NaHCO3, 0.6 mM sodium ascorbate, 5 mM glucose, 7
408 mM MgCI2 and 0.5 mM CaCl2. Field excitatory post-synaptic potentials (FEPSPs) were obtained
409  from area CAL stratum radiatum with the use of a glass microelectrode (2 - 4 mQ) filled with
410 artificial cerebrospinal fluid (aCSF) containing 125 mM NacCl, 2.5 mM KCI, 1.25 mM NaH2P04,
411 25 mM NaHCO3, 25 mM glucose, 1 mM MgCI2 and 2 mM CaCl2. fEPSPs were evoked

412  through stimulation of the Schaffer collaterals using a 0.1 millisecond biphasic pulse delivered
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413  every 20 seconds. After a consistent response to a voltage stimulus was established, threshold
414  voltage for evoking fEPSPs was determined and the voltage was increased incrementally every
415 0.5 - 1 mV until the maximum amplitude of the fEPSP was reached (I/O curve). All other
416  stimulation paradigms were induced at the same voltage, defined as 50-60% of the stimulus
417  voltage used to produce the maximum fEPSP amplitude, for each individual slice. Paired-pulse
418  facilitation (PPF) was induced with two paired-pulses given with an initial delay of 20
419  milliseconds and the time to the second pulse incrementally increased 20 milliseconds until a
420  final delay of 300 milliseconds was reached. The fEPSP baseline response was then recorded for
421 20 min. The tetanus used to evoke LTP was a theta-burst stimulation (TBS) protocol consisting
422  of five trains of four pulse bursts at 200 Hz separated by 200 milliseconds, repeated six times
423 with an inter-train interval of 10 seconds. Following TBS, fEPSPs were recorded for 60 min.

424 All analyses were performed by customized programming in MATLAB (R2019a). The
425  fEPSP slope was calculated within the first 1 ms of the descending domain. I/0O curve was
426  presented as the fEPSP slope versus fiber volley amplitude responding to increasing stimulus
427  intensities. PPF strength was examined by the ratio of the second fEPSP slope and first fEPSP
428  slope for each stimulation pair. Potentiation was measured as the increase of the mean fEPSP
429  slope in each minute following TBS normalized to the mean fEPSP descending slope of baseline
430  recordings.

431

432 Invivo microdialysis

433 To assess the A clearance, we examine the AP level in hippocampal interstitial fluid (ISF) by in
434  vivo microdialysis in awake, free-moving mice as previously described (Cirrito et al., 2003, Liu

435 et al.,, 2017). Animals were placed in a stereotaxic device equipped with dual manipulator arms
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436 and an isoflurane anesthetic mask (David Kopf Instruments). Under isoflurane volatile anesthetic,
437  guide cannula (BR style; Bioanalytical Systems) were cemented into the hippocampus (3.1 mm
438  behind bregma, 2.5 mm lateral to midline, and 1.2 mm below dura at a 12° angle). Four to six
439  hours post-surgery, a microdialysis probe (30-kilodalton MWCO membrane, Bioanalytical
440  Systems) was inserted through the guide cannula into the brain. Artificial cerebrospinal fluid
441  (aCSF) (mM: 1.3 CaCl2, 1.2 MgS04, 3 KCI, 0.4 KH2P0O4, 25 NaHCO3, and 122 NaCl, pH 7.4)
442  containing 3% bovine serum albumin (BSA; Sigma) filtered through a 0.1 mm membrane was
443  used as microdialysis perfusion buffer. Flow rate was a constant 1.0 ml/min. Samples were
444  collected hourly into a refrigerated fraction collector. The baseline samples were collected for 10
445  hours followed by subcutaneous administration of a y-secretase inhibitor, LY411575 (5 mg/kg)
446  to rapidly block the production of AB. Samples were collected for another 4 hours after treatment.
447  ISF AP42 in the 14 samples for each mouse was measured by ELISA (Invitrogen, KHB3441,
448  1:4). To determine AP42 half-life (Cirrito et al., 2003), datapoints from drug delivery were
449  analyzed. Meeting with the first-order processes, the elimination rate (Ke) of Ap42 is related to
450 the slope (a) of the semi-log plot of concentration versus time: a = — Ke/2.3. The half-life (T15,)
451  of AB42 is further calculated as T1/2 = 0.693/Ke.

452

453  Statistical analyses

454  All data were reported as mean values £ SEM unless. Generally, if sample sizes are larger than 7,
455  to ensure that results were valid in the presence of non-normal distributions, or differing
456  variances between groups, Kruskal-Wallis tests with uncorrected Dun’s multiple comparisons or
457  Wilcoxon Rank-sum tests were used. If the sample size < 7 and dataset showed similar variances

458  examined by F-test, unpaired t test was used since nonparametric tests would have very low
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459  power. In Fig 4C, unpaired t test with Welch’s correction (Welch’s t test) was used because of
460 the significant different variances. One-Way ANOCOVA with comparison of slopes was used in
461  Fig 2A. All the statistical analyses were conducted using GraphPad Prism v8.4.3 except for Fig2
462 in MATLAB. All statistical tests were two-sided. The statistical tests used for each analysis, the
463  sample size and the significance levels are reported in the legend of each figure.
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620  Figure legends

621  Figure 1. Trem2 H157Y mutation increases sTrem2.

622 A Schematic illustration of sTrem2 generation.

623 B Trem2 H157Y knock-in mice were generated by introducing a C>T mutation (bold
624  orange) via CRIPR-Cas9. Protospacer region recognized by guide RNA (gRNA) is shown in
625  orange. Protospacer adjacent region (PAM) is shown in green.

626 C Trem2 mRNA level was examined in the cortex of mice at 6 months of age. N =11-14
627  mice per genotype, mixed sex.

628

629 D-E TREM2 level was examined by ELISA in cortical extracts obtained by sequential protein
630  extraction with TBS (C) and TBSX(D) from mice at 6 months of age. N =11-14 mice per
631  genotype, mixed sex.

632 F-G TREM2 level was examined by ELISA in conditioned medium (CM) (E) and RIPA
633  lysates (F) of primary microglia (MG). TREM2 amount was normalized to the total protein level
634  of cell lysates followed by another normalization to the values of WT littermates. N=8-11 pups
635  per genotype.

636 H TREM2 level in the serum of mice at 6 months of age was examined by ELISA. N =11-
637 14 mice per genotype, mixed sex.

638 Data information: Data are presented as MeantSEM. Kruskal-Wallis tests with uncorrected
639  Dun’s multiple comparisons were used in C-H. N.S., not significant. * p<0.05. **p<0.01.

640

641  Figure 2. Trem2 H157Y mutation enhances synaptic plasticity
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642 A The input-output curves for WT and Hom mice at 6 months of age are shown as linear
643  regressions of fEPSP slopes in response to pre-synaptic fiber volley amplitudes. n = 13 brain
644  slices from 6-7 male mice/group.

645 B Paired-pulse facilitation (PPF) profiles were achieved with increased inter-pulse intervals
646  (IPI) are shown. n = 11-14 brain slices from 6-7 male mice/group.

647 C-D Theta-Burst Stimulus (TBS) induced LTP profiles for WT and Hom mice are shown as
648  averaged and normalized fEPSP slopes (C). Example recording traces before and after TBS
649  stimulation are shown. The averages fEPSP slope in the last five minutes are compared between
650  groups (D). n =12 brain slices from 6-7 male mice/group.

651  Data information: Data are presented as Mean=SEM. One-Way ANOCOVA with comparison of
652  slopes was used in A. Wilcoxon Rank-sum tests were used in B. Unpaired t test was used in D.
653  N.S., not significant. *p < 0.05.

654

655  Figure 3. Trem2 H157Y mutation leads to reduction in amyloid in 5XFAD mice.

656 A Representative images of amyloid staining are shown for 5XxFAD/WT, 5xFAD/Het, and
657  5XFAD/Hom mice at the age of 8.5 months of age. Scale, 400 um.

658 B-C Amyloid plague number (B) and size (C) are quantified for each genotype from mice at
659  the age of 8.5 months of age. N =19-24 mice per genotype, mixed sex.

660 D-E  AP40 (D) and AP42 (E) are measured by ELISA in cortical guanidine lysates (GND) for
661  each genotype. N = 19-24 mice per genotype, mixed sex.

662 F-G  AP40 (F) and AP42 (G) are measured by ELISA in cortical guanidine lysates (GND) for

663  each genotype from Founder 2# offspring. N = 8-13 mice per genotype, mixed sex.
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664 H-1 AP oligomer is measured by ELISA in cortical extracts obtained sequentially by TBS (H)
665 and TBSX (I) buffer. N =19-24 mice per genotype, mixed sex.

666  Data information: Data are presented as Mean+SEM. Kruskal-Wallis tests with uncorrected
667  Dun’s multiple comparisons were used in B- I. N.S., not significant. * p<0.05. **p<0.01.

668

669  Figure 4. Trem2 H157Y mutation accelerates the Ap clearance in SxXFAD mice.

670 A AP42 level is quantified by ELISA in the interstitial fluid (ISF) obtained in microdialysis
671  experiments with WT and Hom mice at 3 months of age. N = 6-7 mice per genotype, mixed sex.
672  Attime 0, y-secretase inhibitor LY411575 was administrated to stop the AP production.

673 B Semilog plot is performed from time 0 to analyze the half-life of AB42 clearance.

674 C Half-life is quantified and plotted in WT and Hom group with a normalization to WT. N
675 = 6-7 mice per genotype, mixed sex.

676  Data information: Data are presented as Mean=SEM. Unpaired t tests were used in B. Welch’s t
677  testwas used in C. N.S., not significant. * p<0.05. **p<0.01.

678

679

680  Figure 5. Trem2 H157Y mutation reduces microgliosis in 5XFAD mice.

681 A Representative images of IBA1 staining are shown for 5xFAD/WT, 5xFAD/Het, and
682  5XFAD/Hom mice at 8.5 months of age. Scale, 400 pm.

683 B IBA1l immuno-reactivity is quantified for each genotype at the age of 8.5 months of age.
684 N =19-24 mice per genotype, mixed sex.

685 C Correlation analysis between IBA1 signals (area %) and AP42 in GND lysates with R2

686  and p value shown. N =19-24 mice per genotype, mixed sex.
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687 D Representative images of CD68 staining are shown for 5XxFAD/WT, 5xFAD/Het, and
688  5XFAD/Hom mice at the age of 8.5 months of age. Scale, 400 pum.

689 E CD68 immuno-reactivity is quantified for each genotype at the age of 8.5 months of age.
690 N =19-24 mice per genotype, mixed sex.

691 F Correlation analysis between CD68 signals (area %) and AP42 in GND lysates with R2
692  and p value shown above. N =19-24 mice per genotype, mixed sex.

693 G Representative confocal images of IBA1 and X34 co-staining are shown for 5XFAD/WT
694  and 5xFAD/Hom mice at the age of 8.5 months of age. Scale, 10 pm.

695 H Microglia cell body number surrounding X34 signal is counted within a radius of 30 um
696  for each genotype at the age of 8.5 months of age. N = 4 mice per genotype, n = 32-69
697  plaques/mouse.

698 | Plaque area (X34) coverage by microglia (MG) (IBA1) is quantified for each genotype at
699  the age of 8.5 months of age. N = 4 mice per genotype, n = 32-69 plaques/mouse.

700 J Each plaque size is quantified for each genotype at the age of 8.5 months of age. N = 4
701  mice per genotype, n = 32-69 plagues/mouse.

702  Data information: Data are presented as Mean+SEM. Kruskal-Wallis tests with uncorrected
703  Dun’s multiple comparisons were used in B and E. Wilcoxon Rank-sum tests were used in H-J.
704  N.S., not significant, * p<0.05. ****p<0.0001.

705

706  Expanded View Figure legends

707  Figure EV1. Analysis of potential off target effects in the Trem2 H157Y knock-in mice.

708 A Top three putative off targets (A) with Cutting Frequency Determination (CFD) Score

709  ranging from 0.25 to 0.44 were identified and sequenced with primers accordingly.
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710 B Single peaks were seen at the putative sites (arrowhead), while two signals were seen at
711 the Trem2 H157Y target site (highlighted with red, arrowhead). Orange arrows indicate the
712 putative region and direction recognized by gRNA.

713

714  Figure EV2. Trem2 H157Y mutation does not affect microglia density and morphology.

715 A Representative images of IBAL staining are shown for WT, Het, and Hom mice at 6
716  months of age. Scale, 400 pm.

717  B-C  Cortical microglia (MG) number (B) and cell body size (C) are quantified in Image J for
718  each genotype at 6 months of age. N =11-14 mice per genotype, mixed sex.

719 D-F Representative confocal images (D) of IBALl staining were processed (E) and
720  skeletonized (F) in image J for each genotype at 6 months of age. Scale bar for A and B, 50 pm;
721 Scale bar for C 10 pm.

722 G-I  The branch number (G), junction number (H), and total branch length per microglia (MG)
723 () were assessed for each genotype at 6 months of age. N = 9-10 mice per genotype, mixed sex.
724  Data information: Data are presented as Mean+SEM. Kruskal-Wallis tests with uncorrected
725  Dun’s multiple comparisons were used were used in B-C, G-1. N.S., not significant.

726

727  Figure EV3. Trem2 H157Y mutation does not affect anxiety, working memory and
728  associative memory.

729 A Open field analysis (OFA) was conducted to examine the anxiety of mice with different
730  genotypes at 6 months of age. N =37-40 mice per genotype, mixed sex.

731 B Y-maze spontaneous alteration test was conducted to examine the working memory of

732 mice with different genotypes at 6 months of age. N =23-26 mice per genotype, mixed sex.
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733 C Contextual fear conditioning test (CFC) was conducted to examine the associative
734  memory of mice with different genotypes at 6 months of age. N =37-40 mice per genotype,
735  mixed sex.

736 D Cued fear conditioning test (CFC) was conducted to examine the associative memory of
737  mice with different genotypes at 6 months of age. N =37-40 mice per genotype, mixed sex.

738  Data information: Data are presented as Mean+SEM. Kruskal-Wallis tests with uncorrected
739  Dun’s multiple comparisons were used in A-D. N.S., not significant.

740

741 Figure EV4. Effects of Trem2 H157Y mutation on AP levels, neuronal dystrophy

742 A Representative images of fibrillar amyloid staining with X34 are shown for 5xFAD/WT,
743  5XFAD/Het, and 5xFAD/Hom mice at 8.5 months of age. Scale, 400 pum.

744  B-C plaque number (B) and size (C) are quantified for each genotype at 8.5 months of age. N
745  =19-24 mice per genotype, mixed sex.

746 D-E  AP40 is quantified by ELISA in cortical TBS (A) and TBSX (B) lysates of mice at 8.5
747  months of age. N = 19-24 mice per genotype, mixed sex.

748 F-G  AP42 is quantified by ELISA in cortical TBS (C) and TBSX (D) lysates of mice at 8.5
749  months of age. N = 19-24 mice per genotype, mixed sex.

750 H-I  AP40 is quantified by ELISA in cortical TBS (A) and TBSX (B) lysates of mice from
751  Founder 2# at 8.5 months of age. N = 8-13 mice per genotype, mixed sex.

752 J-K  AP42 is quantified by ELISA in cortical TBS (A) and TBSX (B) lysates of mice from
753  Founder 2# at 8.5 months of age. N = 8-13 mice per genotype, mixed sex.

754 L Representative images of LAMP1 staining are shown for 5XxFAD/WT, 5xFAD/Het, and

755  5XFAD/Hom at the age of 8.5 months of age. Scale, 400 um.


https://doi.org/10.1101/2021.10.04.463020

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.04.463020; this version posted October 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

756 M LAMP1 immuno-reactivity was quantified for each genotype at the age of 8.5 months of
757  age. N =19-24 mice per genotype, mixed sex.

758  Data information: Data are presented as MeantSEM. Kruskal-Wallis tests with uncorrected
759  Dun’s multiple comparisons were used in B-K and M. N.S., not significant. * p<0.05.

760

761  Figure EV5. Trem2 H157Y mutation does not affect APP processing.

762 A-B  Soluble APPa (sAPPa, I), Soluble APPB (sAPPJ, J) were examined, quantified, and
763 normalized to 5XFAD/WT in TBS lysates of mice at 8.5 months of age. N = 19-24 mice per
764  genotype, mixed sex.

765 C CTFp was examined, quantified, and normalized to 5XxFAD/WT in TBSX lysates of mice
766  at 8.5 months of age. N = 19-24 mice per genotype, mixed sex.

767  Data information: Data are presented as Mean+SEM. Kruskal-Wallis tests with uncorrected
768  Dun’s multiple comparisons were used in A-C. N.S., not significant.

769
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