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Title: The complement system in thalamocortical synapse elimination

Abstract: Synapse elimination occurs continuously throughout brain development, but at
different rates during different development periods. Many brain regions go through a
maturation process comprising of two developmental periods, an initial period of net
synapse formation when the rate of synapse formation exceeds that of synapse elimination,
followed by a period of net synapse elimination when the rate of synapse elimination
exceeds that of synapse formation. During brain development, complement-mediated
microglial engulfment has been demonstrated to actively participate in postnatal
establishment and refinement of brain wiring in mammals. Here, we uncovered that
neurons express complement inhibitors to protect synapses against complement-mediated
synapse elimination during postnatal brain development. We show that the sushi domain
protein SRPX2 1is a neuronally expressed complement inhibitor that regulates
complement-dependent synapse elimination. SRPX2 directly binds to Clq and blocks its
activity, and SRPX2-/Y mice show increased C3 deposition and microglial synapse
engulfment. They also show a transient decrease in synapse numbers and increase in
retinogeniculate axon segregation in the lateral geniculate nucleus. In the P60 to P90
somatosensory cortex, layer 4 thalamocortical synapses are eliminated via the
complement-microglial pathway. Therefore, complement-microglial synapse elimination is

a major mechanism for synapse removal in multiple brain regions during the




developmental period of net synapse elimination.
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Title: A Dynamic Model of Health on Housing Price and Rent

Abstract: This study contributes to the health and regional economics literature by
exploring the impact of health factors on local housing market and households’ choices
though both demand and supply channels. Specifically, we investigate regional and
individual health shocks in the housing market through migration flow. Health influences
housing demand through the local labor income and amenities and affects housing supply
through local labor productivity. To study the housing market heterogeneity across different
Metropolitan Statistical Areas (MSAs), we develop an overlapping generations spatial
equilibrium model, in which home price and rent are determined by regional and individual
health factors and the migration between regions via health status. The empirical evidence
suggests home value is positively related to the MSA health index and a "good" health
region is more sensitive to health shocks. Additionally, likelihood of moving is negatively
related to an individuals’ health status. Our simulation analysis of our theoretical model

further supports the features and patterns of the main empirical findings.
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Title: Propensity Score Matching enables batch effect corrected imputation in
single-cell RNA-seq analysis

Abstract: Developments of single-cell RNA-sequencing (scRNA-seq) technologies have
enabled biological discoveries at the single-cell resolution with high throughput. However,

large scRNA-seq datasets always suffer from massive technical noises, including batch




effects and dropouts, and the dropout is often shown to be batch-dependent. Most existing
methods only address one of the problems, and we show that the popular used methods
failed in trading off batch effect correction and dropout imputation. Here inspired by the
idea of causal inference, we propose a novel propensity score matching method (scPSM)
for scRNA-seq data by borrowing information and taking weighted average from similar
cells in the deep sequenced batch, which simultaneously removes batch effect, imputes
dropout and denoises data in the entire gene expression space. The proposed method is
testified on two simulation datasets and a variety of real scRNA-seq datasets, and the
results show that scPSM is superior to other state-of-the-art methods. First, scPSM
improves clustering accuracy and mixes cells of the same type, suggesting its ability of
keeping cell type separation while correcting for batch. Besides, using the
scPSM-integrated data as input yields results free of batch effects or dropouts in the
differential expression (DE) analysis. Moreover, scPSM not only achieves ideal denoising,
but also preserves real biological structure for downstream gene-based analyses.
Furthermore, scPSM is robust to hyperparameters and small datasets with a few cells but
enormous genes. Comprehensive evaluations demonstrate that scPSM jointly provides
desirable batch effect correction, imputation, and denoising for recovering the biologically

meaningful expression in scRNA-seq data.
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Title: Reporting Technologies and Textual Readability: Evidence from the XBRL
Mandate

Abstract: Financial reporting technologies can significantly affect how firms construct and
disseminate quantitative and qualitative disclosures. Leveraging the opportunity created by
the eXtensible Business Reporting Language (XBRL) mandate in the United States, we use
a difference-in-differences approach to examine whether and how a firm’s XBRL adoption
affects the readability of its textual disclosures. We find that the initial adopters’
HTML-formatted annual reports become harder to read after the XBRL mandate. Further
analysis reveals that this effect is concentrated among adopters with more quantitative
disclosures, those with smaller firm size, and those with a higher level of financial
complexity. Importantly, we show that managers’ reduced attention to preparing
HTML-formatted annual reports, rather than increased disclosures, is likely the explanation
for this decrease in textual readability. We also find that the negative effect on textual
readability persists at least in the subsequent year. Taken together, our results suggest that
although XBRL can standardize numerical disclosures, its initial adoption can divert

managerial attention and result in reduced readability of textual disclosures.
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