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The evolutionary conserved and ubiquitously expressed transcription factor Yin Yang 1 (YY1), 

was named after its dual roles of both activating and repressing gene transcription. Yy1 plays 

complex roles in various fundamental biological processes such as cell cycle, cell proliferation, 

survival, and differentiation. Mouse embryos encounter peri-implantation lethality when Yy1 was 

completely inactivated (Yy1-/-). A significant fraction of heterozygote mice (Yy1+/-) shows 

developmental defects of CNS. Patients with Yy1 haploinsufficiency syndrome show enlarged 

brain ventricles and encounter delayed psychomotor development. Previous studies have revealed 

that Yy1 is critical for the development of various organs, however, the role of Yy1 in central 

nervous system (CNS) development remains unclear.  

As a model system for studying the development of CNS, the cerebellum has the well-known 

functions of motor, cognitional, and emotional control. The mid-hindbrain boundary (MHB) region 

has a signaling center regulates neural tube regionalization. The sole output neuron of mature 

cerebellum, the Purkinje cells (PCs) undergo postnatal maturation. The proper formation of their 

dendritic trees is critical for the function of neural circuit. Disruption of the cerebellar 

developmental processes may cause severe CNS disorders.  

Using tissue-specific Cre-LoxP system, we generated conditional knockout mouse lines to 

inactivate Yy1 in MHB and in PCs, for studying the function of Yy1 in neuroepithelial cells (NECs) 

and neurons, respectively. Mice with Yy1 deletion in the MHB region displayed cerebellar agenesis 

and midbrain hypoplasia. The Yy1 deleted cells underwent cell cycle arrest and apoptosis, with the 

concurrent change of cell cycle regulatory genes and patterning gene expression. Mutant mice with 

PCs-specific Yy1 knockout showed severe motor defect due to malformation of the PC dendrites, 

but no defect in the survival of PCs. These results suggest differential regulatory roles of Yy1 in 

NSCs and neurons. We shall continue to investigate detailed mechanisms in the future. 
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Proteins perform an essential role in all cellular functions. Many diseases arise from the 

deficient expression or dysfunctions of intracellular proteins. Restoration of protein function is 

normally achieved by introducing protein-encoded DNA or mRNA into cells. Direct 

intracellular delivery of functional proteins is potentially a game-changing approach for 

therapeutics. However, it is frequently hampered by the low cell penetration efficiency of 

proteins and poor endosomal escape after cellular internalization.  Here, we demonstrated an 

engineered Cry3Aa protein (Pos3Aa) crystal, which naturally formed within Bacillus 

thuringiensis (Bt), as a novel platform for protein delivery. Pos3Aa protein crystals can be 

efficiently taken up by various mammalian cells via macropinocytosis and be capable of 

escaping from endo/lysosome into cytoplasm. As model cargos, two tumor suppressor proteins, 

p53 and p16, were fused to Pos3Aa protein, respectively, and successfully delivered into cancer 

cells in the form of Pos3Aa-cargo fusion protein crystal. Reactivation of p53-mediated 

apoptosis and increased susceptibility to anticancer drugs were observed in MDA-MB-231 

cells treated with Pos3Aa-p53 protein crystals. Pos3Aa-assisted delivery of p16 protein into 

p16-deficient UM-SCC-22A cells led to a decreased level of phosphorylated Rb and significant 

G1 cell cycle arrest. Our results validate that Pos3Aa protein crystal can serve as a robust and 

efficient platform for intracellular delivery of effector proteins, providing new opportunities 

for the development of protein therapeutics.  
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Neurodegeneration is the loss of structure and/or function of neurons. Oxidative stress 

has been suggested as one of the common etiology in most of neurodegenerative diseases. 

Previous studies have demonstrated beneficial effects of berberine (BBR) in various 

neurodegenerative and neuropsychiatric disorders.  

In this study, we hypothesized that BBR could protect C17.2 neural stem cells from 

2,2'-Azobis(2-amidinopropane) dihydrochloride (AAPH)-induced oxidative damage and then 

promote neuronal differentiation. AAPH was used to induce the oxidative damage. After the 

damage, BBR-protected C17.2 cells were kept cultured for another week in differentiation 

medium with/without berberine. Changes in cell morphology were recorded by microscopy 

and cell viability was determined by MTT assay.  Real-time PCR and western blot analysis 

were performed to confirm the associated pathways.  

From our results, BBR was able to protect C17.2 neural stem cells from the oxidative 

damage. It lowered the cellular reactive oxygen species (ROS) level in C17.2 cells via 

Nuclear Factor Erythroid 2-Related Factor 1/2 (NRF1/2) - NAD(P)H Quinone 

Dehydrogenase 1 (NQO-1) - Heme Oxygenase 1 (HO-1) pathway. It also down-regulated the 

apoptotic factor- CASPASE 3 and BCL2 Associated X (BAX) and upregulated the anti-

apoptotic factor- BCL2. Besides, BBR increased C17.2 cell viability via up-regulating 

Extracellular-signal-Related Kinase (ERK) and phosphor-Extracellular-signal-Related Kinase 

(pERK) expressions. Then, BBR promoted C17.2 cell to differentiate into neurons and the 

differentiation mechanism involved the activation of WNT/ -catenin pathway as well as the 

upregulation of mRNA levels of pro-neural factors- Achaete-Scute Complex-Like 1 (ASCL1), 

Neurogenin 1 (Neurog1), Neuronal Differentiation 2 (NeuroD2) and Doublecortin (Dcx). In 

conclusion, BBR protected C17.2 neural stem cells from oxidative damage and then induced 

their differentiation into neurons.   
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Transcription factor Yin Yang 1(YY1) is a multifunctional nuclear protein which can active 

or repress gene expression. Limb bud is a good model for understanding the principles of 

embryogenesis and it is relatively easy to be manipulated and observed. We inactivated YY1 

selectively in ventral ectoderm and apical ectoderm ridge (AER) of developing limb, using YY1 

floxed alleles and an Enlcre/+ knock-in allele. Here we observed severe ectopic phenotype shown 

in mouse limb with the knockdown of YY1 in E16.5. Notably and interestingly, YY1 mutant 

limb has an abnormal skin fold in the ventral side. Besides, in ventral dermis, there is a strange 

abnormal cavity in YY1 mutant limb. Taken together with the defects observed in the YY1 

mutant limb, there is no doubt that YY1 plays an important role in limb development, especially 

in the development of epidermis.  

Additionally, it is a widely held view that genital tubercle may have some similarities to 

limb development, as they both experience organ outgrowth. Hence, we proposed that YY1 

may also influence outgrowth of external genitalia. Similarly, to investigate the function of YY1 

in external genitalia development, we knockout YY1 specifically in external genitalia by Cre-

loxP system. As expectedly, YY1 mutant mice show drastic abnormalities in the urethral tube 

formation and the prepuce fusion defects in E18.5, which may lead to hypospadias. In the future, 

I will seek to identify the downstream mediators of YY1 in these processes and confirm their 

relationship by phenocopy or rescue experiments. 
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Cancer is one of the most prominent threats to human health. Among the present treatments, 

chemotherapy is still extensively utilized attributing to its efficiency and compliance. However, 

the unpredictable activity at the non-pathogenic sites leads to severe side effects. Hence, 

selective activation of drugs by external stimuli (e.g., light, pH and enzymes) at desired sites 

becomes a promising strategy. Herein, we propose a cell-mediated enzyme/prodrug therapy 

(EPT) that the cytosine deaminase (CD; enzyme) will be specifically delivered by macrophages, 

so that the following administrated 5-fluorocytosine (5-FC; prodrug) will be converted to active 

5-fluorouracil (5-FU) at tumors exclusively. In this case, the macrophage is employed for its 

nature of migrating towards tumor sites and infiltrating into the hypoxic region. Compared with 

traditional delivery systems (e.g., nanoparticles), cell-based platforms, such as red blood cells 

and macrophages, exhibit better permeability, slower clearance, and lower toxicity. Moreover, 

the loading of CD into macrophages is enhanced by Cry3Aa protein crystal carrier. We have 

successfully prepared a CD-loaded particle (Cry3AaCD). It displays high uptake efficiency by 

macrophages, the complex of which shows efficient killing effect with 5-FC on cancer cells in 

vitro. Furthermore, the preliminary result indicates that cancer cells can drive the migration of 

macrophages in vitro. 
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Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder which is characterized by 

social communication deficit and restricted & repetitive behavior. Current world prevalence of 

ASD was 1 in 45 and was 26.6 per 10,000 persons in Hong Kong, Taiwan and mainland China 

in 2015. Recently, there are increasing evidences showing that ASD is related to cerebellum of 

central nervous system (CNS). Risk of births diagnosing with ASD was proved to be 

significantly increases by in utero exposure to an antiepileptic drug, valproic acid (VPA). In 

this study, pregnant C57BL6 mice will be intraperitoneally injected with a dosage of 600 mg/kg 

VPA on embryonic day 12.5 for autism induction. Besides, two Lin11-Isl1-Mec3(LIM)-

homeodomain genes, Lhx1 and Lhx5 are proposed to be genetically linked with autism. Hence, 

Lhx1/5 knockout mouse models will also be investigated. Both Lhx1 and Lhx5 will be 

conditionally inactivated in postnatal cerebellum of mice under Cre-LoxP system. 3-chamber 

behavioural test, grooming test and open field test were offered to the corresponding pups to 

verify their impaired social interactions and repetitive behavior. Both Lhx1/5 DKO and VPA 

group appeared with no preference for strangers in terms of social novelty, time of grooming 

were significantly increased in Lhx1/5 DKO group and VPA group. Glutamate decarboxylase 

and GABAergic receptors were investigated to explain the present phenomena. Our findings 

suggest that Lhx1/5 DKO mouse maybe a potential genetic model of autism for studies. 

Possible cerebellar pathways of autism will be further investigated in VPA-induced and Lhx1/5 

DKO autistic mouse model. 
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FE65 is a brain enriched adaptor protein that binds to different cellular proteins to form functional 

complexes. One such protein is the amyloid precursor protein (APP), the parental molecule for the toxic 

beta amyloid (Aβ) peptide which is the major component of the amyloid plaques in the Alzheimer’s 

disease (AD) brains. Since FE65 has been shown to alter APP processing, it has been implicated in the 

pathogenesis of AD. However, how FE65 alters APP processing is still not fully understood. Notably, 

our previous finding demonstrates for the first time that FE65 interacts with ADP-ribosylation factor 6 

(AFR6) via its first phosphotyrosine binding (PTB) domain and to stimulate ARF6 activation. ARF6, a 

member of the ARF family of small GTP-binding proteins, is a regulator of multiple cell processes, 

including endocytic trafficking. Aberrant endocytic trafficking of APP has been shown to contribute to 

the mis-production of Aβ. However, how does FE65 activate ARF6 remain elusive as it holds no 

GTPase activating function. Since it is a molecular adaptor, I hypothesize that FE65 activates ARF6 by 

recruiting a guanine nucleotide exchange factor (GEF) of ARF6. Indeed, we have found that FE65 could 

interact with a GEF of ARF6 namely ARF Nucleotide-Binding Site Opener (ARNO). Overexpression 

of ARNO suppresses while knockout of ARNO stimulate FE65-mediated APP processing. Intriguingly, 

FE65 is found to activate ARNO by disrupting its auto inhibition. In the next stage, I will investigate if 

FE65-ARNO interaction alters endocytic trafficking of APP. Our findings will provide novel insights 

into the mechanism by which FE65 modulates APP processing.   
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Genomic structural variants (SVs) form significant share of genetic variations, but reliance on 

short-read sequencing eludes comprehensive analysis. Optical mapping (OM), a high-throughput single-

molecule fluorescent microscopy-based genome mapping technique, resolves large-scale genome 

structures up to megabase range. Briefly, sequence motif-based signal patterns are generated on DNA 

molecules over hundred kilobases long via enzymatic reactions, which are aligned and assembled to 

provide long-range genome information for sequence assembly improvement and structural comparison. 

We apply this technology in investigating SVs in the domestication of soybean (Glycine max). Soybean 

is a worldwide socioeconomically important crop. Genetic knowledge helps sustain food security under 

the threat of climate change. Studies have pointed to the rich genetic resource harboured in wild 

germplasms, but understanding has been mostly limited to single nucleotide polymorphisms and 

quantitative trait loci that are insufficient to resolve mechanisms involving large and complex genome 

structures. We generated OM data for wild and cultivated soybean germplasms from diverse 

geographical origins for comparative genomic study. After successfully applying OM to obtain the first 

wild soybean reference genome and improve the current de facto standard cultivar reference to provide 

accurate sequence basis. Pan-genome analysis was then performed to highlight the extent of large 

genomic SVs over 1kbps across germplasms. As a proof of concept, we showcase several large SVs 

characterized in loci of agricultural interest or updated knowledge regarding wild and cultivars. This 

study shows the power of human selection in soybean evolution, shedding light on evolutionary biology 

and potentiates crop improvement towards a climate-smart agriculture. 
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Autophagy is a degradation process where intracellular materials are delivered to lysosome 

for degradation and recycle. It encompasses a nonselective removal of cytoplasmic contents 

as well as a selective autophagy of protein aggregates, damaged organelles, and intracellular 

microbes. Atg8/LC3 was a key regulator in autophagy pathway in eukaryotic cells. 

Structures of several Atg8 homologues have been 

determined in yeast and mammals. However, the structure of ATG8 in plant remains 

unknown. Several studies have uncovered the conserved specific interactions between ATG8 

family protein with its partner through a WXXL sequence (AIM, ATG8 interacting motif). 

In Arabidopsis, AtNBR1, serve as receptors to target aggregated proteins to autophagosome 

through binding to ATG8. However, the structural basis of this interaction remains unknown. 

Here we solved the solution structure of AtATG8 by NMR spectroscopy. Our structure 

showed that ATG8 are highly conserved among species. And by the chemical shift 

perturbation experiment, we identified the residues in ATG8 that are involved in binding 

NBR1 peptide. Three single point mutations were created, and the peptide pull down results 

show that all these three mutations on AtAtg8f blocked its interaction with NBR1. Our 

results show that the binding of AtAtg8 and AtNBR1 is also based on the conserved 

mechanism in plant. Besides, by introducing mutations to the W-/L-sites of Atg8 protein, we 

provided a convenient way to investigate the binding mechanism of Atg8 proteins and their 

interaction partners to avoid tedious mapping of potential AIMs. 
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FE65 is a brain enriched adaptor protein that could interact with ELMO1-DOCK180 bipartite 

GEF complex to stimulate neurite outgrowth by modulating the activity of Rac1, a plasma 

membrane situated Rho family small GTPase. Moreover, ARF6, a regulator of endocytic 

trafficking and Rac1, is also found to interact with FE65. It is proposed that ARF6 regulates 

Rac1 via ELMO1-DOCK180 complex. However, the connection between ARF6 and ELMO1-

DOCK180 complex remains unknown. We therefore suspected that FE65 functions as a link 

between these proteins. In the current study, we found that FE65 could interact with ARF6 and 

ELMO1 simultaneously and to potentiate neurite outgrowth and Rac1 activation. Conversely, 

such effects were markedly reduced in cells transfected with the FE65 binding defective mutant 

or FE65 siRNA. Knockdown of ARF6 reduced the amounts of ELMO1 and FE65 on the 

plasma membrane. Similarly, the amount of ELMO1 on the plasma membrane was decreased 

in the presence of FE65ΔPTB1, a mutant could not interact with ARF6. Together, our findings 

suggest that FE65 is crucial in the trafficking of ELMO1 to the plasma membrane by mediating 

the formation of ARF6-FE65-ELMO1 complex. 
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Microglia are the resident macrophages and act as the main form of active immune response 

in the brain.  While many researchers claim microglia are harmful, some argue that microglia are 

beneficial. This segregated opinion may be attributed to the different types of microglia.  

The natural process of microglia transition from anti-inflammatory M2 into pro-

inflammatory M1 state has been observed in brain injury. Recently, researchers have investigated 

the modulation of microglia from M1 to M2 state to reduce neuroinflammation in 

neurodegeneration.  Furthermore, microglia of the aged brain is primed to be activated and resistant 

to regulation.  

Single-cell RNA-seq allows us to study the cellular heterogeneity amongst microglia and 

their cluster gene expression, which is not feasible with traditional bulk RNA-seq. Our hypothesis 

that the degree of cellular heterogeneity between young adult and aged microglia and their gene 

expression profiles will delineate important basic science knowledge for M1/M2 

immunomodulation and in the pathogenesis of neurodegeneration. Our first aim is to isolate single 

primary mouse microglial cells with high purity and viability as input into the droplet-based 10X 

Genomics microfluidics technology for scRNA-seq. It involves enzymatic and mechanical 

dissociation of whole brain, followed by Percoll gradient density separation. Our 

immunocytochemistry research in progress results confirm the identity of microglial cells (by 

microglial specific TMEM119 marker), >90% purity (by DAPI), and >90% viability (by trypan 

blue). Our subsequent aim is to perform cDNA library preparation for scRNA-seq for 8 weeks and 

1.5 years old normal female mouse microglia and to continue with data analysis.  
 
 

mailto:1155114015@link.cuhk.edu.hk


BCH19-A16 

Spatiotemporal dynamics of BMP/SMAD activity determine  

the temporal identity transition of cerebellar neural progenitors 

 

Ma TC1, Vong KI1, Kwan KM1,2,3 

 

1 School of Life Sciences, 2 Centre for Cell and Developmental Biology, and 3 State Key Laboratory of 

Agrobiotechnology, The Chinese University of Hong Kong, Hong Kong, China  

Email: charlottema@link.cuhk.edu.hk 

 

The neural progenitor cells in the ventricular zone (VZ) of developing cerebellum sequentially 

produce Purkinje cells, GABAergic interneurons and astroglial cells. As neurogenesis proceeds, the 

transition of Purkinje cell progenitors to interneuron progenitors occurs gradually from ventral to dorsal 

cerebellum. However, the molecular signals that instruct this temporal identity transition remain largely 

unknown. Here, we observe a highly dynamic spatiotemporal activation of BMP/SMAD signaling in 

the cerebellar VZ. We found that the temporally-regulated ventral-to-dorsal reduction of SMAD1/5 

activity permits the spreading of Gsx1 expression along the VZ. Biochemical analyses identify Gsx1, a 

key regulator of interneuron specification, as a novel BMP downstream target suppressed by SMAD1/5. 

Deletion of Smad1/5 leads to aberrant expansion of the Gsx1+ domain. Birthdate tracing analysis reveals 

that more VZ progenitors are converted into interneuron progenitors at the expense of Purkinje cells in 

Smad1/5 mutants. Intriguingly, transient augmentation of BMP/SMAD activity in VZ drastically 

abolishes Gsx1 expression and stalls the temporal identity transition program, hindering the generation 

of PAX2+ interneurons. These results indicate that BMP/SMAD signaling functions as a gatekeeper to 

determine the pace of temporal identity transition and subsequently defines the fate of neuronal 

progenitors. Furthermore, we uncover an additional role of BMP/SMAD signaling upon cessation of 

neurogenesis. BMP/SMAD activity is required for the induction of Bergmann glia from radial glial cells 

residing in the VZ. Our findings provide novel insights into the molecular mechanism underlying the 

temporal identity transition of cerebellar neural progenitors. 
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High-throughput chromatin conformation capture (Hi-C) analyses of Drosophila 

melanogaster genome have focused on embryonic development prior to zygotic genome 

activation (ZGA). These studies have demonstrated the dynamics of chromatin formation and 

organization in the context of transcriptional naivety of the cells, suggesting that chromatin 

formation is a mechanistic process involving early expressed house-keeping genes, insulator 

elements and architectural proteins among others. Conceivably, epigenomic compartments and 

topological associating domains (TADs) are discretely established during ZGA closely 

resembling the patterns observed in adults. Whether these findings can be generalized to 

molecular events after ZGA and during metamorphosis remain to be investigated and validated. 

Noteworthily, insect metamorphosis involves major anatomical and physiological 

reconstruction which are driven by complex molecular mechanisms. Therefore, it is 

hypothesized that distinct chromatin conformation exists at specific stages of metamorphosis 

in both hemimetabolous and holometabolous insects, where they presumably serve important 

roles in gene regulation – tightly and dynamically regulating the spatiotemporal activity of 

developmental genes. In view thereof, it is worth investigating how the chromatin is 

reorganized during metamorphosis, and how dynamic genome restructuring mediates complex 

yet highly accurate and orchestrated molecular events. Comparative analyses of distinct life 

stages are expected to highlight shared and unique chromatin features (loops, TADs, TAD 

boundaries and compartments) that could link chromatin dynamics to specific developmental 

processes. Comparison of the chromatin conformation between modes of development, on the 

other hand, may provide deep insights on key similarities and differences between 

hemimetabolous and holometabolous insects.  
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Accumulative evidence has suggested that tea consumption has benefits in reducing body fat 

and alleviating metabolic syndrome. We hypothesize that benefits of tea consumption can be 

partially mediated by modulating intestinal microbiota via inhibiting the formation of 

lipopolysaccharides (LPS) and promoting the production of short chain fatty acids (SCFAs). 

C57BL/6J mice were fed a high fat diet with addition 1% water extracts of green tea, oolong 

tea and black tea. Results showed that the dietary supplementation of three tea water extracts 

equally improved the glucose tolerance and reduced a high fat diet-induced gain in weight, 

hepatic lipids, and white adipose tissues weights. This was accompanied by a significant 

reduction in plasma LPS and a significant increase in production of SCFAs. The metagenomic 

analysis showed that the tea extracts changed the overall composition of gut microbiota and 

decreased the relative abundance of family Rikenellaceae and Desulfovibrionaceae. In 

addition, tea water extracts could also change the abundance of key operational taxonomic units 

(OTUs) including OTU473 (Alistipes), OTU229 (Rikenella), OTU179 (Ruminiclostridium) and 

OTU264 (Acetatifactor). In conclusion, three tea extracts could improve the glucose tolerance, 

induce the production of SCFAs and inhibit the production of endotoxin LPS, most likely 

mediated by modulating gut microbiota.  
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Hepatocellular carcinoma (HCC) becomes a critical health threat in Hong Kong，due to highly 

metastatic nature, late diagnosis and limited choice of chemotherapy. TAX1 binding protein 2 

(TAX1BP2) is first identified as a novel binding partner of TAX1, an oncoprotein encoded in 

HTLV I virus. It is frequently underexpressed in HCC and this underexpression is associated with 

poorer survival outcome of patient. I examined the transcriptional regulation of TAX1BP2 to 

understand how TAX1BP2 is downregulated in HCC. I predicted the potential transcriptional 

factors binding sites on TAX1BP2 promoter by LASAGNA software, and showed that deletion of 

the binding sites for HNF4α resulted in a significant decrease in TAX1BP2 promoter activity. 

Consistently, the promoter activity, mRNA and protein expression levels of TAX1BP2 were 

up-regulated with ectopic expression of HNF4α. Interestingly, ectopic expression of HBx, an 

oncoprotein encoded by HBV, was able to inhibit HNF4α and suppress TAX1BP2 protein 

expression. Furthermore, ectopic expression of HNF4α can rescue the HBx mediated suppression 

of TAX1BP2 promoter activity, indicating that HNF4α and HBx works within the same signaling 

pathway. In conclusion, these results suggested that HNF4α is an activating transcription factor of 

TAX1BP2. The elucidation of the HBx-HNF4α-TAX1BP2 pathway provides novel insight into 

the molecular mechanism underlining chronic HBV infection associated hepatocarcinogenesis. 
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Tissue-resident macrophages (TRMs) are highly heterogeneous and engage in a wide range of 

diverse functions. Yet, the heterogeneities of their origins and functions remain incompletely 

defined. Here we report the identification and characterization of an ectoderm-derived 

myeloid-like cell, which we refer to as metaphocyte. We show that metaphocytes are highly 

similar to conventional Langerhans cells (cLCs), the resident macrophages in epidermis, in 

transcriptome, morphology and anatomic location. However, unlike cLCs, metaphocytes 

respond neither to tissue injury nor bacterial infection, but rather sample soluble antigens 

from external environment through transepithelial protrusions and transfer them to cLCs via 

apoptosis-phagocytosis axis. This antigen transfer is critical for zebrafish to respond to 

soluble antigens because the depletion of metaphocytes significantly reduces cLC antigen 

uptake. Our study documents the existence of ectoderm-derived myeloid-like cells that 

manifest distinct function from conventional TRMs and opens a new paradigm for 

investigation the heterogeneities of resident immune cells. 
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The localizations of Arf family proteins are generally thought to be determined by their 

corresponding guanine nucleotide exchange factors (GEFs). However, although the GEFs 

directly interact with the switch domains of Arf proteins, the amphipathic motifs at the N-

terminus of Arf proteins are also important for their membrane associations. Here, we analyzed 

the functional roles of the amphipathic motifs of the Golgi-localized Arf family protein, Arfrp1, 

the endoplasmic reticulum-localized Arf family protein, Sar1A, and the endosome- and plasma 

membrane-localized Arf family protein, Arl14. Switching the amphipathic helix motifs among 

these Arf proteins causes changes of their intracellular localizations. Moreover, we found that 

the amphipathic helices of Arfrp1, Arl14 and Sar1A are sufficient to bring cytosolic proteins to 

the Golgi, the endosomes or the ER respectively. The spatial determination mediated by Arfrp1 

helix requires its binding partner Sys1. In addition, the acetylation modification on Arfrp1 helix 

and the myristoylation modification on Arl14 helix are important for the spatial determination. 

Interestingly, Sar1A, Arfrp1 and Arl14 are recruited to their specific intracellular compartments 

independent of GTP binding, suggesting their GTP binding and membrane association are 

uncoupled. In sum, our results demonstrate that the amphipathic motifs of Arfrp1, Arl14 and 

Sar1A are required and sufficient for determining specific intracellular localizations. In addition, 

our study provides novel short motifs that can be used to target cytosolic proteins to specific 

intracellular compartments.  
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Ilex is a genus of herbs which is commonly used in Traditional Chinese Medicine. Recently, 

antiviral activity and anti-inflammatory response have been reported in Ilex asprella and Ilex 

rotunda. According to Flora of Hong Kong, there are 20 Ilex species in Hong Kong. In our 

research, all the 20 Ilex species were collected to determine the anti-influenza activity. Crude 

extracts were first obtained by 50% ethanol. After infection by A/WSN/1933 (H1N1), 

anti-influenza activity was determined by plaque reduction assay. Among these 20 species, 

Ilex hanceana possessed the highest efficacy, with an IC50 31.25μg/ml. The crude extract of 

Ilex hanceana was then partitioned into methanol, ethyl-acetate, butanol and hexane fractions. 

Butanol fraction showed a dose-dependent antiflu activity. Further fractionations were 

performed by using Sephadex LH-20 and C-18 silica column chromatography. Fractions 

eluted by 15% and 50% methanol showed antiflu activity, with IC50 7.5μg/ml and 4μg/ml 

respectively. Bio-assays were repeated in another strain of influenza, A/Hong 

Kong/1/68(H3N2). Dose dependent manner in antiviral activity was also observed in these 

two fractions, with IC50 20μg/ml and 15μg/ml respectively. Further size-exclusion 

fractionation was performed in 15% methanol extract and four sub-fractions were yielded. 

Sub-fraction 2 showed a ten-fold decrease in the viral amount after viral-yield reduction assay. 

In conclusion, it is the first time to discover antiviral activity in Ilex hanceana. The next step 

is to find the antiflu phytochemicals and to study the mechanism of action. 
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Autophagy is an essential process for the maintenance of cellular homeostasis by recycling 

macromolecules under normal and stress conditions. The autophagy-related protein 9 (ATG9) is the 

only integral membrane protein in the autophagy core machinery and has a central role in mediating 

autophagosome formation. In cells, ATG9 exists on mobile vesicles that traffic to the growing 

phagophore, providing an essential membrane source for the formation of autophagosomes. Here we 

report the three-dimensional structure of ATG9 from Arabidopsis thaliana, determined by single-

particle cryo-electron microscopy. ATG9 organizes into a homotrimer, with each protomer 

contributing six transmembrane α-helices. At the center of the trimer, the protomers interact via their 

membrane-embedded and C-terminal cytoplasmic regions. Combined with prediction of protein 

contacts using sequence co-evolutionary information, the structure provides detailed insights into the 

ATG9 architecture and represents a significant step towards understanding the molecular mechanism 

of autophagy progression. 
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Gallic acid (GA) is a low molecular weight (LMW) natural bioactive substance that can be 
found in many food sources including edible mushrooms, fruits, herbs, teas and vegetables. 
Previous studies in our laboratory and others have successfully identified some LMW phenolic 
compounds, including GA, in the extract of edible mushrooms that have potential anticancer 
effect by triggering apoptotic cell death. Here, we report that GA can trigger a novel form of 
iron-dependent cell death that activates apoptotic, ferroptotic and necroptotic mechanisms. GA 
can activate multiple types of cell death pathways including apoptosis characterized by 
mitochondrial cytochrome c release to cytosol and caspase-3 activation, ferroptosis by lipid 
peroxidation, and necroptosis by loss of plasma membrane integrity. This GA-induced cell 
death cannot be suppressed by apoptosis inhibitor such as the potent pan-caspase inhibitor Z-
VAD-FMK, ferroptosis inhibitors such as ferrostatin-1 (Fer-1) and aminooxyacetic acid (AOA), 
as well as necroptosis inhibitors such as necrostatin-1 (Nec-1) and MLKL inhibitor 
necrosulfonamide (NSA) when they were applied, either alone or in combinations. However, 
this form of cell death can be suppressed by iron chelator deferoxamine (DFO), indicating that 
it is an iron-dependent cell death. Interestingly, NSA exerts a synergistic effect by enhancing 
the sensitivity of various cancer cells upon GA induction, including human cervical cancer 
HeLa cells, small cell lung cancer H446 cells, and neuroblastoma SH-SY5Y cells, but not 
normal cells such as lung fibroblasts MRC-5 cells. Taken together, our results provide 
mechanistic insights into the development of anti-cancer treatment with this natural LMW 
anticancer substance. 
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Small heat-shock proteins (sHsps) are ubiquitous chaperones that exhibits ATP-independent 

holdase activity to prevent aggregation of early unfolding intermediates or misfolded proteins.  

Consistent with its essential role in the protein quality control system, mutations or altered 

expression of sHsps are directly associated with the development of cataract, cancer and 

neurodegenerative diseases including Alzheimer’s and Parkinson’s diseases.  Members of the 

sHsps family share a common structural pattern comprising of the -crystallin domain along 

with the N-terminal domain and a C-terminal extension, both divergent in length and 

sequence.  Hsp21 is a nuclear-encoded, chloroplast-localized sHsp that plays a critical role in 

maintaining chloroplast function under heat stress and conferring general stress tolerance in 

plants.  Exactly how Hsp21 chaperones protein aggregates remains poorly understood.  In this 

study, we have determined the cryo-EM structure of the Hsp21 dodecamer to near-atomic 

resolution, revealing a completely new structural arrangement distinct from the published 

structure at low resolution.  Our structural study, combined with biochemical assays, suggest 

that the highly flexible N-terminal domain has a dual role in the oligomerization of the 

chaperone and initial substrate recognition.  We also find that disassembly of the dodecamer 

is necessary for maintaining the solubility of the aggregation-prone substrates. 
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The viral ribonucleoprotein (vRNP) complex of influenza A is the essential cassette [1] in 

both transcription and replication. Three polymerase subunits PB1, PB2, PA closely 

assembled together [2], forming an RNA-dependent RNA polymerase (RdRp). Inhibition 

of the RdRp is one of the major studies in virology in order to tackle the viral replication 

machinery.  

Different features and mechanisms about the polymerase were unmasked in recent 

studies. The most signature discovery in the field related to biochemical mechanisms is 

the “Cap-snatching” activity of the PB2 and PA subunits [3], giving a controversial 

argument upon another older postulation.  

The most significant research area in the field in recent years involved the “627 domain” 

in PB2 subunit [4][5], which was reported to break the host barrier for viral infection. 

Although many studies recently revealed the functions and structures of the PB2 and PA 

subunits, less is known about the central PB1 subunit except being the active polymerase 

center. Latest study on the PB1 subunit focused on a structure called the priming loop [6], 

buried in the whole polymerase, facilitating the RNA synthesis of the virus.  

Structure of the polymerase suggested the close relationship among the three subunits [7], 

and several studies targeted the interactions among them. Previous study claimed the 

incompatibility of polymerase subunits among different strains of viruses even under 

high sequence conservation.  

Aligning sequences used by Nakazono’s group [7], we identified several amino acids with 

the least similarity among the strains, which would be the focus of this project. 

Transcription efficiency and replication efficiency by mutant assays were performed, in 

order to examine the importance of the target amino acid in the life cycle of influenza A 

virus. In vitro and ex-vivo studies were performed including the primer extension assay[8] 

and quantitative PCR[9] in order to quantify the present of vRNA, mRNA and cRNA 

expressed at different time points. 
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Planar cell polarity (PCP) is a major type of cell polarity, which regulates coordinated polarized 

cell behaviors during tissue morphogenesis and organogenesis. Disruption of PCP pathway 

leads to a variety of severe human diseases, ranging from neural tube defects, skeletal 

dysplasias, epilepsy to cancer metastasis. The asymmetric localized core PCP proteins such as 

Vangl2 is essential for the establishment of PCP. However, the downstream effectors of these 

core PCP proteins that help to regulate cell behaviors remain to be characterized. In this study, 

we utilized BioID system to identify novel interacting partners of Vangl2. Among all identified 

candidates, we found that Mark3 can interact with and might phosphorylate Vangl2 at its C 

terminus. This phosphorylation can increase Vangl2’s interaction with Scrib, a key apical-basal 

polarity protein, and such interaction is important for convergent extension process and 

synaptogenesis.  
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Hepatitis B Virus (HBV) infection is a worldwide health issue in which numerous of carriers 

have to bear the chance of development of severe diseases as a result of virus reactivation. Current 

treatment for HBV infection cannot eradicate the HBV in patients. Extensive studies of the HBV 

replication cycle revealed several significant events could be the potential pharmaceutical targets. The 

host cellular serine-arginine protein specific kinases (SRPKs), SRPK1 and SRPK2, have been 

identified to phosphorylate the HBV core protein and such phosphorylation is important for 

pregenomic RNA encapsidation during the viral nucleocapsid assembly. Based on our previous 

studies on the interaction between SRPK family members and their substrates, we hypothesize that the 

docking groove of SRPKs may play an important role in the phosphorylation of HBV viral core 

protein (HBVcp) and subsequently virion formation. To this end, we have been working on one of the 

kinases and we have shown that mutations at the docking groove of SPPK2 could weaken the protein 

interaction with HBVcp. In our prospective research, we would like to focus on studying the structural 

basis of interaction between SRPK2 and HBVcp so as to understand the mechanisms of recognition 

and phosphorylation of HBVcp by SRPK2. Also, we will study the roles of SRPK2 interaction during 

HBV replication in cultured cells. Our study will give insights on the mechanisms of how SRPK2 

regulates HBV capsid formation, and may provide a new mean to combat HBV by inhibiting its 

interaction with host cellular factors.  
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Type 2 Signals Modulate Neonatal Immune Niche Conducive for Neonatal 

Heart Regeneration  
Mammalian adult cardiomyocytes lose their proliferative capabilities during post-neonatal 

development, and is the primary factor to failure in regenerating tissue following an adult 
myocardial infarction. Recent findings using neonatal ischemic heart models have revealed the 
indispensability of macrophages to resolve injury in the heart, while studies characterizing 
neonatal immunity describes an immature, intrinsically Th2-skewed immune profile.1, 2 However, 
the interplay between neonatal preference for a type 2 immune response and an active 
cardiomyocyte population on heart regeneration is not yet fully understood. Thus, we aim to 
understand the effects of major drivers of Th2 immunity on the neonatal heart following injury, 
specifically the type 2 signals: interleukin-4 (IL-4) and interleukin-13 (IL-13). 

We utilized an IL-4-/-/IL-13-/- knockout (DKO) mouse to observe how loss of IL-4 and IL-13 
would impact regeneration after neonatal cardiac injury. To mimic an ischemic event, the neonatal 
left anterior descending coronary artery was ligated on the second day after birth. Subsequently, 
echocardiography, flow cytometry and transcriptional analysis were performed on both WT control 
and DKO neonatal hearts at various time points after injury.  

Following cardiac injury, we observed a significant decline in cardiac function via ejection 
fraction and fractional shortening in the DKO compared to WT neonates, which fully recovered. 
Flow cytometry analysis indicated that DKO neonates increased CD8+ cytotoxic T-cells, recruited 
greater numbers of pro-inflammatory Ly6CHI monocytes and reduced the number of anti-
inflammatory macrophage populations compared to WT controls. Transcriptional analysis 
comparing WT and DKO injured neonatal heart tissue indicated greater expression of pro-

inflammatory cytokines such as TNF and lower expression of anti-inflammatory markers such 
as Fizz1 in DKO neonates. Moreover, we observed an increase in HuR expression, a protein that 
stabilizes pro-inflammatory cytokine mRNA, while pro-angiogenic markers such as VEGF 
expression and the number of endothelial cells were significantly reduced in DKO neonates. 
Finally, use of recombinant mIL-4 rescued heart functionality and immune cellular populations 
after ligation in DKO mice. 

These results all indicate an inability of DKO mice to maintain a Th2 preferential response 
to ischemic injury observed in WT controls; suggesting that IL-4 and IL-13 inhibit pro-inflammatory 
responses predicated on the stabilization of pro-inflammatory cytokines which attenuate 
regenerative programs such as angiogenesis. 
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Bacteria with multiple drug resistance (MDR) have become a global issue worldwide, 

and hundreds of thousands of people’s lives are threatened every year.  The 

emergence of novel MDR strains and insufficient development of new antimicrobial 

agents are the major reasons that limit the choice of antibiotics for the treatment of 

bacterial infection.  Thus, preserving the clinical value of current antibiotics could be 

one of the effective approaches to resolve this problem.  Here we identified 

numerous novel small RNAs that were downregulated in the MDR clinical isolates of 

Pseudomonas aeruginosa (P. aeru), and we demonstrated that overexpression of one 

of these small RNAs (sRNAs), AS1974, was able to transform the MDR clinical 

strain to drug hypersusceptibility.  AS1974 is the master regulator to moderate the 

expression of several drug resistance pathways, including membrane transporters and 

biofilm-associated antibiotic-resistant genes, and its expression is regulated by the 

methylation sites located at the 50 UTR of the gene.  Our findings unravel the sRNA 

that regulates the MDR pathways in clinical isolates of P. aeru.  Moreover, 

transforming bacterial drug resistance to hypersusceptibility using sRNA could be the 

potential approach for tackling MDR bacteria in the future.  
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The two-chambered zebrafish heart initially develops as an elongated tube followed by looping 

in an asymmetric manner.  The latter is a key feature shared by all vertebrates and it is required for the 

development of a multi-chambered heart. Indeed, abnormalities in the heart looping process are 

associated with congenital heart defects. While the requirement for Ca2+ in normal heart function is 

well-known during excitation-contraction coupling, more recent evidence suggests that Ca2+ might also 

play a key role in heart morphogenesis. Thus, having a better understanding of the role of Ca2+ signalling 

in normal heart development might help to identify novel therapies for congenital and acquired heart 

diseases, and indicate possible options for pharmacological/genetic intervention to promote heart repair 

and regeneration. In the cardiac morphogenesis field, the zebrafish embryo has become a favored 

vertebrate model due to its transparency, which allows us to visualize heart development directly; the 

relatively simple morphology of the heart – it has just 2 chambers, one atrium and one ventricle; and 

the ability of the embryo to survive while manipulating the heart during its early development. These 

are all features that support the use of this model system. In this project, I am investigating if Ca2+ 

signalling might play a role in the looping process. This process is extremely complex involving many 

different signalling pathways. However, my main focus is to study the role of different Ca2+ receptors 

and channels (e.g., the inositol 1,3,5-trisphosphate receptor and the L-type Ca2+ channel) in the heart 

looping process via the use of different inhibitors, employed either alone or in combination, both in 

intact fish and in isolated hearts. With this dual inhibitor-treatment approach, I am able to determine 

the relative contribution of Ca2+ released from the endoplasmic reticulum and that brought into cells 

from the extracellular milieu, on the heart looping process. My hypothesis is that heart looping results 

from Ca2+-sensitive contractile elements located in the developing heart, perhaps in the myocardium or 

endocardium, or a combination of the two. My goal is to identify these putative contractile elements 

and determine if they are regulated by distinct Ca2+ transients. 
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Elucidating retrotransposon dysregulation in Alzheimer’s Disease mouse 
model 
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Transposable elements are mobile stretches of DNA that are ubiquitous in the eukaryotic 

genome, the largest component of which are retrotransposons. These elements mobilize via RNA 
intermediates in a “copy and paste” mechanism. Due to their deleterious effects on the genome, most 
retrotransposons are silenced through mutations, truncations, inversions, deletions and epigenetic 
mechanisms. However, there is evidence of such sequences being adapted for use in specific cell 
types. The neuronal gene Arc, a master regulator of synaptic plasticity, is derived from 
retrotransposon Gag proteins. Moreover, retrotransposons possess cis-regulatory functions. For 
example, the transcription of the mouse neuronal apoptosis inhibitory protein (Naip) gene initiates 
from an ORR1E LTR-derived promoter. Recently, retrotransposon dysregulation has been shown to 
occur in Alzheimer’s Disease, but the mechanisms that lead to the dysregulation are yet unclear. In 
this study, we aim to elucidate the role of these elements in the mouse brains. Using state-of-the-art 
techniques, we profile transcription and epigenetic marks from four brain regions in the Alzheimer’s 
disease mouse model R1.40 and wildtype (WT) mice. Our data show that retrotransposons are 
upregulated in the R1.40 mice, especially in the hippocampus. Interestingly, we also find 
retrotransposon expression in the WT, hinting at a potential inherent role for retrotransposons in the 
brain.  
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Butyrate protects against endothelial dysfunction through PPARδ 
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Rationales and Objectives: Endothelium is important for maintaining vascular 

homeostasis and vessel tone by balancing the production of vasodilators and 

vasoconstrictors. Its perturbation can cause impaired vasorelaxation and increased 

vasocontraction, which can progress to formation of atherosclerotic lesions and 

subsequent adverse cardiovascular events. Butyrate, a short-chain fatty acid (SCFA) 

produced primarily by bacterial fermentation of fibers in the colon, has anti-

inflammatory, anti-oxidative and anti-apoptotic properties. Peroxisome proliferator-

activated receptors (PPARs) are a group of nuclear receptor proteins and have three 

isoforms: PPAR-ɑ, PPAR-γ, and PPAR-δ. Butyrate has been reported to improve 

atherosclerotic inflammation and pathological changes and modulate adipocyte 

expansion through PPAR-γ activation. However, whether it can alter vasoactive 

properties and whether it can do so through altering PPARδ remains unexplored. 

Methods: Vasodilation and vasoconstriction of aorta were examined using our wire 

myograph system. Results: The aortas obtained from ApoE-/- mice on high fat diet, and 

IL-1β-treated aortas showed impairment in vasodilation. IL-1β upregulated NOX2 

expression and induced ROS production from the vascular endothelium. Butyrate 

treatment improved vasorelaxation, prevented upregulation of NOX2 and reduced ROS 

production. In PPARδ knockout mice, the beneficial effects of butyrate were eliminated. 

Moreover, other SCFAs such as valerate and propionate did not exert protective effects 

seen with butyrate treatment. Summary: Butyrate protects against vascular endothelial 

dysfunction through PPARδ activation and its potential therapeutic effects should be 

explored further in future studies. 
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IL4 increases phagocytosis of necrotic cells in a CD36-dependent manner 
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    Macrophages are a population of immune cells with high heterogeneity, which can acquire distinctive 

phenotypes under different stimuli, and each subtype has specific function in immune surveillance and 

tissue homeostasis. Different with traditional activated macrophages, which are mainly primed by 

pathogen motifs or inflammatory stimuli and are involved in pathogen clearance and immune defence, 

alternatively activated macrophages by Th2 cytokine IL4 have been shown to be functioning in cell 

debridement, promising a crucial role in tissue repair and tissue homeostasis. However, the mechanisms 

underlying how IL4 signaling promotes cell debridement have not been fully understood. To address this 

question, we aim to investigate whether and how IL4 signaling promotes phagocytosis of necrotic cells, 

which are the primary source of cell debris and share similar biological properties. In our study, we 

demonstrated that IL4 enhances phagocytosis of necrotic cells, and the downstream STAT6 signaling 

pathway is involved. We also found that CD36, a class B scavenger receptor, may be, at least to some 

extent, responsible for IL4-accelerated phagocytosis. Furthermore, in this study, we demonstrated that IL4 

signaling is required for normal wound healing. Absence of IL4 signaling results in delayed wound 

closure, impaired regeneration response and subsequently poor skin tissue restoration after injury. By 

uncovering the molecular mechanisms of IL4 promoting phagocytosis activity of macrophages and the 

effect of IL4 signaling in normal wound healing, we are able to better understand the role of IL4 signaling 

in cell debridement and downstream physiological response, and this may help to develop new strategies 

in promoting tissue repair and regeneration in chronic diseases.  

Key words: IL-4; Phagocytosis; Necrotic cells; CD36; Wound healing.  
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Determining the role of circular RNAs in endothelial dysfunction and 

iPSC-EC regenerative therapy 
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 With the development of the high throughput sequencing technologies, circular RNAs are recently 

discovered as a novel class of RNAs. They are derived through the back-splicing mechanism of pre-

mRNA, which resulting the linkage of the 5’ splice site and the upstream 3’ splice site thus forming a 

circle loop. Recently, circular RNAs have been shown to widely express and stably exist in various 

physiological and pathological processes. Studies have also found out that dozens of circular RNAs are 

highly expressed in specific cells and tissues, which indicate that circular RNAs may play an important 

role in the occurrence and development of some diseases. Recent developments revealed that circular 

RNAs can regulate gene expression in different processes: transcriptional, post-transcriptional, and 

translational levels by serving as miRNA sponge or scaffolds for the assembly of other components, 

interacting with RNA-Binding Proteins, translating into proteins etc.  

Nowadays, numerous circular RNAs have been identified in cardiovascular system and involved 

in various cardiovascular development processes and diseases, including atherosclerosis, myocardial 

infarction, cardiomyopathy, coronary artery disease and heart failure, hinting at their clinical diagnostic 

and therapeutic values in cardiovascular diseases. However, among the thousands of circular RNAs 

which have been identified in cardiovascular system so far, only few of them are well studied. Most of 

the underlying molecular mechanisms of the role of circular RNAs in the cardiovascular system remains 

poorly characterized and requires to be well investigated.  

The endothelium is constantly exposed to shear stress exerted by flowing blood and its dysfunction 

is closely related to the development of cardiovascular diseases. However, the role of circular RNA in 

endothelial mechanotransduction is unknown. We are trying to discover mechanosensitive circular 

RNAs and their role in endothelium pathophysiology. Besides, we also working on determining the role 

of circular RNA on endothelial differentiation, which may help to unveil the unknown molecular 

mechanisms of endothelial specification and promote the application of hiPSC-EC in regenerative 

medicine to cure endothelial dysfunction in various cardiovascular diseases. Our present study may 

accelerate the process of developing the circular RNAs-based diagnosis and therapies for cardiovascular 

diseases. 

 

References 

Boeckel, J.N., Jaé, N., Heumüller, A.W., Chen, W., Boon, R.A., Stellos, K., Zeiher, A.M., John, D., Uchida, S. and 

Dimmeler, S., 2015. Identification and characterization of hypoxia-regulated endothelial circular 

RNA. Circulation research, pp.CIRCRESAHA-115. 

Geng, H.H., Li, R., Su, Y.M., Xiao, J., Pan, M., Cai, X.X. and Ji, X.P., 2016. The circular RNA Cdr1as promotes 

myocardial infarction by mediating the regulation of miR-7a on its target genes expression. PloS one, 11(3), 

p.e0151753 

Holdt, L.M., Stahringer, A., Sass, K., Pichler, G., Kulak, N.A., Wilfert, W., Kohlmaier, A., Herbst, A., Northoff, 

B.H., Nicolaou, A. and Gäbel, G., 2016. Circular non-coding RNA ANRIL modulates ribosomal RNA 

maturation and atherosclerosis in humans. Nature communications, 7, p.12429. 



Li, X., Yang, L. and Chen, L.L., 2018. The biogenesis, functions, and challenges of circular RNAs. Molecular 

cell. 

Werfel, S., Nothjunge, S., Schwarzmayr, T., Strom, T.M., Meitinger, T. and Engelhardt, S., 2016. Characterization 

of circular RNAs in human, mouse and rat hearts. Journal of molecular and cellular cardiology, 98, pp.103-

107. 

Zhao, Z., Li, X., Gao, C., Jian, D., Hao, P., Rao, L. and Li, M., 2017. Peripheral blood circular RNA 

hsa_circ_0124644 can be used as a diagnostic biomarker of coronary artery disease. Scientific reports, 7, 

p.39918. 

Cybulsky, M. I., & Marsden, P. A. 2014. Effect of disturbed blood flow on endothelial cell gene expression: a role 

for changes in RNA processing. 

Lin, Y., Gil, C. H., & Yoder, M. C. 2017. Differentiation, evaluation, and application of human induced pluripotent 

stem cell–derived endothelial cells. Arteriosclerosis, thrombosis, and vascular biology, 37(11), 2014-2025. 



Effects of Crocodile Blood on Endothelial Functions 

 

Name of speaker: CHOOK, Chui Yiu 

Supervisor: Prof. WONG, Wing Tak Jack 

 
 

  Crocodile blood has become a popular nutritional supplement in recent years in Thailand, China, and 

even the US. It has drawn people’s attention when crocodiles, which live in dirty swamps and fight, 

can have their wounds heal quickly without infection. Scientists then suspect that something may exist 

in their blood and make them strong against the different biological stresses and pathogens in the 

environment. The supplement productors claim that crocodile blood can help with anemia, immune 

functions and wound healing. They also advertise that it can have antibacterial, antiviral, antitumor 

and antioxidant effects.  

  While many health benefits have been claimed, more scientific support is needed. In fact, scientists 

have conducted studies on their antioxidant, antitumor, antimicrobial and wound healing effects in 

these few years. The results are encouraging. Novel peptides were also identified in the crocodile 

blood as antioxidative and anti-inflammatory. It was also found that crocodile blood contains 

circulating histones, which can inhibit HIV-1 infection. Furthermore, crocodile blood was also found 

to be anti-inflammatory, by which the contents of pro-inflammatory cytokines, such as interleukin-6 

(IL-6). Nitric oxide (NO) production and lipid peroxidation were also reduced.  

We have had a dose-dependent trial of crocodile blood on C57BL/6 mice and a 6-week crocodile 

blood treatment on streptozotocin-induced type-1 diabetic mice. Freeze-dried whole crocodile blood 

was dissolved in water and fed to the mice by oral gavage. Data have shown that crocodile blood 

treatment would not induce significant weight change nor acute allergic responses in the mice. 

Crocodile blood was not involved in the blood glucose intolerance in the type-1 diabetic mice, 

indicated by the oral glucose tolerance test (OGTT). Wire myograph was used to assess the 

endothelial-dependent relaxation function of the mouse aorta. Experimental results show that the 

crocodile blood will not compromise the endothelial relaxation function with a lowered reactive 

oxygen species observed in the diabetic mice treated with crocodile blood compared to the diabetic 

mice without treat 
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An investigation of the role of two-pore channel type 2 (TPC2)-mediated Ca2+ release during axonal 
extension of primary motor neurons in zebrafish embryos. 
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ABSTRACT: A critical role was demonstrated recently for two-pore channel type 2 (TPC2)-mediated Ca2+ 

release during the differentiation of slow (skeletal) muscle cells (SMCs) in intact zebrafish embryos. Here, 

we describe our studies to investigate the role of TPC2-mediated Ca2+ release in primary motor neuron 

(PMN) morphogenesis and the development of neuromuscular junctions, using a combination of TPC2 

knock-down (with a translational-blocking morpholino antisense oligonucleotide; MO); knock-out (via the 

generation of a tpcn2dhkz1a mutant line of zebrafish using CRISPR/Cas9 gene-editing); and pharmacological 

inhibition (via incubation with bafilomycin A1 or trans-ned-19). We also investigated the effect of 

pharmacological inhibition of TPC2 action with bafilomycin A1 (an H+-ATPase inhibitor) or trans-ned-19 

(an NAADP receptor antagonist), on PMN Ca2+ signaling in the spinal cord. Cre-LoxP gene editing 

techniques are also being conducted to conditionally knock-out tpcn2 (specifically in the SMCs or PMNs), 

in an inducible manner to provide additional information about the specific role of TPC2 in the 

development and differentiation of these cell types. A construct containing homology arms and the floxed 

tpcn2 allele was generated from the pKHR5 vector. This vector contains an insert that drives the 

expression of yellow/green fluorescence (Venus) specifically in the zebrafish eye lens to help with the 

identification of successfully gene-edited fish. The construct was then inserted into the zebrafish genome 

using CRISPR-mediated knock-in via homology-directed repair (HDR). This work was supported by RGC 

GRF grants 16101714 and 16100115 awarded to ALM, and the Innovation and Technology Commission 

(ITCPD/17-9). 

 



Molecular Study of SOF10 as a FREE1 Suppressor in Arabidopsis 
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All eukaryotic cells contain several functionally distinct membrane-enclosed organelles in their 
endomembrane system, including the endoplasmic reticulum (ER), the Golgi apparatus, trans-Golgi 
network (TGN), endosomes, prevacuolar compartment (PVC) or multivesicular body (MVB) and 
vacuole/lysosome. The endosomal sorting complex required for transport (ESCRT) machinery 
mediates the formation of intraluminal vesicles (ILVs) in MVBs as well as the sorting of the 
ubiquitinated cargoes into the internal vesicles. We have recently identified and characterized a 
plant unique ESCRT key component termed FYVE domain protein required for endosomal sorting 
1 (FREE1) with several novel findings. FREE1 is essential for plant development, MVB ILVs 
biogenesis and vacuolar sorting of membrane proteins. To further illustrate the underlying 
mechanisms of FREE1 multiple functions in plants, a forward genetic screen was performed for 
mutants that suppressed the seedling lethal phenotype of FREE1-RNAi transgenic plants. The 
obtained mutants are termed suppressors of free1 (sof). The first characterized sof mutant was 
sof524, which was identified as a BRo1-domain protein As FREE1 suppressor (BRAF) that 
negatively regulated MVB biogenesis and MVB-mediated protein sorting, thus representing a novel 
mechanism in plants. In the study, we further study two FREE1-related mutants, sof10 and sof641, 
that have mutations in the same gene SOF10A (At5g10370). The sof10 possesses a C-to-T mutation 
which results in a premature stop codon, while the G-to-A mutation in sof641 produced a mis-sense 
mutation (Asp787-to-Asn). Both sof10 and sof641 seedlings exhibited reduced FREE1 protein level, 
normal vacuole and MVB morphology, as well as normal membrane protein degradation. 
Preliminary subcellular localization study showed that SOF10A exhibited cytosol pattern plus some 
punctate dots with unknown identity. Biochemical analysis suggested that SOF10A distributed in 
both cell soluble (CS) and cell membrane (CM) fractions. Meanwhile, preliminary interaction study 
using yeast two hybrid method showed that SOF10A may interact with ESCRT-II component Vps36 
through N-terminal part, which provides a hint that SOF10A may regulate the function of FREE1 
through ESCRT machinery. In addition, SOF10A has a close homolog At4g01020, termed SOF10B 
in this study. Either SOF10A or SOF10B T-DNA insertional mutants grow normally and can restore 
the lethal phenotype of FREE1-RNAi plants, whereas the double homozygous T-DNA insertional 
mutant of SOF10A and SOF10B might be embryo lethal, suggesting the importance of SOF10A 
and SOF10B proteins for plant development. Further characterization of SOF10A and SOF10B 
using a combination of cellular and genetic approaches will illustrate the underlying mechanisms of 
SOF10 function as FREE1 suppressor as well as its roles in membrane protein trafficking and 
organelle biogenesis in plants. Here we will present an update on this study. 
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Cardiovascular disease is considered to be one of the main causes of premature death in humans 

in the world today. It is well-established that the circadian rhythm can influence heart function 

as it has been shown in animal models that the chances of having sudden cardiac malfunction 

peaks in the morning, then drops, but rises again in the evening. Thus, the development of novel 

chronotherapies might help to alleviate the aetiology of heart disease. Zebrafish serve as an 

effective model system for studying the development and function of the heart as well as the 

role of the circadian clock in these processes. One advantage is that zebrafish can survive 

without a functional cardiovascular system during early development, making experimental 

intervention possible. In addition, the zebrafish heart contains a directly light-responsive, 

endogenous circadian clock. It is known that there are daily changes in the function of the heart; 

however, little is known about the regulation of the heart beat rate by the circadian clock. In 

this study, AB wild-type, and transgenic Tg (cmlc2:GFP) and Tg (per3-luc) lines of zebrafish 

were incubated under 3 distinct lighting conditions: constant light (LL), constant darkness (DD), 

and a normal 12-h light/12-h dark (LD) cycle, and the heart beat rate was measured in vivo 

from 3 days post-fertilization (dpf) to 5 dpf. We also attempted to characterize daily changes in 

the expression of the clock gene period 3 (per3). Heart beat rate rhythmicity was observed 

during and after light entrainment, under the 3 lighting conditions described above, and was 

correlated with the timing of per3 expression levels. These data demonstrate that the circadian 

clock does play a role in regulating the function of the embryonic zebrafish heart, and has a 

clear impact on daily changes in heart beat rate. 
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APOE is the most clearly established susceptibility gene for late-onset Alzheimer’s 

Disease where its ε4-typed allele has been suggested to account for 20-30% of AD risk. 

Nonetheless, epidemiology studies have indicated that APOE alone is neither sufficient 

nor necessary for the disease, leaving a knowledge gap for APOE ε4 negative patients. 

Multi-factor analysis approaches, such as the Polygenic Risk Scoring, are accordingly 

developed to evaluate genetic risks for complex diseases, while the performance in AD 

models is as yet limited. Therefore, in this study, we have established a network-framed 

model to incorporate the rare SNP profile across the entire genome and quantify their 

synergistic impact on pathway activity for profile patterns characterizing the APOE ε4 

negative patients. The model was structured as a multi-layer deep learning network and 

trained with the whole exome sequencing and gene expression profile data of 971 

cancer cell lines from the CCLE project. This enabled the projection of any given 

mutation profile onto a quantitative gene expression profile and further the pathway 

activity profile that indicated the significance of its deviation from the random 

simulation. A cohort of 245 APOE ε4 negative patients altogether with 170 age-

comparable healthy individuals were analyzed for AD specific patterns. We found there 

were two diverged types of pathway activity which potentially develop disease via 

distinct approaches—one via adipogenesis and oxygen stress while the other via 

interleukin signaling pathways. Our model provides a holistic tool to characterize AD 

that prompts the heterogeneity of disease among APOE ε4 negative patients. 
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RNA transport is a key component of the local protein synthesis machinery in neurons, and 

Kinesin 1 (KIF5A, B and C) is the conventional kinesin that has been linked to this process. 

However, it is unknown whether three Kinesin I homologs have specific roles in RNA transport. 

In this study, we aim to investigate how specific depletion of KIF5B disrupts the dendritic RNA 

transport and trafficking of the RNA-binding protein FMRP. Our results demonstrated that both 

KIF5A and KIF5B may regulate FMRP transport in hippocampal neurons but in different 

manners. KIF5B has a general effect on total granule density, while reduction of KIF5A 

upregulates oscillatory and retrograde granule density. This indicates that KIF5A may have a 

role on the docking and stabilization of FMRP granules. The observations of RNP granules in 

kif5b+/- neurons showed significantly fewer stationary RNPs, and higher proportion of the 

RNPs of unidirectional movement. Our results call for further investigation on mechanisms by 

which KIF5A and KIF5B may differentially regulate RNP movement is to be conducted and 

specific RNA cargos are to be identified. 
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Using zebrafish embryos as a model to study the role(s) of Two Pore Channel 

Type 1 (TPC1) in the developing trunk musculature. 
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Two pore channels (TPCs) are members of the voltage- and ligand-gated cation superfamily, 

which have been suggested to mediate Ca2+ release from acidic organelles. Whereas other Ca2+ channels, 

such as inositol 1,4,5-trisphosphate receptors and ryanodine receptors of the sarco/endoplasmic reticulum 

(S/ER), have a well-characterized role in mediating both local and global Ca2+ release, the identification 

of TPCs on endolysosomal vesicles suggests their possible involvement in the generation of localized 

Ca2+ signals.  Using zebrafish (Danio rerio) as an in vivo vertebrate model, TPC2 has recently been 

reported to play a key role in the differentiation and onset of function of skeletal slow muscle cells 

(SMCs). Whether the other TPC isoforms, TPC1 and TPC3, also function to coordinate early vertebrate 

development, is still to be determined. Here, I show that the development of the zebrafish trunk 

musculature is disrupted as a result of TPC1-knockdown. In addition, using an α-actin-aequorin 

transgenic fish line to image in vivo Ca2+ transients associated with the development and differentiation of 

SMCs, my preliminary data also suggest that disrupting TPC1 expression attenuates the characteristic 

SMC Ca2+ signals in a manner that is distinct from TPC2-knockdown. I propose that TPC1 might 

contribute to the generation of Ca2+ signals that are functionally distinct from those generated by TPC2-

mediated Ca2+ release, and that these two isoforms act in an as yet poorly understood combinatorial and 

complementary manner to regulate myofibrillogenesis in zebrafish. Furthermore, the high sequence 

similarity between human and zebrafish TPCs suggests that this study might also add to the accumulating 

evidence regarding TPC-mediated Ca2+ signaling in a range of human myopathies.  
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The misfolding and aggregation of α-synuclein protein results in the formation of amyloid 

fibrils in brain, and in turn synucleinopathies that include the second most common 

neurodegenerative disease - Parkinson’s disease (PD). Previous studies have shown that 

sumoylation of α-synuclein occurs naturally in the brain, and this sumoylated α-synuclein can 

suppress α-synuclein aggregation. Here we first report that variants of small ubiquitin-like 

modifier 1 (SUMO1) protein can directly suppress α-synuclein aggregation in vitro with an 

efficiency that appears comparable to that reported for sumoylated-α-synuclein.  

 

After systematically preparing and testing a series of SUMO1 variants, we developed a minimal 

peptide based on the core region of SUMO1 as a potential therapeutic lead for in vivo studies. 

This peptide exhibited improved suppression activity relative to SUMO1 itself in in vitro 

studies. Also, the peptide reduced cytotoxicity and blocked the uptake of aggregated α-

synuclein in SH-SY5Y cells. Larval feeding of the peptide significantly ameliorated retinal 

degeneration and the disease symptoms in Drosophila PD models by suppressing the loss of 

dopaminergic neurons. To elucidate the binding region of this interaction, we have employed 

crosslinking reaction followed by Nano liquid chromatography-Fourier transform ion cyclotron 

resonance mass spectrometry (NanoLC-FTICR-MS) and microscale thermophoresis to test the 

predicted regions. These findings suggest a new avenue for developing treatments for PD and/or 

other synucleinopathies. 
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The role of Leukemia Inhibitory Factor (LIF) in the intercellular 

communication between neurons and astrocytes 
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Supervisor: Prof. WONG, Yung Hou  
 

Despite the presence of several cell types in the brain, neurons are often considered as the primary 

component of the central nervous system. Astrocytes, the star-shaped glial cells, are actually the most 

abundant cells in the brain. The known roles of glia have grown immensely, from “gap filler” to 

important functions in maintaining homeostasis, but these roles are still mostly supportive. In recent 

years, the intercellular communication between neurons and astrocytes has been increasingly studied 

and it is apparently involved in neuronal survival, differentiation, neuroinflammation, and even 

synaptic transmission. Neurotransmitters released from neurons can activate receptors on astrocytes 

and these signals may regulate autocrine/paracrine events through the production of cytokines. As G 

protein-coupled receptors (GPCRs) are the most abundant receptors for neurotransmitters, we have 

detected cytokine production in neuronal and astrocytic cell lines upon treatment with GPCR ligands. 

We found that leukemia inhibitory factor (LIF), interleukin 6 (IL-6) and interleukin 8 (IL-8) 

secretions are significantly elevated in response to Gq-coupled receptor activation, especially through 

bradykinin and histamine receptors. Amongst these cytokines, LIF is known to play a role in 

promoting neuronal survival and influencing neuron differentiation as well as neuroinflammation. 

However, little is known regarding the specific role of LIF in intercellular communication in the 

central nervous system. The involvement of LIF in the communications between neurons and 

astrocytes were subsequently confirmed by studies employing conditioned medium transfer and co-

culture of neuronal and astrocytic cell lines. Our results suggest that activation of Gq/11 signaling 

pathway in astrocytes leads to the production and secretion of LIF which can then act as a paracrine 

signal to regulate neuronal function. (Supported by grants 16102018, AoE/M-604/16, T13-605/18-W, 

and ITCPD/17-9) 
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Alzheimer’s disease (AD) is an age-related neurodegenerative disorder of the central 

nervous system, which causes the most common form of dementia in the elderly. Over 95% 

AD cases occur in people aged over 65 years, termed as late onset AD (LOAD). In recent 

years, many AD risk variants have been identified through next generation sequencing 

(NGS), in which apolipoprotein E ε4 (APOE ε4) is believed to be the major and most well-

known genetic risk factor for LOAD. 

The present study aims to identify novel genetic factors other than APOE ε4 that 

contribute to LOAD development. We performed a whole-exome sequencing analysis of 

246 APOE ε4-negative LOAD cases and 172 matched controls in Hong Kong Chinese 

population. We identified a rare loss-of-function variant (p.Q48X) in MLKL (mixed 

lineage kinase domain like pseudokinase) gene. The variant introduces a premature 

termination codon at the 48th codon of MLKL mRNA, resulting in nonsense-mediated 

MLKL mRNA decay. To elucidate the effect of this mutation on AD pathogenesis, Aβ 

production was measured after MLKL was knock down (KD). The results showed that the 

Aβ42/Aβ40 ratio was significantly elevated at the absence of MLKL. As MLKL KD 

showed no effects on the expression of APP, ADAM10, BACE1 and PSEN1, we 

investigated whether the mutation affects β- and/or γ-secretase activity. The results 

demonstrated that β-secretase activity was not altered after MLKL KD or inhibited. 

However, γ-secretase cleavage products of Notch and APP (two well-studied γ-secretase 

substrates), NICD and AICD, were significantly elevated in response to MLKL KD or 

inhibition, suggesting that γ-secretase activity was up-regulated. The fluorogenic substrate 

assay further confirmed that the activity of γ-secretase was enhanced when MLKL was 

compromised. 

In conclusion, our study identified a rare MLKL loss-of-function variant in a Hong 

Kong Chinese APOE ε4-negative LOAD cohort. This variant was demonstrated to confer 

susceptibility to AD through modulating γ-secretase activity. 
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Liver cancers consist mainly of hepatocellular carcinoma (HCC) and intrahepatic 

cholangiocarcinoma (ICC). Immune checkpoint inhibitors have emerged as a potential therapy against 

liver cancers. Nivolumab (anti-PD-1) has been recently approved by the FDA for treatment in HCC. 

Programmed cell death protein 1 (PD-1) is an immunoinhibitory receptor present on T cells which 

interacts with its ligand PD-L1 found on cancer cells.  Blocking PD-1/PD-L1 binding improves T cell 

survival, proliferation and cytotoxicity. Here we examined whether the suppression of PD-L1 

expression on cancer cells can increase the efficacy of anti-PD-1/PD-L1 immunotherapy.  

 

CKLF Like MARVEL Transmembrane Domain Containing 6 (CMTM6) has been recently 

identified as a major post-translational regulator of PD-L1 while CMTM4 has been shown to have a 

less prominent regulatory role on PD-L1 when CMTM6 is expressed. Interestingly, we found that in 

HCC and ICC, CMTM4 instead of CMTM6 is the major CMTM family member which is upregulated 

in HCC and ICC patients. High expression of CMTM4 is associated with poor patient survival, 

potentially due to its function in stabilizing PD-L1 expression hence facilitating escape from T cell-

mediated cytotoxicity. Using flow cytometry, we found that PD-L1 surface expression is significantly 

downregulated after the knockdown of CMTM4 in multiple HCC and ICC cell lines. We confirmed 

that CMTM4 stabilized PD-L1 on cell surface of liver cancer cells by protecting PD-L1 from 

endocytosis or ubiquitin-mediated proteasomal degradation. In vivo, knockdown of Cmtm4 suppressed 

tumor growth and increased CD4+ T cells infiltration in orthotopic model in immunocompetent mice. 

 

We proposed that the inhibition of Cmtm4 coupled with anti-PD-1/PD-L1 immunotherapy 

can further activate T cells in tumor microenvironment and expedite anti-tumor immune response. 

Using syngeneic mouse liver cancer model, we found that after the depletion of Pd-l1, HCC was more 

sensitive to anti-Pd-1/Pd-l1 treatment compared to control. This suggests that CMTM4 depletion 

could be a promising mechanism to enhance the clinical benefits of anti-PD-1/PD-L1 immunotherapy 

in liver cancer patients.  
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Investigation of Structural Basis of SRSF3 Phosphorylation and Its Nuclear Import 
Mechanism 
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SR proteins (serine/arginine rich proteins) are mRNA splicing factors which characterized by 
a C terminal serine/arginine rich domain and one or two RNA recognition motifs (RRM) at the 
N terminus. While most SR proteins are predominately located inside the nucleus, SRSF1, 
SRSF3 and SRSF7 shuttle between the nucleus and cytoplasm. The localization of SR proteins 
is critical for their biological functions in the nucleus and cytoplasmic, including the regulation 
of pre-mRNA splicing, mRNA export and translation. 
 
Transportin SR1 (TRN-SR1) and transportin SR2 (TRN-SR2) can bind specifically and directly 
to the RS domains of SR proteins. Previous study illustrated that Transportin-SRs facilitate SR 
proteins import into nucleus and the phosphorylation status of SR proteins is critical for the 
process. 
 
Our studies on SRSF3, a shuttling SR protein, showed that deletion of the RS domain retained 
the protein in the cytoplasm. However, when we mutated the serines of the RS domain to 
alanine, the mutant SRSF3 could still be transported into the nucleus, indicating that while the 
RS domain is required for the nuclear import of SRSF3, its phosphorylation is not absolutely 
required. This suggests that SRSF3, in addition to TRN-SR-mediated nuclear import, could 
enter the nucleus via a phosphorylation independent mechanism. And we hypothesize that other 
post-translational modification like arginine methylation may regulate the localization of 
SRSF3. In addition, there maybe other new karyopherins or transport factors that help to import 
SRSF3 into the nucleus. My study will focus on the identification of the post-translational 
modification and nuclear import factor that regulate SRSF3 subcellular localization. 
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Introduction: Peripheral arterial disease (PAD) is a vascular disease occurs in the lower limb 

caused by ischemia due to atherosclerotic occlusion. It is a common vascular complication in 

patients with diabetes. Previous studies indicated potential function of PPARδ to enhance 

angiogenesis and inhibit inflammation, while the detailed mechanism is not fully understood.  

Hypothesis: We aim to study whether endothelial PPARδ is important for vascular repair in 

mouse model of hindlimb ischemia and the possible mechanisms involved. 

Methods: Endothelial cell (EC) specific knockout of Ppard was achieved by assembling 

PpardfloxP/floxP mice with Cdh5Cre/+ mice to generate Pparδf/f (or PparδEC-WT) as wild type, and 

Pparδf/f;Cdh5Cre/+ (or PparδEC-KO) as endothelium-specific Ppard knockout mice. Hindlimb 

ischemia was performed by ligation of the femoral artery, and blood flow recovery was 

monitored by Laser Doppler imaging. Low limb muscles from the injured and uninjured legs 

were used for flow cytometric, mRNA/protein expression, histology. 

Results and conclusions: Ppard deficiency in ECs attenuated the restoration of blood flow 

recovery over a two-week period in lean mice, which was further inhibited in obese mice fed 

with high fat diet. This effect is accompanied by reduced muscle mass, more severe 

inflammatory cell infiltration, fibrotic scar replacement of muscle fibers, and less 

neovascularization. Unresolved vascular inflammation in the ischemia muscle of PpardEC-KO 

mice was accompanied by higher expressions of pro-inflammatory chemokines and adhesion 

molecules, and infiltration of macrophages and T lymphocytes. The appearance of 

CD133+CD34+CXCR4+ endothelial progenitor cells (EPC) and KDR expression on 

Lin-Sca1+c-kit+ hematopoietic stem cells was reduced in the ischemic muscle of PpardEC-KO 

mice. Such changes were accompanied with decreased expression of CXCL12 and CXCR4 in 

ischemic tissue with Ppard deficiency. In mouse endothelial cell line, angiogenesis and 

migration can be enhanced by PPARδ agonist and inhibited by Ppard siRNA. Our result 

indicate PPARδ is involved in vascular regeneration through multiple effects including 

angiogenesis, EPC mobilization, as well as inhibition of vascular inflammation. 
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Hypoxia, low oxygen level, is an important feature of hepatocellular carcinoma (HCC) tumor 

microenvironment. In this study, a high-throughput forward genetic screening generated from CRISPR-

Cas9 library was employed to seek for novel therapeutic targets which consolidate survival advantages of 

HCC cells in hypoxia. Mitochondria are where oxidative phosphorylation (OXPHOS) takes place. Hypoxic 

cells use glycolysis instead of oxidative phosphorylation (OXPHOS) to survive. In contrast to this 

traditional view, our screening identified protein-tyrosine phosphatase mitochondrial 1 (PTPMT1), an 

enzyme for cardiolipin (CL) synthesis, as the third most crucial gene for HCC cells survival in hypoxia, 

right after the HIF-1 complex. CL enables proper assembly and optimal activities of super-complexes at 

the inner mitochondrial membrane (IMM) to facilitate proper electron transfer at the electron transport 

chain (ETC) for OXPHOS. We hypothesize that perturbation of PTPMT1 would lead to improper CL and 

mitochondrial formation. Therefore, electrons could not be efficiently transferred and absorbed, leading to 

excessive accumulation of reactive oxygen species (ROS) and extensive cell death at hypoxia. Our clinical 

data showed prominent PTPMT1 overexpression in HCC patients in association with poor survival. 

Knockout of PTPMP1 significantly hampered CL production, mitochondrial activity and mitochondrial 

cristae formation, increased cellular ROS level, induced cell death and growth inhibition of HCC cells. In 

vivo, perturbation of PTPMT1 led to significant tumor shrinkage in various mouse HCC models. Excitingly, 

a specific PTPMT1 inhibitor, alexidine dihydrochloride (AD) sensitizes HCC cells upon hypoxia in vitro 

and in vivo. For the first time, we demonstrated the use of CRISPR-Cas9 library screening to identify 

PTPMT1, a mitochondrial enzyme, as a crucial gene for hypoxic survival and identified it as a promising 

therapeutic target for the survival of HCC cells under hypoxia.  
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Abstract 

Background: Sheng Jiang San (SJS), a multi-herb formulation, is used in treating high 

fever, thirsty and anxiety in ancient China and it is sometimes used to treat seasonal 

influenza nowadays. However, there is no evidence-based investigation and mechanism 

research to support the anti-influenza efficacy of SJS. This study aims at evaluating the 



anti-influenza effect of SJS and investigating its possible mechanism.  

Methods: The inhibitory effect of SJS against different influenza virus strains on 

MDCK cells was examined. Influenza virus infected BALB/c mice were employed to 

evaluate the efficacy as in vivo model. Mice challenged with A/PR/8/34 (H1N1) were 

orally administrated 1 g/kg/day of SJS for seven days and monitored for 14 days. The 

survival rate, body weight changes, lung index, lung viral load, histopathologic changes 

and immune regulation of the mice were measured. The underlying anti-influenza virus 

mechanism of SJS was studied by a series of biological assays to determine if 

hemagglutinin, ribonucleoprotein complex or neuraminidase were targets of SJS.  

Results: Results showed SJS exerted a broad-spectrum of inhibitory effects on multiple 

influenza strains in a dose-dependent manner. IC50 of SJS against A/WSN/33 (H1N1) 

was lower than 35 μg/ml. SJS also protected 50% of mice from A/PR/8/34 (H1N1) 

infection. The lung index and the lung viral load of SJS treated mice were significantly 

decreased compared with untreated mice. Meanwhile, SJS targeted on neuraminidase 

of influenza virus as SJS at 2 mg/ml inhibited 80% of neuraminidase enzymatic activity. 

SJS also significantly down-regulated TNF-α and up-regulated IL-2 of influenza virus 



induced mice.  

Conclusions: Thus, SJS is a useful formulation for treating influenza virus infection. 

 

Keywords: Sheng Jiang San; anti-influenza activity; neuraminidase inhibition; immune 

regulation 

 



Reference no.: BCH19-A59 
 

Characterizing the Role of cyclin A2 in the Normal Cell Cycle  

using a Novel Gene Inactivation Tool 

 

Lau Yan NG, Julio C.Y. LIU, Hoi Tang MA, and Randy Y.C. POON 

 

Division of Life Science, Hong Kong University of Science and Technology,  

Clear Water Bay, Hong Kong 

 

Email: lyngab@connect.ust.hk 

 
Cell cycle is tightly regulated in eukaryotic cells through the activation of cyclin-dependent 
kinases (CDKs) by cyclins. Among the cyclin families, cyclin A2 is the only cyclin that has 
dual functions during the cell cycle. While cyclin A2 is a well-known S-phase promoting factor, 
its precise role in the G2-M transition still remains obscure. In retrospect, the use of RNAi 
approach limits the study of G2-specific function of cyclin A due to several major caveats, 
including slow kinetics of knockdown, potential off-target effects and failure to control the 
timing of knockdown. Recently, we have developed a conditional gene inactivation system in 
HeLa cells by integrating the tetracycline-controlled promoter system and the auxin-inducible 
degron (AID) system to enable a dual control of cyclin A at transcriptional and post-
translational level, respectively. Here, AID-cyclin A2 cell line was generated and the role of 
cyclin A2 during the cell cycle was characterized. We found that cyclin A2KO cells exhibited a 
transient G2 arrest, suggesting potential compensation by other proteins for mitotic entry. 
However, long-term disruption of cyclin A2 results in poor clonogenic survival. Interestingly, 
flow cytometry analysis reveals that the cell density is negatively correlated to the degree of 
G2-arrest phenotype, uncovering a novel cell cycle regulation by cyclin A2 in a cell-density-
dependent manner. These results extend our understanding on the requirement of cyclin A2 in 
cancer cells. 



Role of Mab21l2 in early skeletal development 
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MAB21L2 highly expresses at the mid-hind brain, eye and fore-hind limb. Five missense 

mutations in MAB21L2 were identified in a group of bilateral eye malformations patients. 

Among them, patients with MAB21l2(R51C/+) have most severe symptom, including eye 

abnormality, skeletal dysplasia and intellectual disability. To clarify the characterization 

and understand the mechanism of MAB21l2(R51C/+), Mab21l2(R51C/+) mutation has 

been introduced into mouse genome by CRISPRE/CAS9 system. The mutant mice also 

accompany with defects occurring at Mab21l2(R51C/+) human patients including skeletal 

dysplasia and so on. To understand the functional role of Mab21l2 in limb development, 

we conditionally knock out Mab21l2 in skeletal mesenchyme by Cre recombinant system 

(Prx1-Cre). Histological analysis shows the DT is absent and the bone length of the 

humerus is shorter comparing to the wild type. In situ hybridization analysis also shows 

the hypertrophic zone marking by Col10 is absent in the central of the mutant humerus, 

which suggests chondrogenesis delay. This evidence indicate Mab21l2 is required at early 

limb development. To specify the time window of Mab21l2, later, we knock out Mab21l2 

at different time point form E9.5 to E13.5. Result shows that removal Mab21l2 at E9.5 lead 

to DT missing and chondrogenesis delay. This means Mab21l2 play a crucial role since 

E9.5. Limb development also initiates at E9.5. We suspect Mab21l2 is required from the 

limb initiation stage. 
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Photodynamic therapy (PDT) is a potent cancer therapeutic that utilizes photosensitizer (PS) 

to kill cancer cells by reactive oxygen species (ROS) generation upon light irradiation. Tumour site 

directed cytotoxicity via light induction can help to avoid systemic toxicity. Ideal PS should have 

excitation wavelength in near infrared region (650nm – 850nm) to facilitate tissue penetration of light. 

Conventional PDT relies on enhanced permeability and retention effect of tumour vascular 

characteristics to achieve accumulation of PS in tumour. Therefore, risk of PS uptake by normal tissue 

cannot be eliminated. This can cause adverse effect in patients receiving PDT when they were exposed 

to light. Improving cancer targeting of PS will help to enhance therapeutic potency and reduce 

potential adverse effect of PDT. Numerous strategies have been employed to improve cancer targeting 

of PS. In this project, PS was conjugated with antibody to confer it newfound tumour targeting ability. 

Anti-Cadherin 17 (CDH17) monoclonal antibody (ARB102) was used as conjugation partner 

of PS. CDH17 is cancer biomarker overexpressed in gastrointestinal cancers, with restricted normal 

tissue expression in intestines. IRDye 700DX (IR700), a water – soluble phthalocyanine PS, was 

conjugated to ARB102 via N-hydroxysuccinimide (NHS) esters – amine reactive crosslinking. 

Successful conjugation of IR700 to ARB102 was shown by SDS PAGE in which antibody protein 

bands exhibited strong fluorescent signal. The conjugate ARB102 – IR700 was characterized to 

determine if it has retained original properties of antibody and PS. ELISA showed that there was 

minimal loss of binding affinity against CDH17 in antibody after PS conjugation. ABDA assay, which 

can measure singlet oxygen generation, has demonstrated that conjugated IR700 has retained 

comparable singlet oxygen generation ability. Subsequently, in vitro PDT assay was carried out using 

SW480 colorectal cancer cell line, which has negative CDH17 expression originally. SW480 was 

engineered to artificially overexpress CDH17. PDT on the SW480 isogenic paired cell lines 

demonstrated that ARB102-IR700 can induce highly specific phototoxicity in CDH17+ SW480, with 

no detectable toxicity in CDH17– SW480. IR700 alone produced no light-induced cytotoxicity to 

cancer cells due to its hydrophilic nature and thus limited uptake by cells. In conclusion, ARB102 – 

IR700 is a promising cancer photoimmunotherapy. 
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Generation of an effector-deficient Gαi1 

Name of speaker: CHUNG, Yin Kwan  

Supervisor: Prof. WONG, Yung Hou  

Affiliation: Division of Life Science, Hong Kong University of Science and Technology 

Gβγ dimer has been an increasingly popular area of research on G protein signaling, owing to its 

modulating effect on a broad spectrum of downstream targets, and hence its crucial involvement in 

cellular signal integration. Despite the immense number of theoretical combinations of Gβγ from the 

respective Gβ and Gγ isoforms, current research on the functions of the dimer seems to have ignored the 

possible influence from such combination changes. We have previously demonstrated that certain Gβγ 

dimers cannot be formed in vivo, while other dimers have a stronger fidelity in stimulating particular 

phospholipase Cβ isoforms, thus implicating some degree of signal specificity by Gβγ combinations. Yet, 

systematic analyses on such perspective mediated by receptor stimulation are lacking. With regards to the 

observation that most Gβγ signaling is tied to the inhibitory Gα (Gαi) signaling, and that some Gβγ 

combinations have differential alteration to the activity of adenylyl cyclases (the canonical downstream 

effector of Gαi), we attempted to generate an effector-deficient Gαi1 in order to examine Gβγ signaling in 

the absence of interference by the Gα subunit. We substituted different regions or residues of 

constitutively active Gαi1 mutants, Gαi1Q204L and Gαi1R178C, with the corresponding parts of Gαt. 

Interestingly, swapping the α4/β6 loop of Gαi1 with Gαt is sufficient to abolish the ability of Gαi1R178C to 

inhibit forskolin-induced cAMP accumulation, but not Gαi1Q204L. Identical swapping on wild-type Gαi1 

(Gαi1Chi) confirmed that its conformation and the ability to interact with Gβγ is similar to the native Gαi1. 

Finally, the pertussis toxin-insensitive version of Gαi1Chi, Gαi1Chi/C351I, was shown to lack inhibitory 

effect towards forskolin-induced cAMP accumulation in agonist-treated HEK293 cells expressing the 

dopamine D2 receptor. These results collectively suggest that Gαi1Chi is an effector-deficient version of 

Gαi1 with minimal changes in other features of G proteins, such as the overall conformation and the 

ability to be activated. Consequently, Gαi1Chi can be a useful tool to unambiguously observe agonist-

induced signals produced by various Gβγ dimers, which may convey the relationship between Gβγ 

combinations and specificity in signal fidelity. (Supported by grants 16137516, AoE/M-604/16, T13-

605/18-W, and ITCPD/17-9) 
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 Cardiovascular diseases remain the rising and leading cause of disability and mortality around 

the world. Amongst the many risk factors, hypercholesterolemia greatly contributes to the onset of 

atherosclerosis and the blockage of heart vasculatures, leading to many potentially fatal symptoms 

such as angina and heart attack. As a major environmental factor, the undeniable effect of diet on 

health has led to interests in nutraceuticals and bioactive components of natural food as treatment 

alternatives or medical supplementations. 

 Paeonia suffruticosa, commonly known as Moutan tree peony, is used as an ingredient of 

Chinese medicine believed to have abilities for replenishment of blood and liver. Upon 

characterization, peony seed oil is found to contain high levels of polyunsaturated fatty acids 

(PUFAs), particularly Omega-3 fatty acid. Numerous prior studies have established cardioprotective 

abilities of PUFAs through various mechanisms including lowered serum cholesterol levels. Hence, 

this present study investigates the health beneficial effects of peony seed oil on hamster lipid profile 

and metabolism.  

 Forty 10-week old, male Golden-Syrian hamsters were divided into five different diet groups 

– Non-cholesterol Diet (NCD), High Cholesterol Diet (HCD), low dose of Peony Seed Oil (LPO), 

high dose of Peony Seed Oil (HPO), and Positive Control (PCD). At the end of 6 weeks feeding, 

plasma lipid profile showed significantly decreased Total Cholesterol levels in both Seed Oil groups; 

decreased aortic plaque area were also observed. Further investigations will include liver cholesterol 

and fecal sterol levels, gene expression studies, short chain fatty acid measurements, and the gut 

microbiota analyses, for a complete understanding on how peony seed oil influences diet-induced 

hypercholesterolemia in hamster model. 
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 Liver cancer is the second leading cause of cancer deaths worldwide, with HCC accounting for 

~75% of cases. One of the metabolic changes in HCC is the way that fatty acids are metabolised in 

cancer cells. Cav1 has been reported to be a metastasis promoter in HCC. Mutations in the ACADM 

gene results in the accumulation of non-degraded fatty acids in tissues, leading to eventual liver 

damage. Here, we delineate a new molecular pathway in which oncogenic Cav1 downregulates 

ACADM leading to the dysregulation of beta-oxidation in HCC. 

 In this study, we found that Cav1 upregulated HCC cell growth and motility via the suppression 

of fatty acid oxidation. In Cav1 knockdown cells, ACADM was upregulated at the transcriptional and 

translational levels. Suppression of ACADM in Cav1 knockdown cells restored HCC cell growth, 

motility and cellular lipid content. Upon further investigation, it was found that Cav1 and ACADM 

expressions showed a significant negative correlation in HCC tissues and cell lines. Examination of 

the levels of ACADM in HCC clinical samples revealed that it was downregulated in 64% of the 

cases. The overall ACADM mRNA level was significantly downregulated in HCC tissues versus non-

tumorous liver tissues and its underexpression also correlated to other clinicopathological parameters 

such as venous invasion and rapid cell differentiation. ACADM knockdown clones established in 

HCC cell lines showed elevated levels of cellular lipid content and increased abilities of migration, 

invasion and anchorage independent growth, therefore enhancing the cell aggressiveness in HCC. 

 Our findings revealed the tight association between ACADM underexpression with the 

aggressive HCC clinical features suggesting targeting Cav1, negative regulator of ACADM, as a 

therapeutic intervention in HCC. Further investigation of the interaction between these two genes will 

be crucial in understanding the underlying basis of HCC tumorigenesis and disease progression. 
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Abstract 

Esophageal cancer, of which esophageal squamous cell carcinoma (ESCC) is the major subtype, ranks 

sixth in mortality rate among cancer diseases. The prognosis of esophageal cancer is greatly 

dependent on the extent of local invasion and metastasis. Therefore, a better understanding of the 

molecular mechanisms underlying these processes is needed to identify novel prognostic markers and 

therapeutic targets. Our previous study showed that SRGN (encoding serglycin) is the top upregulated 

gene in a highly invasive ESCC cell subline. The significance of serglycin, which is a proteoglycan 

with a core protein containing an attachment region for glycosaminoglycan (GAG) side chains, in 

esophageal cancer is not well understood. In the current study, analysis of TCGA database revealed 

that the tumor mRNA expression of SRGN was up-regulated in patients with esophageal cancer, and 

that higher SRGN expression was associated with unfavorable prognosis. Analysis of serum samples 

from patients showed that higher serum concentration of SRGN was significantly correlated with poor 

prognosis, indicating the significant clinical relevance of SRGN in ESCC patients. Our in vitro and in 

vivo data showed that SRGN has functional significance in promoting invasion and migration of 

ESCC cells. We found that up-regulation of SRGN increased the invasiveness and metastatic potential 

of ESCC cells. These effects were due to activation of the ERK signaling pathway, and were 

dependent on the integrity of GAG chains attached to the core protein of SRGN. Furthermore, 

conditioned medium collected from SRGN-overexpressing cells promoted invasion of parental cells. 

This autocrine effect was partly attributed to SRGN-induced midkine (MDK). We found that MDK 

has the ability to bind to SRGN, possibly by interacting with its GAG side chains. Up-regulation of 

SRGN increased the inhibitory effects of MDK inhibitor on ESCC cell viability. Taken together, our 

findings unveiled the functional significance and mechanism of SRGN in promoting ESCC invasion 

and metastasis, as well as identified a promising prognostic marker for ESCC patients. [This study is 

supported by Research Grants Council of the Hong Kong SAR, China, GRF Project No. 17111016] 
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DNA double-strand breaks (DSBs) induce transient pausing of transcription on flanking 
chromatin. Although this phenomenon is driven by ATM and poly (ADP-ribose) polymerase 
activities, the molecular determinants that couple transcriptional silencing and DNA repair 
remain unclear. 
 
Here, we have isolated the DYRK1B kinase as a new component of the mammalian DNA 
Damage Response (DDR). Consistent with a role in the DDR, we found that the DYRK1B 
kinase is rapidly and transiently recruited to laser-induced DNA damage tracks in a PARP-
dependent manner. Interestingly, DYRK1B is preferentially recruited to DSBs on 
transcriptionally-active chromatin, where it suppresses nascent transcription at the local 
chromatin. Moreover, genetic inactivation or chemical inhibition of DYRK1B attenuated DSB-
associated H2A ubiquitylation, and led to sustained RNAPII activity at the DSB-flanking 
chromatin. Finally, DYRK1B-deficient cells exhibited DSB repair defects that can be alleviated 
by cell pre-treatment with transcription inhibitor, suggesting that DYRK1B promotes 
transcriptional silencing at damaged chromatin to facilitate DSB repair. 
 
Our findings add the DYRK1B kinase to the emerging DDR network, and implicate DYRK1B 
kinase in promoting the tempo-spatially coupling of DSB repair at transcriptionally active 
chromatin. 
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Organisms grow into various sizes. How the body size is regulated is not clearly known 

because of its complexity. Some animals develop by increasing cell number (hyperplasia) and cell 

size (hypertrophy). However, there are organisms that grow in body sizes only through hypertrophy, 

such as adult Caenorhabditis elegans. 

Cell size, nuclear size and ploidy seem to have positive correlations in multiple studies. 

Correlations of different parameters appear to be strong, particularly between cell size and nuclear 

size; nuclear size and ploidy. However, strong correlations between cell size and ploidy may not be 

always true. We hypothesize that the size of body, cell and nucleus are positively correlated while 

ploidy is less likely correlated with the other three parameters. 

To evaluate the correlation systematically, C. elegans Int2 cell was chosen to illustrate the 

change of these cellular parameters due to the ease of its identification and measurement. The results 

may give insight on body size regulation with reference to these three cellular constituents. 

Results have shown to be consistent with the hypothesis. It can be concluded that the volume 

of body, Int2 cell, Int2 nucleus are closely correlated while the ploidy is not.  The results imply that 

when body volume increases, Int2 cell volume and nuclear volume are more likely to increase 

whereas the contribution on body volume change by Int2 ploidy is limited. The regulation of body 

volume is more likely to involve cell volume and nuclear volume. Also, the strong correlation 

between Int2 cell and nuclear volume suggests the size of Int2 cells and nuclei would be regulated by 

the same mechanism. Such correlation is consistent in various eukaryotes, implying that monitoring 

cell-nuclear volume ratio is common across eukaryotic organisms, regardless of the body size 

variation. 
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Human Nm23 (non-metastatic 23, also known as NME) proteins are involved in diverse physiological 

and pathological processes ranging from cell proliferation to metastasis and neural differentiation. Nm23-

H1, an isoform of Nm23 proteins, is well-documented for its multi-functional roles to suppress metastasis 

in many types of cancer. However, the mechanisms that regulate the expression of Nm23 remain unclear. 

Our previous studies have determined that the expression of Nm23-H1 is in part regulated by RGS19, a 

regulator of G protein signaling (RGS) of RZ/A subfamily of RGS proteins. On one hand, RGS19 can 

suppress Ras-mediated signaling via upregulation of NM23-H1, which is apparently due to the ability of 

RGS19 to activate several PKA-dependent transcription factors. On the other hand, RGS19 enhances Akt 

signaling to confer growth and survival advantage to various cell types. This latter observation offers an 

alternative mechanism for RGS19 to upregulate Nm23-H1 through the transcription factor forkhead box 

O3 (FOXO3). It has been shown that constitutively activated FOXO3 can decrease both Nm23-H1 

protein and mRNA expression levels in A549 cells, while protein kinase B-induced activation of Akt 

results in the negative regulation of FOXO3. Hence, we examined whether RGS19-induced Akt 

activation can result in the relief of Nm23-H1 repression by FOXO3 in A549 cells. Our findings may 

provide a novel clue to unravel the mechanisms driving Nm23-H1 expression in cancer cells. (Supported 

by AoE/M-604/16, T13-605/18-W, and ITCPD/17-9) 
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Histone chaperones participate in the dynamic process of epigenetic regulation, DNA repair 

and gene transcription. However, their roles in cancer development remain poorly understood. 

In this study, we interrogated the expression of all known histone chaperones in human liver 

cancer (hepatocellular carcinoma, HCC) and found that the two subunits of Facilitates 

Chromatin Transcription (FACT) complex, SUPT16H and SSRP1, were remarkably up-

regulated in HCC and associated with poor survivals of HCC patients. We further utilized 

CRISPR-based gene activation and knockout systems to demonstrate the functions of FACT 

complex in promoting HCC growth and metastasis with in vitro and in vivo models. 

Importantly, we revealed an indispensable role of FACT complex in HCC oxidative stress 

response. Oxidative stress relieved NRF2 and FACT complex from KEAP1 mediated protein 

ubiquitination and degradation. Stabilized NRF2 and FACT complex forms a positive feed-

back loop to magnify their mRNA expression. Mechanistically, FACT mediates nucleosome 

disassembly that enables the passage of RNA Polymerase II through chromatin during 

transcription elongation. Knockout of FACT complex decelerated transcriptional elongation 

rate and drastically abolished the induction of NRF2 and its down-stream antioxidant genes, 

such as NQO1, TXNRD1, and TKT in HCC cells under oxidative stress that are crucial for 

HCC cell to survive under oxidative stress conditions. Therapeutically, Curaxin, a small-

molecule inhibitor of FACT complex effectively suppressed HCC growth both in vitro and in 

vivo. Curaxin treatment also sensitized HCC cells to Sorafenib, the mainstream molecular 

targeted drug for advanced HCC. In conclusion, our findings demonstrated that FACT 

complex is essential for HCC oxidative stress response and is a potential therapeutic target for 

HCC treatment.  
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Hepatocellular carcinoma (HCC) is the most common form of primary liver cancer and accounts 

for second-most cancer-related deaths worldwide owing to late symptom presentations and lack 

of curative treatments. Cancer cells possess proliferation rates much higher than normal cells and 

maintain much greater metabolic activities. As a result, cancer cells have characteristically 

greater production of reactive oxygen species (ROS), natural metabolic by-product. Production 

of antioxidants such as NADPH is greatly enhanced in cancer cells to counteract ROS. NADPH 

production often occurs upon ROS stimulation as an adaptive response to evade oxidative stress. 

Previously, we reported that NRF2, a key regulator of antioxidant-related genes, activates in 

response to oxidative stress and drives the activation of major NADPH-producing pathways such 

as folate cycle (MTHFD1L), malic enzyme 1 (ME1), and vital antioxidant systems like 

thioredoxin (TXNRD1). Recently, we uncovered a previously unknown mechanism by which 

cancer cells activate NADPH-producing pathways, providing cytoprotection against oxidative 

stress allowing HCC cells to maintain its growth. Unlike ME1, ME3 expression was 

constitutively up-regulated in human HCC by super enhancers. Super enhancers are aberrantly 

large, clustered enhancers defined by putative enrichment of active enhancer mark and chromatin 

modification H3K27ac. Super enhancers were found to drive robust transcriptions of oncogenes 

in cancers. ME3 expression was significantly inhibited by targeting super enhancer complexes 

(BRD4/EP300/MED1/CDK7) using the CRISPR-Cas9 knockout system. Furthermore, blocking 

the H3K27Ac-enriched super-enhancer regions by CRISPR interference (CRISPR-dCas9-KRAB) 

profoundly suppressed ME3 expression in human HCC. Inhibition of ME3 resulted in the 

accumulation of oxidative stress. This hindered the proliferation of HCC cells and sensitized it 

towards Sorafenib treatment in vitro and in vivo. Therapeutically, we demonstrated that various 

super-enhancer inhibitors (JQ1, THZ1, OTX015, CBP30) have dramatic tumor-suppressive 

effects in vitro and in vivo. Taken together, we have comprehensively dissected the molecular 

mechanisms that drive antioxidant production in liver cancer. Our results demonstrated that HCC 

cells have constitutive mechanisms driven by super-enhancers and adaptive mechanisms driven 

by NRF2 transcription factor which together work hand-in-hand to combat high oxidative stress 

level. 
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Silent information regulator proteins (SIRT), or sirtuins, are evolutionarily conserved NAD+-

dependent deacetylases. There are seven sirtuins in mammalian have been identified, namely 

SIRT1-7, with different subcellular localization. SIRT6 is a nuclear sirtuin and has been well 

defined to play critical roles in diverse biological processes including genome maintenance, 

metabolism, inflammation, tumor suppression and aging. Despite intensive studies have been 

done focusing on the targets and signaling networks regulated by SIRT6, our knowledge 

regarding the regulation of SIRT6 itself remains limited. In this study, we identify that SIRT6 

can be post-translationally modified by acetylation. We show that males absent on the first 

(MOF) is the major acetyltransferase responsible for SIRT6 acetylation. We further show 

three lysine sites within the core catalytic domain of SIRT6 are targeted by MOF. SIRT6 

acetylation does not affect its subcellular localization. However, acetylation of SIRT6 

negatively modulates its deacetylase activity towards its histone substrates, H3K9ac and 

H3K56ac both in vitro and in vivo. As SIRT6 achieves its tumor suppression function partially 

through its deacetylase activity on histone acetylation marks, the acetylation of SIRT6 may 

serve as a novel mechanism controlling the tumorigenesis process. Moreover, MOF, the major 

acetyltransferase of SIRT6, was found to be more frequently overexpressed in human non-

small cell lung cancer (NSCLC) tissues and high expression of MOF was associated with 

poor prognosis in patients. Interestingly, SIRT6 function was also found to be compromised in 

human non-small cell lung cancer tissues and cell lines. Therefore, it is reasonable to 

speculated that the highly expressed MOF contributes to NSCLC through acetylating and 

regulating SIRT6 function. Taken together, our results uncover a post-translational mechanism 

in modulating SIRT6 activity and might provide novel therapeutic strategy in the treatment of 

lung cancer.      
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Abstract	
Inhibition	of	autophagy	has	been	extensively	studied	as	an	anti-cancer	therapy.	Autophagy	is	
a	 critical	 survival	 factor	 for	 cancer	 cells,	 whereby	 it	 maintains	 cellular	 homeostasis	 by	
degrading	damaged	organelles	and	unwanted	proteins,	and	supports	cellular	biosynthesis	in	
response	to	stress.	Cancer	cells	are	located	in	a	very	complex	and	stressful	microenvironment	
where	tumour	cells	are	able	to	adapt	and	survive.	However,	the	mechanism	underlying	this	is	
not	well	defined.	Our	group	has	recently	reported	the	post-translational	modification	enzyme,	
protein	arginine	methyltransferase	6	(PRMT6)	to	be	frequently	down-regulated	and	to	exhibit	
a	 tumour	 suppressive	 role	 in	 hepatocellular	 carcinoma	 (HCC)	 (Chan	 et	 al.	Cell	 Rep	 2018).	
Findings	from	our	current	study	identified	protein	arginine	methylation	by	PRMT6	to	inhibit	
autophagy	in	HCC.	We	found	enhanced	autophagic	flux	in	HCC	cells	to	negatively	correlate	
with	PRMT6	expression	under	various	stress	conditions	that	is	commonly	observed	in	the	HCC	
tumour	mass	including	nutrient	deprivation,	hypoxia	and	genotoxic/oxidative	stress	induced	
by	drugs.	By	mass	 spectrometry-based	proteomics,	we	 identified	a	number	of	 autophagy-
related	proteins	as	potential	interacting	partners	of	PRMT6,	with	Bcl-2	associated	athanogene	
5	 (BAG5)	 identified	 as	 the	 ‘top	 hit’.	 Binding	 between	 PRMT6	 and	 BAG5	was	 validated	 by	
immunoprecipitation	assays.	 In	addition,	we	further	demonstrated	that	PRMT6	methylated	
BAG5	on	its	N-terminus	arginine	residues	and	as	a	result	recruited	and	degraded	its	chaperone	
partner	heat	shock	protein	(HSPA8/HSC70),	a	well-known	autophagic	player.	Consistently,	we	
also	 found	 BAG5	 to	 also	 play	 a	 pivotal	 role	 in	 promoting	 HCC	 tumourigenesis	 through	
modulating	 autophagic	 events	 in	 vitro	 and	 in	 vivo.	 By	 functional	 rescue	 experiments,	 we	
demonstrated	 that	 inhibition	 of	 autophagy	 via	 BAG5	 suppression	 reversed	 the	 effect	 of	
PRMT6	 down-regulation	 on	 HCC	 tumorigenesis	 and	 sensitivity	 to	 sorafenib.	 In	 sum,	 our	
findings	 suggest	PRMT6	down-regulation	 in	HCC	 tumours	 to	promote	 tumourigenicity	and	
sorafenib	 resistance	 through	 autophagic	 flux	 de-regulation	 and	 anti-apoptotic	 activity.	
Mechanistically,	 this	 process	 involves	 modulating	 arginine	 methylation	 on	 BAG5,	
subsequently	 leading	 to	 altered	 stability	 of	 HSC70.	 Targeting	 this	 mechanism	 of	 stress	
response	may	provide	novel	therapeutic	insights	for	this	deadly	disease.	

	



Registration Reference Number: BCH19-A73 

Email: dennishu@hku.hk 

The Regulation of TAX1 Binding Protein 2 by  

P21-activated Protein Kinase 4 in Liver Cancer Metastasis 

Name of speaker: HU, Chenghua 

Supervisor: Dr. CHING, Yick Pang 

School of Biomedical Sciences, Lee Ka Shing Faculty of Medicine, HKU  

 

Introduction: 

P21 activated protein kinases (PAK) are the main downstream effectors of small Rho 

GTPases Cdc42 and Rac1, which regulate various cellular processes including cell migration, 

cell cycle progression, and cell survival. Previous studies have shown that PAK4, one of the 

PAK family members, is highly cell-transforming and is overexpressed in many primary 

tumors including liver cancer (hepatocellular carcinoma, HCC). PAK4 was also proved to be 

associated with more aggressive behavior such as liver and venous invasion, suggesting the 

involvement of PAK4 in HCC metastasis. TAX1 binding protein 2 (TAX1BP2), which is an 

alternative splicing variant of ciliary rootlet coiled-coil protein has been suggested to be a 

tumor suppressor in HCC. TAX1BP2 can significantly suppress HCC cell tumorigenicity 

through the activation of the p38/p53/p21 pathway. Interestingly, our preliminary data showed 

that both PAK4 and TAX1BP2 were centrosomal proteins and TAX1BP2 was a 

phosphorylation substrate of PAK4. Hence, we hypothesize that PAK4 promote HCC 

formation via inhibitory phosphorylation of TAX1BP2.  

Method: 

In vitro kinase assay is performed to figure out whether TAX1BP2 is a phosphorylation 

substrate of PAK4. Trans-well migration assay is used to compare the migratory suppression 

activity of TAX1BP2 and PAK4 non-phosphorylatable and phosphorylation mimic 

TAX1BP2 mutants in HCC cells. Confocal immunofluorescence staining is used to map out 

the centrosome localization signal of PAK4 by examining centrosome localization of different 

truncation forms of PAK4, in order to figure out whether PAK4 promotes tumorigenesis 

through the perturbation of centrosome function. 

Results: 

TAX1BP2 is proved to be a good phosphorylation substrate of PAK4. Moreover, PAK4 

phosphorylation significantly reduces the migratory suppression activity of TAX1BP2 on 

HCC cells. And the centrosome localization signal of PAK4 is observed within the p21 

binding domain of PAK4. 

Conclusion: 

PAK4 is proved to promote HCC migration via inhibitory phosphorylation of TAX1BP2. The 

involvement of TAX1BP2 in PAK4-mediated hepatocarcinogenesis and the PAK4/TAX1BP2 

signaling in HCC metastasis will be further investigated. 
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Hepatocellular carcinoma (HCC) is a highly aggressive primary liver malignancy representing the 

second leading cause of global cancer death as a result of the lack of effective therapeutic interventions 

and the asymptomatic nature of the disease. Studies on the molecular mechanisms of HCC development 

have mainly focused on genetic aberrations within protein-coding genes, yet the pathogenesis of HCC 

cannot be fully explained by the classic coding genome. Long non-coding RNAs (lncRNAs) represent 

the largest class of non-coding RNA species in mammalian transcriptome. They play crucial roles in 

every stage of gene expression and epigenetic modifications. Our in-house RNA-seq data has revealed 

the differential lncRNA expression profiles between HCC and non-tumor livers. However, their clinical 

significance and regulatory roles in HCC development await further investigation. To address these 

challenges, we performed a genome-wide CRISPR/dCas9 lncRNA activation screening with in vivo 

xenograft mouse model. The library contains 96,958 sgRNAs targeting 10,504 lncRNA transcriptional 

start sites. In addition to the well-known cancer-associated lncRNAs namely LINC01138 and TUG1, 

we identified some novel cancer-associated lncRNAs that have not yet been characterized in HCC. Here, 

we focused on cancer susceptibility 11(CASC11), the top ranked lncRNA candidate in our library 

screening (p=6.64e-9). CASC11 lies in an antisense head-to-head manner with a proto-oncogene MYC. 

Overexpression of CASC11 was apparently detected in 54% of HCC patients in TCGA-HCC cohort 

(n=50) and associated with more aggressive clinical features such as advance neoplasm histological 

grade (p<0.05, One-way ANOVA). Kaplan-Meier analysis revealed that patients with HCC having 

higher expression of CASC11 were associated with poor 2-year disease-free survival and poor 5-year 

overall survival. Overexpression of CASC11 by CRISPR/dCas9 activation system promoted cell 

proliferation, colony formation and cell migration, whereas knockdown of CASC11 impaired cell 

proliferative and migratory abilities, collectively suggesting that CASC11 may be a prominent driver 

for HCC progression. In our study, we will seek to address the molecular mechanisms of CASC11 in 

HCC progression.  
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Influenza virus has long been a threat to mankind. Due to its highly contiguous nature, 

influenza virus has caused epidemics and occasional pandemics. The transcription and 

replication of influenza virus requires RNA-dependent RNA polymerase (RDRP). It is a 

trimeric polymerase (PA, PB1 and PB2), with the presence of nucleoproteins (NP) and viral 

RNA, a ribonucleoprotein complex (RNP) is formed for the polymerase to perform 

transcription and replication of the viral genome. Previous studies showed that NP binds to 

the PB2 subunit of the polymerase. This interaction is thought to be essential for proper 

functioning of the polymerase. We further identified the key residues for the binding by NMR 

chemical shift perturbation using the NP peptide as ligand and confirmed their role in 

interaction by biochemical assays including, SPR, RNP reconstitution, primer extension and 

immunoprecipitation. Our group found that the NP interacts with a domain (aa 320-483) of 

PB2. This domain revealed a cap-snatching ability, which binds the methyl cap of RNA. 

Upon the addition of RNase which degrades RNA, the interaction was abolished. 

Furthermore, removal of polar residues of the domain inhibited RNP activity. These 

observations suggested a role of RNA in the interaction. Moreover, the C-terminal domain (aa 

538-693) of PB2 was reported to interact with NP. This domain is also known as ‘627’ 

domain. We discovered a peptide from NP (aa 146-185) shows binding with the domain in 

vitro. RNP activity was reduced significantly upon mutation of identified residues 602-606 

from the results of RNP reconstitution and primer extension assay. Mutation of the key 

residues abolished binding with NP as shown by SPR. The study identified residues aa 

602-606 interacted with NP and played different roles in RNP activity. We also suggested that 

the interaction between NP and cap-binding domain of PB2 required RNA. Since NP 

interacts with multiple domains of PB2, further elucidation of the interaction is necessary for 

thorough understanding of RNP mechanism. 
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In Arabidopsis thaliana, vacuolar sorting receptors (VSRs) and receptor-homology-

transmembrane-RING-H2 (RMR) mediate the trafficking of soluble proteins to the vacuole. 

The lumenal N-terminus of both VSR and RMR recognize the vacuolar sorting determinants 

(VSD) on the cargo proteins, whereas the cytosolic C-terminus is responsible for sorting the 

receptor-cargo complex from endoplasmic reticulum (ER) and cis-Golgi to trans-Golgi network 

(TGN). VSD could be either sequence-specific (ssVSD) or localized on the C-terminus of cargo 

protein (ctVSD). It has been reported that VSR can bind to both ssVSD and ctVSD, whereas 

RMR binds to ctVSD only. How the receptors differentiate the two binding motifs, nevertheless, 

remains unanswered and the native cargoes for VSR and RMR remain largely unknown. To 

find the native cargos of VSR and RMR in A. thaliana, we performed pull-down assay with the 

ctVSD of the selected storage protein candidates. Out of all the candidate proteins, the ctVSDs 

of A. thaliana 12S seed storage proteins cruciferin 1 and 2 (CRU1, CRU2) showed strong 

interaction with both VSR and RMR. In order to understand how ctVSDs interact with the 

sorting receptors, we solved the crystal structure of AtVSR1PA bound with the ctVSD of 

cruciferin 1 (CRU1) to a resolution of 2.59 Å. The complex structures of VSR1PA bound with 

CRU1 ctVSD resembles the one with aleurain ssVSD we solved previously, in which VSR1PA 

undergoes major conformational change upon cargo-binding and Arg-95 of the PA domain is 

essential for VSR-cargo interaction. The similarity between these two complex structures 

suggests that other domains of VSR may contribute to cargo-recognition and binding specificity. 
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Aneuploidy, a cancer hallmark, is common in HCC. Our clinical data showed that HCC is 

addicted to genes in centriole biogenesis and cell cycle progression. PLK4, a centrosome 

duplication regulator, is profoundly upregulated having close association with 

mutations/deletions in p53 and PTEN, two cell cycle checkpoint regulators, in HCC. A novel 

oral PLK4 inhibitor, CFI-400945, selectively targeted proliferating HCC cell, increased 

severe aneuploidy, DNA damage, senescence, and apoptosis. CFI-400945 single treatment 

significantly impeded HCC progression in vivo. Interestingly, transcriptome sequencing, 

RT-qPCR, and ELISA assays unprecedentedly revealed that CFI-400945 induced 

senescence-associated secretory phenotype (SASP), secretory factors that recruit immune 

cells, and type I interferon (IFN) response. Mass cytometry followed by high dimensional 

study and flow cytometry analysis demonstrated that CFI-400945 increased tumor infiltration 

of CD4
+
, CD8

+
 T cells, macrophages and natural killer cells in CRISPR-Cas9-mediated liver 

specific p53 or PTEN knockout-induced HCC mouse models. We found that CFI-400945 

blocked centrosome synthesis while damaged DNA continued to duplicate without cell 

division, activating the cytosolic DNA sensing pathway involving STING/IRF3/IRF7. 

Knockout of STING/IRF abrogated CFI-400945-induced SASP and type I IFN response 

while ChIP assay demonstrated that IRF directly bound to the promoters of representative 

genes in SASP and type I IFN response. Excitingly, combination therapy of CFI-400945 with 

anti-PD1/PDL1 antibody further improved survival of HCC-bearing mice. We found that 

CFI-400945 dramatically suppressed HCC progression in vivo through deregulating cell cycle 

and activating STING-mediated immune response. Our study will directly benefit the 

development of clinical trials involving CFI-400945 in HCC treatment.  
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Hepatocellular carcinoma (HCC) is the major type of primary liver cancer and a leading death causing cancer. 

Both genetics and epigenetics alteration are accumulated during the long-term HCC development. In our study, 

we identified a novel epigenetic regulator, HELicase, Lymphoid-Specific (HELLS), deregulation in HCC and 

uncovered its molecular mechanism in carcinogenesis. The previous studies have shown that HELLS involved 

in DNA methylation during development, while its chromatin remodelling capacity was largely elusive and 

remained to be explored.  

 

Clinicopathologically, our research showed the overexpression of HELLS associated with tumor aggressiveness 

features, including tumor stages, early onset age and direct liver invasion etc. Molecularly, we discovered a new 

HELLS upstream regulator, a transcription factor called SP1 whose hyperactivation caused HELLS deregulation 

in HCC. Functionally, overexpressing HELLS expression in HCC cell lines by CRISPR SAM shows an augment 

of cell proliferation, colony formation ability and migration rate. Consistently, depleting HELLS in HCC cell 

lines by CRISPR/cas9 genome editing system and lentiviral shRNA infection can remarkably reverse the cancer 

phenotypes including cell growth inhibition, cell migration suppression, apoptosis induction and reverse of cancer 

metabolic features in cell line model. In the animal models, the subcutaneous and orthotopic model showed that 

ablation of HELLS also mitigated tumorigenicity and lung metastasis in vivo. 

 

Mechanistically, our RNA-seq revealed knockout of HELLS leads to re-expression of multiple tumor suppressor 

genes including CDH1, XAF1, and CREB3L3 etc. These re-expressed genes were significantly enriched in the 

EMT and migration pathway. Moreover, the underlying mechanism is uncovered by MNase-seq and ChIP-qPCR. 

From the data, we found that HELLS binds to the regions around the transcription start site and enhancer regions 

and control the nucleosome position around these areas. The shift of nucleosome can block the accession of 

transcription factors to gene promoters and enhancers. This may subsequently silence the expression of HELLS 

regulated tumor suppressor genes and then promote cancer progression.  We also developed a CRISPR-based 

HELLS-depended epigenetic editing system to further validate that tethering HELLS to nucleosome-free region 

was sufficient to induce epigenetic silencing of CDH1. 

 

Collectively, our study confirmed that HELLS overexpressed in HCC and a novel regulator of HELLS, SP1. By 

using various techniques, we demonstrated up-regulation of HELLS silenced multiple important tumor 

suppressors involving in multiple cancer hallmarks. 

 

 



rG4-seeker enables high confidence identification of novel rG4 motifs from 

rG4-seq experiment via platform-specific noise modeling 
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RNA G-quadruplex (rG4) are non-canonical, four-stranded secondary structures commonly identified 

from guanine-rich transcript regions. rG4 structures feature highly stable 3D conformations that 

facilitate extensive Hoogsteen hydrogen bonding between guanine residues. Studies suggested that rG4s 

are versatile regulatory elements capable of influencing transcription, post-transcriptional modification 

and translation processes.  

RNA G-quadruplex sequencing (rG4-seq) is a recent developed experimental method for transcriptome-

wide identification of rG4s through exploiting intrinsic reverse transcriptase-stalling (RTS) properties 

of rG4s. Nevertheless, rG4-induced RTS effect only introduce subtle signal in sequencing data, which 

is often overwhelmed by non-biological noise related to the rG4-seq platform. While previous rG4-seq 

studies tolerated the noise by conducting statistical tests with replicated experiments, we challenged to 

directly model and eliminate the influence of noise in replicate-independent manner. 

Through in-depth re-analysis of HeLa rG4-seq datasets, it was revealed that the RNA fragmentation 

process in rG4-seq chemistry is associated with a distinct distribution of background RTS signal, which 

contributed as the most significant source of noise. By incorporating a statistical noise model, an 

improved rG4 detection pipeline called rG4-seeker was formulated. In contrast to the original rG4 

pipeline that achieved 12% FDR with a 4-replicate-combined analysis; the new implementation 

demonstrated significant improvements by enabling reliable single-replicate analysis at FDR <2% and 

recalling ~80% of rG4 motifs identified previously. Meanwhile, unrecalled rG4 motifs were found 

coincidentally mapped to transcript regions of significantly higher GC ratio, where RTS signals were 

likely compromised by sequencing bias and rendered inconclusive rG4 detection outcomes. 

Furthermore, with rG4-seeker we identified hundreds of novel rG4 that nucleotide sequence does not 

match existing motif definitions, where candidates were experimentally validated.  

Our work demonstrated how the understanding of platform-specific noise modelling could help 

tailoring bioinformatics analysis for better interpretation of rG4-seq data. High confidence rG4 

identification with rG4-seeker lay foundation to our subsequent research studies on elucidating 

conserved biological functions of rG4s and RNA sequence features that influence rG4 formation. 
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Ribosome-inactivating proteins (RIPs) hydrolyze the N-glycosidic bond and depurinate a specific 
adenine residue (A-4324 in rat 28S ribosomal RNA, rRNA) in the conserved α-sarcin/ricin loop 
(α-SRL) of rRNA, thus to inhibit protein synthesis in cells. RIPs including ricin, Shiga toxin and 
trichosanthin have attracted the attention of many investigators because they are rich in biological 
activities, including anticancer, anti-HIV and anti-plant viruses. Some RIPs possess multiple 
biological activities, including DNase, RNase, phospholipase, chitinase, superoxide dismutase (SOD) 
and apoptosis inducing activities. Obtaining new RIPs will expand the portfolio of this family of 
proteins for different applications.  
 
In recent years, several proteins from mushrooms have been found having protein synthesis inhibitory 
activity and classified as RIPs. However, these proteins have diversified molecular weights and their 
N-terminal sequences are different from classical RIPs. In this study we have purified lyophyllin from 
Lyophyllum shimeji. It has a molecular mass of 22 kDa instead of 28-32kDa for traditional RIPs and 
its N-terminal sequence is distinctive. The purified protein possesses N-glycosidase and protein 
synthesis inhibitory activities. The heterogeneous expression and purification of recombinant 
lyophyllin have also been carried out, and the product shows positive depurination and protein 
synthesis inhibitory activities. 
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Long non-coding RNAs (lncRNAs), commonly defined as transcripts longer than 200 nucleotides 

in length with little or no protein-coding potential, have gained widespread attention as crucial 

players in diverse biological processes. In recent year, advancements in next-generation 

sequencing technology have made it feasible for researchers to study human transcriptomes, 

leading to the discovery of a substantial number of lncRNAs whose ectopic expressions are 

associated with a number of human diseases, particularly cancers. 

lung adenocarcinoma (LUAD), one of the common types of lung cancer that responsible for 

approximately half of lung cancer deaths each year. It has been characterized as a complex disease 

involving a large number of genetic alterations. Accumulating evidences have linked the 

dysregulation of specific lncRNAs with development and progression of LUAD. Moreover, 

several studies also highlighted that lncRNAs may involve in a variety of immune responses in the 

development of LUAD. However, compared with the ten thousand of lncRNAs that were well 

profiled, far fewer have been investigated in LUAD. In addition, efforts that were directed into 

deciphering the potential biological roles of lncRNAs in LUAD immunity still remains at an initial 

stage. Thus, there is a strong impulsion for us to systematically characterize lncRNAs related to 

LUAD progression.  

In this study, with the implementation of ab initio transcriptome assembly using both reference-

based and de novo approach, highly consensus lncRNAs were detected from RNA-seq datasets in 

TCGA-LUAD cohort. We observed a subset of lncRNAs showed a strong tumor specificity with 

no transcripts evidence from adjacent normal samples, some of which are previously unannotated. 

Results from gel-based assay demonstrated that these newly assembled lncRNAs is indeed 

expressed in several LUAD cell lines. Followed computational analyses using networked-based 

approach and associative approach suggested these lncRNAs might specifically promote LUAD 

progression via regulating immune response. These lncRNAs will improve our understanding of 

the molecular mechanisms of LUAD and serve as potential clinical biomarkers and therapeutic 

targets in LUAD diagnosis and treatment. 
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Mycobacterium tuberculosis is known to be the causative agent of some devastating disease worldwide, 
including tuberculosis, and it also related to some pulmonary complications, and metabolic syndromes. 
It is crucial to elucidate how this intracellular pathogen can establish their unique infection mechanism 
and adapt to the host immune system. Interestingly, 10% of mycobacterial genome are in fact encoding 
for the Pro-Glu (PE) and Pro-Pro-Glu (PPE) protein families. Both the PE and PPE proteins comprise 
of a highly conserved N-terminal domain and the C-terminal segments that vary in length, sequence 
and repeat copy number. PE/PPE proteins have drawn considerable interest from many scientists due 
to their cell wall localization and the secreted characteristics that suggest direct interaction with host 
macrophages during infection. 
Our present research is mainly focused on the uncharacterized PPE proteins. Currently, no solved full-
length structure was available for them while just little is known about their function. For example, 
some are able to modulate cytokines production in host macrophage with unknown mechanism. 
Therefore, we aim at complementing the understanding of these protein by structure determination with 
X-ray crystallography. During the early stage of purification, PPE proteins usually result in the 
formation of insoluble inclusion bodies when they are purified alone. Co-purification with EspG 
chaperone was able to improve the PPE protein solubility and enable us to obtain high purity complexes 
for crystallization screen. Further optimization will be carried out for high-quality crystals.  
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 PICK1 is an adapter protein expressed ubiquitously in human body. It contains a PDZ domain 

and a BAR domain in the same protein, the only known protein to contain these two domains in the 

same protein. This domain arrangement allows PICK1 to regulate protein trafficking such as GluR2 

endocytosis and insulin dense core vesicle secretion. In HEK293T cells, PICK1 expression pattern was 

mostly cytosolic, with some cells showing perinuclear puncta with various sizes. The identity of the 

perinuclear puncta was not investigated and usually regarded as aggregation. By co-immunostaining, 

PICK1 perinuclear puncta was found to be caged by vimentin and associated closely with the 

centrosome. Hence such structure was identified as aggresome, a transient organelle storing aggregated 

proteins in cell. Furthermore, the localization of PICK1 was found to be changing according to the 

genetic and environmental stress the cell was receiving, indicating PICK1 as a stress response protein. 

Many chemical stresses could induce change of PICK1 localization, among which arsenite stress 

induced PICK1 to localize to aggresome most aggressively. The structure formed by arsenite stress is 

also an aggresome as it was caged by vimentin. Arsenite was found to induce formation of aggresome 

within 1 hour, a timepoint usually employed when using same concentration of arsenite to induce stress 

granules. Over 60% of published studies studying RNA stress granule used sodium arsenite as inducer, 

where more used it as inducer of oxidative stress. These results suggest arsenite stress has a previously 

unreported ability to induce formation of aggresomes and therefore cautious should be applied when 

interpreting the result of arsenic stress. 
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The flagellar system is tightly associated with the ability to colonize in human’s stomach and the 

pathogenicity of H. pylori, which is a widespread pathogen that potentially threatening everyone’s 

health in the world. Due to the divergence of flagellar systems across different bacterial species, it is 

intriguing to study the unique flagellar export and assembly mechanism in H. pylori. As a flagella 

export chaperone, FliS prevents the premature polymerization of flagellin during flagellar export and 

assembly. In H. pylori, it interacts with an uncharacterized protein HP1076. Since HP1076 does not 

function in motility, the biological importance of FliS-HP1076 interaction and the roles FliS plays 

within H. pylori still need to be elucidated. We are attempting to delineate the interaction network 

centered by FliS to unveil its exact function and biological significance. As a newly discovered 

protease in this network which can cleave the C-terminal of HP1076, H. pylori CtpA has never been 

studied before. We hypothesize that CtpA shares similar functions as its homologs in other bacteria 

strains that it functions in cell wall integrity and degradation mis-folded proteins. In Pseudomonas 

aeruginosa, CtpA is essential for the normal function of the T3SS, which prompts us to study the role 

it plays in the H. pylori T3SS. Right now, crystallographic study of CtpA is being carried out. the 

function of CtpA in H. pylori is still unclear. The TEM observation and soft agar assay suggested 

CtpA didn’t affect the formation of flagella, but would slightly impair the motility of H. pylori. 
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Sufu is a solid-state fermented soybean curd with strong flavored and soft, creamy texture. Its production 

process generally includes several stages, namely, the production of sufu, preparation of pehtze, salting, and 

aging. The dynamic changes of physicochemical parameters, flavor compounds (17 free amino acids, 21 

fatty acids, and 14 volatiles), and microbiota profiles, and their correlations involved in the production were 

explored. Results from principal component analysis, multiple factor analysis, and partial least squares-

discrimination analysis showed that these properties varied significantly at different stages of the production 

of plain sufu. Furthermore, based on Pearson correlation coefficients (r) and variable importance for 

predictive components (VIP) values between the microbiota profiles and flavor compounds, nine bacterial 

and six fungal genera were identified as core functional microbiota significantly affecting the production of 

flavor compound especially in the production of free amino acids. Microorganisms belonging to the genus 

Lactobacillus, Tetragenococcus, Candida, Debaryomyces, and Actinomucor were positively correlated with 

the production of both taste and odorous compounds. But, two bacterial genera (Bacillus, Weissella) and two 

fungal genera (Alternaria and Fusarium) were identified to have significantly negative correlation which 

may be used as indicators of microbial contamination in the production of natural plain sufu. The differences 

and similarities of the flavour compounds and microbiota profiles at different production stages, as well as, 

their correlation will help to understand  the mechanism during the  plain sufu production, and further to 

maintain the quality control of the products. 
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Sea buckthorn is one of the most important shrubs grown widely in China. It has been traditionally 

used as a natural remedy to reduce the risk of heart diseases, diabetes, and cancer. Elevated blood total 

cholesterol (TC) namely hypercholesterolemia is one of the major risk factors in the development of 

atherosclerotic plaque, myocardial infarction, stroke and coronary heart disease (CHD). The present 

study was to investigate the effect of sea buckthorn seed oil on plasma cholesterol in 

hypercholesterolemic hamsters. The four diets were prepared, namely a non-cholesterol control diet 

(NCD), a high-cholesterol control diet (HCD) with lard oil, a HCD diet with sea buckthorn seed oil in 

replacement 50% of lard (SL), a HCD diet with sea buckthorn seed oil in replacement of 100% of lard 

(SH). Thirty-two hamsters were divided into four groups fed one of the four diets for six weeks. Results 

showed SL and SH diets reduced plasma total cholesterol by 21.8% and 20%, respectively. Remarkably, 

it was found that sea buckthorn seed oil diets could favorably increase the fecal neutral or acidic sterols 

output as well as the total short-chain fatty acids (SCFAs) content, but not in a dose-dependent manner. 

The real-time PCR and Western blotting analyses indicated that the cholesterol-lowering effect of sea 

buckthorn seed oil was accompanied by down-regulation of intestinal microsomal triacylglycerol 

transport protein (MTP). It was concluded that sea buckthorn seed oil regulates plasma cholesterol by 

inhibiting intestinal cholesterol absorption. 
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 Ion channels are vital molecular device to maintain the electrophysiology of 

cardiomyocytes. Canonical transient receptor potential channel (TRPC) is a type of 

non-selective cation channel activated by G protein-coupled receptors. TRPC channels are 

widely expressed in different tissues and play an important role in the maintenance of normal 

cellular function. The aim of this project is to study the function of TRPC7, the most elusive 

member in the TRPC family, in cardiomyocytes. Western blotting showed that TRPC7 is 

expressed in mouse heart, and detection of multiple bands indicated that more than one 

isoform and/or post-translational modified form of TRPC7 exist in the heart. 

Immunocytochemistry experiments showed that the channel locates at plasma membrane at 

early differentiation stage of mouse embryonic stem cell-derived cardiomyocytes 

(mESC-CMs), but translocates from membrane to a location closer to the sarcomere during 

the maturation of mESC-CMs. Translocation of TRPC7 occurs during the whole process of 

maturation; most channels locate near the M-line in less mature mESC-CMs while locate 

near the Z-line in more mature mESC-CMs. Lentivirus encoding specific shRNA was used to 

knockdown TRPC7 in neonatal rat cardiomyocytes. Immunocytochemistry staining 

demonstrated that the decline of TRPC7 expression was accompanied, intriguingly, by the 

disassembly of sarcomere. We speculated that TRPC7, on one hand, may participate in the 

regulation of electrophysiological function of cardiomyocytes as an ion channel; on the other 

hand, TRPC7 may serve other cellular functions such as to maintain the stability of 

sarcomere. 
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Abstract: 

Helicobacter pylori has abundant highly active ammonia-producing urease to neutralize gastric acid 

for its infection, which may cause peptic ulcer and gastric cancer. Biosynthesis of the urease active 

site requires carbamylation of Lysine-219 and insertion of two nickel ions. This maturation process is 

facilitated by accessory proteins UreE, UreF, UreG and UreH. The novel orthologous structure of 

GMPPNP-bound Klebsiella pneumoniae UreG was compared to the existing GDP-bound H. pylori 

UreG to provide structural insights into how GTP-binding/hydrolysis regulates binding/release of 

nickel and swapping interaction partners. We designed D37A/E42A double mutant in G2 region to 

lock the H. pylori UreG at GDP-bound conformation as proved by its inability to form GTP/Ni-

dependent UreG dimer and hydrolyse GTP. In static light scattering, UreG(D37A/E42A) preferred 

interaction with UreF2H2 over UreE2/Ni even in the presence of GTPγS. Together with urease 

activation assay with different combinations of purified protein complexes at GDP- or GTP-bound 

form, we propose that nickel transfer in urease maturation is facilitated by GTP-regulated interaction 

of UreG from UreE2 to UreF2H2/urease. The significance of this urease maturation mechanism is to 

avoid release of cytotoxic free nickel ions as nickel was transferred through direct protein-protein 

interaction shown by equilibrium dialysis. 
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Enteric neural crest cells (ENCCs) migrate and colonize the gut during enteric nervous system 

(ENS) development, in which Ret and p75 support ENCC survival, proliferation, migration and 

differentiation. In nervous system development, cell-cell interaction is regulated by Eph/ephrin 

signaling that induces attraction or repulsion between cells, crucial to cell segregation and thus cell 

migration. However, the role of Eph/ephrin signaling in regulating ENCC migration remains unknown. 

Mutation of Ephs and ephrins have been reported in Hirschsprung disease (HSCR) patients, suggesting 

the involvement of Eph/ephrin signaling. I examined the role of ephrin-A1/EphA4 signaling using 293T 

cells to investigate their interaction and regulation of cell segregation. Immunoprecipitation shows that 

ephrin-A1 can interact with Ret and p75. My results also show that ephrin-A1 mutant protein is able to 

interact with Ret and p75, and display ligand-receptor binding interaction with EphA4. Cell segregation 

assay using stably-transfected cells shows that ephrin-A1 mutant-expressing cells demonstrate 

enhanced cell segregation when co-cultured with EphA4-expressing cells. These findings suggest that 

ephrin-A1 mutant could disrupt cell segregation regulated by ephrin-A1/EphA4 signaling, while 

interaction of ephrin-A1 with Ret and p75 suggests that it potentially plays an important role in this 

cell-cell interaction to regulate ENCC migration. 
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Deep brain stimulation (DBS) is a promising neuromodulation therapy for treatmentresistant                     
depression. Although previous studies have reported the comorbidity of neuroinflammation                   
and depression, the underlying mechanisms of stimulationinduced antidepressive effects on                   
neuroinflammatory elements remain largely unknown. In this study, we aimed to investigate                       
the antineuroinflammatory role of DBS of the prelimbic cortex in rat models of depression.                           
Rats received either stimulating or sham electrodes in the prelimbic cortex and underwent                         
through a 3weeks Chronic Unpredictable Stress (CUS) paradigm. We performed 1hour of                       
highfrequency stimulation (100 Hz) at 200 µA amplitude prior to testing for social                         
interaction and depressivelike behaviors. The brains were processed for                 
immunohistochemical/biochemical investigation to further elucidate the           
antineuroinflammatoryrelated mechanisms of DBSinduced antidepressants. Additionally, a             
followup study was performed to examine the antineuroinflammatorydependent and/or                 
independent mechanisms of DBSinduced antidepressants using animal models with a                   
combined CUS and lipopolysaccharideinduction paradigm. In both the CUS and                   
CUScombined with lipopolysaccharideinduced depression models, we observed an increase                 
in social interaction and a decrease in forced swim immobility time in animals with DBS of                               
the prelimbic cortex as compared to sham. Interestingly, our gene expression study found                         
significant changes in the neuroinflammatory environment postDBS. These results were                   
further supported by morphological analysis of microglial expression within the prefrontal                     
cortical areas. These findings demonstrate that DBS of the prelimbic cortex enhances social                         
interaction and antidepressantlike behaviors. Our results show that the DBSinduced changes                     
in the neuroinflammatory environment were mediated by both the                 
neuroinflammatorydependent and independent mechanisms in animal models. 
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Diabetes mellitus is associated with alterations in the corneal epithelial wound healing response,
leading to increased risk of dry eye disease, recurrent corneal erosion syndrome and cornea ulcers
However, the underlying reasons for this impaired wound healing response remains poorly
understood. We postulate that sustained hypergylcaemia impairs ocular surface immunity in
diabetics, resulting in an attenuated corneal wound healing response. We further believe that
differences in intestinal microbiome may contribute to this altered immune response.

In our study, longitudinal changes in corneal re-epithelialization, ocular surface inflammation after
alkaline injury and gut microbiome composition and diversity were compared between Ins2(Akita)
mice and wild type(WT) mice. Briefly, mouse cornea were examined under slit lamp with
fluorescein staining. Mouse tear samples were acquired by Schirmer’s strip and have and a protein
microarray assay was conducted for protein analysis.Meanwhile, baseline and post-injury intestinal
microbiome have undergone shot-gun sequencing for obtaining microbiota composition.

We have found that diabetic mice have significantly impaired corneal wound healing response
after injury compared to controls. This is associated with significantly lower tear levels of VEGF-A
in diabetic mice compared to controls. The underlying differences in intestinal microbiome
composition and diversity may play a role in the altered immune response.
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Melanoma is the deadliest form of skin cancer that is originated from neural crest-derived melanocytes. 
Deleted in liver cancer 1 (DLC1) is a RhoGTPase-activating protein (RhoGAP) that is a well-
characterized tumor suppressor in various cancer types. Whether DLC1 plays a similar or opposite role 
in melanoma remains elusive. 
 
In this project, we interrogated the TCGA skin cutaneous melanoma database and revealed that 76% of 
samples exhibited gain or diploid in the copy number variation of DLC1, whereas 69% was marked as 
deletion in liver cancer. In addition, RNA-seq of melanoma patients’ biopsies (n=467) showed more 
than 2-fold upregulation of DLC1 compared to normal skin samples (17.33 vs 7.44). Furthermore, the 
level of DLC1 protein expression in a variety of melanoma cell lines is higher than that of normal 
melanocytes. These data suggest that increased expression of DLC1 is associated with melanoma 
progression.  
 
Indeed, loss-of-function studies demonstrated that DLC1 silencing could inhibit the proliferative, 
clonogenic and invasive capabilities of melanoma cells in vitro, as well as suppress xenograft melanoma 
growth and lung metastasis in vivo, via a Rho-independent manner. In contrast, ectopic DLC1 
expression in a low-endogenous melanoma cell line promoted tumorigenicity, indicating that DLC1 is 
both required and sufficient for melanoma progression. 
 
Mechanistically, both mass-spectrometry and co-immunoprecipitation revealed Forkhead Box K1 
(FOXK1) transcription factor as an interacting partner of DLC1 via its Forkhead-adhesion domain in 
the nucleus. Intriguingly, this association is required for FOXK1 to retain DLC1 within the nucleus as 
evidenced by induced translocation of DLC1 from the nucleus to the cytoplasm in FOXK1 knockdown 
(KD) cells. Most importantly, RNA-sequencing study identified matrix metalloproteinase 9 (MMP9) as 
a direct downstream target regulated by both DLC1 and FOXK1. Cell invasion and ChIP assays showed 
that DLC1 is required for FOXK1 occupancy at the MMP9 promoter region to synergistically activate 
MMP9 expression for melanoma invasiveness. These data demonstrate the ability of FOXK1 in 
mediating the oncogenic role of DLC1 in metastatic melanoma. 
 
Altogether, our results uncover the unprecedented oncogenic function of nuclear DLC1 through 
association with FOXK1 to regulate MMP9 expression in melanoma, paving the way for novel 
therapeutic interventions in this deadly disease. 
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Transient receptor potential (TRP) channels are broadly expressed in a variety of tissues 

and cell types. They are able to respond to a wide range of stimuli in the cellular environment, 

which makes them act as cellular vanguard sensors involved in nociception, taste perception, 

temperature and osmolarity sensation. Among TRP channels, TRP ankyrin 1 (TPRA1) 

channel was initially described as a cold-sensitive non-selective cation channel expressed in 

neuron. Recently, emerging evidence indicates that TRPA1 is expressed in various cell types 

including cardiomyocytes (CMs) and plays an important role in CM contractile function. 

Mouse embryonic stem cells (mESCs) are able to self-renew and maintain pluripotency to 

differentiate into all cell lineages including CMs. Thus, mESCs may provide an unlimited 

supply of cells for cell-based therapies. Up till now, there is limited knowledge on how 

TRPA1 regulates intracellular calcium [Ca2+]i of CMs. Our preliminary results indicated that 

mESC-derived CMs (mESC-CMs) expressed TRPA1. In addition, we found that the activities 

of TRPA1 are positively associated with the Ca2+ transients (CaTs) in mESC-CMs. However, the 

exact mechanism of how TRPA1 affects the CaTs is still under investigation. This current 

study shall provide novel information on the functional role of TRPA1 in CMs. 
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 Embryonic stem cells (ESCs) can differentiate into cardiomyocytes. This could provide a 

promising source of cells for drug development, regenerative therapy and developmental 

biology study. However, these cardiomyocytes are immature; they do not fully possess 

morphological and functional characteristics of adult cardiomyocytes. In order to get 

functional cardiomyocytes which could be applied for further studies, the mechanism 

underlying the maturation of mouse ESC (mESC)-derived cardiomyocytes (mESC-CMs) has 

to be better understood. Mitochondria occupy higher volume of adult cardiomyocytes 

compared with immature cardiomyocytes and become longer and bigger through the 

maturation process of the cardiomyocytes. What is more, mitochondria distribution is getting 

more regular in “crystal-like” pattern along the sarcomere in adult cardiomyocytes while it is 

in a rectangular network in immature cardiomyocytes. There are evidence showing that 

mitochondrial biogenesis and dynamics together regulate the structure and content of 

mitochondria. Since it has been reported that intervention on mitochondrial biogenesis and 

dynamics could influence mESC differentiation, we speculate that changing mitochondrial 

biogenesis and/or dynamics can affect the maturation of mESC-derived cardiomyocytes. In 

this project, we found that there was a higher cytosolic occupancy of mitochondria in 

late-stage mESC-CMs compared with early-stage mESC-CMs. We will investigate whether 

we could promote the maturation of mESC-CMs through manipulating mitochondrial 

biogenesis and/or dynamics. The maturation assessment system will be established in terms 

of morphology, marker genes expression, calcium handling ability and electrophysiology. 
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Adipose-derived stem cells (ADSCs) are a type of mesenchymal stem cells isolated from adipose 

tissue and have the ability to differentiate into adipogenic, osteogenic and chondrogenic lineages. 

Despite their great therapeutic potentials, ADSCs were found to enhance breast cancer proliferation 

and metastatic potentials. Previously our lab has demonstrated the formation of ADSCs – breast 

cancer cells fusion hybrid using a mouse model. Our data showed this hybrid possesses some 

characteristics of cancer stem cells and we postulate that it may initiate tumor formation. In vivo 

xenograft study indicated that the tumorigenicity of the fusion hybrids was significantly higher than 

that of the parent triple negative breast cancer cell line MDA-MB-231. We also found that there are 

differences in the fusion efficiency between MDA-MB-231 and MCF-7 with ADSCs. However, the 

mechanism behind still needs to be elucidated. 
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Trimethylamine-N-oxide (TMAO) has been shown to be positively correlated with adverse 

cardiovascular events in human and enhance atherogenesis in mice in recent decade. It has been well 

accepted that consumption of ω-3 polyunsaturated fatty acids (PUFAs) is beneficial to cardiovascular 

health. The present study was to compare the protective effects of flaxseed oil rich in α-linolenic acid 

(ALA, 18:3n-3), and fish oil rich in eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid 

(DHA, 22:6n-3) in TMAO-exacerbated atherosclerosis in mice. 

Forty-five male ApoE-/- mice were randomly divided into five groups and fed a low-fat diet, a 

western diet (WD), a WD plus 0.2% TMAO, or one of two experimental TMAO-containing WDs with 

half of lard being replaced by flaxseed oil or fish oil, respectively. After 12-week intervention, results 

showed that dietary TMAO accelerated atherogenesis, accompanied by provoked inflammation and 

disturbed cholesterol homeostasis. Compared with flaxseed oil, fish oil was more compelling to inhibit 

atherogenesis against TMAO by lowering plasma total cholesterol and pro-inflammatory cytokines. 

Both oils were able to reverse the TMAO-induced declines in fecal acidic sterols excretion via up-

regulating the gene expression of cholesterol 7α-hydroxylase (CYP7A1) in the liver. Fish oil also 

promoted the fecal output of neutral sterols and restrained the hepatic cholesterol biosynthesis. Most 

importantly, both fish oil and flaxseed oil were beneficial in modulating gut microbiota composition. It 

appeared that fish oil was more effective than flaxseed oil in enhancing the growth of short chain fatty 

acid (SCFAs)-producing bacteria and inhibiting microbial generation of lipopolysaccharide (LPS).  

In conclusion, fish oil possessed more potent protective effects than flaxseed oil to ameliorate the 

TMAO-exacerbated atherogenesis at least in mice. 

 
 


