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https://www.hackensackmeridianhealth.org/HealthU/2018/02/07/tell-me-what-you-eat-and-i-will-tell/ 

You are what you eat. 
-Dr. Jean Anthelme Brillat-Savarin (1825, France) 

2 



  

 Illustration by Michael Waraksa 

You are what you get 
exposed to. 
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  Gene-environment interaction determines health outcomes 

http://moldvictim.org/environmental-exposures-to-moldfungi-or-other-pathogens/ 
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    Vulnerable populations to environmental exposure 



Environmental Impacts on Pregnancy outcomes 

PBDE 

TBBPA 

TCE 

    

 

 

Adverse pregnancy outcomes 
-Preterm Birth 
-Preeclampsia 
-Intrauterine growth restriction 

University of Michigan 
PhD degree 2010-2014. 
Postdoctoral Fellow 2014-2015 



    

    
    

Environmental impact on neurodevelopment in children 

Adverse neurocognitive outcomes 

Metal Exposure 
Lead (Pb) 

Arsenic (As) 

1. Identification of  novel  targets  for  metal  exposure using 
genomics  approach 

2. In  vitro  mechanistic  study 
3. GWAS  study  to link  identified targets  with neurological  

outcomes  in children 
Harvard School of Public Health Panganiban* and Park* et al., PNAS (2019) 
Postdoctoral Fellow 2015-2020 Park et al., Scientific Reports (2020) 



Fetal 
neuroprogramming

by interaction 
between 

neurotoxicants and 
the placenta. 



  Gene-Environment Interactions on Neurodevelopmental Outcomes 

GENE ENVIRONMENT 

Neurodevelopmental 
Outcomes 

Nutrients 
Pollution 

Chemicals 

Susceptibility 
Resistance 

Roles of placenta/ placental extracellular vesicles 
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Arsenic (As) is a public health concern 

• A metalloid occurs naturally 
• Uses 

• Wood preservatives 
• Pesticides 
• Alloying element 
• Semiconductor 

• Affecting more than 150 million people 
globally 

• As levels above WHO guideline value of 
10 ug/L 

• Prenatal metal exposure to As has 
been associated with adverse 
neurodevelopmental outcomes in 
children. 

Source: United Nations Environment Programme (UNEP) 
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  Mechanisms of As toxicity 

Arsenic 

Reactive Oxygen Species 

Inhibition of protein function 
Protein misfolding 

Endoplasmic reticulum stress 
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  Accumulation of misfolded/unfolded proteins causes ER Stress 

ER stress 

Unfolded protein response pathways 
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   ER stress initiates unfolded protein response (UPR) pathways 

As 

Cell death (Apoptosis) 14 



Research goals 
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As 

? ? 
Pro-apoptotic transcription factor

Cell death (Apoptosis) 

 



 

  

ER stress cell model: CHOP-mCherry reporter cells 

   

 

 

  

•Human CHOP promoter (-649/+135) (P. Farfounoux; Bruhat, 2000, MCB) 

CHOP Promoter mCherry 

- ER stressor 

+ ER stressor 
(e.g. Arsenic) 

Adapted from Oh R, JBC 2012 16 



 

 

ER stress cell model: CHOP-mCherry reporter cells 
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As 
CHOP Promoter mCherry 

HEK293T 

Vehicle 

5 µM As 

15 µM As 

50 µM As 

C
ou

nt
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mCherry fluorescence 

Data created by Dr. Ronald Panganiban 



 

 

 

   

 

  
  

Genome-wide CRISPR Knockout Library 

 Human CRISPR Knockout Pooled Library (GeCKO v2) 
: Feng Zhang Lab (Broad Institute of MIT and Harvard) 

Number of genes targeted 19,052 

gRNAs per gene 6 (3 in library A and 3 in library B) 

Number of miRNA targeted 1864 

gRNAs per miRNA 4 

Non-targeting gRNAs (scramble) 1000 

Total gRNAs 122,417 

Plasmid vector Lentiviral 

Sanjana et al. 2014 Nat Methods 
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Principles of CRISPR screen in this study 

gRNA for gene X scamble 

C
ou

nt
s

  

 

 

KO for gene X 

As treatment 

ER stress suppressor 
Gene X 

ER stress stimulator 
Gene X 

mCherry Fluorescence ? 
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CRISPR screen for Suppressors of As-induced ER Stress Response 

Lentiviral CRISPR library 

Induction of ER stress Cell sorting by As treatment 

Deep Sequencing 
to identify gene hits 

5 µM, 15 h 
mCherry Fluorescence 

CHOP-mCherry reporter cells  

 

 
 

 

 

Sublibrary 
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Hits from the screen 

ASMT 

L3MBTL2 SLC52A1 

MB21D2 

miR-1285-2 miR-370 

miR-1281 

miR-933 

miR-595 

miR-551a 

miR-492 

miR-124-3 

miR-1273g  
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Panganiban* and Park* et al, PNAS (2019) 21 



L3MBTL2 is a suppressor of As-induced ER stress response   

  
Apoptotic cells 

Panganiban* and Park* et al, PNAS (2019) 22 



L3MBTL2 associates with the CHOP promoter to repress its induction.    
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Panganiban* and Park* et al, PNAS (2019) 



   

  

MiR-124 is a suppressor of As-induced ER stress response 

Scramble miR-124 KO 

-As 

+As An
ne

xi
n 

V 

DAPI 

Apoptotic cells 
Panganiban* and Park* et al, PNAS (2019) 24 



 

  
 

 
 

    
    

  

How miR-124 downregulates CHOP? 

• MicroRNAs: small noncoding RNAs of 
18–22 nucleotides 

• Binding to 3’UTR(untranslated region)
of target genes 
 Downregulation of target genes by
mRNA degradation or by translational
repression 

3’UTR 

3’UTR 

Target mRNA 

Target mRNA 

Adapted from Front. Mol. Neurosci., 23 February 2015 
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   IRE1 is a predicted target of miRNA-124-3p 

http://www.targetscan.org/ 26 

http://www.targetscan.org


   IRE1 is a predicted target of miRNA-124-3p 

miR-124 

? 

Cell death 
(Apoptosis) 
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MiR-124 targets IRE1 pathway 
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ERN1: gene encoding IRE1 
Panganiban* and Park* et al, PNAS (2019) 28 



   

  

  

   MiR-124 binds to 3’UTR of ERN1 gene 

Binding to 3’UTR of ERN1 luciferase expression 

Panganiban* and Park* et al, PNAS (2019) 29 



   

   
 

   
 

  
  

MiR-124 plays important roles in brain 

• Highly and specifically expressed in all 
brain regions 

• Play a crucial role in neurogenesis in 
vitro and in vivo. 

• Dysregulation of miR-124 has been 
associated with pathological CNS
conditions and Alzheimer’s disease 

https://www.genengnews.com/gen-news-highlights/researchers-identify-mirna-linked-to-cocaine-vulnerability-and-addiction-in-rats/81243633 
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https://www.genengnews.com/gen-news-highlights/researchers-identify-mirna-linked-to-cocaine-vulnerability-and-addiction-in-rats/81243633


MiR-124 protects against As-induced neurotoxicity 

  
   (Left) SH-SY5Y neuroblastoma cells (Right) Human neural stem cells 

Park et al, Scientific Reports (2020) 31 



 

  

 

 

 
      

 

  

Study population-Bangladesh cohort 

Characteristics 
Mean (SD) or n (%) 

n=502 

Sex, No. (%) 
Male 256 (51) 

Female 246 (49) 
Concentration of arsenic in umbilical cord blood 

(µg/dl)a 0.67 (0.61) 

Gestational Age, weeks 38.2 (1.7) 
Age at Exam, weeks 99.4 (18.5) 

Mother's Education > Primary, n (%) 269 (54) 
Smoking in Household Environment, n (%) 212 (42) 

BSID Scores 
Mental Composite 112.7 (10.5) 
Motor Composite 92.7 (5.0) 

AFP / Getty Images 
SD standard deviation 
aThere were 23 subjects in the Bangladesh cohort who did not have any recorded values for arsenic concentration. 

Park et al, Scientific Reports (2020) 32 



 
  

 
  

MiR-124 genetic polymorphism is associated with
neurocognitive score in children 

Analysis by Dr. Ryan Sun (Christiani Lab) 
Park et al, Scientific Reports (2020) 33 



Summary 

• A genome-wide CRISPR screen identifies suppressors of ER stress 
response. 

• MiR-124 protects against As toxicity in human neural cells. 

• Genetic polymorphisms of miRNA-124 are associated with 
neurodevelopmental outcomes in children. 

34 



 

   
   

    

   
    

 
  

Continuing study on miR-124 and As toxicity 

• K99/R00 a pathway to independence award from NIH/NIEHS 
• Title: microRNA, ER stress, and arsenic neurotoxicity 
• Specific Aims 

- Aim 1: Investigate the role of As-induced ER stress on neural stem cell 
function 

- Aim 2: Elucidate the mechanisms through which miR-124 protects 
against As toxicity in neural stem cells 

- Aim 3: Investigate the functional association of miR-124 variants with 
neurodevelopment in children exposed to As 

35 



    

  
 

  
 

 
 

Placenta plays a critical role in fetal brain development 

• Human placenta 
• Placental disk 
• Extraplacental membrane 
• Umbilical cord 

• Preventing rejection by the maternal 
immune system 

• Transport of nutrients and wastes 
between the mother and the embryo/fetus 

• Placental cues can reach the fetal brain 
through the immature blood-brain barrier
(BBB). 

Left: priestsforlife.org 
36 
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Extracellular vesicles are important mediators of communication 

• Placental trophoblasts actively release EVs. 
• Extracellular vesicles (EVs) 

• Nano-sized (.05-1 μm) membrane-bound vesicles. 
• Transfer proteins, lipids, and nucleic acids between cells 
• Involved in antigen presentation, tumor progression, immunosuppression 

• EVs reach fetal neural cells after crossing the BBB. 

37 
http://www.malvern.com/Assets/500x200_Exosomes_Microvesicles_500x200.jpg 

http://www.malvern.com/Assets/500x200_Exosomes_Microvesicles_500x200.jpg


Hypothesis 

  

 

 

  
 

Fetal Brain 
Metal exposure 

Placenta 
Divergent 

Maternal Fetal Neurodevelopment
Circulation Circulation 

EVs outcomes 
cross Genetic 
BBB variability 

Altered 
neural stem cell 

function 

Altered expression of 
proteins, mRNA, miRNAs in 
extracellular vesicles (EVs) 

al 
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As treatment increases EV release from human placental cells 

HTR-8/SVneo cells were treated with As for 24 h. The EV concentration in the medium 39 
was measured by Nanosight. N=3. *, P<0.05 compared to NT. 



   
    

     

As treatment differentially regulates expression of placenta-
specific miRNAs in human placental cells and EVs 

HTR-8/SVneo cells were treated with As for 24 h. N=3. *, P<0.05 compared to NT. 



     

  

Effect of placental EVs on neural cell proliferation 

-ReNcell Cx neuroprogenitor cells 
-EVs were collected from HTR-8 cell culture medium. 

41 



    

  

 
 

 

 

  

  

 
   

Proteins highly expressed in brain are detected in placental EVs 

GENE GENE DESCRIPTION DISEASE INVOLVEMENT 

TBR1 T-box, brain 1 Autism spectrum disorder, Disease mutation, 
Mental retardation 

KIF5A Kinesin family member 5A 
Amyotrophic lateral sclerosis, Disease 
mutation, Epilepsy, Hereditary spastic 

paraplegia, Neurodegeneration 

DNM1 Dynamin 1 Disease mutation, Epilepsy 

DIRAS2 DIRAS family GTPase 2 

NAPB NSF attachment protein beta 

YWHAH Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein eta Cancer-related genes 
LLGL1 LLGL1, scribble cell polarity complex component 

CNP 2',3'-cyclic nucleotide 3' phosphodiesterase 

ENO2 Enolase 2 Cancer-related genes 

GDI1 GDP dissociation inhibitor 1 Disease mutation, Mental retardation 

KLC1 Kinesin light chain 1 

TUBB2B Tubulin beta 2B class IIb Disease mutation, Mental retardation 
TUBB3 Tubulin beta 3 class III Disease mutation, FDA approved drug targets 



   
           

     

Future work 

• As effects on transcriptome of mouse placenta using scRNA-seq 
• Effect of As/metal exposure on placental EVs cargoes (proteins, miRNA..) in vivo and in 

vitro 
• Effect of placental EVs on NSC function 
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