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1. Calorie restriction 
2. Inhibition of IIS 
(traced down to Daf-16 and dFoxO)
3. Rapamycin and genetic manipulations
with the mTORC1 pathway
4. Sir2/Sirt1

Insulin 

mTORC1        FoxO1 

ATGL 

Lipolysis 

Starvation Sirt1 

Insulin regulates the expression of the rate-limiting lipolytic enzyme, ATGL

J.Biol.Chem., 2009, 284,13296-13300
J.Lipid Res., 2011, 52, 1693-1701

Diabetes, 2010, 59, 775-781
MCB, 2013, 33, 3659-3666
J.Biol.Chem., 2015, 290, 17331–17338

Potential links to longevity
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Insulin R

FoxO1

ATGL ATGL-1

DAF-16

DAF-2

?

Mammals C. elegans

Longevity Longevity 
? ?

ATGL-1::GFP expression in C. elegans

Larval stage 4
200x magnification
450 ms exposure

WT

daf-2

daf-2;
daf-16

With Alla GrishokFUNDING: NIH, ADA
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Serum Amyloid A: 
An Acute-Phase Protein in Search of Ligands

Nicholas Frame, Shobini Jayaraman, Donald Gantz



Basal
membrane

SAA

in

Cell receptors

outPlasma HDL:
Phospholipids,

Cholesterol

Cholesterol 
ester,

Triglycerides

Plasma
membrane

SAAonacute-phaseHDL:	
an	intrinsically	disordered		protein	hub

+ + +

CD36, LOX-1, 
SR-BI, RAGE, 

…

HSPG

Frame	&	Gursky,	2016,	FEBS	Lett



A	new	function	for	an	ancient	protein:	A	“molecular	mop”

• SAA can also generate lipoproteins de novo by solubilizing lipid 
bilayers in a spontaneous energy (ATP)-independent process. 

• This process is relevant to inflammation and injury when membranes 
of dead cells require rapid removal but ABC transporters do not work.

• SAA re-packs lipids into nanopartocles that are taken up by receptors 
(CD36, LOX-1, RAGE, etc.) on various cells and used for tissue repair. 

• The ability of SAA to rapidly clear cell debris probably represents the 
primordial function of this ancient acute-phase reactant.

70nm
SAA

broken	cell	
membrane
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Mechanisms Driving Inflammation 
in Human Obesity and 

Type 2 Diabetes

Barbara Nikolajczyk
Associate Professor

Microbiology
MED



The Definition of “Inflammation” Dynamically 
changes during the Development of Type 2 Diabetes

T cell cytokines can be used to accurately 
determine multiple disease states

(Calibration Accuracy = 83%, Cross-Validation Accuracy = 75%)

Prediction
Interpretation

Th17 signature cytokines are unique to 
classifying T2D subjects, while Th2 

cytokines may differentiate ND from pre-
T2D; different T cell subsets dominate 
different stages of disease progression
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PBMCs from T2D are more Glycolytic than PBMCs from ND

PBMCs
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Leveraging Human Genetic Variation 
to Predict the Effect of Plasma Lipids 

on Coronary Heart Disease

Gina M. Peloso
Assistant Professor

Biostatistics
SPH



Lipid pathways and Coronary Heart Disease (CHD)

Epidemiology Genetics Therapy
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Voight*, Peloso*, et al. Lancet (2012)

Crosby*, Peloso*, et al. N Engl J Med (2014)
Do, et al. Nature (2015)

Do, et al. Nature Genetics (2013)
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Leveraging Human Genetic Variation to Predict the Effect of 
Plasma Lipids on Coronary Heart Disease

• Genetic variation can be leveraged to predict 
the effects of biomarkers on disease

• Naturally-occurring null mutations are valuable 
in determining the effect of a therapeutic target
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Metabolic Disease:
Knockout Mice for Investigation of Disease

Dean R. Tolan
Professor

Biology
CAS



Fructose

Fructose 1-P

Glycogen

Triglycerides

Glucose

ATP
AMP Uric acidKHK

FRUCTOSE THE ONLY NUTRIENT THAT CAUSES 
ENERGY DEPLETION  

DIRECT CALORIC EFFECTS

ENERGY DEPLETION 
PATHWAY

Aldolase B

CONFIDENTIAL

+Fru

Control

khk-/-

khk-/- khk-/- khk-/-
WT       WT

WT   WT WT   WT WT   WT
Ishimoto T et al. 2012 PNAS 

109:4320



• One of the thousands of a single-gene disorders collectively 
termed Inborn Errors of Metabolism – Carbohydrate 
metabolism

• Intake of fructose results liver failure and Death

Hereditary Fructose Intolerance (HFI)

Giltzelmann et al., 1995

HFI Child (3 yo) after 3 wk of no 
fructose

aldoB-/- mouse (8 wo) after 1 wk of 
40% fructose exposure 

Fig 1.—Section of liver biopsy specimen of one patient three
weeks after cessation of fructose feeding (original magnification,
X165).

Fig 2—Section of liver biopsy specimen of one patient two years
after cessation of fructose feeding (original magnification,
X180).

within a few days. All the clinical and
biological findings were normal with¬
in one or two weeks except for the
liver enlargement that persisted for
many years in all patients. Normal
growth in length and weight always
occurred within two or three years.
Serial needle liver biopsy specimens
showed the rapid disappearance of
intralobular fibrosis and a decrease of
periportal fibrosis; in contrast, fatty
vacuolization of liver cells persisted or
increased and its distribution changed
from diffuse to periportal type
(Fig 2).
Group 2 includes five homozygous

infants who were given a fructose-
free diet from birth because fructose
intolerance had been recognized in an
older sibling. They were admitted to
the hospital between 2¥¡ and 11
months of age: all except one had a
moderate hepatomegaly with normal
biochemical and hematological values.
The histological pattern of the liver
showed fatty vacuolization of liver
cells. One patient also had a moderate
degree of periportal fibrosis. Histo¬
logical investigation was not repeated
in these children.

COMMENT
Hereditary fructose intolerance

may be easily diagnosed in patients
with unexplained vomiting with or
without failure to thrive associated
with liver enlargement and renal

tubular dysfunction, especially if none
of these symptoms existed before
weaning. A history of aversion· to
sweet foods is also suggestive of this
diagnosis.
The diagnosis may be overlooked,

however, when the infant has received
fructose-containing formulas from
birth and presents with nonspecific
conditions such as severe liver failure,
acute dehydration, shock, or an acute
hemorrhagic syndrome. Evidence of
severe liver failure is more frequent in
infants with early clinical manifesta¬
tions.'" Some of our patients were
first admitted to an intensive care
unit and/or had undergone an ex¬

change-transfusion because of a ser¬
ious bleeding tendency. One of them
had hydrocephaly after a subarach-
noid hemorrhage; one case with a
subdural hematoma has been reported
by others.7 A pattern of consumption
coagulopathy has been occasionally
observed but its frequency in our
series was not thoroughly evaluated.
Such a condition may be seen in the
fulminant form of viral hepatitis. The
absence of a small liver is the most
important finding against this last
diagnosis. Whether or not massive
liver necrosis can result from fructose
or fructose-1-phosphate "toxicity" in
aldolase-deficient subjects remains to
be demonstrated. Some authors" have
reported hepatic necrosis on post¬
mortem examination. None of our

severe cases was fatal so we lack
histological data of the acute phase.
Galactosemia and congenital tyrosin-
osis are also associated with hepato¬
megaly and renal tubular dysfunction.
As stressed above, galactosemia must
be rapidly excluded by the measure¬
ment of galactose- 1-phosphate uridyl
transferase activity. The presence of
elevated serum levels of tyrosine and
methionine, although sometimes seen
in HFI, must raise the possibility of
congenital tyrosinosis. In this disease,
the hepatic impairment in the face of
a high protein intake may lead to
elevation of these amino acid levels. A
complete disappearance of symptoms
within one or three days with a fruc¬
tose-free and low-protein diet and the
absence of relapse during progressive
refeeding with a normal protein diet
allows one to exclude congenital tyro¬
sinosis.
When the clinical symptoms appear

later, they are less severe. The
patients are often referred with a

diagnosis of viral hepatitis or cirrhosis
because they have hepatomegaly. As
observed in our series, the liver
impairment is often moderate in
severity and clotting factors can be
normal in spite of daily ingestion of
small amounts of fructose. Hereditary
fructose intolerance must be strongly
suspected if there is, or has been,
vomiting. The absence of this symp¬
tom when the patient is given fruc-

Downloaded From: http://archpedi.jamanetwork.com/ by a Boston University User  on 12/18/2013

Liver pathology of persistent fatty liver is similar to that 
seen in HFI

The aldoB-/- mouse

WT              Knockout

Blocking Fructose Metabolism Prevents Fatty Liver

khk-/-: Fructose FedWT: Fructose FedWT: Control

Acknowledgement: 
Drs. Rick Johnson 
& Miguel Lanaspa

at Univ. Colo. 
Denver Med. Cntr.



Boston University Slideshow Title Goes Here

Boston University Office of the Vice President and Associate Provost for Research

Boston University Slideshow Title Goes Here

Boston University Office of the Vice President and Associate Provost for Research

Research on Tap: Understanding the Rules of Life: Predicting Phenotype

Obesity and Region Specific Gene 
Expression in Brain and Genomics of 

Alzheimer’s Disease

Anita L. DeStefano
Professor

Biostatistics, SPH, and Neurology, MED

Associate Director | BU Genome Science Institute; and
Director | Graduate Certificate Program in Statistical Genetics
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Neuroendocrine Control of Obesity

Large RNA 
Sequencing

Differential 
Expression 

Pipeline

Nucleus 
Accumbens

Hypothalamus

Obese and Control post 
mortem brain tissue from two 

regions

Small RNA 
Sequencing

Collaborators:
Rick Myers, Sudha Seshadri, David 
Bennett, Thor Stein
Chris Wake (graduate student)

MT-RNR1 ???
Mitocondrially encoded 12S rRNA
– MOTS-c protein associated with 
insulin sensitivity and obesity

Tyrosinase Related Protein 
???

Framingham Heart Study
Religious Orders Study
Memory and Aging Project

Longitudinal cohort studies with 
brain donor programs

Choi SH, Labadorf AT, Myers RH, Lunetta KL, Dupuis 
J, DeStefano AL. Evaluation of logistic regression 
models and effect of covariates for case-control study 
in RNA-Seq analysis. BMC Bioinformatics. 2017 Feb 
06; 18(1):91. PMID: 28166718.

Wake C, Labadorf A, Dumitriu A, Hoss AG, Bregu J, 
Albrecht KH, DeStefano AL, Myers RH. Novel 
microRNA discovery using small RNA sequencing in 
post-mortem human brain. BMC Genomics. 2016 Oct 
04; 17(1):776. PMID: 27716130.

Research on Tap: Understanding the Rules of Life: Predicting Phenotype
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Alzheimer Disease Sequencing Project (ADSP)

§ Joint NIA/NHGRI project
§ CHARGE and ADGC 

consortia
§ Two funded groups at BU

§ Sudha Seshadri (PI U01)
§ Lindsay Farrer (BU PI U19)

§ Three phases
§ ~10,000 WES
§ ~10,000 WGS

§ Case/control analyses
§ Family based
§ Endophenotypes

§ OPRL1
§ GAS2L2

Cohorts for Heart and Aging Research in 
Genomic Epidemiology (CHARGE) 
Consortium
● Framingham Heart Study

Research on Tap: Understanding the Rules of Life: Predicting Phenotype
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Mechanisms of Neurodegeneration:
Prion and Alzheimer’s Diseases

David A. Harris
Chair and Professor

Biochemistry
MED



Creutzfeldt-Jakob
Disease 

Kuru
Mad Cow Disease (BSE)

Neuropathology

Spongiosis

Clinical 
Features

• Dementia
• Ataxia, tremor,

myoclonus
• Incubation: years
• Fatal

PRION DISEASES: Infectious neurological disorders

::

PrPC
PrPSc

Infectious agent is a protein!

Prion-like spread
In AD, PD, etc.

Aβ plaque

Alzheimer’s



HARRIS LAB: How do prions and Aβ cause neurodegeneration?

PrPC

PrPSc

?

Calcium

NMDAR

P38	kinase		

MK2/3	Spine
Retraction

PrPSc Toxicity+	+	+

C-terminal	
DomainPrPC

Control PrPSc Control

PrPSc

PrPSc and Aβ are synaptotoxic

Drugs

Electrophysiology

Structural
studies

Signaling
pathways

Extracellular

Intracellular

Synaptic
Degeneration

Aβ oligomer
(Toxic)
PrPC

X

Synaptic
Toxicity

PrPC as an Aβ
receptor in AD
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Molecular and Synaptic Mechanisms 
Underlying Neurodevelopmental and 

Neurodegenerative Disorders

Angela Ho
Associate Professor

Biology
CAS
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Age 1                          Age 5
NHGRI, NIH, ORDR

microcephaly
progressive brain 
atrophy global 
developmental delay

The FOX family play roles in 
determining cell proliferation 

and cell fate specification 
during early development

Beffert et al., 2012, J Neurosci
Dillon et al., 2017, Neuron
Funded R21 MH100581 2013-2016 Funded R21 GM114629 2015-2017

How does the brain develop?
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ApoE2         ApoE3   ApoE4
Strongest genetic risk factor 

associated with late-onset AD

APP

Matos et al., 2012, PNAS
Chaufty et al., 2012, J Neurosci
Sullivan et al., 2014, JBC
Funded R01  AG044499 2014-2019

Harold and Margaret Southerland Alzheimer’s Research Fund
R01 AG057649 - pending

What causes Alzheimer’s disease?
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MicroRNA-Based Biomarkers in 
Neurodegenerative Disease 

Adam Labadorf

Director, BU Bioinformatics Hub, Bioinformatics Program, and
Research Scientist, Neurogenetics Lab, Neurology, MED



Huntington’s
Disease

Parkinson’s
Disease

CSF

CSF

Can	miRNA	abundance	be	used	as	a	biomarker	for	
HD	and	PD?

Extrac
t	small	
RNAs

miRNASeq

The	Data:

Quantify
miRNAs

Correlation	with
disease	features



CSF
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Regulation of Emotional States

Helen Barbas
Professor

Health Sciences, SAR, and 
Anatomy & Neurobiology, MED

Research is supported by  NIH grants from NIMH, NINDS, NSF, CELEST, 
Autism Speaks, and The Brain and Behavior Research Foundation
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Pathways in the brain that underlie our thoughts and emotions
converge on the same areas:

a way for emotions to influence cognition and action

How do we shift from a calm state, to another state to cope with
an emergency, or to an abnormal state such as a condition of panic?

We recently discovered a specific innervation by a prefrontal pathway
to an inhibitory system in the amygdala, the brain’s emotional center. 
The prefrontal pathway can bias the system by contacting 
distinct classes of inhibitory neurons to flexibly switch between states. 
The switch between states is based on the level of the neurotransmitter
dopamine in the system.

Regulation of emotional states

Research on Tap: Understanding the Rules of Life: Predicting Phenotype



Adapted	from:	Neuroscience,	2016;	J.	Neuroscience,	2017,	in	press	(early	release)

Boston University Office of the Vice President and Associate Provost for Research
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Discerning Disease Mechanism 
From Network Maps

Benjamin Wolozin
Professor

Pharmacology & Experimental Therapeutics and Neurology 
MED

COI: Aquinnah Pharmaceuticals



TIA1	reduction	protects	P301S	tau	mice:	RNAseq
Survival	Curve

RNA	expression

RNA	splicing

RNA	Network	Analysis
GluR2	splicing



Tau	protein	interaction	network:	rTg4510	P301L	tau	mice

Blue	=	>5-Fold	UP in	4510 Red =	>5-Fold	DOWN in	4510
TIA1	Network	in	WT	vs.	TIA1	KO	mice

Proteomic	analysis	of	TIA1	and	tau	in	WT	and	“AD”	mouse	models
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Gene Expression as an Intermediate 
Phenotype in Speech and Language Disorders

Jason W. Bohland
Assistant Professor

Health Sciences and 
Speech, Language & Hearing 

Sciences
SAR

And Emma M. Myers



Genes	implicated	in	speech	and	language	disorders

neurospeech.org/sldb

Allen	Human	Brain	Atlas

Is	there	convergence	in	where	
genes	implicated	in	these	disorders	
are	(co)expressed	in	the	brain?

vDyslexia
vSpecific	language	impairment
vChildhood	apraxia	of	speech
vPersistent	developmental	
stuttering

vOther
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Bold	outlines indicate	significant	(P	<	0.05,	
Bonferroni-corrected)	enrichment

GENE	SET	ENRICHMENT
Neuroanatomical	enrichment

ADARB2 CTNNA3 FOXP1 ROBO1

AP4E1 CYP19A1 FOXP2 SETBP1

ARNT2 DCDC2 GNPTAB SLC24A3

ATP13A4 DGKI GNPTG SRPX2

ATP2C2 DIP2A GPLD1 THEM2

BCL11A DOCK4 GRM3 TTRAP

BDNF DRD2 KIAA0319

CACNA1C DYX1C1 NAGPA

CEP63 ERC1 NFXL1

CFTR EYA2 NRSN1

CMIP FADS2 PCSK5

CNTNAP2 FMN1 PLXNA4
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GENE	PERMUTATION

ADARB2 CTNNA3 FOXP1 ROBO1

AP4E1 CYP19A1 FOXP2 SETBP1

ARNT2 DCDC2 GNPTAB SLC24A3

ATP13A4 DGKI GNPTG SRPX2

ATP2C2 DIP2A GPLD1 THEM2

BCL11A DOCK4 GRM3 TTRAP

BDNF DRD2 KIAA0319

CACNA1C DYX1C1 NAGPA

CEP63 ERC1 NFXL1

CFTR EYA2 NRSN1

CMIP FADS2 PCSK5

CNTNAP2 FMN1 PLXNA4

High-confidence	
“language	genes”	
have	enhanced	
expression	in	

specific	areas	of	
the	neocortex

Stuttering	
associated	genes	
have	enhance	co-
expression	in	the	
basal	ganglia
Specific	to	the	

gene	set	and	the	
brain	region


