New Insights into PKU
and the Brain

ShawnChrist Ph.D

Assoc Director, Brain Imaging Center
Asst Professor, Dept of Psych Science
University of Missouri

M
I







Talk Overview

A Neurocognitive Model of PKU

A Review of Past Research
A Cognitive & Behavioral Findings
A Structural Brain Findings

A Our Current Research
A Functional brain activation & connectivity

A Conclusions & Future Directions

http://clinicalneurolab.missouri.edu/Vancouver2012.pdf
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Dopamine = critical for brain function
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A Model of PKU & the Brain
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Past Research on Early-Treated PKU




Results from this work

ETPKU associated with increased risk of:
Slight decrease in overall intellectual abllity
Executive function problems
Slowed processing speed
Difficulties with anxiety & depression



Increased risk for difficulties with

anxiety & depression
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Results from this work

ETPKU associated with increased risk of:
Slight decrease in overall intellectual abllity
Executive control problems
Slowed processing speed
Difficulties with anxiety & depression

Impact may be moderated by:
Timing of treatment (earlier = better)
Adherence to diet (stricter = better)
Consistency of treatment (stable = better)
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Effects of PKU on the Brain




Brain Organization 101

Major Tissue Distinction
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White matter matters!

Complex behavior relies on
host of underlying processe:
that are each carried out in ¢
single region of brain. In
other words, complex
behavior relies onreetwork
of brain regions




Increased risk of white matter injury

Periventricular
Abnormalities




Increased risk of white matter injury

Periventricular
Abnormalities

>90% of adults with
PKU have visible
abnormality

Anderson & euzzi(2010)



Increased risk of white matter injury

Periventricular
Abnormalities

>90% of adults with
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Most Recent Research on
Microstructure of White Matter

Peng, Peck, White & Christ (in pre:



Effect on WM moderated by phe level
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Structural Integrity vs. Functional Integrity

Are the physical brain regions How well do spatially distinct
and/or their connections regions work together to
damagedor otherwise support complex cognitive
atypical? functions?

. 299

S Ty L] L] n



Talk Overview

A

A
A
A

A Our Current Research
A Functional brain activation & connectivity

A



Functional Studies of the Brain
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Our recent research...

How can PKU affect the
functional integrity of the brain?

Christ, S. E., Moffitt, A., & Peck, D. (2010). Disruption of prefrontal function and
connectivity in individuals with phenylketonuria. Molecular Genetics & Metabolism, 99,
S33-40.



Functional Magnetic Resonance Imaging (fMRI)

Christ et al. (2010



N-Back Working Memory Task

Christ et al. (2010



Sample Characteristics

Age FSIQ
N M _SD M ___ SD
PKU 6 183 4.9 107.7 14.2

Control 6 17.8 5.9 116.2 114

Z Mean bloodPhelevel at the time of study was
9.98 mgdL (SD = 7.8)

Z No medicahxunrelated to PKU

Z Recruited from Columbia, Missouri area

Christ et al. (2010
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Functional Connectivity

Evaluated by looking at the degree of concordance
In neural activity among networked brain regions

Disrupted in several other clinical populations:
autism, schizophrenia, depression, etc.

Strength of functional connectivity positively
correlated with cognitive performance (Hampson et
al, 2006)

Christ et al. (2010



Functional Connectivity
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mmmm Control
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Current work: Default Mode Network

from Fox et al. (2005



Function of the DMN

From Buckner & Carroll (200



