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Course Info

» Textbook
Medical Genetics, (Jorde, Carey, Bamshad) 5™ Edition

» 12 Lectures
Quick review of cell biology
Short history
Genetic variation, mutational, non-mutational, and their detection
Single gene disorders
Clinical cytogenetics
Biochemical genetics



Clinical Impact of Genetic Disease

TYPE OF GENETIC
DISEASE

Autosomal dominant
Autosomal recessive
X-linked

Chromosome disorder
Congenital malformation
Total

LIFETIME PREVALENCE PER 1000 PERSONS

3-9.5
2-2.5
0.5-2
6-9
20-50
31.5-73



Quick Review






STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES

INDUCTION OF TRANSFORMATION BY A DESOXYRIBONUCLEIC Acip FRACTION
IsorATED FrROM PNEUMOcoccus Type I

By OSWALD T. AVERY, M.D,, COLIN M. MAcLEOD, M.D., aNDp
MACLYN McCARTY,* M.D,

(From the Hospital of The Rockefeller Institutz for Medical Research)
Prate 1
(Received for publication, November 1, 1943)

Biologists have long attempted by chemical means to induce in higher
organisms predictable and specific changes which thereafter could be trans-
mitted in series as hereditary characters. Among microdrganisms the most
striking example of inheritable and specific alterations in cell structure and
function that can be experimentally induced and are reproducible under well
defined and adequately controlled conditions is the transformation of specific
types of Pneumococcus. This phenomenon was first described by Griffith (1)
who succeeded in transforming an attenuated and non-encapsulated (R)
variant derived from one specific type into fully encapsulated and virulent (S)
cells of a heterologous specific type. A typical instance will suffice to illustrate
the techniques originally used and serve to indicate the wide variety of trans-
formations that are possible within the limits of this bacterial species.

Griffith found that mice injected subcutaneously with a small amount of a living
R culture derived from Pneumococcus Type II together with a large inoculum of
heat-killed Type ITI (S) cells frequently succumbed to infection, and that the heart’s
blood of these animals yielded Type III pneumococci in pure culture, The fact that
the R strain was avirulent and incapable by itself of causing fatal bacteremia and the
additional fact that the heated suspension of Type III cells contained no viable or-
ganisms brought convincing evidence that the R forms growing under these condi-
tions had newly acquired the capsular structure and biological specificity of Type III
PNeumococci.

The criginal observations of Griffith were later confirmed by Neufeld and Levin-
thal (2), and by Baurhenn (3) abroad, and by Dawson (4) in this laboratory. Subse-
quently Dawson and Sia (5) succeeded in inducing transformation in viiro. This
they accomplished by growing R cells in & fluid medium containing anti-R serum and
heat-killed encapsulated S cells. They showed that in the test tube as in the animal
body transformation can be selectively induced, depending on the type specificity
of the S cells used in the reaction system. Later, Alloway (6) was able to cause

* Work done in part as Fellow in the Medical Sciences of the National Research
Council.
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Super Quick Review
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Homologous chromosomes

Maternal Paternal

Centromere
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Sister Sister
chromatids chromatids
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Super Quick Review
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Transcription factors, Epigenetics, & mIRNA
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Transcription factors,

Histones are proteins around which
DNA can wind for compaction and
gene regulation,

) METHYL GROUP

Epigenetics, & mIRNA

CHROMATIN

HISTONE TAIL

DNA inaccessible, gene inactive

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.



Transcription factors, Epigenetics, & mIRNA
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First letter
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Genetic Variation & Mutation









Normal Substitution

1 BEAST FEAST
Point
Insertion Deletion
A —
)
A
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| |
A
DNA Sequence Amino Acid Sequence

Normal: CAG, CCC ACT ———— --

Codon 1 Codon 2 Caden 3

i wisten CAG TCC,CACT - (Gl SR

Codan 1 Codon 2 Caoden 3 Codan 4
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Codan 1 Codon 2 Codon 3 Codan 4

Mutations

Germ — Progeny
Somatic — Cancer

Point

- Silent

- Missense

- Nonsense (stop codon)
- Insertions

- Deletions

Frameshift
- Insertions
- Deletions



Larger Scale
Changes
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- Molecular
- Consequences of
- Mutation

Allele 1

Allele 2

Gain of function mutation produces novel " Gain of Eunction -
or excess protein product '

 Dominant

Loss of Function -
Recessive/
. Haploinsufficiency

Allele 1

Allele 2 o

- Dominant Negative

Loss of function mutation reduces or
eliminates protein product

Allele 1

Allele 2 7 N ’ Vq\m\‘ nL l_- |

Dominant negative mutation (allele 2) produces
abnormal protein product that interferes with
normal protein produced by allele 1




B Chains*

~ Clinical
Consequences of
- Mutation (example)

Hb disorders as a nearly
. encompassing illustration

- One example: sickle cell
disease

o Chains . _ _
Hemoglobin . - Missense mutation

- Homozygote disease
- Hb aggregates (low O,)
- Vascular obstruction

- Anemia

- Splenomegaly
. - Autosplenectomy




Incoming
UV Photon

Causes of Mutation

Radiation
UV, X-rays, nuclear

- Chromosome breakage
- Translocations

- Point mutations

- Pyrimidine dimers

Chemicals




DNA damage and repair
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Spontaneous
Mutation...

...or why are we not all
superheroes already?!

30 new mutations per
gamete

Percent of DNA encoding
proteins

Gene size

Mutational hotspots
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Detection & Measurement of Genetic
Variation
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Southern Blotting &
Restriction Fragment
=D Analysis

Restriction enzymes
cleave human DNA at
specific sequences
(restriction sites).

DNA cut into
smaller fragments

Restriction digest —
Transfer to membrane Restriction fragments

Gel electphoresis
>
\‘\ You can detect:
¢ N\ @ - Insertions
/ - Deletions

Radioactive probe

- Mutations affecting
restriction sites (e.g.
sickle cell disease)

Autoradiograph ‘,_J _J.l
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Dideoxynucleotide (ddNTP)
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Repeat

DNA sequencing

Sanger sequencing
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Automated sequencing
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High throughput DNA
sequencing
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Non-mutational Genetic Variation



Natural selection
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Gene flow




Single Gene Disorders
(AD,AR)



Basic Pedigree

O

=
<O
0O

_O
OL0

1

O,
@ and/Zl/
@,

SB
20wk

Mormal female
Mormal male

Sex not specified

Single bar indicates mating

MNormal parents and normal offspring,
two girls and a boy, in birth order
indicated by the numbers; | and Il
indicate generations

Carrier—not likely to manifest disease

Dead

Stillbirth at 28 weeks gestation

®
O

1o

i)
=3
=1

and .

Single parent as presented means
partner is normal or of no significance to
the analysis

Double bar indicates a consanguineous
mating (mating between close relatives)

Fraternal twins (not identical)

Identical twins

Multiple individuals of each sex

Darkened square or circle means
affected individual; arrow (when present)
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Autosomal dominant
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Autosomal dominant disease with incomplete

penetrance
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Phenotypic expression
(each oval represents an individual)
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Variable penetrance
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Variable expressivity
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Variable penetrance and expressivity



Blood type A Blood type B
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Dominant Negative

normal protein mutant complex of mutant
in complex protein protein and normal
complex protein

ACTIVE INACTIVE INACTIVE

Figure 8-67. Molecular Biology of the Cell, 4th Edition.
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FAMILIAL FORM
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Eye:
subluxation of lens §
retinal detachment
cataract

Elongated head
(dolichocephaly)
with cerebral

= bosselation

o _ ;
. f;_.,‘ —1— Aortic aneurysm
v o :_L_',‘i —— Floppy valves

= .

Vertebral =T  Dissecting aortic
deformity 3 aneurysm with
R exsanguination

T }]‘
Long fingers
(arachnodactyly)

Marfan Syndrome
(pleiotropy & locus
heterogeneity)

AD
FBNZ1 Fibrillin (ECM)

Dominant negative

Effect on TGF
sequestration in the ECM

TGF receptor type |l
(Marfan Syndrome type
2)

Clinical trials on
angiotensin receptor
blockers



NORMAL

Cl- Na*

ENaC

LUMEN OF
SWEAT DUCT

CYSTIC FIBROSIS

NORMAL

Normal
mucus

CYSTIC FIBROSIS

Cystic Fibrosis
(modifiers & allelic
heterogeneity)

AR

CFTR Chloride channel

>1300 mutations (mild-
severe)

Tissue specific effects

Viscid mucous secretions

- Chronic pulmonary
infections

- Pancreatic insufficiency

Innate immunity
polymorphism modifiers



Cystic Fibrosis
(modifiers & allelic
heterogeneity)
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AR
CFTR Chloride channel

>1300 mutations (mild-
severe)

Tissue specific effects

Viscid mucous secretions

- Chronic pulmonary
infections

- Pancreatic insufficiency

Innate immunity
polymorphism modifiers




Consanguinity




Single Gene Disorders
(Sex chromosomes & nontraditional inheritance)



Fertilized ovum ! Matermal X

]pmmn X - Lyonization
Early coll division |
Barr body i
X chromosome i - X chromosome
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Mitosis \ Oy . | life
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X-linked recessive inheritance

unaffected carrier
father mother
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unaffected  unaffected carrier affected
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X-linked dominant, affected father

Affected () Unaffected
father \ mother
X X
B Unaffected
[:|Aﬁected

I( A

Unaffected  Affected  Unaffected  Affected
son daughter son daughter

U.S. National Library of Medicine

X-linked dominant, affected mother

Unaffected Affected
father mother
XY X
B Unaffected

[ ] Affected

i i

Unaffected Affected Affected Unaffected
son daughter son daughter

U.S. National Librany of Medicine



Sex-Limited and Sex-
Influenced Traits

COMB OVER

You're Not Fooling Any Of The Ladies Bro

\o/ MotivatedPhotos.com




Mitochondrial

unaffected affected affected unaffected
father mother father mother

unaffected
children

the amount of affected mitochondria

Mitochondrial
Inheritance

Circular DNA

Higher mutation rates
(heteroplasmy)

Maternal inheritance

Genes involved in
oxidative phosphorylation

Affect organs most
dependent on oxidative
phosphorylation (skeletal
muscle, heart, brain)

e.g. Leber hereditary
optic neuropathy



Sperm

Chromosome Chromosome
from Dad from Mom

Different genes are epigenetically
silenced in eggs and sperm,

In the sperm, all imprints are
erased and rewritten with the
paternal pattern - even the
genes that came from mom

In the eggs. all imprints are
erased and rewritten with the
maternal imprint - even the
genes that came from dad

Genomic Imprinting

Transcriptionally inactive
allele inherited from one
of the parents

Methylation/histone
deacetylation silencing



Paternal

moderate
intellectual
disability,
short stature,
hypotonia,
obesity, small
hands and
feet, and
hypogonadism

Maternal

severe intellectual
disability, ataxic
gait, seizures, and
inappropriate
laughter

Prader-Willi and
Angelman
Syndromes

Both result from deletion
of the same region on
chromosome 15, but are
distinct diseases??

One is from a deletion of
the paternal copy and the
other the maternal.

Can also result from
uniparental disomy



Father Mother

Owvum
Sperm QOvum .
l Trisomic

zygote

Zygote with

uniparental

disomy l
Chromosome loss
produces cells with

B uniparental disomy



BWS _

overgrowth,
predisposition
to cancer,
enlarged
tongue, ear

lobe creases

Increased IGF2 expression

growth retardation,
proportionate short
stature, leg length
discrepancy, and a
small, triangular-
shaped face

Reduced IGF2 expression

Beckwith=-Wiedemann
& Silver—Russell
Syndromes

Uniparental disomy
(paternal vs maternal
respectively), or changes
in methylation status of a
region containing IGF2
changing its expression



Trinucleotide repeat diseases

Huntington's

Fragile-X disease and || Friedreich
Syndrome || many SCAs ataxia
CGG CAG GAA

UTR

I Premutation range (may expand to a
full mutation in the next generation)

Myotonic Dystrophy

AD

DMPK trinucleotide repeat

Exon

Full mutation

Normal alleles

Muscle degeneration

Myotonia
Cardiac arr

ythmias

Testicular atrophy
Insulin resistance

Catracts

Intron

Exon

Myotonic
dystrophy

UTR = untranslated region
SCA = spinocerebellar ataxia

Anticipation & repeat
expansion

More severe and earlier
presentation with each
passing generation

Better diagnosis?
Biological phenomenon?



RNA-INDUCED TOXICITY

(CTG)n

DMPK

Transcription
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v F. . r) \ \
e =4

@a\ PAR. P

:,;‘;“;4 ‘p
Sequestration Hyperphosphorylation
of RNA-binding of CUGBP

proteins, such
as MBNL

Altered splicing factors induce the

abnormal splicing of several mRNAs,
leading to DM1 phenotype.

* Aberrant protein expression

CIC-1 MBNL
SERCA CUGBP1
IR DMPK
Tnnt SIX5
Tau ZNF9
NMDAR1 NKX2-5
etc. Sp1

’l' etc.

* Loss of cell function and viability

Myotonic Dystrophy
(Anticipation, pleiotropy,
& locus heterogeneity)

Second type on
chromosome 3 vs type 1
on chromosome 19

Same molecular
mechanism

Similar features

Sometimes less severe



Fragile X Syndrome

Fragile X mental
retardation 1 gene
mutation (FMR1)

More common in males
(X inactivation)

Second most common
genetic cause of mental

Huntington's

Fragile-X disease and || Friedreich Myotonic
Synd taxi d h .
dions || manyateal| D aade YEICIEY retardation, after Down

CGG CAG GAA CTG

\ 4

syndrome

Anticipation & the

UTR Exon Intron Exon UTR 3 Sherman paradox
I Full mutation
B Premutation range (may expand to a UTR = untranslated region Homework

full mutation in the next generation) SCA = spinocerebellar ataxia

Trinucleotide repeat diseases ;
I Normal alleles i



Fragile X Syndrome
Moderate to severe
mental retardation

long face with a large
mandible

large everted ears

large testicles
(macroorchidism)




Fragile-X
Syndrome

CGG

UTR

DENDRITE

Ribosomes Dendritic
proteins

FMRP-mRNP
complex

Ribosomes

Axonal proteins

Fragile X Syndrome
Methylation (silencing) of
the promoter

MRNA shuttle

Translation regulator



Clinical Cytogenetics



Karyotype

A karyotype is a

§ ¥ g .
& g';q l | ‘ ~ photographic
4 % . } j eg representation of a
PR & § ‘ i¥
5 |
8 |

stained metaphase
spread in which the

‘ zan g { ‘N "i’ £ o % chromosomes are
i 5 3 K & % 7 LR ‘:59 - arranged in order of
9

6 7 8 10 11 12 decreasing length.

s _‘a Q& ¥ é’ P i . ..
O‘ o) : t

':8 B 8 ﬁ" )4 % 8 < 'R 5 €  Various staining

15 ™ 15 16 17 18 | techniques, commonly

- used as seen here is the

2 2 a i %8 ~ Giemsa staining (G
e R R g2 § " banding)

19 20 21 22 X Y |



Metacentric Submetacentric Acrocentric

Short Stalk Satellite

R o\

Centromere —eam

WU

Long



|
; I

prophase prometaphase metaphase late metaphase
e

2850 550 400 < 400

G-bands per haploid karyotype




DNA Target

Target DNA
retains fluorescence

Probe and Target DNA
Denatured and Hybridized

DNA probe
labeled with
fluorescent dye

Fluorescent
tag

FI.S.H.

Can be carried out with
interphase chromosomes

Single or multiple probes

Detects deletion or
addition of genetic
material as well as
translocations



FI.S.H.

Can be carried out with
interphase chromosomes

Single or multiple probes

Here we’re detecting
deletion.




The Process of Array CGH -

labeled with fluorescent
dyes are applied to the
microarray.

are measured by the
microarray scanner.

CONTROL DNA PATIENT DNA
Patient and control DNA The fluorescent signals
@

& ¢ N

Patient and control HygRrIDIZ ATION The data is then analyzed Cl:]:]]:)
DNA are hybridized by computer software |
to the microarray. — which generates a plot. DNA DOSAGE

\ / \

DNA GAIN DNA LOSS NO CHANGE

© 2013 CANCER GENETICS, INC.



Abnormalities
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Numeric
Abnormalities
2Nn=46

Euploid
Polyploid

Aneuploid
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Numeric
Abnormalities
2Nn=46

Euploid
Polyploid

Aneuploid



Trisomy 21: Down
Syndrome

Incidence: 1 in 700 births

Karyotype
47,XY,+21 or 47,XX,+21

Can also occur due to
translocations and
mosaicism

47,XY,+21[10]/46,XY[10]




Mental
retardation

Abundant
neck skin

Epicanthic
folds and flat
facial profile

Simian
crease

Congenital
heart

defects o~
Intestinal \S Umbilical hernia
stenosis
Predisposition
to leukemia
Hypotonia

Gap between first and second to

Trisomy 21: Down
Syndrome

Normal parents

Increased incidence with
maternal age reaching as
high as 1:25 >45yr

Maternal meiotic
nondisjunction

Majority have mental
retardation associated
with gentle manner

>40 gain features of
Alzheimer's



Trisomy 18: Edwards
Syndrome

Second most common
autosomal trisomy

Karyotypes:

Trisomy 18 type:
47,XY,+18 or 47,XX,+18

Mosaic type:
46,XX/47,XX,+18




Prominent occiput
Mental retardation

Micrognathia

\\\\\\

® o
Low set ears \
Cm o
Short neck =)
Overlapping
fingers _*“"5;:! v
f T‘- =]
Congenital {{\? W

heart defects

Renal malformations

Limited hip abduction \'

Rocker-bottom feet

Trisomy 18: Edwards
Syndrome

As in trisomy 21, there is
a significant maternal age
effect, and more than
90% of trisomy 18 cases
are the result of an extra
chromosome transmitted
by the mother.



Trisomy 13: Patau
Syndrome

Karyotypes:

Trisomy 13 type:
47,XX,+13

Can also occur due to
translocations duplicating
the long arm of
chromosome 13 as well
as mosaicism




Trisomy 13: Patau

Syndrome

Microphthalmia Microcephaly and
mental retardation

Polydactyly
Similar mortality rates to

W, . trisomy 18 with 95% not
. Cleft lip and palate ~ surviving through their
first birthday

Cardiac
defects

Umbilical
hernia

Renal defects

Rocker-bottom feet



e

Low posterior hairline*}f- |
Webbing of neck "

Short stature

Coarctation of
aorta

Broad chest
and widely
spaced nipples

Cubitus valgus

Streak ovaries,
infertility,
amenorrhea

Pigmented nevi

Peripheral
lymphedema
at birth

Turner Syndrome

Partial or complete
monosomy of the short
arm of the X
chromosome

Primary hypogonadism
Hypothyroid
Mosaics milder

GH & estrogen therapy



Taller than
average helght

Reduced facial hair

Reduced body hair

Breast development
(gynaecomastia)

Feminine fat

distribution

Osteoporosis

Small testas
(testicular atrophy)

Klinefelter Syndrome

Most common cause of
hypogonadism in males

Commonly 47, XXY

Mosiacs can be fertile
with a milder clinical
condition

Increased risk of breast
cancer



Yp

SRY

Pseudo- The XX and XY of it

autosomal - all
region
Normal
X Y crossouer .
% 2 SRY sex-determining
il region on the Y
Gametes Nnrmal Nnrmal

\3 .

Crossover
occurs below 4,—»
SRY



TRANSLOCATIONS

Examples?

Balanced reciprocal

v v
o O

ST GBaID

Centric fusion

> B

Robertsonian

- (IO BOIID GO

Lost

Structural
Abnormalities

unequal crossover and
chromosomal breakage
followed by loss or
rearrangement of
material

Translocation
Deletion

Ring chromosome
Inversion

Isochromosome



Examples?
DELETIONS
vy
CIHTE D —— X

> (B

Fragments

Structural
Abnormalities

unequal crossover and
chromosomal breakage
followed by loss or
rearrangement of
material

Translocation
Deletion

Ring chromosome
Inversion

Isochromosome



22q11.2 Deletion
Syndrome

NORMAL 22911.2 Del
; - CHD

- Palate abnormalities

- Facial dysmorphism

- Developmental delay

- Thymic hypoplasia with

impaired T cell immunity

- Parathyroid hypoplasia

NORMAL - Hypoclacemia

MwWP»ITP>P-AM=E

Previously, DiGeorge
syndrome and
velocardiofacial
syndrome

I
N
T
E
R
P
H
A
S
E

Schizophrenia and
Bipolar disorder?



RING CHROMOSOMES

D — am)

Fragments

Structural
Abnormalities

unequal crossover and
chromosomal breakage
followed by loss or
rearrangement of
material

Translocation
Deletion

Ring chromosome
Inversion

Isochromosome



INVERSIONS

Vv V

v ¥

c

BOD

Paracentric

Pericentric

> [ ]

- (B

Structural
Abnormalities

unequal crossover and
chromosomal breakage
followed by loss or
rearrangement of
material

Translocation
Deletion

Ring chromosome
Inversion

Isochromosome



ISOCHROMOSOMES

}% Qo
SR

Structural
Abnormalities

unequal crossover and
chromosomal breakage
followed by loss or
rearrangement of
material

Translocation
Deletion

Ring chromosome
Inversion

Isochromosome



When do we order chromosome analysis?

» Developmental

delay/intellectual disability

» Characteristic facial and
limb features

» Growth delay

» Congenital malformations

v

Suspected chromosomal
syndrome

> 2 malformations
Ambiguous genitalia

Stillborn with either malformations
or no recognizable reason for
death

Males with small testes and/or
gynecomastia

» Short females with primary

amenorrhea



Biochemical genetics
(aka inborn errors of metabolism)



i IEMS
» Tosic x > {;ﬁ b Product
substrate T P oo
accumulation ' ficie

Alternative :
pathways
v Mostly AR
e Frequently challenging to
C Activation of d Diversion dla.gn(?s.e due to wide )
different to secondary variability of presentation
pathways pathways

even within the same
disease

Improved genetic testing
panels make your lives
easier

Biomolecules:
nucleic acids, proteins, carbohydrates, and lipids

Major metabolic pathways:

glycolysis, citric acid cycle, pentose phosphate shunt,
gluconeogenesis, glycogen and fatty acid synthesis and
storage, degradative pathways, energy production, and
transport systems



Lactose: a type of sugar

Q0O

MILK

— -

' Glucose l

T— g—]

Used for energy

' Galactose I
— g

-

A\

ALT

Normal

o

GALT binds to
galactose....

...and converts it to
glucose, which is

then used for energy o

-

In the body, lactose is split into
glucose and galactose

A

Galactosemia

No GALT

Galactose concentration rises to
toxic levels, causing

* kidney failure - cataracts
* enlarged liver -« brain damage

Carbohydrate IEMs
(Galactose)

Galactosemia (classic)
AR

galactose-1-phosphate
uridyltransferase (GALT)

Failure to thrive from birth
- Vomiting
- Diarrhea
- Jaundice

Remove galactose from
the diet at east for the
first 2 years of life

Galactokinase or UDP-
galactose-4-epimerase
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B Dates (Medjool): 31.95g

M Raisins: 29.68g

I Figs, dried: 22.93g

[l Dates (Deglet Noor): 19.56g
M Apricots, dried: 12.47g

M Prune: 12.45g

W Jackfruit: 9.19g

B Grapes, green or red: 8.13g
B Pears, bartlett: 6.42g

M Cherimoya: 6.28g

M Apples: 5.9g

B Persimmons: 5.56g

B Cherries, sweet: 5.37g

M Biueberries: 4.97g

M Bananas: 4.85g

W Mangos: 4.68g

M Kiwi: 4.35g

M Papaya: 3.73g

B Currants, red & white: 3.53g

AL
SN

=
s
[+

FRUCTOSE IN FRUITS

grams of fructose in 100 grams of fruit

QQn‘,

M Cherries, sour: 3.51g

B Watermelon: 3.36g

B Plums: 3.17g

B Melon, honeydew: 2.96g
B Strawberries: 2.44g

B Blackberries: 2.4g

I Tangerines (mandarin oranges): 2.4g
W Raspberries: 2.35¢g

[ Oranges (navel): 2.25g

M Pineapple: 2.12g

W Melon, cantaloupe: 1.87g

W Grapefruit, pink or red: 1.77g

W Ciementines: 1.64g
B Peaches: 1.53g

I Nectarines: 1.37g
M Lemon juice: 1.1g
W Apricots: 0.94g

B Cranberries: 0.63g
B Lime juice: 0.61g

Data Acquired from USDA Natonal Nutent Database

Carbohydrate IEMs
(Fructose)

AR

fructokinase
- Asymptomatic
- Fructose in Urine

fructose 1,6-bisphosphate
aldolase (HFI)

- poor feeding

-FTT

- Liver/renal insufficiency
- Death

fructose 1,6-
bisphosphatase

- Hypoglycemia

- Metabolic acidemia



Small intestine

Large intestine

Lactoce

Lactase

@
4 / Galactose
: 1\ o

Small intestine

Large intestine

3t

‘0o
‘H

POE 39y
pI3e e

 Loose stools, bloating,

Qo flatulence, o
abdominal pain

Carbohydrate IEMs
(Lactose)

Lactase persistence - AR

Acquired downregulation
after childhood or after
enteric viral/bacterial
infections

Congenital lactase
deficiency - AR rare



NORMAL

Liver

20Co00
Glycogen
C Glucose

Qg0 00

Various tissues

Blood
glucose

1_ ~ Glycolysis
Glucose
Muscle y
Glycoge

Glycogen
(» Glucose
Q@ Q

Low blood glucose

GLYCOGEN STORAGE DISEASE—MYOPATHIC TYPE

Glycolysis

( Glucose / R

o 098ge® o ";_;__-outpu‘t s
Segeccae®

Carbohydrate IEMs
(Glycogen)

Hepatic:
- Enlargement
- Hypoglycemia

Myopathic type:

- Cramps

- Myoglobinuria

- No lactate production



TYPE

la (Von
Gierke)

Ib

Il (Pompe)
llla (Cori)

b

IV (Anderson)
V (McArdle)
VI (Hers)

VII (Tarui)

DEFECT

Glucose-6-
phosphatase

Microsomal glucose-6-
phosphate transport

Lysosomal acid -
glucosidase

Glycogen debranching
enzyme

Glycogen debranching
enzyme

Branching enzyme
Muscle phosphorylase
Liver phosphorylase

Muscle
phosphofructokinase

MAJOR
AFFECTED
TISSUES

Liver, kidney,
intestine

Liver, kidney,
intestine,
neutrophils

Muscle, heart
Liver, muscle

Liver

Liver, muscle
Muscle
Liver

Muscle

Carbohydrate IEMs
(Glycogen)

Hepatic:
- Enlargement
- Hypoglycemia

Myopathic type:

- Cramps

- Myoglobinuria

- No lactate production



PKU: the Problem

--------------------------------------------

............................................

A defectiv (PAH) in th fail
s e P, T Y Sy Pk

This can lead to problems in thinkin
and behavior ’

Amino acid IEMs
(PHE)
Phenylketonuria - AR

PAH (phenylalanine
hydroxylase)

Increased PHE levels

Impaired brain
development (mental
retardation)

PHE restricted diet
(Screening)

Maternal PKU



Sapropterin, a
synthetic form

of BH4 can
boost PHE
metabolism
Phenylalanine Tetrahydrobiopterin NAD
ar 02 (BH4)

Phenylalanine Dihydropteridine
hydroxylase (PAH) reductase (DHPR)
Tyrosine Dihydrobiopterin NADH

+ H,O (BH,)

Amino acid IEMs
(PKU)
Phenylketonuria - AR

PAH (phenylalanine
hydroxylase)

Increased PHE levels

Impaired brain
development (mental
retardation)

PHE restricted diet
(Screening)

Maternal PKU



Medium Chain Acyl-CoA

Normal Dehydrogenase Deficiency
— - — S
fats from fats from fats from fats from
foods body stores foods body stores
fatty acids FATTY
ACIDS
medium chain “'
acyl-CoA -
/- T—
[}
:
v
energy energy

Lipid IEMs
(Fatty acids)

Medium chain
MCAD deficiency

Hypoglycemia provoked
by fasting

Difficult to catch but
characteristic clinical
course should raise
suspicion

Avoid fasting, adequate
caloric intake, supportive
care when required

DDx Reye’s syndrome
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Lipid IEMs
(Fatty acids)

Long chain
LCHAD deficiency

Severe liver disease,
cardiomyopathy, skeletal
myopathy, retinal
disease, peripheral
neuropathy, and sudden
death

Avoid fasting, low-fat diet,
supplementation with
medium-chain
triglycerides and carnitine

Pregnancy HELLP/AFLP



Lipid IEMs
(Cholesterol)

Smith—Lemli—Opitz
syndrome
DHCR7 deficiency

Congenital anomalies of
the brain, heart, genitalia,
and hands

Cholesterol
supplementation?




Lipid IEMs
(Steroid hormones)

Congenital adrenal
hyperplasia

Heterogeneous AR
disorders of cortisol
biosynthesis

- cortisol deficiency

- variable aldosterone
deficiency

- excess androgens

Tx: replace cortisol,
supress androgens,
mineralocoricoids,
surgery?




Steroid hormone
receptor mutations

CAIS/PAIS (XLR)
Genetically 46,XY

Mutations in the X-linked
androgen receptor

Complete: typical
external female
characteristics but
absence of mullerian
development

Partial: ambiguous

DEVIANT = genitalia
ART ;

the female body
by Melllorine



Lysosomal Storage Diseases

Normal
lysosomal
degradation

Complex
substrate

Lysosomal
enzyme
deficiency

Stored nonmetabolized products



Lysosomal Storage Diseases

» AR

- - -

/Young age
\He\patosplenomegaly

» CNSproblems



Type |: Hurler Syndrome

Mental retardation
Frontal bossing

Prominent eyes,
with hyper-
telorism and
depressed nasal
bridge

Gapped teoth,
gingival
hypertrophy,
thickened tongue

AR

Mental Retardation

6-10 year life expectancy

Death often due to cardiac complications

Mucopolysaccharidoses

Defective degradation (and
therefore excessive storage)
of mucopolysaccharides

Several catabolic enzymes in
the pathway

MPS types I-VII

Common findings:

- Hepatosplenomegaly

- Skeletal deformities

- Lesions of heart valves

- Subendothelial arterial
deposits

- Brain lesions



Type II: Hunter Syndrome

X-Linked recessive
No corneal clouding
Milder clinical course

Mucopolysaccharidoses

Defective degradation (and
therefore excessive storage)
of mucopolysaccharides

Several catabolic enzymes in
the pathway

MPS types I-VII

Common findings:

- Hepatosplenomegaly

- Skeletal deformities

- Lesions of heart valves

- Subendothelial arterial
deposits

- Brain lesions



Glucose (Glc)

i Ceramide Sphingolipidoses
o oH (Gaucher Disease)
HO O—Ch, —CH— (liH—CH:CH—(CI—g)n—CHS
CH Fl\lH
O Crin—Chy Glucocerebrosidase
@] .
mutation

Accumulation of
glucocerebroside in
phagocytes (Gaucher
cells)

“Wrinkled tissue paper”
(pathognomonic)




Glucose (Glc)

HO

CH,OH

OH

@]

OH

Ceramide

OH
|
O—Ch, —Ch— CH—CH=CH—(Chb)n—CH,
NH
G—(Cryn—CH

Sphingolipidoses
(Gaucher Disease)

Distended elongated
lysosomes

Macrophage activation
(IL1, IL6, TNF), and
accumulation in liver,
spleen, LN, BM.



Glucose (Glc)

CH,OH Ceramide
o)
OH i
HO O—CH,—CH— CH—CH=CH—(CH,),—CH,
OH N
flf— (CHIn—CH,
0

Gaucher Disease - a phenotypic continuum
Type 2

Type 1

+ LA
ﬁqmpmmT T r'y A

Skeletal digease

+

d
Viscoral disoass I-I;_fmrrr

2* neuralogic Congenital
invalvement icthyosis

Parkinsonian Progressive
manifestations neurslogic
Hydrocephalus, | ;E"'“"m“
candiac valhng &
calcifications pilapay
Eye mavement
disordar

Fatients with Gawcher disease can have a spectrum of symptoms, ranging
from mild to sewvare neuralogical effects. The classic categories of types
1, & and 3 have blurry edges along this continuum.

Sphingolipidoses
(Gaucher Disease)

Macrophage activation
(IL1, IL6, TNF), and
accumulation in liver,
spleen, LN, BM.

Clinical findings:

- Bone involvement

- | blood elements

- Hepatosplenomegaly
- CNS involvement

Treatment:

- Enzyme replacement
- Inhibition of synthesis
- BMT



N-Acetyl-p-D-
p-D-Galactose galactogar?‘uine

®
=
w

HO OH HO OH
o o B-D-Galactose
HO 0 0 OH p-D-Glucose
OH oM o} OH
b( o) 0 °
/ OH HO 0
OH

HO , 0.0 HO 1o+

NANA =

\Y( OH

N-Acetyl-a-neuraminidate

Sphingosine

Sphingolipidoses
(Tay-Sachs Disease)

AR

Gangliosidoses

«————— Ganglioside

Stearic acid

- cell surface

- nervous system

- cell-cell communication
- Immunity



Tay Sachs Lysosomes Can't Digest Ganglicside GM2

Sphingolipidoses
(Tay-Sachs Disease)

>100 mutations identified,
mostly affecting protein
folding

B subunit of
hexosaminidase A

Brain is mostly affected



Sphingolipidoses
(Tay-Sachs Disease)

>100 mutations identified,
mostly affecting protein
folding

B subunit of
hexosaminidase A

Brain is mostly affected

Pathological changes
found throughout the
CNS, peripheral nerves,
and autonomic nervous
system




Sphingolipidoses
(Tay-Sachs Disease)

>100 mutations identified,
mostly affecting protein
folding

B subunit of
hexosaminidase A

Brain is mostly affected

Pathological changes
found throughout the
CNS, peripheral nerves,
and autonomic nervous
system

“Cherry red” spot, retina



Misfolded proteins
ER Stress

Mature folded proteins

NORMAL Chaperones
RNA '\ i i ’

» Metabolic alterations —> § energy stores
* Genetic mutations in proteins, chaperones
» Viral infections
» Chemical insults

“ER STRESS”
Protein folding > Protein folding

e Aging demand capacity

v I

FAILURE OF ADAPTATION

CELLULAR ADAPTATION:
UNFOLDED PROTEIN RESPONSE ¢
I | APOPTOSIS
¥ Protein synthesis 4 Production of chaperones .4:'5’;"? l;—f
° o N 0€R:
‘ 0 Q - Mature I-C’“‘};Rw Vi 3
+ @ Q L?’EI%?I‘IS 9 ? @,
0 [ 0




Sphingolipidoses
(Tay-Sachs Disease)

Multiple
variants/presentations
Normal at birth

Motor weakness @ 3-6
months

Blindness

Death within 2-3 years




: Sphingolipidoses
o o/ *lis (Niemann-Pick
A~ oz |E° Disease Types A & B)

Deficiency of acid
sphingomyelinase

~ Accumulation of
sphingomyelin

- Phagocytes (spleen,
~liver BM, LN, lungs)
- Neurons




Sphingolipidoses
(Niemann-Pick
Disease Types A & B)

Type A

Severe deficiency:

- Massive visceromegaly

- Severe neurologic
deterioration

- Death by 3yrs

Type B

- Less severe

- Organomegaly

- No neurologic
manifestations




A_,% (Niemann-Pick

Cholesterol NPC1 Disease Type C)

.
Lysosomal lumen
-4 R

Cytosol \>-—> ~ToERand

plasma membrane

Mutations in NPC1, NPC2

Lipid transport problems

Accumulation of
cholesterol as well as
gangliosides

Clinically heterogeneous

- Childhood presentation
- Ataxia

- Gaze palsy

- Dystonia

- Dysarthria

- Psychomotor regression




Urea Cycle Disorders

Glutamic acid | NAGS

b | N-acelyl Carbamyl } —
A +E A glutamic acid phosphate Citrulline _Citrulline |
o Ash S

Argininosuccinic
@ @ acid
AS Furnaric
acid

Arginase

Urea

NHZ Orithine
HCO;

Ornithine

Mitochondrial matrix
Cytoplasm




Energy production defects

Intramuscular
lipid droplets

' Protein

E— ( SynthesisJ [Degradation)

Fatty acids

Insulin

' Glucose
production

'Food intake = -
_energy needs

Chylomicron
remnants  Gastrointestinal

tract

White adipose

Pancreas Liver Hsua




Transport system abnormalities

» Between cell and ECM » Between lysosome and
cytoplasm
» Highly insoluble causing  , Corneal crystals, rickets,
renal stones and their renal damage followed by
complications later complications of DM,

pancreatic insufficiency,
hypogonadism, myopathy,

» Tx: increase solubility (4- and blindness.
6L/day water), alkalinizing
urine » Tx: Renal transplant,

cysteamine



Transport system abnormalities (Heavy metals)

Barium Gallium
137.327 4 | 69.723




iFe

Hereditary
Hemochromatosis

Most common form is AR
Incomplete penetrance

-~ S&S: Fatigue, joint pain,
- diminished libido,
diabetes, darkened skin,
cardiomyopathy, liver
enlargement, & cirrhosis

~ Lab: Abnormal serum iron
. Histochemical staining for
hemosiderin




Normal

iFe

Hereditary
Hemochromatosis

\  Macrophage

Hereditary Hemochromatosis _
Most common form is AR

Incomplete penetrance

- HFE mutation impairs

- cells ability to sense iron
leading to increased
uptake from intestine

. Tx: Serial phlebotomy or
chelation (deferoxamine)




Dietary copper

\

Intestine

ATP7A

—I - in Menkes disease

—I - in Wilson disease

|

ATP7A

are7e | Brain

|
PAM

ATP7B

ATP7A

eLung
@ -PIacentaﬁ j

eMammary

gland F

-HeartE

Cu

Menkes disease

X-linked recessive,
impaired absorption

S&S: Intellectual
disability, seizures, pili
torti, loose skin, arterial
rupture, early childhood
death

Tx: Restore copper levels
(subcutaneous injections)



Collagen (fibrillar)

A single collagen molecule
Eu Chain
Triple helix
Collagen fibril

< ‘ ﬁ‘ = %t_ ‘ 67nm
k‘ Covalent bonds 3& -ﬁ—,

- types I, 11, lll, and V
- major proportion of the connective tissue in healing/scarring

- Lateral cross-linking of the triple helices catalyzed by lysyl-oxidase (Copper
dependent)/lysyl-hydroxylase (Vit C dependent)



Dietary copper

J Cu

—I - in Menkes disease

Intestine

—I - in Wilson disease

ATP7A

Wilson disease

AR, impaired excretion

-]
ATP7A S&S: progressive liver
we| Brain 1 disease, dysarthria and
diminished coordination,
e = arthropathy,

cardiomyopathy, kidney

elLung
*Placenta damage, and
hypoparathyroidism
*Mammary eHeart
i @ Tx: Reduce copper levels
(chelating agents:

penicillamine and

trientine. Zinc salts for
maintenance)




Dietary copper

Intestine

—| - in Menkes disease

—I - in Wilson disease
1 ATP7A

. - —

BKayser-Fleischer ring

Cu

Wilson disease
AR, impaired excretion

S&S: progressive liver
disease, dysarthria and
diminished coordination,
arthropathy,
cardiomyopathy, kidney
damage, and
hypoparathyroidism

Tx: Reduce copper levels
(chelating agents:
penicillamine and
trientine. Zinc salts for
maintenance)



n

Acrodermatitis
enteropathica

AR, defect in Zn intestinal
absorption

S&S: growth retardation,
diarrhea, immune
dysfunction, and severe
dermatitis

Tx: High doses of Zn



