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In the Plain Community, there is an increased frequency of genetic disorders including phenylalanine hydro-
xylase (PAH) deficiency. Common pathogenic variants have been observed due to founder effect and closed
community. This study obtained genotypes of 12 Plain individuals with PAH deficiency, identified through
newborn screen or diagnosed by symptomatic presentation, who are receiving medical care at the University of

Wisconsin metabolic clinic. Genotype and phenotypic data were evaluated to characterize genotype-phenotype
correlations. Results can inform the need for confirmatory testing for the disorder and provide a better under-
standing of the biochemical phenotype, which may help with management.

1. Introduction

Phenylalanine hydroxylase (PAH) deficiency, often referred to as
Phenylketonuria (PKU) (OMIM #261600) is the most common inborn
error of protein metabolism, affecting approximately 1,/10,000 people
of Northern European or East Asian descent [1]. The enzyme deficiency
leads to a decreased conversion of phenylalanine (Phe) to tyrosine.
Without treatment to reduce Phe levels, an individual with PAH defi-
ciency can develop intellectual disability, seizures, and autism-like
features. The mainstay of treatment is diet restriction to reduce Phe
intake and medical formula to supply adequate protein. Identification
most commonly occurs on newborn screen with an elevation in Phe on
dried blood specimens.

In the Plain Community, including Amish and Mennonite popula-
tions, there is an increased frequency of genetic disorders due to
founder effect and closed community. Several metabolic disorders, in-
cluding PAH deficiency, are more common in the Plain Community
compared with the general population. The exact incidence in the Plain
Community is unknown, but it is estimated at 1/1000 people [2]. There
are four reported common pathogenic variants in PAH identified in the
Amish and Mennonite populations in Pennsylvania and Ohio:
284 286delTCA, ¢.782G > A, IVS10-11G > A, and IVS12 + 1G > A,
but no allelic frequency for each pathogenic variant is not known [2,3].
These PAH pathogenic variants are also described in the general po-
pulation [4-6].

In Wisconsin, the 2017 Amish population is estimated at 20,095 and
is derived from Amish from both Pennsylvania and Ohio [7]. Improved
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newborn screening rates within this population have allowed for early
diagnosis and treatment of Amish individuals with PAH deficiency in
Wisconsin. Increased knowledge of common genotypes in the Wis-
consin community will help aid in diagnosis and management [8].

2. Materials and methods

The study was open to Plain community patients with PAH defi-
ciency who are receiving care at the University of Wisconsin (UW)
metabolic clinic. This study was approved by the UW Institutional
Review Board. After appropriate consent, targeted Sanger sequencing
was performed for the common Plain community pathogenic variants
PAH 284 _286delTCA (p.I94del), PAH ¢.782G > A (p.R261Q), PAH
IVS10-11G > A, and PAH IVS12 + 1G > A). If 2 common pathogenic
variants were not found, PAH gene was sequenced for other disease-
causing pathogenic variants. Reference sequence NM_000277.2(PAH)
was used for PAH for PAH valiant annotation.

A chart review of each patient was completed for Phe levels and
estimated Phe tolerance. For individuals diagnosed in the neonatal
period (Cases 1-7), a combination of breastmilk/standard infant for-
mula and medical formula was initiated after abnormal newborn
screen. The amount of medical formula was titrated based on frequent
Phe levels (weekly to twice weekly depending on age). Phe tolerance
was estimated based on approximate daily intake of breastmilk or
standard infant formula. For cases 8-12 where clinical diagnosis oc-
curred, all patients were on a casein free/gluten free diet to improve
behavioral concerns at time of diagnosis. For these late diagnosed

Received 1 November 2017; Received in revised form 15 February 2018; Accepted 17 February 2018

Available online 08 March 2018

2214-4269/ © 2018 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/22144269
https://www.elsevier.com/locate/ymgmr
https://doi.org/10.1016/j.ymgmr.2018.02.005
https://doi.org/10.1016/j.ymgmr.2018.02.005
mailto:jscottschwoerer@pediatrics.wisc.edu
https://doi.org/10.1016/j.ymgmr.2018.02.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymgmr.2018.02.005&domain=pdf

18) 75-77
ism Reports 15 (20
Molecular Genetics and Metabolism Rep

L

J.S. Schwoerer et a

i wise
tricted diet was done in a .step
ividuals, initiation of Phe res o ot e et |
o o 1 restrictio ‘ “
g e ified PKU diet counting
== =ww ion (formula first, o
< © thn( ! e o ; g
ih fe individuals are on e ot vt
{31 13228 ently all indiv e | simplified PR
] HAT oo i g in instead of milligrams rults and vegerables
5 g2g 222 [SRSRERS) of protein are conside .
5] -7 22 2ag Vo grams " per gram . o do o
| - < oy b o ce is estimated from p :
J: o i e Daily Phe toleran: T the protel
3 < 58333 to be counted. Daily ' rsoamed 100 ms | -
i e i e is limited com
4134 o et e e g ith Amish patients, there
HH § i Eounted fruits and veggies. }\phh S,
i i ilies whic
§ it °+° :‘ = § NN munication with familie:
= O © S8
g1 3888 RS S S < <<
213359353553 NN
E v v v v w U O w w lt
233 3. Results | -
i3 f f i i ified and participated in this ‘ gr
: .
A BAAA EEEER Twelve patients were ‘dennl epresemaﬁons included detectw]l)l z
Uocgﬁﬂv—i o . o deni ; -t
Jie : L N PAH deficiency,
@ S| 777 % CRUREY Results are su Iy history of ' o
a L 888 +88E i : | ' e
g i § § % o o IWIhﬂ'qstory and clinical diagnosis. D/ dgl osts was based
: I ) ith family history, 2.5mg
m I Liid o bloos ater than 2. o
: : . he levels of gre in the new
AAAA ied blood spot Phe . o pe |
e the ne "
: Tk ol 1.5 mg/dl outsi B o iy
m : genis i eater than 1. : oo b
U : 2222 riod or gr S iy
E 1 L o born scree nd7afa
< 50 80 5O g E o 28888 ‘ oy ey . G .
Ej b I ckkbr N tients identified by 1 and/or
3 oomwgmo OSH-—EH : Wn.The7pa tenormalgro
2 SRSIEBYI = SERSINS] history was kno e T o i
) TeTTo2R BI; istory . whorn perio s ol srowth
£ 2esB S8 family history in the ln ediagnosis of PAH deficiency wa e S
| HHH TN isability, seizures,
i - ent. . g -
% HiH 5 + H develgp'm Case 12 due to 1ntellectuafl dis eszl),m v
o o v own g ln . pr :
| o | P isabili d autistic
g EEEEEES 838gssg p . o due o] | s
L~ ggggss $58¢%¢ ease pigmen > ere intellectua S
: S SLEL o derate to sevi A
3 SH HEEEE ic siblings had mode cctual disab
9 o @© < - e A SO0 3SSES matic sibling : vre nl i
T < < A [ I . e o . e g
5 E << < << —:‘ =) :" g9 like behaviors. Due to c iagnosis of autism. Subseque csing of
Hi R mpleted due to their s
11 1 M- iblings (Cases 8-11) was co. !
» g8 888 the four older sibling | s of PAH deficiency, o
E : : 3333 features, confirming diagnose ey e
g : | |
| | ; o eaF éases o ey avere;gePh tolerances were observe
E o i e o i t over time
a E | A ively consisten
: ) . E § : o pane (i but most patients were rela}?vt i,erance fene over fme
H | h ients ouivel
u | Z2%2 tween patients, s were I crsed 25
i s 3 an ( reased
| . S re e e ing the first year of life. No patie
Eo o d 52%, respectively, during the )
h an , ' i atients we
u 2 i roterin. in all five |
I E EEE e ey 8-12, most recent Phe levezis et e bt oty
| E For Cases 8-12, e .
8 v rov ; ey
§ E g A o e hav? nOtOII')t implies these patients woul
it T i d verbal rep
1 | FEEEZ dations an
N S commen -
‘: Z " . . ivi but one a
.; | e, phenOt}llpted on all twelve individuals. Allf e 4 ot
U ’-\ —= e .. e 0
It H @ vathoger i i ed that wer
é ; é FEEEE Geg())t}};apd pathogenic variants 1dent1ﬁunity Sonneing o e PAH
g | g ~ T aNT z (Case ¢ varlants idend . e
1 | T ic variants common in t ety descbed pathon:
1 i enic v o
| . howed a pre
i in Case 3 sho d
5 | E | o ) dietary Phe tolerance was use
“ m o icati t dieta: d
i % g go - henotype classification, currerTld o il T
= %0 g n K] For p : e . i
E g | o HH % g A e mOder#4 :Nere moderate to class1cz;l. Fo case
g z o | < ® 9909 g . mod e
N ik |4 ' LPhe e individual as benign,
= Ll gaea o emia [12].  were m i
1 m N : ;4 estimated Phe would place th o 6 e e, e
| : E : intain levels less
! H gk%—:;:; e to maintain le
: | % ﬁ o : = treat@ent ild PAH deficiency.
1| o 3 g% tegorized as m
@ S i
Tq = B <
j £ g i ion |
LSRN a g 4. Discuss i
| w 1§ in the Plain ¢
1H g 12 to be more common i . : mmanity
| : w - %O : ] s oo o le. In Wisconsin, with an
-l w Qo d e 5 LeE P in Ohio at 1/1000 people. h PAL deficiency are
E . - : SRR e o 0, 14 individuals with omens e
E . . |
dks e S ish population of 20,000, uals with PAIT defic
g | L ollowed, are school aged or you gk e of the g
S| %5 N llowed, many ‘ . e o . 1
o ¥ o—— n and incre 1 e genoype
it 21 oo o Ip with diagnosi
1t E5E | ~£% treatment in t [nereased.
E @ <ZZZ e e —~ 2 E . phenOtyp
H S2ess 1 5 £ its corresponding
Sz RIS EE-E-R-R- EQ e and its c : de by new-
g =S < < & Z S282% : 4 i
‘2 E -g - 1HE o3 e ot the identification of PAH defic faztor o
& © s 25, 4 g888| 5 g * Frequently, : bere costis  large o s
| i i HIHE i e oo of mmotyme for molecular con:
5 : Hi EHLEIE 2 o of genotype could allow molecutar confirmation
<= 25 %88 2 .2 gL g8 =g mac | oo |
A g o} g g2 2 EEEEE g = healthcare, Y] b ' et
-~ | .8 g EEE > 5866806 z 0 < A orgenotype e
i) ] S » o 2222 [CATRSRS} = Z f PAH deficiency g e time-and cos o
I FEE - oy : born screen, co oriants tesd
H | aat en an e
g % ; E . ZI é i et d at the newborn screen lab wh
| SRR ISy could be complete
2 TJ z o~ W O~ SR
= 2 g — N M T N O
s E o
© =
= O

76



J.S. Schwoerer et al.

detected in a patient that is identified as part of the Plain community.
Two identified disease-causing pathogenic variants would confirm di-
agnosis, eliminating the need for biopterin studies, saving patient cost
and allowing for more timely diagnosis. If two pathogenic variants are
not identified, then biopterin testing would be required.

The genotypes of Wisconsin Amish patients included two mutations
commonly found in the Plain community: ¢.1066-11G > A and
284_286delTCA. 284_286delTCA has a reported biochemical phenotype
of less elevated Phe levels over the first year of life with increasing
levels after this time (personal communication — Dr. Holmes Morton 6/
11/16). Case 4’s (homozygous for this genotype) initial biochemical
phenotype fit with hyper-phe and treatment was not required to
maintain Phe levels in the treatment range (2-6 mg/dl) during the first
year of life. With age, Phe tolerance declined and formula was initiated
between 12 and 18 months to maintain Phe levels in the treatment
range. Currently, Case 4 is on the simplified PKU diet, receives 25g
whole protein/day, and does not demonstrate a classical presentation.
Knowledge of this milder phenotype would help avoid false assumption
of benign hyper-phe particularly in a community where follow-up to
medical care can be challenging. Medical formula can be initiated
during the first year to avoid later formula intolerance. This mutation,
with its milder phenotype and presumed residual enzyme activity,
would likely also be responsive to sapropterin [13].

The pathogenic variant, ¢.1066-11G > A, is associated with a
classical PAH deficiency phenotype [13]. This more severe biochemical
phenotype was demonstrated in all homozygous patients. Case 1 did
appear to have a high tolerance in the first few months of life, possibly
related to history of prematurity necessitating catch-up growth (in-
crease Phe need), and breastfeeding (there is less Phe per ounce of
breast milk than standard infant formula). In the literature, this geno-
type is not responsive to sapropterin [13]. The third pathogenic var-
iants, a splice site pathogenic variants ¢.168 + 5G > C, found in Case
3 has not been previously described in the Plain community. It was
initially described in German and Polish individuals with PAH defi-
ciency, where the Plain community originates, but has been reported in
other populations as well. While this pathogenic variants
c.168 + 5G > C, is predicted to cause a classical PAH deficiency
phenotype, there are reports of the pathogenic variants in combination
with other mutations (p.Glul78Gly or pArg395Gly) presenting as
hyper-phe or mild PAH deficiency [10,11,14]. One report showed 50%
of patients with this pathogenic variants responded to saproterin al-
though it is unclear if patients were homozygotes for the pathogenic
variant or compound heterozygotes [15]. Case 3 is a compound het-
erozygote for the c.1066-11A > G pathogenic variant (classical pa-
thogenic variant) and this pathogenic variant. Phe tolerance is ap-
proximately twice that of those homozygous for the c.1066-11A > G
pathogenic variant.

This study is limited by its small size. Further study of the genotype
and phenotype in the Plain community are needed to verify our ob-
servation and to see if other genotypes exist in this closed community.
The genotype would aid in diagnosis and also help the clinician predict
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phenotype and expectations for level of intervention needed for ade-
quate treatment and possible sapropterin responsiveness.
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