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1 | INTRODUCTION

Uniparental disomy (UPD) occurs when the two copies of a (part of
a) chromosome are derived from one parent only. If this chromosome
contains imprinted gene(s), this can result in human disease due to loss
of gene function and can lead to congenital anomalies, intellectual dis-
ability, and other health problems.!

If both copies of (a part of) a chromosome are derived from the
father, this is called paternal UPD (patUPD). Five syndromes are asso-
ciated with patUPD: transient neonatal diabetes mellitus (patUDDé),
Beckwith-Wiedemann syndrome (BWS) (patUPD11), Kagami-Ogata

Mosaic genome-wide paternal uniparental disomy is an infrequently described disorder in which
affected individuals have signs and symptoms that may resemble Beckwith-Wiedemann syn-
drome. In addition, they can develop multiple benign and malignant tumors throughout life. Rou-
tine molecular diagnostics may not detect the (characteristic) low level of mosaicism, and the diag-
nosis is likely to be missed. Genetic counseling and a life-long alertness for the development of
tumors is indicated. We describe the long diagnostic process of a patient who already had a tumor

at birth and developed multiple tumors in childhood and adulthood. Furthermore, we offer clues

body asymmetry, paternal uniparental disomy, syndrome, tumors

syndrome
patUPD20.2

PatUPD of the whole genome is lethal in utero, as it presents as

(patUPD14), Angelman syndrome (patUPD15), and

hydatidiform mole.3 If UPD of the whole genome is present in a mosaic
state, it can be compatible with life. In 1995, mosaic genome-wide
paternal UPD (MGWpatUPD) was first described in a patient with
BWS and a Wilms tumor.# Since then, 17 additional cases have been
described (Table 1).35-17

Here, we describe a female with multiple benign and malig-
nant tumors, occurring at various ages, in whom eventually

MGWpatUPD was diagnosed. We compare the findings in this

Abbreviations: BAF, B-allele frequency; BWS, Beckwith-Wiedemann syndrome; GOM, gain of methylation; IC, imprinting center; LOM, loss of methylation; MGWpatUPD, mosaic genome-wide
paternal uniparental disomy; MS-MLPA, methylation-specific multiplex ligation-dependent probe amplification; SNP, single-nucleotide polymorphism; UPD, uniparental disomy.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2019 The Authors. Pediatric Blood & Cancer Published by Wiley Periodicals, Inc.

Pediatr Blood Cancer. 2019;66:€27715.
https://doi.org/10.1002/pbc.27715

wileyonlinelibrary.com/journal/pbc | 1of7

-

P
brought to you by . CORE

provided by Erasmus University Digital Repository


https://core.ac.uk/display/219690413?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://orcid.org/0000-0003-2711-0560
https://orcid.org/0000-0002-6745-1522
http://creativecommons.org/licenses/by-nc-nd/4.0/

POSTEMAET AL.

WILEY

20f7

(senunuo))

+ -
+ + -
+ -
+ + + -
+ +
- + + +
+ -
+ + +
%007 *d
%0°S S
>t qt:d anN:g
ESIN Byl1s SN ¥Dd-SW
El El =l El
14 80T 14 (44

G661 00T 900C 800¢
yUeqoH jAig jeadinin ,pasy

+ + +
+ + ¥
+ +
+ +
+ +
+ —
+ + +
+ + -
+ + +
%6LN
%071 > 14 %9 S
%L1:d %06 <:9 %589
Aeaie NS Aedie dNS Aease dNS
El El el
14 174 0€ +

800C 800C 110C

3dNNS-SN
‘VdIN-SW

El

81

1102

%0L L
%169
eSN

Bl

el

(44014

+
— + —

+ + + + +

+ + + +

+ - + + +

+ + + +

- — + —

+ - +

+  (0Sd) - + (Szd) = (58d) —

+ + + + +

+ + + +

%014 %07 S

%58 'd %06'd  %88-%Vt %0€ ‘14

%9 -4 %014 %S84 ‘g %0€ ‘g
Aeaie NS Aedue NS Aedse dNS eylS AedsedNS
E El El El Bl

80°0 + €0+ 9 (014 L
€10¢c €10C €10C €10¢ €10¢

%€8 d
%169
Aease dNS

€C

10¢C

%CT “eld
adnN:g
Aease dNS

2l

114

Ss10C

09-05:4
Aedie dNS

Bl

S0

ST0C

uLiougo
32124

2WIOIPUAS

DIPBO-IWDEDY|

swoldwAs
yTadnied

uLougy
+ - a3

DpIwa2A[BodAy
JuaIsuDI} I0
+ wisiulnsuLIRdAH

+ +  A|pBawiotadsip
- + AnjawwiAsp Apog

s302Jap
+ - [[om [D13UDA

- - DISSO[B0IOD|N
+ and

(5£-05d) (06d >)
(08d) — - DIWOSOOD

(SYoam /g >)
aF aF Ajunypwiaid

SME swoldwAs
TTadnied

- WAaNL

swojdwAs
9adnied

(¢ 31qeL 99s)
- + siown|

%S >4
Aeuse dNS
%56 <9 ‘VdIN (@dniedmo
Aedie dNS -S %) SisAjeuy

4 4 X3S

(s1e2A)
z 6€ + 1i0dauise|jeady

970z odau

gUOS|IAA gUOS|IAA 4lIISUBWIOY o eMeZewe) [;S43quasia ,;uosuyof ¢|31809 cysi|e) ¢ USIE) ¢ryslie ,;B)NSIYO julopdg 4;Adeq ,uewdoH siyl

-Jequy

24Nn3eJ3}1] 3Y3 Ul AdNIEAMDIA YHM S3uaijed Jo So13s1Ia10eleyd pue MaIAJIGAQ T 319V.L



3of7

WILEY

POSTEMAET AL.

‘paseada( L
'$94NZ13S 21Wa2A|180dAH g

'STddnied suny,

"xedoy) padeys-||aq ‘squi Jo adueseadde JaSuey 1e0d se yons ‘,Tadnied Suniid,
"s)d Jea |ed}[2y I01423s0d J0/pUE S3583.0 30| Jed Jeaul| JOLIdUY

'sisAjeue ¥y 1 S Aq uano.d sem awosowoyd AIaA3 10} AWOSIPOs| [eulaled DIBSOIA 5

"PaIeIISUOWIP S[3]|E [BUIDIBW B JO SSO
‘quii| o1lydouaadAy ay3 wouy uaxel Asdoiq uniS,
suoI1294ul JoBJ} AJeuln ‘s| | N ‘uol3dnuisqo Aemuie uaddn ‘Ovn ‘30]je4

10 A30|eJ39] ‘40 ‘Sn)i||aW Sa19qeIp [eleuOaU Jualsuel] ‘INANL ‘TZ Awosii) ‘Tz onSuo] ‘| ‘sisAjeue ¥ 1S By 1S ‘wsiydiowAjod ap1os|anu-a|3uls NS ‘BAl|eS ‘S :aWoJpUAs ssauisip Alojelidsal ‘SQy ‘Ss1souals dluow|nd ‘S ‘eise|dsAp [ewAyouasaw |ejuadeld ‘QINd qT adAl
wsiploJAyiesedodAyopnasd ‘qT-dHd ‘Awosip [ejualediun [eusajed ‘qdnied ‘sealdued g {pa3dalap jou ‘gN :S1S0ISe|qoIpISau ‘qu UoISUaIXa Jawiid ap110a|anu-a|3uls ‘JdNNS-SIA -uoiredljijdwe uoijdeal uleyd asesswAjod d1y10ads-uolie|Ayaw YId-SIAl ‘Aesse uolediyijdwe
9qoud jJuspuadap-uoiiesi|-xa|diznw d1193ds-uoize|AyIaw ‘YdTIA-SIA ‘SISAJeuR 931||91BS0UDIW ‘BS|A| S9U0JS AdUply ‘s ‘eluojodAy ‘1Y ‘uoljejuawsidiadAy ‘dy feiwsijexaadAy Sy ‘Ayjedojeydadus aAisualiadAy dIH isise|qodquy ‘14 9jeway 4 ‘Aduaidiyynsul Alojelidsas d1uoayd
‘14D ‘AwojoaWwoAW JeIp.eD IAND ‘ewolSueway Ade|jided ‘HD AJAJoEPOUI|D ‘PD (DWOIPUAS ULBWSPAIAN-UNMYI3G ‘SAAG ‘POOIq ‘g :309)ap [e3das wnlije ‘gSY ‘elINUIISAD 9AISSD. [BUIOSOINE ND Yy (aseasIp [euad a8e)s-pua Y3im Asupiy o1ydoule ‘qyST UM MY :Suoljelnaiqay

HO W

+

§661 00T

H

+

+

900C 800¢

yUEqOH DjAig geadunin ,pasy

ays3a ym
AV NIND
d3H

T4 W

+ -

800C 800C

qu

+

1102
gUOS[IM gUOS|IAA (l[[SUBWIOY  eMmezewe, ;819quasiag

Sd

+

€10C €10C
ZUOSUYOr ([180D) . USI[EY ¢ USIeN ¢ USIEN 4;®INSIYO cpuUIoLdg o Addeq ,uewdoH syl

H

‘dy oy

qu N Yy JoL 12l siLn 2103} 410

pisp|diadAy
= = |puaipy

+ Es - sisouid[pooiydaN

(5£-05d) (06d>)
- DIWOSOOD)

- - - q1-dHd

swoldwAs
ozadnied

- - - DIXDID J1DD

JuawIbdwi
- - - Yo32ds

- - - - 52.nZ19§

io:_om_.tmﬁ
- - - - AddoH

Apjap
- - - —  [pjuawidojaraq

WI0IPUAS

upwijaBuy

swoldwAs
STadnied

Apjap
- - - —  |pjuawidojarag

spajap
+ + + - [[DM [D13UA

- + and

10¢C S10C  S10C 910C odaa

(PenuUnUOD) T 3714VL



POSTEMAET AL.

“7 | WiLEY

patient with earlier reported individuals and offer clues for

recognition.

2 | CASE DESCRIPTION

The index case was the third child of healthy, nonconsanguineous
Dutch parents (aged 32 and 34 years). Weight at birth after 35 weeks
of gestation was 2520 g (P50-75). The placenta was remarkably large,
weighing 1890 g (>P98). Immediately after birth and later during
life, she developed multiple benign tumors (please see Table 2 for an
overview of all tumors). At one year of age, a body asymmetry became
apparent, with the left side being larger. General health was good;
growth and cognition were undisturbed.

She had two children, one of whom was born with tetralogy of
Fallot without other abnormalities. When she was 37 years, a malig-
nant adrenocortical tumor from the right adrenal gland was surgically
removed. At 39 years, she developed a yolk sac tumor in the sacral
region, which could only partly be removed due to massive local inva-
sion. Curative therapy was not possible and she died within a few
months’ time.

Tumor material and peripheral blood were examined using
methylation-specific multiplex ligation-dependent probe amplification
(MS-MLPA) and single-nucleotide polymorphism (SNP) array (please

see Supporting Information for additional information).

3 | RESULTS

In 1997, at 19 years of age, diagnostic testing for BWS was performed
by Southern blot analysis on lymphocytes. No methylation defect was
detected inimprinting centers (IC) 1 and IC2. At 38 years of age, methy-
lation studies IC1 and IC2 were repeated using MS-MLPA on lympho-
cytes, which seemingly showed again a normal methylation of IC1 and
IC2 (Supporting Information Figure S2a).

Because of her subsequent malignancy at age 39, her laboratory
results were reevaluated because of the clinical suspicion of MGW-
patUPD. Reevaluation of the previously performed MS-MLPA MEO30
(BWS/SRS) did demonstrate a low mosaicism around the detection
level of the technique. This was confirmed by SNP array analysis in
blood, which showed an apparent normal female profile (Supporting
Information Figure S3a), with an aberrant broadening of the B-allele
frequency (BAF) around the 0.5 line fitting low-level percentage of
mosaicism.

Subsequent analysis with MS-MLPA ME034 (MLID) showed a low
mosaic loss of methylation (LOM) of all tested maternally methylated
loci and low mosaic gain of methylation (GOM) of all tested paternally
methylated loci (Supporting Information Figure S2b), indicative for a
low mosaic MGWpatUPD.

Subsequently, MS-MLPA of DNA isolated from frozen adrenocorti-
cal tumor (Supporting Information Figure S2c and d) showed 80% loss
of maternal methylation, and SNP array analysis in the same material
showed an aberrant BAF pattern for the complete genome (Support-

ing Information Figure S3b). Both strongly suggest a high level (+95%)

MGWopatUPD in the tumor. SNP array analysis of the yolk sac tumor
material from the sacral region showed a similar aberrant BAF profile,
and many gains and losses of (large parts of) chromosomes (Supporting
Information Figure S3c).

Results were discussed with the patient and her family, explaining
that this de novo genomic imbalance was most likely the cause of her
asymmetry and recurrent tumors, and that this implies no increased

cancer risks for her offspring and other relatives.

4 | DISCUSSION

The occurrence of several tumors and asymmetrical body growth as
present in the index case can be associated with MGWpatUPD. The
initial methylation studies, 20 years ago, could not establish this diag-
nosis, as the level of mosaicism for the UPD was below the detec-
tion threshold of the methylation test. Sensitivity of diagnostic genetic
tests has improved since then. Still, even today sensitivity of testing is
not complete, which should be taken into account in evaluating results
of such testing in the light of a suspected clinical diagnosis.

In patients with MGWpatUPD, the BWS phenotype is predominant;
in individuals with a BWS phenotype, an MGWpatUPD might remain
unrecognized if methylation analyses are restricted to a single UPD
region, e.g., 11p15.181? To check for this, methylation tests at various
loci should be undertaken if methylation testing for 11p15 is sugges-
tive for patUPD (loss LIT1 and gain H19). Due to the mosaicism, aberra-
tions may not be detectable in DNA derived from leucocytes, so other
tissues may need to be studied to prove MGWpatUPD.

The presented patient is the oldest reported individual with an
MGWpatUPD; the other patients range in age from 1 month to 30
years (Table 1).3-17 Obviously, all patients are female, as an androge-
netic lineage (containing two Y chromosomes and no X chromosome)
is not viable.

The predominance of the BWS phenotype may, in part, be explained
by the mosaic distribution of the UPD. Signs and symptoms in a partic-
ular tissue may occur only if the mosaicism reaches a threshold level,
which can differ between tissues within the same patient. Until now,
this has not been studied in detail. Paternal UPDs of chromosomes 6,
14, 15, and 20 have been reported only in a nonmosaic state.!8 Pater-
nal UPD11 has been demonstrated to occur only in a mosaic state,
leading to BWS.1? Likely, tissue-specific effects of imprinted genes
allow low-level mosaic paternal UPD11 to cause signs and symptoms,
and inhibits symptoms of the other low-level mosaic paternal UPDs.13

Fifteen of 19 patients (79%) previously reported with MGW-
patUPD developed tumors, and 12 of them developed more than
a single tumor (Table 2). The four patients in whom no tumor was
described were < 13.5 years. Four of the seven women aged 17 years
or older had breast fibroadenomas. The variability of the nature of the
tumors and the age at which these develop hampers effective surveil-
lance. We suggest general life-long vigilance in individuals with MGW-
patUPD, because more targeted surveillance seems not well possi-
ble. The true frequency of developing tumors in patients with MGW-
patUPD remains uncertain due to the (likely) ascertainment bias in

reported individuals.
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TABLE 2 Occurrence and tumor spectrum in patients with MGWpatUPD

Age Age MGWpatUPD
Patients (years) Tumors (years) percentage M/B
This report 39 Fibroepithelial polyp mandible left 0 B
Liver hemangioma 0 B
Tumor umbilicus; not further classified 1 B
Breast fibroadenoma left 17 B
Breast fibroadenoma left 17 B
Breast fibroadenoma left 35 B
Adrenocortical tumor right adrenal gland; biphasic epithelial/mesenchymal 36 95% M
tumor, either yolk sac tumor or clear-cell carcinoma
Adrenocortical tumor left adrenal gland 37 M
Yolk sac tumor sacral region 39 95% M
Romanelli? 30 Wilms tumor 44 M
Adrenocortical virilizing adenoma 20 86% M
Melanocytic nevus right mandibular region 27 M
Pancreatic adenocarcinoma (ductal) 28.5 M
Liver metastasis 29 M
Ohtsuka4 23 Multiple breast fibroadenomas 16 B
Ovarian adenofibroma 16 B
Multiple breast fibroadenomas 17 B
Bertoin!® 21 Bilateral cortical hyperplasia 0.1 B
Virilizing adrenal tumor 16 86% M
Virilizing adrenal tumor recurrence 18 79% M
Virilizing adrenal tumor recurrence 21 94% M
Multiple breast fibroadenomas >21 30% B
Wilson® 21 Pheochromocytoma right adrenal 8 M
Pheochromocytoma left adrenal 9.5 M
Three extra-adrenal paragangliomas (i.e., pheochromocytoma) 15 M
Inbar- 20 Paraumbilical hemangioma 0.4 B
Feigenberg!!
Choledochal cyst 0.8 B
Hamartomous tumor heart 18 B
Hepatic cysts B
Gogiel® 18 Liver hamartoma 0.1 B
Steroid cell tumor ovary 12 100% M
Breast fibroadenoma 18 B
Wilson® 14 Cystic adrenomegaly Prenatal B
Hemangioendothelioma 04 B
Hepatoblastoma 1.3 M
Pheochromocytoma 11 M
Yamazawa® 13.3 No tumors
Bryke® 10.8 Hepatic hyperplasia 15 B
Pheochromocytoma 10.8 M
Kalish® 7 Liver hemangioma 0.1 B
Liver hamartoma 0.1 80% B
Kalish1® 6 Bladder polyps 0.1 95% B
Hepatic hemangiomas 0.2 B
Hoban* 4 Wilms tumor 0.9 M

(Continues)



60f7 POSTEMAET AL.
WILEY
TABLE 2 (Continued)
Age Age MGWpatUPD
Patients (years) Tumors (years) percentage M/B
Giurgea® 4 No tumors
Reed” 2.2 Hepatic mesenchymal hamartoma 0.9 60% M
Hopman!” 2 No tumors
Darcy?é 0.5 Hepatoblastoma 0.3 M
Wilms tumor 0.5 M

Kalish13 0.3 Adrenocortical hyperplasia 0.2 95% B
Johnson?? 0.08 No tumors

Abbreviations: B, benign; M, malignant.

We conclude that in every child or adult, who develops multiple dif-
ferent benign and malignant tumors with one or more signs or symp-
toms fitting a paternal UPD, an imprinting disturbance should be con-
sidered, especially MGWpatUPD. Routine molecular diagnostic pro-
cedures may not be sufficient to detect a low level of mosaicism, and
the clinical suspicion should lead to directed testing in multiple tissues.
If MGWpatUPD is diagnosed, adequate genetic counseling is possible
and a life-long alertness for developing additional tumors is indicated.

ACKNOWLEDGMENTS

We thank Ing. I.P. Groeneweg-van der Heiden and M. Otter for their
contribution to the analyses and Dr. H.B. Beverloo and Dr. ir. FAT.
de Vries for their contribution in discussing the interpretation of SNP
array results. We would also like to thank the following authors for
their input regarding up-to-date information concerning the other
cases described with MGWpatUPD: Drs. P. Lapunzina, R. Kapur, R.
Weksberg, J. Kalish, M. Wilson, G. McGillivray, K. Yamazawa, H. Soe-
jima, and C. Bryke.

CONFLICTS OF INTEREST

None declared.

ORCID

Floor A.M. Postema ([2) https://orcid.org/0000-0003-2711-0560

Raoul C. Hennekam () https://orcid.org/0000-0002-6745-1522

REFERENCES

1. Lapunzina P, Monk D. The consequences of uniparental disomy and
copy number neutral loss-of-heterozygosity during human develop-
ment and cancer. Biol Cell. 2011;103:303-317.

2. Yamazawa K, Ogata T, Ferguson-Smith AC. Uniparental disomy and
human disease: an overview. Am J Med Genet C Semin Med Genet.
2010;154C:329-334.

3. Gogiel M, Begemann M, Spengler S, et al. Genome-wide pater-
nal uniparental disomy mosaicism in a woman with Beckwith-
Wiedemann syndrome and ovarian steroid cell tumour. Eur J Hum
Genet. 2013;21:788-791.

4. Hoban PR, Heighway J, White GR, et al. Genome-wide loss of maternal
alleles in a nephrogenic rest and Wilms’ tumour from a BWS patient.
Hum Genet. 1995;95:651-656.

10.

11.

12.

13.

14.

15.

16.

. Bryke C, Garber A, Israel J, Evolution of a complex phenotype

in a unique patient with a paternal uniparental disomy for every
chromosome cell line and a normal biparental inheritance cell
line (Program #823). Presented at 56th Annual Meeting of the
American Society of Human Genetics, October 26, 2004, Toronto,
Canada.

. Giurgea |, Sanlaville D, Fournet JC, et al. Congenital hyperinsulin-

ism and mosaic abnormalities of the ploidy. J Med Genet. 2006;43:
248-254,

. Reed RC, Beischel L, Schoof J, Johnson J, Raff ML, Kapur RP. Andro-

genetic/biparental mosaicism in an infant with hepatic mesenchymal
hamartoma and placental mesenchymal dysplasia. Pediatr Dev Pathol.
2008;11:377-383.

. Wilson M, Peters G, Bennetts B, et al. The clinical phenotype of

mosaicism for genome-wide paternal uniparental disomy: two new
reports. Am J Med Genet. 2008;146a:137-148.

. Romanelli V, Nevado J, Fraga M, et al. Constitutional mosaic

genome-wide uniparental disomy due to diploidisation: an unusual
cancer-predisposing mechanism. J Med Genet. 2011;48:212-
216.

Yamazawa K, Nakabayashi K, Matsuoka K, et al. Androge-
netic/biparental mosaicism in a girl with Beckwith-Wiedemann
syndrome-like and upd(14)pat-like phenotypes. J Hum Genet.
2011;56:91-93.

Inbar-Feigenberg M, Choufani S, Cytrynbaum C, et al. Mosaicism for
genome-wide paternal uniparental disomy with features of multiple
imprinting disorders: diagnostic and management issues. Am J Med
Genet. 2013;161a:13-20.

Johnson JP, Waterson J, Schwanke C, Schoof J. Genome-wide andro-
genetic mosaicism. Clin Genet. 2014;85:282-285.

Kalish JM, Conlin LK, Bhatti TR, et al. Clinical features of three girls
with mosaic genome-wide paternal uniparental isodisomy. Am J Med
Genet A.2013;161a:1929-1939.

Ohtsuka Y, Higashimoto K, Sasaki K, et al. Autosomal reces-
sive cystinuria caused by genome-wide paternal uniparental isodis-
omy in a patient with Beckwith-Wiedemann syndrome. Clin Genet.
2015;88:261-266.

Bertoin F, Letouze E, Grignani P, et al. Genome-wide paternal uni-
parental disomy as a cause of Beckwith-Wiedemann syndrome associ-
ated with recurrent virilizing adrenocortical tumors. Horm Metab Res.
2015;47:497-503.

Darcy D, Atwal PS, Angell C, Gadi I, Wallerstein R. Mosaic paternal
genome-wide uniparental isodisomy with down syndrome. Am J Med
Genet A.2015;167a:2463-2469.


https://orcid.org/0000-0003-2711-0560
https://orcid.org/0000-0003-2711-0560
https://orcid.org/0000-0002-6745-1522
https://orcid.org/0000-0002-6745-1522

POSTEMAET AL.

17.

18.

19.

Hopman SMJ, Hochstenbach PFR, Verrijn Stuart AA, Giltay JC, Van
der Veken LT, A unique case of a mosaic genome-wide uniparental
isodisomy in a newborn with Beckwith-Wiedemann syndrome. Pro-
ceedings 4th Joint UK-Dutch Clinical Genetics Conference. Cardiff,
UK; 2016.

Eggermann T, Soellner L, Buiting K, Kotzot D. Mosaicism and uni-
parental disomy in prenatal diagnosis. Trends Mol Med. 2015;21:
77-87.

Shuman C, Beckwith JB, Weksberg R. Beckwith-Wiedemann Syn-
drome. In: Pagon RA, Adam MP, Ardinger HH, eds. GeneReviews(R).
Seattle, WA: University of Washington, Seattle; 1993. [updated 2016
Aug 11].

WILEY- 27

SUPPORTING INFORMATION

Additional supporting information may be found online in the Support-
ing Information section at the end of the article.

How to cite this article: Postema FAM, Bliek J, van Noesel
CJM, et al. Multiple tumors due to mosaic genome-wide pater-
nal uniparental disomy. Pediatr Blood Cancer. 2019;66:27715.
https://doi.org/10.1002/pbc.27715



https://doi.org/10.1002/pbc.27715

