Title: GATAL-Related Cytopenia GeneReview Table 2 — GATAL1 Genotype-Phenotype

Observations

Authors: Takasaki K, Kacena MA, Raskind WH, Weiss MJ, Chou ST

Date: February 20

23

Note: The following information is provided by the authors listed above and has not
been reviewed by GeneReviews staff.

Table 2. GATA1 Genotype-Phenotype Observations
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ADA = adenosine deaminase; AMKL = acute megakaryoblastic leukemia; AML = acute myeloid leukemia; CEP =
congenital erythropoietic porphyria; DBA = Diamond-Blackfan anemia; DS = Down syndrome; FOG-1 = friend of
GATA-1; GATA-1s = GATA-1 short; HbF = fetal hemoglobin; MDS = myelodysplastic syndrome; TMD = transient
myeloproliferative disorder
1. Decreased platelet alpha granules are observed in all affected males studied.
2. Cryptorchidism has been reported in several males with GATAL pathogenic variants [Nichols et al 2000, Del
Vecchio et al 2005]. Although Gatal is expressed in mouse testis, knockout of Gatal in Sertoli cells within the testis
had no effect, suggesting that Gatal is not essential for Sertoli cell function [Lindeboom et al 2003]. The independent
segregation of cryptorchidism and GATAL pathogenic variants in one of the two families [Del Vecchio et al 2005], in
conjunction with the mouse data, make the mechanistic relationship between GATA1 pathogenic variants and
cryptorchidism unclear at this point.
3. Affected individuals also had a germline JAK3 p.Val718Leu variant.
4. Variant affects amino acids outside the zinc finger domain (N-zinc finger domain: aa204-228, C-zing finger domain:
aa258-282) but is predicted to potentially affect protein conformation and thus zinc finger binding.

References

Abdulhay NJ, Fiorini C, Verboon JM, Ludwig LS, Ulirsch JC, Zieger B, Lareau CA, Mi X, Roy A, Obeng
EA, Erlacher M, Gupta N, Gabriel SB, Ebert BL, Niemeyer CM, Khoriaty RN, Ancliff P, Gazda HT,
Wlodarski MW, Sankaran VG. Impaired human hematopoiesis due to a cryptic intronic GATA1 splicing

mutation. J Exp Med. 2019;216:1050-60.




Astréom M, Hahn-Strémberg V, Zetterberg E, Vedin |, Merup M, Paimblad J. X-linked thrombocytopenia
with thalassemia displays bone marrow reticulin fibrosis and enhanced angiogenesis: comparisons with
primary myelofibrosis. Am J Hematol. 2015;90:E44-8.

Balduini CL, Pecci A, Loffredo G, 1zzo P, Noris P, Grosso M, Bergamaschi G, Rosti V, Magrini U, Ceresa
IF, Conti V, Poggi V, Savoia A. Effects of the R216Q mutation of GATA-1 on erythropoiesis and
megakaryocytopoiesis. Thromb Haemost. 2004;91:129-40.

Bastida JM, Malvestiti S, Boeckelmann D, Palma-Barqueros V, Wolter M, Lozano ML, Glonnegger H,
Benito R, Zaninetti C, Sobotta F, Schilling FH, Morgan NV, Freson K, Rivera J, Zieger B. A novel GATAL
variant in the C-terminal zinc finger compared with the platelet phenotype of patients with a likely
pathogenic variant in the n-terminal zinc finger. Cells. 2022;11:3223.

Bouchghoul H, Quelin C, Loget P, Encha-Razavi F, Senat MV, Maheut L, Galimand J, Collardeau-
Frachon S, Da Costa L, Martinovic J. Fetal cerebral hemorrhage due to X-linked GATA1 gene mutation.
Prenat Diagn. 2018;38:772-8.

Camargo R, Sahoo SS, Cordoba JC, Magalhdes 1Q. Germline GATAL exon 2 mutation associated with
chronic cytopenia and a non-down syndrome transient abnormal myelopoiesis with clonal trisomy 21.
Leukemia. 2022;36:2347-50.

Campbell AE, Wilkinson-White L, Mackay JP, Matthews JM, Blobel GA. Analysis of disease-causing
GATAL mutations in murine gene complementation systems. Blood. 2013;121: 5218-27.

Chen T, Zhang Q, Shang X, Zou S, Qin J, Li K, Lin B, Tao Z, Long X, Xu X. Diamond-Blackfan anaemia
caused by a de novo initiation codon mutation resulting in a shorter isoform of GATAL. Clin Genet.
2022;102:548-54.

Del Vecchio GC, Giordani L, De Santis A, De Mattia D. Dyserythropoietic anemia and thrombocytopenia
due to a novel mutation in GATA-1. Acta Haematol. 2005;114:113-6.

Freson K, Devriendt K, Matthijs G, Van Hoof A, De Vos R, Thys C, Minner K, Hoylaerts MF, Vermylen J,
Van Geet C. Platelet characteristics in patients with X-linked macrothrombocytopenia because of a novel
GATA1 mutation. Blood. 2001;98:85-92.

Freson K, Matthijs G, Thys C, Marien P, Hoylaerts MF, Vermylen J, Van Geet C. Different substitutions at
residue D218 of the X-linked transcription factor GATAL lead to altered clinical severity of
macrothrombocytopenia and anemia and are associated with variable skewed X inactivation. Hum Mol
Genet. 2002;11:147-52.

Hasle H, Kline RM, Kjeldsen E, Nik-Abdul-Rashid NF, Bhojwani D, Verboon JM, DiTroia SP, Chao KR,
Raaschou-Jensen K, Palle J, Zwaan CM, Nyvold CG, Sankaran VG, Cantor AB. Germline GATAls-
generating mutations predispose to leukemia with acquired trisomy 21 and Down syndrome-like
phenotype. Blood. 2022;139:3159-65.

Hermans C, De Waele L, Van Geet C, Freson K. Novel GATAL mutation in residue D218 leads to
macrothrombocytopenia and clinical bleeding problems. Platelets. 2014;25:305-7.

Hetzer B, Meryk A, Kropshofer G, Bargehr C, Jimenez-Heredia R, Boztug K, Mihlegger BE, Dworzak M,
Gruber T, Crazzolara R. An R307H substitution in GATA1 that prevents Ser310 phosphorylation causes
severe fetal anemia. Blood Adv. 2022;6:4330-4.

Hindmarsh JT. The porphyrias: recent advances. Clin Chem. 1986;32:1255-63.

Hollanda LM, Lima CS, Cunha AF, Albuguerque DM, Vassallo J, Ozelo MC, Joazeiro PP, Saad ST, Costa
FF. An inherited mutation leading to production of only the short isoform of GATA-1 is associated with
impaired erythropoiesis. Nat Genet. 2006;38:807-12.

Hughan SC, Senis Y, Best D, Thomas A, Frampton J, Vyas P, Watson SP. Selective impairment of
platelet activation to collagen in the absence of GATAL. Blood. 2005;105:4369-76.

Jurk K, Adenaeuer A, Sollfrank S, GroRR K, Hauser F, Czwalinna A, Erkel J, Fritsch N, Marandiuc D,
Schaller M, Lackner KJ, Rossmann H, Bergmann F. Novel GATA1 variant causing a bleeding phenotype



associated with combined platelet a-/6-storage pool deficiency and mild dyserythropoiesis modified by a
SLC4AL1 variant. Cells. 2022;11:3071.

Klar J, Khalfallah A, Arzoo PS, Gazda HT, Dahl N. Recurrent GATA1 mutations in Diamond-Blackfan
anaemia. Br J Haematol. 2014;166:949-51.

Kobayashi A, Ohtaka R, Toki T, Hara J, Muramatsu H, Kanezaki R, Takahashi Y, Sato T, Kamio T, Kudo
K, Sasaki S, Yoshida T, Utsugisawa T, Kanno H, Yoshida K, Nannya Y, Takahashi Y, Kojima S, Miyano
S, Ogawa S, Terui K, Ito E. Dyserythropoietic anaemia with an intronic GATA1L splicing mutation in
patients suspected to have Diamond-Blackfan anaemia. EJHaem. 2022;3:163-7.

Kratz CP, Niemeyer CM, Karow A, Volz-Fleckenstein M, Schmitt-Gréff A, Strahm B. Congenital
transfusion-dependent anemia and thrombocytopenia with myelodysplasia due to a recurrent
GATA1(G208R) germline mutation. Leukemia. 2008;22:432-4.

Lindeboom F, Gillemans N, Karis A, Jaegle M, Meijer D, Grosveld F, Philipsen S. A tissue-specific
knockout reveals that Gatal is not essential for Sertoli cell function in the mouse. Nucleic Acids
Research. 2003;31:5405-12.

Ludwig LS, Gazda HT, Eng JC, Eichhorn SW, Thiru P, Ghazvinian R, George TI, Gotlib JR, Beggs AH,
Sieff CA, Lodish HF, Lander ES, Sankaran VG. Altered translation of GATA1 in Diamond-Blackfan
anemia. Nat Med. 2014;20:748-53.

Ludwig LS, Lareau CA, Bao EL, Liu N, Utsugisawa T, Tseng AM, Myers SA, Verboon JM, Ulirsch JC, Luo
W, Muus C, Fiorini C, Olive ME, Vockley CM, Munschauer M, Hunter A, Ogura H, Yamamoto T, Inada H,
Nakagawa S, Ohzono S, Subramanian V, Chiarle R, Glader B, Carr SA, Aryee MJ, Kundaje A, Orkin SH,
Regev A, McCavit TL, Kanno H, Sankaran VG. Congenital anemia reveals distinct targeting mechanisms
for master transcription factor GATAL. Blood. 2022;139:2534-46.

Martin ES, Ferrer A, Mangaonkar AA, Khan SP, Kohorst MA, Joshi AY, Hogan WJ, Olteanu H, Moyer AM,
Al-Kali A, Tefferi A, Chen D, Wudhikarn K, Go R, Viswanatha D, He R, Ketterling R, Nguyen PL, Oliveira
JL, Gangat N, Lasho T, Patnaik MM. Spectrum of hematological malignancies, clonal evolution and
outcomes in 144 Mayo Clinic patients with germline predisposition syndromes. Am J Hematol.
2021;96:1450-60.

Mehaffey MG, Newton AL, Gandhi MJ, Crossley M, Drachman JG. X-linked thrombocytopenia caused by
a novel mutation of GATA-1. Blood. 2001;98:2681-8.

Nichols KE, Crispino JD, Poncz M, White JG, Orkin SH, Maris JM, Weiss MJ. Familial dyserythropoietic
anaemia and thrombocytopenia due to an inherited mutation in GATAL. Nat Genet. 2000;24:266-70.

Parrella S, Aspesi A, Quarello P, Garelli E, Pavesi E, Carando A, Nardi M, Ellis SR, Ramenghi U,
Dianzani I. Loss of GATA-1 full length as a cause of Diamond-Blackfan anemia phenotype. Pediatr Blood
Cancer. 2014;61:1319-21.

Phillips JD, Steensma DP, Pulsipher MA, Spangrude GJ, Kushner JP. Congenital erythropoietic porphyria
due to a mutation in GATAL: the first trans-acting mutation causative for a human porphyria. Blood.
2007;109:2618-21.

Raskind WH, Niakan KK, Wolff J, Matsushita M, Vaughan T, Stamatoyannopoulos G, Watanabe C, Rios
J, Ochs HD. Mapping of a syndrome of X-linked thrombocytopenia with Thalassemia to band Xp11-12:
further evidence of genetic heterogeneity of X-linked thrombocytopenia. Blood. 2000;95:2262-8.

Sankaran VG, Ghazvinian R, Do R, Thiru P, Vergilio JA, Beggs AH, Sieff CA, Orkin SH, Nathan DG,
Lander ES, Gazda HT. Exome sequencing identifies GATAL mutations resulting in Diamond-Blackfan
anemia. J Clin Invest. 2012;122: 2439-43.

Singleton BK, Roxby DJ, Stirling JW, Spring FA, Wilson C, Poole J, Anstee DJ. A novel GATA1 mutation
(Stop414Arg) in a family with the rare X-linked blood group Lu(a-b-) phenotype and mild
macrothrombocytic thrombocytopenia. Br J Haematol. 2013;161:139-42.



Svidnicki MCCM, Filho MAF, Branddo MM, Dos Santos M, de Oliveira Dias R, Tavares RS, Assis-
Mendonca GR, Traina F, Saad STO. New germline GATAL variant in females with anemia and
thrombocytopenia. Blood Cells Mol Dis. 2021;88:102545.

Thompson AR, Wood WG, Stamatoyannopoulos G. X-linked syndrome of platelet dysfunction,
thrombocytopenia, and imbalanced globin chain synthesis with hemolysis. Blood. 1977;50:303-16.

Tubman VN, Levine JE, Campagna DR, Fleming MD, Neufeld EJ. X-linked gray platelet syndrome due to
a GATAL Arg261GIn mutation. Blood. 2007;109:3297-9.

van Dooijeweert B, Kia SK, Dahl N, Fenneteau O, Leguit R, Nieuwenhuis E, van Solinge W, van Wijk R,
Da Costa L, Bartels M. GATA-1 defects in Diamond-Blackfan anemia: phenotypic characterization points
to a specific subset of disease. Genes (Basel). 2022;13:447.

White JG. Platelet pathology in carriers of the X-linked GATA-1 macrothrombocytopenia. Platelets.
2007;18:620-7.

White JG, Nichols WL, Steensma DP. Platelet pathology in sex-linked GATA-1 dyserythropoietic
macrothrombocytopenia Il. Cytochemistry. Platelets. 2007;18:436-50.

Yu C, Niakan KK, Matsushita M, Stamatoyannopoulos G, Orkin SH, Raskind WH. X-linked
thrombocytopenia with thalassemia from a mutation in the amino finger of GATA-1 affecting DNA binding
rather than FOG-1 interaction. Blood. 2002;100:2040-5.

Zucker J, Temm C, Czader M, Nalepa G. A child with dyserythropoietic anemia and megakaryocyte
dysplasia due to a novel 5’'UTR GATALs splice mutation. Pediatr Blood Cancer. 2016;63:917-21.



