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Krüppel-like factor 1 (KLF1)

Int J Lab Hematol. 2015;37 Suppl 1:78-84. doi:10.1111/ijlh.12356

• Erythroid-specific transcription factor

• Located on chromosome 19 (19p13.12-p13.13)

• Function: erythropoiesis, globin gene 

expression (Hb switching), metabolic enzyme, 

structural protein, RBC Ag, cell cycle regulators

• Structure:

• N-terminal proline-rich transactivation domain

• C-terminal DNA-binding domain (composed of 3 

zinc fingers)



Functional domains of KLF1 and variants

Blood. 2016;127(15):1856-1862

• Class 1: variants with no or minor functional 

consequences

• Class 2: hypomorphic variants with reduced 

function 

• Class 3: truncating loss of function variants 

• Class 4: one variant changing a highly 

conserved residue in ZF2, p.E325K. leading 

to dominant severe congenital 

dyserythropoietic anemia (CDA type IV)



KLF1 target genes and associated clinical phenotypes

Blood. 2016;127(15):1856-1862

The In(Lu) (inhibitor of Lutheran) 

phenotype is one of the flags for 

class 2/3 KLF1 variants.

Raised Hb F is one of the flags 

for class 2/3 KLF1 variants.

Borderline Hb A2 is one of the 

flags for class 2/3 KLF1 variants.

Elevated ZnPP in the presence of 

normal iron stores is one of the 

flags for class 2/3 KLF1 variants.

Non-spherocytic hemolytic anemia 

(excluding thalassemia, HS, 

enzymopathies, and CDA) is one of 

the flags for class 2/3 KLF1 variants.

Pyruvate kinase deficiency is 

one of the flags for class 2/3 

KLF1 variants.

- Severe CDA type IV (class 4 variant).

- Hydrops fetalis in homozygosity for 

  class 3 KLF1 variant.



Prevalence of KLF1 mutation

• Southern China: The prevalence is 1.25% (thalassemia-endemic region).

• Northern China: The prevalence is 0.08%.

• United Kingdom: The prevalence is 8.4% (individuals with unexplained elevated HbF, 

mainly of African, Indian, and Southeast Asian descent).

• Thailand: The prevalence is 23.8% (among individuals with borderline HbA₂ levels 

suspected of thalassemia).

Arch Med Sci 2022; 18 (1): 112–120

These studies highlight that regions with a high prevalence of hemoglobinopathies, such 

as thalassemia, often exhibit higher frequencies of KLF1 mutations. This correlation 

suggests a possible adaptive or modifying role of KLF1 mutations in these populations



KLF1 variants and hemoglobinopathies



Hb switching

Blood.2011;118(8):2044-2054



Impact of class 2 or 3 KLF1 variants on clinical severity of 
hemoglobinopathies

Significant recovery of 

globin chain balance is 

observed only when beta-

thalassemia is co-inherited 

with a class 2 or class 3 

KLF1 variant.



Arch Med Sci 2022; 18 (1): 112–120
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Arch Med Sci 2022; 18 (1): 112–120

KLF1 mutation

Borderline Hb A2 level

KLF1 mutation

Significantly higher Hb F

KLF1 mutation

Higher MCV than Beta-thal trait



J Clin Pathol 2024;77:783–789. doi:10.1136/jcp-2023-208945



J Clin Pathol 2024;77:783–789. doi:10.1136/jcp-2023-208945

• A total of 57 subjects with a thalassemia-

like syndrome and unusually elevated 

HbF levels were investigated for KLF1 

mutations. 

• KLF1 mutations were identified in 18 

subjects (31.5%); five had heterozygous 

KLF1 mutations, and 13 had biallelic 

KLF1 mutations.



J Clin Pathol 2024;77:783–789. doi:10.1136/jcp-2023-208945



Case 1

Patient characteristics

Age 34

Sex (M/F) F

Thalassemia 

type

History of HbHCS 

Age at start of 

RBC transfusion

1-year-old

Medical history

Transfusion 

regimen

Splenectomy

LPB 2 units every 4 weeks

Yes, at the age of 7 

Active 

morbidities

- Gallstones

Physical exam and laboratories

Physical exam mild pale conjunctivae, marked 

icteric sclerae, no hepatomegaly, 

no pitting edema, and no leg 

ulcers

CBC and RBC indices Hb 7.9 g/dL, Hct 25.1%, MCV 84 

fL, MCH 27.2 pg, MCHC 32.2 

g/dL, RDW 21.9%, Corrected 

WBC 7,700 cells/µL NRC 

877/100 WBC 

Hb typing A2FA(Bart’s?) (A2 = 4.4%, 

F=23.5%)

DNA analysis for beta 

and alpha thalassemia
αα/αα and βA/βA

Serum ferritin (ng/mL) 1,580 ng/mL

Bilirubin TB 8 mg/dL, DB 0.6 mg/dL, 

indirect bilirubin 7.4 mg/dL

E-SAAN study

Median NRC (post-splenectomy) 

= 250 (150-350)



J Clin Pathol 2024;77:783–789.

Peripheral blood smear and Hb typing



Case 2

Patient characteristics

Age 28

Sex (M/F) M

Thalassemia 

type

beta-thalassemia/Hb E

Age at start of 

RBC transfusion

6-month-old

Medical history

Transfusion 

regimen

Splenectomy

LPB 2 units every 4 weeks

Yes, at the age of 3 

Active 

morbidities

- Gallstones

- Endocrinopathies: 

hypothyroidism, 

hypogonadism

Physical exam and laboratories

Physical exam hyperpigmentation, pale 

conjunctivae, icteric sclerae, an 

enlarged liver measuring 4 cm 

below the right costal margin

CBC and RBC indices Hb 7.8 g/dL, Hct 25.1%, MCV 

77.2 fL, MCH 24 pg, MCHC 31.1 

g/dL, RDW 21.7%, Corrected 

WBC 5,835 cells/µL NRC 

1,036/100 WBC 

Hb typing EFA (E= 19.5%, F=24.5%)

DNA analysis for beta 

and alpha thalassemia
αα/αα and βE/βA

Serum ferritin (ng/mL) 3,372  ng/mL

Bilirubin TB 3.8 mg/dL, DB 0.9 mg/dL, 

indirect bilirubin 2.9 mg/dL



Case 3

Patient characteristics

Age 38

Sex (M/F) M

Thalassemia 

type

beta-thalassemia/Hb E

Age at start of 

RBC transfusion

1-year-old

Medical history

Transfusion 

regimen

Splenectomy

LPB 2 units every 6 weeks

No

Active 

morbidities

- Gallstones

- Osteoporosis

- EMH

Physical exam and laboratories

Physical exam pale conjunctivae, icteric sclerae, 

massive splenomegaly (24 cm 

below the left costal margin)

CBC and RBC indices Hb 6.1 g/dL, Hct 21.4%, MCV 

80.8 fL, MCH 23.8 pg, MCHC 

29.4 g/dL, RDW 23.9%, 

Corrected WBC 2,810 cells/µL 

NRC 164/100 WBC 

Hb typing EFA (E = 5.2%, F=18.7%) 

DNA analysis for beta 

and alpha thalassemia
αα/αα and βA/βA

Serum ferritin (ng/mL) 342  ng/mL

Bilirubin TB 3.1 mg/dL, DB 0.6 mg/dL, 

indirect bilirubin 2.5 mg/dL



Flags indicating carrier status of class 2 or 3 KLF1 variants

Blood. 2016;127(15):1856-1862



Clinical manifestations

Int J Lab Hematol. 2015;37 Suppl 1:78-84. doi:10.1111/ijlh.12356

• Hypochromic microcytic anemia, borderline elevated Hb A2

• Elevated Hb F, Hereditary persistence of fetal hemoglobin (HPFH)

• Transfusion-dependent hemolytic anemia + high NRBC + small amount of Hb Bart’s

• Hydrops Fetalis

• Congenital dyserythropoietic anemia type IV (class 4 variant)

• Elevated zinc protoporphyrin

• Pyruvate kinase deficiency

• Decreased expression of RBC Ag: Inhibitor of lutheran blood group - In(Lu), CD44 

   (Indian blood group), etc.



When to suspect KLF1 mutation?

Borderline Hb A2 level

Hb A2: 3.5-4.0%

Hypochromic microcytic RBC

Aniso-poikilocytosis with 

numerous NRBC

Negative for thalassemia 

disease

Hemolytic anemia

Massive splenomegaly

Elevated Hb F level

Presence of small amount 

of Hb Bart’s



Treatment Options for Patients with KLF1 Mutations

Blood Research. 2018;53(2):65-73., Hemoglobin. 2016;40(4):241-244 .

1. Blood transfusion: indicated in symptomatic anemia or severe hemolysis.

2. Folic acid supplementation: due to increased red cell turnover.

3. Splenectomy: may be beneficial in severe cases with significant splenomegaly or 

symptomatic hemolysis.

4. Chelation therapy: indicated if iron overload occurs.

5. Hydroxyurea or other HbF-inducing agents: considered in cases with severe 

hemolysis to increase fetal hemoglobin and alleviate symptoms.

6. Hematopoietic Stem Cell Transplantation (HSCT): considered in selected severe 

cases (CDA type IV).



Take Home Messages

1

2

3

4

KLF1 mutations should be suspected in adult patients presenting with unexplained   

  hemolytic anemia, especially with elevated HbF and borderline HbA₂ levels.

Associated clinical flags: In(Lu) phenotype, high NRC, small amount of Hb Bart’s,

   PK deficiency, elevated ZnPP with normal iron stores

Prevalence is high in regions endemic for hemoglobinopathies and may be found 

   co-inherited with hemoglobinopathies   

Treatment remains supportive (transfusion, folate, splenectomy, iron chelation),

  with novel therapies under investigation



THANK YOU
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