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Table 1 The Laboratory Data

GLT50

HbF -thal

HbA2 IEF

-globin

DNA EDTA



-globin PCR

-globin

-globin

-globin promoter 1kb

KLF1 DNA/mRNA

KLF1 PCR ABI 3130 Genetic Analyzer (Applied Biosystems, Tokyo)

(Table 2)(Figure 1) Total RNA TRIZOL Reagent 

(Invitrogen, Tokyo, Japan) RNA reverse 

transcriptase PCR (RT-PCR) cDNA

PCR-RFLP KLF1 c.947G>A

PCR primer EKLFex3-D: 5’-GGA CAG ACA GTG GCG CTT ATG GCT 

T-3’ EKLF-CD316U: 5’-GTC CGA GCG CGC GAA TCT CCA TAC G-3’

Table 2 KLF1 primer

n Primers Primer Sequences (5'>3')

1 EKLFex1-D

EKLFex1-U

CGT CTG GGG TGT CTG ATA ATG CTT G

GCC CAG GCT ACC TTC GTT TTC TAT T



2 EKLF-D2

EKLFex2-U

GTC TCC AGC CAG ACC TGA TCG GTT T

CGG GCC CCG GGT ACA CCG GTT GCA G

3 EKLFex2-D

EKLF-U2

ATA TCC GCC GCC GCC CGA GAC TCT G

CTG CAT CTG GTC ACA CCC CTT TAC T

4 EKLFex3-D

EKLF-U1

GGACAG ACA AGT GGC GCT TAT GGC TT

CTG AAC TGG GTG GGA AAA GAG AGG A

5 EKLF-D-SgfI

EKLF-U-PmeI

GCA CGC GAT CGC CAT GGC CAC AGC CGA GAC C

CCA GGT TTA AAC TCA AAG GTG GCG CTT CAT GT

Figure 1 KLF1 KLF1 .

KLF1 box exon KLF1 N 3 zinc 

finger domain domain DNA

primer set primer Table1

KLF1 p.C316Y 2 ZF



Promoter-luciferase reporter assay (Figure 2)

KLF1 KLF1 coding sequences (CDSs) vector CMV 

neo Flexi®vector pF5A (PromegaKK, Tokyo, Japan) CMV neo Flexi®vector

CMV promoter

vector -globin promoter (–1 to –413) pGL4.10[luc2] vector 

(PromegaKK) firefly luciferase vector

renilla luciferase pGL4.74[hRluc/TK] vector (PromegaKK)



Figure 2 vector vector

(A) CMV promoter CMV neo Flexi® (PromegaKK) vector KLF1

KLF1 p.C316Y cDNA 3’ (B) -globin p.GL4.10[luc2] reporter vector



(C) p.GL4.74 [hRluc/TK]

Vector 3 K562 co-transfect

Promoter-luciferase reporter assay

K562(human chronic myelogenous 

leukemia) K562 KLF1 KLF1

KLF1/ KLF1 vector -globin promoter vector

vector K562 MicroPorator-mini MP-100 (Digital Bio Technology, AR 

Brown Co., Ltd., Tokyo, Japan) co-transfect transfect

11

1)Non transdect 2) KLF1 3) KLF1

4) KLF1 KLF1 4

(Figure 3)

Figure 3 Dual-Luciferase assay

Transient Dual-luciferase Reporter Assay System® (Promega KK)



24 firefly luciferase renilla luciferase

(96F NONTREATED WHITE MICROWELL SI(nuncTM)) relative 

luciferase relative luciferase

Whole exome analysis by NGS

DNA PureLink Genomic DNA Mini Kit (Life Technologies, 

USA) NGS analysis using the 5500 

SOLiD Fragment Library Core kit (Life Technologies) PCR 8

Exon Target SeqTMExome Enrichment Kit (Life Technologies)

SOLiD5500 (Life Technologies)

LifeScope (Life Technologies) UCSC 

(University of California Santa Cruz) hg19

/ QIAGEN variant analysis (www.ingenuity.com/variants)

hemoglobinopathies

Results

Hb

Hb HbA2 4.1% HbF 1.3%

-thal

GLT50 32sec (Table 3)



Table 3 Hb

Proband (30yrs, Male) Reference range

HbF 1.3 <1.0 %

HbA2 4.1 2.5-3.5%

Isopropanol test - -

GLT50 32 22-55 sec

Inclusion body - -

Isoelectricfocusing(IEF) - -

-globin

-globin 5’- 3’- flanking region

-globin promoter 1kb 3’ 1kb

-globin HgiAI site codon2 2

(C/T) -globin

KLF1 cDNA

KLF1 KLF1 c.947G>A p.C316Y

heterozygote (Figure 4A)

cDNA KLF1 mRNA KLF1 mRNA

(Figure 4B) KLF1 KLF1

PCR-RFLP 50 100allels

(Figure 5)



Figure 4 KLF1 cDNA

KLF1 c.947G>A ( , genome DNA) codon 316 (G>A) ( , cDNA) cDNA

G/A KLF1 mRNA KLF1 mRNA

Figure 5 PCR-RFLP

7%PAG 100V, 90min (Normal)

97bp (patient) 97bp

snabI 73bp

Promoter-luciferase reporter assay

relative luciferase activity relative luciferase 



activity (Figure 6) relative luciferase activity 100

p.C316Y relative luciferase activity 7

relative luciferase activity 70 KLF1 p.C316Y

-globin promoter

Figure 6 N M N/M Relative luciferase activity

Relative luciferase activity 100 Relative luciferase 

activity 7 70 KLF1 Relative luciferase activity

3%

Whole exome

LifeScope (Life Technologies) 3.7Gb
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44,070 / 537

5 30

NGS

Ingenuity Company variant analysis 3 (KLF1, GRIN3B,

CACNA1F) 5 hemoglobinopathies

-thal KLF1 c.947 G>A, p.C316Y

Discussion

KLF1 (c.947G>A) -thal

KLF1 Codon 316

(p.C316Y) Codon 316 KLF1 DNA

3 zinc finger motif 2 Zn

(Figure 7)



Figure 7 KLF1 2nd zinc finger

(A) [ ]

Zn C2H2 (B) p.C316Y 

p.C316Y ZF motif -globin promoter

-globin

promoter +-thal 12

KLF1

p.C316Y 2 ZF domain p.R328L, 

p.R328H, p.R331G KLF1 13

KLF1 -globin



relative luciferase activity 70% p.C316Y promoter

KLF1 -globin promoter

KLF1 -globin

p.C316Y 2 ZF domain p.E325K CDA

p.E325K mRNA promoter

p.E325K 13

-thal CDA KLF1 700

14 p.E325K -globin

CDA

HbF HbA2 -thal

0-thal +-thal HbA2 4.5-5.5% 3.6-4.2%

HbA2 -thal 12

-globin promoter +-thal HbA2 (4.5-6.5 )

(n=29) p.C316Y -globin promoter +-thal

promoter Thalassemia HbA2 promoter

Perseu HbA2 (3.3-3.8%) 52 6 KLF1

MCV MCHC

p.L326R, p.T327S and p.K332Q p.C316Y 2 zinc finger 

domain

KLF1 compound p.S270X p.K332Q 10 KLF1 HbF

Giardine KLF1 hereditary persistence of 

fetal Hb (HPFH) HbF HbF



1.3 p.C316Y -globin

GLT50 ( 22-55 seconds)

promoter –31 A>G +-thal 0-thal –31 A>G GLT50

97, 96, 112 and 154 seconds promoter 

–31 A>G GLT50 GLT50

promoter +-thal

QIAGEN Ingenuity® Variant Analysis™ software( (www.qiagen.com/ingenuity) from 

QIAGEN, Redwood City, CA, USA) NGS 3

(KLF1, CACNA1F , GRIN3B) hemoglobinopathies

GRIN3B

CACNA1F -thal

GRIN3B CACNA1F

hemoglobinopathies KLF

-thal
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