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The accumulation of unbound «-globin chains in red blood cells is a crucial pathophysiology of g-thalasse-
mia. I0X1 (5-carboxy-8-hydroxyquinoline) is a broad-spectrum 2-oxoglutarate (20G)-dependent oxygenase
inhibitor that can reduce «a-globin mRNA expression in human cord blood erythroid progenitor cells. There-
fore, IOX1 has been proposed as a potential compound for g-thalassemia treatment through the decrease in
a-globin chain synthesis. However, there is no empirical evidence regarding the consequences of I0OX1 in
B-thalassemia. In this study, the therapeutic effects of IOX1 were investigated in A°-thalassemia/hemoglobin
E (HbE) erythroid progenitor cells during in vitro erythropoiesis. The results indicated that I0X1 had no
impact on «a-globin gene expression, but it led instead to significant decreases in y-globin and fetal hemo-
globin (HbF, asy,) production without affecting well-known globin regulators: KLF1, BCL11A, LRF, and
GATAT1. In addition, differential mMRNA expression of several genes in the hypoxia response pathway
revealed the induction of EGLN1, the PHD2-encoding gene, as a result of IOX1 treatment. These findings
suggested that I0X1 fails to lower «-globin gene expression; on the contrary, it mediates y-globin and HbF
silencing in g°-thalassemia/HbE erythroid progenitor cells. Because of the negative correlation of EGLN1
and y-globin gene expression after IOX1 treatment, repurposing I0X1 to study the hypoxia response path-
way and y-globin regulation may provide beneficial information for g-thalassemia. © 2022 ISEH — Society for
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HIGHLIGHTS:

e 10X1 did not reduce a-globin production in g°-thalassemia/HbE
erythroid progenitor cells.

e 10X1 treatments reduce y-globin and HbF production in f°-thal-
assemia/HbE erythroid progenitor cells.

e EGLNT1, a hypoxia response gene, is upregulated after IOX1 treat-
ments in B°-thalassemia/HbE erythroid progenitor cells.

B-Thalassemia is an autosomal recessive blood disorder that
presents with a quantitative abnormality of B-globin synthesis.
Compound heterozygosity for B -thalassemia and the B-globin
chain variant (HBB: ¢.79G>A, hemoglobin E), hereinafter referred
to as B°-thalassemia/HbE, has been characterized as one of the

severe B-thalassemia genotypes caused by mutations within the
B-globin gene [1]. This leads to the absence of S-globin chain and
adult hemoglobin (HbA, «,8,) production, leaving unpaired a-glo-
bin chains in erythroid lineage cells. Oxidized heme-bound «-globin
chains precipitate in the cell membrane and generate reactive oxy-
gen species (ROS) [2,3]. This eventually results in serious red blood
cell membrane abnormalities, hemolytic anemia, and ineffective
erythropoiesis in B-thalassemia [4,5]. Unless appropriate treatments
are provided, the patients endure chronic anemia and life-threaten-
ing complications. Occasional or constant lifelong blood transfu-
sions with iron chelation have been considered as the first-line
therapy for improving anemia in B-thalassemia. Currently, hemato-
poietic cell transplantation and gene therapy are only the curative
treatments for B-thalassemia [6,7]. Despite the significant clinical
results, shortfalls in access to these approaches compound the
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Figure 1 Reduction of y-globin and HbF expression after IOX1 treatment in g°-thalassemia/HbE. (A) Relative fold change in HBA
(«-globin), HBB (B-globin), and HBG (y-globin) mRNA expression normalized to RPS18 from gPCR analysis at day 12 (n = 7). (B) Rep-
resentative globin chain analysis investigated by reverse-phase HPLC at day 14. (C) Relative globin chain percentage is expressed
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Figure 2 Insignificant change in mRNA expression levels of four selected well-characterized y-globin gene regulators after 10X1
treatment in g°-thalassemia/HbE. Relative fold change was normalized to RPS78 from gPCR analysis at day 12 (n = 7). Data are

expressed as the mean + SD.

profound impact on the inequality of health opportunities in most
patients.

Clinical observations and genetic evidence have indicated that the
co-inheritance of a-thalassemia is one of the beneficial genetic modi-
fying factors in B°-thalassemia/HbE. The patients who inherited one
(-a/ar) or two (—/aa or -a/-a) a-globin gene(s) deletions clearly
exhibit intermediate to very mild phenotypes in which a reduced
transfusion burden is observed [8,91. In addition, the experimental
downregulation of a-globin expression using siRNA [10] and a gene
editing approach [11] in B-thalassemia successfully decreased the
degree of «/B-globin imbalance and revealed phenotypic improve-
ments. This strongly suggested that the decrease in «-globin gene
expression is a promising target for S-thalassemia treatment.

Screening of small-molecule epigenetic modulators revealed that
[OX1, or 5-carboxy-8-hydroxyquinoline, a cell permeable compound
with a broad spectrum 2-oxoglutarate (20G)-dependent oxygenase
inhibitor [12], is capable of inhibiting a-globin mRNA expression in
human cord blood erythroid progenitor cells through the increase in
H3K27me3 and H3K9me3 at the a-globin promoter [13]. This find-
ing suggested the possibility of using IOX1 as a potent therapeutic
pharmaceutical agent to reduce «-globin expression in S-thalassemia
and further improve clinical appearance. However, there is no scien-
tific evidence supporting the hypothesis that IOX1 is able to reduce
the a-globin expression in S-thalassemia. A lack of evidence proving
the potency and efficacy of IOX1 in B-thalassemia limits further appli-
cations. Thus, in this study, the effects of IOX1 in f°-thalassemia/HbE
erythroid progenitor cells were investigated in an erythroid liquid cul-
ture system.

METHODS

Methods are described in detail in the Supplementary Data (online
only, available at www.exphem.org). Briefly, CD34% hematopoietic
stem/progenitor cells (HSPCs) were isolated from seven unrelated
B%-thalassemia/HbE volunteers who had no a-thalassemia co-inheri-
tance after obtaining the written informed consent (Supplementary

Table S1, online only, available at www.exphem.org). HSPCs were
differentiated toward the erythroid lineage in a three-phase liquid cul-
ture system. During in vitro erythropoiesis, [OX1 was added to the
cells and the effects of IOX1 on g%thalassemia/HbE erythroid pro-
genitor cells were investigated. Protocols involving human subjects in
this study were approved by the Research Ethics Committee, Faculty
of Associated Medical Sciences, Chiang Mai University (Study Code:
AMSEC-63EX-110) according to good clinical practices and relevant
international ethical guidelines, the applicable laws and regulations.

RESULTS AND DISCUSSION

I0X1 concentrations ranging from 1 to 100 M were tested on B°-
thalassemia/HbE erythroid progenitor cells during days 4—14 and
days 8—14 of the three-phase liquid culture. Concentrations >5 uM
were removed from further studies because of cytotoxicity (Supple-
mentary Figure S1, online only, available at www.exphem.org). Dose-
dependent effects of relative changes in globin chains and hemoglo-
bin profiles were observed when IOX1 was supplemented on days 4
—14 (Supplementary Figure S2, online only, available at www.
exphem.org). These effects did not differ at concentrations >5 M.
IOX1 exhibited greater potency during the early stage of erythroid
differentiation. At this stage, baseline levels of globin gene expression
were low because of the sophisticated mechanisms of regulation.
Therefore, a pharmacological investigation of globin gene expression
during the early stage was capable of providing greater efficacy. On
the basis of this information, doses of 1 and 5 uM were chosen and
added to the p%thalassemia/HbE erythroid progenitor cells during
days 4—14 of culture to determine the effects of IOX1. No cytotoxic-
ity was observed using 1 and 5 uM IOX1 (Supplementary Figure S3,
online only, available at www.exphem.org). As a result of [OX1 treat-
ment in B%thalassemia/HbE erythroid progenitor cells, y-globin
mRNA expression was significantly reduced (1 uM =0.6 £ 0.2, p <
0.005, and 5 uM = 05 £+ 0.2, p < 0.005), and «- and B-globin
mRNA expression levels were not significantly changed (Figure 1A).
Relative globin chain and hemoglobin analysis were in accordance

as the A%globin (%area under the curve of IOX1-treated — %area under the curve of DMSO—vehicle control, n = 7). (D) Representa-
tive hemoglobin analysis investigated by HPLC at day 14. (E) Relative HbF percentage was represented as A% HbF (% HbF of IOX1-
treated — %HbF of DMSO—vehicle control, n = 7). Data are expressed as the mean + SD. *p < 0.05, **p < 0.005, ***p < 0.001.
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Figure 3 Inhibition of erythroid maturation after IOX1 treatment in f°-thalassemia/HbE. (A) Representative flow cytometry analysis by
measuring the expression levels of CD71 and GPA (CD235a) on the cell membrane at day 12. (B) Quantitative analysis of gated cell
populations (n = 6). (C) Representative Wright—Giemsa-stained cells at day 12 (asterisk indicates erythroid cell in early stage of differ-
entiation; scale bar = 10 «m,). Data are expressed as the mean + SD. *p < 0.05, **p < 0.005, ***p < 0.001.

with the mRNA results. Decreases in A%Gy (I uM = 0.65 + 0.68, p
< 0.05,and 5 uM = 1.69 £+ 0.71, p < 0.005), A%Ay (1 uM = 0.65
+ 0.64,p<0.05,and 5 uM = 1.49 + 0.35, p < 0.001) and A%HbF
(I uM=29+ 18, p<0.05,and 5 uM=5.7 + 2.7, p < 0.005) were

significant (Figure 1B—E; Supplementary Table S2 and S3, online
only, available at www.exphem.org), suggesting that [OX1 mediates
y-globin and HbF silencing in ,Bo-thalassemia/ HbE erythroid progeni-
tor cells. In contrast to the previous IOX1 study in cord blood
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erythroid progenitor cells [131, significant changes in «-globin gene
expression were not observed in the current study (Figure 1). This
finding was also comparable to that in the study in transgenic mice in
which IOX1 failed to reduce a-globin gene expression [ 14]. This may
be due to a dynamic epigenetic landscape within human globin genes
that specifically controls globin expression during development
[15,16]. In contrast to human, mouse erythroid cells behave differ-
ently from the human cells [17]. Therefore, dissimilar sources of ery-
throid progenitor cells may affect globin expression patterns.

The mRNA expression levels of well-known y-globin regulators
including KLF1, BCL11A, LRF, and GATAT were investigated because
the alterations of y-globin expression were noticed in f%-thalassemia/
HbE erythroid progenitor cells after IOX1 treatment. However, no sig-
nificant change was observed among these transcripts (Figure 2). Fur-
thermore, correlation analysis of the changes between well-known
y-globin regulators and globin gene expression revealed no consider-
able relationship (Supplementary Table S4, online only, available at
www.exphem.org). IOX1 effects also exhibited the inhibition of ery-
throid differentiation as marked by a greater cell accumulation within
the R2 population (CD71"8"/GPAME") and a lower cell differentia-
tion into the R3 population (CD71Medu™/GpAHEY) \when compared
with the control on culture day 12 (Figure 3A,B). Erythroid morphol-
ogy assessment confirmed the delay in erythroid differentiation after
IOX1 treatment (Figure 3C). Although there was a marked delay in
differentiation on IOX1 treatment in this study, gene expression alter-
ations of master y-globin regulators were unremarkable. These phe-
nomena were observed in all B%thalassemia/HbE patients regardless
of genotypes or hematological variables. Together, these observations
suggested that IOX1 presumably silenced y-globin and HbF produc-
tion in B’-thalassemia/HbE erythroid progenitor cells through inde-
pendent mechanisms of these four well-known y-globin regulators.

The inhibitory attributes of [OX1 on 20G-dependent oxygenases
are possibly associated with the downregulation of y-globin and HbF
synthesis in %thalassemia/HbE erythroid progenitor cells after [OX 1
treatment. Prolyl hydroxylases (PHDs) are members of the 20G-oxy-
genase family that play important roles in the cellular hypoxia
response pathway [18]. In humans, PHD2 is encoded by egg-laying
defective nine 1 gene (EGLNI) and efficiently hydroxylates the
a-subunit of hypoxia-inducible factors (HIF-o) under normoxic con-
ditions [19,201. The hydroxylated HIF-« is recognized by the tumor
suppressor protein von Hippel—Lindau (pVHL), allowing proteaso-
mal degradation. In contrast to normoxia, HIF-o accumulates, translo-
cates into the nucleus, forms a heterodimeric transcription factor with
HIF-B (aryl hydrocarbon receptor nuclear translocator [ARNTI) and
activates hundreds of genes by recognizing hypoxia response ele-
ments (HREs) within the promoters or enhancers under hypoxic con-
ditions. In addition to an oxygen, PHD2 requires 20G as a co-
substrate for functioning. Therefore, cell treatment with a broad-spec-
trum inhibitory 20G-oxygenase, such as IOX1, can mimic hypoxia
because PHD?2 is inhibited and incapable of hydroxylating HIF-«.
Despite the regulation of PHD2 on HIF-« stability, EGLN' is targeted
to feedback upregulation by HIFs as it contains an HRE element [21].
Therefore, EGLN1 is upregulated under hypoxic conditions and
under treatment with PHD inhibitors [22—24]. With this, mRNA
expression levels of HIFIA, HIF2A, HIFIB, VHL, FIH, EGLNI,
EGLN2, and EGLN3 were investigated after IOX1 treatment in g%
thalassemia/HbE erythroid progenitor cells. Of these, HIF2A,
EGLN2, and EGLNS3 failed to be detected by quantitative PCR
(gPCR) in this study because of C, values >30, comparable to the
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results of previous studies in which the expression of these genes was
poor in most adult tissues, especially bone marrow cells [25,26]. As
expected, a significant increase in EGLN [ expression was observed (1
uM=15+03,p<0.005 and 5 uM = 1.4 + 0.2, p < 0.005) in g°
thalassemia/HbE erythroid progenitor cells after [OX1 treatment,
while the HIFIA, HIFIB, VHL, and FIH were not significantly
changed (Supplementary Figure S4, online only, available at www.
exphem.org). These findings initially demonstrated the inverse associ-
ation between EGLN and y-globin gene expression. Recently, many
studies have reported that PHD2 harnesses crucial functions in ery-
throid cell production [25,27,28], and the pharmacological inactiva-
tion of PHDs results in the upregulation of HbF levels [29,30l.
However, the role of PHD2 in human globin regulation is uncertain
and needs to be finely dissected.

CONCLUSIONS

The present study found that IOX1 is unable to suppress a-globin
gene expression in B’-thalassemia/HbE erythroid progenitor cells.
Instead, IOX1 treatment significantly reduces y-globin and HbF pro-
duction in g%thalassemia/HbE erythroid progenitor cells. IOX1 also
upregulates EGLN 1, which mimics hypoxic conditions and correlates
negatively with y-globin expression in B%-thalassemia/HbE erythroid
progenitor cells. Therefore, repurposing IOX1 to study the hypoxia
response pathway and y-globin gene regulation in S-thalassemia may
be worthwhile.
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SUPPLEMENTARY DATA

Materials and Methods

Primary erythroid cell culture. Peripheral blood samples were
taken from p°-thalassemia/HbE volunteers with no a-thalassemia
co- inheritance. CD34" hematopoietic stem/progenitor cells
(HSPCs) were purified from blood samples using the CD34
MicroBead Kit according to the manufacturer’s instructions (Milte-
nyi Biotec, Gladbach, Germany). Hematological data of the partic-
ipants are described in Supplementary Table S1. Isolated CD34™"
HSPCs were subjected to a three-phase erythroid liquid culture
system. Cells were allowed to proliferate and undergo erythroid
lineage differentiation for 14 days in this culture system at 37°C
and 5% CO; in a 100% humidified atmosphere. Iscove’s Modi-
fied Dulbecco Medium (Cytiva, South Logan, UT) supplemented
with 20% v/v fetal bovine serum (HyClone, Pasching, Austria),
300 ug/mL holo-transferrin (ProSpec, Ness Ziona, Israel) and 1%
v/v penicillin/streptomycin (Gibco, Grand Island, NY) was pre-
pared as a basal medium. Cytokines with different concentrations
including human interleukin-3 (IL-3, PeproTech, Rehovot, Israel),
human stem cell factor (SCF; Peprolech) and erythropoietin
(EPO; Janssen-Cilag, Bangkok, Thailand) were supplemented to
the basal medium during each phase of cell culture as follows:
phase | (days 0-4) included 10 ng/mL IL-3, 50 ng/mL SCF and
2 U/mL EPO; phase Il (days 4-8) included 10 ng/mL SCF and
2 U/mL EPO; and phase Il (days 8-14) included 4 U/mL EPO.
Later, cell density was maintained at 1-2x10° cells/ml.

Compound. 10X1 (SML0067, Sigma-Aldrich, St. Louis, MO) was
freshly dissolved in dimethyl sulfoxide (DMSO; D8418, Sigma-
Aldrich) and added to cells regarding specific conditions. A concen-
tration of 0.1% v/v DMSO was used as the concentration-matched
vehicle control.

Cell proliferation, viability, and morphology. Cells were stained
with 0.4% trypan blue solution and applied to a hemocytometer.
Cell number and viability were examined under a microscope. To
investigate cell morphology, a total of 1x10° cells were harvested on
day 12 and subjected to a cytocentrifugation (Cytospin 3, Thermo
Shandon, Cheshire, UK) at 600 rpm for four minutes. Cells on a slide
were briefly fixed with absolute methanol, stained with Wright-
Giemsa stain and investigated under a microscope (Leica DM750,
Leica Microsystems, Heerbrugg, Switzerland).

Quantitative PCR. Total RNA was extracted from at least 1x10°
cells on day 12 by TRIzol Reagent (Ambion, Carlsbad, CA, USA)

P. Khamphikham et al 14.el

according to the manufacturer’s protocols. cDNA was synthesized
from 1 ug total RNA using ReverTra Ace gPCR RT Master Mix with
gDNA Remover (Toyobo, Osaka, Japan) according to the manufac-
turer’s protocols. Quantitative PCR (qPCR) was performed on
CFX96 Touch Real-Time PCR Detection System (Biorad, Hercules,
CA) using RBC ThermOne Real-Time Premix SYBR Green (RBC
Bioscience, Taipei, Taiwan) according to the manufacturer’s protocols
and specific primers listed in Supplementary Table S5. Relative gene
expression was calculated using 224" method against the expression
of ribosomal protein S18 (RPS18).

Flow cytometry. Cell suspensions were prepared at a final concen-
tration of 1x10° cells on day 12 in 100 ul of 1xDPBS (Cytiva). Flow
cytometric staining was performed using mouse anti-human CD71
PE-conjugated antibody (CY1G4; Biolegend, San Diego, CA) and
mouse anti-human CD235a APC-conjugated antibody (HIR2; Biole-
gend) according to the manufacturer’s recommendations. Stained
cells were analyzed on DxFLEX flow cytometer (Beckman Coulter,
Indianapolis, IN). Data analysis was performed using Flow]o software
version 10.7 (Flow]o LLC, Ashland, OR, USA).

Globin chain analysis. Cell pellets were prepared from at least
1x10° cells on day 14. The pellet was lysed in deionized water with
two freeze-thaw cycles. Hemolysate was used in reverse-phase HPLC
using the Waters HPLC alliance €2695 separations module (Waters
Corporation, Milford, MA) and Aeris 3.6 um WIDEPORE-C4 200 A

" column (Phenomenex, Torrance, CA). HPLC analytical protocol for

globin chain separation was performed as previously described [Hat-
zistavrou et al., 20091.

Hemoglobin analysis. Cell pellets were prepared from at least
1x10° cells on day 14. Each pellet was completely lysed in 500 ul of
Wash/Diluent Solution (BioRad) and subjected to HPLC separation
using VARIANT II g-Thalassemia Short Program (BioRad), following
the manufacturer’s instructions.

Statistical analysis. Statistical analyses were performed on Prism
version 9.0.1 (GraphPad Software, San Diego, CA) using unpaired
Student’s t-test. A P-value of less than 0.05 (p < 0.05) was considered
as statistical significance.

Reference

Hatzistavrou T, Micallef S, Ng ES, Vadolas ], Stanley EG, Elefanty
AG. ErythRED, a hESC line enabling identification of erythroid cells.
Nat Methods. 2009;6(9):659-62.
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Figure S1 Different concentrations of IOX1 were treated on days 4-14 (A-B) and days 8-14 (C-D) during 8°-thalassemia/HbE primary
erythroid cell culture (n = 2). Cell proliferation (A-C) and viability (B-C) were investigated and relatively compared to day 4 or day 8.

Data are presented as average values.
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Figure S2 I0X1 concentrations ranging from 1 to 10 M were treated during g°-thalassemia/HbE primary erythroid cell culture at dif-
ferent time intervals (n = 1) (A-D). Globin chain analysis was performed by reverse-phase HPLC at day 14 (A-B). Bar graph represents
A%globin after IOX1 treatment upon (A) days 4-14 and (B) days 8-14. Hemoglobin analysis was performed by HPLC at day 14 (C-D).
Bar graph represents (C) A%HbF and (D) A%HbA,/E after IOX1 treatment upon days 4-14.
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Figure S3 Cell proliferation (A) and cell viability (B) assessed by trypan blue assay during erythroid differentiation (n = 7). Data are pre-
sented as mean + SD.
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Figure S4 gPCR analysis showing relative mRNA expression fold-change of selected five hypoxia response genes. The expression
level of each gene was normalized to RPS78. Data are presented as mean + SD (n = 7). Data are presented as mean + SD. *p <

0.005

Table S1 Hematological descriptions of g°-thalassemia/HbE patients participated in the IOX1 study.

Age HbF HbAJ/E' RBC Hb Hct MCV MCH RDW NRBC
Sample Sex  (year-old) HBB* (%) (%) x10%ul) (o/dL)’ (%) (L) (pg) (%)  (/100WBC)
BE1 Female 24 CD41/42(-TCTT)/ CD26(HbE) 42.2 57.8 483 90 276 57.1 186 315 33
BE2 Female 29 CD17(A>T)/ CD26(HbE) 228 77.2 397 69 209 526 174 374 49
BE3 Female 30 CD41/42(-TCTT)/ CD26(HbE) 65.6 34.4 273 62 19.7 722 227 331 54
BE4 Male 30 CD17(A>T)/ CD26(HbE) 27.7 723 323 70 225 710 221 330 217.6
BE5 Male 20 CD71/72(+A)/ CD26(HbE 395 60.5 402 76 235 585 189 327 55
BE6 Male 32 CD41/42(-TCTT)/ CD26(HbE) 18.1 81.9 339 6.1 209 617 180 345 51.1
BE7 Female 24 CD17(A>T)/ CD26(HbE) 379 62.1 203 72 213 727 246 221 38

All patients were negative for four deletional a-thalassemias including -7, -a*?2

*HBB was genotyped by Sanger sequencing;
1 HbA, and HbE were coeluted and unable to be separated by HPLC;
1 Hb was measured at steady state or prior an upcoming transfusion;Hb, hemoglobin; RBC, red blood cell; Hct, hematocrit; MCV, mean corpus-
cular volume; MCH, mean corpuscular hemoglobin; RDW, red cell distribution width; NRBC, nucleated red blood cell; WBC, white blood cell
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Table S2 Globin chain analysis of erythroid progenitor cells from g°-thalassemia/HbE patients after IOX1 treatments.

Sample Treatment BE-gIobin (AU) a-globin (AU) Gy-globin (AU) Avy-globin (AU)
BE1 DMSO 0.1% v/v 34.59 55.62 4.06 5.73
I0X1 1 uM 35.62 57.34 2.98 4.06
I0X15 uM 36.51 57.27 2.49 3.73
BE2 DMSO 0.1% v/v 31.49 52.16 8.87 7.48
I0X11 uM 34.45 52.25 6.90 6.40
10X1 5 uM 35.38 53.12 5.92 5.58
BE3 DMSO 0.1% v/v 32.12 49.38 10.33 8.17
I0X11 uM 33.15 49.51 10.17 717
I0X15 uM 35.11 49.23 8.97 6.69
BE4 DMSO 0.1% v/v 31.62 54.85 7.20 6.33
I0X1 1 uM 30.95 55.86 7.04 6.15
I0X15 uM 34.42 54.84 5.91 4.83
BE5 DMSO 0.1% v/v 31.97 56.68 6.52 4.83
I0X11 uM 34.97 54.49 5.90 4.64
10X1 5 uM 34.35 56.25 5.73 3.67
BE6 DMSO 0.1% v/v 28.02 60.59 6.68 4.71
I0X11 uM 30.61 58.71 6.56 412
10X1 5 uM 32.60 59.51 4.38 3.51
BE7 DMSO 0.1% v/v 27.66 57.50 6.98 7.86
I0X1 1 uM 28.78 56.61 6.57 8.04
I0X15 uM 30.54 57.35 5.41 6.70
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Table S3 Hemoglobin analysis of erythroid progenitor cells from f°-thalassemia/HbE patients after IOX1 treatments.

Sample Treatment HbF (%) HbALE (%)
BE1 DMSO 0.1% v/v 29.7 70.3

10X1 1 uM 23.5 76.5

10X1 5 uM 18.6 81.4
BE2 DMSO 0.1% v/v 28.1 71.9

10X1 1 uM 24.6 75.4

10X1 5 uM 21.8 78.2
BE3 DMSO 0.1% v/v 34.4 65.6

1I0X1 1 uM 33.2 66.8

10X1 5 uM 31.6 68.4
BE4 DMSO 0.1% v/v 231 76.9

10X1 1 uM 20.6 79.4

10X1 5 uM 17.4 82.6
BE5 DMSO 0.1% v/v 22.7 77.3

10X1 1 uM 215 78.5

10X1 5 uM 17.4 82.6
BE6 DMSO 0.1% v/v 23.3 76.7

10X1 1 uM 214 78.6

10X15 uM 19.9 80.1
BE7 DMSO 0.1% v/v 294 70.6

10X1 1 uM 25.8 74.2

10X1 5 uM 23.7 76.3
Table S4 Correlation analysis of the changes between well-known y-globin regulators and globin gene expression.

HBA HBB HBG

Correlation I0X11 uM 10X1 5 uM 10X11 uM 10X1 5 uM I0X11 uM I0X1 5 uM
KLF1 -0.143 0.451 0.036 -0.342 0.321 0.505
BCL11A 0.036 -0.036 0.393 0.073 0.321 0.698
LRF 0.829* 0.393 0.649 -0.071 -0.018 0.222
GATA1 0.432 0.214 0.739 0.464 0.288 0.593
*p =0.028
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Table S5 Primers used in gPCR.

P. Khamphikham et al 14.e7

Target Primer name Sequence (5’ to 3’)
HBA hHBA-Fwd TGG ACC CGG TCAACT TCA AG
hHBA-Rev TCA CAG AAG CCA GGAACT TGT
HBB hHBB-Fwd GAA GGC TCATGG CAA GAAAG
hHBB-Rev CAC TGG TGG GGT GAATTCTT
HBG hHBG-Fwd TCA CAG AGG AGG ACA AGG CTA
hHBG-Rev GCT TTATGG CAT CTC CCA AG
KLF1 hKLF1-Fwd CAC ACA GGG GAG AAG CCATA
hKLF1-Rev GAA AAA GCA CGT GGG CAG AG
BCL11A hBCL11A-Fwd GGG AAT TCT CGC CCG AG
hBCL11A-Rev GGG AAGTTCATC TGGCACT
LRF hLRF-Fwd CTT CAC CAG GCA GGA CAA
hLRF-Rev GGT TCT TCA GGT CGT AGT TGT G
GATA1 hGATA1-Fwd CAG GAC AGG CCA CTA CCT AT
hGATA1-Rev CTG ACAATCAGGCGCTICTT
HIF1A hHIF1A-Fwd TTT GGC AGC AAC GAC ACA GA
hHIF1A-Rev CGT TTC AGC GGT GGG TAATG
HIF2A hHIF2A-Fwd CAC CTC GGA CCT TCA CCA CC
hHIF2A-Rev TCCTCTCCGAGCTACTCCTITT
HIF1B hHIF1B-Fwd CAG CCATTG CCT CTG GAAAC
hHIF1B-Rev CAT CAA AAT CCAGCC CTG GTC
VHL hVHL-Fwd ATC CAC AGC TAC CGA GGT CA
hVHL-Rev GGC AAA AAT AGG CTG TCC GTC
FIH hFIH-Fwd TGAATC CCAGTTGCG CAGTTAT
hFIH-Rev CAG CAC CAC AGG CTC CTC ATT
EGLN1 hEGLN1-Fwd CTG GGA TGC CAA GGT AAG TG
hEGLN1-Rev TAC TTC ATG AGG GTT GCG ACG
EGLN2 hEGLN2-Fwd CTACTG CGC TCAGAAGGG G
hEGLN2-Rev CTT CAG GGT GGC CGG AGA
EGLN3 hEGLN3-Fwd GCG TCT CCA AGC GAC AC
hEGLN3-Rev CAA GCC ACC ATT GCC TTA GAC
RPS18 hRPS18-Fwd GGATGA GGT GGAACG TGT
hRPS18-Rev CTAGGA CCTGGC TGTATTTTC

Downloaded for Anonymous User (n/a) at Chiang Mai University from ClinicalKey.com by Elsevier on March 30,
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



	IOX1 Fails to Reduce α-Globin and Mediates γ-Globin Silencing in Adult β0-Thalassemia/Hemoglobin E Erythroid Progenitor Cells
	METHODS
	RESULTS AND DISCUSSION
	CONCLUSIONS
	Conflict of Interest Disclosure
	Conflict of Interest Disclosure
	Acknowledgments
	Data availability

	Supplementary materials
	References
	Supplementary Data
	Materials and Methods
	Primary erythroid cell culture
	Compound
	Cell proliferation, viability, and morphology
	Quantitative PCR
	Flow cytometry
	Globin chain analysis
	Hemoglobin analysis
	Statistical analysis




