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Introduction

Abstract

Background: Hemoglobin H-Constant Spring disease (HbH-CS disease) is
the most common non-deletion HbH disease in the south of China, and it is an
autosomal recessive blood system disease. The interaction of long non-coding
RNAs (IncRNAs), which have been shown to interact with microRNAs (miRNA)
could provide new insights into the epigenetic regulation of bead conversion
and potentially develop new therapeutic modalities for thalassemia. The aim
of this experiment was to investigate the effect of SNHG6/miR-579-3p/TFRC
regulatory network on hemoglobin H-CS disease.

Methods: Bioinformatics analysis was used to predict the potential target
genes mMiRNAs and miRNA-targeted mRNAs of SNHG6, and Real Time
Quantitative Polymerase Chain Reaction (RT-gPCR) was used to analyse
the differential expression of IncRNAs, miRNAs and mRNAs. Dual luciferase
reporter gene assay was performed to identify the targeting relationship between
SNHG6, miRNA, and mRNA. SNHG6-mediated oxidative stress and iron death
effects were detected after loss-of-function and gain-of-function effects.

Results: SNHG6 is capable of interacting as a competitive endogenous RNA
(ceRNA) with a variety of miRNAs, including miR-579-3p, and its competitive
interaction with miR-579-3p regulates the expression level of TFRC. Silencing
of SNHG6 was able to reduce the expression level of TFRC and decrease the
level of cellular oxidative stress and iron death. Silencing miR-579-3p was able
to restore SNHG6-mediated oxidative stress and iron death levels.

Conclusion: Our study confirms that SNHG6 activates TFRC expression
through competitive interaction with miR-579-3p, which affects haemoglobin
and iron death levels in haemoglobin H-CS disease. It provides new insights into
the development of haemoglobin H-CS disease and may provide new targets for
the treatment of patients with haemoglobin H-CS disease.
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Thalassaemia is one of the most common single-gene disorders
and is an inherited haemolytic disorder with reduced production of
haemoglobin pearl protein chains due to mutations or deletions in the
pearl protein gene, with a- and -thalassaemia being the most common
types [1]. Common in the southern region of China, Guangdong,
Guangxi and Hainan, with the rate of carrier of the causative gene in
Guangxi region being the highest in the country at 23.9 per cent, of
which a-thalassaemia is 17.5 per cent and -thalassaemia 6.4 per cent,
which is a major health problem in Guangxi Province [2,3].

Normally, human haemoglobin is a tetramer consisting of 2
pairs of bead protein chains, with the gene coding for a-bead protein
located near the telomere on chromosome 16, including 1 embryonic
and 2 fetal/adult genes along the chromosome [4]. Humans have four
genes coding for alpha-pearl proteins, and when three of these genes
are mutated or missing, alpha-globin chain synthesis is reduced, and
excess beta-globin chains form a tetramer, known as hemoglobin
H disease (HbH disease) [5]. HbH diseases can be divided into
deletional and non-deletional types, with haemoglobin H-Constant
Spring disease (HbH-CS disease) being the most common non-

deletional type of alpha-thalassaemia [6]. HbH-CS disease is caused
by a non-deletion-type mutation in the a2- globin chain gene that
disrupts the stop codon and results in an unstable a- globin chain
[7]. Compared with deletional types of HbH diseases, patients with
HbH-CS disease develop growth defects in infancy, have more severe
anemia, and haemolytic crises caused by infections, fever, etc., and
often require regular blood transfusions [8].

Long non-coding RNA (IncRNA) is a non-coding RNA composed
of more than 200 nucleotide units. IncRNAs play important roles in
chromatin modification, transcriptional regulation, etc., in which
they are important for the protection and stabilisation of mRNAs,
and are able to competitively bind with specific miRNAs to organise
the binding of miRNAs to their target mRNAs, thus relieving the
inhibitory effect of miRNAs on gene synthesis [9,10]. It has been
shown that IncRNAs are involved in the regulation of the terminal
maturation stage of erythrocytes during their proliferation and
differentiation [11]. With the intensive study of IncRNAs, several
IncRNAs were found to be differentially expressed in thalassaemia,
which may be involved in the proliferation and differentiation of the
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haematopoietic system and Hb production [12-14]. However, the role
and mechanism of IncRNAs in HbH-CS disease are not clear. The
aim of this study was to investigate the expression profile of IncRNAs
in HbH-CS disease and whether IncRNAs play a role in biological
processes such as haemoglobin synthesis and erythrocyte proliferation
and differentiation in HbH-CS disease in the hope of providing new
approaches and strategies for the treatment of HbH-CS disease.

Methods
Study Participants

In this experiment, peripheral blood samples were collected from
four HbH-CS patients (genotype: --*** /a“a) and four normal (Hb >
110 g/L) healthy subjects. The exclusion criteria of the present study
were as follows:1) concomitant with other thalassemia mutations; 2)
serum ferritin (SF) < 12ug/ul; 3) received splenectomy; 4) history of
blood transfusion within two months; 5) concomitant with infections,
neoplasms, and autoimmune disorders. The study complied with the
Declaration of Helsinki Principles and was approved by the Ethics
Committee of the Affiliated Hospital of Guilin Medical University
(NO.2023YJSLL-156). Participants were from the Affiliated Hospital
of Guilin Medical University and provided written informed consent
before the start of the experiment.

Cell Culture and Transfection

The cell lines used in this experiment were human chronic myeloid
leukaemia K562 cells (MeilunBio, China) and human embryonic
kidney 293T cell line. The K562 cell line stably expressing SNHG6
and miR-579-3p was established by lentiviral infection (Genechem,
China). Cells were cultured in RPMI1640 medium (Gibco, USA)
containing 10% fetal bovine serum (FBS), 100 U/mL penicillin, and
100 ug/ml streptomycin in an incubator at 37°C, 5% CO,.

Separation of Nucleated Red Blood Cells

About 10 ml of peripheral blood sample was collected, and
monocytes were isolated using density gradient centrifugation
Monocyte Separation Medium (Solarbio, China). Reticulocytes and
nucleated erythrocytes were separated from monocytes using the
CD71+ (CD71 Antibody, anti-human, REAfinity™) selection method
of the MACSTM separation system (Miltenyi Biotech, Auburn, CA,
USA), and the purity of the sorting was determined by flow cytometry.

IncRNA Microarray Analysis

After isolation of nucleated erythrocytes from the collected 4V4
samples, they were analysed by Arraystar microarray sequencing,
and differentially expressed IncRNAs between the two comparison
groups were identified by fold change (FC) and statistical significance
(P-value) thresholds (Kangcheng Biotechnology, China).

Bioinformatics Analysis

Arraystar microarray raw data were screened with P-value < 0.05
and FC > 1.5. The Starbase [15] was used to predict potential target
genes of SNHG6 and miR-579-3p to construct ceRNA networks.

RNA Extraction and RT-gPCR

Total RNA was extracted using TRIzol Reagent (Takara, Japan),
and then reverse transcribed to cDNA using PrimeScript RT Enzyme
Mix I kit and miRNA fluorescence quantitative RT kit (Takara, Japan).

Table 1: Primer sequences of related genes in RT-qPCR.

Genes Sequences (5-3')

SNHG6-F GAAGCGCGAAGAGCCGTTAG
SNHG6-R CCACACTTGAGGTAACGAAGC
miR-579-3p UUCAUUUGGUAUAAACCGCGAUU
TFRC-F AAACAGCCGTCAGCCAAATGT
TFRC-R GGTCAGTGCTCGCTTCTTAGC
B-actin-F CAGGCACCAGGGCGTGAT
B-actin-R TAGCAACGTACATGGCTGGG

Ue-F CTCGCTTCGGCAGCACA

UB-R AACGCTTCACGAATTTGCGT

F: Forward Primer; R: Reverse Primer.

RT-qPCR analysis was carried out using TB Green Premix Ex Taq II
kit (Takara, Japan) for RT-qPCR analysis. Relative gene expression
was calculated using the 244 comparison method with B-actin as
the internal reference gene. Primer sequences are shown in Table 1.

Dual-luciferase Reporter Gene Assay

According to the prediction of Starbase database, there are
binding sites between SNHG6 and miR-579-3p, and between miR-
579-3p and TFRC. After constructing the seed sequences, they were
inserted into wild-type (WT) and mutant (MUT) plasmids by double-
enzyme digestion, and the mimics and negative controls (NC) were
co-transfected into cells with wild-type or mutant plasmids. The
luciferase activity in the cell lysate was measured using a dual luciferase
reporter kit (Hanbio Biotechnology, China) and a microplate reader.

Determination of Lipid Oxidation (MDA) Content

MDA content was determined using the Lipid Oxidation (MDA)
Assay Kit (Beyotime, China). The standards were configured and
standard curves were made according to the instructions. A total
of 4x10° cells were taked and 0.4 ml of PBS was added, followed by
0.2 ml of MDA detection working solution, heated in boiling water
bath for 30 min, cooled to room temperature, and centrifuged at
1000g/10min. The supernatant was taken and added into 96-well plate
(200ul/well), and the absorbance value at 532 nm was determined. All
the experiments were carried out independently for three times.

Determination of Reduced Glutathione (GSH) Content

The intracellular GSH content was determined using the
Elabscience Reduced Glutathione (GSH) Colorimetric Assay Kit
(Elabscience, China). Standards were configured and standard curves
were made according to the instructions. One x10° cells were taken
and 300 pl of PBS was added, mixed well and centrifuged at 10,000
g/10 min at 4°C, then the supernatant was retained for measurement.
A total of 0.1ml of supernatant and 0.1ml of Acid Reagent were mixed
well, centrifuge at 4500g/10min and left to be measured.

One hundred pl of supernatant and 100 pl of Acid Reagent werre
added to the test and blank wells of the 96-well plate respectively,
then 25 pl of DTNB Solution was added it to the blank wells, and
then 100 ul of Phosphate was added to the test wells and blank wells
respectively. The plate was vibrated for 1 min and the absorbance at
405 nm (OD value) was determined after 5 min of standing.

Determination of Fe?* Content

Intracellular Fe** content was determined using the Elabscience
Cytosubstituted Ferrous Colourimetric Test Kit (Elabscience,
China). The standards were configured and standard curve was
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plotted according to the instructions. Onex10° cells was taked and
0.2ml buffer was added, mixed thoroughly and lysed on ice followed
by, centrifuged at 15000rpm/10min. Eighty ul of supernatant was
added to the 96-well plate, and 80 ul of colour development solution
was added, and then incubated at 37°C for 10min and measured
the absorbance values (OD value) at 593nm. All experiments were
performed independently three times.

Cell Proliferation Assay

Cell viability was analysed using CCK-8 reagent kit (MeilunBio,
China). Cells were inoculated at 5 x 10*/well (100 ul) in 96 plates and
incubated for 24h. After 24h, 10 pl CCK-8 reagent was added to each
well and incubation was continued for 2h. The absorbance values
(OD values) at 450-490 nm were determined for each well, and all
experiments were performed independently three times.

Apoptosis Assay

Since cellular lentiviral transfection contains fluorescence, the
expression of apoptosis-related proteins (bcl-2, caspase-3) was
detected using Western blot. Proteins were separated using SDS-
PAGE and transferred to a PVDF membrane. Primary antibodies
bcl-2 (1:1000) and caspase-3 (1:2000) were incubated at 4°C for 12
hours. After removal of primary antibody, goat anti-rabbit secondary
antibody (1:10000, Servicebio) was incubated for 12 hours at room
temperature. Protein expression was detected by chemiluminescence,
and grey scale values were processed and relative protein expression
calculated using Image ] software.

Western Blot

Total protein was extracted by adding RIPA lysis buffer
(Servicebio) to the cells. Protein concentrations were determined
using a BCA protein assay kit (Solarbio) and protein concentrations
were adjusted so that they were consistent between the different
groups. Proteins were separated using SDS-PAGE and transferred
to a PVDF membrane (Billerica, USA). Primary antibodies TFRC
(1:10000), ACSL4(1:10000), GPX4(1:5000), FTHI1(1:2000), and
GAPDH (1:500) were incubated for 12 h at 4°C. These antibodies
were obtained from abcam, Cambridge, UK. After removing the
primary antibody from the surface of the PVDF membrane using 1x
TBST, the goat anti-rabbit secondary antibody (1:10000, Servicebio)
was incubated for 12 h at room temperature. Protein expression was
detected by chemiluminescence, and grey scale values were processed
and relative protein expression calculated using Image J.

Statistical Analysis

Statistical analyses were performed using SPSS 21.0, and data
were expressed as mean * standard deviation(+SDs). Differences
between groups were compared using t-test. P < 0.05 indicates
statistically significant differences. All experiments were conducted
independently at least three times.

Results

Microarray Determination of IncRNA Profiles and RT-qPCR
Detection

To determine the expression of IncRNAs in HbH-CS disease, we
collected blood samples from four pairs of HbH-CS disease patients
and healthy individuals for microarray testing. The results showed

that 5389 IncRNAs were differentially expressed (FC > 2, P < 0.05).
Among them, 1393 IncRNAs were up-regulated and 3996 IncRNAs
were down-regulated (Figure 1A-1C). The differentially expressed
IncRNAs were also detected using RT-qPCR, which showed that
SNHG6 was significantly upregulated in patients with HbH-CS
disease (P < 0.05) (Figure 1D).

CeRNA Network Construction and Characterisation

The target miRNA of SNHG6 was predicted using the online tool
Starbase and intersected with the original microarray data (Figure
2A). The related target miRNAs were detected using RT-qPCR, which
showed that miR-579-3p was significantly downregulated in patients
with HbH-CS disease (P < 0.05) (Figure 2B). Then the target mRNA of
miR-579-3p was predicted using the online tool Starbase and crossed
with the original microarray data (Figure 2C), while the target gene
TFRC was identified based on the functional relevance of the protein.
The expression of TFRC was detected using RT-qPCR, and the results
showed that TFRC was significantly up-regulated in patients with
HbH-CS disease (P < 0.01) (Figure 2D and 2E). Finally, SNHG6/miR-
579-3p/TFRC was identified as the ceRNA network for this study.

Dual Luciferase Reporter Gene Test

Bioinformatics analysis showed that miR-579-3p was able to bind
to SNHG6 3°UTR and TFRC 3’UTR, and the targeting relationship was
verified using a dual luciferase reporter gene assay. The results showed
that luciferase activity was significantly reduced after co-transfection
of wild-type SNHG6 with miR-579-3p mimic, whereas the inhibition
of luciferase activity was not obvisous after co-transfection of mutant
SNHG6 with miR-579-3p mimic, which siggests that miR-579-3p was
able to specifically bind to the SNHG6 3' UTR (P < 0.001) (Figure 3A
and 3B). Similarly experiments demonstrated that miR-579-3p was
able to specifically bind to the TFRC 3' UTR (P < 0.001) (Figure 3C
and 3D). Targeting relationship in the SNHG6/miR-579-3p/TFRC
network was existed.

Expression of SNHG6, miR-579-3p, and TFRC in K562 Cells

To further validate the expression of the relevant genes in K562
cells, we constructed SNHG6 down-regulated cell lines and SNHG6
and miR-579-3p down-regulated co-transfected cell lines.

The subgroups were sh-SNHG6 NC group, sh-SNHG6 group, sh-
SNHG6+inhibitor NC group, and sh-SNHG6+miR-579-3p inhibitor
group. NC was the negative control, which was the interfering
sequence of SNHG6 and miR-579-3p mimics. RT-qPCR results
showed that miR-579-3p expression level of sh-SNHG6 +inhibitor
NC group and the sh- SNHG6 group was significantly higher than
the sh-SNHG6 NC group, while TFRC expression level of sh-SNHG6
+inhibitor NC group was significantly lower than the sh-SNHG6
NC group (P < 0.001 and P < 0.01) (Figure 4A and 4C). In addition,
sh-SNHG6+miR-579-3p inhibitor group had a significantly higher
SNHGS6 expression level and TFRC expression level (P < 0.05 and P <
0.01) (Figure 4B).

Western blot results showed that TFRC protein expression level
was significantly lower in sh-SNHG6 group and TFRC protein
expression level was significantly higher in sh-SNHG6 +miR-579-
3p inhibitor group compared to the sh-SNHG6 NC group and sh-
SNHG6 +inhibitor NC group (P < 0.01 and P < 0.001) (Figure 4D).
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Figure 1: Comparison of INcCRNA expression profiles between patients with HbH-CS disease and healthy individuals. (A) Scatter plot showing the distribution of
IncRNA expression. (B) Volcano plot showing differential expression of INcRNAs. (C) Clustered heat map showing differential expression of IncRNAs in HbH-CS
disease patients and healthy individuals. (D) RT-gPCR was used to detect the relative expression levels of SNHG6 in samples from HbH-CS disease patients and

healthy individuals, N = 15, *P < 0.05.

Effect of SNHG6/miR-579-3p on the Level of Oxidative
Stress

In order to explore the effects of SNHG6 and miR-579-3p on
the level of cellular oxidative stress, we determined the content of
MDA and GSH in stably transfected cell lines. The results showed
that the MDA content was significantly lower and the GSH content
was significantly higher in the sh-SNHG6 group compared to the sh-
SNHG6 NC group and sh-SNHG6 +inhibitor NC group (P < 0.05);
while the MDA content had a significantly higher level and GSH
content had a significantly lower level in the sh-SNHG6 +miR-579-3p
inhibitor group (P < 0.05) (Figure 5A and 5B).

Effect of SNHG6/miR-579-3p on Fe?* Levels

The results of intracellular Fe** content measurement showed
that Fe** content was significantly lower in the sh-SNHG6 group and
higher in the sh-SNHG6+miR-579-3p inhibitor group, compared to
the sh-SNHG6 NC group and sh-SNHG6+inhibitor NC group (P <
0.01 and P < 0.001) (Figure 6).

Effect of SNHG6/miR-579-3p on Cell Proliferation Apoptosis

The results showed that the proliferation ability of cells in sh-
SNHGS6 group was significantly enhanced at 24h, and the proliferation
ability of cells in sh-SNHG6+miR-579-3p inhibitor group was
significantly inhibited at 12h compared to sh-SNHG6 NC group and
sh-SNHG6+inhibitor NC group (P < 0.01) (Figure 7A and 7B).

Western blot detection of apoptosis-related protein expression
showed that, compared with sh-SNHG6 NC group and sh-
SNHG6+inhibitor NC group, the expression level of bcl-2 protein in
the sh-SNHG6 group was significantly higher, while the expression
level of caspase-3 protein was significantly decreased (P < 0.05 and
P < 0.001); moreover, bcl-2 protein expression level was significantly
decreased and caspase-3 protein expression level was significantly
increased in sh-SNHG6+miR-579-3p inhibitor group compared to
the NC group (P < 0.05 and P < 0.01) (Figure 7C).
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detection of the expression levels of SNHG6 (A), miR-579-3p (B), and TFRC
(C) in K562 cells transfected with control, SNHG6 inhibitor, SNHG6 and miR-
579-3p inhibitor, N = 3, *P < 0.05, **P < 0.01, ***P < 0.001. (D) Western
blot analysis of protein expression levels of TFRC in K562 cells transfected
with control, SNHG6 inhibitor, SNHG6 and miR-579-3p inhibitor, N = 3, **P <
0.01, ***P < 0.001. Results are shown as mean + SD from three independent
experiments.
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Figure 3: Dual luciferase reporter gene assay. (A) SNHG6 binding sites
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interaction with miR-579-3p, ***P < 0.001. (C) Binding site of miR-579-
3p with TFRC. (D) Dual luciferase reporter gene detection of miR-579-3p
interacting with TFRC-3'UTR, ***P < 0.001.
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Figure 5: Detection of lipid oxidation in K562 cells. (A) Detection of MDA
content in K562 cells transfected with control, SNHG6 inhibitor, SNHG6
and miR-579-3p inhibitor, N = 3, *P < 0.05. (B) Detection of GSH content in
K562 cells transfected with control, SNHG6 inhibitor, SNHG6 and miR-579-
3p inhibitor, N = 3, *P < 0.05. Results are shown as mean = SD from three
independent experiments.

Effect of SNHG6/miR-579-3p on the Expression of Iron
Death-related Proteins

The expression of iron death-related proteins was detected by
Western blot. The results showed that compared with the sh-SNHG6
NC group and sh-SNHG6+inhibitor NC group, the expression level
of ACSL4 protein was significantly lower (P < 0.001), the expression
level of GPX4 protein was significantly higher (P < 0.01), and the
FTH1 protein expression levels were significantly higher in the sh-
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Figure 6: Detection of Fe?* content in K562 cells. Detection of Fe?* content in
K562 cells transfected with control, SNHG6 inhibitor, SNHG6 and miR-579-
3p inhibitor, N = 3, **P < 0.01, ***P < 0.001. Results are shown as mean + SD
from three independent experiments.

SNHG6 group (P < 0.01); while the ACSL4 protein expression levels
were significantly higher (P < 0.01), GPX4 protein expression levels
were significantly lower (P < 0.001), and FTHI1 protein expression
levels were significantly lower (P < 0.001) in the sh-SNHG6+miR-
579-3p inhibitor group (Figure 8A-8C).

Discussion

In this study, we investigated IncRNA SNHG®6 as an endogenous
competitive RNA to bind to miR-579-3p thereby deregulating the
inhibitory effect of miR-579-3p on TFRC, and explored the effects of
SNHG6/miR-579-3p/TFRC on HbH-CS disease in terms of oxidative
stress, Fe?*, apoptosis, and cell proliferation and iron death.

HbH-CS is one of the common thalassaemia syndromes, with a
marked decrease in haemoglobin and severe clinical manifestations,
including hepatosplenomegaly, growth retardation or transfusion-

Q&' &S E ‘@0 dependent haemoglobinopathy in severe cases [16,17]. HbH-CS

& & 61@ .@‘& disease is due to the non-deletion gene mutation that reduces the
oy

& ) qﬂﬁ production of a-globin chains and leads to ineffective erythropoiesis,

and the imbalance of a- globin chains and B-globin chains can
form unstable haemoglobin tetramers, and the decomposition of
these tetramers releases a large amount of free iron, reactive oxygen
species and so on to further promote erythropoietic cell death,
which aggravate the anaemia [7,8]. Transcriptional and epigenetic
mechanisms are important intrinsic factors regulating erythropoiesis,
and IncRNAs play an important role in transcriptional regulation. It
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Figure 7: Detection of K562 cell proliferation and apoptosis. (A, B) Proliferation of K562 cells transfected with control, SNHG6 inhibitor, SNHG6 and miR-579-3p
inhibitor was detected by CCK8, N = 3, **P < 0.01, ***P < 0.001. (C) Western blot assay was performed to detect the protein expression levels of apoptosis-
related genes bcl-2 and caspase-3 in K562 cells transfected with control, SNHG6 inhibitor, SNHG6 and miR-579-3p inhibitor. N = 3, *P < 0.05, **P < 0.01,
***P < 0.001. Results are shown as mean + SD from three independent experiments.
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Figure 8: Western blot analysis of ACSL4, GPX4 and FTH1 expression.
Protein expression levels of iron death-related genes ACSL4 (A), GPX4
(B), and FTH1 (C) in K562 cells transfected with control, SNHG6 inhibitor,
SNHG6 and miR-579-3p inhibitor were detected by Western blot, N = 3, **P <
0.01, ***P < 0.001. Results are shown as mean + SD from three independent
experiments.

has now been demonstrated that IncRNAs play an important role in
the transcription of erythroid lineage genes and are involved in the
regulation of the terminal maturation stage during the proliferation
and differentiation of erythroid cells [11,14].
have demonstrated that IncRNAs play an important role in the
pathogenesis of haematopoietic and blood disorders, e.g. lincRNA-
EPS promotes apoptosis in mouse erythroid precursors [18]; multiple
erythroid-restricted expression of IncRNA transcripts is able to target
key erythroid transcription factors [19]; and lincRNA SRA promotes
the expression of the erythroid lineage in primary human erythroid
progenitor cells program transcriptome expression and expression
of red lineage markers, among others [20]. With the identification of
IncRNAs in hematopoiesis, it can help us to better understand the role
of IncRNAs in blood cells and may be a new marker for diagnosis,
prognosis and prediction of response to therapy in diseases [21].
However, most studies of IncRNAs in thalassaemia have focused
on (-thalassaemia, for example, NR-001589 can activate HBE1 and
haematopoietic lineage-inducing factor epitopes thereby increasing
the expression of HbF [14]; MALAT1 may be associated with the
phenotype and comorbidities of p-thalassaemia, and MIAT may be
correlated with the severity of p-thalassaemia [12]. In a-thalassaemia,
IncRNA-aGT is able to promote the activation of the a- globin chains
adult gene [22]. These existing experimental results have focused on
-thalassaemia, while the differential expression and mechanism of

Previous studies

action of IncRNA in HbH-CS disease have rarely been investigated.
Therefore, in order to find out whether there is differential expression
of IncRNA in HbH-CS disease and to further understand the related
mechanism, we collected peripheral blood of patients with HbH-CS
disease and healthy individuals for microarray sequencing, to identify
the role of IncRNA in the differential expression of IncRNA in HbH-
CS disease. A total of 5389 IncRNAs were found to be differentially
expressed, of which 1393 IncRNAs were upregulated and 3996
IncRNAs were downregulated. To further understand the relevant
roles and mechanisms played by IncRNAs, we screened the microarray
raw data and identified them by RT-qPCR, which showed that the
expression of SNHG6 was significantly elevated in HbH-CS disease. It
has been demonstrated that SNHG6 may be involved in regulating the
process of haematopoietic differentiation, and knockdown of SNHG6
was able to cause differences in the expression of erythrocyte-specific
genes (e.g. haemoglobin subunits) and platelet-specific genes [23].
Therefore, we speculate that SNHG6 may play an important role in
erythropoiesis and haemoglobin production in HbH-CS disease.

We identified the existence of a targeting relationship between
SNHG6 and miR-579-3p by the online tool Starbase prediction as
well as a dual luciferase reporter gene assay, and identified that miR-
579-3p expression was significantly reduced in HbH-CS disease by
RT-qPCR. It has been shown that miR-579-3p plays an important
role in cell proliferation and migration, and is able to regulate the
iron death process through interaction with SQLE [24]. We again
identified the existence of a targeting relationship between miR-579-
3p and TFRC by the online tool Starbase prediction as well as a dual
luciferase reporter gene assay, and identified a significantly elevated
expression of TFRC in HbH-CS disease by RT-qPCR. It has been
shown that TFRC is specifically expressed in erythroid precursors
and decreases with erythroid differentiation, and is one of the major
factors in iron uptake during erythroid growth and development [25].
Iron is required for the synthesis of haemoglobin during erythrocyte
growth and development, and up-regulation of TFRC and porphyrin
synthesis genes in erythrocytes during the final stages of erythrocyte
differentiation can increase iron uptake and haemoglobin production
[26]. Pathological reduction of TFRC expression in erythrocytes
results in microcytic anaemia [27,28]. Patients with HbH-CS have
severe anaemia, with predominantly ineffective erythropoiesis, and
up-regulation of TFRC promotes the uptake of iron into the cells,
thereby increasing erythropoiesis. Iron is an essential nutrient for
biological processes such as oxygen transport, protein synthesis, DNA
replication, and oxidative phosphorylation [29], and its electron-
gaining and electron-losing properties also favour the production of
reactive oxygen species (ROS), so that intracellular iron levels need to
be strictly controlled [30,31]. TFRC is able to translocate extracellular
iron intracellularly, and up-regulation of TFRC increases iron uptake
as well as the pool of unstable redox-activated iron, which leads to
iron death [32,33]. Upregulation of TFRC in patients with HbH-CS
disease increases intracellular iron content, with some risk of causing
cellular iron death.

To explore the role of SNHG6/miR-579-3p/TFRC, we further
investigated it in in vitro experiments. K562 is a chronic myeloid
leukaemia cell line with an embryonic/fetal globin gene expression
pattern that is induced to differentiate into an erythroid cell line.
Therefore, we chose K562 cells for in vitro experiments. The
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experiments showed that down-regulation of SNHG6 would up-
regulate the expression level of miR-579-3p, down-regulate the
expression level of TFRC, reduce the level of cellular oxidative stress,
reduce the level of intracellular Fe*, promote cell proliferation,
inhibit apoptosis, up-regulate the expression of GPX4 and FTH1, and
down-regulate the expression of ACSL4; Down-regulation of miR-
579-3p was able to compensate for the effect of down-regulation of
SNHG6; up-regulation of the expression level of TFRC, increased the
level of cellular oxidative stress, increased the level of intracellular
Fe*, inhibited cellular proliferation, and promoted apoptosis,
down-regulation of the expression of GPX4 and FTHI, and
up-regulation of the expression of ACSL4.

These experiments demonstrated that down-regulation of
SNHG6 was able to reduce TFRC expression thereby decreasing
the transfer of extracellular iron into the cell, decreasing
intracellular Fe** levels, decreasing the level of intracellular
oxidative stress, and decreasing the pool of unstable redox iron.
The down-regulation of TFRC expression increased the expression of
GPX4, FTHI, and the up-regulation of GPX4 expression increased the
reduction of various oxidative substrates thereby protecting the cells
from damage caused by oxidative stress [34,35], and up-regulation
of FTHI expression increases storage and detoxification of excess
intracellular iron [36], thereby reducing cell death due to increased
intracellular iron and oxidative stress. In contrast, downregulation of
TFRC expression decreases ACSL4 expression, which decreases the
sensitivity of cells to iron death and inhibits the activation of cellular
iron death [37,38].

Conclusions

In conclusion, we identified differentially expressed IncRNAs in
HbH-CS disease. Our results suggest that SNHG6, miR-579-3p and
TFRC can constitute a ceRNA network, and that down-regulation of
SNHGS6 reduces the level of cellular oxidative stress and inhibits the
activation of iron death. Thus, we have preliminarily elucidated the
mechanism of SNHG6/miR-579-3p/TFRC network action on HbH-
CS disease, further deepening our understanding of HbH-CS disease.
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