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Abstract. Hereditaryelliptocytosis (HE) is a hereditary 
hemolytic disease, characterized by the presence of many 
elliptical erythrocytes in the peripheral blood that is caused 
by abnormal cytoskeletal proteins in the erythrocyte 
membrane. In the present study, a novel, causal HE mutation 
was reported. Routine blood examinations were performed 
on the proband and their family, and the fluorescence inten-
sity of eosin‑5‑maleimide (EMA)‑labeled erythrocytes was 
determined via flow cytometry. Subsequently, DNA was 
extracted from the peripheral blood of the proband and their 
family members, and amplified by quantitative polymerase 
chain reaction. The Sanger sequencing approach was used 
to determine and identify gene mutations, which were veri-
fied by matrix‑assisted laser desorption‑ionization time of 
flight (MALDI‑TOF) mass spectrometry. To exclude genetic 
polymorphisms, newly identified mutations were subjected to 
large‑scale gene screening using high‑resolution melt analysis. 
Protein expression levels in the erythrocyte membrane of the 
proband were determined via SDS‑PAGE, which demonstrated 
that, compared with healthy controls, the proband exhibited 
a reduction in EMA‑labeled erythrocytes. In addition, DNA 
analysis demonstrated that the proband carried three muta-
tions in the spectrin α chain erythrocytic 1 (SPTA1) gene: 
c.161A>C, c.5572C>G and 6531‑12C>T. The corresponding 
mutant polypeptides were also analyzed by MALDI‑TOF mass 
spectroscopy. SDS‑PAGE analysis indicated that the proband 

exhibited normal levels of erythrocyte membrane proteins. In 
the present study, a novel HE case with a His54Pro mutation 
in the SPTA1 gene was reported. The results suggested that 
the His54Pro mutation influenced the role of erythrocyte 
membrane proteins without reducing its level of expression.

Introduction

Hereditary elliptocytosis (HE) disease refers to a type of 
familial inherited hemolytic disease that is characterized 
by a broad spectrum of clinical severities, ranging from an 
asymptomatic carrier to life‑threatening anemia with trans-
fusion‑dependency (1). The main inheritance mode of HE is 
autosomal dominant; the other modes are associated with true 
recessive inheritance and novel mutations. The global incidence 
of HE disease is high, particularly in the malaria‑endemic 
areas of West Africa where the prevalence of HE is 2% (2). 
The typical clinical characteristics of HE include, spleno-
megaly, jaundice and anemia, with the presence of elliptically 
shaped erythrocytes in peripheral blood smears. However, due 
to high levels of heterogeneity, patients with HE can easily be 
misdiagnosed and there are ~1/3,000 heterozygous mutation 
carriers in the world with no obvious signs of jaundice or 
anemia (3). A common molecular biological basis of all types 
of HE is either a deficiency or dysfunction of one or more of 
the following 3 proteins: Protein 4.1, and α‑ and β‑spectrin 
proteins encoded by the genes, erythrocyte membrane protein 
band 4.1 (EPB41), spectrin α chain erythrocytic 1 (SPTA1) 
and spectrin β chain erythrocytic (SPTB), respectively (4). In 
particular, α‑ and β‑spectrin proteins alter the morphology of 
erythrocytes, from the normal biconcave disc structure toan 
elliptical shape, there by causing the irreversible deformity of 
red blood cells (RBCs) (5). Heteromorphic erythrocytes are 
susceptible to being trapped within the splenic cord and are 
removed by the splenic reticuloendothelial system, which can 
lead to hemocytolysis and increased free bilirubin levels.

The SPTA1 gene is 80 k Bin length, contains 52 exons 
and is located on chromosome 1q22‑q23. The gene encodes a 
2,429 amino acid‑long protein, α‑spectrin, which accounts for 
21% of total erythrocyte membrane proteins. It constitutes the 
lateral linkage of the erythrocyte membrane skeleton protein 
network with β‑spectrin and protein 4.1 (6). In the present 
study, a novel molecular defect in α‑spectrin, His54Pro, was 
detected, which resulted in a heterozygous point substitution in 
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exon II of the SPTA1 gene. In addition, clinical characteristics 
and laboratory results of the proband and their family are 
summarized to provide a reference for prenatal check‑ups and 
diagnosis of HE.

Materials and methods

Routine examination. Written informed consent was obtained 
from all participants enrolled in the present study. The study 
protocol was approved by the Ethics Committee of The 
First Affiliated Hospital at the Guangxi Medical University 
(Nanning, China). A total of 7 ml of blood was collected from 
the proband and 95 healthy volunteers (2 ml of blood was 
used for EDTA anticoagulation and 5 ml was used for separa-
tion of coagulation factors). The proband (3 year old female) 
was recruited following routine surgery at the Department 
of Clinical Laboratory, The First Affiliated Hospital of 
Guangxi Medical University, and all participants (57 males 
and 38 females; mean age of 23.15±11.59 years; age range of 
7‑51 years) in the present study were recruited between January 
2016 and December 2016 at The First Affiliated Hospital of 
Guangxi Medical University.

Blood tests, including RBC count, hemoglobin (HGB) 
levels, mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), mean sphered blood cell volume 
(MSCV), mean reticulocyte volume, reticulocyte (RET) levels 
and mean platelet volume (MPV), were performed using the 
LH 780 automated hematology analyzer (Beckman Coulter, 
Inc., Brea, CA, USA). For assessment of liver function, levels 
of total bilirubin (TBiL) and direct bilirubin (DBiL) were 
determined using the 7600 Fully Automated Biochemical 
Analyzer (Hitachi, Ltd., Tokyo, Japan).

Preparation of RBC membrane protein extract. A low‑osmotic 
hemolysis method was used to extract the erythrocyte 
membrane protein content as previously described (7). Briefly, 
the packed RBCs were separated by centrifugation at 3,000 x g 
for 5 min at room temperature. Subsequently, 50 µl of packed 
RBCs and 15 µl of phenylmethylsulfonyl fluoride (Beijing 
Solarbio Science & Technology Co., Ltd., Beijing, China) were 
added to 750 µl erythrocyte lysis buffer (Solarbio Science 
& Technology Co., Ltd.) and incubated for 30 min at 4˚C. 
Totalerythrocyte membrane proteins were then harvested by 
centrifugation at 12,000 x g for 20 min at 4˚C. The precipitate 
was washed three times with 0.1 mol/l PBS at 4˚C. Following 
the third PBS wash, the precipitate was stored at ‑20˚C until 
further use.

Separation and evaluation of RBC membrane protein 
content. RBC membrane proteins were analyzed within 
15 days of extraction using 3.5‑17% SDS‑PAGE according 
to Fairbanks  et  al  (8). SDS loading buffer, containing 
β‑mercaptoethanol, was added to membrane proteins, and 
the mixture was incubated at 37˚C for 30 min to allow for 
the reduction of disulfide bonds, followed by a brief centrifu-
gation at 3,000 x g for 10 sec at room temperature. The gel 
was stained with Coomassie brilliant Blue R‑250, and then 
destained at room temperature overnight in double‑distilled 
water. A Gel Doc 2000 electrophoresis gel imaging system 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) was used to 

scan the gel and Quantity One software (version 4.6; Bio‑Rad 
Laboratories, Inc.) was used to analyze the relative quantita-
tive values of the proteins.

Eosin‑5‑maleimide (EMA)‑labeling of RBCs and flow 
cytometry. This method was conducted according to 
King et al (9). EMA reagent (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was diluted in 0.01 mol/l PBS to a final 
concentration of 0.5 mg/ml, stored at ‑20˚C and then thawed at 
4˚Cprior to usage. Freshly anti coagulated blood was washed 
three times with PBS and centrifuged at 1,500 x g for 5 min 
at room temperature following each wash. Subsequently, 25 µl 
EMA solution and 5 µl washed RBCs were mixed and incu-
bated at room temperature for 1 h in the dark. The precipitate 
was washed three times with PBS containing 0.5% bovine 
serum albumin (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and centrifuged at 1,500 x g for 5 min 
at room temperature following each wash. The supernatant 
was discarded and the cells were resuspended in 500 µl PBS 
for subsequent analysis using a flow cytometer (Beckman 
Coulter, Inc.). A total of 15,000 cells were acquired using the 
FL‑1 channel and data analysis was conducted using Flow Jo 
software (version 10.2; Flow Jo LLC, Ashland, OR, USA). 
The results were expressed as the ratio of the mean channel 
florescence (MCF) of the study subject to the healthy controls. 
The formula used was as follows:

Where, Control MCF=(MFC1+MFC2+MFC3+MFC4+MFC5
+MFC6+MFC7+MFC8+MFC9+MFC10)/10.

Gene sequence analysis. Genomic DNA from peripheral 
blood samples was extracted using the Gene JET Whole 
Blood Genomic DNA Purification Mini kit (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
Primers were designed based on exon sequences and adjacent 
intron sequences of SPTA1, SPTB and EPB41, and were 
synthesized by BGI Sequencing (Cambridge, MA, USA), 
and were as follows: Exon 2, forward 5'‑ACA​CAT​ATA​AGC​
GGG​GCA​AC‑3' and reverse, 5'‑TTG​TAC​CCA​CAC​ATA​CCC​
ATT​AAC‑3'; exon 40, forward 5'‑TGA​GTG​AAT​ATA​GAT​
TTT​CCG​GC‑3' and reverse 5'‑TTC​TAC​ATT​TGG​GCC​AGT​
CC‑3'; and intron 45, forward 5'‑TGG​ACA​GAT​TCA​TGT​TTT​
GTG​G‑3' and reverse 5'‑TGG​AAT​GAA​AAT​GTC​TCA​GCA​
C‑3'. The polymerase chain reaction (PCR) mixture consisted 
of 25 µl of 2X Taq PCR Master Mix (Takara Biotechnology 
Co., Ltd.), 2 µl of genomic DNA, 1 µl each of the forward and 
reverse primers, and ddH2O to a final volume of 50 µl. The 
reaction conditions were as follows: Pre‑denaturation at 95˚C 
for 5 min, followed by 35 cycles of 95˚C for 30 sec, annealing 
(at the optimal annealing temperature per primer set) for 
30 sec 72˚C for 40 sec. The final extension was at 72˚C for 
8 min and 4˚C for storage. The PCR products were sent to 
BGI Sequencing for purification, recovery and bi‑directional 
sequencing. The sequencing results were compared with the 
standard sequences stored in the NCBI database (https://www.
ncbi.nlm.nih.gov/gene/). Sequencing results were confirmed 
by twice repeated PCR amplification and sequencing analysis 
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via comparison with the published sequences of homologous 
species obtained from the NCBI database (https://www.ncbi.
nlm.nih.gov/gene/), which was performed using Chromas 
2.6.4 software (Technelysium Pty Ltd., Brisbane, Queensland, 
Australia).

Matrix‑assisted laser desorption‑ionization time of flight 
mass spectrometry (MALDI‑TOF MS). In‑gel enzymolysis 
was performed according to the methods described by 
Gharahdaghi et al (10) Protein samples of the proband and 
the healthy controls were separated by SDS‑PAGE and stained 
with Coomassie brilliant blue according to the aforementioned 
protocol. Distinct target protein bands were removed from 
the gel and collected. Following de‑staining and washing, the 
proteins were dehydrated for 10 min using pure acetonitrile 
(ACN) at room temperature and vacuum dried. The proteins 
then underwent overnight enzymatic digestion in 1U/µl 
trypsin in 30 µl enzymolysis buffer (40 mM NH4HCO3 and 
10% ACN) at room temperature. Proteins were extracted and 
centrifuged at 10,000 x g at room temperature for 5 min. The 
top‑layer solution was extracted, concentrated and dried in a 
vacuum dryer, then re‑dissolved in 0.1% trifluoroacetic acid. 
The proteins were analyzed using a 4800 Plus System Mass 
spectrometer (SCIEX, Framingham, MA, USA).

High resolution melting (HRM). PCR amplification and HRM 
curve analysis were conducted using a Light Cycler 480 II 
Fluorescence Quantitative PCR Instrument (Roche Applied 
Science, Penzberg, Germany) and the Light Cycler 480 High 
Resolution Melting Master kit (Roche Applied Science) in 
accordance with the manufacturer's protocol. The total reac-
tion volume was 20 µl, containing 10 µl of Master Mix, 3.6 µl 
of Mg2+, 2 µl of DNA template, and 0.5 µl each of the forward 
and reverse primers. Based on the mutations of the proband 
and their family members, HRM primers were designed using 
Premier 5.0 software (Premier Biosoft International, Palo Alto, 
CA, USA). The primer sequences were as follows: Forward, 
5'‑GAG​GCG​TCA​GGA​AGTG​TT‑3' and reverse, 5'‑CTG​CAT​
CTC​GCT​TGA​AAA‑3'. HRM detection and data analysis 
were conducted using the Light Cycler 480 II instrument. 
There action conditions were as follows: Enzyme activation 
at 95˚C for 5 min, followed by PCR amplification at 95˚C for 
10 sec, 49˚C for 15 sec 72˚C for 25 sec (fluorescence detection) 
for a total of 40 cycles. Melting was performed at 95˚C for 
1 min, 40˚C for 1 min, 70˚C for 1 sec 95˚C (fluorescencedetec-
tion at 40 times/sec) for 1 min, followed by cool down at 40˚C 
for 10 sec. Following the completion of the reaction, HRM 
curve analysis was performed using the Light Cycler 480 Gene 
Scanning software (version 1.5; Roche Applied Science).

Results

Patient and blood routine tests. The proband, a 3 year old 
female, was hospitalized due to recurrent xanthochromia 
over a period of 3 years and exhibited brown‑colored urine. 
Immediately following birth, neonatal pathologic jaundice and 
ABO hemolytic disease of the newborn were observed in this 
patient. In the local hospital, this patient received exchange 
transfusion, phototherapy to treat jaundice and additional treat-
ments, and was discharged following signs of improvement. The 

mother had a history of hepatitis B (Hb) and tested positive for 
Hb surface antigen, Hb e‑antigenand Hb core antibody. Due 
to an infection, the patient was examined at the local hospital, 
where test results revealed 33.3x109/l white blood cells (WBCs), 
72 g/l HGB and 383 µmol/l TBiL. Following anti‑infection and 
liver protection treatments, the levels of WBC, HGB and TBiL 
were reduced to 6.99x109/l,93 g/l and 166.7 µmol/l, respectively. 
The patient was then transferred to The First Affiliated Hospital 
of Guangxi Medical University on July 15th, 2016.

Physical and auxiliary examinations performed following 
hospitalization revealed that the patient was conscious with 
no signs of fever or bleeding under the skin. The proband 
presented with xanthochromia, scleral icterus in both eyes 
and slight redness in the pharynx. The liver and spleen were 
palpable at 2 cmunder the ribs, with a medium hardness, 
and were slightly obtuse on the edge. Ultrasound examina-
tion revealed hepatomegaly and splenomegaly, with multiple 
masses near the abdominal aorta. No echo abnormalities 
were observed in gallbladder or spleen. Laboratory tests 
demonstrated 1+urobilinogen, 0.19 µmol/24 h urine copper, 
increased activated partial thromboplastin time (53.20 sec), 
580.2  mg/l ceruloplasmin, MSCV<MCV and increased 
osmotic fragility of erythrocytes. Analysis of peripheral 
erythrocyte morphology revealed anisocytosisthat was domi-
nated by smaller erythrocytes. Elliptocytes, characterized by 
helmet‑shaped and spherical RBCs, were markedly identifiable 
and accounted for ~16% of the total erythrocyte population 
(Fig.  1). Glucose‑6‑phosphate dehydrogenase enzymatic 
activity was normal, and no abnormalities were detected in 
hemoglobin electrophoresis analysis and thalassemia‑gene 
analysis. The patient tested negative for the Coombs test; the 
clinical manifestations and the laboratory test results led to the 
diagnosis of the patient with HE. Subsequently, routine blood 
and biochemical tests were conducted on the patient's family 
members. The results are presented in Table I.

Analysis of the erythrocyte membrane proteins. Erythrocyte 
membrane proteins of the proband and their family members 
were analyzed by SDS‑PAGE. Coomassie brilliant blue 
staining was quantified using Quantity One analysis soft-
ware, and the level of α‑spectrin expression was expressed as 
α‑spectrin/b and 3 (Fig. 2). The results of the present study 
indicated that there were no marked differences in the amount 
of membrane proteins between the HE patient or their family 
members when compared with healthy individuals.

DNA analysis. Compared with the standard sequences that are 
available in the NCBI database, PCR amplification and direct 
sequencing of the proband's genomic DNA revealed 3 muta-
tions in the SPTA1 gene within the hereditary elliptocytosis 
family (Fig. 3). The first mutation was a heterozygous mutation 
c.161A>C in exon 2, which resulted in a His54>Pro54 substitu-
tion in α‑spectrin. The second mutation was a heterozygous 
mis sense mutation c.5572C>G in exon 40, which resulted 
in Leu1858>Val1858. The third mutation was a heterozygous 
mutation 6531‑12C>T in intron 45. Mutation analysis of the 
proband's family members confirmed that their father and 
paternal grandmother were carriers of the c.161A>C mutation, 
and their mother was a carrier of both the c.5572C>G and 
6531‑12 C>Tmutations (Fig. 4).

https://www.spandidos-publications.com/10.3892/mmr.2018.8632
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MALDI‑TOF MS analysis. MALDI‑TOF MS analysis of the 
proband's α‑spectrin peptide chain indicated that the digested 
fragments of the mutant peptides were LEDSYPLQVFK and 
GDCGDTLAATQSLVMK rather than LEDSYHLQVFK 
and GDCGDTLAATQSLLMK, which are present in the 
normal peptide. These mutations were heterozygous and 
identifiable by 2 molecular ion peaksat 1,378.55‑1,338.52 and 
1,623.86‑1,609.83 kDa, respectively; these corresponded to the 
mass numbers of the normal peptide and the mutant peptide of 
the 2 mutations detected in the proband (Fig. 5).

Typical fluorescence profiles for EMA‑labeled RBCs. In order 
to reduce the level of error, blood samples collected from 
10 healthy individuals (5 males and 5 females; mean age of 
7±2.09 years; age range of 5‑12 years) were used as negative 
controls for EMA‑labeled RBC analysis (11) The results of the 
present study indicated that, when compared with the healthy 
controls, the fluorescence peaks of the proband, and their 
father and grandmother were shifted to the left, and the MCF 
readings were reduced by 30.81, 12.50 and 17.53%, respec-
tively. In addition, no significant differences were observed 
in the fluorescence peaks between the proband's mother and 
healthy controls (Fig. 6).

Polymorphism analysis. HRM analysis of the proband (known 
genotype) and 95 controls (unknown genotype) demonstrated 
that the proband had an A/C genotype, while all 95 healthy 
controls hadan A/A genotype. The allele frequency in the 
proband was 1.0% and the melting curves are presented in Fig. 7.

Discussion

HE is a type of extra vascular hemolytic anemia, character-
ized by an increased number of elliptocytes in the peripheral 
blood (12). HE has been reported globally, and its incidence rate 
greatly varies among a variety of ethnicities and geographical 
regions (13) The primary difference between hereditary sphe-
rocytosis (HS) and HE, is that HE is caused by mutations in the 
genes encoding transverse linkages of cytoskeleton proteins in 
the erythrocyte membrane, resulting in functional changes of 

the cell membrane and decreased morphotropism. The most 
common causes of HE are structural defects in contractile 
proteins, which have been reported in 65% of patients with 
HE (14). As the number of α‑and β‑spectrin dimmers that 
form into tetramers decreases, certain segments of the normal 
peptide chain are replaced by abnormal peptides, resulting 
in abnormal RBC function, reduced erythrocyte membrane 
surface area and increased membrane osmotic fragility (15) 
These abnormal RBCs are detained and broken into RBC 
debris in the spleen, leading to hemolytic anemia. Notably, 
a significant portion of RBC debris can be misclassified by 
blood cell analyzers as platelets, resulting in a false increase 
in the level of platelets (16). In this case, it is recommended to 
perform manual counting.

As HE can result from various genetic defects, clinical 
symptoms can vary greatly among patients, ranging from 
asymptomatic to chronic hemolytic anemia to a plastic crisis. 
Therefore, based on the patient's RBC count, hemoglobin, 
RET, level of jaundice and splenomegaly, and other indica-
tors, HE may be categorized as asymptomatic, compensated 
hemolytic anemiaor hemolytic anemia. Asymptomatic and 
compensated hemolytic anemic patients exhibit no apparent 
clinical symptoms, including anemia, jaundice and spleno-
megaly; therefore, without genetic testing, HE may remain 
unidentified. Generally, patients with a single heterozygous 
mutation are often considered asymptomatic, such as the 
absence of anemia and hemolytic tendency in the proband's 
father and grandmother. Homozygous mutations or compound 
heterozygous mutations may account for ~10% of cases, and 
patients often exhibit moderate to severe hemolysis and require 
a blood transfusion (17).

In the present study, 3 heterozygous mutations were identified 
within the proband; laboratory tests indicated that the proband 
exhibited symptoms of anemia, jaundice and splenomegaly, and 
an increased level of RET. Only families carrying mutations in 
the SPTA1 gene may be asymptomatic and symptomatic, while 
families carrying mutations in the SPTB gene or EPB41 gene 
may not exhibit such diverse clinical manifestations. For the 
proband, the defect in the self‑assembly of spectrin was one 
of the major causes of abnormal morphology of RBCs (18). 
DNA analysis of the probandrevealed no mutations within the 
SPTB and EPB41 geneshowever, 3 mutations were identified 
in the SPTA1 gene. In particular, the heterozygous mutationc. 
161A>C in exon 2 resulted in a histidine to proline substitu-
tion at amino acid 54, a novel mutation site; its role in disease 
pathogenesis has not yet been identified, however, this mutation 
may affect the mRNA expression levels or structural stability 
of proteins, or block the self‑assembly of spectrin dimers to 
tetramers, resulting in abnormal transverse linkage with actin 
proteins. In addition, DNA mutation analysis of the proband's 
family members revealed that the patient's father and grand-
mother carried the c.161A>C point mutation. HRM‑based 
genotyping demonstrated that the A/A form was predominant 
among healthy controls. At present, The Single Nucleotide 
Polymorphism database of the 1,000 Genomes Project (www.
ncbi.nlm.nih.gov/projects/SNP/), does not have a record of 
mutations at this site; thus, the frequency among the general 
population is unknown. Therefore, based on the associations 
between clinical phenotype and genotype inheritance, this locus 
may be associated with the manifestation of HE in the proband.

Figure 1. Peripheral blood smear showing erythrocyte morphology in a 
proband with hereditary elliptocytosis (magnification, x1,000).
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The c.5572C>G mutation in exon 40 and the 6531‑12C>T 
mutation in intron 45 constituted the polymorphic, high 
frequency and low expression αLELY locus. The former caused an 
amino acid substitution, while the latter led to a 50% reduction in 
mRNA transcription levels of exon 46 of α‑spectrin, inhibiting 

the ability to form stable dimmers (19). Individuals with the 
αLELY polymorphism, whether heterozygous or homozygous, do 
not exhibit any clinical symptoms as αLELY in cis maintains an 
over expression of the α‑spectrin protein. However, when αLELY 
is present with other mutations in SPTA1, these mutations will 
increase the concentration of α‑spectrin αLELY in transon the 
erythrocyte membrane, and consequently reduce the concentra-
tion of αLELY in cis (20). As a result, the carrier will exhibit more 
severe clinical symptoms (21). In the proband's family, their 
paternal line carried the c.161A>C mutation and their maternal 
line carried the αLELY polymorphism. As these mutations have 
no effect on α‑spectrin protein expression levels when they 
occur independently, no apparent clinical symptoms were 

Figure 2. SDS‑PAGE analysis of erythrocyte membrane proteins using 
Coomassie Brilliant blue staining. Lanes 1, 2, 3, 4 and 5 represent erythro-
cyte membrane proteins from the proband, the proband's father, the proband's 
mother, the proband's grandmother and a healthy control individual, 
respectively. Lane M, marker.

Figure 3. Pedigree of the hereditary elliptocytosis family enrolled in the 
present study. Striped shapes indicate members with the c.161A>C muta-
tion in exon 2; shapes including a black circle indicate members with the 
c.5572C>G and 6531‑12 C>T mutations and the shape outlined by dashed 
lines indicates a member of the family who was not available for study 
analysis. The arrow indicates the proband. Circles indicate female members, 
while squares indicate male members of the family.

Table I. Laboratory test results of the hereditary elliptocytosis proband and their family members.

Test	 Proband	 Father	 Mother	 Grandmother	 Normal range

TBiL (µmol/l)	 73.50	 15.90	 19.30	 8.30	   3.40‑20.50
DBiL (µmol/l)	 10.20	 7.50	 4.20	 2.90	 0.00‑6.80
RBC (x1012/l)	 3.23	 4.85	 4.90	 5.42	 4.00‑5.50
HGB (g/l)	 90.10	 137.40	 134.20	 109.00	 120.00‑160.00
PLT (x109/l)	 452.20	 204.80	 253.60	 311.70	 125.00‑350.00
MCV (fl)	 85.85	 85.56	 82.87	 69.20	   82.00‑100.00
MCH (pg)	 27.92	 28.33	 27.40	 18.72	 27.00‑34.00
MCHC (g/l)	 325.20	 331.10	 330.60	 316.20	 316.00‑354.00
MSCV (f/l)	 79.50	 84.00	 85.74	 65.98	   84.00‑104.00
MRV (f/l)	 101.93	 107.05	 118.75	 82.94	 101.00‑119.00
RET (%)	 0.109	 0.020	 0.009	 0.019	 0.000‑0.020

TBiL, total bilirubin; DBiL, direct bilirubin; RBC, red blood cells; HGB, hemoglobin; PLT, platelets; MCV, mean corpuscular volume; MCH, 
mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MSCV, mean sphered blood cell volume; MRV, mean 
reticulocyte volume; RET, reticulocytes.
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Figure 5. Matrix‑assisted laser desorption‑ionization time of flightmass spectrometry spectrum of α‑spectrin peptides from the proband. (A) Peaks of normal 
(1,378.55 kDa, LEDSYHLQVFK) and variant (1,338.52 kDa, LEDSYPLQVFK) peptides of the His54Pro mutation. (B) Peaks of normal (1,623.86 kDa, 
GDCGDTLAATQSLLMK) and variant (1,609.83 kDa, GDCGDTLAATQSLVMK) peptides of the Leu1858Val mutation.

Figure 4. DNA sequences of, from top to bottom, the proband, the proband's father, the proband's mother and the proband's grandmother. (A) Proband 
heterozygous point mutations A→C, C→G and C→T were located in exon 2, exon 40 and intron 45, respectively. (B) Heterozygous point mutation A→C in 
the father was detected in exon 2. (C) Heterozygous point mutations C→G and C→T in the proband and their mother, were detected in exon 40 and intron 45, 
respectively. (D) Heterozygous point mutation A→C, was found in exon 2 of the proband's grandmother. Arrows indicate point mutations.
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observed in individuals of the parental lines. However, when the 
proband inherited the two mutations, the αLELY polymorphism 
exacerbated the pathogenic role of c.161A>C in trans, resulting 
in more significant hemolysis in the proband. Iolascon et al (22) 
reported a patient with elliptopoikilocytosis who demonstrated 
a common polymorphic SPTA1 αLELY allele in trans to the 
SPTA1 αExeter allele. The SPTA1 αExeter allele was inherited from 
the patient's father and the αLELY allele was inherited from their 
healthy, asymptomatic mother. Polymorphism αLELY, when in 
trans to Exeter mutations, aggravated the symptoms in propor-
tion to the intrinsic severity of the αExeter intrinsic severity.

MALDI‑TOF MS is a novel type of soft‑ionization 
MS that has fast, accurate, sensitive and high‑throughput 

properties (23). In the present study, MALDI‑TOF MS was 
employed, which demonstrated that the proband possessed the 
mutant peptides, including 1,338.52 kDa (LEDSYPLQVFK) 
and 1,609.83 kDa (GDCGDTLAATQSLVMK), as well as 
the normal peptides 1,378.55 kDa (LEDSYHLQVFK) and 
1,623.86  kDa (GDCGDTLAATQSLLMK), indicating the 
presence of heterozygous mutations.

Laboratory tests are important for assisting the diagnosis 
of HE. While the diagnosis of HE mainly relies on the pres-
ence of >25% elliptocytes in the peripheral blood smear (24), 
the elliptocyte count of the proband in the present study was 
<25%. Therefore, further investigation into clinical manifesta-
tions and accompanying laboratory tests is required (25). The 

Figure 7. Melting curve of exon 2 of the spectrin α chain erythrocytic 1 gene. The red‑colored curve represents the proband, while blue curves represent healthy 
controls.

Figure 6. Flow cytometric evaluation of EMA‑labeled RBCs. (A) The fluorescence of EMA‑stained RBCsfrom the (a-1) proband and a (a-2) healthy control, 
respectively. (B) Overlay plot comparing the fluorescence of RBCs from the patient and healthy control. EMA, eosin‑5‑maleimide; RBCs, red blood cells.
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proband exhibited a typical clinical manifestation; however, 
information regarding family history was unavailable. During 
the early period of hospitalization, the proband demonstrated 
no improvement in jaundice symptoms following treatment 
with reducing glutathione tablets, and was thereby re‑admitted 
to the hospital. Blood cell parameters of the proband were 
evaluated and increased MCV levels were observed when 
compared with their MSCV levels. In addition, erythrocyte 
morphological examination indicated the presence of ellipto-
cytes. Considering the patient's history, clinical manifestations 
and laboratory test results, the patient was diagnosed with 
HE. Consistent with the genetic analysis of their family 
members, laboratory test results revealed that the patient's 
father and grandmother had MCV>MSCV levels, indicating 
that MCV>MSCV has a diagnostic value in HS patients (26) 
and also a diagnostic potency for HE patients.

In the present study, a defect in the proband's membrane 
proteins was not detected by SDS‑PAGE analysis. Excessive RET 
affected the gradient concentration of the separation gel and the 
separation of membrane proteins (27); however, the EMA‑binding 
test revealed abnormalities in the RBCs of the proband. The 
EMA‑binding test is primarily used to label band 3 proteins on 
the erythrocyte membrane and is recommended as a screening 
method for the diagnosis of HS (28). It has been suggested that 
the band 3protein had the same diagnostic potency in other 
RBC membrane diseases (9,17). The results of the present study 
revealed that the proband had reduced levels of EMA‑labeled 
erythrocytes compared with healthy controls, suggesting that the 
EMA‑binding test may be promising for the screening of HE.

HRM analysis is an emerging molecular diagnostic tech-
nique based on the monitoring of changes in the melting curves 
of nucleic acids, indicated by the saturation of fluorescence by 
quantitative PCR. HRM analysis is not limited by nucleotide 
positions and types, and does not require sequence‑specific 
probes (29). In addition, HRM analysis identifies mutations by 
analyzing changes in the melting curves of PCR products. The 
formation of a heterologous double‑stranded DNA (dsDNA) 
in a heterozygous mutation that results in a melting curve that 
is significantly different compared with that of homozygous 
dsDNA. In the present study, HRM was used for gene mutation 
screening as it has many advantages, including high sensitivity 
and specificity, low cost and high‑throughput. HRM analysis 
was employed to screen the His54Pro mutation in the SPTA1 
gene of the proband and 95 healthy controls, which revealed 
that the His54Pro mutation rate was 1.0%. This indicated that 
the His54Pro mutation was a rare mutation site with a low 
incidence rate among the healthy population.

Special treatment is generally not required when a patient 
with HE exhibits no or only mild signs of anemia (30). During 
the early stages, infection in the proband aggravated their 
anemia and jaundice, and their HGB levels (72 g/l) fell to a 
level that required blood transfusion. Following control of 
the infection, the proband's HGB levelsreturned to 93 g/l and 
their bilirubin levelsmarkedly reduced. This suggestedthat an 
infection in a HE patient requires timely anti‑infection treat-
ment and close monitoring rather than an immediate blood 
transfusion as the HGB count can eventually recover indepen-
dently. Unnecessary transfusion of blood products can induce 
systemic allergic reactions and also increase the risk of infec-
tious diseases (31). Furthermore, the transfused RBCs may be 

abnormally damaged in the recipient's body due to immune or 
non‑immune responses, which may result in further hemolysis.

In conclusion, a novel SPTA1 gene mutation was detected in 
a HE proband and the corresponding mutant peptide segments 
was confirmed by MALDI‑TOF MS. The HE‑associated 
clinical manifestations are quite diverse; therefore, HE may 
be misdiagnosed or undetected. In the present study, compre-
hensive analysis using EMA‑labeled flow cytometry and 
SDS‑PAGE was performed to detect protein defects; blood 
smear morphologic examinations and routine laboratory tests 
for Hb, MCV, MSCV, RET%, TBIL and DBIL may improve 
the rate of diagnosis and timely treatment of HE, as well as 
reducing the risk of HE‑associated complications.
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