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ABSTRACT

In this report we decribed a new a-chain variant found during the measurement of hemoglobin A,  (Hb
A,J) using matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry (MS).
MALDI-TOF MS analysis detected an a-chain variant with a mass of 15,155Da. However, this Hb variant
was not detected during Hb A;. measurement by cation-exchange high-performance liquid
chromatography (HPLC) and capillary electrophoresis (CE) methods. Sanger sequencing validated the
presence of a heterozygous missense mutation [HBAT: c.239C>T, CD79(GCG>GTG)(Ala>Val)l. The
observed 28Da mass difference exactly matches the theoretical mass difference (28Da) resulting from
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the substitution of alanine (89.079) with valine (117.133). As this represents the initial documentation of
the mutation, we named it Hb Tangshan after the proband’s residence.

Hemoglobinopathies are the most prevalent monogenic
genetic disorders worldwide. Over 2400 thalassemias and
hemoglobin (Hb) variants, have been documented in the
database of human hemoglobin variants and thalassemia
mutations [1,2]. Cation-exchange high-performance liquid
chromatography (HPLC) and capillary electrophoresis (CE)
are commonly used to screen and quantify different Hb
variants. Cation-exchange HPLC is a method that uses an
ion-exchange column and a mobile phase to separate sub-
stances with different charges. CE, on the other hand, is a
technique that separates substances with different charges in
the liquid phase through electric field migration. MALDI-TOF
MS offers accurate and rapid analysis of Hb constituents
based on mass differences [3]. HbA, is a modified hemo-
globin with a stable adduct of glucose covalently linked to
the N-terminal valine of the N-chain. Hb A,  is a widely
used biomarker for diabetes mellitus management. In this
report we present a new a-chain variant found during the
measurement of Hb A,  using MALDI-TOF MS.

This study was approved by the Ethics Committee of
Peking University Shenzhen Hospital, and informed consent
was obtained from the participant. The practice of informed
consent plays a critical role in medicine because patients
have the right to dispose of their samples. The proband, a
46-year-old Chinese woman from Tangshan city in Hebei
Province, People’s Republic of China (PRC), came to our
hospital for her annual checkup. Her HbA, was initially
measured using a MALDI-TOF MS system (QuanTOF;
Intelligene Biosystems, Qingdao, Shandong, PRC). A variant
globin chain was observed in the mass spectrogram of the

sample. As shown in Figure 1A, QuanTOF detected the
intact a-chain (15127 Da) and p-chain (15868 Da). QuanTOF
yielded Hb A,  values of 5.3% (34.0mmol/mol) through tra-
ditional pB-chain glycation. Given that Hb variants may have
an impact on Hb A, results [4], we conducted a further
analysis of her Hb A, using two different methods: capillary
electrophoresis (CE) with the CapillaryS3 TERA system
(Sebia, Lisses, France) and cation-exchange high-performance
liquid chromatography (HPLC) with the D-100 system
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The results
obtained from the CapillaryS3 TERA (Figure 1B) and the
D-100 (Figure 1C) were 5.54% and 5.49% (reference interval
4.0-6.0%), respectively, which were similar to those obtained
from QuanTOF. However, unlike the mass spectrogram, nei-
ther the electropherograms nor the chromatograms showed
any abnormal peaks.

Sanger sequencing was performed to determine the pres-
ence of point mutations in the HBA1, HBA2 and HBB genes
using an ABI PRISMTM 3730 XL sequencer (Applied
Biosystems, Foster City, CA, USA). The sequencing analysis
identified a heterozygous mutation [HBA1: ¢.239C>T] in the
HBA2 gene, which caused a substitution of alanine (89Da)
with valine (117 Da) at codon 79 (Figure 1D). The theoretical
mass difference due to this amino acid substitution is 28 Da,
which is in exact agreement with the actual observed mass
difference. Additionally, no missense mutations were detected
in the HBA2 and HBB genes when compared to the refer-
ence sequence.To the best of our knowledge, this mutation
has not yet been reported, and we named it Hb Tangshan
based on her birthplace. Her hematological parameters were
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Figure 1. Identification of hemoglobin (Hb) Tangshan. (A) Mass spectrometry showed a-globin chain (15,127 Da) and B-globin chain (15,868 Da). the arrow indi-
cates the variant a-chain peak (15,155Da). (B) Hb A,. measurement by the capillary electrophoresis method (CapillaryS3 TERA). (C) Hb A, measurement by the
cation-exchange high-performance liquid chromatography method (Bio-Rad D-100). the arrow indicates the HbA, fraction. (D) Sanger sequencing revealed a het-

erozygous mutation of HBAT: ¢.239C>T.

within the normal range: red blood cell (RBC) count
4.67x10'*/L, Hb 13.3g/dL, mean corpuscular volume (MCV)
89.3fL, and mean corpuscular Hb (MCH) 28.5pg.

To date, two Hb variants caused by mutation at codon 79
in the HBA gene have been documented in the database of
Hb  variants and  thalassemias: Hb  J-Singapore
[HBA2:c.239C>G] and Hb Mantes-La-Jolie [HBA1l or
HBA2:¢c.238G>A]. Hb J-Singapore [HBA2:c.239C>G] was
first identified in 1972 using the cation exchange HPLC
VARIANT™  B-Thalassemia  Short Program (Bio-Rad
Laboratories, Hercules, CA, USA). Electrospray ionization
mass spectrometry (ESI/MS) revealed that the variant has a
mass of 15113.1Da, which is 13Da lower than the normal
a-chain (15126.4Da) [5]. Wajcman et al. first reported the
presence of Hb Mantes-La-Jolie in a 6-month-old baby and
his mother from the Republic of Chad, and electrospray
mass spectrometry detected a 30 mass unit increase in the
abnormal globin chain, indicating a substitution of alanine
with threonine [6].

Many new Hb variants have been identified during the
measurement of Hb A, by cation exchange HPLC or CE
methods [7,8]. For cation-exchange HPLC and CE methods,
the detectable variants are typically charge-difference substitu-
tions. If there are no charge differences, the Hb A peak and
the variant peak may overlap, making it difficult to detect the
variant in the analysis. As observed in this study, cation-exchange
HPLC and CE methods faced challenges in distinguishing Hb
Tangshan from Hb A. However, MALDI-TOF MS easily
detected this Hb variant due to the significant mass difference
between the wild and variant intact globin chains.

We have found dozens of globin chain mutations in clin-
ical practice for the measurement of Hb A, using
MALDI-TOF MS. The most common was Hb New York,

followed by Hb J-Bangkok, Hb Q-Thailand, Hb G-Coushatta,
Hb G-Taipei, Hb G-Honolulu and others. This demonstrates
the usefulness of MALDI-TOF MS as a supplementary
method, as it can identify Hb variants that may not be
detectable through HPLC or CE techniques [9]. The discov-
ery of new variants provides a diagnostic basis for hemoglo-
binopathies. Additionally, detecting variants during the Hb
A, assay alerts to potential interference and prevents report-
ing of inaccurate Hb A,_ results.
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