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A novel Bruton tyrosine kinase gene variation was found in an
adult with X-linked agammaglobulinemia during blood
cross-matching prior to surgical operation
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SUMMARY

Aims/Objectives: To investigate the underlying molecular
mechanism of the patient’s ABO typing discrepancy.
Background: ABO typing discrepancy was frequently seen
in patients due to different causes. In this study, ABO typing
discrepancy was found in a 24-year-old man with arthralgia,
whose forward ABO grouping was O and reverse ABO group-
ing was AB. Primary immunodeficiency disease was speculated
in this patient, especially X-linked agammaglobulinemia (XLA).
Methods: Immunoglobulins of all isotypes were detected using
a specific protein analyser. Lymphocyte subgroups were analysed
by flow cytometry. All 19 exons and boundaries of BTK gene
were amplified by polymerase chain reaction (PCR), and all PCR
products were sequenced by a DNA analyser. BTK protein in the
leukocytes and platelets was detected by Western blot.
Results: No B lymphocytes could be detected in the peripheral
blood of the patient. A novel BTK gene variation, c.817G>T,
in the exon 9 of BTK gene was discovered. No BTK protein
expression could be detected in the leukocytes and platelets of
the patient.
Conclusions: XLA could be occasionally discovered by ABO
typing discrepancy in some cases because of the deficiency
of reciprocal IgM anti-A and/or anti-B antibodies in the serum
of the patient. Humoral immunodeficiency is one of the causes
of ABO typing discrepancy.
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A 24-year-old man complained that he had been suffering from
omalgia and limited joint activity in his left shoulder for the past
4 years that had recently worsened. He was admitted to the hos-
pital for a physical examination. The drop arm test and Jobe
test were performed, and the positive results determined that
the patient had an underlying rotator cuff dysfunction. Blood
test was normal, showing white blood cells 7·40× 109 L−1, red
blood cells 4·99× 1012 L−1 and platelets 255·00× 109 L−1. He was
then diagnosed with a left rotator cuff injury, which was sup-
ported by a magnetic resonance imaging examination, and a
surgical operation was scheduled for a few days later. During
the blood cross-matching prior to surgery, the ABO blood type
could not be determined because of an ABO typing discrep-
ancy, which showed that his forward ABO blood group was type
O and his reverse ABO blood group was type AB. His blood
sample was sent to Dalian Blood Centre for further analysis.
Although his reverse ABO blood grouping was performed with
additional serum and incubation at 4 ∘C for 30 min, no aggluti-
nation could be seen. Adsorption and elution tests showed no
A or B antigens on the surface of erythrocytes, which meant
that the patient’s ABO blood type was likely type O with the
additional evidence that both of his parents’ blood type were
type O.

As natural anti-A and anti-B IgM antibodies were absent in
the peripheral blood of the patient, it was hypothesised that
the patient, who had not been previously diagnosed with a
primary immunodeficiency disease, may have a deficiency in
humoral immunity, and X-linked agammaglobulinemia (XLA)
was suspected. It has been established that 85–90% of agamma-
globulinemias are related to XLA (Conley et al., 1998), which
was first described in 1952 by Ogden Bruton, a paediatrician
in Washington, DC (Bruton, 1952). After Bruton’s discovery
of XLA, it was approximately four decades until the genetic
basis of XLA, which is caused by Bruton’s Tyrosine Kinase
(BTK) gene variations, was identified (Puck, 1994; Smith &
Notarangelo, 1997).
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MATERIALS AND METHODS

Subjects and Blood collection

The patient, his mother and a healthy control (a man of the same
age as the patient) were recruited to this study. The research
was approved by the Ethics Committee of the Dalian Blood
Centre (No. LLPJ-2018-001) and Chinese Clinical Trial Registry
(No. ChiCTR1800014743). All protocols for this study complied
with the Declaration of Helsinki. After written informed consent
was obtained, 10 mL of peripheral venous blood of the partici-
pants was collected.

Quantification of human immunoglobulins

After centrifuging the blood samples at 3000× g for 5 min, 1 mL
serum was used for the quantification of IgG, IgM and IgA by
the SIMENSE BN ProSpec System.

Flow cytometry for subgroups of lymphocytes

A total of 20 μL of BD Multitest CD3/CD8/CD45/CD4 reagent
and 20 μL of BD Multitest CD3/CD16+CD56/CD45/CD19
reagent were pipetted into the bottom of the tubes; 50 μL
of well-mixed ethylene diamine tetraacetic acid-anticoagulated
whole blood was pipetted into the bottom of the tubes respec-
tively. The samples were mixed well and were then incubated
for 15 min in the dark at room temperature. Then, 450 μL 1×
BD Multitest IMK kit lysing solution was added in the tubes.
After incubation for 15 min in the dark, samples were ready
to be analysed on the flow cytometer.

DNA extraction and PCR

Genomic DNA of the participants was extracted from periph-
eral blood using the MagCore Nucleic Acid Extractor based
on the mechanism of magnetic separation. Blood cells were lysed
and DNA reversibly bound to the magnetic beads. After DNA
binding, beads were separated from other contaminating cellular
components and washed. Finally, the purified DNA was eluted
using ethanol extraction.

Eight separate PCRs were performed based on the primers
previously used (Chan et al., 2006). A total of 30 μL of the
PCR mix system contained 0·1 μg genomic DNA as a tem-
plate, 10 pmol of each primer, 15 μL of 2× Prime STAR premix
(TaKaRa, China) containing dNTP and high-fidelity DNA poly-
merase. PCR was carried out with the following profile: initial
enzyme activation at 95 ∘C for 1 min followed by 30 cycles at
98 ∘C for 10 s, 55 ∘C for 10 s and 72 ∘C for 1 min, with final
extension at 72 ∘C for 2 min. The PCR products covered all the
coding sequence and adjacent splice sites of the 19 exons of the
BTK gene. The quality and quantity of PCR products were anal-
ysed by 1·5% agarose gel electrophoresis.

Sequencing of 19 exons of BTK gene

PCR products were purified and then sequenced by 3730 DNA
analyser (Applied Biosystems, Foster City, CA, USA).

Western blot

Buffy coat was gathered from peripheral blood after centrifu-
gation. Erythrocytes were lysed using 1 mL of OptiLyse C
lysing solution, and debris was removed by phosphate-buffered
saline washing. After the addition of 200 μL of protein lysis
buffer and 2 μL of phenylmethylsufonyl fluoride, leukocytes
and platelets were incubated at 4 ∘C for 2 h. After high-speed
centrifugation, the supernatant was collected to perform West-
ern blot analysis. Rabbit anti-human BTK antibody and goat
anti-rabbit IgG-HRP antibody were used. Rabbit anti-human
BTK antibody (EPR20445) (Abcam, Cambridge, UK) is a
recombinant antibody against amino acid 350 to the C-terminus
of human BTK. Meanwhile, 𝛽-actin was used as a control.

RESULTS

Human immunoglobulins of all isotypes

The immunoglobulins of all isotypes of the patient were quan-
tified, and the results were as follows: IgG< 0·26 g L−1 (nor-
mal, 7·0–16·0 g L−1), IgA< 0·065 g L−1 (normal, 0·7–4·0 g L−1)
and IgM< 0·046 g L−1 (normal, 0·4–2·3 g L−1). However, the
immunoglobulins of all isotypes of the patient’s mother and the
healthy control were within the normal range.

Subgroups of B lymphocytes

Lymphocytes were analysed by flow cytometry, and the results
indicated that CD19+ B lymphocytes in the peripheral blood
accounted for only 0·03% (normal, 5–22%) of all lymphocytes
(Fig. 1a). The absolute count of B lymphocytes was extremely
reduced to 3 μL−1 (normal, 80–616 μL−1). In contrast, the per-
centage of CD19+ B lymphocytes of the patient’s mother and the
healthy control were 8·03 and 10·80%, respectively (Fig. 1b,c),
which were within the normal reference range of 5–22%.

Identification of the BTK gene variation

All PCR products were purified and sequenced. A nucleotide
substitution, c.817G>T (Fig. 2a), was found in the DNA of the
patient, which lies in the exon 9 of the BTK gene and the SH3
domain of the protein. This substitution led to a non-sense muta-
tion in the mRNA, which is associated with a lack of expres-
sion of the BTK protein. The patient’s mother, who carried the
c.817G>T variant, was a heterozygote (Fig. 2b). In addition, the
healthy control’s nucleotide at the position of c.817 of the BTK
gene was a G (Fig. 2c).

BTK protein expression

The BTK protein could not be detected in the leukocytes
and platelets of the patient by Western blot analysis (Fig. 3a),
whereas BTK protein in the leukocytes and platelets of the
patient’s mother (Fig. 3b) and of the healthy control (Fig. 3c)
could be clearly identified.
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Fig. 1. Percentage of B lymphocytes gated by flow cytometry. (a) The patient’s CD19+ B lymphocytes in the peripheral blood accounted for only
0·03% of all lymphocytes. (b) In comparison, his mother’s CD19+ B lymphocytes accounted for 8·03%. (c) The healthy control’s CD19+ B lymphocytes
accounted for 10·80%.

Fig. 2. Identification of the BTK gene mutation. (a) A single-nucleotide
substitution from G to T, c.817G>T, in exon 9 of the BTK gene was
identified in the patient, which caused a nonsense mutation. Codon
GAA encoding glutamate changed to the stop codon TAA. (b) The
patient’s mother was identified as a carrier of the c.817G>T BTK variant.
(c) The healthy control’s nucleotide at the c.817 position of the BTK gene
was a G.

DISCUSSION

An ABO typing discrepancy is described as the mismatch
between the forward and reverse grouping. Clerical errors,
procedural problems and red cell and/or serum-related prob-
lems (Chiaroni et al., 2004; Kaur et al., 2014; Sharma et al.,
2014) may cause ABO typing discrepancies, which should be

Fig. 3. Western blot of BTK protein in leukocytes and platelets. (a) No
BTK expression was detected in the patient’s leukocytes and platelets.
(b) BTK expression was demonstrated in the patient’s mother. (c) BTK
expression was observed in the healthy control.

resolved to minimise the likelihood of ABO-incompatible blood
transfusion. The incidence of ABO typing discrepancies in
patients is 0·1% (Makroo et al., 2018). The major cause of for-
ward typing discrepancies is ABO subgroups, and the most com-
mon cause of reverse typing discrepancies is the presence of cold
autoantibodies (50·7%), followed by weak/missing antibodies
(25·4%). Age-related weak or missing antibodies and immuno-
suppressive drugs for post-renal transplant recipients are the
major causes of weak antibody activity (Makroo et al., 2018).
Humoral immunodeficiency diseases, such as common vari-
able immunodeficiency, are characterized by missing antibodies,
which can also cause an ABO discrepancy (Julius et al., 1997;
Oh et al., 2010). In the present case, clerical and technical errors
were first ruled out. We hypothesised that XLA was the probable
cause of the missing antibodies in this patient, which led to an
ABO reverse typing discrepancy.

XLA is a humoral immunodeficiency caused by BTK gene
variations, which was first described by a paediatrician named
Ogden Bruton in 1952. It is characterized by a paucity of circu-
lating B lymphocytes and a profound reduction of all isotypes of
immunoglobulins in the peripheral blood. XLA is an X-linked
recessive inheritable disease with an estimated incidence of 1
in 379 000 in the United States (Winkelstein et al., 2006). The
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majority of patients are male. The BTK gene, which was first
described in 1993, is essential for the development of B lym-
phocytes due to its important role in the signalling pathways
(Tsukada et al., 1993; Vetrie et al., 1993). The BTK gene, on the
X chromosome, contains 19 exons. BTK gene variations caus-
ing XLA, which are highly variable, have been identified in every
exon and at many splice sites of the BTK gene. Almost all types
of mutations have been identified, including missense muta-
tions, non-sense mutations and microdeletions. As shown in the
human gene mutation database, missense/non-sense mutations
of the BTK gene are the most common, followed by small dele-
tions and splice site mutations. To the best of our knowledge, the
c.817G>T mutation has never been reported either in the litera-
ture or in the BTK base, the major database for BTK gene variants
causing XLA. The present case was found to be a novel non-sense
mutation of the BTK gene resulting in the lack of the BTK pro-
tein. Although high heterogeneity of BTK gene variations has
been found, all of the previously described BTK gene variations
caused agammaglobulinemia due to BTK protein deficiency.

The BTK protein is expressed at all stages of B cell differ-
entiation, with the exception of plasmocytes (Genevier et al.,
1994; Smith et al., 1994). It is also expressed in myeloid cells and
platelets but not in T cells or natural killer cells (Futatani et al.,
1998; Ponader & Burger, 2014). Buffy coat containing leukocytes
and platelets was prepared from the patient’s blood for West-
ern blot analysis. Although no B lymphocyte was detected in
the peripheral blood of the patient, the myeloid cell and platelet
counts were normal. Western blot analysis failed to detect BTK
expression in the leukocytes and platelets of the patient.

Maternal immunoglobulins are depleted after the first
6 months of life, and most XLA cases are diagnosed before
10 years of age (Chen et al., 2016) because of frequent episodes
of severe bacterial infections. However, in the present case, a
24-year-old man, for whom an immunodeficiency had never
before been suspected, was diagnosed with XLA following
an ABO blood grouping discrepancy due to the unexpected
absence of anti-A and anti-B IgM antibodies during blood
cross-matching prior to surgery. The potential explanations
for the missed diagnosis of this patient may be that XLA is a
rare disease with an incidence of approximately 1 in 379 000,
and bacterial infections are common in children, which makes
a diagnosis of XLA can be easily overlooked. In addition,
the patient was raised in a sparsely populated rural area with
low pollution in Inner Mongolia. Although the patient had
several episodes of infection such as pneumonia, sinusitis
and otitis media during his childhood and adolescence, these

infections were easily controlled by wide-spectrum antibiotics.
These clinical manifestations were not very frequent, and no
life-threatening infection occurred.

After confirmation of the XLA diagnosis, we advised that the
patient receive intravenous immunoglobulin replacement ther-
apy (400 mg kg−1) immediately every 3–4 weeks for the remain-
der of his life. He was advised against receiving vaccines, espe-
cially live attenuated vaccines, such as Sabin polio and measles,
mumps and rubella vaccines. Cases of poliomyelitis after Sabin
polio vaccination have been reported in XLA patients (Mamishi
et al., 2008; Shahmahmoodi et al., 2008). XLA is an X-linked
recessive inheritable disease, and genetic counselling was pro-
vided for the patient.

Most XLA cases were diagnosed during the childhood of the
patients. In this case, the patient was diagnosed with XLA dur-
ing ABO typing and cross-matching prior to surgery. The cryp-
tic course of the disease and the lack of a prior life-threatening
infection in this patient led to the late diagnosis of XLA.
Immediate substitution therapy was advised to prolong the
patient’s life and to improve his quality of life. So far, XLA is a
non-curative disease. Research in gene therapy in mice models
using BTK-corrected hematopoietic stem cells to complement
the defect of BTK gene is in progress (Hendriks et al., 2011). We
look forward to promising gene therapy that could potentially
cure XLA.
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