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ABSTRACT
Introduction and aim. Mutation(s) in the gene encoding the CD19 molecule affect CD19 protein expression and primary im-
munodeficiency (PID) occurs. The PCR-RFLP method, which is faster and cheaper than other mutation detection methods, is 
rarely used in the diagnosis of PID. The study aimed to genetically identify CD19 deficiency, which is a PID, using the PCR-RFLP 
method.
Material and methods. A total of 8 patients and two healthy controls were included in the study and the relevant region gen-
otypes in the CD19 gene were determined by performing PCR-RFLP analysis.  
Results. The index case, newborn baby and mother were also included in the study. It was determined that the index case (P6) 
was homozygous mutant, the newborn baby (P7) and mother (P8) had heterozygous genotype. Based on this situation, one 
child (P1) was found to be homozygous mutant, mother (P2), father (P3) and other children (P4 and P5) had heterozygous gen-
otype in the family, which was determined to be related to the first case.
Conclusion. In our study, it has been shown that PCR-RFLP is a method that can be used in the diagnosis of PID by determining 
genotypes using PCR-RFLP, and especially in terms of rapid genetic testing of family screenings.
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Introduction
Primary immunodeficiencies (PID) are a group of dis-
eases that result from the development and/or dysfunc-
tion of various components of the immune system. 
In recent years, many genes that cause PID have been 
identified. Primary antibody deficiencies, mainly pre-
disposed to bacterial infections, can be caused by mu-
tations in genes involved in B cell differentiation.1 
Mutations in these genes inhibit immature B cell dif-
ferentiation in bone marrow and cause agammaglobu-
linemia and low B cell in peripheral blood.2 Although 
many genes (CD20, CD21, CD81, CD225) play a role 

in B cell development, one of the most important is the 
CD19 gene.3,4

The CD19 is a gene located in the p11.2 region of 
chromosome 16, and consists of 15 exons and 7.41 kb 
length (NC_000016.10).5 This gene encodes the CD19 
protein, a transmembrane glycoprotein of the immuno-
globulin (Ig) superfamily. CD19 is also expressed in fol-
licular dendritic cells as well as in normal and neoplastic 
B cells, which expression begins for the B cells in the 
bone marrow and continues until the plasma cell. In ad-
dition, CD19 forms a complex with CD21, CD81 and 
CD225 on the surfaces of mature B cells (Fig. 1).6 
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This complex co-operates with the B cell recep-
tor (BCR) and stimulates both BCR-dependent and 
BCR-independent intrinsic B cell signaling pathways. 
Despite the mutation in the CD19 gene, normal B cell 
differentiation occurs in the bone marrow, and the abso-
lute number of B cells in the peripheral blood is normal. 
However, stimulation on BCR is impaired and the num-
ber of memory B cells in peripheral blood is decreased. 
This results in hypogammaglobulinemia and impaired 
antigen-specific humoral response.7-8

Fig. 1. B cell and CD19 complex

The first case of PID due to mutation in the CD19 
gene was described by us in a 10-year-old girl.9 Follow-
ing the identification of this case, a village screening of 
208 cases was carried out and carrier was detected in 
20 cases. Screening was performed by determining flow 
cytometric CD19 expressions.10 She was admitted to us 
from the same village that was related to the previously 
described patient. According to the clinical and labora-
tory results of the patient, it was thought that CD19 gene 
mutation might be present and genetic identification 
was aimed. In order to determine the mutation, Poly-
merase Chain Reaction-Restriction Fragment Length 
Polymorphism (PCR-RFLP) method which was used in 
DCLRE1C mutation detection.11 

Aim
Therefore, in this study, it was aimed to determine CD19 
gene mutation by PCR-RFLP which is a cheap, reliable 
and fast method.

Material and methods
Patients 
The index family has 4 children (Fig. 2). The patient was 
admitted to our clinic at 7 years old with complaints of 
frequent illness. 

The history of the patient revealed that she had a fe-
ver 3-4 times a month and had a frequent fever since she 
started school and diagnosed at Idiopathic Thrombocy-
topenic Purpura (ITP) at 5 years old. Parents had a con-
sanguineous marriage. It was learned that there was a 

baby who had intrauterine exitus at the age of 6 months 
in the family. We were learned that patient was related to 
the first case described by van Zelm et. al. in 2006.11 As 
a result of this information and laboratory examination, 
it was thought that CD19 gene mutation might be pres-
ent. The region to be studied for mutation was selected 
as the previously defined region (c.973_973insA; p.Ar-
g325AlafsX4; GenBank: AH005421.2). The patient (P1), 
mother (P2), father (P3), sister (P4), brother (P5), the 
patient identified in 2006 (P6), newborn baby of P6 (P7) 
and mother of P6 (P8) were included in the study. The 
studies were performed with 2 healthy controls (C1 and 
C2). Patient recruitment and the studies reported here-
in were approved by Institutional Review Board at the 
Necmettin Erbakan University Meram Medical Faculty. 
Written informed consent was obtained from participat-
ing patients’ guardians and healthy controls. 

Fig. 2. Pedigree (*:Patients who had previously detected 
CD19 mutation and carriage)

Flow cytometry
Peripheral lymphocyte subgroup study of the patient 
and family members were performed. After the study, 
cell counts were performed with Becton Dickinson Can-
to II (BD Biosciences, Heidelberg, Germany) flow cy-
tometry and their analysis were performed. In addition, 
CD19 expression was performed with monoclonal anti-
body from three different clones (SJ25C1, 4G7, HIB19).

PCR and PCR-RFLP
Polymerase chain reaction (PCR) primers covering mu-
tation regions in CD19 gene were designed (forward 
primer: 5’-CCTGAGGAGGAAAAGAAT-3’ and reverse 
primer: 5’-GGAAACAGTAAGTGCAAGGCATA-3’). 
The mutation regions were amplified by PCR using these 
primers. A PCR protocol was used and cycling condi-
tions were initial denaturation of 95°C for 10 minutes 
followed by 45 cycles of 95°C for 40 seconds, annealing 
beginning at 49,9°C and 72°C 15 seconds.  A final exten-
sion of 72°C for 10 minutes was applied. Resulting PCR 
products were visualized by 1% agarose gel. DNA ampl-
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icons of 118 bp were obtained after PCR amplification. 
PCR-RFLP method was applied to PCR products The 
PCR products were incubated for 1 hour at 65°C with 
BsmI (New England Biolabs®Inc.). DNA fragments ob-
tained after PCR-RFLP procedure were visualized on 3 
% agarose gel and genotypes were determined as wild 
type, heterozygous and homozygous mutant. 

DNA fragments of 118 bp were obtained after PCR 
with primers designed for CD19 mutation site. BsmI 
enzyme recognition region 5’…GAATGCN^…3’; 3’…
CTTAC^GN…5’ is selected according to the wild 
type allele. In the absence of mutation, enzyme diges-
tion was performed in both alleles 94 and 24 bp DNA 
fragment was obtained after PCR-RFLP and these re-
sults were interpreted as normal homozygous genotype. 
If the patient is homozygous mutant genotype 118 bp 
DNA fragment was obtained. In the case of heterozy-
gote, three DNA fragments will be obtained: 118 bp, 94 
bp and 24 bp.

Results
In the peripheral lymphocyte subgroup analysis, 
CD3+ total T, CD4+ helper T, CD8+ cytotoxic T and 
CD16+CD56+ NK cell numbers were found to be nor-
mal but there was no CD19 expression on CD20+B 
cells. The patient had low IgG (347 mg/dl) and IgA (25 
mg/dl) levels. In addition, the hepatitis B vaccine re-
sponse was negative (0.74 mIU/ml; normal range 0-10 
mIU/ml). Clinical and laboratory characteristics of the 
P1 are shown in Table 1.

Table 1. Laboratory and clinical features of the patient (P1) 
Parameters P1

Clinical features  
on admission

Frequent illness during school
Fewer

ITP
Age of diagnosis (years) 7
Lymphocytes (counts/
mm3) 3700

CD3+ (counts/mm3) 2479
CD4+ (counts/mm3) 1369
CD8+ (counts/mm3) 814
CD19+ (counts/mm3) 0*
CD20+ (counts/mm3) 740
CD16+CD56+ (counts/
mm3) 222

IgG (mg/dl) (842-1943) 347*
IgA (mg/dl)  (62-390) 25*
IgM (mg/dl) (54-392) 88

* below normal value

CD19 gene mutation analysis with PCR-RFLP was 
performed as a result of clinical and laboratory analy-
sis. BsmI enzyme was used for PCR-RFLP. 118 bp DNA 
fragment was obtained after PCR-RFLP due to lack of en-
zyme cleavage in P1 and P6 patients previously known 

to be mutations were determined to be homozygous mu-
tant genotype. DNA fragments of 118 bp, 94 bp and 24 bp 
were obtained in P2, P3, P4, P5, P7 and P8 and evaluat-
ed as heterozygous. Because the enzyme cuts both alleles 
in healthy controls, 94 bp and 24 bp bands were obtained 
and genotypes were evaluated as homozygous normal. 
All results of PCR-RFLP are shown in Figure 3.

Fig. 3. PCR-RFLP results (M: Marker 50 bp; P1: Patient; P2: 
P1 mother; P3: P1 father; P4: P1 sister; P5; P1 brother; P6: 
Patient identified in 2006; P7: newborn baby of P6; C1 and 
C2: Control)

Discussion
Primary immunodeficiency caused by CD19 gene muta-
tion was first described in a 10-year-old girl by our team 
in 2006.9 CD19 gene mutation was identified in another 
patient who was living in the same village and was relat-
ed to this patient. These two cases suggested that it might 
be in other cases living in this village and the village was 
screened for CD19 deficiency. As a result of this screen-
ing, 20 carrier individuals were identified.10 Ten years af-
ter the village screening, a patient from the same village 
and related with index case applied to us. It was thought 
that CD19 gene mutation was found in clinical and labo-
ratory examinations. In this study, it was aimed to detect 
CD19 gene mutation quickly, safely and inexpensively.

In our region where consanguineous marriages are 
high, the incidence of autosomal recessive diseases is 
higher. Therefore, in the light of clinical, laboratory and 
family history information, it is important to perform 
rapid mutation analyzes. Known mutations can also be 
detected by using the PCR-RFLP, which is less expen-
sive, highly sensitive, requires basic laboratory instru-
ments and is easier to implement. The PCR-RFLP is a 
reliable method and still used for the identification of 
some bacterial species in the laboratory.12,13 Other than 
PCR-RFLP, polymerase chain reaction-single-strand-
ed conformation polymorphism (PCR-SSCP) used for 
genotype determination after DNA post amplification 
are two independent methods used for post-amplifica-
tion genotyping of DNA variations. Both techniques are 
used in a wide variety of screening applications to char-
acterize single nucleotide polymorphisms (SNPs). Al-
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though PCR-SSCP allows identification of a potentially 
causal unknown SNP that cannot be identified by PCR-
RFLP, it has more complex steps than PCR-RFLP. How-
ever, it is used in many applications because it does not 
require complex steps to perform PCR-RFLP. On the 
other hand, PCR RFLP is easier to process in terms of 
time and interpretation experience.15 Other of the rea-
sons we prefer this method is that we have used it safe-
ly in the identification of DCLRE1C gene mutations. 
Therefore, the PCR-RFLP method was preferred in the 
study. That study also identified DCLRE1C gene muta-
tion and carrier beers and the results were confirmed by 
DNA sequence analysis.11 In our experience, the disad-
vantage of this method is that it can only be used to de-
tect known mutations. 

CD19 is a basic molecule that promotes the prolifer-
ation and survival of mature B cells. It forms a whole to-
gether with CD81 and CD225. The CD19 protein forms 
a whole with CD21, CD81 and CD225 on the surface of 
mature B lymphocytes. This complex works with the B cell 
receptor and plays an important role in the regulation of 
events after antigen stimulation.15 To date, recurrent sin-
opulmonary infections, pyelonephritis, and gastritis have 
been reported in patients with CD19 gene mutations iden-
tified. 9,11,15,16 In our case, these findings were absent and 
there was a history of recurrent fever with bronchiolitis 
that had only been repeated once. Inadequate antibody re-
sponses, decreased memory B cell count and hypogamma-
globunemia were seen in CD19 deficiency and in our case, 
it was laboratory compatible with the literature.

Conclusion
As with other diseases, the early detection of genes that 
cause primary immunodeficiency is important both for 
the course of the disease and for additional treatment 
options. In addition, identifying carriers and informing 
families about this issue is of critical importance. Al-
though the PCR-RFLP method is a known method, it 
has been applied by us for the first time in the diagnosis 
of PID. Therefore, we believe that PCR-RFLP method 
can be used both in detection of known mutations and 
also in family screening.
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