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Profile of TCR-BV in TB and BCG-vaccinated Children

Introduction

Tuberculosis (TB), a chronic disease which threatens human 
health, is caused by Mycobacterium tuberculosis (MTB). 
According to WHO estimates, approximately 9.4 million 

incident and 14 million prevalent cases of TB, with 1.6 million 
deaths have been attributed to this disease in 2009.1 More 
importantly, children are more susceptible to MTB than adults, 
resulting in a higher incidence of disease and increased severity of 
pathogenesis.2–4

In the human body, the predominant immune response to MTB 
is T cell-mediated. 5–7 T cells recognize antigens by their T cell 
antigen receptor (TCR), a process that involves molecules of the 
human leukocyte antigen (HLA). Mature T cells express one of 
two types of TCR: a heterodimer of  and  chains or  and  
chains. T cells expressing  receptors play an important role in 
immunization. High expansions of  T cells within the TCR 
repertoire have been shown to occur in various malignancies 
and immunological disorders, in addition to in ammatory and 
infectious diseases.8 Repertoire diversity is further increased by 
the imprecise joining of the different gene segments that span the 
complementarity determining region 3 (CDR3).9,10 

Although there are few reports regarding TCR CDR3 skewing 
in TB patients, no study has compared TCR CDR3 skewing 
between TB children and Bacille Calmette Guerin (BCG)-

vaccinated healthy children. This study intended to compare the 
skewed spectratyping of these two groups, which would provide 
new ideas for prevention and treatment of children with TB.

Patients and Methods

Patients
We recruited 15 TB children (< 6 years) from the Af liated 

Hospital of Jining Medical College and the Institute of Tuber-
culosis Prevention and Control of Jining City. Clinical diagno-
sis was made based on medical history, chest X-ray, tuberculin 
skin test (TST), sputum smear and mycobacteria culture. Fifteen 
BCG-vaccinated children (< 6 years) were recruited from the De-
partment of Prevention and Protection of the Af liated Hospital. 
BCG-vaccinated children had positive antibodies speci c to MTB 
as assessed by the Elisapot Kit (MP Biomedicals Asia-Paci c Pte. 
Ltd.). Controls comprised 15 healthy children (< 6 years) who 
were negative for serum MTB-antibody. All subjects had not been 
treated with immunomodulating drugs in the previous six months 
prior to the study and were seronegative for markers of hepatitis 
viruses, HIV and other pathogenic infections. Excluded from the 
study were patients with tumors and immunological disorders. 
This study protocol was approved by the hospital Ethics Com-
mittee.

Extraction of RNAs and synthesis of the first cDNAs
The sense primer, anti-sense primer and speci c primers for 24 

TCR-BV genes families were previously described11 and synthe-
sized by the Guang-zhou Daangene Corporation of China. A total 
of 5 mL of blood was taken from TB children, BCG-vaccinated 
children and healthy controls. Peripheral blood mononuclear 
cells (PBMC) were isolated by Ficoll-Hypaque density gradient 
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centrifugation. Total RNA was extracted from PBMC (2 × 106/
sample) using an Omega RNA extraction kit according to the 
manufacturer’s instructions. Total RNA (1 g) was reverse tran-
scribed with 250 pm olig (dT), 200 U Moloney murine leukemia 
virus (M-MuLV) reverse transcriptase, and 2 L of 10 mM dNTP 
mix (cDNA Synthesis Kit; MBI-Fermentas), in a total volume of 
20 L (six reactions for every sample). The cDNA was stored at 
-80°C. 

Amplification of CDR3 cDNA
TCR CDR3 size analysis of each sample was performed by 

polymerase chain reaction (PCR) ampli cation and the reaction 
modi ed according to a report by Yao, et al.11 The PCR for each 
of the 24 gene families were carried out in 40 L mixtures that 
contained 2 L sense primer and anti-sense primer, 2 L MgCl2 
(2.0 M), 4 L dNTP (10 mM), 5 L 10× buffer, 1.2 U Taq-poly-
merase, and 1 L cDNA template. The experimental conditions 

Figure 1.  Analysis of TCR-BV families in tuberculosis-infected (TB) children. PCR products of the TCR-BV gene 
families were analyzed on a 1.5% agarose gel with ethidium bromide staining. A blur band and some abnormal 
bands in the predicted position were observed in most TCR-BV families. However, the V 17 gene family showed no 
bands. The PCR products of patient 1 are shown. 

Figure 2.  Analysis of TCR-BV families in BCG-vaccinated children. The PCR products of TCR-BV families were 
analyzed on a 1.5% agarose gel by ethidium bromide staining. A blur band and some abnormal bands in the pre-
dicted position were observed in each of the TCR-BV families. The PCR products of child 1 are shown. 

Figure 3.  Skewed spectratyping of TCR beta chain gene families. The PCR products of TCR-BV families were analyzed by 
Genescan technology. Some of the gene families showed monoclonal (V 2, V 16), some showed oligoclonal (V 3, V 22), 
and others exhibited depressed clone (V 17). The skewing picture of TB patient 1 is shown. 
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were 94°C for 3 min, 94°C melting for 1 min, primer annealing at 
56°C for 1 min, and 72°C for 1 min, 35 cycles; then extension at 
72°C for 10 min. Finally, 8 L PCR products were separated on a 
1.5% agarose gel and stained with ethidium bromide.

Analysis of CDR3 length by Genescan
The mixture that contained 2 L uorescent PCR products, 2 L 

formamide, 0.5 L loading dye (25 Mm EDTA, 50 ng/mL blue 
dextran) and 0.5 L Genescan-500 TAMRA (ABI) dye-labeled 
size standards was denatured at 95°C for 2 min, then loaded onto 
a 6% acrylamide sequencing gel and allowed to run for 2 hours on 
a 50 lane applied Bio-systems model 373A DNA sequencer. Data 
were analyzed by Genescan software version 672.

Patients Monoclonal gene families Oligoclonal gene families Low-level clonal gene families
1 V 2, V 16 V 3, V 22 V 17
2 V 21, V 20 V 13.1, V 14, V 17 V 24
3 V 2 V 18, V 22 —
4 V 21 V 2, V 18 V 14
5 V 2, V 21 V 22, V 13.1 —
6 V 21, V 22 V 2, V 20 V 17
7 V 16, V 2, V 20 V 3, V 18, V 22 V 14
8 V 21, V 22 V 13.1 V 20
9 V 2, V 16 V 22, V 21 —
10 V 13.1, V 21 V 2, V 6, V 20 V 3, V 14
11 V 2, V 16 V 21, V 14, V 6 V 17
12 V 2, V 21 V 18, V 13.1 V 23, V 17
13 V 16, V 22 V 2, V 21, V 23 V 13.2, V 14
14 V 13.1, V 21 V 1, V 5.1, V 7 —
15 V 2, V 5.1, V 16 V 6, V 21, V 22 V 1, V 14

Table 1. Spectratyping of TCR-BV of children with tuberculosis (TB).

Children Monoclonal gene families Oligoclonal gene families Low-level clonal gene families
1 V 21, V 22 V 1, V 20, V 23 —
2 V 2, V 16 V 20, V 22 V 17
3 V 2, V 21 V 22, V 20, V 24 V 17
4 V 21 V 20 V 14
5 V 2 V 22, V 21 V 14, V 17
6 V 20,V 21 V 2, V 12, V 22 —
7 V 20 V 21 V 14
8 V 16, V 22 V 2, V 18, V 21 —
9 V 22 V 16, V 13.1 —
10 — V 2, V 20 —
11 V 21, V 22 V 16, V 13.1, V 18 V 17
12 V 16 V 1, V 12, V 20, V 22 V 14
13 V 20 V 2, V 21 —
14 V 16, V 21 V 6, V 20 V 15
15 V 16 V 2, V 18 —

Table 2.  Spectratyping of TCR-BV of children vaccinated with BCG.

V

Skewed gene families of childhood patients with 
tuberculosis (TB)

Skewed gene families of children vaccinated
 with BCG

       Number                                   Skewing rate (%)       Number                             Skewing rate (%)
1 1 13.3 2 13.3
2 9 60.0 8 53.3
3 3 20.0 3 20.0
4 0 0 0 0
5.1 2 13.3 0 0
5.2 0 0 0 0
6 3 20.0 1 6.7
7 1 6.7 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0
11 0 0 0 0
12 0 0 2 13.3
13.1 6 40.0 2 13.3
13.2 1 6.7 0 0
14 7 46.7 4 26.7
15 0 0 1 6.7
16 6 40.0 7 46.7
17 5 33.3 4 26.7
18 4 26.7 3 20.0
19 0 0 0 9.0
20 5 33.3 10 66.7
21 12 80.0 10 66.7
22 9 60.0 9 60.0
23 2 13.3 1 6.7
24 1 6.7 1 6.7

Table 3.  Comparison of skewed spectratyping of 24 TCR-BV families in two groups.
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Results

The results showed that each family of TCR-BV gene in healthy 
donors exhibited a blur band, while in TB children and BCG-
vaccinated children, except for blur bands, several gene families 
showed distinct or fainted bands (Figures 1 and 2) in predicted 
positions. The melting curve derived by Genescan assay showed 
multi-peaks which represented polyclonal proliferation families, 
double-peaks that indicated the presence of oligoclonal prolif-
eration families, single-peaks which were indicative of monoclo-
nal proliferation families, and low-level peaks that represented 
depressed clonal proliferation families.12,13 In all healthy subjects, 
the TCR-BV gene families were comprised of polyclonal prolifer-
ation, whereas some of the TCR-BV gene families in TB children 
exhibited not only polyclonal but also monoclonal, oligoclonal, 
and even depressed-clonal families (Figure 3). The same 
phenomenon was observed in BCG-vaccinated children. The 
monoclonal proliferation families consisted mainly of types V 2 
(60.0%), V 16 (40.0%), V 21 (80.0%), and V 22 (60.0%). The 
key depressed clonal families were of V 14 (46.7%) and V 17 
(33.3%) types (Tables 1 and 3). In BCG-vaccinated children, the 
monoclonal proliferation families were mainly V 2 (53.3%), 
V 16 (40.0%), V 21 (66.7%) and V 22 (66.7%), whereas the key 
clone depression families were V 14 and V 17. The skew rates 
were all 26.7% (Tables 2 and 3). However some families such 
as V 4, V 8, V 9, V 10, and V 11 were always polyclonal and 
did not show any skewness in any of the samples. Except for the 
common characters, the spectratyping skewness of many TCR-
BV in both groups were individualized. For example V 5.1, V 7, 
V 13.2, and V 15 were monoclonal in certain gene families. In 
Figure 4, the TCR landscapes are plotted with 24 BV families on 
the x-axis and the reciprocal skewing rate on the y-axis.

Discussion

Following infection with MTB, T lymphocytes recognize the 
antigen presented by human leucocyte antigen (HLA), while 
the quantity and ratio of each T cell subpopulation reciprocally 
changes.14,15 This process drives the immune effect to be bene cial 
to protect against pathogenic infections. TCR plays a critical role 
in recognizing the epitopes of the antigens handed by HLA-I or 
HLA-II. According to the composition of the two chains, there 
are two groups of TCRs. The  TCR subpopulation plays the 
more important role in the progress against MTB infection.16 
In this aspect, some studies have demonstrated that there are 
individualized skewed spectratypings in the T cell repertoire of 
TB patients.17 There are few reports about the characteristics of 
TCR-BV gene families in TB children and a comparison of the 
TCR-BV gene families between TB children and BCG-vaccinated 
children has not been reported. 

In this study, we used the Genescan technique to detect the spec-
tratyping of the TCR beta chain in the peripheral blood cells of 
TB children and BCG-vaccinated children. We found that some 
TCR-BV gene families showed skewed pro les in both groups. 
Different persons exhibited different TCR-BV pro les. Even 
within the same group the pro le of each child was signi cantly 
different. The pro les of TCR-BV families from healthy con-
trols exhibited polyclonal. Some TCR-BV gene families from 
TB children and BCG-vaccinated children showed polyclonal, 
monoclonal, and oligoclonal. Some families had restricted clones, 
which was similar to a report that some TCR-BV gene families 
were deleted or absent.18 It is possible that during the process of 
an immune response to the MTB antigen, some gene families be-
came predominant, which has restricted or limited the expression 
of other gene families.19,20 

The predominant proliferative gene families V 2, V 16, V 21, 

Figure 4.  The pro les of TCR-BV spectratyping of the two groups which shows similarities between the two 
pro les of TB children and BCG-vaccinated children. The monoclonal gene families focused on V 2, V 16, 
V 21, and V 22, and the depressed expression families were V 14 and V 17.
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and V 22 were seen in the TB and BCG-vaccinated children and 
might be a speci c immune response to MTB. Our results differed 
from a study which reported that the predominant gene families 
were V 9 and V 12 according to QIAO D.21 In some reports, the 
skewness of predominant and restricted TCR-BV gene families 
were totally called gene melting spectral patterns (GMSPs),8,22,23 
which is/are speci c to a certain antigen. Generally, the T cells 
which TCR-BV contain such a GMSPs were taken as the speci c 
T-cell clone to the immunogen. Numerous studies have proven 
that only the clonal proliferative T cells play important roles in 
the process of recognizing and removing antigens from bacteria, 
viruses and tumors. 22,24,25 

Some reports have proven that BCG could stimulate T cells to 
produce an immune response.26,27 In this study, we found a simi-
larity in the TCR-BV gene pro le between TB children and BCG-
vaccinated children, which has further suggested a molecular 
mechanism for T cell mediated cell immunity for BCG in protect-
ing the human body against MTB infection. However, the T cell 
subpopulation needs additional study in TB children and BCG-
vaccinated children. Although the effects of BCG on the predomi-
nant TCR-BV gene families is clear,28,29 the effects on the limited 
gene families have not been explored. Finally the BCG vaccine 
is effective in protecting children against TB, but not adults, thus 
this mechanism also needs additional investigation.
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