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Abstract
A signal joint (sj) T-cell receptor excision circle (TREC) is produced by

T-cell receptor (TCR) gene rearrangements during af T-cell maturation in the thymus.
sJ)TREC have been studied as a marker of thymus function in several spices. We
designed specific primers for drec-yJa sj region to identify the location of the bovine
sJTREC region and determined the nucleotide sequence of the PCR product. The
obtained sequences were subjected to a BLAST search, which identified a matching
region. This matching region contained TCR 6 genes and was identified on bovine
chromosome 10. We also confirmed the polymorphism of the sj region by sequencing
of ten PCR products, and observed irregular insertion of bases in the orec-yla
recombination signal sequence. We then developed a quantitative PCR (QPCR) assay
for evaluation of sjTRECs level in order to evaluate bovine thymus function for
application in the veterinary clinic. This QPCR assay specifically amplified the s;j
region of bovine sjTREC and could detected 10! - 10”7 copy numbers of sjTRECs.
Using this assay we found that the number of sjTRECs in peripheral blood

mononuclear cells was less than 10% that of the thymus.

Key words: calf, peripheral blood mononuclear cells, quantitative PCR, sjTREC,

thymus
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1. Introduction

The thymus is a primary lymphoid organ, where the primary T-cell repertoire
is generated (Tonegawa, 1983). The T-cells that mature in the thymus and migrate to
the periphery as recent thymic emigrants (RTE) play an important role in cellular
immunity. In the thymus, the TCR is produced by rearrangements of the TCR gene
cluster. These TCR gene rearrangements are regulated by the enzyme recombinase,
which recognizes the recombination signal sequence (RSS) of the variable (V),
diversity (D), and joining (J) gene segments, based on the 12/23 spacer rule (Sawchuk
et al., 1997). These gene rearrangements generate circular DNAs called T-cell receptor
excision circles (TRECs). During the precursor T-cell differentiate into the aff T-cell, a
signal joint TREC (sjTREC) is generated by drec-yJa rearrangement, which including
the TCR 6 gene deletion from chromosome. The drec-yJa signal joint (sj) region and
the TCR 0 gene cluster are contained in the sjTREC, and the orec-yJa coding joint
region and TCR a gene cluster are retained in the chromosome. Therefore, the number
of af T-cell emigrated from thymus match the number of sjTREC.

Thymus function has been evaluated by the analysis of naive T-cell
phenotype in the periphery and the measurement of thymus size by computed
tomography (Hazenberg et al., 2001). Since sjTREC are included only in the aff T-cells
that emigrate from the thymus, they have been used as a marker to evaluate the thymus
function after the hematopoietic stem cell transplantation for the infants with serve
combined immunodeficiency or the high active antiretroviral therapy for the HIV
infected patients (Douek et al., 1998; Patel et al., 2000). sjTREC have some unique
characteristics: they are stable in peripheral T-cells, they are not replicated by mitosis,
and they are diluted-out with each cell division (Livak ey al., 1996; Kong et al., 1999;
Sempowski et al., 2001). Moreover, since the level of sjTRECs in PBMC has been

reported to decrease with age, sJTREC level is a promising indicator of age estimation
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in criminal investigations (Zubakov et al., 2010; Ou et al., 2011; Ou et al., 2012).
Although sjTRECs of humans, rhesus monkeys, sooty mangabeys, baboons, mice, pigs,
and sheep have been reported (Sodora et al., 2000; Broers et al., 2002; Vallabhajosyula
et al., 2011; Tena et al., 2011; Ou et al., 2011), bovine sJTREC have not yet been
studied. To evaluate the bovine thymus function under the chronic diseases such as
pneumonia and diarrhea, we planned to use the measurement of bovine sjTREC. In this
study, we identified the bovine sjTREC region by PCR amplification of the bovine
orec-yJa sj region. In addition, we established a method for quantification of bovine

sJTRECs by using a TagMan PCR assay.

2. Materials and Methods
2.1. Animals and samples

Japanese black calves (1-13 months old, n=5) were obtained from local
farms in Miyazaki Prefecture. The animals were killed by electric shock following
intravenous injection of a combination of xylazine (0.2 mg/kg) and pentobarbital (15
mg/kg). All animal procedures were approved by the Institutional Animal Care and Use
Committee of the University of Miyazaki. The thymus was collected, frozen on dry ice,
and then stored at -80 °C until use. Whole blood cells were collected and PBMCs were
separated using Ficoll-Paque (GE Healthcare UK Limited, Little Chalfont,

Buckinghamshire, UK) and then stored at -80 °C until use.

2.2 DNA preparation
Genomic DNA was extracted and purified from the thymus and PBMCs using
the EZI® DNA Investigator kit (Qiagen, Hilden, Germany). The concentration of

genomic DNA was then determined using NanoVue plus (GE Healthcare UK Limited).
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2.3 Sequencing of the sj region of bovine siTREC

The yJa primer: 5'-GAAGTCTCTGCATCGTGTGATAAC-3' and the orec
primer: 5'- CTTACCCTCTGCTGCCATCTAGTG-3" were designed based on sheep
sjTREC sequencing primers (Vallabhajosyula et al., 2011). The PCR mixtures (25 pl)
contained 10 pmol of the yJa primer, 10 pmol of the d-rec primer, 50 ng of genomic
DNA, 1.25 U of Ampli Taq Gold® DNA polymerase (Applied Biosystems, Foster City,
CA, USA), 2.5 ul of 10xPCR Gold buffer, 2.5 ul of 25 mM MgCl; solution, and 2.5 pl
of a 10 mM GeneAmp® dNTP Mix. Amplification proceeded using the GeneAmp®
PCR System 9700 (Applied Biosystems) at 95 °C for 15 min followed by 35 cycles of
94 °C for 30 sec, 65 °C for 30 sec, and 72 °C for 1 min. The PCR product was purified
using the QuickStep™ 2 PCR Purification Kit (Edge Biosystems, Gaithersburg, MD,
USA). The nucleotide sequences of the PCR products were determined using the
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and the ABI

3130x/ DNA analyzer.

2.4. Location of the siyTREC region on bovine chromosomes
A search for homology between the nucleotide sequences of the sj region and
the sequences of bovine chromosomes was performed using NCBI-BLAST

(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.5. Development of a QPCR assay for bovine siTREC

The bovine sjTREC QPCR primers Q-yJao primer:
5'-TGCCACATCCCTTTCAACCAC-3" and
Q-orec primer: 5'-GAGCAGACAGAGCACAGCGAC-3" and the TagMan probe
5'-CACAGGAGTGAACACCTTTACA-MGB-3' were designed based on the sequence

of the sj region.
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For the QPCR assay, we used the PCR product (also 1004 bp) as the sjTREC
standard. The sjTREC copy numbers of the standard were calculated as follows:
copy numbers = [concentration (ug / pl) x 6.023 x 1023] / [the number of nucleotides x
660]

The PCR mixtures (25 pl) contained 1 x TagMan Gene Expression Master
Mix (Applied Biosystems), 900 nM each of the Q-yJa primer and the Q-drec primer,
250 nM of the TagMan Probe, and 100 ng of genomic template DNA. Amplification
proceeded using a 7500 Real Time PCR system (Applied Biosystems) at 95 °C for 10
min followed by 40 cycles of 95 °C for 15 sec and 65 °C for 30 sec.

The specificity of the QPCR assay was checked by electrophoresis (Reliant®
Gel System 4% NuSieve® 3:1, LONZA, Rockland, ME, USA) and direct sequencing

of the QPCR product.

2.6. QPCR assay for bovine siyTREC

The genomic DNA served as templates for QPCR assay in triplicate as
described in section 2.5., and sjTREC copy numbers per genomic DNA (100 ng) was
calculated using the software provided with the Applied Biosystems 7500 (Applied

Biosystems).

3. Results and Discussion

The thymus function that ability to produce the T-cells is closely related to
the cellular immunity in the periphery. The measurement of sjTREC in PBMC is able
to detect RTE such as naive T-cells in the periphery. Therefore, sjTREC have been
studied as a marker of thymus function (Hazenberg et al., 2001). In this study, to
identify the location of bovine sjTREC, the sj region of sjyTREC was amplified using

primers that were designed based on sheep sjTREC sequencing primers. A single PCR
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product was obtained and the nucleotide sequence of the PCR product was determined
(Fig. 1A). The sequence was divided into two domains, and the sequences of these
domains matched with an approximately 185 kb region at the TRA/D locus on bovine
chromosome 10 by NCBI-BLAST (Fig. 1B). In addition, an homology search for the
putative bovine sjTREC region was performed (Fig. 1C). The putative bovine sjyTREC
region showed homology with the TCR 6 gene (TRDV, TRDD, TRDJ, and TRDC
segments). Two putative TRDV segments (V1 and V2), nine putative TRDD segments
(D1 to D9), four putative TRDJ segments (J1 to J4), and one putative TRDC segment
(CI) were found in this region (Fig. 1C). Furthermore, these putative TCR & gene
segments are lined up in the expected order (TRDV, TRDD, TRDIJ, and TRDC
segments). We determined the localization of the bovine sjTREC region in the TCR a
chain C-like region on the bovine chromosome 10 (NM_003104268.1;
12192074-12377457).

To develop bovine sjTREC quantitative primers, we first confirmed the
polymorphism of the sj region in the sjTREC. Some of polymorphic sites (data not
shown) were observed by sequencing of ten of the PCR products (Fig. 2A). Primers
and a TagMan probe that amplify only the sj region in sjTREC were designed. This
primer set does not amplify the germline DNA (Fig. 2B).

The sjTRECs in the range of 1x10! copies to 1x107 copies were detected, and
amplification efficiency was 98%. The specificity of the PCR product was checked and
non-specific amplification was not observed (data not shown).

Quantification of sjTRECs in thymus DNA and in PBMCs DNA was then
performed using this assay. The sjTREC was detected from both samples. The number
of sjTRECs in PBMCs was less than 10% that of the thymus (Fig. 3). This finding
indicated that the number of RTEs in the PBMCs is less than 10% the number of a

gene rearranged T-cells in the thymus. Therefore, the difference in these values
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between the thymus and PBMCs might indicate the occurrence of T-cell selection in
the thymus and/or proliferation of T-cell in the periphery. sjTRECs quantification has
been reported for several species. In human, quantification of sjTRECs in autoimmune
disease patients and in Down's syndrome patients has been performed, which revealed
changes and differences in thymus function in these patients compared to normal
controls (Passerini et al., 2003; Prada et al., 2005). In clinics, quantification of sjTREC
is being used for diagnosis of severe combined immunodeficiency in newborn infants
(Vogel et al., 2014). In other animals, in a study of a thymic xenograft between a
baboon and a pig, baboon thymopoiesis in a porcine thymic xenograft was confirmed
by quantitation of sjTRECs (Tena et al., 2011).

In conclusion, we determined the localization of the bovine sjTREC region in
the TCR a chain C-like region on the bovine chromosome 10 (NW_003104268.1;
12192074-12377457) and developed the QPCR assay for bovine sjTREC. We are
investigating the relationships between bovine thymus function and aging, gender
differences and seasonal variations, by quantification of bovine sjTRECs in PBMC. It
has been found that the bovine thymus function is decreased with age and changed
with the seasonal variations. In addition, we speculate that this method of measurement
of sjTRECs in PBMCs will be useful for evaluation of calf thymus function and for

checking the medical condition of chronic infectious diseases.
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Figure captions

Fig. 1. Localization of the sjTREC region in bovine chromosomes. (A) The sequence
of the 1004 bp PCR amplification product for determination of the location of the
bovine sjTREC region is shown. The sequences of the sequencing primers (squares),
the orec and yJa recombination signal sequences (RSSs) (underlines), and the location
of the drec RSSs and yJa RSSs separated site (double slashes) are shown. The
division into domains a and b, which was based on the results of a BLAST search, is
indicated. (B) Identification of a putative bovine sjTREC. The sequences of the
domains a and b shown in (A) match with an approximately 185 kb region at the T-cell
receptor alpha chain C-region-like region on the bovine chromosome 10. The data
suggest that this region forms a circle. (C) The segments of the putative bovine
sJTREC region (NW_003104268.1). This region has two TRDV (squares), nine TRDD

(triangles), four TRDIJ (vertical lines) and one TRDC (circle) gene segments.

Fig. 2. Design of the QPCR assay for bovine sjTRECs. (A) The primers (double
underlines) and the TagMan probe (bold underline) used for the QPCR assay of bovine
sJTRECs are shown. Using this assay, polymorphism of the sj region was confirmed
and random insertion of bases in the recombination site was revealed. (B) The QPCR
assay detects only the sj region of sjTREC and this primer set did not amplify the

germline DNA.

Fig. 3. Quantification of bovine sjTRECs in the thymus and PBMCs. sjTREC levels, as
measured using the QPCR assay, were higher in the thymus than in PBMCs. The data

are shown as means + SD.
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CTCAGCCACCTACTATCTCTGTCCTAACAGAGGGAAGAGGGCAGACCTTTCCCAGGAAAGAG
GGGGCCCCTGGGGAGGACAGACAGCTCTCTCTGTCTAGTGAGGAAGGGGAACAGAGGCGA
TGCCACATCCCTTTCAACCACGCTGACGCTTCTAGTTITTIGTAAAGGTGTTCACTCCTGTG //
CACAGCAGTACGCAGGCACCTGCAGCCCCATCCTAAACCCTGCAGTCGCTGTGCTCTGTCT
GCTCTGCTTTCACTGCTCTCGTTAGCTCTAAGGACAAGCTGGCTTGTGTTGCATTAGGTCTTC
CATCCTGGGAAGTGTTTCACAGCTTTGCACACATCCCCAGGCCCCAGGCTAATGAGTAAGGG
TTGAAAATACATTCAGGTGTCATCATGGGCAATGGAGCAGGTGTCAAACACGGTCTGCAGGT
CAGGCTGGAGCAAGCTTCCACTTGCTTGCTCTGTACGGAAATAGGTGGGCGGTTGGCTGAA
GACACCAACGAATTTCCCTTTGGCTCTGTGCTTTCTCCATCTCTGCCTCTGGGGATTCTTGAA
GATACAGTGGGAAATGTCAGCATGAGATGCAGGACTCTATCTCTCTCCAGGATTCACCTGGG
ATTTTGGCAAGACATGCCAGGTCTTCACGGTTTACTTTTAGAGTCTGAAAGGTGGATAGATTT
GTAAGAAAGTGGACAGACAATCTCTCTCCAGAAGAGAAAGGGCCCTCTCGGGCTCCAAGAT
GCAGTCCCAGCGTTGCTCAGGCAGATGTCAGGAGATGGGTCCTGACCCTCCGTTGCGACAA
GGACTCTGAGGAAAGCCATGACTGTGTGTTTCTGTACCCGTCTTCCTCCTGCTTCACGGGTG

CTGAGACTTCAGCCCTGTTTAGGAAAAGGACAACGCAGAGGAGGAAAGTGGCEACTAGATG

GCAGCAGAGGGTAAG |
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Figure 2

A

Bovine 1-1.seq 181 AGGCGATGCCACATCCCTTTCAACCACGCTGACGCTTCTAGTTTTTGTAAAGGTGTTCAC 240
Bovine 2-1.seq 181 240
Bovine 2-2.seq 181 240
Bovine 2-3.seq 181 240
Bovine 2-4.seq 181 240
Bovine 3-1.seq 180 239
Bovine 3-2.seq 181 240
Bovine 4-1.seq 181 240
Bovine 5-1.seq 181 240
Bovine 5-2.seq 181 240
Bovine 1-1.seq 241 291
Bovine 2-1.seq 241 297
Bovine 2-2.seq 241 291
Bovine 2-3.seq 241 297
Bovine 2-4.seq 241 291
Bovine 3-1.seq 240 293
Bovine 3-2.seg 241 322
Bovine 4-1.seq 241 291
Bovine 5-1.seq 241 297
Bovine 5-2.seq 241 291
Bovine 1-1.seq 292 351
Bovine 2-1.seq 298 357
Bovine 2-2.seq 292 351
Bovine 2-3.seq 298 357
Bovine 2-4.seq 292 351
Bovine 3-1.seq 294 353
Bovine 3-2.seq 301 360
Bovine 4-1.seq 292 351
Bovine 5-1.seq 298 357
Bovine 5-2.seq 292 351

= :Primer, a:TagManProbe

Germline — no amplification x Forming sjTREC — amplification O

sjTREC region

+—/—
Reverse Primer
[TagMan Probe
—

< 1
Reverse Primer

Forward Primer Forward Primer [TagMan Probe
—1» —1 ]




Figure 3
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