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SUMMARY

RIASSUNTO

Objective. To explore and compare the skewing features
of T-cell receptor (TCR) alpha chain complementarity determining region 3 (CDR3) between in peripheral blood and in colon
tissue of patients with colorectal carcinoma (CRC).
Methods. Using real-time fluorescence quantitative
reverse transcription polymerase chain reaction (FQ-PCR) with
DNA melting curve technique, the features of TRAV CDR3
were determined.
Results. The gene melting spectral patterns (GMSPs) of
32 TRAV gene families exhibited highly multimodal shapes for
most of the TRAV gene families, and comparing with healthy
controls and tissue sample controls with lymphnoditis respectively, many GMSPs of PBMC and TIL in patients with CRC
showed skewed-peak (single-peak, biaed-peak and low-peak).
However, some TRAV gene families which exhibited predomiant usage or limited usage were shared in PBMC and TIL,
and there were similar or same sequences in some TRAV gene
families which exhibited single-peak in PBMC or in TIL, some
of families shared the same motifs.
Conclusions. The skewing of TRAV in PBMC was different from that in TIL in most of patients with CRC, this information may be suggestive to the study of the immunological
mechanism of CRC and the individualized therapy to it.

Obiettivi. Valutare e confrontare le caratteristiche del
CDR3 (complementarity determining region 3) della catena
alfa del TCR (T-cell receptor) di linfociti del sangue periferico
(PBMC) e di biopsie tissutali (TIL) di pazienti affetti da carcinoma del colon retto (CRC).
Metodi. Le caratteristiche del TRAV (T Cell Receptor
Alpha Variable) CDR3 sono state determinate mediante realtime FQ-PCR (fluorescence quantitative reverse transcription
polymerase chain reaction) con la tecnica della curva di fusione del DNA.
Risultati. I pattern spettrali del gene di fusione (GMSPs)
di 32 famiglie geniche TRAV mostravano conformazioni estremamente multimodali per la maggior parte di queste famiglie;
confrontandole con quelle di controlli sani e controlli con
linfoadenite, molti GMSPs delle PBMC e dei TIL di pazienti
con CRC, mostravano picchi di distorsione, singoli, a coppie o
bassi. Alcune di queste famiglie geniche TRAV, sia preponderanti che limitate, erano condivise sia nelle PBMC che nei TIL.
Era anche possibile riscontrare le stesse, o simili, sequenze
geniche in alcune delle famiglie geniche TRAV, che mostravano
un singolo picco nelle PBMC o nei TIL, mentre altre famiglie
condividevano lo stesso motivo.
Conclusioni. L’analisi dei TRAV nelle cellule mononucleate del sangue periferico è risultata differente rispetto a
quella dimostrata nei linfociti infiltranti il tumore, e questo
nella maggior parte dei pazienti con CRC; ciò suggerisce la
necessità di ulteriori ricerche circa i meccanismi immunologici
del CRC, anche per un’eventuale terapia individualizzata.
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Introduction

of T cells. Different sizes or sequences of CDR3
consist of different T cell clones, further diversifying CDR3 gene lineages. One CDR3 sequence
represents one T cell clone, and most of clonal T
cells combined with MHC-peptide have the same
segments and similar lengths (3-5). Therefore, the
analysis on the variable region of TCR CDR3 gene
can be used to determine the clonal features of certain particular T cell response.
According to homology of human TCR α
chain variable region (TRAV) gene, 80 TRAV

More than 95% of T cells have α and β chains
to compact into the T-cell receptor (TCR) on its cell
surface, these cells are referred as αβ+ T cells(1,2).
The TCR α chain gene is encoded by three gene
segments consisting of rearranged Vα/N/Jα/Cα
gene segments. The region of Vα/N/Jα/Cα junction
corresponds to the complementarity determining
region 3 (CDR3) of the TCR α chain. The CDR3
contributes to the specificity of antigen recognition

24

Jian-Wei Zhou1 - Rui Ma et Al

genes can be divided into 32 conservative families,
which can cover more than 85% human TCR alpha
chain genes. The CDR3 of specific TRAV could be
amplified through designing sense primers and
TRAC anti-sense primers. In this study, we detected
CDR3 spectratyping of T lymphocytes in the
peripheral blood and colon tissue of patients with
colorectal carcinoma (CRC) by FQ-PCR with DNA
melting curve technique, and analyzed its molecular
feature, and hope to provide ideas for further exposuring immunological mechanism of CRC and individualized therapy to it.
Materials and methods
Patients and control groups
Peripheral blood samples and tissue samples
were collected with informed consent from seven
patients with CRC (Table 1 and Figure 1) respectively, the peripheral blood mononuclear cell
(PBMC) of seven healthy donors and the tissue
samples of two patients with lymphnoditis (as
research control) were collected as well. The two
patients with lymphnoditis were caused by reactive
hyperplasia of the lymphnodes, and all patients and
healthy donors had not been treated with immunomodulatory drugs in the last 6 months, all the
subjects were negative for HBsAg, seronegative for
markers of hepatitis A, C, D and E viruses and HIV,
and had no clinical and laboratory evidences of
other infectious diseases, tumor diseases and immunological disorders. The study protocol was approved by the local ethics committee.

Figure 1: Histopathological pictures of seven patients with colorectal carcinoma and two patients
with lymphnoditis.

Primers
The primers for TRAV family-specific amplification were previously described with minor

modification (6). There were 34 sense primers of
TRAV (TRAV1 and TRAV4 have two subfamilies
respectively) and a common anti-sense primer,
while the sense primer of TCR α chain constant
region (TRAC), the sense and anti-sense primers of
GADPH were for controls (Table 2). All were
synthesized by the Shang-Hai Invitrogen
Corporation of China.
Patients

Sex

Age(y)

Diagnosis

Samples

P1
female
（Patient 1）

45

moderately-differentiated
PBMC
rectal adeno carcinoma

Tissue

P2
female
（Patient 2）

42

rectal adenocarcinoma of
Ⅰ-II rank

PBMC

Tissue

P3
（Patient 3）

48

well differentiated rectal
adenocarcinoma

PBMC

Tissue

P4
female
（Patient 4）

46

mucinous carcinoma of
right half part of colon

PBMC

Tissue

P5
（Patient 5）

43

colorectal signet-ring cell
PBMC
carcinoma

Tissue

P6
female
（Patient 6）

69

rectal high differentiated
adenocarcinoma

PBMC

Tissue

P7
（Patient 7）

male

70

colonic high differentiated adenocarcinoma

PBMC

Tissue

PBMC
sample
control 1

male

35

healthy control

PBMC

None

PBMC
sample
control 2

female

40

healthy control

PBMC

None

PBMC
sample
control 3

male

42

healthy control

PBMC

None

PBMC
sample
control 4

male

47

healthy control

PBMC

None

PBMC
sample
control 5

male

54

healthy control

PBMC

None

PBMC
sample
control 6

female

35

healthy control

PBMC

None

PBMC
sample
control 7

female

43

healthy control

PBMC

None

Tissue
sample
control 1

female

65

lymphnoditis (reactive
hyperplasia of the lymphnode)

None

Tissue

Tissue
sample
control 2

female

45

lymphnoditis (reactive
hyperplasia of the lymphnode)

None

Tissue

male

male

Table 1: Clinical materials of CRC patients and controls.

Isolation of mononuclear cells
Five milliliters of blood were taken from seven
patients with CRC and seven healthy controls
respectively, and PBMC were isolated by Ficoll-
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Hypaque density gradient centrifugation before RNA
extraction. Colon tissues were collected from the
above seven patients who were not undergoing therapeutic treatments, and tissue mononuclear cells
(Tumor infiltrating T lymphocytes were the main
effective cells, so hereafters, we used TILs to refer to
them.) were digested by trypase, and isolated by
Ficoll-Hypaque density gradient centrifugation.
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sample). The cDNA was stored at -80℃ before
used as the template for PCR amplification.
FQ-PCR amplification of CDR3 cDNA
The specific primers for 32 TRAV genes have
been previously described(7,8). The anti-sense primer
for TRAC was 5’- gcagacagacttgtcactgg -3’, while
its sense primer (TRAC Sense) served as the positi-

Name of primers

Sequence(5/-3/)

Name of primers

Sequence(5/-3/)

TRAV 1.1

ctgaggaaaccctctgtgca

TRAV 18

tgccactcttaataccaaggaggg

TRAV 1.2

tccacctgacgaaaccctca

TRAV 19

acactggctgcaacagcatc

TRAV 2

gatggaaggtttacagcacagctc

TRAV 20

ttacaaacgaagtggcctcc

TRAV 3

cacagtggaagattaagagtcacgc

TRAV 21

accctgctgaaggtcctacattcc

TRAV 4.1

aagtccagcaccttgatcct

TRAV 22

cttggagaaaggctcagttc

TRAV 4.2

aacagaatggcctctctggc

TRAV 23

tgcctcgctggataaatcatcagg

TRAV 5

tgaaggtcacctttgataccaccc

TRAV 24

tcccagctcagcgattcagcctcc

TRAV 6

aatccgccaaccttgtcatctccg

TRAV 25

gtcctgtcctcttgatagcc

TRAV 7

gctccagatgaaagactctg

TRAV 26

agcccagccatgcaggcatctacc

TRAV 8

aaggcaaggccaaagagtca

TRAV 27

ttgataccaaagcccgtctc

TRAV 9

cactgctgaccttaacaaaggcg

TRAV 28

gaacatcacagccacccagaccgg

TRAV 10

tcctggtgacagtagttacg

TRAV 29

gcaaagctccctgtaccttacgg

TRAV 11

aggctcaaagccttctcagcaggg

TRAV 30

tttctgcacagcacagcccc

TRAV 12

tccaccagttccttcaacttcacc

TRAV 31

agcaaaaacttcggaggcgg

TRAV 13

ttcatcaaaacccttggggacagc

TRAV 32

cccagactacagatgtagga

TRAV 14

cccagcaggcagatgattctcgtt

TRAC Antisense

gcagacagacttgtcactgg

TRAV 15

ggataaacatctgtctctgcg

GAPDH-Sense

cgaccactttgtcaagctca

TRAV 16

aggcagctatggctttgaag

GAPDH-Antisense

aggggtctacatggcaactg

TRAV 17

gatagccatacgtccagatg

Table 2: The primer of 32 TRAV gene families and control primers of GAPDH to analysis of
human TRAV CDR3.

Extraction of RNA and synthesis of the first cDNA
Total RNA was extracted from PBMC
(2×106/samples, patients with CRC and healthy
controls) and TIL (2×106/samples, patients with
CRC) using Omega RNA extracted kit according to
the manufacturer’s instructions. Total RNA(1μg)
were reversely transcribed mixing with 250pm olig
(dT), 200U Moloney murine leukemia virus (MMuLV) reverse transcriptase, and 2μl of 10 mM
dNTP mix (MBI-Fermentas; cDNA synthesis kit),
in a total volume of 20μl (six reactions for every

ve control. FQ-PCR was carried out in a 20μl volume with 10μl 2×Real-time PCR Master Mix
(TOYOBO, JAPAN), which contained Taq-polymerase, dNTPs, PCR buffers, and SYBR green I. The
final concentration of each primer was 0.3μM, and
at last, 1μl liquid containing 10~50ng reverse-transcribed total RNA was added to the reaction mixture as the PCR template. Reactions were performed
in MJ Opticon 2 DNA engine and analyzed with
Opticon Monitor 3.0 software (Bio-rad, USA),
under the following process: pre-incubation at 94°C
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for 3 min, 94°C melting for 20 sec, primer annealing at 56°C for 30 sec, and extension at 72°C for
30 sec. The above procedure is iterated 40 cycles
for the whole amplification. To ensure an accurate
fluorescence signal of the desired amplification
products, a high-temperature fluorescence measurement was performed in the fourth step of the PCR
run(9). The fluorescence signal was acquired every
cycle at 80°C for 2 sec. After extension at 72°C for
10 min, a melting step was performed by slow heating from 75°C to 95°C with a ramping of
0.2°C/sec, during which the fluorescence signal
was measured continuously.
Amplification reactions for each sample were
carried out using the TRAC specific primer paired
with every specific primer for the 32 TRAV gene
families.
CDR3 Sequencing of monoclonal TRAV families
The melting temperature (Tm) of doublestranded nucleotides depends on the length, mononucleotide composition and conformation.
Therefore, as the temperature of a real time PCR
increases, the double-strand product melts, an
SYBR Green fluorescent dye which bound with the
double-stranded DNA is released, and the weak
signal of fluorescent intensity switched to melting
curve(10).According to the melting curve, we selected the PCR products of TRAV families showing
monoclonal expansion and again operated them in
the same condition (except for SYBR Green fluorescent dye)，and then sequenced them on an ABI
377 DNA sequencer (The Corporation of
Invitrogen, Shang-Hai, China).

Jian-Wei Zhou1 - Rui Ma et Al

The GMSPs of healthy controls and tissue sample controls with lymphnoditis exhibited highly multimodal shapes for most of the TRAV gene families
(Figure 2). As shown in Figure 3, the GMSPs of
TRAV gene families in PBMC from P3 showed
skewed profiles: except for TRAV families which
exhibited multi-peaks, AV4.2 and AV10 exhibited
single-peak; the melting curve of other families, such
as, AV18, AV19, AV20, AV21, AV27 and AV31, were
low. However, There wasn’t single-peak pattern in
TIL of P3, and many gene families exhibited low
peak: for example, AV4.1, AV4.2, AV5, AV6, AV8,
AV10, AV11 and so on, especially AV5 and AV11,
their peaks were as low as the control’s.

Figure 2A: Melting curve spectratyping
of 32 TRAV CDR3 in the PBMC of
healthy control 1. The products of
GAPDH showed single-peak, the negative control shows no peak, and TRAV1～
TRAV32 CDR3 showed multi-peak.

Analysis of CDR3 spectratype
Using the software DNA tools version 6 and
Vector NTI Suite version 9, we analyzed the feature
of TRAV CDR3, and further, all the predicated
structure were simulated by CPH models 2.0 Server
and IMGT database(11-14).
Results
GMSP of TRAV CDR3 in objects investigated
The gene melting spectral patterns (GMSPs) of
32 TRAV gene families was obtained from melting
curve using Opticon Monitor 3.0 software as described in Materials and methods. In general, the PCR
product of each TRAV gene family contained a
group of sequences which consisted of CDR3, and
every CDR3 had a unique melting curve.

Figure 2B: Melting curve spectratyping of
32 TRAV CDR3 in the tissue of patients
with lymphnoditis 1. The products of
GAPDH showed single-peak, the negative
control shows no peak, and TRAV1～
TRAV32 CDR3 showed multi- peak.
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According to the skewed profiles, we counted
the TRAV families which exhibited predominant
usage (single-peak, bised-peak, double-peak) and
limited usage (low-peak) respectively. In the PBMC
samples, the dominant usage families inclinded to
AV3, AV9, AV17, AV4.1, AV10, AV23, AV26,
AV32 and so on, the limited usage families focused
on AV20 and AV27. However, in the tissue samples,
the results were different: the gene families exhibited predominant usage were AV1.1, AV1.2, AV4.1,
AV9, AV26, AV32, the limited usage families were
mainly AV20 and AV21 (table 3).

Patients

No.

27

TRAV exhibited predominant usage

PBMC

TIL

TRAV exhibited limited
usage
PBMC

TIL

1

1.1,1.2,2,4.1,5,6,
1.1,1.2,3,4.1,5,8,9,10,
7,9,10,11,14,16,
14,16,17,20,22,24,25,
17,18,23,26,27,2
26,28,32
8,29,31,32

—

21

2

1.1,3,4.1,4.2,5,8,9,10,
12,14,16,18,19,20,23, 4.1,4.2,10,25,26
26,29,32

—

15,21

3

1.2,3,4.1,4.2,9,10,17, 1.1,1.2,14,23,26,
23,24,26,28
28

20,27

4.1,4.2,5,11,15,
13,17

25,30

20,29,30

20,27

20,23

4
5

6

7

9,27,32

2,9

1.1,3,4.1,4.2,7,8,
2,3,4.1,4.2,7,9,10,17,
9,10,12,17,21,22,
28,31,32
24,29,32

1.1,1.2,3,4.1,8,9,
2,9,17,21,23,26,31,32 12,16,19,22,26, 16,20,18
27,32
1.1,1.2,3,15,16,17,21,
23

2,9,27,32

5,27

5,6

29,31

Note：‘—’represented that there was no TRAV gene family
in the item.
Table 3: Predominant and limited usage of TRAV in
PBMC and TIL of seven CRC patients.

Figure 3A: Melting curve spectratyping of
32 TRAV CDR3 in the PBMC of patient 3.
The products of GAPDH showed singlepeak, the negative control showed no
peak, TRAV4.2 and TRAV10 showed single-peak.

Figure 3B: Melting curve spectratype of
32 TRAV CDR3 in the TIL of patient
3.The products of GAPDH showed a single-peak, the negative control showed no
peak, and no families showed single-peak.

Molecular features of TRAV CDR3 in patients
with CRC
Using DNA tools version 6 and Vector NTI
Suite version 9, according to IMGT database, and
drawing assistance from CPH models 2.0 Server,
we imitated and analyzed the molecular features of
TRAV CDR3 in patients with CRC, and found that
there were same or similar motifs in some of them.
In TRAV gene families of PBMC of the seven
patients, AV17 of P5 and AV15 of P6 shared the
motif ‘KLI’; AV10 of P3, AV3 and AV17 of P5,
AV3 of P7, all three contained the motif ‘GKL’;
AV3 of P5 and AV3 of P7 almost owned the large
motif ‘WVGGTXYGKLT’ jointly, except that the
amino acid X in the former was R, but it changed
into S in the latter. In tissue samples, the first amino
acid of AV14 of P3, AV4.2 and AV8 of P5 was G,
the last one in the all of three gene families was I,
that is, three of them had the motif ‘GXI’, X represented different amino acids and implied different
number of amino acid. Compared TIL with PBMC,
there were also similar or same motifs, for example,
AV17 of P5 and AV15 of P6 (PBMC) , AV8 of P5
(TIL) had the motif ‘KLI’; AV14 of P3, AV4.2 and
AV8 of P5 (TIL), AV4.2 of P5 (PBMC) also contained motif ‘GXI’; particularly in the patient-5, two
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AV4.2 gene families came from different sources
(PBMC and TIL respectively), but shared the same
motif ‘GSQGNLI’.
Discussion
As we know, driven by the antigenic determinant of tumor associated antigen, TCR combined
antigen peptide through CDR directly. When the
antigen-specific T cells proliferated, detecting
TRAV CDR3 could reflect the degree of proliferation and the function status of T cells(15).
Recently, the analysis of the spectratyping of
TCR CDR3 had been applied in infectious diseases,
tumors and autoimmune diseases. FQ-PCR with
melting curve had been gradually used to analyze
the expression and the length of TCR CDR3 gene,
and further reflected the status of αβ+ T cells clonal
proliferation(16-20).
Moss et al. had described the length and consist of TRAV CDR3 of healthy person, one-third of
amino acid of TCR that activated by a virus happened specific change(21). If the molecular features of
the monoclonal proliferative TCR and the new
tumor associated antigen or antigen peptides related
to it were ensured, researchers may find a new
immunotherapy method to tumor diseases. In some
tumor diseases, the monoclonal proliferative T
lymphocytes had been found, researchers considered that which belonged to the specific anti-tumor T
lymphocyte group, activated by tumor antigen existed in tissue originally and soon transferred into
PBMC(22,23).
In our preliminary study, the clonal expansion
of TCR beta gene in patients with HBV and in
patients with colorectal carcinoma had been successfully detedcted by FQ-PCR with DNA melting
curve technique(20,24). In this study, we used the same
technique to explore the spectratyping of TCR
alpha chain CDR3 in the peripheral blood and tissue of patients with CRC, and found that some
TRAV gene families showed skewed profiles, different persons exhibited different TRAV profiles,
even in the same patient, there was a significant difference between PBMC and TIL. The GMSPs of
TRAV families from healthy control-1 and tissue
sample control-1 with lymphnoditis presented
multi-peak, but compared to these controls respectively, except for exhibiting multi-peaks, some
GMSPs of TRAV gene families in PBMC and TIL
from CRC patients showed single-peak, some exhibited biased-peak, and even certain families presen-
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ted low-peak which nearly disappeared, this finding
was not in correspondence with the report that
some TRAV gene familis were deleted or absent(25),
because the melting curves did not disappear but
only exhibited very low (Figure 3), the reason for
this phenomenon probably was that, in the process
of immune response to tumor antigen, the usage of
some gene families became predominant, and the
expression of some other gene families was restricted or limited. Like TRAV gene families of PBMC,
the similar skewed spectratyping also existed in
TIL from CRC patients.
Comparing the predominant usage families of
PBMC with that of TIL, we could find that some
TRAV familes existed simultaneously in the two
kinds of samples, such as, AV4.1, AV9, AV26,
AV32. This probably indicated that, regardless of
PBMC or TIL, both were mainly made up of the
specific anti-tumor T lymphocytes, which maybe
originated in tumor tissue, and then tranferred into
peripheral blood(26, 27). In the progress of immune
response, some gene families of TCR predominantly utilized, and the T cells specific to the same antigen epitope proliferated clonally. However, as a
limited usage gene family, TRAV20 existed in
PBMC and TIL simultaneously, because the occurrence rate was so low that whether it was just the
public family existed in PBMC and TIL of CRC
patients needed more experiments to prove in
further.
According to reports(26-28), the subgroup of heteroideous T cell probably makes an important function in anti-tumor immune response, they can specifically function aiming to reciprocal antigen. Then,
in the above results, the characteristic of GMSPs
showed that the spectratyping of TRAV CDR3
exhibited a single-peak pattern in the course of antitumor, was the single peak represented the monoclone T lymphocytes? In order to prove this, we
sequenced TRAV gene families which exhibited
single-peak. In the results, not all the TRAV gene
families exhibited single-peak could be successfully
sequenced (Figure 4, Table 4), this probably due to
the shape and the position of the GMSP which was
determined by the length, sequence, and GC/AT
ratio of the PCR products(29), a GMSP with a singlepeak shape probably contained a mixture of TRAV
CDR3 genes. So when the GMSP showed a singlepeak shape, we could not determine whether the
TRAV CDR3 gene families were bound to be
monoclonal, and thus, sequencing would be a
necessary complementary progress to it.
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For those genes which were successfully
sequenced, we used the software DNA tools 6 and
Vector NTI Suite 9 to analyze the features of TCR
CDR3, and further simulated their structures by
CPH models 2.0 Server and IMGT database. The
results showed that different patients had different
monoclonal TRAV gene families, however, some
TRAV gene families have the same motifs. This
possibly because in the course of recognizing tumor
antigen, the immune systems of different patients
responded to the different or the same epitope of
tumor antigen, and resulted in the diversity of T
lymphocyte proliferation. It is interesting that, in
the same patient, the CDR3 genes of different
TRAV families in PBMC and in TIL were exactly
alike, for example, the sequence of TRAV4.2 CDR3
of PBMC and that of TIL in P5 was ‘GSQGNLI’,
Did the exist of the same motif signify that the proliferative T cells in PBMC and TIL responded to
the same epitope or conformation of CRC antigen?
Which dominant proliferational T cells in PBMC
and TIL played the key role in anti-tumor? These
should be studied in further.
In short, using immunoscope spectratyping
technology, we found that there were advantage
proliferation of T lymphocytes with different alpha
chain CDR3 gene families in different patients with
CRC, and there existed same animo acid motifs in
different TRAV familes of different patients.
According to these informations, could we get
some prompts that if there are certain a relations
between these features and currence of CRC? and if
the relation exists, can we take the unique TCR
CDR3 as the therapy aim to contorl the development of antitumor T lymphocytes and interfer the
growth of tumor cells, by means of designing interference RNA, preparing idotype antibody or idotype DNA vaccine? These will be the focus of our
study in the next stage.
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