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Abstract
Background T cell immunodeWciency is a common fea-
ture in cancer patients, which may relate to initiation and
development of tumor. Our previous study showed skewed
expression of T cell receptor beta variable region (TRBV)
subfamilies and clonal expansion of T cells in leukemia
patients. In the present study, in order to further character-
ize the T cell immunity in acute myeloid leukemia (AML)
patients, the level of recent thymic emigrants (RTE) was
analyzed.
Materials and methods Quantitative analysis of signal
joint T cell recombination excision circles (�Rec-�J� sjT-
RECs) was performed in peripheral blood mononuclear
cells (PBMCs) by real-time PCR (TaqMan), and the analy-
sis of 23 TRBV-BD1 sjTRECs was performed by semi-
nested PCR. Eighty-eight cases with AML were selected
for this study; ten AML cases in complete remission
(AML-CR) and 38 healthy individuals served as controls.

Results The levels of �Rec-�J� sjTRECs in PBMCs and
CD3+ T cells were signiWcantly decreased in AML
patients, compared with healthy individuals and in patients
in completive remission. Also the frequency of 23 TRBV-
BD1 sjTRECs, and the number of detectable TRBV subfam-
ily sjTRECs were signiWcantly lower in AML patients than
in healthy individuals. Moreover, the sjTRECs numbers
and the frequency of TRBV-BD1 sjTRECs showed a pro-
gressive linear decline with age in AML patients.
Conclusions The decreased numbers of universal (�Rec-
�J�) and family-speciWc (TRBV-BD1) sjTRECs indicate
that the severe T cell immunodeWciency in AML patients is
associated with reduced levels of recent thymic emigrants.
In patients achieving complete remission both sjTREC
counts return to normal values indicating the recovery of
thymic function. Better understanding of the mechanisms
underlying persistent immunodeWciency in leukemia
patients may lead to novel treatment strategies to enhance
immune competence.

Keywords T cells · �Rec-�J� sjTRECs · TRBV-BD 
sjTRECs · AML

Introduction

Acute myeloid leukemia (AML) is the most common acute
leukemia aVecting adults, and its incidence is expected to
further increase as the population ages. Despite recent sci-
entiWc advances in understanding the molecular biology of
AML, the survival rates in AML, with an exemption of
acute promyelocytic leukemia, did not improve substan-
tially over the last 30 years and are still below 30% [1, 2]. T
cell immunodeWciency was suggested to play an important
role in cancer patients, promoting the expansion of the
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malignant clone [3, 4]. Several studies on T cell receptor
beta variable region (TRBV) repertoire showed that skewed
expression of TRBV subfamilies is a common feature in
patients with leukemia [5]. However, little is known about
the proliferative history of T cells in these patients [6].

T cell diVerentiation in the thymus is characterized by a
hierarchical order of rearrangement steps in the T cell
receptor (TCR) genes, resulting in the joining of variable
(V), diversity (D) and joining (J) gene segments. During
each of the rearrangement steps, DNA fragments between
rearranging gene segments are deleted as circular signal
joint T cell receptor excision circles (sjTRECs). The TCR
delta gene (TRD) is located within the TRA gene segments
along chromosome 14q11 (TRAD locus). During the pro-
cess of TCR alpha-delta locus (TRAD) rearrangements the
TCR delta gene (TRD), which is located within the TCR
alpha (TRA) gene, has to be deleted before the TRA recom-
bination starts. Two so-called TRD deleting elements, �Rec
and �J�, that Xank the major part of the TRD gene were
identiWed [7–11]. Recombination between �Rec and �J�
produces �Rec-�J� signal joint TRECs, which are assumed
to have high over-time stability, but cannot multiply and
consequently are diluted during T cell proliferation. A max-
imum of two sjTRECs can be present within one �� T cell
if the corresponding rearrangement event occurs in both
alleles and if the cell did not divide upon the rearrange-
ment. sjTRECs are exported from thymus to the periphery
within recent thymic emigrants (RTEs); therefore, the fre-
quency of sjTRECs is considered to be the most accurate
marker of T cell neogenesis. Although it was reported that
the TRD locus could be excised through other recombina-
tion events that will not generate sjTRECs, more than 70%
of the TRD deletion though �Rec-�J� rearrangement. Since
1998, quantitative detection of sjTRECs was used for direct
measurement of the proliferative history of T cells [8]. In
addition, expansion of particular TRBV family T cells can
be determined by quantitative analysis of series of TRBV-
BD sjTRECs [12, 13]. The Wrst report on TRECs analysis in
hematopoietic malignancy was published by Petridou and
colleagues [14], who compared the sjTREC values in
patients with childhood B-ALL and T-ALL. There was
highly signiWcant reduction of sjTREC values in children
with T cell malignancies, whereas children with B cell ori-
gin ALL had slightly, but nonsigniWcantly lower sjTRECs
values compared to healthy children. In another study,
Haining et al. [15] reported that consistent with the reduc-
tion in naïve T cells, thymopoiesis (measured by sjTRECs
levels) was signiWcantly lower in 73 children with ALL
than in normal controls. The Wrst description of analysis of
the sjTRECs-content in patients with AML was reported in
ASH meeting from our previous study [16].

The main objective of our study was to investigate the
proliferative history of normal T cells in AML patients by

quantitative analysis of total sjTRECs and TRBV subfamily
sjTRECs.

Design and methods

Samples

Eighty-eight newly diagnosed, untreated AML cases were
included in the study (51 males and 37 females, median
age: 42.5 years, range 4–77), classiWed according to the
French–American–British (FAB) criteria as M0: 15 cases,
M1: 6 cases, M2: 23 cases (AML1-ETO-M2: 12 cases,
AML1-ETO+M2: 11 cases), M3: 11 cases, M4: 8 cases,
M5: 21 cases and M6: 4 cases. In 70 AML cases peripheral
blood mononuclear cells (PBMCs) were analyzed and in 18
cases puriWed CD3+ T cells were used for TREC quantiW-
cation. Ten AML cases in complete remission (AML-CR)
(10 males, median age 45.5 years, range 17–61) and 38
healthy individuals (17 males and 21 females, median age:
32 years, range 17–66) served as controls. The percentage
of blast cells in PB samples from AML ranged 0–93%, the
median number was 60.75%.

Mononuclear cell isolation

PBMCs were isolated from AML and healthy individuals
by Ficoll-Hypaque gradient centrifugation.

CD3+ cell determination

The PLP-Wxed cytospin preparations were incubated with
200 �g/ml of murine anti-CD3 mAb (Boster Biological
Technology Ltd, Wuhan, China), washed and incubated
with 1:50 dilution of Xuorescein labeled goat anti-mouse Ig
(Boster Biological Technology Ltd, Wuhan, China). The
slides were counterstained with Mayer’s hematoxylin for
30 min. All slides were blindly evaluated with the Xuores-
cent microscope (Nikon WFX-II, Nikon Ltd, Japan); 200
cells were counted.

CD3+T cells sorting

The CD3+ T cells from PBMCs from 18 AML cases and 10
healthy individuals were sorted using CD3 MoAb (Miltenyi
Biotec, Germany) and MACS® Magnetic Cell sorting tech-
nique.

DNA extraction

Total DNA from distinct cell populations was extracted
using QIAamp® DNA Blood Mini Kit (QIAGEN,
Germany); the quality of RNA was analyzed in 0.8%
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agarose gel stained with ethidium bromide and the concen-
tration was determined by spectrophotometric analysis at
260 and 280 nm (Lambda 45 UV/VIS Spectrometer, Perkin
Elmer USA).

Real-time quantitative PCR (RQ-PCR)

Quantitative detection of �Rec-�J� sjTRECs in DNA from
PBMCs was performed by real-time PCR using the ABI
PRISM 7700 Sequence Detector TaqMan (PE Biosystems,
Foster City, CA). The primers and probes were purchased
from TIB MOLBIOL GmbH, Berlin, Germany and the RQ-
PCR was performed as described previously [16, 17]. In
brief, PCR of 25 �l total volume was performed with
approximately 100 ng of genomic DNA, 25 pmol of each
primers (TREC-1 and TREC-2 for sjTRECs, RAG2-for and
RAG2-back for RGA2 ampliWcation), 10 nmol each dNTP
(Perkin Elmer), 1.5 U AmpliTaq Gold (Perkin Elmer),
5 pmol of 6FAM-TAMRA probe, and PCR BuVer includ-
ing 4.5 mM MgCl2. After the initial denaturation at 95°C
for 5�, 45 cycles consisting of 95°C 30� and 67°C 1� were
performed [17, 18].

Semi-nest PCR

Twenty-three TRBV-BD1 sjTRECs were ampliWed by
semi-nest PCR using diVerent amounts of genomic DNA:
0.325 �g or 0.065 �g corresponding to 5 £ 104 or
1 £ 104cells, respectively. Two nested 5� TRBD1 primers,
located upstream of the segment, and 23 BV primers
(BV1-19 and BV21-24; the rearrangement of BV20 does
not generate a sjTRECs due to its reverse orientation)
were used [18]. In the Wrst round PCR, aliquots of the
DNA (2 �l) were ampliWed in 10 �l reactions with one of
the 23 BV primers (antisense) and a BD1 primer (out
sense primer); the Wnal reaction mixture contained
0.375 �M sense primer and antisense primer, 0.1 mM
dNTP, 1.5 mM MgCl2, 1£ PCR buVer, and 1U Taq poly-
merase (Promega, USA). The ampliWcation was per-
formed on a DNA thermal cycler (BioMetra, Germany).
After 3 min denaturation at 94°C, 30 PCR cycles were
performed, each cycle consisting of 94° for 1.5 min, 65°C
for 1 min and 72°C for 1 min, and a Wnal 6 min elongation
at 72°C. Then, the products were stored at 4°C. In the sec-
ond round PCR, aliquots of the Wrst PCR products (2 �l)
were subjected to semi-nested PCR reaction with the same
BV primer and the inner sense BD1 primer. The Wnal 10 �l
reaction system contained 0.375 �M sense and antisense
primers, 1.5 mM MgCl2, 0.1 mM dNTP, 1U Taq polymer-
ase and PCR buVer (Promega, USA). After a 3-min dena-
turation at 94°C, 25 cycles of ampliWcation were carried
out (1 min at 94°C, 2 min at 72°C and a Wnal 6-min elon-
gation at 72°C).

DNA sequencing

PCR products from each TRBV-BD1 sjTRECs were direct
sequenced to conWrm the formation of BV-BD1 sjTRECs.
The sequencing was done according to the direction by
using BigDye® Terminator v3.1 Cycle Sequencing kit and
ABI PRISM 3100-Avant Genetic Analyzer.

Statistical analysis

Univariate analyses were done using the Mann–Whitney
test to compare manes of �Rec-�J� sjTRECs or number of
detectable subfamily of TRBV-BD1 sjTRECs between
AML and healthy control groups. The Fisher exact test was
used to compare the frequency of TRBV-BD1 sjTRECs in
PBMCs between AML and healthy control groups. Pearson
correlation and linear regression analysis were used to esti-
mate the correlation between age and sjTRECs numbers, or
the blast cell percentage and sjTRECs number.

Results

The �Rec-�J� sjTRECs level in PBMCs and CD3+ 
T cells from AML patients

The absolute numbers of sjTRECs and RAG2 were mea-
sured in two independent assays and each 1,000 PBMCs
carrying sjTRECs was calculated using a formula n = 2£
1,000 £ [TREC(1) + TREC(2)]/[RAG2(1) + RAG2(2)].
The sjTRECs values in T cells were determined by normali-
zation with the percentage of CD3-positive cells in the ana-
lyzed sample; n = (TRECs/1,000 PBMCs)/(CD3+%). The
sjTRECs levels in PBMCs and CD3 + T cells from patients
with AML were 0.38 § 0.86 copies/1,000 PBMCs and
1.93 § 3.29 copies/1,000 CD3+ cells, respectively (Fig. 1).
In comparison with the sjTRECs in healthy individuals
(3.78 § 3.45 copies/1,000 PBMCs, 5.79 § 4.87 copies/1,000
CD3+ cells), a dramatic reduction of sjTRECs values in
patients with AML was found (p < 0.0001 and p < 0.0001,
respectively). The TREC counts decrease logarithmically
during the 50 years of adult life span (20–70 years) about
tenfold [8]. Since on average the AML patients were
11 years older than healthy individuals, the TREC counts in
AML patients were normalized—multiplied by the factor of
10E + (11/50) = 1.67. Even when age adjusted the TREC
levels in AML (0.63 copies/1,000 PBMCs and 3.22 copies/
1,000 CD3+ cells) were signiWcantly lower than in healthy
control. The sjTRECs number in AML-CR group was
2.44 § 1.84 copies/1,000 PBMCs and 5.96 § 6.79 copies/
1,000 CD3+ cells, which was signiWcantly increased, com-
pared with the AML group (p < 0.0001 and p = 0.0028,
respectively), and did not signiWcantly diVer from the healthy
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individuals group (p = 0.2523 and p = 0.9325, respectively)
(Fig. 1). In three cases the pre-treatment and the CR sample
were taken from the same patients. After a successful treat-
ment the sjTREC counts increased in all three patients, in
PBMCs and in CD3+ cells, directly conWrming the recovery
of naïve T cells in patients upon achieving a complete remis-
sion (Table 1).

The numbers of sjTRECs in PBMCs and CD3+ T cells
from diVerent AML subtypes were analyzed. In comparison
with healthy group, sjTRECs number from the most AML
subtype groups were signiWcantly decreased, except M3-
CD3+ T cell and both M6-PBMCs and CD3 + T cells
groups; the latter may be due to limited number of samples
in the group.

Interestingly, AML cases with good prognosis: 10/10
M3 cases with t(15:17) expressing the PML-RARA fusion,
and 7/17 M2 cases with t(8:21) expressing the AML1-ETO
fusion, showed the highest sjTREC counts among the AML
patients, which did not diVer from the healthy individuals.
In contrast, AML1-ETO negative M2 was signiWcantly
decreased; however, 7/17 M2 cases with t(8:21) expressing
the AML1-ETO fusion which is thought to be good progno-
sis, showed no signiWcant diVerence in sjTRECs number
(Fig. 2).

Similar results were found in comparison with AML-CR
groups; both M0-PBMCs (p = 0.0123) and CD3 + T cells
(p = 0.0221) groups, both AML1-ETO-M2-PBMCs (p =
0.0129) and CD3 + T cells (p = 0.0250) groups, M4-PBMCs

Fig. 1 The sjTRECs number in 
PBMCs and CD3 + T cells from 
AML, AML in complete 
remission (AML-CR) and 
healthy individuals (HI). The 
groups which were compared 
are indicated by arrows 
and the p value is given

Table 1 sjTREC counts in 
AML patients before treatment 
and in complete remission

Patients Sex Age Diagnosis TRECs/1,000 PBMC TRECs/1,000 CD3+ cells

XCZ M 50 M2-pre treatment 0.001 0.009

M2-CR 0.164 0.534

LHR M 52 M3-pre treatment 0.017 0.095

M3-CR 0.185 0.632

JDY M 32 M4-pre treatment 0.305 1.906

M4-CR 1.225 2.374

Fig. 2 The sjTRECs number in 
CD3 + T cells from diVerent 
FAB subtypes of AML, AML in 
complete remission (AML-CR) 
and healthy individuals (HI). 
Each AML group was compared 
with the healthy individuals
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group (p = 0.0283), both M5-PBMCs (p = 0.0016) and
CD3 + T cells (p = 0.0028) groups were signiWcantly
decreased (Fig. 2). No signiWcant correlation was found
between the blast cell percentage and the sjTRECs numbers
in CD3 + T cells using the Pearson’s correlation and linear
regression analysis (r = ¡0.142534, p = 0.239167).

To further conWrm the result of absolute lower sjTRECs
level in CD3 + T cells from AML, CD3 + T cells were
sorted from PBMCs from AML patients and healthy indi-
viduals. The number of sjTRECs in sorted CD3 + T cells
from AML (1.53 § 1.89/1,000 cells) was again signiW-
cantly lower than that from healthy individuals
(10.26 § 10.41/1,000 cells, p = 0.0017) (Fig. 3).

In the present study, females, in both healthy control
(4.36 § 3.92 copies/1,000 PBMCs or 6.57 § 5.53 copies/
1,000 CD3 + cells) and AML groups (0.47 § 1.02 copies/
1,000 PBMCs or 2.67 § 3.95 copies/1,000 CD3 + cells),
had slightly but nonsigniWcantly higher sjTRECs values
compared to males (3.11 § 2.82 copies/1,000 PBMCs or
4.88 § 4.00 copies/1,000 CD3 + cells in healthy controls,
0.32 § 0.72 copies/1,000 PBMCs or 1.35 § 2.57 copies/
1,000 CD3 + cells in AML) (p > 0.05). The sjTRECs
numbers showed a progressive linear decline with age in
AML patients (AML-PBMCs: r = ¡0.266, p = 0.027,
y = ¡0.5232Ln(x) + 2.3442, R2 = 0.0625; AML-CD3 + T
cells: r = ¡0.388, p = 0.01, y = ¡3.1572Ln(x) + 13.76,
R2 = 0.1551; AML-CR-PBMCs: r = ¡0.771, p = 0.025,
y = ¡4.9722Ln(x) + 20.394, R2 = 0.5646; and AML-CR-
CD3 + T cells: r = ¡0.767, p = 0.026, y = ¡11.359Ln(x) +
46.97, R2 = 0.5284) (Fig. 4); however, this was not statistically
signiWcant in healthy individuals in PBMCs (r = ¡0.219,
p = 0.253) and in CD3 + T cells (r = ¡0.232, p = 0.227).

Comparison of TRECs levels in diVerent age groups,
<40 years and ¸40 years, revealed signiWcantly lower
TREC count in the ¸40 years group (n = 40, 0.16 § 0.21
copies/1,000 PBMCs, 0.78 § 1.40 copies/1,000 CD3 + cells)
than in the <40 years group of AML (n = 30, 0.69 § 1.24
copies/1,000 PBMCs, 3.39 § 4.40 copies/1,000 CD3 + cells)
(p = 0.0089, p = 0.0008, respectively). However, the reduc-
tion of TRECs numbers was not signiWcantly age-associated
in healthy controls (p = 0.3563 in PBMCs, p = 0.3289 in
CD3+ T cells).

Fig. 3 The sjTREC numbers in puriWed CD3 + T cells from AML and
healthy individuals (HI)

Fig. 4 TREC numbers in AML 
patients from the age of 17–
77 years. The TREC counts 
show a progressive logarithmic 
decline with age. a AML-PM-
BCs group, b AML-CD3 + T 
cells group, c AML-CR-PBMCs 
group, d AML-CR-CD3 + T 
cells group
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The frequencies of 23 TRBV-BD1 sjTRECs in PBMCs 
from AML patients

The TRBV-D1 sjTRECs from TRBV1-19 and TRBV21-24
were analyzed by semi-nested PCR, using diVerent
amounts of DNA (corresponding to 5 £ 104 or 1 £ 104

cells, respectively). The sequences of the junction regions
of each TRBV-D1 sjTRECs were conWrmed by direct
sequencing of PCR products; some of the sequences are
shown in Fig. 5.

Thirty-nine AML cases and ten healthy individuals were
used to analyze the frequencies of 23 TRBV-BD1 sjTRECs
in PBMCs. The number of detectable TRBV subfamily sjT-
RECs diVered signiWcantly in AML (13.70 § 2.67/5 £ 104

PBMCs and 5.50 § 2.07/1 £ 104 PBMCs) and healthy
individuals (4.46 § 3.15/5 £ 104 PBMCs and 2.26 § 1.97/
1 £ 104 PBMCs) (p < 0.0001, p < 0.0001). sjTRECs TRBV
subfamilies could be detected in healthy groups; however,
only sjTRECs TRBV subfamilies could be found in both
AML groups The number of detectable TRBV subfamily
sjTRECs in diVerent AML subtypes ranged from
3.40 § 3.05 to 5.82 § 3.87/5 £ 104 PBMCs and 1.20 §
0.84 to 3.33 § 3.21/1 £ 104 PBMCs, except the AML-M1
(1 £ 104) group (p = 0.168); all of them were signiWcantly
decreased in AML subtypes when compared with healthy
controls (13.70 § 2.67/5 £ 104 PBMCs and 5.50 § 2.07/
1 £ 104 PBMCs) (p < 0.01 or p < 0.05). But the diVerence
was not signiWcant within FAB subtype AML patients.

Comparison of the frequencies of 23 TRBV-BD1 sjT-
RECs in PBMCs between AML patients and healthy con-
trols at 5 £ 104 PBMCs level showed that the frequencies
of the most TRBV subfamily sjTRECs were signiWcantly
lower than those from healthy individuals (Fig. 6). But no
signiWcant diVerence could be found when the frequency of
TRBV subfamily sjTRECs in 1 £ 104 PBMCs between both
groups were compared, except for BV14-BD1 sjTRECs,
which was more frequent in healthy PBMCs (70%) than in
AML samples (5.13%) (p = 0.0001). The frequency of
TRBV-BD1 sjTRECs in PBMCs from diVerent AML sub-
type was showed in Fig. 7. TRBV21-BD1 sjTRECs were
the most frequent TRECs in M2 (11/11 cases, 100%) and
M3 (5/7 cases, 71.43%) subtype. TRBV23-BD1 sjTRECs
could be detected in none of all AML cases. Similar results
were found in TRBV19-BD1 sjTRECs, which could be
detected in only one case with M5 subtype, and TRBV24-
BD1 sjTRECs, which could be detected only in one case
with M4 and one case with M5 subtypes.

Comparison of TRBV-BD1 sjTRECs subfamily numbers
in diVerent genders showed no statistically signiWcant
diVerence between female (4.38 § 3.88 subfamiles/5 £ 104

PBMCs, 2.00 § 2.08 subfamilies/104 PBMCs) and male
(4.81 § 2.98 subfamilies/5 £ 104 PBMCs, 2.77 § 2.44
subfamilies/104 PBMCs) groups of AML patients
(p = 0.7032, p = 0.3368).

The numbers of TRBV-BD1 sjTRECs subfamily showed
age-associated decline in AML patients, when analyzed

Fig. 5 Nucleotide sequence of junction regions of TRBD1-BV1-sjTRECs compared with the germline sequence of the TRAD locus. The TRBD1
and TRBV1 segments are indicated by boxes, heptamer motifs of the recombination signal sequences (RSS) are underlined

Fig. 6 The frequency of TRBV-
BD1 sjTRECs in PBMCs from 
AML and control groups. Note: 
* p < 0.05, compared to healthy 
control, ** p < 0.01, compared 
to healthy control. a DNA 
amount corresponding to 
5 £ 104 PBMCs/per reaction, 
b amount corresponding to 
1 £ 104 PBMCs/per reaction
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5 £ 104 PBMCs (r = ¡0.3402, p = 0.0341, y = ¡0.0591x +
7.0249, R2 = 0.1158) or 104 PBMCs (r = ¡0.3757,
p = 0.0184, y = ¡0.0465x + 4.3699, R2 = 0.1412) (Fig. 8);
however, there was no signiWcant age-associated decline in
both 5 £ 104 PBMCs or 104 PBMCs group of healthy indi-
viduals (r = ¡0.5913, p = 0.0718 in 5 £ 104 PBMCs and
r = ¡0.1020, p = 0.7793 in 104 PBMCs group), which may
be due to the limited number of samples (n = 10).

Comparison of TRBV-BD1 sjTRECs in younger and
older AML patients revealed lower, but not statistically
signiWcant, TRBV-BD1 sjTRECs subfamily numbers in
¸40 years group (n = 18; 4.11 § 2.42 subfamilies/5 £ 104

PBMCs, 2.22 § 1.80 subfamilies/104 PBMCs) than in
<40 years group (n = 21; 5.14 § 3.84 subfamilies/5 £ 104

PBMCs, p = 0.3324 and 2.76 § 2.72 subfamilies/104

PBMCs, p = 0.4775).

Discussion

Poor cellular immune function may relate to carcinogenic
processes and to worse prognosis in solid tumor patients as
well as in leukemia [3, 4]. Previous research showed that
skewed expression of TRBV subfamilies is a common fea-
ture in patients with leukemia [19–21]. Clonally expanded
T cells could be identiWed in some TRBV subfamilies,
which display speciWc anti-leukemia cytotoxicity, indicat-
ing that speciWc anti-leukemic T cells could be generated

in vivo [5, 19]. This suggests that the host could have the
ability of speciWc immune response to leukemia-associated
antigens, despite T cell immunodeWciency.

In the present study, in order to further evaluate the
potential T cell immune function, the proliferative history
in AML patients was analyzed. The sjTRECs-content in
PBMCs and CD3 + T cells from AML patients was deter-
mined. We showed a dramatic reduction of sjTREC values
in total AML patients as well as in diVerent subtypes of
AML. In some cases no sjTREC copies could be detected
in 40,000 T cells. This indicates either poor thymic output
or extensive T cell proliferation and apoptosis, or most
likely combination of all these factors in AML patients.
This eVect seems to be even more pronounced than in
patients with ALL [14]. Increased sjTRECs numbers in the
AML-CR samples show that thymic function may recover
in AML patients in complete remission phase. To date there
are only two publications describing TREC level in hema-
topoietic malignancies; both in pediatric ALL [14, 15]. Our
study is the Wrst to provide data on TRECs values in adult
AML. We clearly show a prominent reduction of sjTREC
levels in this malignancy; but whether this is due to clonal
expansion of T cells to antigens, for example, leukemia-
associated antigens, or reXects impairment of immune
function associated to the malignancy, remains an open
question [5, 9, 16, 20–23].

The majority of published studies focus only on the
total number of recent thymic emigrants, as measured by

Fig. 7 The frequency of TRBV-
BD1 sjTRECs in PBMCs from 
diVerent AML subtypes. DNA 
amount corresponding to 
5 £ 104 PBMCs was used 
per reaction

Fig. 8 The numbers of TRBV-
BD1 sjTREC subfamilies in 
AML patients from the age of 
4–76 years. The number of 
TRBV-BD1 sjTREC subfamilies 
shows age-associated decline. 
a DNA amount corresponding 
to 5 £ 104 PBMCs was ana-
lyzed, b DNA amount corre-
sponding to 104 PBMCs was 
analyzed
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quantitative analysis of �Rec-�J� sjTRECs. This approach
does not allow for evaluation of the complexity of thymic
output and T cell proliferation in diVerent TRBV subfami-
lies, which is an important factor in the immune compe-
tence. In this study, we have successfully established a
semi-nested PCR to analyze the total 23 subfamilies of
TRBV-DB1 sjTRECs in normal T cells in AML patients.
The results indicate that the percentage of cases positive for
TRBV-DB1 sjTRECs varies in diVerent TRBV subfamilies;
the highest for TRBV2-5, V13-14 and V21. It corresponds to
the percentage of cases expressing individual TRVB sub-
family genes, as published previously [24]. The most
important observation in this study was the signiWcantly
lower frequency of 23 TRBV-BD1 sjTRECs in PBMCs
from AML patients than those from healthy individuals,
indicating poor thymic output in AML patients. The results
further support and explain the signiWcant reduction of
recent thymic emigrant numbers in peripheral blood of AML
patients, as measured by quantitative detection of �Rec-�J�
sjTRECs.

It was previously shown that due to age-associated thy-
mus involution, the thymus output declines with age [8,
25]. In the present study, we report a similar age-associated
decline in sjTRECs numbers in patients with de novo AML
and in patients in clinical remission. In addition, we ana-
lyzed the relationship between the numbers of TRBV-BD1
subfamily sjTRECs and the age. We show that in parallel to
the �Rec-�J� sjTRECs content decline, also the numbers of
TRBV-BD1 sjTRECs decline with age in AML patients.

Pido-Lopez et al. [25] reported that slower �Rec-�J�
sjTRECs decline after 40 years of age, but we did not
observe this relation either in healthy individuals or in
AML patients. Also the decline rate of the TRBV-BD1 sjT-
RECs did not diVer signiWcantly in <40 and ¸40 years old
patients.

Moreover, Pido-Lopez et al. [25] showed that the
decline in number of recent thymic emigrants in the blood
with increasing age is gender-linked. Peripheral blood from
females contained signiWcantly higher levels of sjTRECs
per CD3 + T cell than blood from males. Also in children,
the number of sjTRECs was higher in healthy girls than in
healthy boys, and a similar pattern was evident in T cell
malignancies [14]. In the present study, we observed
slightly, but nonsigniWcantly higher �Rec-�J� and TRBV-
BD1 sjTRECs values in healthy females as well as in
female AML patients. The lower sjTRECs level may relate
to the poor prognosis; as Petridou et al. showed that during
a median follow-up period of about 19 months, only four
children died. All of them had a T cell hematopoietic
malignancy and relatively low sjTRECs values. And it
appears that there is a pattern of concordance of high sjT-
RECs values with better disease prognosis in hematologi-
cal childhood malignancies. In the present study, AML

cases with good prognosis for example, APL with PML-
RAR� fusion gene and M2 with AML1-ETO fusion gene,
showed the highest sjTREC counts among the AML
patients. These Wndings may be used as hypothesis-generat-
ing indications that should be conWrmed in larger data sets.
It is a matter of regret that we are unable to follow up the
clinical outcome and the survival time of the AML patients,
although we provide the analysis of the sjTRECs level in
AML-CR patients, which showed a normal number of sjT-
RECs.

In conclusion, it is, to our knowledge, the Wrst descrip-
tion of the T cell proliferative history in AML patients
using both quantitative analysis of �Rec-�J� sjTRECs and
frequency analysis of TRBV-DB1 subfamily speciWc sjT-
RECs. The study provides evidence for reduced numbers of
recent thymic emigrants in AML patients, which recovers
in patients achieving complete remission. This Wnding
should be conWrmed in a larger study including the analysis
of the relationship between sjTREC numbers and prognosis
in AML.
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