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摘   要

     观察了低剂量辐射对人脐血 T 淋巴细胞膜分子表达的影响。

应用 62 mGy γ射线照射新鲜分离的脐血淋巴细胞，照前及照后 4 h，
12 h，24 h 分别采用单克隆抗体直接免疫荧光标记流式细胞术检测

TCR，CD3，CD4，CD8 分子的表达。实验结果表明低剂量辐射后，

脐血淋巴细胞 CD3，TCR/CD3 复合物，CD4，CD8 分子表达显著

上调，且均在 4～24 h 内随时间推移而逐步增幅；CD4/CD8 比值无

显著性变化。以上结果提示：低剂量辐射可促进脐血 T 淋巴细胞的

成熟、活化和信号的转导，从而可能在脐血移植中加速免疫功能重

建，增强 GVL 效应，降低肿瘤的复发率。
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ABSTRACT

The membrane molecules expression of T lymphocytes of cord blood after low

dose irradiation (LDI) was investigated. Freshly isolated lymphocytes from cord

blood were irradiated with 62 mGy γ-ray. At different time (4 h, 12 h, 24 h) after

irradiation the changes of TCR+, CD3+, CD4+, CD8+ cells were examined by flow

cytometry with direct immunofluorescence, respectively. The experimental results

showed that the proportion of CD3+, TCR+/CD3+, CD4+, CD8+ cells increased

significantly after LDI, with the most obvious enhancement noted in the 24 h

experimental group. The ratio of CD4 to CD8 showed no significant changes. It is

suggested that expedition of the maturation, activation and signal transduction of T

lymphocytes from cord blood can be induced by irradiation of 62 mGy γ-ray. So the

reconstruction of immune functions after cord blood transplantation can be

accelerated, enhancing the graft versus leukemia (GVL) effect and preventing the

tumor from relapsing.
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    INTRODUCTION

The immature T lymphocytes in cord blood contribute to the reduction of graft
versus host disease (GVHD) after cord blood transplantation (CBT), but the graft
versus leukemia (GVL) effect is suppressed and the reconstruction of host immunity
is also slowed. The rate of tumor relapse is over 60% [1, 2]. Studies have indicated that
low dose irradiation (LDI) has an immunity-stimulating effect on the body [3～5]. In
the present study, freshly isolated lymphocytes from cord blood were irradiated with
62 mGy γ-ray and the expression of the membrane molecules of lymphocytes TCR,
CD3, CD4, CD8 was detected using flow cytometry in order to investigate the role
of LDL in the stimulation of immune lymphocytes and the possibility of its
application to CBT.

1  MATERIALS AND METHODS

1. 1  Reagents
    Phycoerythrobilin (PE) labeled mouse TCRVβ3 anti-human monoclonal antibody
(MoAb), fluorescein isothiocyanate (FITC) labeled mouse anti-human MoAb CD3,
PE-labeled human CD4 MoAb, FITC-labeled human CD8 MoAb were all purchased
from Ancell. F1TC-labeled mouse IgG1 MoAb and PE-labeled mouse IgG1 MoAb
was purchased from Pharmingen.
1. 2  Collection of cord blood and isolation of mononuclear cells (MNCs)
    Cord blood was drawn from the umbilical veins of normal neonates of 37～42
gestational weeks, and it was anticoagulated with heparin in 20 IU/ml and MNCs in
the blood were isolated within 6 h of collection using density gradient centrifugation.
They were washed with RPMI1640 (Hyclone) culture solution twice and put in
RPMI1640 culture medium containing 10% fetal bovine serum (FBS), the
concentration of which was calculated by Celltac (MEK — 5108K, NIHON
KOHDEN, Japan) and adjusted to 1×106/ml.
1. 3  Irradiation and cell culture
    MNCs freshly isolated from cord blood were irradiated using a digital cell
irradiator (Gamma Cell1000, MDS Nordion, Canada) with 137Cs as the source of
irradiation, whose total activity was 24.05 TBq. The total absorbed dose was 62
mGy and the absorbed dose rate was 3.72 Gy/min. After irradiation, the MNCs were
cultured in an incubator containing 5% CO2  at 37 ℃. The expression of TCR, CD3,
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CD4 and CD8 molecules of the lymphocytes in the culture was detected before
irradiation and 4 h, 12 h and 24 h, respectively, after irradiation and their survival
rate was examined with trypan-blue staining method.
1. 4  Detection of TCR, CD3, CD4 and CD8
1. 4. 1  Direct immunofluorescence antibody labeling
    The concentration of MNCs in the culture was adjusted to1×107/ml. In each of
3 test tubes 100 µl cell suspension was added and marked Tube 1, Tube 2 and Tube
3, respectively, with 80 µl of PE-human TCRVβ3 MoAb (diluted 1∶10) and 80 µl of
F1TC-human CD3 MoAb (diluted 1∶50) added to Tube 1, 80 µl of PE-human CD4
MoAb (diluted 1∶50) and 80μl of F1TC-human CD8 MoAb (diluted 1∶50) to
Tube 2, and 20 µl of FITC and PE-labeled mouse IgG1 MoAb to Tube 3 which was
used as the non-specific control. All the mixtures were incubated lucifugally at 4 ℃
for 45 min. The cultures were washed three times with phosphate buffered saline
(PBS, pH7.4) and 1ml of the fixing solution was added [6]. The suspension was
stored in the dark at 4 ℃ to be examined.
1. 4. 2  Flow cytometric measurement
    The samples were detected using FACScan Flow cytometer (Becton-Dickinson,
USA), with 15 mW argon laser of 488 nm wave length as excitation source. The
equipment was adjusted with standard micro-spheres before detection, limiting
coefficient of variance (CV) to less than 2 %. The gate for lymphocytes was set
through the double-parameter model. 1×104 cells were collected within the gate for
each assay and the CellQuest software was employed to analyze the data.
1. 5  Statistical Analysis
    All the variables were expressed as x ±s and paired t test was used to analyze
the data.

2  RESULTS

2. 1　The survival rate of MNCs
    The survival rate of MNCs was more than 98% both in the pre-irradiation
group and in the 3 post-irradiation groups, with no statistically significant difference
(P>0.05).
2. 2　　　　The effect of 62 mGy γγγγ-ray irradiation on the expression of TCR/CD3 of

lymphocytes in cord blood
    It was found that the expression of both CD3 and TCR/CD3 complex was
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significantly up-regulated after irradiation, with an increasing amplitude with time
within 4 h to 24 h. All PE-labeled TCRVβ3 molecules were co-expressed with FITC
labeled CD3 (see Table 1).

Table 1  The effect of 62 mGy γγγγ-ray irradiation on the expression of
TCR/CD3 of lymphocytes in cord blood ( x±±±±s。。。。%)

Time n CD3 positive TCRVβ3/CD3 complex

Pre -irradiation 8 39.56±8.46 1.68±0.29

4 h post-irradiation 8 41.95±7.661) 1.89±0.50

12 h post-irradiation 8 48.32±7.301) 3) 2.54±0.521) 2)

24 h post-irradiation 8 52.49±8.391) 3)4) 3.80±1.371) 3) 4)

Note: vs. Pre-irradiation, 1) P<0.01; vs. 4 h post-irradiation; 2) P<0.05; 3)P<0.01; vs.12 h post-irradiation;

4) P<0.01.

2. 3　　　　The effect of 62 mGy γγγγ-ray irradiation on the expression of CD4 and CD8
molecules of lymphocytes in cord blood

    Our results showed that the expression of both CD4 and CD8 molecules was
significantly up-regulated after irradiation, with an increasing amplitude with time
within 4 h to 24 h. But the time when CD4 expression began to increase was later
than that of CD8. The ratio of CD4 to CD8 showed no significant changes (P>0.05)
(see Table 2).

Table 2  The effect of 62 mGy γγγγ-ray irradiation on the expression of
CD4 and CD8 molecules of lymphocytes in cord blood（（（（ x±±±±s））））

Time n CD4 positive/ % CD8 positive/ % CD4/CD8

Pre -irradiation 8 29.40±7.51 11.34±7.17 3.90±2.65

4 h post-irradiation 8 31.34±6.99 12.64±6.341) 3.10±1.53

12 h post-irradiation 8 33.31±9.071) 13.83±7.861) 2) 3.15±1.72

24 h post-irradiation 8 34.78±8.841) 3) 4) 15.24±8.131) 3) 5) 3.06±1.75

Note:  vs. pre-irradiation, 1) P<0.01; vs. 4 h post-irradiation; 2) P<0.05; 3) P<0.01; vs.12 h post-

irradiation, 4) P<0.05; 5) P<0.01.

3　DISCUSSION

Since the pioneer attempt to use cord blood transplantation to treat Fanconi
anemia was successfully performed in 1989, cord blood transplantation has been
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extensively used in the world in the treatment of many fatal diseases such as
malignant tumor, leukemia, hereditary disorders and radiation sicknesses etc., and
showed encouraging perspectives of clinical application. 562 cases were given
allogenic cord blood transplantation between Aug. 1992 and Jan. 1998 in New York
Blood Center [7]. In recent years, some cord blood banks of certain scale have been
set up in Beijing, Guangzhou, Jinan and other large cities of China and successful
CBT has been reported. CBT has many advantages, for example, easy access, simple
collection, no injury to the donor, relative pureness, rich hematopoietic stem cells
and progenitors (of which the percentage of CD34+CD38- cells is higher than that in
adult bone marrow), lower incidence of GVHD and its less severity. Cord blood
hematopoietic stem/ progenitor cells are capable of vigorous proliferation in vitro
under stimulation of some cytokines. However, Cord blood hematopoietic
progenitor cells lack full differentiation and the T lymphocytes are infantile, which
are deficient in the function of mature T lymphocytes supporting hematopoietic
reconstruction, leading to slow implantation of the grafts, delayed immune
reconstruction and damage of GVL effect, as well as the high incidence of tumor
relapse [1, 2]. It constitutes one of the main causes restricting the efficacy of CBT. The
mechanism of GVL is still not clear. Evidence has suggested that the T cells and NK
cells in the graft may have something to do with GVL [8]，but it is impossible to treat
post CBT relapse of tumor with the identical donor lymphocyte infusions (DLI).

Low linear energy transfer (LET) irradiation within the dose of 0.2 Gy or high
LET no more than the dose of 0.05 Gy was regarded as low dose irradiation (LDI) [3].
Epidemic investigation and experiments have confirmed that LDI has an immunity-
stimulating effect [3～5]. In order to explore the possibility to apply LDI to cord blood
transplantation, freshly isolated cord blood lymphocytes were irradiated with low
dose γ-ray and the expression of their membrane molecules was detected. It was
found that the expression of CD3, CD4, CD8 and TCR/CD3 complex on the
membrane of T cells increased significantly after LDI and showed an increasing
amplitude with time within 4～24 h. However, there was no significant difference in
the ratio of CD4 to CD8 between pre-irradiation and post-irradiation. CD3 is an
important molecule in virtue of T cell functions. TCR is a specific surface marker of
T cells. TCR/CD3 complex is a mainstay in the antigen recognition and signal
transduction of T cells. After LDI, the up-regulation of TCR/CD3 complex
expression reflect expedition of T lymphocyte maturation and increase in the
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response of T cells to the antigen and the mitogen, which is the basis of accelerating
signal transduction into the cells [5, 9]. CD4 and CD8 serve as co-receptors of T cells,
Which can combine with MHC class II and I molecules, respectively, promoting the
interaction between T cells and antigen presenting cells (APC) as well as target cells.
At the same time they are involved in the signal transduction of antigen –stimulated
TCR/CD3. After LDI, the up-regulation of CD4, CD8 molecules proved an increase
in CD4+ subset and CD8+ subset and the acceleration of maturation, differentiation
and signal transducton of T cells. The time when CD4 expression began to increase
was later than that of CD8, suggesting a higher sensitivity of CD8+ to LDI [4]。The
ratio of CD4 to CD8 showed no significant changes, which was consistent with
previous reports [5, 10] and not in support of the hypothesis that LDI leads to increase
in the ratio of Th to Ts.

The phenotype of T lymphocytes is in line with their function [9]. Therefore, the
up-regulation of the expression of CD3, TCR/CD3 complex, CD4 and CD8 on T
lymphocytes of cord blood induced by LDI can indirectly indicate T lymphocytes’
maturation, activation and signal transduction acceleration. In this case, their
immune function tend to be mature. Our results show that it is worthwhile to adopt
the following tactics in the process of CBT: when collected, a portion of cord blood
is cryopreserved and the rest of it is used for the enrichment and purification of
CD34+ cells, which are to be expanded for hematopoietic progenitor cells in vitro,
through MACS and FACS. The lymphocytes obtained after the purification were
administered LDI, part of which were induced to grow mature under control. And
then all the elements were infused into the patient. In this way, the lose of stem cells
during their culture can be avoided and the hematopoietic progenitor cells and T
lymphocytes can be expanded and maturated, contributing to T lymphocytes
regulating the reconstruction of hematopoiesis, promoting implantation of stem cells,
the reconstruction of immune function, strengthening GVL effect, reducing tumor
relapse and improving the clinical efficacy of CBT. So it is necessary to further the
investigation on the value of applying LDI to CBT.

4  CONCLUSION

In order to investigate the role of LDL in the stimulation of immune
lymphocytes and the possibility of its application to CBT, the membrane molecules
expression of T lymphocytes of cord blood after LDI was investigated. Freshly
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isolated lymphocytes from cord blood were irradiated with 62 mGy γ-ray. At
different time (4 h, 12 h, 24 h) after irradiation the changes of TCR+, CD3+, CD4+,
CD8+ cells were examined by flow cytometry with direct immunofluorescence,
respectively. It was found that the expression of CD3, CD4, CD8 and TCR/CD3
complex on the membrane of T cells increased significantly after LDI and showed
an increasing amplitude with time within 4～24 h. However, there was no
significant difference in the ratio of CD4 to CD8 between pre-irradiation and post-
irradiation. Evidence suggests that expedition of the maturation, activation and
signal transduction of T lymphocytes from cord blood can be induced by irradiation
of 62 mGy γ-ray.
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