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Abstract Clinical studies have shown that NST has better

therapeutic results with chronic myelogenous leukemia

(CML) than acute leukemia (AL), but whether the gener-

ation of graft-versus-leukemia (GVL) effects is different

between AL and CML patients early after NST has not yet

been studied, so we used a pentamer-staining technique in

combination with ICCS to detect WT1?CD8?CTL/

WT1?Tc1 and WT1?Th1 cells in these two groups of

patients. Results showed that the emergence time of

WT1?CD8
?CTL/WT1?Tc1 cells after NST in AL patients

was similar to that in CML patients (P = 0.58), while the

emergence time of WT1?Th1 cells after NST in AL

patients was shorter than in CML patients (P = 0.047).

Furthermore, the peak proportions of WT1?CD8
?CTL/

WT1?Tc1 (P [ 0.05) and WT1?Th1 (P [ 0.05) cells were

similar between AL and CML patients, and the increased

rates (P [ 0.05) and elevated levels (P [ 0.05) of WT1-

specific T cells were not statistically different between the

groups after G-CSF mobilized donor mononuclear cell

infusion. In addition, the reconstruction of lymphocyte

subsets (P [ 0.05) and CD4/8 ratios (P [ 0.05) in AL

patients were not statistically different from those in CML

patients within 180 days after NST. These results sug-

gested that WT1 maybe induces similar GVL effects in

both AL and CML patients early after NST.

Keywords Graft-versus-leukemia effect �
Nonmyeloablative allogeneic stem-cell transplantation �
Acute leukemia � Chronic myelocytic leukemia

1 Introduction

The graft-versus-leukemia (GVL) effect is one of the pri-

mary rationales for allogeneic stem-cell transplantation

(Allo-SCT) to cure leukemia [1, 2]. Donor lymphocyte

infusion (DLI) can induce GVL effects and successfully treat

recurrent acute and chronic leukemias after bone marrow

transplantation [3, 4]. The determinants of GVL effects have

until recently been based on clinical therapeutic effects that

lack sensitive and reliable quantitative indices. Rezvani et al.

[5] used HLA-tetramers and intracellular cytokine staining

to detect the emergence and proportion of WT1?CD8
?CTL

from peripheral blood samples of 10 acute lymphoblastic

leukemia patients after Allo-SCT. They found that after

transplantation, the number of WT1?CD8
?CTL cells was

significantly increased and negatively correlated with WT1

gene expression and leukemia relapse. They suggested that

post-transplantation WT1?CD8
?CTL proportion could be

used as an indirect index for GVL effects. NST, a promptly

established form in curing leukemia in last decade, has been

citified to be an effective therapy platform on which elimi-

nation of MRD depends more on GVL effect, owing to the

reduced cytotoxicity of conditioning regimes. A number of

clinical studies have found that NST and DLI have better

therapeutic effects in chronic myelogenous leukemia (CML)

patients than in acute leukemia (AL) patients [1, 4, 6–9], but

whether these differences are caused by distinct GVL effects

generated in CML and AL patients requires further research.

It has been reported that T lymphocytes (Tc1/Th1) that

secrete IL-2 and IFNc are important effector lymphocytes
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mediating GVL effects [10]. In a previous study, we used an

HLA-tetramer to detect WT1?CD8
?CTL after NST [11]. In

this study, a more sensitive pentamer-staining technique was

used in combination with intracellular IFNc staining to study

the generation and proportion of WT1?CD8
?CTL/

WT1?Tc1 and WT1?Th1 cells in AL and CML patients

early after NST, and to investigate whether different GVL

effects could be induced in different groups of patients early

post-NST.

2 Patients, materials and methods

2.1 Materials

Anti-HLA-DR, anti-CD3, anti-CD4, anti-CD8, anti-CD25,

anti-CD16 and anti-CD56 antibodies and IFNc were pur-

chased from Beckman Coulter Inc. PMA and Io were

purchased from Sigma. WT1126-134 (RMFPNAPYL) and

HIV-Gag nine-peptide were synthesized by Shanghai

Sangon Biological Engineering Technology & Services

Co., Ltd HLA-A*0201/HIV-Gag-pentamer and HLA-

A*0201/WT1-pentamer were purchased from Oxford

Proimmune Ltd (UK). EPICSxL-MCL Flow Cytometer

was from Beckman Coulter Inc.

2.2 Subjects studied

Fourteen HLA-A*0201-positive patients with AL or CML

who received an HLA-identical NST between February

2007 and May 2008 were enrolled in this study. All the

cases were diagnosed according to French–American–

British classification, and confirmed by immunophenotyp-

ing and cytogenetics. Study participants included 7 AL

patients and 7 CML patients. Follow-ups ranged from 2 to

17 months; none of the patients had recurrences during

follow-up. The basic clinical characteristics of all the

patients are shown in Table 1. NST conditioning, donor

peripheral blood stem-cell mobilization and collection, and

graft-versus-host disease (GVHD) prophylaxis were

designed and performed according to the protocol recom-

mended by the Chinese NST Collaborative Union [12].

Ten of the patients without acute GVHD (aGVHD) by

30 days post-NST were given a G-CSF-mobilized donor

mononuclear cell infusion (GDMI) treatment with a dosage

of 2–3.0 9 108 monocytes/kg [12].

2.3 Determination of donor-recipient chimerism

after NST

Donor hematopoietic chimerism was evaluated using semi-

quantitative polymerase chain reaction (PCR)-based anal-

ysis of short tandem repeats [12].

2.4 Detection of WT1 gene expression

The expressions of WT1 in both donor and recipient

before and after NST were determined with RT–PCR

[13]. GAPDH was used as an internal reference, and

relative expression of WT1 was represented as WT1/

GAPDH.

2.5 Detection of WT1?CD8
?CTL by WT1-specific

HLA-pentamer staining

Peripheral blood samples were collected before transplan-

tation and on post-transplantation days 14, 30, 60, 90, 120,

150 and 180, and subjected to HLA-A*0201/WT1-penta-

mer staining according to the manufacturer’s instruction.

For long-term follow-ups, the blood samples were

collected at 30-day intervals until loss of follow-up. The

HLA-A*0201/HIV-Gag-pentamer was used as a negative

control. CD8
? gated cells were further analyzed for

pentamer staining, and cells double positive for HLA-

A*0201/WT1-pentamer and CD8 staining were considered

to be WT1?CD8
?CTL. WT1?CD8

?CTL proportions were

reported as WT1-specific cells among total CD8
?T cells [5,

14]. The proportion of cell staining in the negative control

was adjusted to 0%.

2.6 Flow cytometry analysis of intracellular IFNc
expressions in WT1?Tc1 cells

Peripheral blood samples were collected at the same time

points as in pentamer staining. Intracellular cytokine

detection was performed as described in previous research

[14]. Briefly, after WT1126-134 (RMFPNAPYL) stimula-

tion, the intracellular IFNc protein levels were detected

with flow cytometry using Beckman Coulter’s EPICS XL-

MCL. HIV-Gag nine-peptide (20 lg/mL) and PMA

(10 lg/ml) plus Ionomycin (10 lg/ml) were used as neg-

ative and positive controls, respectively. CD3
? cells were

gated and the percentage of each T cell subset in the

control group was adjusted to 0%. The Tc1 subset

(WT1?Tc1 cells) generated after WT1 stimulation was

reported as the proportion of WT1-specific cells among

CD3
?CD8

? cells.

2.7 Absolute lymphocyte counting and determination

of lymphocyte subsets

The proportions of CD3
?T, CD3

?CD4
?T, CD3

?CD8
?T,

CD4
?CD25

?Treg, CD3
?HLA-DR?T, CD3

-CD16
?CD56

?

and CD3
?CD16

?CD56
? cell subsets in both AL and CML

patients before NST and at post-transplantation days 30, 90

and 180 were determined by flow cytometry. The ratio of

CD4
?/CD8

? T cells was calculated at each time point.
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2.8 Statistical analysis

Each positive rate was analyzed using chi-square and

Fisher’s exact tests. Comparisons of AL and CML groups

were performed using rank sum tests. In two-sided tests,

differences with P values lower than 0.05 and 0.01 were

considered statistically different and significantly different,

respectively. The peak proportions of WT1-specific T cells

between AL and CML patients were analyzed using rank

sum tests.

3 Results

3.1 Expression of WT1 gene before NST in donors

and recipients

Of 14 donors, 2 donors (Nos. 2 and 6) had low levels of

WT1 gene expression (WT1/GAPDH ratios 3.1 9 10-7

and 1.4 9 10-7), but WT1 gene expression was not

found in any of the remaining 12 patients. The 14

patients had varying degrees of WT1 gene expression

(WT1/GAPDH ratios were from 1.65 9 10-5 to

1.2 9 10-4) before NST.

3.2 WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells

were increased in recipients after NST, compared

to levels prior to NST or levels in donors

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells were not

detected in donors using pentamer and intracellular IFNc-

staining techniques. Among the 14 patients, 2 AML

patients (Nos. 8 and 9) had low levels of WT11CD8
?CTL

(0.26 and 0.06%) cells prior to NST; 2 CML and 2 AML

patients (Nos. 2, 3, 8 and 9) had low levels of WT1?Tc1

cells (0.66, 0.1, 0.2 and 0.1%) and WT1?Th1 cells (0.07,

0.12, 0.29 and 0.2%) before NST. No other patients had

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells prior to

NST.

WT11CD8
?CTL cells (with proportions ranging from 0

to 0.72%) and WT1?Tc1 cells (with proportions ranging

from 0 to 4.49%) were detected in all patients post-NST

using pentamer and intracellular IFNc staining, and

WT1?Th1 cells were found in 13 patients (range 0.19–

2.94%). Post-NST proportions of WT1?CD8
?CTL/

WT1?Tc1 and WT1?Th1 cells in all patients were sig-

nificantly higher than those prior to NST (P \ 0.01) and

those in donors (P \ 0.01) (Fig. 1). The proportion of

WT1?CD8
?CTL/WT1?Tc1 (P [ 0.05) and WT1?Th1

(P [ 0.05) cells after NST in AL patients was not signifi-

cantly different from those in CML patients.

3.3 First detection time distributions

of WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1

cells in AL and CML patients after NST

After NST, generation of WT1?CD8
?CTL cells in AL

patients was first detected at day 14 (2 patients), day 30

(3 patients), day 90 (1 patient) and day 150 (1 patient).

These cells were detected in CML patients at day 14

(1 patient), day 30 (3 patients), day 60 (1 patient), day 90

(2 patients). Within 30 days after NST, WT1?CD8
?CTL

cell levels in AL and CML patients were 71.43

and 57.14%, respectively. Although the proportion of

WT1?CD8
?CTL cells in patients with AL was slightly

higher than in CML patients, the difference was not sta-

tistically significant (P = 0.58).

WT1?Tc1 cells were generated in all AL and CML

patients within 30 days after NST. Generation of

WT1?Tc1 cells in the AL patients was first detected at day

14 (2 patients), and day 30 (5 patients). These cells were

first detected in CML patients at day 14 (3 patients), and

day 30 (4 patients), similar to the results in AL patients.

In addition, 6 out of 7 AL patients were generating

WT1?Th1 cells within 30 days after NST, including 2

patients at day 14 and 4 patients at day 30. WT1?Th1 cells

were induced in all CML patients, and first detected at day

14 (1 patient), day 30 (3 patients) and day 60 (3 patients).

Statistical analysis indicated that the positive proportion of

WT1?Th1 cells generated within 30 days after NST was

significantly higher in AL patients than in CML patients

(P = 0.047) .
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   WT1+CD8+CTL
   WT1+Tc1
   WT1+Th1P 0.01 

P 0.01 

Donor Pre-SCT Post-SCT

Fig. 1 Levels of WT1-specific T lymphocytes in donor and recipient

before and after NST. WT1?CD8
?CTL, WT1?Tc1 and WT1?Th1

cells could not be detected in donors, while low levels were detected

in leukemia patients prior to transplantation. After transplantation, all

three types of cells were significantly increased in recipients

(P \ 0.01)
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3.4 Induced levels of WT1?CD8
?CTL/WT1?Tc1 and

WT1?Th1 cells in AL and CML patients after NST

Pentamer and intracellular cytokine staining identified WT1-

specific T lymphocytes from blood samples at days 14, 30

and 60 for all patients, at day 90 for 12 patients, and at days

120, 150 and 180 for 11 patients. The proportion of

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells at differ-

ent time points after NST in each group was calculated

(Fig. 2a–c). As shown in Fig. 2, proportions of

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells at differ-

ent time points within 180 days after NST were similar

between AL and CML patients. Proportions of

WT1?CD8
?CTL/WT1?Tc1 (P [ 0.05) and WT1?Th1

(P [ 0.05) cells at different time points in AL patients were

not significantly different from those in CML patients.

The peak proportions of WT1-specific T lymphocytes in

AL and CML patients following NST were then examined.

As shown in Table 1, WT1?CD8
?CTL cells peaked at 0.1–

0.45% and 0.08–0.72% among AL and CML patients,

respectively. Peak levels of WT1?CD8
?CTL cells higher

than 0.4% were found in 1 AL and 2 CML patients. Average

peak values of WT1?CD8?CTL were not significantly dif-

ferent between AL and CML patients (P = 0.52).

Intracellular IFNc staining indicated that WT1?Tc1

cells peaked at 0.19–2.75% and 0.30–4.49% among AL

and CML patients, respectively. Peak levels higher than

1.0% were found in 2 AL and 4 CML patients. WT1?Th1

cells peaked at 0.23–2.94% (AL) and 0.19–2.76% (CML);

peak values higher than 1.0% were found in 2 AL and 2

CML patients. Peak value differences between the groups

were not significant (P = 0.391).

3.5 Impact of GDMI on generation

of WT1?CD8
?CTL/WT1?Tc1

and WT1?Th1 cells

Ten patients (5 AL and 5 CML) received GDMIs at post-

NST day 35. Pentamer staining at post-NST days 30, 60

and 90 indicated that 2 out of these 5 AL patients (Nos. 10

and 14) had increased WT1?CD8
?CTL proportions after

GDMI, and these levels increased from 0 to 0.11% at post-

NST day 90 and 0 to 0.10% at day 60 (Fig. 3a). Similarly,

WT1?CD8
?CTL cells in 3 out of 5 CML patients (Nos. 1,

3, and 7) were significantly increased after GDMI, from 0

to 0.13% at post-NST day 90, from 0.07 to 0.32% at day 60

and from 0 to 0.14% at day 90 (Fig. 3a). Differences

between the two groups were not statistically different

(P = 0.83; P = 0.54).

Intracellular cytokine staining indicated that WT1?Tc1

cells were elevated in 4 out of 5 AL patients (Nos. 9, 12, 13

and 14) after GDMI, from 0.05 to 0.19% at day 90, 0.08 to

0.19% at day 60, 0 to 0.17% at day 90, and from 0.11 to

0.37% at day 60. WT1?Tc1 cells were elevated in 2 out of

5 CML patients (Nos. 1 and 6), from 0.06 to 0.08% at day

60 and 0 to 0.41% at day 60 (Fig. 3b). Group differences

were not statistically different (P = 0.20; P = 0.49).
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Fig. 2 Detection of WT1-specific T lymphocytes in AL and CML

patients soon after NST. a Proportion of WT1?CD8
?CTL cells at

different time points within 180 days after NST. After NST, the

induced generation of WT1?CD8
?CTL cells were similar between

AL and CML patient groups. b WT1?Tc1 cells at different time

points within 180 days post-NST. After NST, the induced generations

of WT1?Tc1 cells were similar between groups. c WT1? Th1 cells at

different time points within 180 days after NST. Generation of

WT1?Tc1 cells in AL patients was similar to CML patients
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WT1?Th1 cells were elevated in 3 of 5 AL patients

(Nos. 9, 13 and 14), from 0.07 to 0.23% at day 60, 0.55 to

0.59% at day 90, and 0.61 to 0.90% at day 60. WT1?Th1

cells were elevated in 2 of 5 CML patients (Nos. 1 and 6),

from 0.21 to 0.49% and from 0 to 0.55% at post-NST day

60 (Fig. 3c). Differences between groups were not signif-

icantly different (P = 0.53; P = 0.77).

3.6 WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells

were negatively correlated with WT1 gene

expression

WT1?CD8?CTL/WT1?Tc1 and WT1?Th1 cells increased

rapidly after NST and then fluctuated at high levels in all

patients. Conversely, WT1 gene expressions were rapidly

down-regulated after NST and then maintained at extre-

mely low levels (WT1/GAPDH values ranged from 10-6 to

10-5). As shown in Fig. 4, the phases of WT1?CD8
?CTL/

WT1?Tc1 and WT1?Th1 cells were not exactly the same,

and while both types of cells fluctuated after NST, the

levels of WT1/GAPDH fluctuated at low levels in both AL

and CML patients (Fig. 4).

3.7 Comparison of immune reconstitution between AL

and CML patients soon after NST

Blood samples were taken prior to NST and at post-NST days

30, 90 and 180. Flow cytometry analysis indicated that the

proportions of CD3
?T, CD3

?CD4
?T, CD3

?CD8
?T,

CD4
?CD25

?Treg, CD3
?HLA-DR?T, CD3

-CD16
?CD56

?

and CD3
?CD16

?CD56
? cell subsets and the CD4/8 ratios

during the early stages after NST were not statistically dif-

ferent between AL and CML patients (P [ 0.05). As shown

in Fig. 5, the distribution of lymphocyte subsets within

180 days after NST in AL patients was similar to those of

CML patients.

4 Discussion

NST can effectively induce GVL effects in leukemia

patients. We found that after NST, WT1?CD8
?CTL/

WT1?Tc1 cells were significantly elevated in 14 patients,

and WT1?Th1 cells were increased in 13 patients

(P \ 0.01). GDMI promoted an increase in

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 in some

patients. In addition, generation of WT1-specific T lym-

phocytes was correlated with a down-regulation of WT1

gene expression. These results were consistent with the

findings reported by Rezvani et al., which demonstrated

that after NST, WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1

cells play important roles in mediating GVL effects [5].

Previous clinical studies indicated that the 3- and 5-year

disease-free survival (DFS) rates of CML patients after

transplantation are 80 * 90% and 70 * 80%, respec-

tively, significantly higher than those of AL patients [1, 7,
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Fig. 3 The impact of GDMI on generation of WT1-specific T

lymphocytes in AL and CML patients. a WT1?CD8
?CTL cells after

GDMI. Pentamer staining was performed at 30, 60 and 90 days post-

NST, and increases in WT1?CD8
?CTL were found in 2 AL patients

(Nos. 10 and 14) and 3 CML patients (Nos. 1, 3 and 7). b WT1?Tc1 cells

after GDMI. Intracellular cytokine detection indicated that increases in

WT1?Tc1 cells were found in 4 AL patients (Nos. 9, 12, 13 and 14) and

2 CML patients (Nos. 1 and 6). c Generation of WT1?Th1 cells after

GDMI. WT1?Th1 cells were significantly increased in 3 AL patients

(Nos. 9, 13, 14) and 2 CML patients (Nos. 1 and 6)
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8, 15, 16]. These results suggested that after transplanta-

tion, GVL effects might be more potent in CML patients

than in AL patients. In this study, through pentamer and

intracellular IFNc staining, we found that WT1?CD8
?

CTL/WT1?Tc1 and WT1?Th1 cells were first detected

within 30 days after NST in both AL and CML patients.

Although the generation of WT1?Th1 cells began earlier in

AL patients (P = 0.047), generation rate and fluctuation of

WT1?CD8
?CTL/WT1?Tc1 cells were not significantly

different between the two groups (P [ 0.05). During the

first 180 days post-NST, average and highest levels of

WT1? CD8
?CTL/WT1?Tc1 and WT1?Th1 cells were

slightly but not significantly higher in CML patients than in

AL patients (P [ 0.05). These results suggest that after

transplantation, generation of WT1-specific T cells may be

similar between AL and CML patients, which indicated

that NST does not have different GVL effects in the two

groups.

It has been reported that 70 * 80% of the hematolog-

ical and genetic recurrence of CML after transplantation

can be avoided by sequential treatments of DLI or GDMI,

but only 20 * 40% of recurrence in AL patients can be

prevented by the same treatments, suggesting that DLI and

GDMI have better therapeutic effects in CML patients than

in AL patients [4, 6, 9, 17]. However, whether the different

therapeutic effects are associated with distinct GVL effects

generated by DLI or GDMI is not clear. Marijt et al. used

hematopoiesis-restricted minor histocompatibility antigen

HA-1- or HA-2-specific T cells to treat relapsed hemato-

poietic malignancies (two CML and one multiple myeloma

[MM]), and found that cells positive for tetramer staining

could be detected 5–7 weeks after transfusion [18].

Because GDMI was performed post-NST day 35, we

compared the proportions and levels of WT1?CD8
?CTL/

WT1?Tc1 and WT1?Th1 cells before and after GDMI at

post-NST days 30, 60 and 90 in AL and CML patients. We

found that after GDMI, the proportion of WT1?CD8
?CTL

cells increased in 2 of 5 AL and 3 of 5 CML patients, and

the proportion of WT1?Tc1 cells were elevated in 4 of 5

AL and 2 of 5 CML patients. Elevated levels of

WT1?CD8
?CTL/WT1? Tc1 and WT1?Th1 cells were not

statistically different between AL and CML patients

(P [ 0.05). These results demonstrate that GDMI can

effectively promote generation of WT1-specific T lym-

phocytes in both AL and CML patients. These results are

similar to the induced generation of WT1-specific T lym-

phocytes after NST. In addition, in this study, detection of

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells after

GDMI took place slightly earlier than reported by Marijt

et al., which may be associated with different sensitivities
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Fig. 4 WT1 gene expression was negatively correlated with gener-

ation of WT1-specific T lymphocytes after NST. WT1?CD8
?CTL/

WT1?Tc1 and WT1?Th1 cells and expression levels of WT1 gene in

No. 2 (upper left panel), No. 7 (upper right panel), No. 10 (lower left
panel) and No. 14 (lower right panel) at time points after NST.

WT1?CD8
? CTL/WT1?Tc1 and WT1?Th1 cells were significantly

increased at different phases after NST, and this increase was

correlated with down-regulations of WT1/GAPDH ratios in both AL

and CML patients
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of detection methods and differences in immune environ-

ments in leukemia patients after NST.

Furthermore, since lymphocytes are a key factor in

regulation of the therapeutic effects of DLI [19], they may

play an important role in the generation of GVL effects

after transplantation. We analyzed the reconstitution of

lymphocyte subsets in 14 patients within 180 days after

NST and found that the distribution of these subsets and

CD4/8 ratios at time points after NST were not signifi-

cantly different between AL and CML patients, in accor-

dance with the alterations of WT1?CD8
?CTL/WT1?Tc1

and WT1?Th1 cells between these groups after NST and

GDMI.

In summary, although generation phases and levels of

WT1?CD8
?CTL/WT1?Tc1 and WT1?Th1 cells after NST

and GDMI were different between groups and each group

showed slightly different responses to GDMI, these dif-

ferences may be not significant. After NST, WT1-induced

GVL effects are not statistically different between groups

of AL and CML patients. Differential therapeutic effects of

NST and DLI in AL and CML patients may be caused by

inherent sensitivities of AL and CML towards a similar

GVL effect [1, 4, 18, 20, 21], rather than by induction of

different GVL effects. However, as the sample size was

small and follow-up duration relatively short, expanded

study of induced GVL effects is necessary.
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