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1. Introduction

  The way of immunological reconstitution after allo- 
SCT is critical for favorable clinical outcome since 
engraftment failure, GVHD, relapse, and infection are 
closely affected by the recovery pattern of immuno- 
regulatory cells and the diversity of TCR Vβ repertoire. 
It is therefore important to analyze immunological re-
constitution in each cell population and TCR Vβ rep-
ertoire for regulating unfavorable post-transplant com-
plications and obtaining better clinical outcome [1-4]. 
Although many immunoregulatory cells have been re-
ported, NK cell receptor-positive cells have unique func-
tion which effectively inhibits GVHD but sustains GVL 
effect [5-7].

2. Cytokine Profile after Allo-SCT

 Cytokines are an important factor to regulate immuno-
logical responses. It is therefore interesting to understand 
the expression profile of various cytokines after allo- 
SCT. Enzyme-linked immunosorbent assay was basically 
used to examine serum cytokine level, except radio-
immunoassay for IFN-γ. The IL-6 levels increased in 
the sera shortly after allo-SCT regardless of the pre-
sence of acute GVHD [8]. In contrast, IFN-γand TNF-
α subsequently increased in patients with acute GVHD, 
thus indicating that a sequential increase and synergy in 
IL-6, IFN-γ, and TNF-α is necessary to induce acute 
GVHD. When acute GVHD disappeared, these levels 
decreased. Similar findings were observed in chronic 
GVHD. Although IL-2 was undetectable throughout the 
observation period even in patients with GVHD, soluble 
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  Analysis of cytokine gene expression in peripheral blood mononuclear cells from patients received allogeneic 
hematopoietic stem cells transplantation (allo-SCT) showed that type 1 helper T cells (Th1)-derived cytokines in-
creased in severe graft-versus-host disease (GVHD) while Th2-derived cytokines such as IL-4, IL-10, and IL-13 
increased in mild GVHD. These results indicate that Th2 cells suppress GVHD although Th1 cells augment GVHD. 
Chimerism analysis showed that mixed chimerism was often observed in younger (<30 years old) patients. Mixed 
chimerism in older (≥ 30 years old) patients were related to rejection and relapse while this situation is not the 
case in younger patients, thus indicating that mixed chimerism is an important prognostic factor in older patients. 
Among the chimerism of various cell populations, donor-derived CD56-positive cells are important in early engraft-
ment when determined in allogeneic nonmyeloablative stem cell transplantation (allo-NST), regardless of the pro-
portion of donor-derived CD3-positive cells. This result suggests that donor-derived CD56-positive cells are a more 
useful indicator for engraftment and rejection in early time period. Complementary-determining region 3 (CDR3) size 
spectratyping in T-cell receptor (TCR) chain subfamilies (Vβ) showed that high level of diversity in　 TCR Vβ 
repertoire is important for a late rejection and skewed TCR V repertoire is well correlated to occurrence of GVHD. 
Expression of inhibitory natural killer (NK) cell receptors such as CD158b and CD94/NKG2A on peripheral CD3- 
negative and positive cells were increased in parallel with GVHD. Interestingly, these molecules appeared to regulate 
GVHD while preserving graft-versus-leukemia (GVL) effect. 
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IL-2 receptor levels increased at the engraftment period 
and the onset of acute and chronic GVHD, showing a 
good correlation to the disease status [9]. 
  Cytokine gene expression in peripheral blood mono-
nuclear cells was also analyzed by reverse transcription 
polymerase chain reaction (RT-PCR) method [10,11]. 
Expression of IFN-γ (Th1-type cytokine) amd inflam-
matory cytokines (e.g., TNF-α, IL-6 and IL-1β) in-
creased in severe acute (≥ grade III) and chronic 
(extensive type) GVHD while Th2-type cytokines such 
as IL-4, IL-10, and IL-13 increased in mild acute (≤ 
grade II) and chronic (limited type) GVHD, thus 
indicating that the balance between Th1 and Th2 is an 
important prognostic factor for better clinical outcome in 
terms of GVHD.　

3. Chimerism Analysis in Fractionated Cell 
Populations

  Four types of microsattelites (D3S1359, D6S89, 
ACTBP2, and HGH) were used to analyze chimerism 
using capillary electrophoresis system [12]. Genomic 
DNA was extracted from peripheral blood mononuclear 
cells or CD3-, CD14-, CD15-, and CD56-positive cells 
in some case. Mixed chimerism was more often ob-
served in younger (<30 years old) patients than in older 
(≥ 30 years old) patients. Graft failure and relapse 
developed more frequently in patients with mixed chi-
merism than in those with complete chimerism. This is 
more marked in older patients than in younger ones. 
One of the reason for this age difference may be due 
to readily established transplantation tolerance in younger 
patients who possess intact or almost normal thymic 
function since graft failure and acute GVHD were often 
seen in older patients with mixed cimerism.
  In a patient with ALL, mixed chimerism was seen in 
mononuclear cells but not in whole blood population. In 
a relapsed patient with AML, mixed chimerism was 
seen in whole blood population and granulocytes. 
Dubovsky et al. [13] reported that detection of mixed 
chimerism in CD19-positive cells but not in whole 
blood was useful to predict lymphoid blast crisis in a 
CML patient. A similar finding was shown in ALL 
patients. These results suggest that chimerism analysis in 
fractionated populations are preferable to detect early 
relapse after allo-SCT.
  Furthermore, in the setting of allo-NST one patient, 
who had once engraftmenmt but finally had late re-
jection, showed almost complete donor type chimerism 
in CD56 positive cells but mixed chimerism in CD3- 
positive cells. This result suggest that donor-derived 
CD56-positive cells play an important role in ensuring 
engraftment. This speculation was confirmed by the fact 
that late rejection was seen in parallel with a decrease 
in the proportion of donor-derived CD56-positive cells 
and that the patient with high proportion of donor- 
derived CD56-positive cells had successful engraftment 
regardless of the proportion of donor-derived CD3-posi-
tive cells. 
  NK cells are known to recognize the class I major 

histocompatibility complex (MHC) and kill the target 
cells which express quantitatively or qualitatively aber-
rant class I MHC through their receptors such as killer- 
cell inhibitory receptors (KIRs) and CD94/NKG2 [14- 
16]. In fact, it is reported that NK cells derived from 
the recipient can induce the marrow graft rejection in 
murine bone marrow transplantation model of parent 
into F1 combination [17]. This phenomenon was origi-
nally called the hybrid resistance and NK cells derived 
from the recipient can recognize the class I MHC of 
the parent; namely, parental strain targets are lysed 
because they do not express all of the self class I 
antigens of the F1 hybrid, failing to deliver inhibitory 
signals to all subsets of F1 NK cells.
  In this sense, donor-derived CD56-positive cells are 
more important to ensure engraftment than CD3-positive 
cells; therefore, it is necessary to monitor the proportion 
of donor-derived CD56-positive cells as well as CD3- 
posirtive cells. However, there exists one interesting and 
important problem. Future direction shoud be focused on 
how donor-derived NK cells can recognize the host- 
derived class I MHC through their receptors since HLA- 
matched sibling donors were selected in the present 
study on allo-NST. It is not yet confirmed that NK 
cells recognize minor histocompatibility antigens dfferent 
from MHC. One possibility is that donor-derived NK 
cells may recognize nonclassical MHC such as HLA-E 
[18]. 

4. T-cell Repertoire Analysis

  CDR3 size spectratyping is usually used to analyze T- 
cell receptor repertoire [19]. The oligoclonal expansion 
of T-cells occurs in c GVHD, GVL effect, immunolo-
gical reconstitution, and viral infection; therefore, CDR3 
size spectratyping is essential to understand the disease 
status after allo-SCT.
  By using 24 TCR Vβ, TCR repertoire in peripheral 
blood was analyzed. Many TCR Vβ were skewed in 
the early stage. Although the skewed TCR Vβ was 
observed at the acute GVHD, Vβ6 was sekwed more 
often at the acute GVHD of the skin. In case of 
cytomegalovirus (CMV) infection, Vβ2 and Vβ6 were 
often skewed. The recovery of diversity in TCR Vβ 
repertoire appeared to be faster in the patients with 
acute GVHD than in those with acute GVHD. Also, 
that appeared to lower in the patients with CMV 
infection than in those without such infection. There 
was a statistically significant difference between patients 
with chronic GVHD and those without chronic GVHD 
in the average of diversity in TCR Vβ repertoire at 3 
months after allo-SCT. Namely, it was lower in the 
patients with chronic GVHD than in those without chro-
nic GVHD, thus indicating that low diversity in TCR 
Vβ repertoire is predictive for chronic GVHD develop-
ment. On the contrary, it turned out that high level of 
diversity in　 TCR Vβ repertoire was important for a 
late rejection.



5. Analysis of NK Cell Receptor-Positive Cells 

  When NK cell receptor-positive cells were examined 
in peripheral blood mononuclear cells from allo-SCT, 
NK cells with KIRs (CD158b-positive and CD3-nega-
tive) increased from early time period to 6 months [5, 
20]. The percentage of CD158b-positive and CD3-nega-
tive cells decreased in patients with chronic GVHD 
compared with those without chronic GVHD and no 
severe acute GVHD was observed in the patients an-
alyzed here, thus indicating that these cells appear to 
inhibit GVHD. Furthermore, CD158- and CD3-positive 
(mainly CD8-positive) cells also increased from 3 months 
to >6 months. Interestingly, these cells markedly in-
creased in patients with chronic GVHD compared with 
those without chronic GVHD. Clinical course clearly 
showed that the high proportion of CD158b- and CD3- 
positive cells well correlated with the disappearance of 
chronic GVHD and vice versa [6].
  CD158b specifically recognize HLA-Cw1, 3, 7, and 8 
and belongs to the immunoglobulin superfamily [16]. 
The other type of NK cell receptor is a member of 
C-type lectins (i.e., CD94) which makes a heterodimer 
with NKG2 and recognize HLA-E. This receptor is also 
expressed on NK cells as well as T cells and inhibits 
the cytolytic function of T cells. The proportion of 
CD94-positive and CD3-negative cells increased in pa-
tients without chronic GVHD [20]. Even though chronic 
GVHD developed, the proportion of those cells was 
higher in patients with good prognosis than in those 
with poor prognosis. CD94- and CD3-positive (mainly 
CD8-positive) cells increased in patients with chronic 
GVHD who had good prognosis. The same results were 
obtained in NKG2A-positive cells. These results are 
consistent with the previous results on CD158-positive 
and CD3-negative cells and CD158- and CD3-positive 
cells. In any case, these cells appear to regulate GVHD.
 
6. Functional Analysis of CD94/NKG2A- and
CD3-positive Cells

  CD94/NKG2A-positive cells were induced by the sti-
mulation of peripheral blood mononuclear cells by 
OKT3 and IL-15 [21]. Proliferative responses in mixed 
lymphocyte culture (MLC) showed that CD94-depleted 
cells responded to the stimulator cells better than did 
CD94-enriched cells and the response of the mixture of 
these two populations was comparable to the response 
of the unfractionated cells. 
  When G-CSF-mobilized peripheral blood mononuclear 
cells were used for MLC, the proportion of CD94/ 
NKG2A-positive cells markedly increased with 2 week- 
allogeneic stimulation. CD14-depletion induced decreased 
proportion of such cells. Addition of CD14-positive cells 
recoverd the proportion of CD94/NKG2A-positive cells 
while the intervening membrane inhibited this recovery, 
thus indicating that the cell to cell interaction is neces-
sary to induce this effect. CD94-positive cells can kill 
K562 cells but not PHA-stimulated autologous lympho-
blasts. This result suggests that CD94-positive cells in-

hibit GVHD while preserving GVL effect. A similar 
result was obtained against autologaous leukemic cells 
from a patient with CML. NK cell receptor-positive T 
cells therefore must be one of the promising and ideal 
candidates for cellular therapy to leukemia patients in 
the future.

7. Conclusions

  It is important to monitor immunological reconstitution 
for better understanding of the various conmplications 
after allo-SCT such as engraftment failure, rejection, 
GVHD, relapse, and infection. Fractionated cell popula-
tions and frequent examinations are required for the 
global recognition of the disease status. The information 
obtained by the above-mentioned analyses will be help-
ful to obviate and resolve various complications, thus 
resulting in the improvement of the clinical outcome of 
allo-SCT. Furthermore, functional analysis of immunore-
gulatory cells and their efficient generation will open a 
new avenue to the development of cellular therapy.
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