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IFN-g is inhibitory to CFU-Mk.3 Although a con-
trary conclusion was recently gained,4 its striking
increases that coincide with the declination in platelet
count and accompanying the fluctuation of platelet
counts5 inferred its down-regulatory role in throm-
bopoiesis. TNF-a can stimulate the proliferation of a
human megakaryocytic cell line.6 However, it showed
little correspondence with platelet count in the later
stages. The change of IL-2 was associated to TPO
expression7 that might support a direct stimulatory
role of TPO on T lymphocytes. Although TPO indi-
rectly induced IFN production in vitro2 here, the pro-
liferation of T lymphocytes might give a better expla-
nation for the cytokine overproduction.

Several groups effectively promoted mice platelet
production by TPO over-expression.5,8,9 Recently, it
was noticed that following platelet peak, the aden-
ovector-mediated hTPO delivery had induced
autoantibodies against TPO in Balb/c mice and
resulted in pathological changes.10 Was the activa-
tion of T lymphocyte part of such reactions? With
the plasmid vector, first, we kept TPO expression for
much longer than the platelet peak7 without its being
neutralized by the possible autoantibodies; second,
our primary analysis of marrow megakaryocyte did
not observed its reduction during this process. Fur-
thermore, we recently observed that hTPO cDNA
delivery thoroughly induced the turnover of tumor
infiltration T lymphocyte phenotypes from CD8+ to
CD4+ that accompanied significant retardation of the
implanted tumor (unpublished data). The immuno-
logical responses did not seem auto-reactive.
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after G-CSF administration in patients with
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Phenotypic changes in neutrophil granulocytes (NG)
after G-CSF have been scarcely studied. Using flow
cytometry, we analyzed the changes of CD11b, CD14,
CD33, CD71, HLA-DR, CD10, CD16 and CD15 on NG
after G-CSF treatment in 6 patients with ALL receiving
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intensification chemotherapy and in 10 control sub-
jects. After G-CSF we found: expression of HLA-DR, a
higher expression of CD11b, CD71 and CD14, a
decrease in CD10 positivity, and  fluorescence inten-
sity in CD15 and CD16. After administration of G-CSF,
the NG of patients with ALL express an immature phe-
notype as well as markers of proliferation.

In addition to the increase in the number of neu-
trophil granulocytes (NG), functional and phenotypic
changes have occurred after G-CSF treatment. How-
ever, latter changes have been scarcely studied.1,2 The
aim of this study was to analyze these changes in ALL
patients receiving G-CSF to enhance NG recovery
after intensification chemotherapy. 

Six adult patients with ALL receiving intensification
chemotherapy (PETHEMA ALL-93 protocol3) were
studied. The patients received 5 µg/kg G-CSF (Fil-
grastim®, Amgen-Roche) by subcutaneous injection
once a day from the day after the end of chemothera-
py to the day in which NG count was over 13109/L
(median 9 days after the last day of chemotherapy,
range 5-13) in two consecutive determinations. Ten
cycles of chemotherapy were evaluated. Neutrophil
phenotype (CD11b, CD14, CD33, CD71, HLA-DR,
CD10, CD16 and CD15) was analyzed within 24
hours following the last G-CSF administration by dou-
ble immunofluorescence technique, and cell surface
membrane antigens were detected by quantitative flow
cytometry using a FACScan™ (Becton Dickinson, San
José, CA, USA). The number of cells counted for this
analysis was 153103. Acquisition gates were set to
exclude dead cells and aggregated material. Forward
versus side scatter display was used to define granu-
locytes. For each MoAb the percentage of positive cells
was established using the Lysys II software from Bec-
ton Dickinson. The mean intensity of fluorescence of
CD15 and CD16 was also studied.

There were no differences in NG surface antigenic
expression among the 10 control subjects and the 10
studies performed to the 6 ALL patients before G-
CSF administration (Table 1). Table 1 also shows the
antigenic changes observed before and after treat-
ment with G-CSF. The most outstanding feature was

the HLA-DR expression on NG (Figure 1) in ALL cas-
es after G-CSF treatment compared to controls and
to the same studies before G-CSF treatment. Other
changes included a higher expression of CD71, CD14
and CD11b (although the latter was not statistically
significant), a decrease in the CD10 expression and
in CD15 and CD16 fluorescence intensity.

G-CSF has been employed in ALL4 and  has pro-
duced a reduction in the duration of the period of
neutropenia, with no influence on either CR or relapse
rates. The most outstanding finding in this study was
the confirmation of the marked HLA-DR expression
on NG after G-CSF administration. Such a finding was
previously observed in a patient with chronic idio-
pathic neutropenia under G-CSF treatment.5 The

Table 1. Expression of surface markers on neutrophils from control subjects and patients with ALL, before and after G-CSF admin-
istration.

CD14 CD71 HLA-DR CD10 CD11b CD15 CD16

% % % % % MI % MI % MI

Controls (n=10) 1±0.5 0.3±0.4 0.2±0.2 53.2±20.2 98±1.3 94±53 98±0.7 3437±445 94±4.5 178±55

ALL before G-CSF 1.2±0.9 0.4±0.7 0.3±0.4 39.6±15.3 96±1.9 102±48 98±0.5 2645±629 94±4.5 182±60
(n=6, 10 episodes)

ALL after G-CSF 5.1±1.8 10.6±6.0 4.5±1.2 0.4±0.5 93±4.8 125±46 97±1.8 1679±985 79±19 86±55
(n=6, 10 episodes)

Results are expressed as mean±standard deviation. °p=0.001; *p=0.01, Student t-test; MI = mean intensity.

Figure 1. Forward versus side scatter display (FACScan Bec-
ton Dickinson) for granulocytes before (A) and after G-CSF
(B). Flow cytometric analysis of NG stained with HLA-DR
antigens before (C) and after (D) G-CSF administration.
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marked expression of HLA-DR together with the
decrease in CD10 and decrease in the mean intensity
of fluorescence of CD15 and CD16 on neutrophils,
suggest the presence of NG with immaturity features
in patients receiving G-CSF for neutropenia secondary
to intensification chemotherapy. An alternative signif-
icance for increased HLA-DR expression could be a
higher proliferating activity of NG after treatment, also
confirmed by the higher CD71 expression. 

Several changes in the expression of neutrophil anti-
gens following G-CSF administration (i.e. increased
CD11b, CD66b, CD64, CD18, CD35, CD32, CD13,
CD16 and CD45) have been observed, but this expres-
sion usually returns to normal after several hours.1,2,6-8

Some of these changes indicate an enhanced adher-
ence and phagocytic capacities. Our study confirms
that NG after G-CSF administration also express the
CD71 antigen, indicative of their active proliferation.9

We also observed an increase in CD14 expression in
NG of ALL patients after G-CSF administration, as pre-
viously mentioned.7,10 and such a receptor may be
important for achieving efficient response to infections
caused by Gram-negative bacteria. Different from oth-
er studies in which normal human volunteers treated
with G-CSF have been employed,1,2 our control sub-
jects did not receive G-CSF. However, the phenotypic
profile of NG in control subjects was the same as that
of ALL patients before chemotherapy, strongly sug-
gesting that the phenotypic changes observed in the
same ALL patients after G-CSF administration were
due to the effect of this cytokine on NG. The results of
our study suggest that after G-CSF administration
there is not only an increase in NG number and an
enhancement of the functional properties,11,12 but also
that these NG carry features of immature phenotype.
The biologic significance of this feature remains to be
ascertained.
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Umbilical cord blood (UCB) is increasingly used as a
source of hematopoietic progenitor cells for allo-
transplantation. Donor-derived buffy coat cells are con-
sidered optimal treatment for leukemia relapses after
transplantation of allogeneic bone marrow. Experience
with relapses after UCB transplants are sparse. Here
we report a girl who received an UCB transplant for
chronic myeloid leukemia, relapsed after three years,
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