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Abstract T cell targeting immunotherapy is now con-
sidered in acute myelogenous leukemia (AML), and
local recruitment of antileukemic T cells to the AML
microcompartment will then be essential. This process
is probably influenced by both intravascular as well as
extravascular levels of T cell chemotactic chemokines.
We observed that native human AML cells usually
showed constitutive secretion of the chemotactic
chemokines CXCL10 and CCL5, whereas CCL17 was
only released for a subset of patients and at relatively
low levels. Coculture of AML cells with nonleukemic
stromal cells (i.e., fibroblasts, osteoblasts) increased
CXCL10 and CCL17 levels whereas CCL5 levels were
not altered. However, a wide variation between pa-
tients in both CXCL10 and CCL5 levels persisted even
in the presence of the stromal cells. Neutralization of
CXCL10 and CCL5 inhibited T cell migration in the
presence of native human AML cells. Furthermore,
serum CCL17 and CXCL10 levels varied between
AML patients and were determined by disease status
(both chemokines) as well as patient age, chemother-
apy and complicating infections (only CCL17). Thus,
extravascular as well as intravascular levels of T cell
chemotactic chemokines show a considerable variation
between patients that may be important for T cell

recruitment and the effects of antileukemic T cell
reactivity in local AML compartments.

Keywords Acute myelogenous leukemia Æ CXCL10 Æ
CCL5 Æ CCL17

Introduction

Acute myelogenous leukemia (AML) is an aggressive
disorder characterized by accumulation of immature
malignant cells in the bone marrow [1]. The overall
long-term disease-free survival after optimal chemo-
therapy is less than 50% [1]. New therapeutic strategies
are therefore considered, including T cell targeting
immunotherapy [2–5]. Leukemia-reactive T cells may
then recognize differentiation-associated epitopes or
specific peptides encoded by AML-associated genetic
abnormalities [2, 4]. However, immunotherapy seems
most effective in patients with a low AML cell burden
[4], an observation consistent with the hypothesis that
effective antileukemic reactivity requires local T cell
recruitment and a high in vivo ratio of effector T cells
to target AML cells.

Systemic serum levels together with extravascular re-
lease in the AML microenvironment of T cell chemotactic
chemokines will determine the functional chemotactic
gradients for circulating AML-reactive cells [5–7]: (i) local
chemokine release creates tissue gradients and extravas-
cular chemokines are in addition presented as binding
molecules on the luminal surface of the endothelial cells;
(ii) serum and endothelial-bound chemokines compete for
binding sites on circulating cells. The chemokines CCL5
(RANTES) [6, 7], CCL17 (TARC) [8] and CXCL10 (IP-
10) [9, 10] can all increase T cell chemotaxis and may thus
be important for the local recruitment of AML-reactive T
cells. In the present study we therefore investigated their
local release, by native human AML cells (including
modulation by various bone marrow stromal cells), and
chemokine serum levels before therapy and following
intensive chemotherapy when patients have a low AML
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cell burden but still a remaining system of circulating and
functional T cells [11].

Materials and methods

Acute leukemia patients

The studies were approved by the local Ethics Com-
mittee and cells collected after informed consent.

AML cell donors

The study included 74 consecutive patients (72 Cauca-
sians, 29 females and 45 males; median age 63 years,
range 29–84 years) with high peripheral blood blast
counts [12]. Forty-nine patients had de novo AML; the
remaining minority had AML relapse (three patients),
chronic myeloid leukemia in blast phase (two patients)
and AML secondary to chemotherapy or primary
myelodysplasia (4 and 16 patients, respectively). The
patients showed the following FAB classification: M0 7
patients, M1 18 patients, M2 22 patients, M3 1 patient,
M4 14 patients, M5 11 patients and M6 1 patient.
Cytogenetic analysis was performed for 54 patients and
the abnormalities classified as described by Wheatley
et al. [13]: 28 patients had normal chromosomes whereas
two patients had low-risk, nine patients high-risk and 16
patients intermediate-risk abnormalities. Sixty-six pa-
tients were tested for genetic Flt3 abnormalities [12]; 23
patients had internal tandem duplications and eight
patients D835 mutations. Thirty-five patients received
induction therapy; all these patients received cytarabine
200 mg/m2 days 1–7 together with anthracycline (dau-
norubicin 45 mg/m2 or idarubicin 12 mg/m2 days 1–3)
and complete hematological remission after one induc-
tion cycle was then achieved for 18 patients.

Acute lymphoblastic leukemia (ALL) cell donors

We investigated eight consecutive patients (four males
and four females, median age 26 years, range 21–
82 years). One patient had T-ALL whereas the others
had B cell disease: pro-B two patients, common-B three
patients and mature-B two patients [14].

Serum samples collected from untreated AML patients

The samples were collected from two groups of con-
secutive patients: (i) 20 Russian patients younger than
50 years of age; and (ii) 38 consecutive Norwegian pa-
tients, 14 younger and 24 older than 50 years. These
results were compared with Russian and Norwegian
healthy controls. Control samples were collected at the
same time as the corresponding patient samples and
matched for sex and age (age difference £ 5 years be-
tween the patient and the corresponding control, all
Russian controls being <50 years of age).

Serum samples collected during therapy

We included 21 consecutive acute leukemia patients (18
AML and three ALL patients, median age 40 years,
range 15–69 years) who received intensive induction (16
chemotherapy cycles) or consolidation chemotherapy
(18 cycles). These patients were compared with a group
of 22 healthy individuals (median age 38 years, range
21–64 years). All patients received cytarabine-based
chemotherapy: (i) cytarabine 200 mg/m2 days 1–5 +
daunorubicin 45 mg/m2 days 1–3 (9 induction cycles in 9
different AML patients); (ii) cytarabine 200 mg/m2 days
1–5 + etoposide 110 mg/m2 days 1–5 + amsakrine
150 mg/m2 days 1–5 (three induction cycles in three
AML patients); (iii) cytarabine 1 g/m2 days 1–5 + mi-
toxanthrone 12 mg/m2 days 1–3 (two induction cycles in
one ALL and one AML patient); (iv) cytarabine 3 g/m2

days 1–4 + etoposide 100 mg/m2 days 1–5 (two induc-
tion cycles in two ALL patients); (v) cytarabine 3 g/m2

days 1, 3 and 5 (one consolidation cycle in one AML
patient); (vi) cytarabine 100 mg/m2 days 1–5 + am-
sakrine 150 mg/m2 days 1–3 + etoposide 110 mg/m2

days 1–3 (11 consolidation cycles in eight different AML
patients); (vii) cytarabine 200 mg/m2 days 1–5 + mito-
xanthrone 12 mg/m2 days 1–3 (five consolidation cycles
in five AML patients); (viii) cytarabine 200 mg/m2 days
1–7 + daunorubicin 50 mg/m2 days 1–3 + thioguanine
150 mg/m2 days 1–6 (one consolidation cycle in one
ALL patient).

Serum samples were collected three times weekly
from the beginning of chemotherapy and during the
period of treatment-induced cytopenia, i.e., peripheral
blood leukocyte counts <0.5·109/l and dependency on
platelet transfusions to maintain peripheral blood
platelet counts >10–20·109/l. Patients reached cytope-
nia within 9 days after the beginning of chemotherapy.
Although, we investigated samples derived at four dif-
ferent time intervals (before therapy and after 1, 8–10
and 13–15 days of cytopenia) during 34 chemotherapy
cycles, at each time point less than 34 samples were
available due to either: (i) death during cytopenia; (ii)
early reconstitution; (iii) new induction therapy due to
regrowth of leukemia; or (iv) technical reasons. Eight
patients with untreated leukemia were cytopenic at the
beginning of therapy, and for these patients we analysed
serum samples collected 13–15 and 18–20 days after the
start of chemotherapy (corresponding to the day 8–10
and 13–15 samples, respectively). Residual leukemia was
not detected for any patient by light microscopy of bone
marrow samples collected 14 days after induction ther-
apy or prior to consolidation treatment.

Preparation of leukemia blasts

Leukemic peripheral blood mononuclear cells (PBMC)
were isolated by density gradient separation (Ficoll-
Hypaque; NyCoMed, Oslo, Norway; specific density
1.077) and stored in liquid nitrogen [12, 15, 16].
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Nonleukemic cells

Human osteosarcoma and fibroblast cell lines

The osteosarcoma cell lines Cal72 (Deutsche Sammlung
von Zellkulturen und Mikroorganismen; Braunschweig,
Germany) and SJSA1 (American Type Culture Collec-
tion, ATCC, Vanassas, VA; ATCC no. CRL2098) have a
phenotype close to normal osteoblasts [15, 17, 18]. These
cells and the HFL1 fibroblast line (ATCC no. CCL-153)
can support leukemic hematopoiesis [15, 17–19].

Normal human cells

Normal osteoblasts, microvascular endothelial cells
(>95% purity) and bone marrow stromal cells were
delivered in frozen vials (Clonetics, BioWhittacker;
Walkersville, MA, USA) and stored in liquid nitrogen.
The osteoblasts and endothelial cells were highly en-
riched populations whereas the stromal cells were a
heterogeneous population of fibroblasts, reticulum cells,
endothelial cells, macrophages and fat cells [14]. Normal
PBMC were prepared by gradient separation [20] and
thrombocytes were sampled from concentrates prepared
for clinical use.

In vitro culture of native human AML blasts

Reagents

The Stem Span SFEMTM medium (referred to as
StemSpanTM; Stem Cell Technologies; Vancouver, BC,
Canada) supplemented with 10% heat-inactivated fetal
calf serum (FCS; BioWhitacker) and 100 lg/ml of gen-
tamicin was used in all coculture experiments except for
cultures including normal osteoblasts and bone marrow
stromal cells that were prepared in the Osteoblast
Growth Medium with FCS and gentamicin (Clonetics).
Recombinant human chemokines (CXCL10, CCL5,
CCL17; Peprotech, Rocky Hill, NJ, USA) were used at
20 ng/ml. Recombinant human (rh) IL1 receptor
antagonist (IL1RA, R&D Systems, Abingdon, UK) was
used at 50 ng/ml. Neutralizing mouse IgG1 antibodies
specific for human cytokines (R&D Systems) were used
at 10 lg/ml; at this concentration anti-granulocyte-
macrophage colony-stimulating factor (GM-CSF, anti-
body 3209.01), anti-CCL5 (antibody 21445) and anti-
CXCL10 (antibody 33036) neutralized >95% of the
biological activity of rhGM-CSF 0.5 ng/ml, rhCCL5
10 ng/ml and rhCXCL10 300 ng/ml, respectively (man-
ufacturer’s information). Control cultures were prepared
with normal mouse IgG1 (R&D Systems).

Suspension cultures of AML blasts alone

AML blasts (106 cells/ml) were cultured alone in 24-well
plates (see below) for 2 days before supernatants were

harvested and chemokine levels determined. Prolifera-
tion in suspension cultures was assayed by 3H-thymidine
incorporation after 7 days of culture as described pre-
viously [12].

Coculture of leukemia blasts separated from
nonleukemic cells by a semipermeable membrane

As described in detail previously [15, 19, 21], cultures were
prepared in transwell culture plates (Transwell 3401; Co-
star, Cambridge, MA, USA) where nonleukemic cells in
the lower large compartment were separated from the
leukemia cells in the upper smaller chamber by a semi-
permeable membrane with a pore diameter of 0.4 lm.
Nonleukemic cells (104 cells in 1 ml) were incubated for
3 days before leukemia cells (106 cells in 0.5 ml) were
added. Cocultures were thereafter incubated for an addi-
tional 7 days before supernatants were harvested.

Coculture of leukemia cells in direct contact
with HFL1 fibroblasts

These cultures were prepared in 24 well culture plates
(Costar 3524) [12, 18]. HFL1 fibroblasts (104 cells in
1 ml) were incubated for 3 days before leukemia blasts
(106 cells in 0.5 ml) were added; cultures were thereafter
incubated for an additional 7 days before supernatants
were harvested [15, 21].

Analysis of chemokine protein levels
in culture supernatants

Chemokine levels were determined by ELISA analyses
(Quantikine ELISA kits; R&D Systems) that were per-
formed strictly according to the manufacturer’s
instructions [12]. Minimum detectable levels were CCL5
<2.0 pg/ml, CCL17 <7 pg/ml and CXCL10 <1.7 pg/
ml.

Analysis of chemokine mRNA levels

CXCL10- and CCL5-specific mRNA levels were quanti-
tated by a colorimetric assay (R&D Systems). Cell lysates
were prepared and samples analysed strictly according to
the manufacturers recommendations. The lysate corre-
sponded to 4·106 cells/ml and the results are presented as
the mRNA concentration (amol/ml). Alternatively, rela-
tive mRNA levels were analysed by microarray tech-
niques as described in detail previously [22, 23].

Chemotaxis assay

Native human AML blasts (1·106 cells) were incubated
in the lower chamber and normal PBMC (2·106 cells) in
the upper chamber of transwell plates with a pore size of
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3 lm (Costar 3504; 1.5 ml Stem SpanTM medium per
well). After 18 h of incubation the cells in the lower
chamber were counted and the number of CD3+

(monoclonal antibody 345765), CD4+ (antibody
348809) and CD8+ (antibody 345772) lymphocytes
determined by flow cytometry (all antibodies were con-
jugated monoclonal mouse IgG1antibodies supplied
from Becton-Dickinson, San Jose, CA, USA) [5].

In vitro culture of nonleukemic cells

Cultures were prepared in 24 well culture plates (Costar
3524). Microvascular endothelial cells (cultured in EBM
medium supplemented with EGM-2MV single quots;
Clonetics), osteoblastic sarcoma cell lines (Cal72, SJSA-
1), fibroblast cell lines (HFL1, Hs27), normal osteoblasts
and bone marrow stromal cells (all cultured in Stem
SpanTM medium) were seeded at 104 cells in 1.5 ml
medium per well and supernatants harvested after
7 days when the cells had reached 0.4–1.0·106/well [21].
Normal PBMC were seeded at 106 cells/ml (X-vivo 10
medium, BioWhitacker) and incubated for 2 days in the
medium or together with lipopolysaccharide (LPS) or
streptococcal lipoteichoic acid (LTA) before superna-
tants were harvested [20]. Platelets were stored for
2 days before chemokine levels were determined.

Presentation of the data

Cytokine levels in coculture experiments were trans-
formed to logarithmic values before statistical compar-
isons. The Wilcoxon’s test for paired samples and the
Mann–Whitney’s test for independent samples were
used for statistical comparisons, whereas the Kendall’s
test was used for correlation analysis. Differences were
regarded as statistically significant when P<0.05. P-
values were corrected for the number of comparisons.

Results

Native human AML blasts show constitutive release of
CXCL10, CCL5 and CCL17

AML blasts derived from 74 consecutive patients were
cultured in serum-free Stem SpanTM medium for 48 h
before chemokine levels in the supernatants were deter-
mined. The constitutive release showed a wide variation
for all three chemokines (Table 1, upper part). CXCL10
and CCL5 release was detected for most patients,
whereas CCL17 release was observed only for a minor
subset. Most patients released at least two chemokines,
and CXCL10 levels were usually higher than CCL5 and
CCL17 levels. CXCL10 and CCL5 levels were signifi-
cantly correlated (Kendall’s test, P<0.0005), whereas
CCL17 levels showed no correlation with CXCL10/
CCL5. Furthermore, no differences were observed in

CXCL10/CCL5/CCL17 levels when comparing (i) dif-
ferent age groups or de novo versus secondary AML; (ii)
patients with morphological signs of monocytic (AML
FAB-type M4/M5; n=25) and granulocytic differentia-
tion (AML-M2/M3; n=23) and patients without mor-
phological differentiation (AML-M0/M1; n=25); (iii)
patients with high (>50% positive cells; 29 patients),
intermediate (20–50%; 22 patients) and low (<20%; 23
patients) expression of the stem cell marker CD34; (iv)
patients with normal and abnormal karyotype; (v) pa-
tients with and without genetic Flt3 abnormalities; and
(vi) patients with and without remission after the first
induction chemotherapy cycle. Furthermore, serum
levels and in vitro release of CXCL10 and CCL17 could
be compared for 28 patients (see below), but no signifi-
cant correlations were observed (data not shown).

The effect of exogenous CXCL10 and CCL5 on the
cytokine-dependent (Flt3L+GM-CSF+SCF) prolifer-
ation of AML cells was examined for 66 consecutive
patients (3H-thymidine incorporation). Altered prolif-
eration was observed only for a minority of patients
(increased proliferation for 10, decreased for 11 patients)
and showed no correlation with CXCL10/CCL5 levels.
CCL17 did not affect proliferation for any out of the 17
investigated patients (data not shown).

When investigating AML cells derived from 40 con-
secutive patients detectable mRNA levels were observed
for most patients both for CXCL10 (undetectable levels
13/40, median 14 amol/ml, range <9–37 amol/ml) and
CCL5 (undetectable 8/40; median 5.4 amol/ml, range
<3.5–26 amol/ml) when using the colorimetric method.
A wide variation in mRNA levels was also observed
when investigating 16 randomly selected patients in
microarray studies (data not shown). CCL5 and
CXCL10 mRNA levels showed no significant correla-
tion with any method, and mRNA and protein levels
were not correlated either (data not shown).

Chemokine release by nonleukemic cells

We investigated CXCL10 and CCL5 release by various
nonleukemic cells. Firstly, in vitro cultured normal bone
marrow stromal cells (three donors), osteoblasts (two
donors) and microvascular endothelial cells (dermal and
lung cells from two different donors) showed undetect-
able CXCL10 (<1.7 pg/ml) and CCL5 levels (<2 pg/
ml). Secondly, HFL1 and Hs27 fibroblasts both showed
low CCL5 release (<15 pg/ml, three experiments) and
only Hs27 showed detectable CXCL10 release (110–
126 pg/ml). The osteoblastic sarcoma lines Cal72 and
SJSA-1 did not release detectable CXCL10 or CCL5.
Thirdly, normal PBMC showed spontaneous CCL5 re-
lease (seven individuals tested, median level 1,100 pg/ml,
range 410–2,150 pg/ml) that was increased by LTA
(median 6,750 pg/ml, range 1,250–10,200 pg/ml) and
LPS (median 6,800 pg/ml, range 3,750–10,340 pg/ml),
whereas spontaneous and LTA/LPS stimulated
CXCL10 release corresponded to <200 pg/ml. Finally,
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platelet CCL5 release during ex vivo storage was
<230 pg/106 platelets (five donors tested).

CCL17 and CXCL10 protein levels, but not CCL5 lev-
els, are increased during coculture of native human
AML cells with fibroblasts, osteoblasts and bone mar-
row stromal cells

Chemokine levels were determined in transwell cocul-
tures with fibroblasts and AML cells derived from 20
patients showing constitutive CCL17 release and five
randomly selected patients (Fig. 1; Table 1 lower part).
Increased CCL17 and CXCL10 levels were observed in
cocultures compared with AML cell cultures, and in-
creased CXCL10 levels were detected for all the five
randomly selected patients. CCL5 levels were not altered
during coculture (n=56). CXCL10, but not CCL5, lev-
els were further increased by adding exogenous GM-
CSF+SCF+Flt3L+IL3 (P=0.001).

AML blasts derived from 38 consecutive patients
were cocultured with the osteoblastic sarcoma cells
SJSA-1 and Cal72 in transwell cultures. Increased
CXCL10 levels were observed in the cocultures (Table 1,
lower part) whereas CCL5 levels were not altered.
CCL17 levels were only examined for 15 consecutive
patients; increased levels were then observed for cocul-
tures with SJSA-1 and Cal72 osteoblasts (Table 1).

CXCL10 and CCL5 levels were determined when
AML blasts derived from 15 consecutive patients were
cultured in direct contact with the nonleukemic cells.
CXCL10 levels were significantly increased in cocultures
containing HFL1, SJSA-1 and Cal72 cells (P<0.0005
for all, data not shown), whereas CCL5 levels were not
altered.

Chemokine levels were determined when AML blasts
derived from 15 consecutive patients (Table 1, lower
part) were cocultured with normal osteoblasts and bone
marrow stromal cells in transwell cultures. Significantly
increased CXCL10 levels were observed in the presence
of both osteoblasts and stromal cells, whereas CCL5
levels were not significantly altered.

AML blasts derived from 17 consecutive patients were
cultured alone and together with nonleukemic cells
(HFL1, Cal72, SJSA-1 cells) in transwell cultures for
48 h before mRNA levels were determined. The levels of
CXCL10 (median 5.4 amol/ml, range <2.2–9.6 amol)
and CCL5 (median 5.1 amol, range <2.0–15.2) mRNA
varied between patients for AML cells cultured alone and
the levels were not altered in cocultures (data not shown).

GM-CSF neutralization decreases CCL5 but not
CXCL10 protein levels during coculture of native
human AML cells with HFL1 fibroblasts and Cal72
osteoblasts

CXCL10 and CCL5 levels were determined when AML
blasts derived from 11 randomly selected patients were

cultured in transwell cultures together with HFL1 and
Cal72 cells. When comparing the overall results neither
IL1RA nor anti-GM-CSF altered CXCL10 levels,
whereas anti-GM-CSF decreased CCL5 levels in the
presence of HFL1 fibroblasts (Fig. 1, Wilcoxon’s test,
P=0.008) and Cal72 cells (P=0.02).

CXCL10 and CCL5 levels are not increased during
coculture of ALL and osteoblastic cells

ALL blasts derived from eight consecutive patients were
cocultured in transwell cultures with SJSA-1 and Cal72
sarcoma cells. ALL blasts showed undetectable
CXCL10 and low CCL5 levels (<20 pg/ml) when cul-
tured alone, and the levels were not altered in cocultures
(data not shown).

CXCL10+CCL5 neutralization inhibits T cell
chemotaxis in the presence of AML cells

AML cells derived from nine randomly selected patients
were tested in the chemotaxis assay (Table 2). The
overall results demonstrated that (i) migration of T cells
towards the lower AML cell-containing chamber varied
between patients; (ii) T cell migration was not a random
process and a decreased CD4:CD8 ratio was observed
for T cells detected in the lower chamber compared with
normal PBMC with a ratio >1.5; (iii) combined neu-
tralization of CXCL10 and CCL5 reduced transmem-
brane migration of CD3+ T cells corresponding to 9–
34%, the only exception being patient 3 with AML-M6;
and (iv) neutralization of CXCL10 or CCL5 alone did
not inhibit migration (data not shown).

CCL17 and CXCL10 serum levels are altered in patients
with untreated AML

CCL17 serum levels were decreased for 20 consecutive
Russian patients younger than 50 years compared with
healthy controls (Table 3). We also investigated CCL17
serum levels for 38 consecutive Norwegian patients and
the levels were significantly decreased both for the 14
younger and for the 24 patients older than 50 years of
age (Table 3). Decreased platelet counts were observed
for Russian (median 39·109/l, variation range 29–167),
young Norwegian (median 48·109/l, range12–99) and
elderly Norwegian patients (median 41·109/l, range 11–
134), whereas the controls had normal platelet counts
(140–400·109/l). CCL17 serum levels in patients showed
no correlation with peripheral blood platelet counts
(data not shown).

CXCL10 serum levels were significantly increased for
the young Russian (Table 3; P<0.0005) and Norwegian
patients (P=0.035), whereas CXCL10 levels were not
altered for the elderly Norwegian patients.
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Fig. 1 Left part: CCL17 levels (pg/ml) in culture supernatants
when native human AML blasts were cultured together in transwell
cultures with HFL1 fibroblasts. Cells were cocultured for 7 days in
transwell cultures before CCL17 levels were determined. The AML
blasts derived from 25 patients were examined, and the figure
shows the results for the 21 patients with either constitutive CCL17
secretion (20 patients) or detectable CCL17 reached during
coculture (1 additional patient). CCL17 could not be detected in
the supernatants for fibroblasts cultured alone (<7 pg/ml), and
detectable levels were not observed during coculture for the last
four AML patients.Middle: CXCL10 levels in culture supernatants
during coculture in transwell cultures of native human AML blasts
with HFL1 fibroblasts (25 patients examined). All results are
presented as incremental concentrations (pg/ml) in the superna-
tants, i.e., concentrations for AML blast cultures or cocultures
minus the levels in control cultures containing nonleukemic cells
alone. The figure shows the results only for those patients that

showed detectable CXCL10 levels either in AML cultures (i.e.,
constitutive CXCL10 release) or only in the cocultures with HFL1
fibroblasts (20 and 2 patients, respectively), whereas the results for
patients with undetectable levels for both AML cells cultured alone
and together with nonleukemic cells are not included in the figure.
Right: The effect of cytokine inhibition/neutralization on CCL5
levels during coculture of native human AML blasts with
nonleukemic cells. Transwell cultures were prepared without (�)
and with (+) GM-CSF neutralizing antibodies. AML cells derived
from 11 patients were cocultured with HFL1 fibroblasts (—) and
Cal72 sarcoma cells (- - -) and CCL5 levels (pg/ml) determined in
the supernatants after 7 days of coculture. The figure presents the
results only for the eight patients with constitutive chemokine
release or detectable chemokine levels in cocultures. All results are
presented as incremental concentrations in the supernatants, i.e.,
concentrations for AML blast cultures or cocultures minus the
levels in corresponding controls
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CCL17 but not CXCL10 serum levels are decreased
following intensive chemotherapy

Serum samples were obtained from a consecutive group
of acute leukemia patients who received intensive che-

motherapy for AML (30 cycles) or ALL (4 cycles). All
therapy cycles included cytarabine, and residual bone
marrow disease was not detected for any patient by light
microscopy prior to consolidation therapy or 14 days
after the start of induction treatment. Fourteen AML

Table 2 T cell chemotaxis in the presence of native human AML cells: effects of CCL5 and CXCL10 neutralization

Patient Constitutive AML cell release Effect of CXCL10 + CCL5 neutralization

CXCL10 level CCL5 level Antibodies Concentration of CD3+ lymphocytes CD4:CD8 ratio

1. nd 5.0 Controls 24.2 0.73
Anti-CXCL10 + anti-CCL5 21.2 (87%) 0.68

2. 157 23.4 Controls 11.9 0.58
Anti-CXCL10 + anti-CCL5 7.8 (66%) 0.63

3. <1.7 18 Controls 8.7 0.61
Anti-CXCL10 + anti-CCL5 10.5 (120%) 1.05

4. 174 11.1 Controls 11.0 0.82
Anti-CXCL10 + anti-CCL5 10.5 (95%) 0.77

5. 24,906 947 Controls 4.6 0.58
Anti-CXCL10 + anti-CCL5 3.7 (81%) 0.63

6. >15,000 1,530 Controls 15.0 0.98
Anti-CXCL10 + anti-CCL5 13.0 (86%) 0.99

7. 313 74 Controls 12.0 1.61
Anti-CXCL10 + anti-CCL5 9.7 (81%) 1.46

8. <1.7 124 Controls 5.1 0.25
Anti-CXCL10 + anti-CCL5 5.0 (98%) 0.26

9. 13.6 <2.0 Controls 8.4 1.00
Anti-CXCL10 + anti-CCL5 5.8 (69%) 0.56

AML cells (1·106 cells) were incubated in the lower chamber and normal PBMC (2·106) cells in the upper chamber in the chemotaxis
assay. The absolute cell number and the percentages of CD3+, CD4+ and CD8+ cells were determined for the lower chamber after
18 hours. The cell numbers are presented as the number of cells x 10-4. CXCL10/CCL5 levels were determined after culture of native
human AML blasts for 48 hours in serum-free Stem SpanTM medium (2·106 cells in 2 ml medium per well), these results are presented as
pg/ml

Table 3 CCL17 and CXCL10 serum levels in AML patients: studies of patients with untreated AML and patients in complete hema-
tological remission that were tested before consolidation therapy

DISEASE STATUS

Chemokine Patient group Serum levela P-value

UNTREATED AMLb

CCL17 Russian patients <50 yrs of age fl41 pg/ml (7–2,500 pg/ml) 0.02
Healthy controls <50 years of age 254 pg/ml (29–853 pg/ml)
Norwegian patients <50 years of age fl28 pg/ml (7–285 pg/ml) <0.0005
Healthy controls <50 years of age 332 pg/ml (75–707 pg/ml)
Norwegian patients >50 years of age fl24 pg/ml (7–185 pg/ml) <0.0005
Healthy controls >50 years of age 502 pg/ml (116–760 pg/ml)

CXCL10 Russian patients <50 years of age ›162 pg/ml (36–500 pg/ml) <0.0005
Healthy controls <50 years of age 61 pg/ml (24–500 pg/ml)
Norwegian patients <50 years of age ›123 pg/ml (47–820 pg/ml) 0.035
Healthy controls <50 years of age 74 pg/ml (48–142 pg/ml)
Norwegian patients >50 years of age 123 pg/ml (37–830 pg/ml) n.s.
Healthy controls >50 years of age 123 pg/ml (32–227 pg/ml)

AML IN REMISSIONc

CCL17 Patients ›966 pg/ml (61–3203 pg/ml) 0.003
Healthy controls 365 pg/ml (37–1734 pg/ml)

CXCL10 Patients ›286 pg/ml (43–1243 pg/ml) <0.0005
Healthy controls 91 pg/ml (44–320 pg/ml)

aSerum levels were determined by the ELISA analysis and the Mann–Whitney test used for statistical comparisons. The concentrations are
presented as the median concentrations and the variation ranges are given in parenthesis
bWe examined two groups of consecutive patients with untreated AML and their corresponding healthy controls. Twenty Russian and 38
Norwegian patients were examined together with the same number of Russians and Norwegian healthy controls matched for age and sex
cWe investigated 14 Norwegian patients in complete hematological remission (17 samples). Samples were collected immediately before
consolidation chemotherapy, and four patients were examined before two different chemotherapy cycles. The controls were 17 healthy
individuals matched for age and sex
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patients were in hematological remission with nor-
mal platelet counts and received consolidation therapy
(17 cycles), and the pretherapy CXCL10 (Table 3,
P<0.0005) and CCL17 serum levels (P=0.003) were
significantly increased compared with the healthy con-
trols.

When comparing serum levels before therapy and
during chemotherapy-induced cytopenia (first day of
cytopenia, after 8–10 and 13–15 days of cytopenia) we
observed (Fig. 2): (i) CCL17 levels on day 1 did not
differ from pretherapy levels (n=29); (ii) CCL17 levels
after 8–10 days were significantly lower than both pre-
therapy levels (n=28, Wilcoxon’s test, P< 0.0005),
levels on day 1 (n=32, P=0.001) and levels on day 13–
15 (n=23, P=0.01). In contrast, CXCL10 levels showed
no significant variations. The results for induction and
consolidation cycles did not differ. Differences were
statistically significant also when AML patients were
analysed separately, and decreased levels were observed
for the ALL patients. Furthermore, during cytopenia all
patients were dependent on platelet transfusions; platelet
counts showed relatively small variations between 10
and 28·109/l compared with the larger variation in
CCL17 levels.

Serum CCL17 levels were investigated for nine AML
patients who developed complicating bacterial infections
after 2–13 days of cytopenia. CCL17 levels decreased
during infections (Fig. 3; Wilcoxon’s test, P=0.012); the
levels thereafter increased during clinical improvement
due to antibiotic therapy (P=0.028). CXCL10 levels
were not altered during infections. The blood platelet
counts showed no significant differences; the counts
varied between 8 and 29·109/l before infections and
during infections the counts were 17–32·109/l due to a
higher threshold for prophylactic platelet transfusion in
febrile patients (10 vs. 20·109/l).

Discussion

The effect of immunotherapy in AML will depend on
both specific recognition and local recruitment of cir-
culating T cells to the AML cells’ microenvironment.
This recruitment is probably affected by several
parameters including: (i) the AML cells’ release of T cell
chemotactic chemokines and their presentation as
binding molecules on the luminal surface of neighboring
endothelial cells; and (ii) free serum chemokines that
compete with the surface molecules for receptor binding
[5–10]. In this study we therefore characterized AML cell
release and serum levels of T cell chemotactic chemo-
kines, and for our in vitro studies we then used experi-
mental strategies that have been characterized in detail
previously [12, 15, 16, 19–25].

The T cell chemotactic chemokines CXCL10, CCL5
and CCL17 could be released by native human AML
cells (Table 1), and the levels showed no correlation with
age, leukemic cell differentiation, AML-associated ge-
netic abnormalities or response to induction therapy.

CXCL10 and CCL5 were more often released and usu-
ally at higher levels than CCL17. The release of
CXCL10 and CCL5 was therefore characterized more in
detail. Firstly, exogenous CXCL10 and CCL5 affected
AML blast proliferation only for a minority of patients
independent of the endogenous chemokine levels, sug-
gesting that CXCL10/CCL5 levels are mainly deter-
mined by differences in chemokine release and not by
differences in chemokine consumption by proliferating
AML cells. Secondly, AML cells usually showed a rel-
atively high release of both chemokines compared with
bone marrow stromal cells, but the AML cell release was
often lower than the release by activated immunocom-
petent cells. Thirdly, the constitutive release of CXCL10
and CCL5 showed a wide variation between AML pa-
tients, and the wide variation persisted even after the
coculture of AML cells with nonleukemic stromal cells.
These protein levels showed no correlations with varia-
tions in CXCL10- and CCL5-specific mRNA levels for

Fig. 2 CCL17 levels (pg/ml) in serum samples collected from acute
leukemia patients (I) before chemotherapy, n=29; (II) at the
beginning of severe treatment-induced cytopenia, n=33; (III) after
8–10 days of cytopenia, n=32; and (IV) after 13–15 days of
cytopenia, n=23. The mean concentration at each time is
indicated. Open symbols represent undetectable CCL17 levels
(<7 pg/ml), and for these samples the detection limit was used in
the statistical calculations
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freshly isolated or cocultured cells. Taken together our
mRNA results thereby suggest that in vitro release of
CXCL10 and CCL5 by native AML cells is mainly
regulated by post-transcriptional mechanisms. Finally,
the levels of CXCL10 and CCL17 (but not CCL5) were
increased when AML cells were cocultured with various
nonleukemic cells. This increase was dependent on other
soluble mediators than IL1 and GM-CSF (only CCL5
release seems to depend on GM-CSF) and was not
counteracted by direct cell–cell contact.

Normal T cells migrated in the direction of AML
cells when tested in our transwell chemotaxis model. The
migration usually involved CD8+ more than CD4+ T
cells and could be inhibited by combining anti-CXCL10
and anti-CCL5. These observations suggest that CCL5
and CXCL10 release by the AML cells can affect local T
cell migration.

Activated platelets release large amounts of CLL5
[26] and serum levels mainly reflect ex vivo release dur-
ing sample preparation. Although platelets also contain

CCL17 [26], differences in platelet levels/release could
not explain (i) the variation in CCL17 serum levels be-
tween patients with untreated AML; (ii) the decreased
levels during cytopenia/febrile neutropenia; and (iii) the
increased levels before consolidation therapy. Taken
together these observations suggest that the variations in
CCL17 levels, like the variations in CXCL10 levels, re-
flect true in vivo variations. The variations are probably
caused by indirect disease- or therapy-induced effects on
nonleukemic cells, e.g. decreased levels caused by ther-
apy- or AML-associated immune defects [11], and in-
creased levels caused by AML-induced abnormal
activation of the remaining immunocompetent cells [27].
A direct effect of AML cell release on the serum levels
seems less likely because the AML cells’ constitutive
release and corresponding serum levels showed no cor-
relation.

To summarize, T cell chemotaxis is influenced by
both serum levels and local tissue release of T cell che-
motactic chemokines, e.g. CXCL10, CCL5 and CCL17.
Serum levels of chemotactic chemokines vary in AML
patients and are determined by (i) patient age; (ii) dis-
ease/treatment status; and (iii) complicating infections.
Furthermore, AML cells show a wide variation in their
constitutive chemokine release, but our in vitro studies
of T cell migration suggest that CXCL10 and CCL5 can
affect T cell migration both for patient with high and
low constitutive release.
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