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Chemokines play an important role in leukocyte mo-
bilization, hematopoiesis, and angiogenesis. Tissue-
specific expression of particular chemokines also in-
fluences tumor growth and metastasis. Here, the CC
chemokine pulmonary and activation-regulated che-
mokine (PARC)/CCL18 was measured in pediatric pa-
tients with acute lymphoblastic leukemia (ALL) or
acute myeloid leukemia (AML). Surprisingly, PARC
immunoreactivity was consistently detected in
plasma from healthy donors. After purification to ho-
mogeneity, the presence of intact PARC (1-69) and
processed PARC (1-68) in normal human plasma was
confirmed by sequence and mass spectrometry anal-
ysis. Furthermore, PARC serum levels were signifi-
cantly increased in children with T-ALL and prepreB-
ALL compared to control serum samples, whereas
serum levels in AML and preB-ALL patients were not
significantly different from controls. In contrast, the
hemofiltrate CC chemokine-1 (HCC-1)/CCL14 was not
found to be a biomarker in any of these patients’
strata, whereas the cytokine interleukin-6 (IL-6) was
significantly decreased in AML and prepreB-ALL. Stim-
ulated leukocytic cell lines or lymphoblasts from pa-
tients produced IL-8/CXCL8 or macrophage inflam-
matory protein-la (MIP-1a/CCL3) but not PARC, not
even after IL-4 or IL-10 treatment. However, PARC was
produced by superantigen or IL-4 stimulated mono-
cytes co-cultured with lymphocytes or lymphoblastic
cells. Serum PARC levels thus constitute a novel leu-
kemia marker, possibly reflecting tumor/host cell in-
teractions in the circulation. (Am J Pathol 2003,
163:2065-2075)

Chemokines are chemotactic cytokines that regulate leu-
kocyte migration during inflammatory responses, as well
as homeostatic trafficking of lymphocytes and dendritic

cells.™? Their primary structure is characterized by the
presence of four conserved cysteine residues. Based on
the positioning of the two NH,-terminal cysteines, the
chemokine family can be structurally divided into CC
chemokines and CXC chemokines. Only a few members
of both chemokine groups constitutively circulate at high
concentration in plasma (eg, the hemofiltrate CC chemo-
kine-1 (HCC-1)/CCL14 and the CXC chemokines platelet
factor-4 (PF-4)/CXCL4 and B-thromboglobulin (B-TG)/
CXCL7).37¢ As for many other plasma proteins, their pre-
cise biological role remains poorly understood. It is ex-
pected that they exert homeostatic functions, although
these chemokines have rather weak chemotactic capac-
ities and often need to be proteolytically activated.>”
Alternatively, plasma chemokines might influence the for-
mation of new blood vessels (angiogenesis) as was first
shown for PF-4.2 Other members of the CXC chemokine
family are also known to be either angiogenic [interleu-
kin-8 (IL-8)/CXCL8] or angiostatic [IFN-y-inducible pro-
tein-10 (IP-10)/CXCL10].° This duality in positive versus
negative mutual regulatory activities of chemokines is
also eminent in their control of the proliferation of hema-
topoietic precursors in the bone marrow.'® For example,
the CC chemokine macrophage inflammatory protein-1a
(MIP-1a)/CCL3 exerts inhibitory effects on hematopoie-
sis,’" whereas the CXC chemokine stromal cell-derived
factor-1a (SDF-1a)/CXCL12 has been discovered as a
growth factor for pre-B cells."?

Chemokines activate leukocytes via G-protein coupled
receptors, which mediate most of their various biological
activities.™® For some recently discovered chemokines,
eg, the CC chemokine pulmonary and activation-regu-
lated chemokine (PARC)/CCL18, which is structurally
most closely related to MIP-1a, no receptor has been
characterized yet."* Enhanced levels of this chemokine
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Table 1. Clinical Data of Children with Newly Diagnosed Acute Leukemia
Total patients in group AML 13 T-ALL 11 PrepreB-ALL 16 PreB-ALL 11

Sex (male/female) 8/5 11/0 11/5 417
Age

<1 years (n) 1 0 0 0

1-6 years (n) 7 4 9 6

=6 years (n) 5 7 7 5
WBC (10°%/mm3) (mean) 30.0 120.8 28.8 14.1
% blasts in PB (median) 27 41 65 28
% blasts in BM (median) 44 66 83.5 77
Risk factor*

<0.8 (n) NA 2 3 5

0.8-1.2 (n) NA 2 7 5

=1.2(n) NA 7 6 1
Positive corticoresponse’ (n) NA 10 16 10
CNS disease™ (n) 0 1 3 0
Abnormal karyotype (n) 12 3 9 2

Abbreviations: BM, bone marrow; CNS, central nervous system; n, number of patients; NA, not applicable; PB, peripheral blood; WBC, white blood

cells count in peripheral blood.

*The risk factor (RF) was used to estimate the leukemic cell mass and organ infiltration and was calculated by the equation: RF = 0.2 X log
(number of blood blasts/uL + 1) + 0.06 liver (cm*) + 0.04 X spleen (cm*) (*below costal margin).?’
TA patient was considered to be responsive to corticosteroid therapy, when after 1 week of treatment, the number of blasts in the peripheral blood

was reduced to <102 cells/ml.

*The definition of central nervous system involvement was based on =5 cells/ul cerebrospinal fluid and the presence of lymphoblasts.

were detected in the synovial fluid of arthritis patients and
in the ascitic fluid of patients with ovarian carcinoma.'®:1®
The broad implication of chemokines in tumor develop-
ment and metastasis has been evidenced recently by the
demonstration of chemokine receptor expression on cell
types, other than leukocytes. It has been shown that the
CXC chemokine receptor 4 (CXCR4) is expressed on
various cancer cell types and is responsible for the me-
tastasis of tumor cells to organs expressing its ligand
SDF-1."7 Since most hematopoietic cells simultaneously
express various chemokine receptors, these molecules
may not only be implicated in maturation and physiolog-
ical migration of normal leukocytes but may also influ-
ence the pathological development of hematopoietic
cancer cells and play a role in their abnormal migration to
other organs. For example, we previously found that
MIP-1a is a potent autocrine chemoattractant for lym-
phoma cells and can prevent metastasis of these cells to
chemokine expressing organs such as kidney and liv-
er.'®1° Therefore, we investigated the potential involve-
ment of two other related CC chemokines, PARC and the
plasma chemokine HCC-1, in lymphoproliferative dis-
eases.

Materials and Methods

Patients and Patient Samples

From October 1988 to October 2002, 237 patients were
admitted for newly diagnosed acute lymphoblastic leu-
kemia (ALL) at the University Hospital of Gent. Treatment
was given according to the BFM-based EORTC-58881
and 58951 protocols for children with ALL. During the
same time period, 44 patients with acute non-lympho-
blastic leukemia (ANLL) were admitted and treated in
accordance with the EORTC 58921 protocol for children
with acute myeloid leukemia (AML). Classification of leu-
kemia was performed according to French-American-

British (FAB) morphological criteria and standard immu-
nophenotyping techniques (European Group for the
Immunological Characterization of Leukemias, EGIL).?°

Frozen serum samples from newly diagnosed patients
before any transfusion were available from approximately
100 patients. Of these, serum samples from 51 patients
were used for more extensive analysis, namely all AML
(n = 13) and T-ALL (n = 11) patients and a comparable
number of randomly selected precursor B-lineage pa-
tients (n = 27; 16 prepreB-ALL, 11 preB-ALL) (Table 1).
The risk factor (Table 1) gives an estimation of the leuke-
mic cell mass.?" The definition of central nervous system
(CNS) involvement was based on =5 cells/ul cerebrospi-
nal fluid and the presence of lymphoblasts.

Of these 51 patients, 34 were male and 17 female, the
difference primarily due to the predominance of males in
the T-ALL group (Table 1). The median age at diagnosis
was 5.5 years (range 7 months to 16 years). In the AML
patient group, there were two secondary leukemias: one
patient with secondary AML, 9 years after primary diag-
nosis of ALL, and a patient with monoblastic leukemia, 34
months after diagnosis of inoperable CNS tumor and
treated with chemotherapy including VP-16 (total dose
2.4 g/m? over 4 months, after which complete tumor
resection was possible). The FAB classification of the
AML patients was as follows: 3 M1, 5 M2, 2 M5a, 1 M5, 1
M6, and 1 M7 patient. Three patients (1 T-ALL, 1 preB-
ALL, and 1 prepreB-ALL) had very high PARC levels in
their serum (>200 ng/ml). Therefore these three patients
were excluded from this study.

In addition to serum samples, frozen samples from
bone marrow aspirates, as well as frozen samples of
spinal fluid from AML or ALL patients were analyzed for
cytokine and chemokine content. Control pediatric sera
(n = 21) sampled in the same hospital as where the
pediatric leukemia patients were treated, were used to
perform statistical analysis. Finally, samples derived from
buffy coats of 42 healthy, adult donors at the blood trans-



fusion center of Antwerp were centrifuged to separate the
plasma from the cellular fraction. These plasma samples
were stored at —20°C until analysis in the PARC and
HCC-1 ELISA.

IL-6 Bioassay and Chemokine ELISAs

The growth promoting activity of IL-6 was assayed on the
factor-dependent mouse B-cell hybridoma 7TD-1.22
7TD-1 cells were seeded in microtiter plates (2000 cells/
200 wl) in the presence of serial dilutions of an internal
standard (10.000 U/ml) of pure IL-62 or serum from
leukemic patients. Sample potency was evaluated from
the cell densities by colorimetric determination of hex-
osaminidase levels®* after 4 days of culture, one U/ml of
IL-6 corresponding to the dilution associated with half-
maximal cell growth. The presence of IL-6 in serum from
leukemic patients was confirmed by neutralization of its
hybridoma growth activity with a monoclonal antibody
directed against natural human IL-6.

Sandwich ELISAs for PARC and HCC-1 were devel-
oped with polyclonal antisera (goat anti-human PARC
and goat anti-human HCC-1 from R&D Systems, Abing-
don, UK; rabbit anti-human PARC and rabbit anti-human
HCC-1 from PeproTech, Rocky Hill, NJ). The detection
limit of the PARC and HCC-1 ELISA was 0.01 ng/ml and
0.05 ng/ml, respectively. Human monocyte chemotactic
protein-1 (MCP-1), IL-8, and MIP-1a immunoreactivities
were measured according to a similar procedure.’® Re-
combinant human chemokines (PARC and MIP-1a from
R&D Systems, HCC-1 from PeproTech) or purified natural
chemokine (MCP-1, IL-8)° were used as standards. The
specificity of the chemokine ELISAs was demonstrated
by the lack of cross-reactivity with other chemokines and
other potentially cross-reactive agents used as inducers
(vide infra induction of cell cultures). All sera samples
were diluted at least 1/100 and were analyzed in at least
three independent PARC assays. In addition, all patients’
samples were analyzed in the same assay to exclude the
possibility that observed differences in PARC levels be-
tween patients were due to inter-assay variation.

Furification of PARC and HCC-1
Immunoreactivity from Plasma

A standard procedure, developed in our laboratory for
the purification of chemokines from conditioned media,
was applied to isolate chemokines from plasma.?2” Nor-
mal human plasma (2.4 |, pool of six plasma donations at
the blood transfusion center of Leuven, Belgium) was first
incubated with 0.1 mol/L CaCl, (0.6 I) for 1 hour at 37°C
to allow activation of the clotting cascade. Protein aggre-
gates were subsequently removed by centrifugation. Af-
ter coagulation, the serum was inactivated for 30 minutes
at 56°C before concentration and partial purification by
adsorption to silicic acid (Matrex Silica, particle size 35 to
70 um, pore size 10 nm; Millipore, Bedford, MA). To
optimize interaction with silicic acid, the serum was di-
luted 1/5 in Eagle’s minimum essential medium with Ear-
le’s salts (EMEM; Invitrogen Life Technologies, Merel-
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beke, Belgium) and stirred with 10 g/L silicic acid at 4°C
for 2 hours. The silicic acid was sedimented by centrifu-
gation and washed with phosphate-buffered saline (PBS)
containing 1 mol/L NaCl. Adsorbed proteins were eluted
at neutral pH in cold PBS, containing 1.4 mol/L NaCl and
50% ethylene glycol. Subsequently, the silicic acid eluate
was dialyzed against equilibration/loading buffer (50
mmol/L Tris/HCI, 50 mmol/L NaCl, pH 7.4) before frac-
tionation by heparin-Sepharose affinity chromatography
(Amersham Biosciences, Uppsala, Sweden). Proteins
were eluted from the column in a linear NaCl gradient
(0.05 to 2 mol/L NaCl in the loading buffer; 5 ml fractions).
For all fractions, the protein concentration was deter-
mined by a Coomassie blue G-250 binding assay using
the Bio-Rad commercial kit (Bio-Rad Laboratories, Her-
cules, CA). For further purification, fractions containing
immunoreactivity were prepared for Mono-S cation-ex-
change fast protein liquid chromatography (FPLC; Amer-
sham Biosciences) by dialysis against 50 mmol/L for-
mate, pH 4.0. A linear NaCl (0 to 1 M) gradient in 50
mmol/L formate, pH 4.0 was used to elute proteins (1 ml
fractions). Finally, chemokines were purified to homoge-
neity by reverse-phase high performance liquid chroma-
tography (RP-HPLC). Samples were injected on a C-8
Aquapore RP-300 column (PerkinElmer, Norwalk, CT) or
Resource RPC column (Amersham Biosciences), equili-
brated with 0.1% trifluoroacetic acid (TFA) in water and
the proteins were eluted with an acetonitrile gradient (0 to
80% in equilibration buffer).

After each purification step, fractions were analyzed
for purity by SDS-PAGE under reducing conditions on
Tris/tricine gels.® Proteins were visualized by silver stain-
ing. The relative molecular mass (M,) markers included in
the gels were ovalbumin (M, 43,000), carbonic anhy-
drase (M, 29,000), B-lactoglobulin (M, 18,400), lysozyme
(M, 14,300) (Gibco/Life Technologies, Paisley, Scotland),
and the low molecular mass marker aprotinin (M, 6500)
(Pierce Chemical Co., Rockford, IL).

For mass spectrometry, RP-HPLC fractions (containing
minimum 3 ug/ml) were diluted 1/10 in 0.1% acetic acid/
50% acetonitrile/50% H,O and sprayed at 5 ul/min in the
source of an ESQUIRE ion trap mass spectrometer
(Bruker/Daltonic, Bremen, Germany). The average M, of
peptides or proteins was calculated from 1000 or more
averaged spectra to increase the accuracy of the mass/
charge measurements. NH,-terminal sequence analysis
was performed on a Procise 491 cLC protein sequencer
(Applied Biosystems, Foster City, CA).

Induction of Cell Cultures for Chemokine
Production

The human cell lines THP-1 (monocytic leukemia), HLE0
(promyelocytic leukemia), MOLT-4 (acute T lymphoblas-
tic leukemia), MT4 (T-cell lymphoblast), Sup-T1 (non-
Hodgkin’s T-cell lymphoma), and Namalwa (Burkitt's lym-
phoma) were cultured in RPMI 1640 (BioWhittaker
Europe, Verviers, Belgium) enriched with 10% fetal calf
serum (FCS; Invitrogen Life Technologies). For induction,
these cell lines were seeded in 24-well plates (1.9 cm?;
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Techno Plastic Products AG, Trasadingen, Switzerland)
in RPMI 1640 supplemented with 2% FCS (THP-1 and
HL60) or 10% FCS (Sup-T1, MT4, and Namalwa) at 2 X
10° cells/ml. Subsequently, different concentrations of
the following inducers were added: phorbol 12-myristate
13-acetate (PMA; Sigma, St. Louis, MO), concanavalin A
(ConA; Calbiochem, La Jolla, CA), lipopolysaccharide
(LPS; E. coli 0.111.B4; Difco, Detroit, Ml), S. aureus en-
terotoxin A (SEA; Toxin Technology Inc., Sarasota, FL),
measles virus [Attenuvax strain, 105-° 50% tissue culture
infectious doses/ml (TCIDgo/ml)], the double-stranded
(ds) RNA poly(riboinosinic).poly(ribocytidylic acid) (poly
rl:rC; P-L Biochemicals, Milwaukee, WI), recombinant hu-
man IFN-vy (Bioferon, Laupheim, Germany), recombinant
human IL-4 (PeproTech), recombinant human IL-10 (Pep-
roTech), or pure natural human IL-18.2% Supernatants
were harvested after 48 hours and stored at —20°C until
assay.

Human peripheral blood mononuclear cells (PBMC)
were isolated from peripheral blood of single donors as
described previously'® and fractionated into monocytes
and lymphocytes by adherence to plastic and magnetic
cell sorting, respectively. Monocytes were enriched by
seeding PBMC at 2 X 10° cells/well (1 ml/well) in 24-well
plates, followed by a 2-hour adhesion period at 37°C.
Afterward, non-adherent cells were removed and the ad-
herent cells were washed with EMEM enriched with 2%
FCS. Normal blood lymphocytes were isolated using the
StemSep T-cell enrichment protocol (StemCell Technolo-
gies France, Meylan, France). Subsequently, 10° or 10°
freshly isolated autologous lymphocytes or cultured T
lymphoblastic cells (Sup-T1 or MOLT-4 in EMEM supple-
mented with 5% FCS) or the conditioned medium from
these T lymphoblastic cells (collected 24 hours after sub-
cultivation of unstimulated cells) were added to the ad-
herent monocyte cultures. The co-cultures were stimu-
lated with 300 ng/ml SEA or 30 ng/ml IL-4. The
conditioned media were collected after 48 hours and
stored at —20°C until assay.

Statistical Analysis

Data are represented as mean = SEM, unless otherwise
indicated. Statistical analysis was performed using the
Mann-Whitney test. The significance of differences with
controls is indicated in the figures by asterisks (*, P <
0.05, **, P < 0.01, **, P < 0.001).

Results

Isolation of Natural PARC Isoforms from Normal
Human Plasma

The CC chemokine HCC-1, and the CXC chemokines
PF-4 and B-TG are detected at rather high basal levels in
plasma.®® This study extends the group of plasma che-
mokines with PARC. On average (+ SD), 226 = 7.8
ng/ml (n = 42) of PARC immunoreactivity was detected in
plasma from healthy blood donors (Figure 1). For com-
parison, these plasma samples contained on average (+
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Figure 1. Distribution of PARC and HCC-1 levels in normal human plasma.
PARC and HCC-1 levels in plasma from 42 healthy blood donors were
measured by their respective specific ELISAs. To illustrate the distribution of
the chemokine levels, individual values are shown as well as box-plot
representations. In the latter plot the horizontal bar in the box (between
the lower line (=Q1) and the upper line (=Q3) 50% of the data are
situated) depicts the median value. The whiskers delimit the range of the
data inside the region defined by the lower limit (Q1-1.5(Q3-Q1)) and the
upper limit (Q3 + 1.5(Q3-Q1)). Asterisks indicate outliers.

concentration (ng/ml)

HCCA1

SD) 85 = 37 ng/ml (n = 42) of HCC-1, but the HCC-1
levels were scattered over a broader range than the
PARC levels in normal adult subjects. This phenomenon
was not due to a higher intra- or inter-assay variability of
the HCC-1 ELISA, suggesting that PARC and HCC-1 are
differently regulated under physiological conditions.

To verify whether the detection of basal PARC plasma
levels was due to cross-reactivity with an irrelevant
plasma protein or an already known plasma chemokine,
we purified the PARC immunoreactivity from 2.4 liters of
normal human plasma (pool of six plasma donations) by
a four-step chromatographical procedure established in
our laboratory.?® After subsequent adsorption to silicic
acid, heparin affinity chromatography and cation-ex-
change FPLC, RP-HPLC was used as a final purification
step (Figure 2). Since heparin-Sepharose chromatogra-
phy (Figure 2A) allowed fractionation of PARC and
HCC-1 immunoreactivity, these two entities were sepa-
rately purified on FPLC (not shown). Figure 2B demon-
strates that after RP-HPLC fractionation, the PARC immu-
noreactivity eluted in a single peak at about 30%
acetonitrile (fractions 48 to 52), corresponding to a 6.5-
kDa protein band (Figure 2C). Mass spectrometry re-
vealed the presence of two isoforms of PARC in RP-HPLC
fraction 51 (detected average M, of 7779.8 and 7851.5).
The major peak on the mass spectrum (75% of the
amount of PARC) corresponded to intact PARC (theoret-
ical M, of 7851.2) whereas the minor peak (25% of the
amount of PARC) contained PARC lacking either the
NH_,-terminal or COOH-terminal alanine (theoretical M, of



i =i
i
§1m§m

I

:

PARC (ng/ml,e—e )
2
% acetonitrile (- - - -

14

6.5

1
- 2 .

4 46 48 50 852 54 56
fraction number

Figure 2. Purification of PARC immunoreactivity from normal human
plasma. A pool (2400 ml) of six plasma donations was concentrated by
adsorption to silicic acid and loaded onto a heparin-Sepharose column (A).
Proteins were recovered from this column in a NaCl (0-2 mol/L) gradient
(dashed line). All fractions were evaluated for protein content (open
triangles) by the Coomassie blue binding assay and analyzed in the PARC
(filled circles) and HCC-1 (open squares) ELISAs. After cation-exchange
chromatography (not shown) PARC immunoreactivity was subjected to RP-
HPLC (B). Proteins were eluted from the C8 column in an acetonitrile (0 to
80%) gradient (dashed line). Absorbance was monitored at 220 nm (solid
line). PARC levels were determined in each HPLC fraction by a specific
ELISA. HPLC fractions containing PARC immunoreactivity were analyzed by
SDS-PAGE (C) under reducing conditions (fractions 43 to 56, 20 ul/lane).
The proteins were visualized by silver staining. The right lane shows M,
markers (see Materials and Methods section).

7780.2). On NH,-terminal amino acid sequence analysis
only alanine was detected after the first cycle of capillary
Edman degradation, confirming the presence of an intact
NH,-terminus for both PARC isoforms. It was therefore
concluded that, in addition to intact PARC, a truncated
PARC isoform lacking the COOH-terminal alanine was
present in the pooled normal plasma.

A similar purification procedure for the HCC-1 immu-
noreactivity (Figure 2A), yielded on RP-HPLC a single
HCC-1 isoform, with the detected average M, (8672.9)
corresponding to the theoretical M, (8673.8) of intact
HCC-1. The fact that the PARC and HCC-1 immunoreac-
tivities had a different elution pattern in the sequential
chromatographical steps and that the purification proce-
dure resulted in the isolation of only the expected che-
mokines, demonstrates that the two immunotests are
specific. In total, about 8 ug of PARC protein was isolated
from 1 L of plasma, which corresponds to the amount of
PARC immunoreactivity measured in the crude plasma
with the assumption that about 50% was the recovered
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on purification. Thus, PARC is a constitutive chemokine
abundantly present in normal human plasma.

Enhanced PARC Levels in Serum of Pediatric
Patients with Acute Leukemia

Since high constitutive levels of PARC are present in
plasma and since macrophages and dendritic cells are
reported as the major cellular source of PARC, we inves-
tigated whether this chemokine accumulates in specific
organs or body compartments during disease.'>?%:30
Bone marrow aspiration samples, as well as spinal fluid
and serum from pediatric patients with acute leukemia
were analyzed for the presence of the plasma chemo-
kines PARC and HCC-1, the inflammatory chemokines
IL-8 and MCP-1, as well as the cytokine IL-6. In spinal
fluids of patients with acute leukemia or other nonmalig-
nant hematological disorders only low levels of PARC (on
average <1 ng/ml, n = 80) and HCC-1 (on average <10
ng/ml, n = 80) were detectable compared to those in
plasma from healthy donors (Figure 1). In addition, nei-
ther IL-8 (<0.2 ng/ml, n = 40) nor MCP-1 (<2 ng/ml, n =
40) was measured in these spinal fluids. In bone marrow
samples from patients with different acute leukemia types
or other nonmalignant hematological diseases, the aver-
age PARC (19.2 = 2.0 ng/ml, n = 51) and HCC-1
(119.6 = 11.0 ng/ml, n = 51) concentrations were lower
or similar to those in control pediatric sera or plasma from
healthy donors (Figures 1 and 3).

Next, we evaluated serum levels of HCC-1 and PARC
in various subtypes of acute leukemia. Figure 3 demon-
strates that PARC serum concentrations in AML (37.8 =
5.2 ng/ml, n = 13) were comparable to those in control
subjects (30.9 += 3.8 ng/ml, n = 21). However, signifi-
cantly enhanced PARC levels were found in ALL patients
(65.2 = 6.1, P = 0.004, n = 38). Within this group, the
serum of patients with T- and prepreB-ALL contained
significantly higher PARC levels (85.2 = 14.4 ng/ml, n =
11, P = 0.0005 for T-ALL and 44.7 = 4.6 ng/ml, n = 16,
P = 0.01 for prepreB-ALL), whereas preB-ALL serum
(40.5 £ 9.5 ng/ml, n = 11) did not show a statistically
significant increase in PARC compared to control pedi-
atric serum (30.9 = 3.8 ng/ml). In contrast to the PARC
serum levels, the concentration of serum HCC-1 did not
statistically differ between various patient groups (Figure
3). Instead, the serum concentration of IL-6 was signifi-
cantly decreased in AML (6.5 = 1.8 U/ml, P = 0.0005)
and prepreB-ALL (9.4 = 3.1 U/ml, P = 0.001), whereas
IL-6 levels in preB-ALL (16.9 = 5.6 U/ml) and T-ALL
(14.8 = 3.1 U/ml) were similar to those in control pediatric
sera (21.2 = 2.6 U/ml). Taken together, these data indicate
that the chemokine PARC, but not HCC-1, is up-regulated
during acute T and prepreB-leukemia, whereas the cytokine
IL-6 is down-regulated predominantly in AML.

Cellular Sources of PARC

In view of the strikingly increased PARC levels in serum
from ALL, but not AML patients, we investigated whether
the tumor cells in the circulation could be a cellular
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Figure 3. Cytokine and chemokine serum levels in childhood acute leuke-
mia. PARC, HCC-1, and IL-6 levels in serum were measured by specific ELISA
(PARC and HCC-1) or bioassay (IL-6). In this study 13 AML, 11 T-ALL, 16
prepreB-ALL, and 11 preB-ALL patients (Table 1), as well as a matched
pediatric control group of patients from the same hospital were included.
The horizontal bars indicate the median cytokine concentration for each
group. Statistical analysis was performed using the Mann-Whitney test. Sig-
nificance levels for differences in PARC or IL-6 serum concentration between
a patient group and the control group are indicated at the top of the panels.

source of PARC. We therefore tried to stimulate PARC
production by adding different cytokines or cytokine in-
ducers to in vitro cultured leukemic cell lines. Figure 4
shows that the myeloid cell line THP-1 failed to produce
PARC constitutively or after stimulation with bacterial
(LPS), viral (dsRNA), plant products (ConA), or endoge-
nous mediators (IFN-vy, IL-1, IL-4, or IL-10). In contrast,
these myeloid cells produced significant amounts of IL-8
on stimulation with either LPS or PMA. Similarly, no PARC
immunoreactivity could be detected in supernatants from
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Figure 4. PARC is not produced by leukocytic cell lines. Cultures of the
human monocytic leukemia cell line THP-1 (top panel) and the acute
lymphoblastic leukemia cell line MT4 (bottom panel) were stimulated for
48 hours with measles virus (MV; 10%2 TCIDs,/ml), the dsRNA polyrT:rC (PIC;
10 pwg/mb), LPS (50 ug/ml), PMA (10 ng/ml), ConA (10 mg/mD), IL-1 (100
U/mbD), IFN-y (20 ng/ml), IL-4 (30 ng/mbD), IL-10 (100 ng/ml) or were left
untreated (Co). The PARC (black histograms), IL-8 (open histograms),
and MIP-1a (hatched histograms) concentrations were determined by
specific ELISAs, and the mean * SEM was calculated from at least two
independent experiments. Significant differences from controls, determined
by the Mann-Whitney test, are indicated by asterisks (**, P < 0.01).

B or T lymphoblastoid cell lines (Namalwa, MT4, Sup-T1)
(Figure 4 and data not shown).

In addition to chemokine induction by soluble induc-
ers, it has become increasingly documented that cell-cell
interactions may be a stimulus of chemokine produc-
tion.®' Therefore it was verified whether the enhanced
PARC levels in T-ALL could be generated within the
vascular lumen as a result of cell contact between circu-
lating lymphoblasts and monocytes. For this purpose,
freshly isolated adherent monocytes and autologous lym-
phocytes from healthy donors were co-cultured at differ-
ent densities and PARC production was evaluated. Fig-
ure 5 documents that intercellular contacts were not
sufficient to elicit PARC production. However, when a
second signal, known to induce PARC in PBMC (IL-4 or
SEA),'® was added to the co-cultures, PARC production
was further enhanced in the presence of lymphocytes
(upper panel of Figure 5). Furthermore, cultured T cells
(Sup-T1 and MOLT-4) or T cell line-conditioned medium
also stimulated IL-4-treated adherent monocytes and a
significantly increased production of PARC was ob-
served compared to IL-4 induced adherent monocytes
alone (lower panels of Figure 5 and Table 2). The fact that
PARC production was also significantly increased after
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Figure 5. Increased PARC levels in co-cultures of adherent monocytes with
lymphocytes or lymphoblasts. Different cell concentrations (10° or 10° cells/
mb) of freshly isolated lymphocytes (7 = 7) or cultured T lymphoblastic cells
(n = 6 for Sup-T1, n = 4 for MOLT-4) were added to cultures of adherent
blood monocytes in the absence or presence of 300 ng/ml SEA or 30 ng/ml
IL-4 to stimulate chemokine production. After 48 hours, cell supernatants
were collected and analyzed for PARC content by a specific ELISA. Significant
differences from control cultures (adherent monocytes alone in the presence
of inducer), determined by the Mann-Whitney test, are indicated by aster-
isks (*, P < 0.05; **, P < 0.01; *** P < 0.001). Freshly isolated lymphocytes
or cultured T lymphoblastic cells alone failed to produce significant amounts
of PARC, either unstimulated or after addition of IL-4 or SEA (not shown).

stimulation of adherent monocytes with conditioned me-
dium and IL-4 or IL-10 (Table 2 and data not shown),
demonstrates that cell-cell contact is not essential for
PARC production. Furthermore, these experiments indi-
cate that the conditioned media contain soluble factors
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other than IL-4 and IL-10 that enhance PARC release by
monocytes.

Discussion

PARC was independently cloned by several groups and
therefore simultaneously designated dendritic cell che-
mokine-1 (DC-CK1) and alternative macrophage activa-
tion-associated CC chemokine-1 (AMAC-1).14.29:30
PARC is either constitutively expressed or induced in
monocytes/macrophages and dendritic cells and che-
moattracts T and B lymphocytes.#29:303233 pARC has a
high structural similarity (64% identical amino acids) to
the well characterized CC chemokine MIP-1«a and shares
its capacity to suppress proliferation of subsets of imma-
ture myeloid progenitor cells.’"3* So far, PARC expres-
sion has been reported in unrelated pathologies, such as
atherosclerosis,®® hypersensitivity pneumonitis, 3 allergic
contact hypersensitivity,®” arthritis,’® and ovarian carci-
noma.® In this study, PARC was unexpectedly detected
as a constitutive plasma chemokine, present at about 20
ng/ml. Characterization of the plasma-derived PARC im-
munoreactivity revealed the occurrence of two PARC
protein isoforms that differ in COOH-terminal processing.
In contrast, NH,-terminal processing was previously ob-
served for PARC isolated from stimulated PBMC, but no
functional characterization was possible, since these nat-
ural isoforms could not be separated chromatographical-
ly.'® In general, COOH-terminal processing of chemo-
kines is biologically less relevant than NH,-terminal
cleavage, the latter of which can drastically affect the
chemotactic activity.®® Indeed, the plasma chemokines
B-TG and HCC-1 need to be proteolytically cleaved at
their NH,-terminus to become the biologically active che-
moattractants, neutrophil activating peptide-2 (NAP-2)
and HCC-1(9-74), respectively.>” However, only intact
and hence inactive HCC-1 was isolated from normal
plasma in this study. The evaluation of differences in
HCC-1 processing between healthy controls and pa-
tients, must wait until an ELISA that discriminates be-
tween different NH,-terminal-truncated HCC-1 isoforms
becomes available.

The structural relationship of PARC with the stem cell
inhibitory chemokine MIP-1q, its presence in various un-
related diseases, and the high levels in the blood circu-
lation stimulated us to investigate the presence of PARC
in proliferative hematological diseases. It was found that
serum PARC levels were significantly elevated in pediat-
ric ALL patients compared to control pediatric samples
(Figure 3). In particular, T- and prepreB-ALL patients had
on average 85 and 45 ng/ml of PARC in their serum on
diagnosis, corresponding to a significant increase above
control serum levels (31 ng/ml). In contrast, no significant
changes in HCC-1 levels were observed in sera from
AML, T-ALL, preB-ALL, and prepreB-ALL patients. Re-
markably, three of the 13 AML patients were character-
ized by the M5 differentiation stage, but had normal
PARC serum levels. Furthermore, the serum concentra-
tion of the hematopoietic growth factor IL-6 was signifi-
cantly decreased in the AML and prepreB-ALL groups.
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Table 2. PARC Production after Stimulation of Adherent Monocytes with T-Cell Conditioned Medium

Inducers* Sup-T1 MOLT-4

Co-stimulus Cytokine PARC (ng/mi)* P value* PARC (ng/mi) P value*

Buffer none 05+0.2 — 0.2 +0.1 —
IL-4 0.9 +05 — 04 +02 —

10° cells none 1205 0.25 0.3 *+0.1 0.1
IL-4 52+17 0.028 19+04 0.008

CM (1/2) none 24+10 0.047 05+02 0.063
IL-4 6.1+19 0.016 1.7*x04 0.012

CM (1/20) none 0.8 +0.3 0.59 0.2 +0.1 0.71
IL-4 3.4 +09 0.076 1104 0.06

*To stimulate PARC production, adherent monocytes were treated with dilution buffer, 10° Sup-T1 cells or MOLT-4 cells or conditioned medium
(CM, diluted 1/2 or 1/20) from these T-cell lines in combination with the cytokine IL-4 (30 ng/ml) or the dilution buffer. Cultured T lymphoblastic cells
alone failed to produce significant amounts of PARC, either unstimulated or after addition of IL-4 (not shown).

TAfter 48 hours, cell supernatants were collected and analyzed for their PARC content by a specific ELISA. Values indicate the mean (+ SEM)

PARC concentration from 5 (Sup-T1) or 7 (MOLT-4) experiments.

*P values, calculated by the Mann-Whitney test, indicate differences between co-stimulated and control cultures (adherent monocytes in the

presence of the corresponding inducer, ie, dilution buffer or IL-4).

Conflicting results on IL-6 levels in serum from leukemic
patients have been reported. Depending on the AML
subtype, the number of peripheral blood and bone mar-
row blasts or the occurrence of fever, enhanced serum
levels of IL-6 have been reported for adult AML pa-
tients.®® Based on in vitro data, increased IL-6 levels in
these patients could be the result of autocrine IL-6 se-
cretion by the AML cells.*° However, Gao et al*' demon-
strated that cytokine production (including IL-6 produc-
tion) by freshly isolated AML cells differed, compared to
cultured leukemic cells, indicating that in vitro findings
cannot always be extrapolated to the in vivo situation.
Furthermore, it was demonstrated that AML cells produce
soluble IL-6 receptor, which might explain the reduced
serum levels of biologically active IL-6 detected in our
study.42*43

Since tumor cells are often a good cellular source of
chemokines,** it was verified whether leukocytic cell lines
produce PARC in response to various endogenous or
exogenous stimuli. It was found that THP-1, HL60, Sup-
T1, and MT4 cells did not secrete a detectable amount of
PARC after stimulation with the cytokines IL-1, IL-4, IL-10,
or IFN-v, nor after induction with virus, dsRNA, endotoxin,
enterotoxin, phorbol ester, or lectin. For comparison, IL-8
was significantly induced in the myeloid cell lines THP-1
and HL60 by phorbol ester and endotoxin, whereas the
former inducer also enhanced MIP-1a production in the
lymphoblastoid cell lines Namalwa and MT4. In view of
the reported expression of PARC mRNA in THP-1 cells®®
stimulated with IL-4 and phorbol ester and of PARC pro-
tein production by PBMC induced with IL-4 or enterotox-
in,'® the lack of PARC protein production by myeloid cell
lines in vitro was rather unexpected. This indicates that
the tumor cells are probably not the cellular source of
PARC and hence are not directly responsible for the
enhanced levels of PARC in ALL patients. Indeed, we
performed induction experiments with T-ALL lympho-
blasts from two patients, either from peripheral blood or
bone marrow and although IL-8 was produced, no PARC
protein was induced even after a prolonged incubation
and treatment with various stimuli (data not shown). We
could also not find a correlation between the PARC con-
centrations and the number of blast cells in the peripheral

blood or bone marrow of the ALL and AML patients (data
not shown). We then verified whether PARC was released
from the bone marrow. The bone marrow PARC levels in
leukemic patients were similar to those in serum and their
spinal fluid was devoid of any PARC (data not shown).
Furthermore, we did not observe a difference in PARC
protein expression by immunocytochemistry of bone
marrow mononuclear cells from leukemic patients com-
pared to control bone marrow (data not shown). This
suggests that not the bone marrow as lymphoid organ,
but rather the periphery is the primary source of PARC,
whereas its absence in the spinal fluid may be explained
by an intact blood-brain barrier. To verify whether leuke-
mic cells or soluble factors produced by these cells can
stimulate PARC production by monocytes/macrophages
or dendritic cells, freshly isolated lymphocytes, cultured
lymphoblast cells, or conditioned medium thereof were
added to cultures of adherent peripheral blood mono-
cytes in the presence of IL-4 or SEA. In the presence of
10° or 10° lymphocytes or cultured T lymphoblastoid
cells, the PARC production by monocytes/macrophages
stimulated by IL-4 or SEA was significantly enhanced (3-
to 15-fold). A similar enhancement in PARC levels in
these cultures was reached after addition of T-cell line-
conditioned medium. This indicates that the tumor cells
might (indirectly) affect the PARC levels in leukemia,
maybe by stimulating alveolar macrophages or dendritic
cells, cell types that are known to be good PARC pro-
ducer3.14’29’30’33’36’45

Some leukemic cells produce high amounts of chemo-
kines, eg, MIP-1a and MIP-18, are secreted by adult
T-cell leukemia cells.*® Ghia et al*” demonstrated that
malignant B-cell precursors secrete macrophage-de-
rived chemokine (MDC)/CCL22 and thymus and activa-
tion-regulated chemokine (TARC)/CCL17 after CD40 li-
gation, but not PARC. It has been shown that autocrine
production of chemokines can influence the migration of
lymphoma cells and their metastasis to specific tissues.'®
Furthermore, evidence has accumulated in recent years
that local chemokine production affects the selective in-
vasion of the organ by cancer cells.*® This was first
proven for breast carcinoma cells'” but also hematolog-
ical tumor cells infiltrate tissues expressing chemokines



that trigger the corresponding receptors on these malig-
nant cells. For example, infiltration of lymphoid organs by
adult T-cell leukemia cells and chronic lymphocytic leu-
kemia (CLL) cells correlates with higher expression levels
of CCR7 on the leukemic cells.**%° One of the ligands of
this receptor is abundantly produced by high endothelial
venules of lymph nodes and Peyer’s patches.®' In addi-
tion, CCR4 expression by adult T-cell leukemia cells may
account for frequent metastasis to skin and lymph
nodes.>? Expression of CCR3 in CD30-positive cutane-
ous T-cell lymphoma might play a role in the attraction
and retention of CD30-positive malignant T cells to the
skin.®3 AML, B-ALL, and CLL cells express the SDF-1
receptor CXCR4.5475% A high expression level of CXCR4
on ALL cells was strongly predictive for extramedullary
organ involvement in affected children.>” In adult patients
with B-CLL, CXCR4 expression probably mediates mar-
row infiltration by neoplastic B cells.®® In addition, cell-
cell contacts between SDF-1-producing marrow cells
and malignant B cells are thought to rescue the latter
cells from apoptosis.®® Taken together, these findings
suggest that chemokines and their receptors govern
homing and survival of hematological tumor cells.
Whether the elevated PARC levels in childhood T-ALL in
our study could account for a role for PARC as chemoat-
tractant or survival-promotor still needs to be revealed.
Differential chemokine receptor expression may be a
valuable tool to distinguish between different subtypes of
T-cell non-Hodgkin's lymphoma.®® Similarly, CXCR3 is
differentially expressed in a subset of B-cell ymphomas
and could function as a marker of B-CLL.°%¢" The results
presented in this study suggest that elevated serum
PARC levels could also constitute a novel leukemia
marker. The presence of this CC chemokine in plasma
from healthy persons is intriguing. However, the absence
of PARC in the mouse system and the fact that its recep-
tor is still not identified, complicates the full functional
characterization of this chemokine. Detection of its pres-
ence under various pathological conditions might, how-
ever, facilitate the delineation of the precise role of PARC.
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