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Abstract
BACKGROUND—Previously, we reported that the complement cleavage fragments C3a and
C5a are important modulators of trafficking of hematopoietic stem/progenitor cells (HSPC). The
aim of this study was to examine a possible role for C1q in HSPC migration.

STUDY DESIGN AND METHODS—CD34+ HSPC isolated from cord blood (CB), bone
marrow (BM) and G-CSF-mobilized peripheral blood (mPB) were evaluated for the expression of
C1q and its receptor C1qRp using RT-PCR, Western blot and FACS. Chemotactic responses and
chemo-invasiveness towards stromal cell-derived factor (SDF)-1, and expression of matrix
metalloproteinase (MMP)-9 were also examined after C1q stimulation. Moreover, G-CSF- and
zymosan-induced mobilization was evaluated in C1q-deficient mice.

RESULTS—C1q was expressed in CD34+ cells from mPB, but not from CB or steady-state BM;
however, stimulation of the latter with G-CSF induced C1q expression. C1qRp receptor was found
on BM, CB and mPB CD34+ cells and more mature ex vivo-expanded myeloid and
megakaryocytic precursors. Although C1q itself was not a chemoattractant for HSPC, it primed/
enhanced the chemotactic response of CD34+ cells to a low SDF-1 gradient and their
chemoinvasion across the reconstituted basement membrane Matrigel, and increased secretion of
MMP-9 by these cells. Moreover, in in vivo studies C1q-deficient mice were found to be easy
GCSF mobilizers compared to wild-type mice and normal zymosan mobilizers.

CONCLUSION—We demonstrated that C1q primes the responses of CD34+ HSPC to an SDF-1
gradient, which may enhance their ability to stay within BM niches, suggesting that the C1q/
C1qRp axis contributes to HSPC homing/retention in BM.
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INTRODUCTION
The complement (C) system is a powerful effector of the innate immune system which
provides critical protection against microbial infections and unwanted host molecules.1 It
can be activated in a cascade-like fashion through the classical, alternative or lectin
pathways leading to the generation of bioactive peptides such as C3a and C5a (termed
anaphylatoxins) and also the formation of the membrane attack complex.2-4 Upstream of
C3a and C5a is component C1, the initiator of the classical pathway, which consists of C1q,
the recognition subunit of the C1 complex, and two other catalytic subunits. Most
complement proteins are of liver origin, but C1q is predominantly produced by macrophages
and dendritic cells. C1q has been shown to interact with B-cells, eosinophils, neutrophils,
monocytes, fibroblasts, endothelial cells and platelets.5 Binding of C1q to C1qRp (receptor
for complement component 1, subcomponent q phagocytosis, also known as human CD93)
on these different cell types induces a variety of cellular responses including enhancement of
phagocytosis by macrophages,6 production of interleukin (IL)-6, IL-8 and monocyte
chemoattractant peptide-1 by endothelial cells7 and gingival and periodontal ligament
fibroblasts,8 induction of interferon-γ-producing antigen-specific T cells,9 calcium signaling
in microglial cells triggering the release of IL-6 and tumor necrosis factor-α,10 and
inhibition of platelet adhesion and spreading.11 Absence of C1q leads to recurrent infections
and spontaneous autoimmune disorders associated with cell destruction and the appearance
of multiple apoptotic bodies.5 Complement has been implicated in several developmental
pathways, organ and tissue regeneration and non-inflammatory processes.

Recently, we have shown that the complement cascade (CC) becomes activated in the bone
marrow (BM) during granulocyte-colony stimulating factor (G-CSF)- and zymosan-induced
mobilization, and the resulting complement C3 and C5 component cleavage fragments, C3a
and C5a, differentially modulate stem cell-trafficking.12-14 While C3a enhances (primes)
responsiveness of hematopoietic stem/progenitor cells (HSPC) to a gradient of stromal cell-
derived factor (SDF)-1, activation of C5 promotes the mobilization of HSPC by increasing
the recruitment and egress of granulocytes. Based on this, we became interested in the role
of other complement components in HSPC trafficking and in this study we focused on C1q,
an initiator of the classical pathway of complement activation.

Homing of HSPC to the BM and their engraftment is mediated by chemotactic factors, the
most potent being SDF-1, which is constitutively produced in BM by stromal cells and
osteoblasts and whose functions are mediated by CXCR4, its seven-span transmembrane G-
protein coupled receptor. Since the migration capacity of CXCR4null HSPC is impaired, but
not totally abrogated,15 it has been suggested that other chemoattractant factors are likely
involved in the HSPC homing. As it has been shown that, aside from mature cells, HSPC
also express C1qRp,16 we sought to investigate the possible role of C1q in trafficking of
HSPC.

MATERIALS AND METHODS
Cells and cultures

Normal BM was obtained from unrelated donors with their informed consent and cord blood
(CB) was obtained with the mother's informed consent. Mobilized peripheral blood (mPB)
was obtained from patients undergoing leukapheresis using the Cobe Spectra Apheresis
System (COBE, Lakewood, CO) following mobilization regimen with G-CSF (Filgastrim, 5
μg/kg BID, Amgen, Thousand Oaks, CA). The protocols used for sample acquisition were
approved by the Health Research Ethics Board of the University of Alberta. Light-density
mononuclear cells (MNC) were separated from the BM, CB and mPB samples by density
gradient centrifugation over 60% Percoll (GE Healthcare, Baie D'Urfe, PQ) and enriched for
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CD34+ cells by immunoaffinity selection with MACS paramagnetic beads and LS
separation columns (Miltenyi Biotec, Auburn, CA) as described previously.17 The purity of
the isolated CD34+ cells from mPB was greater than 95%, as determined by fluorescence
activated cell sorter (FACS) analysis.

Erythroid, myeloid and megakaryocytic progenitors were expanded ex vivo from CD34+

cells as described previously.18 Briefly, CD34+ cells were suspended in Dulbecco's
modified Eagle medium (Invitrogen, Burlington, ON) supplemented with 25% artificial
serum. Growth of colony forming unit-granulocyte/macrophage (CFU-GM) cells was
stimulated with recombinant human (rh) IL-3, (10 ng/mL) and rh granulocyte/macrophage-
colony stimulating factor (GMCSF, 5 ng/mL); burst forming unit-erythroid (BFU-E) cells
with rh erythropoietin (2 IU/mL) and rh kit ligand (10 ng/mL); and CFU-megakaryocyte
(Meg) with rh thrombopoietin (50 ng/mL) and rh IL-3 (10 ng/mL). Cytokines and growth
factors were obtained from Peprotech Inc. (Rocky Hill, NJ). Cultures were incubated at
37°C in a fully humidified atmosphere supplemented with 5% CO2. The cells were stained
for C1qRp on days 3 and 11 of expansion and on day 11 for glycophorin A (erythroid),
CD33 (myeloid) and CD41 (megakaryocytic) lineage markers and analyzed by flow
cytometry as described previously.19

RT-PCR and Western blotting
Expression of mRNA for C1q and GAPDH was evaluated in CD34+ cells isolated from BM,
CB and mPB. RNA was isolated using TRIZOL (Gibco-BRL, Gaithersburg, MD). RT-PCR
reactions were carried out using primer sequences for human GAPDH (housekeeping gene)
as described previously.19 Sequences for C1q were obtained from GenBank (Los Alamos,
NM) and used to design the following primer pairs: 5’-
CCCAGGGATAAAAGGAGAGAAAGG -3’ sense primer and 5’-
GAGATGATGAAGTGGATGGTGCGG -3’ anti-sense primer. Thermocycling was
performed with an Eppendorf Mastercycler (Westbury, NY) and the PCR products were
electrophoresed on a 2% agarose gel containing ethidium bromide. Gels were visualized
under UV light and photographed using the Alpha Innotech Imaging System (San Leandro,
CA, USA).

Cell lysates were collected and analyzed for protein expression of C1q by Western blot as
previously described by us.19 The membrane was probed with C1q monoclonal antibody
(mouse anti-human C1q, Quidel Corp., San Diego, CA) and with a secondary antibody
(Immunopure goat anti-mouse, peroxidase-conjugated immunoglobulin (IgG, Pierce
Biotechnology, Rockford, IL). Chemiluminescence was detected using the Supersignal West
Pico Chemiluminescence system (Pierce).

FACS analysis
For detection of C1q on BM CD34+ cells, BM leukocytes (treated or not with G-CSF) were
incubated with isotypic mouse IgG (Dako, Mississauga, ON) and with mouse anti-human
C1q (Quidel) for 45 min on ice, then washed and incubated with AlexaFluor 488 goat anti-
mouse antibody (Invitrogen) for 30 min on ice. The cells were then incubated with mouse
IgG for 15 min followed by labeling with anti-mouse CD34-PE (Beckman Coulter,
Mississauga, ON) for 30 min. The C1q receptor, C1qRp, was evaluated using an anti-C1qRp
monoclonal antibody (mAb), clone no. 273107 (R &D Systems, Minneapolis, MN), and
AlexaFluor 488 goat anti-mouse antibody (Invitrogen). CD34+ cells from mPB, CB and
BM, and ex vivo expanded myeloid, megakaryocytic and erythroid progenitors were
incubated with mouse IgG for 15 min followed by labeling with lineage markers. After the
final wash, cells were fixed in 1% paraformaldehyde and subjected to flow cytometric
analysis using a FACScan (Becton Dickinson, San Jose, CA).
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Chemotaxis and trans-Matrigel migration assay
Chemotaxis was evaluated using modified Boyden chambers (Neuro Probe Inc.,
Gaithersburg, MD) as we described in detail previously.20 Pre-warmed serum-free Iscove's
modified Dulbecco's medium (IMDM, supplemented with 0.1% bovine serum albumin)
containing no chemoattractant (control), C1q (1 μg/mL, Quidel), or SDF-1α(10 ng/mL or
200 ng/mL, Biomedical Research Centre, University of British Columbia, Vancouver, BC)
was added to the lower compartments. Aliquots of CD34+ suspension (1.5 × 105 cells/100
μL) pre-incubated or not with C1q (1 μg/mL) were loaded onto the upper compartments and
incubated (at 37°C, 95% humidity, 5% CO2) for 3 h. The percentage migration was
calculated from the ratio of the number of cells recovered from the lower compartment to
the total number of cells loaded. For trans-Matrigel chemo-invasion assay, polycarbonate
filters (Nucleopore, Toronto, ON) were coated with reconstituted basement membrane
Matrigel (25 μg/filter, Collaborative Biomedical Products, Bedford, MA). In some
experiments, CD34+ cells were pre-incubated with mouse anti-human C1q (Quidel) and the
rest of the chemotaxis assay was carried out as before. Each experiment was performed
using at least three chambers for each condition and counts were performed in duplicate.

Zymography
In order to evaluate whether matrix-degrading enzymes contribute to migration across
reconstituted basement membrane, zymography was performed on cell-conditioned media as
described previously.17 Briefly, cells were incubated in serum-free IMDM at a
concentration of 2 × 106 cells/ml with or without (control) C1q (1 μg/mL) for 24 h at 37°C,
5% CO2. The cell-conditioned media (supernates) were collected after centrifugation and
electrophoresed on a 12% sodium dodecyl sulfate-polyacrylamide gel containing 1.5 mg/ml
gelatin (Sigma). Medium conditioned by the fibrosarcoma cell line HT-1080 was used as a
standard and a clear band at 92 kDa against a Coomassie blue background indicated the
presence of MMP-9.

In vivo C1q-/- mice studies—The pathogen-free, 4- to 6-week-old C1q-/- mice (a kind
gift from Dr. M. Botto, Imperial College, London, UK) were used in the experiments at age
6 to 8 weeks. The mice were of the same genetic background as C57B1/6. Both mutants
(homozygotes) and wild type C57B1/6 mice were bred and maintained for several
generations in our laboratory. These animal studies were approved by the Animal Care and
Use Committee of the University of Louisville. For G-CSF-induced mobilization mice were
injected subcutaneously with 250 μg/kg of human G-CSF (Amgen) daily for 6 days and for
zymosan-induced mobilization, injected intravenously with 0.5 mg/mouse of zymosan
(Sigma). Six hours after the last G-CSF injection or at 1 h after zymosan injection, mice
were bled from the retro-orbital plexus for white blood cell (WBC) count. Fifty μL of PB
collected into microvette ethylenediaminetetraacetic acid (EDTA)-coated tubes (Sarstedt
Inc., Newton, NC) were run within 2 h of collection on a HemaVet 950 (Drew Scientific
Inc., Oxford, CT). In addition, 450 μL of PB was obtained from the vena cava with a 25-
gauge needle and 1 mL syringe containing 50 μL of 100 mM EDTA. Red blood cells were
lysed with BD Pharm Lyse buffer (BD Biosciences, San Jose, CA) and nucleated cells were
washed twice and used for CFU-GM colonies. Briefly, cells were resuspended in human
methylcellulose base media (R&D Systems, Inc., Minneapolis, MN) supplemented with 25
ng/mL recombinant murine (rm) GM-CSF and 10 ng/mL rm IL-3 (Millipore, Billerica,
MA). Cultures were incubated for 7 days, at which time they were scored for number of
CFU-GM colonies under an inverted microscope.
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Statistical analysis
Arithmetic means and standard deviations were calculated and statistical significance was
defined as p < 0.05 using Student's t test.

RESULTS
C1q is not expressed by CD34+ cells from steady-state BM but G-CSF induces its
expression

Using semi-quantitative gel-based RT-PCR we found that C1q is not expressed at the
mRNA level in CD34+ cells from steady-state BM or CB, but is strongly expressed in
CD34+ cells from G-CSF-mobilized PB. To verify that the C1q transcript in CD34+ cells
from mPB was not due to contaminating CD34-negative cells, we also performed RT-PCR
on mPB mononuclear cells and found only a very weak mRNA expression (Fig. 1A). C1q
expression was confirmed at the protein level using Western blot and more CD34+ samples
from G-CSF-mobilized patients (n = 4), which demonstrated strong expression of C1q (Fig.
1B). We previously reported that complement is activated in the BM microenvironment
during G-CSF-mobilization.21 To determine further whether G-CSF stimulation in vitro
induces C1q expression on steady-state BM CD34+ cells, we stimulated BM leukocytes with
200 ng/ml G-CSF (for 5 days). We examined the expression of C1q on the BM CD34+ cells
and found that G-CSF induced expression of C1q antigen (Fig. 1C).

C1qRp is expressed on HSPC and more mature progenitor cells of granulocytic and
megakaryopoietic lineages

Next, we examined the expression of the C1q receptor, C1qRp, on CD34+ cells from BM,
CB and mPB and observed that cells from all three sources express this antigen (Fig. 2A).
Furthermore, C1qRp was expressed on ex vivo-expanded progenitor cells evaluated on days
3 and 11 of expansion. C1qRp expression remained high on CFU-GM and CFU-Meg
progenitors during their maturation for 11 days, but not on BFU-E precursors (Fig. 2B).

C1q increases/primes chemotaxis and chemoinvasion of CD34+ cells towards an SDF-1
gradient

As immune functions involving C1q are considered to be mediated by C1q receptors present
on the effector cell surface, we then evaluated the functionality of C1qRp in the chemotactic
response of CD34+ cells towards an SDF-1 gradient. Although C1q (1 μg/mL) by itself did
not chemoattract CD34+ cells (Fig. 3A), we found that CD34+ cells pre-incubated with C1q
protein displayed an increased chemotactic response to a low, “threshold” dose of SDF-1
(10 ng/mL) to the extent that it approximated response to a high SDF-1 gradient (200 ng/
mL) (Fig. 3A). Since the SDF-1–CXCR4 axis plays an essential role in the retention and
release of HSPC from the BM,22 we then investigated whether C1q can modulate functions
that are critical to the homing and engraftment of HSPC. Given that the ability of cells to
cross basement membranes and extracellular matrix (ECM) Matrigel is required for their
homing to BM niches, we performed the migration assay using reconstituted basement
membrane Matrigel. We found that CD34+ cells stimulated with C1q significantly increased
trans-Matrigel migration towards a low dose of SDF-1 (20 ng/mL) and this priming effect
was inhibited by the neutralizing anti-C1q antibody (Fig. 3B). To determine whether MMPs,
which are capable of degrading ECM components, contribute to increased trans-Matrigel
migration, CD34+ cells were pre-incubated with C1q and the secretion of MMP-9 was
evaluated by zymography. We found that C1q induced MMP-9 secretion by CB CD34+

cells, and stimulated only weakly MMP-secretion in CD34+ cells from G-CSF mobilized
blood (Fig. 3C), probably because the CD34+ cells from the latter have already been
exposed to complement activation during the mobilization process.
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C1q-deficient mice are good G-CSF mobilizers and normal zymosan mobilizers
Previously, we reported that while G-CSF activates the classical C1q-dependent CC
pathway, zymosan activates the alternative C1q-independent pathway. To shed more light
on the role of C1q in HSPC trafficking, we performed mobilization studies in C1q-/- mice
and wt mice. Mice were mobilized by employing either G-CSF, which activates the classical
C1q-initiated complement activation pathway, or zymosan, which activates the C1q-
independent alternative complement activation pathway. We found that C1q-/- mice are
good/easy G-CSF mobilizers (greater mobilization than wt mice) but normal zymosan-
induced mobilizers (mobilization equal to that in wt mice) (Fig. 4). Accordingly, the number
of circulating CFU-GM progenitors and WBC in PB was higher in C1q-/- mice at days 3 and
6 of G-CSF administration as compared to wild type (wt) animals, but did not differ in wt
mice after zymosan-induced mobilization.

DISCUSSION
Since the immune and hematopoietic systems occupy similar compartments in the BM, it is
reasonable to predict that complement may modulate the signaling responses involved in
HSPC trafficking. In fact, we have already shown that innate immunity and the CC proteins
are not only activated during HSPC mobilization21 and myeloablative conditioning for
transplantation,23 but also play important roles in regulating these processes. Moreover, it
has become apparent that various components of the CC play different roles in the
mobilization or retention of HSPC in BM.12,24-26 Specifically, we reported that C3- and
C3aR-deficient mice are easy mobilizers; in contrast, mobilization is impaired in C5-
deficient mice. We also described that the CC is activated in the BM microenvironment
differently in response to various external stress-related factors. Accordingly, while
myeloablative conditioning before transplant or G-CSF-induced mobilization triggers the
classical C1q-dependent CC activation pathway, zymosan activates CC by an alternative
C1q-independent pathway.

To investigate the potential contribution of other CC proteins, we turned our attention to
C1q, the first subcomponent of the C1 complex of the classical pathway of complement
activation. C1q is unusual for a complement protein in that it is synthesized by tissue
macrophages but not by hepatocytes.27 C1q is reportedly not detectable in monocytes at the
protein or mRNA levels; however, monocytes synthesize C1q upon their differentiation to
macrophages or dendritic cells.28-29 It has been shown that C1q is of hematopoietic origin
as C1q production was restored in irradiated C1q-/- mice transplanted with wt BM cells and,
when irradiated wt mice received BM from C1q-/- mice, C1q production was not detected.30
In fact, these investigators suggested that transplantation of HSPC might be a potential
treatment for patients with hereditary C1q deficiency. Drawing upon this observation, we
first determined the expression of C1q in human CD34+ cells in steady-state and compared
it during G-CSF-induced mobilization. We found that CD34+ cells from CB and steady-state
BM do not express C1q, while CD34+ cells from G-CSF-mobilized PB strongly expressed
it. Moreover, in vitro stimulation of BM cells with G-CSF induced the expression of C1q in
the CD34+ cell population.

Several functions have been attributed to C1q which are considered to be mediated by C1q
receptors present on the effector cell surface. A C1q receptor that modulates monocyte
phagocytosis (C1qRp) has been identified and was reported to be selectively expressed in
cells of myeloid origin, endothelial cells and platelets.31 It has also been suggested that
C1qRp can be a human stem cell marker that defines the most primitive population of
human BM-repopulating cells.16 Here we confirmed that C1qRp is present on HSPC from
human BM, mPB and CB CD34+ cells and observed its expression on myeloid,
megakaryocytic and erythroid progenitors. Having established the expression of C1q and
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C1qRp in CD34+ cells, we next investigated their role in HSPC trafficking. C1q has been
implicated in the stimulation of Ca2+-activated K+ channels and initiation of chemotaxis in
mouse fibroblasts.32 Moreover, C1q chemoattracts immature dendritic cells from blood to
inflammatory tissues and enhances the migration of mature dendritic cells to the chemokine
CCL19.33 C1q has also been reported to induce chemoattraction of neutrophils,34
monocytes but not macrophages, and also of mast cells.2 Here we demonstrated that C1q by
itself is not a chemoattractant for CD34+ HSPC, but it potentiates/primes the SDF-1-
dependent chemotaxis of CD34+ cells. It also primes SDF-1-dependent trans-Matrigel
migration, which mimics the physiologic process of cell migration across the subendothelial
basement membrane barrier towards an SDF-1 gradient. These results indicate that the
presence of functional C1qRp on human CD34+ cells may increase their ability to respond
to the SDF-1 produced by BM stromal cells and be retained within BM niches. At the same
time CD34+ cells stimulated with recombinant C1q secrete more of the matrix-degrading
enzyme MMP-9, providing further evidence of its involvement in modulating the trafficking
of HSPC.

Having shown that C1q enhances the responsiveness of CD34+ cells to SDF-1 in vitro, we
subsequently used a C1q-deficient mouse HSPC mobilization model to further elucidate its
role in vivo. We found that C1q-deficient mice are more sensitive to mobilization induced by
GCSF than wt mice, suggesting that C1q is involved in the retention of HSPC in the BM
niches and that perturbation of this axis may facilitate egress into PB.

This is in agreement with our previous observations that activation of the C1q-triggered
classical pathway by G-CSF leads to cleavage of C3 and generation of C3a, desArgC3a and
iC3b, which play an important role in the homing/retention of HSPC in the BM.21 Further
supporting this is our finding that C3 cleavage fragments, similar to C1q, increase the
responsiveness of HSPC to an SDF-1 gradient.21-25 This explains why animals deficient in
C3 or C3aR, which display impaired responses of HSPC to SDF-1 homing signals, engraft
poorly after transplantation of wt BM cells, and at the same time are easy G-CSF-induced
mobilizers.13 We envision that C3 cleavage fragments that increase the responsiveness of
HSPC to an SDF-1 gradient are in the BM microenvironment as a “last line of defense” that
prevents uncontrolled egress of HSPC into PB when the SDF-1−CXCR4 axis becomes
attenuated after the administration of a mobilizing agent. Since lack of C1q leads to
defective activation of the classical complement pathway, then C3 cleavage by C1q cannot
occur. Our observation that C1q-deficient mice, similarly to C3-deficient mice, are easy G-
CSF-induced mobilizers supports the notion that activation of upstream elements of the
classical pathway of the CC that leads to cleavage of C3 promotes homing and retention of
HSPC in the BM microenvironment (13, 21, 23, 25) whereas, activation of downstream
elements and cleavage of C5 promotes their egress into PB (14, 35). Thus, C1q-/- mice that
cannot activate the C1q-dependent steps of the CC, and as a result cannot cleave C3, are like
C3-deficient mice, easy mobilizers. However, as we have shown in this study, they mobilize
normally after administration of zymosan, which activates the CC directly at the C3 level.

It is known that mPB-derived HSPC engraft faster after transplantation than those derived
from BM. Because the complement system is activated during mobilization and
leukapheresis, it is likely that mPB CD34+ cells are exposed to C1q, whose priming effect
could increase their homing and engraftment potential after transplantation. Previously, we
have shown that mice deficient in complement C3 displayed a significant delay in
hematopoietic recovery after transplantation of wt HSPC and we suggested that it may be
possible to use C3a for ex vivo priming of HSPC as a strategy to increase the responsiveness
of HSPC to SDF-1.23 Furthermore, during myeloablative conditioning before
transplantation, when the CC becomes activated in the BM microenvironment, both C1q
(via C1qR) and C3a (via C3aR) may increase responsiveness of HSPC to SDF-1 in the BM
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and facilitate HSPC engraftment. In support of this notion, we have already demonstrated
that C3aR deficiency on HSPC leads to defective homing and engraftment,13 and we plan to
perform similar experiments with C1qR-deficient HSPC. The results of our studies could be
particularly important for improving the efficacy of CB transplantation in adults, where the
number of HSPC available for transplantation is limited and hematopoietic engraftment is
delayed. Thus, our studies could have an important translational aspect and we propose that
C1q could be employed as a potential novel agent to prime HSPC ex vivo before
transplantation.
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ABBREVIATIONS

BFU-E blast forming unit-erythroid

BM bone marrow

C1qRp receptor for complement component 1, subcomponent q, phagocytosis

CB cord blood

CC complement cascade

CFU-GM colony forming unit-granulocyte macrophage

FACS fluorescence activated cell sorting

G-CSF granulocyte-colony stimulating factor

HSPC hematopoietic stem/progenitor cells

IgG immunoglobulin G

IL interleukin

IMDM Iscove's modified Dulbecco's medium

MNC mononuclear cells

mPB mobilized peripheral blood

SDF stromal-cell derived factor
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Figure 1. C1q is expressed on mobilized (m)PB CD34+ cells but not on steady-state BM CD34+

cells, but G-CSF induces its expression in the latter
(A) RT-PCR analysis of mRNA transcripts for C1q in CD34+ cells from BM, CB and mPB,
and in mononuclear cells (MNC) from mPB and CB. GAPDH was used as a housekeeping
gene to ensure equivalence of loading. (B) Western blot for C1q in lysates from normal
steady-state BM, mPB and CB CD34+ cells. An equal amount of protein, as measured by
Bradford protein assay (30 μg/sample), was loaded in each lane. (C) Steady-state BM
leukocytes from healthy donors (n = 2) were stimulated (with 200 ng/mL G-CSF) or not
(control) for 5 days. Cells were stained as described in the Materials and Methods. The left
and middle histograms represent the expression of C1q on unstimulated (control) and G-
CSF-stimulated cells, respectively. In the right panel, BM cells gated based on the
expression of the CD34 antigen were analyzed for C1q expression. The lower line shows
unstimulated BM CD34+ cells (control) and the upper line G-CSF-stimulated cells.
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Figure 2. C1qRp is expressed on HSPC and ex vivo-expanded progenitor cells
(A) CD34+ cells from mPB, CB and BM were labeled with mouse isotype IgG control or
with mouse anti-human C1qRp and AlexaFluor 488-conjugated goat anti-mouse antibody.
(B) Similar staining was carried out on purified CB CD34+ cells expanded towards
granulocytic, megakaryocytic and erythroid lineages on days 3 and 11 of expansion.
Expression of surface lineage markers were evaluated on day 11 of expansion. Shaded
histograms show isotype IgG control.
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Figure 3. Priming effect of C1q on chemotaxis and trans-Matrigel migration of CD34+ cells
towards SDF-1
(A) Chemotaxis of CB CD34+ cells pre-incubated or not with C1q (1 μg/mL) was evaluated
towards media alone, low SDF-1 gradient (10 ng/mL), high SDF-1 gradient (200 ng/mL) or
C1q (1 μg/mL). Data are pooled from at least triplicate samples from 3 independent
experiments. (B) CD34+ cells, pre-incubated or not with C1q and anti-C1q antibody, were
allowed to migrate across Matrigel (reconstituted basement membrane) towards media alone
(0 ng/mL SDF-1) or towards a low SDF-1 gradient (20 ng/mL). Each experiment was
performed using at least 3 chambers for each set of conditions and cell counts were done in
duplicate. (C) Zymograms of media conditioned by CD34+ cells from cord blood (CB) or
mobilized peripheral blood (mPB) in the presence or absence (control) of C1q. Media
conditioned by HT-1080 cells was used as standard (Std) to indicate the position of MMP-9
in the gel.
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Figure 4. C1q-deficient mice are easy mobilizers but normal zymosan mobilizers
C1q-/-mice (C1q KO) as well as age- and sex-matched C57BL/6 mice (wt) were mobilized
for 3 or 6 days with G-CSF (250 μg/kg s.c. per day; n=5 mice per group; left panels) or 1 h
with zymosan (0.5 mg/kg i.v.; n=5 mice per group; right panels). The number of circulating
CFU-GM progenitors (A), and white blood cells (WBC) (B) per microliter of PB are shown.
* p< 0.05 as compared with wt mice. Data show representative results from three
independent experiments.
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