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Neutrophils are the most abundant leukocytes in blood and constitute the first line of 
defense against infectious diseases. These short-lived non-mitotic cells are generated at 
impressive numbers in the bone marrow as the result of a highly controlled process of 
myelopoiesis. Despite the huge number of neutrophils made daily in the bone marrow, 
many of them do not meet microorganisms but undergo apoptosis. Mature neutrophils 
are fully equipped with an arsenal ofharrnful agents stored in granules ready to be used 
to destroy phagocytosed microorganisms. The neutrophil availability for combating 
infections is regulated at different levels: proliferation and maturation of precursor cells 
in bone marrow, regulation of programmed cell death, migration through the endothelial 
cell barrier, activation of bactericida! systems. Failure to accomplish sorne neutrophil 
functions can lead to severe clinical disorders such as Chronic Granulomatous Disease 
(CGD) and Leukocyte Adhesion Deficiency (LAD). The genetic processes regulating 
neutrophil development in the bone marrow as well as the modulation of adhesion, 
diapedesis, migration, exocytosis, respiratory burst and apoptosis as well as the 
pathophysiological processes leading to clinical disorders were the focus of the 
workshop. This meeting dealt with novel trends in neutrophil structure, function and 
development. Thus, this workshop covered molecular events regulating the whole life
span of the neutrophil, including how it is generated, activated and removed after 
undergoing an apoptotic process. All ofthese processes are finely regulated and we are 
now starting to understand them at the molecular leveL 

Myeloid cell production is regulated by a complex interacting network of cytokines that 
modulate proliferation, differentiation, apoptosis and mobilization of hematopoietic 
stem and progenitor cells. Chemokines, an emerging family of cytokines, are being 
increasingly implicated in the production, mobilization and activation of neutrophils, 
showing a high redundancy in their actions. One of the major decisions leading to 
neutrophil generation is made by stem cells committed to the myeloid lineage, when 
granule protein coding genes are tumed on to provide the synthesis of the granule 
constituents that will endow the neutrophil with its battery of microbicida! proteins. 
CCAAT enhancer binding proteins (C/EBPs}, in particular C/EBPa, play a central role 
in neutrophil development and synthesis of neutrophil granule proteins. CCAA T 
displacement protein, a negative regulator, must be down-regulated to allow expression 
of certain granule proteins. However, regulation of granule protein biosynthesis is 
individually controlled, and differences in timing of granule protein synthesis during. 
maturation of neutrophil precursors results in formation of granule subsets with 
different protein content. Mature neutrophils are very short-lived leukocytes that die by 
spontaneous apoptosis. This process is not simply a way of getting rid of unused 
neutrophils or of cells after having performed their task, but may control the number of 
neutrophils available in combating infections. 

Experiments of nature (LAD) as well as man-designed studies have demonstrated that 
neutrophil extravasation depend on its ability to · adhere, via integrins, to the 
endothelium. Integrins behave both as docking and signaling molecules that mediate 
leukocyte adhesion as well as actin-cytoskeletal rearrangement and regulation of severa! 
neutrophil functional responses, such as migration, degranulation and respiratory burst. 
Neutrophils tend to adhere and transmigrate at endothelial cell borders, where P-selectin 
acts as a target for neutrophil migration. When ICAM-1 is highly expressed on activated 

Instituto Juan March (Madrid)
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endothelial cells, neutrophil adhesion proceeds vía direct l.h-integrin-ICAM-1 
recognition. Studies using bone marrow-derived neutrophils from fgr"1"/hck"'"-knockout 
mice indicate that Fgr and Hck are not required for myeloid cell development, but are 
critica! in controlling integrin-mediated responses such as generation of superoxide 
anion, adhesion, migration and degranulation. Adherence and motility are non-static 
processes and firrn-loose cycles would allow cell movement. In order to explain the 
observed cycles in movement and respiratory burst, a novel mechanism was. proposed 
involving metabolic clocks in neutrophils with cycles in the free concentration of 
essential metabolites (ATP and NADPH) which regulate downstream activities. 
Chemoattractants promote changes in neutrophil shape with the formation of a uropod 
at the rear of the cell, which can attract other neutrophils during neutrophil 
transmigration. Also, the most abundant neutrophil proteins MRPS/14, which together 
account for 45% of the cytosolic neutrophil protein were suggested to play a role, once 
released from cells, in neutrophil migration and adhesion. 

Phagocytosis and secretion, two critica! functions of neutrophils, involve docking and 
fusion of intracellular vesicles with the plasma membrane modulated by specific 
proteins. To compensate loss of cell surface during phagocytosis, cells generate from 
the trans-Golgi network vesicles to fuse with the nascent phagosomes. Different 
intracellular granules are mobilized independently during neutrophil exocytosis, and 
granule constituents, secreted or translocated into the cell surface upon cell activation, 
affect neutrophil adhesion and diapedesis. The identification of SNARE proteins in 
human neutrophils as well as their differential subcellular localization (plasma 
membrane vs granule) and functional assays, suggest a role of these proteins in both 
neutrophil phagocytosis and secretion. 

The power of gene transfection was shown to be useful in dissecting the role of Fcy 
receptors and their signaling. Phospholipase D seems to play an importan! role in 
phagocytosis signaling. Phospholipase D activation triggers a signaling cascade, 
involving Raf-1 and ERK-2, which promotes generation of pseudopods required for 
phagocytosis. Phagocytosis may be terrninated by the generation of ceramide which 
inhibits phospholipase D. The phospholipase D physiological product, phosphatidic 
acid, is able also to regulate the activity of type 1 phosphatidyl-1-phosphate-5-kinase, 
an enzyme that generates PI-(4,5)-P2, thought to promote PMN degranulation through 
its ability to recruit lipid-binding proteins at the membrane. 

The main function of human neutrophils is to co·mbat infection and they are very well 
equipped to perforrn this task. This includes the presence of specific as well as more 
general antimicrobicidal systems. The antibacterial protein of bactericidaVperrneabilty
increasing protein (BPI) is made only in neutrophils and stored in azurophilic granules. 
BPI binds LPS and is cytotoxic toward grarn-negative bacteria, promoting their uptake 
by neutrophils, as well as destruction and detoxification ofbacteria and endotoxin. 

Phagocytic cells contain a NADPH dependen! oxidase important for killing engulfed 
microbes. This oxidase transfers electrons from NADPH to 02 to forrn Oi and consists 
ofa membrane-bound flavocytochrome b composed ofan a (g!e2pbo") and f3 (gp9lpbox) 
subunit. Three cytosolic proteins, p40"""•, p47pbox and p67P x, and a GTP-binding 
protein p21 rae are required for activation of electron transport. Mutations in any of the 
genes encoding a component of the NADPH oxidase causes CGD, a rare 
immunodeficiency that can cause life-threatening infections. The majority of CGD Instituto Juan March (Madrid)
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patients suffer from the X-linked form of the disease caused by mutations in gp91 phox_ 
Over the past 5 years the mutations in severa! hundred kindred of X-linked CGD 
families have been identified. These mutations lead to instability of gp9lphox mRNA 
ancilor protein. In spite of recent insights in the molecular underpinnings of CGD, little 
is known about the mechanisms leading to granulomata formation . 

With the advent of a better understanding of the molecular mechanisms leading to 
NADPH oxidase activation, gene therapy is being attempted to correct the functional 
defect in 0 2- generation in CGD. A gene transfer approach is being also launched to 
treat patients with LAD, characterized by severe recurrent bacteria! infection in which 
the phagocytic leukocytes fail to firmly adhere to endothelial cells and subsequently 
migrate to infectious sites. Molecular defects in the leukocyte integrin CD 18 subunit are 
responsible for the failure to synthesize a CD18 subunit capable of forrning 
heterodimers with the leukocyte integrin CDII subunits and becoming inserted into the 
plasma membrane to mediate neutrophil adhesion to the endothelium. These gene 
therapy approaches look promising even though they are at a rather early stage, and 
severa! problems must be circumvented. Better vectors, other means for recruiting stem 
cells as well as mild suppression ("conditioning") of the patient's bone marrow with 
radiation to enhance engraftment of gene-corrected stem cells will be required. 

Neutrophil functions have long been described, but a great advance in the knowledge at 
the molecular leve! of these functions has been obtained only during the last recent 
years. This workshop highlighted the rapid progress made over the last years in trying to 
dissect the molecular events occurring in the manifold functionality of these cells. In 
vitro and in vivo studies have revealed a great signaling cross-talk and complexity as 
well as pleiotropic effects of molecules and receptors in the different stages of 
neutrophil differentiation and activation. In addition, neutrophils contain specific 
components and display peculiar characteristics that make them as a unique and perfect 
weapon to fight rapidly infection, playing a majar role in the surveillance system of host 
organism against foreign invaders and in acute inflammation. Future molecular studies 
are expected to reveal mechanisms that will enable us to improve and modulate 
neutrophil bactericida! and inflammatory responses. 

Faustino Mollinedo and Laurence A. Boxer 
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Regulation of the Production and Movement of Myeloid Progenitor Cells by ehemokines 

Hal E. Broxmeyer, Ph.D. 

Ma!y Margaret W alther Professor of Microbiology and lmmunology, Professor of Medicine, and 
Scientific Director, the Walther Oncology Center, Indiana University School of Medicine, and the 
Walther Cancer Institute, Indianapolis, IN USA 

Blood cell production is regulated by a complex imeracting network of accessory cell 
produced cytokines that act to stirnulate, co-stimulate, suppress, or co-suppress the proliferation, 
differentiation, apoptosis and movement of hematopoietic stem and progenitor cells. 1 An emerging 
family of cytokines called chemokines, for their chemotactic activities, are being increasingly 
implicated in the production and movement of myeloid stem and progenitor cells. 

Chemokines are currently categorized into four subfamilies (ce, cx:e, e, and CX3C) 
denoted by cysteine residues and their spacing in the molecule. Over 50 chemokines have been 
identified and recombinant protein is available for their use in evaluating functional activities.2.J Of a 
large number of chemokines that have been testee!, more than 20, crossing the OC, CXC, and e 
groups, are suppressive for irrunature subsets of multipotential (eFU-GEMM), erythroid (BFU-E), 
and granulocyte-macrophage (eFU-GM) progenitors that respond in viro to stimulation by 
combinations of growth factors such as erythropoietin, IL-3, GM-eSF and steel factor.2.l 1bis 
suppression has been confirmed m vivo in mice for most of these chemokines, and al so in a human 
clinical trial for one, macrophage inflammatory protein (MIP)-1 a . ~ Over 14 chemokines crossing the 
ce, ex e and CX3e groups do not manifest this myelosuppressive activity in vitro and in vim.2.J In 
contrast, of the numerous chemokines tested, only the cxe chemokine, stromal derived factor 
(SDF)-1 5

, which binds CXCR4, and the two ce chemokines eK¡3-11 6 and SLe, which bind CCR7, 
ha ve the capacity to chemotax myeloid progenitor cells. 

The difficulty in sorting out dominant vs. redundant effects is complicated by the fact that 
there are currently 9 receptors for ce chemokines (CXR1 to CCR9), 5 receptors for cx:e 
chemokines (CXCRl to eXCRS) and one receptor each for the one e and one CX3e chemokine.2.3 

Many of the chemokine receptors bind more than one chemokine and sorne chemokines bind more 
than one receptor. T o begin defining dominant chemokine receptor functions, we have collaborated 
with others to assess hematopoiesis in mice deleted in either CXCR2, 7 <XR2, 1 or CXRL Results 
from each of these receptor gene knockout mice highlighted the important but different roles of 
these receptors in either steady-state andl or stress-induced conditions. 

While sorne infonruttion is beginning to emerge regarding intracellular signaling events 
mediating sorne of the above mentioned chemokine functions, it is not yet clear how important 
these intracellular molecules are to these actions. T o evaluate this, we ha ve collaborated with others 
to assess chemokine actions in mice deleted in expression of SI-llP and SHP-1. Results irnplicate 
these phosphatases in both positive and negative effects of different chemokine functions. 

Instituto Juan March (Madrid)
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Regulation ofNeutrophil Development by CIEBP transcription factors . 

Pu Zhang, Hanna Radomska, Atsushi Iwama, Milton Datta, Gerhard Behre,Tracey Lodie, 
Thomas L. Pabst, and Daniel G. Tenen. Hematology/Oncology Division, Beth Israel 
Deaconess Medica( Center and Harvard Medica! School, Boston, MA. USA 

The CCAA T enhancer binding proteins play critica( roles in myeloid differentiation. In 
particular, C/EBP alpha is important for early granulocytic development, while C/EBP 
epsilon is critica( for terminal granulocytic differentiation. Other CIEBP proteins. such as 
CIEBP beta (NF-IL6). to date have not shown to be involved in neutrophil maturation. 

CIEBP alpha is a basic leucine zipper transcription factor which has been shown to serve 
as a master regulatory switch in severa! differentiation systems, including adipocyte and 
liver development, and also as a tumor suppressor gene which can inhibit cell proliferation 
by activating p21. CIEBP alpha regulates a number ofmyeloid-specific genes, and analysis 
of CIEBP alpha knockout m ice provided evidence for a necessary and specific role of thi s 
factor during hematopoiesis in vivo: the animals were absolutely deficient in granulocytes. 
whose differentiation was blocked at an early stage, while the development of other 
hematopoietic lineages remained undisturbed. 

Previously, we demonstrated that granulocyte colony-stimulating factor receptor (G
CSFR) mRNA was downregulated and granulocyte maturation blocked in CIEBP alpha -/
mice (Zhang et al, PNAS 94:569, 1997). This phenotype is distinct from that of G-CSFR-
1- mice, which have a quantitative defect in granulopoiesis, but mature granulocytes are 
detected ata reduced leve! (12% ofwild type) in the peripheral blood (Liu et al , Immunity 
5:491, 1996). These results suggest that other C/EBP alpha regulated cytokine receptors in 
addition to the G-CSFR regulate granulocyte development. We now demonstrate loss of 
expression of interleukin-6 receptor (IL-6R), but not the IL-6 transducer (gp 130), by 
Northem blot analysis. Quantitative RT-PCR demonstrated that IL-6R mRNA in CIEBP 
alpha -/- fetal liver is 170 fold less than that observed in wild type, and that G-CSFR 
mRNA is decreased 17 fold. FACS analysis using biotinylated G-CSF and IL-6 revealed 
no detectable G-CSF or IL-6 receptor protein on the surface of C/EBP alpha -/- spleen or 
fetal liver hematopoietic cells. Concordant with the drastically reduced receptor levels, no 
colonies were obtained in methylcellulose CFU assays in response to IL-6 and G-CSF 
stimulation of hematopoietic precursors from C/EBP alpha -/- fetal liver. Finally, we 
demonstrated that the block in granulopoiesis in the CIEBP alpha -/- fetal liver 
hematopoietic cells can be rescued in vitro by adding soluble IL-6R and IL-6 into the CFU 
assay, or altematively by retroviral transduction ofthe G-CSF receptor and subsequent G
CSF administration. These studies suggest that in addition to G-CSF receptor, CIEBP alpha 
directly or indirectly regulates the expression ofthe IL-6 receptor. Furthermore, the failure 
of granulopoiesis in vitro observed with C/EBP alpha -/- fetal liver hematopoietic cells in 
response to IL-6 and G-CSF can .be compensated by restoration of [L-6 or G-CSF receptor 
expression, suggesting that loss of these two receptors alone play a significant role in the 
absolute block in granulocyte maturation observed in vivo. 

Instituto Juan March (Madrid)
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In arder to further delineate the role of C/EBP alpha in human granulopoiesis, we 
studied its expression and function in human myeloid cell lines and primary hematopoietic 
cells. Using purified populations ofhuman bone marrow cells, we show that the expression 
of CIEBP alpha during hematopoietic development is initiated with the commitment of 
multipotential precursor cells to the myeloid lineage. It is also specifically upregulated 
during granulocytic differentiation of normal human CD34+ cells and myeloid cell lines. 
Conversely, differentiation along the monocytic pathway results in rapid downregulation of 
CIEBP alpha gene expression. Conditional expression of CIEBP alpha from a zinc
inducible metallothionein promoter in stably transfected U937 results in granulocytic 
maturation over a period oftwo weeks, as determined by cell morphology, NBT assay and 
upregulation of mRNA for the myeloid maturation marker CDI8 and the granulocyte
specific G-CSF receptor. Strikingly, induced CIEBP alpha was also capable of activating 
neutrophil-specific genes encoding the secondary granule proteins lactoferrin and human 
neutrophil collagenase, which cannot otherwise be induced in these cell lines, even after 
chemical stimulation of granulocytic differentiation. Granulocytic differentiation was al so 
observed in stable lines treated with zinc for only two days. Conditional expression of 
CIEBP alpha does not prevent monocytic differentiation by TP A if cells express CIEBP 
alpha for less than 7 days. However, cells expressing CIEBP alpha for over 7 days enter an 
irreversible stage of neutrophilic differentiation resistant to monocytic induction. In 
summary, 
u pon upregulation of CIEBP alpha, U93 7 ce lis progress into stages of differentiation which 
are more mature than those invoked by known chemical inducers, such as retinoic acid . 
These results indicate that CIEBP alpha can serve as a myeloid differentiation switch acting 
on bipotential myeloid precursors and directing them to mature to granulocytes. 

Current efforts in the laboratory focus on understanding regulation, signa! transduction 
pathways, and interacting partners of CIEBP alpha. We are in the process of screening 
myeloid leukemias for abnormalities in structure and expression ofthese two genes, as well 
as mutations. Other projects directed at leukemogenic mechanisms include analysis of the 
effects of translocations found in AMI... on CIEBP alpha function . Our long term goals are 
to understand the abnormalities seen in acute myelogenous leukemia (AML), in which 
differentiation ofmyeloid blasts is blocked. 
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Transc.-iptional Rcgulation of Neutrophil-Specific Gene Expression 
Nancy llediner, M. D., Y ale School of Medicine, New Haven, CT 

During myeloid differentiation, the pluripotent hematopoietic stem cell passes through severa! 
well-defined morphologic stages within the bone marrow. These changes include progressive 
nuclear segmentation and the acquisition of stage specific granules. Pnmary granules appear at 
the myeloblast stage, and are found in both neutrophils and monocytes. At the myelocyte stage, 
neutrophil precursors acquire specific granules, a marker of commttment to terminal neutrophil 
differentiation. The fully mature granulocyte is then released into the blood where it circulates 
only briefly before mi grating into the peripheral tissues; it then survives for only a few days 
before undergoing apoptosis . 

The regulatory mechanisms governing this complex differentiation pathway are beginning to be 
elucidated . Current evidence suggests that the growth factors goveming granulocyte lineage 
commitment and maturation act through a combination of general and lineage-specific 
transcription factors that influence patterns of gene expression and direct downstream changes in 
proliferation and phenot_xpe. Severa! transcription factors have been identified which are 
necessary for myeloid dtfferentiation, and which have also been shown to influence myeloid
specific gene expression at severa! stages of granulocyte differentiation, including PU.I, 
C/EBPa, and retinoic acid receptors. Furthermore, negative regulators such as CCAAT 
displacement protein (CDP) ha ve also been found to interact with genes at multiple stages of 
differentiation. 

Studies in our laboratory ha ve focused on the regulation of a late myeloid specific gene, 
lactoferrin (LF). LF is one ofthe secondary granule protein (SGP) genes, a group ofunlinked 
and functionally diverse genes expressed late in neutrophil maturation. SGP gene expression is 
coordinately regulated at the transcriptionallevel, and ts uniformly absent from leukemic cells 
induced with chemical agents to undergo differentiation toward neutrophils. We have studied 
the transcriptional regulatory pathways that regulate LF gene expression. We have determined 
that both negative and posittve regulatory factors play a role in determining the tissue and stage 
specific expression ofthe LF gene. and have developed evidence that these pathways of 
transcriptional regulation are shared among the secondary granule proteins. 

We ha ve demonstrated that CCAAT displacement protein (CDP/cut), a conserved silencing 
protein in many di verse systems, binds the LF promoter, and that expression of LF is associated 
with loss of CDP binding. Furthermore, constitutive overexpression of a transfected CDP 
cONA, is associated with repression ofLF expression. Although CDP binding sites ha ve not 
been defined in the other SGP promoters, overexpression ofCDP coordinately represses 
expression of all SGP genes. This su~ests that CDP may be a shared negative regulator 
partially responsible for the stage spectfic expression ofthese genes. However, CDP is 
ubiquitously and constitutively expressed; consequently, the means by which its binding is 
modified in a stage-specific manner remains to be determined. · 

In further studies, we ha ve sought to identify factors responsible for the upregulation of LF in an 
!1-ttempt to identify potential shared posi~ivC? regulators ofSGP expression. Reporter gene assays 
111 32Dwt 18 (320) cells and MEL cells mdtcated that the first 89bp ofthe promoter are capable 
of directing myeloid-specific LF gene expression. This region contains a CIEBPa binding site. 
Co-transfection ofthe LF-89luc plasmid with increasing concentrations ofa C/EBPa. expression 
vector in 32D cells results in a linear transactivation ofluciferase reporter activity which was 
abolished by mutation ofthe C/EBP binding site. Similarly, U937 cells induced to express 
CJEBPa from a stably transfected inducible trans8ene showed motphologic maturation and 
increased LF gene expression which correlated wtth increased bindmg ofCIEBPa to the LF 
promoter in EMSA analysis. However, severa! other findings suggest that CIEBPo: alone is 
msufficient to induce LF gene expression. EMSA analysis of32D cells demonstrate binding of 
C/EBPo: to the LF promoter in uninduced, LF-nonexpressing cells, which does not change with 
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induction of maturation and concomitan! LF expression_ lnduced HUSO and NB4 cells show 
abundan! C/EBPa binding to the LF promoter, but do not express LF. Furthermore, CDP 
overexpression in :>20 cell s blocks LF expression despite unchanged C/EBPa binding. 

We have investigated possible explanations for this discrepancy. Because CIEBPa is known to 
readily heterodimerize with other C/EBP family members, we mvestigated potential interactions 
ofC/EBPa, CIE8Pf3, and C/EBPE. Preliminary studies suggest that a combmation ofCIEBPa 
and CIEBPI3 together transactivate the LF-891uc plasmid more efficiently than either C/EBPa or 
C/EBPI3 alone_ We ha ve al so demonstrated that the region of the LF promoter spanning -167bp 
to -89bp appears to harbar both positive and negative regulatory elements . Thus, it appears that 
C/EBPa alone cannot induce the maturation-induced increase in LF gene expression. An 
analysis ofC/EBP and CDP binding support the hypothesis that an inverse binding ofthese 
factors is necessary for LF induction. We therefore hypothesize that LF expression provides a 
model for a complex interaction of positive and negative regulatory factors influencing tissue
and stage-specific gene expression 1n the myeloid hneage. 

Johnston J, Rintels P. Chung J, Sather J, Benz EJ, Berliner N. The lactoferrin gene promoter : 
Structural integrity and non-expression in HL60 cells . Blood 79 : 2998-3006, 1992. 

Johnston J. Boxer LA. Berliner N_ Correlation ofRNA levels with protein deficiencies in 
specific granule deficiency B lood 80 : 2088-2091, 1992. 

Graubert T, Johnston J, Berliner N. Cloning and expression ofthe cONA encoding mouse 
neutrophil gelatinase: Demonstration of coordinate secondary granule protein gene expression 
during terminal neutrophil maturation _ Blood 82: 3192-3197, 1993. 

Khanna-Gupta A.. Kolibaba K. Berliner N. NB4 cells exhibit bilineage potential andan aberrant 
pattern of neutrophil secondary granule protein gene expression_ Blood 84: 294-302, 1994. 

Khanna-Gupta A.. Zibello T, and Berliner N. Coordinate regulation of neutrophil secondary 
granule protein gene expression . Current Tapies in Microbiology and lmmunology, L Wolff 
andAS Perkins, eds_ Springer-Verlag, Berlín, p. 165, 1996. 

Sigurdsson F, Khanna-Gupta A, Lawson N, Berliner N. Control of neutrophil-specific gene 
expression. Seminars in Hematology, 34 : 303-310, 1997. 

Khanna-Gupta A.. Zibello T, Neufeld E, Berliner N. CCAAT displacement protein (CDP) 
recognizes a silencer element within the lactoferrin gene promoter. Blood 90: 2784-2795, 
1997. 

Lawson N, Khanna-Gupta A.. Berliner N. lsolation and characterization ofthe cONA encoding 
mouse neutrophil collagenase: Demonstration of shared negative regulation of neutrophil -
secondary granule protein gene expression. Blood, 91: 2517-2524, 1998. . 

Berliner N. Molecular biology ofneutrophil differentiation. Current Opinion in Hematology, 
5:49-53, 1998_ 
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NEUTROPHIL AI'OI'TOSIS IN RESOLUTION OF INFLAMMA TI ON 
John Savill, Centre for lnflammation Rescarch, Interna! Medicine, Royal Infirmar-y, Edinbur-glr 
EH39YW, UK 

Neutrophils are prograrnmed for constitutive death by apoptosis which leads to their safe recognition 
and clearance by macrophages ( 1, 2). The molecular basis of constitutive apoptosis in neutrophils is still 
poorly understood but involves endogenous proteases including calpains and caspases (3). The rate that 
neutrophils undergo apoptosis can be regulated by exogenous factors, being promoted by ligation of cell 
surface Fas, tumour necrosis factor-alpha acting via interaction of the 55 and 75 kD receptors and by beta-
2 integrin-mediated phagocytosis followed by release of reactive oxygen species. Conversely, apoptosis 
may be inhibited by lineage-specific survival factors (GM CSF, GCSF), pro-inflammatory mediators (eg. 
LPS and IL-1-beta) and adhesion lo extracellular matrix proteins or other cells. However, the main focus 
ofthis talk is the clearance of neutrophils once they ha ve undergone apoptosis. 

In vivo data indicate that extravasated neutrophils can be cleared by professional phagocytes, 
(rnacrophages) and by semi-professional phagocytes such as glomerular mesangial cells ( 1 ,4). lndeed, 
even in the intravascular space neutrophils undergoing apoptosis may be taken up by macrophages (5). 
Even befare the cells are ingested apoptos is leads lo injury-limiting reduction in the capacity to secrete 
injurious mediators (6), but phagocytic clearance is also injury-limiting in three ways. Firstly, thi s 
prevents release of injurious contents frorn apoptotic granulocytes undergoing secondary necrosis, which 
not only threatens direct tissue injury but can also trigger pro-inflammatory responses once the debris has 
been ingested by macrophages. (7). Secondly, not only does the uptake by macrophages and mesangial 
cells of apoptotic neutrophils fail lo cause release of a range of pro-inflarnmatory mediators including 
chemokines (2,8) but exciting recent data indicate that ingestion of apoptotic cells in fact triggers anti
inflarnmatory effects such as release of TGF beta-! and reduction in TNF-alpha secretion by activated 
macrophages (9). Lastly, uptake of apoptotic ce li s by macrophages appears to prevent the capacit)• of co
cultured immature dendritic ce listo present antigen derived from ingested apoptotic ce listo T -ce lis ( 1 O). 

Phagocyte recognition of apoptotic neutrophils is complex and may involve many receptors (for a 
recent review see ref 11 ). Sorne details will be given in the tal k. However, there are now exciting new 
data which point to pathogenetic perturbation of apoptotic cell clearance in inflammatory and imrnune 
disorders. Firstly, gene-targetted mice deleted for Clq which may bridge apoptotic cells to phagocytes, 
exhibit spontaneous and severe renal inflammation coupled with evidence of failed clearance of apoptotic 
cells (12). Secondly, antiphospholipid autoantibodies which recognise phosphatidylserine exposed on the 
surface of apoptotic cells appear able to opsonise such cells for macrophages, thereby converting the safe 
post-phagocytic response toa pro-inflammatory response including re1ease of TNF-alpha (13). Whether 
such adverse consequences of perturbed clearance can be avoided is not yet clear, but there is obvious 
therapeutic promise in the recent observation that glucocorticoids markedly upregulate phagocytosis of 
non-phlogistic phagocytosis of apoptotic neutrophils (14). Finally, there may a1so be therapeutic 
opportunities in exploiting the capacity of macrophages to direct apoptosis in bystander leucocytes, 
particularly when stimulated by phagocytosis of opsonised particles or apoptotic ce lis ( 15). 

Thus apoptosis in the neutrophil may be regu1ated by exogenous agents for therapeutic gain, and 
makes an important contribution lo resolution of inflammation. Furthermore, perturbation of sa fe 
clearance appears 1ikely to contribute to persisten! inflammatory and immune responses. 

REFERENCES 
1) Savill JS, AH Wyllie, JE Henson, MJ Walport, PM Henson, and C Haslett. 1989. J Clin Invest 83: 865-875 
2} Meaghef" LC, JS Savill, A Baker and C Haslett. 1992 J Leuk Biol52: 269-273 . 

. ., , 3) Knepper-Nicolai B, SB Brown and J Savill. 1998 .. J Biol Chem 273:30530-30536. 
_,. . 4) Savill J, J Smith, Y Ren, C Sarraf, F Abbott, and AJ Rees. 1992 Kidney lnternational42: 924-936. 
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6) Wltyte MKB, Meagher LC, MacDermot J, Haslett C. 1993 J lmmunol 150:5124-5134. 
7} Stem M, J Savill, and C Haslett. 1996 A m J Pathol 149: 911-921. 
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11} Savill J. 1998 Nature 392:442-443 
12) Botto M. Dellagnola C, Bygrave AE. Thompson EM, Cook HT, Petry F, Loas M, Pondolfi PP, Walport MJ. 

1998 NaturcGcnetics 19:56-59 
13} Manfi"edi AA, Rovere P, Galati G, Heltai S, Bozzolo E, SOidini L, Davoust J, Balcstreini G, Tincani A, Sabbadini 
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14) Liu Y, JM Cousin, J Hughes, J van Damme, JR Seckl, C Haslctt, 1 Dransfield, AG Rossi, and J Savill. 1999. J lmmuno!"i< 
15} Brown SB and J Savill. 1999 J lmmunol 162; 480-485. 
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NEUTROPHIL ADHESION UNDER CONDITIONS OF FLOW. 

Scott Simon, S. Heelamegham, E. Hentzen, A. Taylor, and C. Wayne Smith. Section of 

Leukocyte Biology, Department of Pediatrics, Baylor College of Medicine, Houston, Texas 

Using homotypic and heterotypic aggregation as models ofneutrophil adhesion, we have 

analyzed kinetics and molecular mechanisms of adherence and disaggregation over a 

physiologically relevant range of shear rates. The techniques employ rotational viscometry to 

apply precise and uniform shear rates, and flow cytometry to resolve the size distribution of 

aggregates. The kinetics are mathematically modeled based on a theory that describes the 

interaction of spherical particles mixed in a linear shear field. In this experimental setting, three 

phases ofhomotypic adhesion can be defined. The first is detected within seconds of addition of 

agonists (e.g., chemotactic peptide, f-Met-Leu-Phe), and peaks within 30 seconds. The 

efficiency (i.e., the percent of encounters that result in stable adhesion) is remarkably high and 

optimum at shear rates of 400-800 s·• where the estimated duration of contact between cells 

without adhesion is !;6 msec. The second phase is a plateau observed over a period of2 minutes 

in which adhesion is stable when exposed to much higher shear rates (e.g., 3000 s·1
) than those 

allowing optimum aggregation. The third phase is characterized by a rapid transition to 

disaggregation, the rate ofwhich is directly proportional to the magnitude ofthe shear stress at 

rates >400 s·•. At shear rates of 400 s·• or less, aggregation is sustained. 

Current evidence indicates that the following adhesion molecules are involved in the peak 

efficiency at optimal shear rates of 400-800 s·•: L-selectin (CD62L) interacting with PSGL-1 

(CD162), Mac-1 (CD11b/CD18) interacting with an unknown 1igand, and LFA-1 (CD11a/CD18) 

interacting with ICAM-3 (CD50). Ifthe L-selectin pathway is blocked, aggregation fails to 

occur when shear rates are 400 s·• or higher, though a low efficiency aggregation occurs at shear 

rates of l 00 s·• where the estimated duration of ceit contact in the absence of adhesion is 25 

msec. If either the Mac-1 or LFA-1 pathway is blocked, adhesion efficiency at 400 s·• is reduced 

by - 40%, and ifboth are blocked, aggregátion fails to occur at any shear rate tested. 

Distinctions between LF A-1 and Mac-1 functions can be demonstrated. Aggregation dependent 

on LFA-1/ICAM-3 is rapid and transient, lasting <2 minutes, while aggregation dependent on 

Mac-1 is slower to develop but sustained for at least 1 O minutes. These adhesion pathways form 

a necessary cascade enabling stable adhesion to occur efficiently at physiologic shear rates of 

400-1600 s·•. The L-selectin-dependent step functions within the brief contact durations ( <6 

msec) ofthese shear rates, and prolongs intercellular contact long enough ( 25 msec) for LFA-

1/ICAM-3 adhesion to occur. Mac-1-dependent adhesion then follows and allows more 
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prolonged stable adhcsion. In addition to the tethering function, L-selectin may signa! enhanced 
function of Mac-1. 

In a heterotypic model employing these techniques, 300.19 cells expressing human 
ICAM-1 ata density comparable to that of cytokine-stimulated endothelial cells were allowed to 
interact with human neutrophils at various shear rates from 90-1500 s·1

• Peak efficiency of 
adhesion following addition ofthe agonist f-Met-Leu-Phe was seen between 90-300 s·l, 
diminishing proportionally with higher shear rates. Distinctions bctween LFA-1- and Mac-1-
dependent adhesion were cvident. LFA-1 adhesion was rapid and transient, peaking in 1 minute 
and retuming to baseline within 3 minutes. Mac-1 adhesion was much slower (peaking at 5 
minutes). The efficiency ofLFA-1-dependent adhesion was -2.5X greater than that ofMac-1, 
accounting for most of the initial peak adhesion at 1 minute. These results indicate that CD 18 
integrins Mac-1 and LFA-1 can cooperate to support adhesion to ICAM-1 underflow, with LFA-
1 providing the efficiency needed for rapid adhesion, and Mac-1 sustaining the attachment. 

References: 

Simon, S.L, S. Neelamegham, A Taylor, and C. W. Smith. 1998. The multistep process of 
homotypic neutrophil aggregation: A review ofthe moleculcs and effects ofhydrodynamics. Cell 
Adhes. Commun. 6:263-276. 

Smith, C.W., S.L Simon, and H. Jaeschke. 1999. Multistep processes in neutrophil homotypic 
aggregation and tissue injury. In Cytokines in severe sepsis shock. H. Redl and G. 
Schiag, editors. Birkhauser Publishing, Ltd., Base!. 173-197. 
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Ncut.·ophill\1cchanisms of Adhcsion 

Nancy Hogg, Matthew Robinson and Richard May 

Leukocyte Adhesion Laboratory, Lincoln's lnn Fields, LONDON WC2A JPX, UK 

A neutrophil can be recruited toa site ofinjury within two hours. This migration is a 

multistep process employing adhesion receptors acting in a specific sequence. First the 

neutrophil rolls in a loosely tethered fashion along the vessel by means ofthe selectins. Then 

following receipt of an activating stimulus, it uses the 132 integrins to firmly adhere to and 

migrate across the vascular endothelium under the influence of chemoattractants. These 

factors include chemokine family members such as human IL-8 (CXC) or the murine 

homologue MIP-2, the bacteria! peptide fMLP, activated complement factor CSa, 

leukotriene LTB4 and PAF. Attention has recently tumed toa subset ofthe S lOO family 

which consist oflow molecular mass (approximately IOkDa), calcium binding proteins with 

restricted tissue distributions ( 1 ). Sorne members of the S 100 family ha ve been demonstrated 

to have proinflammatory etfects by acting as chemoattractants. For example psoriasin 

(S 1 OOA 7) exhibits chemotactic activity towards neutrophils and and T cells but not 

monocytes and S l OOL (S 1 OOA2} has chemotactic activity for eosinophils. CP-1 O (S l OOA8) 

is reported to be an extremely potent chemotactic factor for murine myeloid cells with an 

activity of 10"13M {2). 

In man, MRP-14 (S l OOA9) is coexpressed in myeloid cells with a dosel y related molecule, 

MRP-8 (S 100A8), with which it forms an MRP-8/14 heterodimer and together they 

account for 45% ofthe cytosolic protein in human neutrophils (3). Human MRP- 14 

(huMRP-14) stimulates neutrophil adhesion to ligand fibrinogen by activaling the 132 integrin 
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Mac-1 ( 4). MRP-8 ncgatively regulates thc proadhcsive effecl of MRP-14 by forming a 

heterodimer with a 1: 1 stoichiomelry. This proadhesive effect is very selective since 

huMRP-14 fails to induce any chemotactic activity and also fails to exhibit other features of 

the stimulated neutrophils such as neutrophil shape change, L-selectin shedding, Ca2
' flux or 

respiratory burst. In order to discover whether the findings obtained previously with human 

MRP-14 translate to the murine version of the protein and al so to further understand the 

biology and proinflammatory properties of the S 100 proteins in general, we ha ve cloned and 

characterised the activity of murine MRP-14 (muMRP-14) both in vitro and in vivo (R. 

May-see poster) . MuMRP-14 is also proadhesive and seems not to actas a chemoauractant. 

However, it does cause a Ca2
' flux in unprimed neutrophils suggesting that it can signal into 

the cell. Unexpectedly, muMRP-14 induced an in vivo chemotactic response similar in 

magnitute to fMLP . At present we are investigating whether this response might be indirect. 

Further features ofthese interesting neutrophil proteins will be discussed. 

Rcfcrcnccs : 

l. Schafer B.W. and C.W. Heizman, TIBS 21 :134-140, 1996. 

2. Geczy, C, Bioch. Biophys. Acta. 1313: 246-253, 1996. 

3. Hessian, P.A., Edgeworth, J. and N. Hogg J. Leuk. Biol. 53: 197-204, 1993. ,• 

4. Newton, R. and N. HoggJ. Immunol. 160:1427-1435, 1998. 
.:,í L.J ~ 

- !1' ¡j 

:·' ' .. : ;:..; 

,. _, ;"" ,:j 
. : l - .-' 1 : 

1 • . 

Instituto Juan March (Madrid)



29 

METABOLIC CLOCKS AS SIGNALING DEVICES IN NEUTROPHIL ACTIVATION 
ANO MOTILITY 

Howard R. Petty 
Department of Biological Sciences, Wayne State University, Detroit, MI 48202 

The hallmark of signal transduction is generally believed to be the 
appearance of a phosphorylated protein, cAMP, or calcium in a cell's cytosol. 
However, recent studies have suggested that calcium oscillations may encode 
information in their frequencies (1-3}. Oscillations in pyridine nucleotides (NADH 
and NADPH) have also been observed. 1 propase a new modal of neutrophil 
signaling during activation and motility wherein amplitude and frequency 
modulation of intracellular metabolite concentrations (e.g., NADPH) encode 
signaling information (4-6). 

Resonance energy transfer (RET) studies of CR4 (complement receptor 
type 4}-to-uPAR (urokinase receptor) interactions revealed oscillatory receptor 
proximity relationships, which suggests a long range ( -2 J.Lm) temporal coherence 
in receptor properties. The oscillation period was 20 sec. for unstimulated cells 
and 10 sec. for stimulated cells (FMLP, fibrinogen, immune complexas, etc.). The 
receptor proximity oscillations appear to be directly associated with the signal 
transduction apparatus because sub-saturating doses of kinase inhibitors 
increased the oscillation's risetime whereas phosphatase inhibitors increased the 
oscillations' declination time. Control experiments indicate that these receptor 
oscillations were not due to other physical effects, such as changes in cell 
thickness. Why then does the signaling apparatus osclllate? Signaling 
oscillations are apparently dueto oscillations in metabolite concentration. By 
measuring the autofluorescence of NAD(P)H. we found that it oscillates with the 
same periods as receptor proximity oscillations under all experimental conditions. 
However, the phase of receptor osclllations was shifted 180° relativa to NAD(P)H, 
suggesting that receptor proximity oscillations may be associated with A TP 
oscillations. Thus, cell metabolite flux is a chemical signal for a cell function to 
appear whereas the associated kinases may be the conduit through which 
signals pass (4). This concept contrasts sharply with current reaction-diffusion 
models of phosphorylation slgnaling. 

Oscillations In oxidant production and pericellular proteolysis have been 
studied during cell mlgration In gel matrices containing reporters for these 
functions. Oxidant production, a previously described oscillator, and pericellular 
proteolysis were shown to oscillate during celllocomotion (5). We propase that 

NADPH oxidase phosphoryfation may "tune" the oxidase's K,¡ to intercept the 
"signar NADPH oscillations, which are then decoded into a series of superoxide 

bursts. Kinetic studies have shown that when NADPH is near lts peak 
concentration, the production of superoxide by the NADPH oxidase is also near 
its maximal rata. Furthermore, the amount of superoxide production parallels 
NAD(P)H amplitude and trequency changes (6). Superoxide oscillations may, in 
turn, explain the multiple, periodic cytolytic events observad during cell-mediated 
cytotoxicity (7). Pericellular proteolytic oscillations are out-{)f-phase with 
NAD(P)H oscillations, suggesting that they are driven by another metabolite. 
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Severa! experiments support or are consistent with the proposed model of 
signaling. NAD(P)H oscillations with 1 O or 20 sec. periods are found during cell 
locomotion, phagocytosis, and spreading. Other workers have suggested that 
neutrophils possess an intemal dock to support cell migration; metabolic clocks 
may represent this time-keeping mechanism. lndeed, we have recently shown 
that neutrophils compare FMLP concentrations at 1 O sec. intervals to initiate 
changes in cell polarization (8). Cells are also capable of detecting mechanical 
stimulation vía applied electric fields when frequency and phase matched with 
intracellular metabolic oscillators (9); neutrophlls respond to these periodic torces 
by increasing the NAD(P)H amplitude 3-fold and extending to -40-50 J.Lffi in 
length. Anti-inflammatory compounds, such as indomethacin can reduce the 
amplitude and frequency of NAD(P)H oscillations. Neutrophils from pediatric
onset pyoderma gangrenosum patients display aberrations in intracellular 
oscillators and motility or shape that can be ameliorated by pharmacologic or 
physical perturbations which restare sinusoidal oscillations (1 O, 11 ). 

We have also tested the role of intracellular oscillators in cytokine signaling 
in RAW264 macrophages. IFN-y treatment for 4 hr led to increased NAD(P)H 
amplitude 3-fold. IL-6, IL-2, TNF-a and IL-1 ~ alone had no effect on cells. 
However, addition of IL-6 or IL-2, but not TNF-a or IL-1~. to IFN-ytreated cells 
doubled NAD(P)H oscillation frequency. NO production, which incrementally 
increased in phase with the NAD(P)H oscillations, was doubled after IL-6 or IL-2 
treatment of IFN-y primed cells in comparison to cells treated with only IFN-y. 
Amplitude modulation appears to be a key in frequency doubling since electric 
field exposure restares IL-6 and IL-2 frequency doubling in the absence of IFN-y. 
Thus, amplitude and frequency modulation may contribute to synergistic cytokine 
singaling and entrain NO production, which utilizas NADPH as an electron donar. 

We suggest that cell oscillators may be linked to cellular functions such as 
kinase/phosphatase pathways, oxidant production, pericellular proteolysis, 
cytolysis and microfilament extension (6). This may also account for previously 
reported neutrophil oscillations in actin assembly, shape change, oxidant 
release, membrane potential, and calcium. Hence, leukocyte metabolic clocks 
may contribute to signaling at a time-scale of seconds and drive certain functions. 
l . Dolmetsch, R. E., Lewis, R. S., Goodnow, C. C. & Healy, J. l . (1997} ~ 386:855. 
2. Becridge, M. J. (1997) ~ 386:759. 
3. De Koninck, P. & Schulman, H. (1998) ~ 279:'1:17. 
4. Kindzelskii, A. L .• Eszes, M. M., Todd m. R. F. & Petty, H. R. (1997) Biopbys J 73:1777. 
S. Kindzelskii, A. L . Zbou, M J., Haugland. R. P., Boxee, L. A. & Petty, H. R. (1998) Bjophys 

L 74:90. ._ ; ( \..;; 
6 . Petty, H. R. ( 1999) In: SeJf.Qrganju;d Bjoloeical Pynamics aod Non linear Control by Externa! 

Stimuli (J. Wa11eczek, Ed.) Cambridge Univ. Press, Cambridge, UK. ·.; o:J riT 
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"Polarization of adhesion molecules and its interaction with ERM actin
binding proteins in chemoattractant-stimulated neutrophils". 

Jose Luis Alonso, Carmen Dominguez, Juan Serrador, Francisco Lozano 
and Francisco Sánchez-Madrid. 

Servicio de Inmunología, Hospital Universitario de la Princesa 
Universidad Autónoma de Madrid. 

Chemoattractants are able to switch the neutrophil shape from a spherical to a polarized 
motile morphology with the formation of a uropod at the rear ofthe cell. We ha ve 
studied here the changes in the redistribution of adhesion molecules triggered by 
different chemoattractants as well as the neutrophil-membrane interactions with proteins 
ofthe Ezrin/Radixin/Moesin (ERM) family. lmmunofluorescence analyses showed that 
the PSGL- 1, ICAM-3, CD43, and CD44 molecules are redistributed to the uropod of 
neutrophils stimulated with chemokine IL-8, classical chemoattractants CSa or fMLP, 
and the chemotactic cytokine IL-15 . The ERM protein moesin co-localized with PSGL-
1 and ICAM-3 in the uropod ofthe chemoattractant-activated neutrophil. We ha ve 
investigated the possible interaction ofPSGL-1 and ICAM-3 with ERM actin-binding 
protein. The association ofiCAM-3 and moesin was demonstrated by their 
copurification from neutrophil lysates with an anti-ICAM-3 immunoaffinity 
chromatography column, followed by Westem blot. The interaction ofmoesin with 
PSGL-1 and ICAM-3 was also analyzed by precipitation from metabolically labeled 
I-ll...-60 cells with GST -fusion proteins containing the cytoplasmic domains of PSGL-1 
and ICAM-3 .The PSGL-1 cytoplasmic domain co-precipitated severa! bands of75-78, 
81, 90 and 110 kDa while ICAM-3 cytoplasmic domain co-precipitated only the 75-78 . 
kDa bands. Analyses ofWestem-blots carried out in parallel revealed that the 75-78 
kDa bands corresponded to moesin and the 81 kDa band bound to PSGL-1 was ezrin. 
These data suggest that interactions of cell adhesion molecules and ERM actin-binding 
proteins could be regulated during neutrophil migration towards gradients of 
chemoattractants. Moreover, interactions ofPSGL-1 with so far unidentified proteins 
could faciíitate the leukocyte rolling on endothelial cells. 
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rr·otcin and lipid kinascs in chemokinc-mcdiatcd lcukocyte activation 
Marcus Thelen, Theodor Kocher lnslitute. Unverisily of Bern, CH 3000 Bern 9 

Sclcctivc attraction of particular lcukocytcs to inflammatory sitcs orto lymphoid organs is 
mcdiatcd by chcmokincs. Thc spccificity of the response is ensurcd by distinct ligand receptor 
intcractions. Chemokines comprise a large family of structurally relatcd 7-1 O k Da proteins . 
Today four subgroups, the CXC, CC, CX3C and C~hemokincs have bcen defincd depending 
on the spacing of their cystein residues that are essential for the formation of functional 
intramolccular disulfide bridges. In the case ofthe well characterized CXC chemokines thc 
first two cysteins are separatcd by an amino acid, whereas they are adjcent in cc~hemokines 
( 1 ). All known chemokines bind to heptahelical rcceptors that are couplcd to B. pertussis 
toxin sensitive heterotrimeric G;-protcins . However, severa( chemokines can bind to thc same 
receptor and one chemokine can bind to severa( rcceptors. To this promiscuity sorne 
exception do exist. where a chemokine only binds to one receptor. Such receptor ligand pair is 
the SDF-1 the CXCR4 couple. Target gene disruption ofboth, SDF- 1 or CXCR4 results in a 
similar phenotype with developmental and B cell lymphopoiesis defects (2,3). The 
observations indicare that the chemokine system not only functions in inflammation but also 
fulfills an important role in hemostasis and in embryogenesis. Moreover severa! chemokine 
rcceptors actas co-receptors in HIV infection of CD4+ ce lis, in particular CCR5 and CXCR4 
which are essential for the infection with primary isolates of R5- and X4-tropic HIV strains. 
respective( y. 
Signa( transduction through G; proteins leads d1e rapid elevation of intracellular free calcium 
vía the release ofJ3y subunits and the activation ofthe phospholipase C,B-isoforrns. In 
addition, chemokine receptors mcdiate the activation ofmultiple protein and lipid kinases (4) . 
Early experiments revealcd iliat neutrophil responses, such as the respiratory burst and 
exocytosis are inhibitcd by pretreatrnent ofthe cells with the fungal metabolite wortmannin 
(5). Purification of the target of wortmannin from human neutrophils showed that the 
inhibitor selectively binds Pl3-kinase (6). Express ion of a membrane targetcd PI 3-kinase 
(pl!OCAAX) in hematopoietic cells results in constitutively elevated levels of PIP), the basal 
phosphorylation ofthe NADPH~xidase component p47p~o<x, and the stimulus independent 
activation of protéin kinase B (Akt!RAC-PK) (7). The latter finding indicatcd that protein 
kinase B is a downstream effector of PI 3-kinase. In severa! cell systems protein kinase B was 
shown to stimulate cell survival by the activation of anti-apoptotic padJways through the 
phosphorylation of8AD and caspase-9. We could demonstrate that chemoattractants, such as 
fMet-Leu-Phe and the CXC~hemokines !lA and GROa stimulate the transient activation of 
protein kinase 8 in neutrophils (8) . Chemokines also trigger the RasiRaf signaling cascade 
leading to MAP-kinase activation in a PI 3-kinase-independent fashion. Comparison of the 
efficiency of different chemokines to actívate protein kinase 8 and MAP-kinase in Ieukocytes 
discloscd the induction of distinct levels ofp~in kinase B and ERK-2 activity. Stimulation 
with !P-10 (CXCR31igand) or LARC (CCR61igand) resultcd in a borderline kinase 
activation. Wher-cas li.A (CXCRI ligand), MCP-1 (CCR21igand), ELC (CCR7 ligand) and 
MI P-I J3 (CCR5) induce the transient activation of the kinases. Most striking was the effect of 
SDF-1 (CXCR4ligand) which stimulates a sustained activation ofboth kinases, which can 
last for up to two hours. However, addition of SDF-1 caused the rapid intemalization of 
more than 75% ofCXCR4 within 10 min. By contrast, the activity ofprotein kinase B and 
ERK-2 required the continuos interaction of SDF-1 with its receptor CXCR4 at the cell 
surface, since addition of the a specific receptor antagonist instantly abrogated the response. 
Furthermore, the addition ofthe antagonist also led toa rapid decrease in the levels of3-
phosphoinositides, indicating iliat a continuous supply of PI 3-kinase products is necessary to 
maintain sustained protein kinase B activity. Taken together, the results demonstrate iliat a 
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fraction of cell surface expresscd CXCR4 is requircd and sufficient to propagate sustaincd 

S D F -1-induccd signa( transduction . 
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The Role of Lipids Signaling in the Regulation of 
Polymorphonuclear Leukocytes (PMN) Phagocytosis. 

Author: Laurence A. Boxer, M. D. 

The stimulation of human PMN with ElgG occurs via binding of FcyRII. 
In turn FcyRII-mediated engagement is association with signaled 
transduction steps leading to ERK 1 and ERK 11 phosphorylation and 
activation. We found that ElgG is a potent stimulus for the 
translocation of PKCó, a calcium-independent isoenzyme of PKC, to 
the plasma membrane of PMN during phagocytosis of ElgG. 
Coincident with PKCó translocation to the plasma membrane during 
phagocytosis, Raf-1 is translocated. The appearance of PKCó and 
Raf-1 in the plasma membrane by three minutes during phagocytosis 
of ElgG correlated with the maximal rise of diradylglycerol (DRG) 
generated from phospholipase D activation. We also found that 
translocation of Raf-1 to the plasma membrane led to activation of 
ERK through the ability of Raf-1 to actívate MEK, a kinase that directly 
activates ERK Following the activation of ERK, we found that ERK 
activation led to phosphorylation of myosin like chain kinase (MLCK) 
thereby linking the MAP kinase pathway to activation of cytoskeletal 
components which are required for pseudopod formation. The 
kinetics of MLCK activation indicated that MLCK activity targeted 
ingestion with peak MLCK activity during phagocytosis occurring at 4-
6 min. The activity of MLCK increased 3-to-5 fold as measured by the 
phosphorylation of the MLCK substrate peptide sequence derived 
from the primary structure of myosin light chain. The MLCK inhibitor, 
ML-7 (10 J..LM) inhibited both phagocytosis of ElgG and MLCK activity 
to basal values thereby supporting linkage between the functional 
response and the requirement for MLC activation. In the presence of 
the MEK inhibitor, PD098059 phagocytosis and MLCK activity was 
reduced by approximately 50% while ERK activity was reduced by 
85%. To directly link ERK activation to MLCK activation, ERK was 
immunoprecipitated from PMN which had ingested ElgG. The 

. isolated ERK in increasing concentrations was incubated with PMN 
cytosol to which the MLCK peptide was added. Under these 
conditions phosphorylation of MLCK substrate occurred in a 
concentration dependent fashion. Since MLCK activates myosin, we 
evaluated the effect of directly inhibiting myosin ATPase. When PMN 
challenged with ElgG were incubated with 2, 3-butanedione 
monoxime, an inhibitor of myosin ATPase, phagocytosis was inhibited 
by greater than 90%, but MLCK activity remained unaffected. These 
results are consistence with the notion that MEK activates ERK and 
ERK, in turn activates MLCK and then MLCK activates myosin. The 
latter being a critica! component of the cytoskeleton that is involved in 
pseudopod formation. 
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latter being a critica! component of the cytoskeleton that is involved in 
pseudopod formation. 

Not only is PLD activated during phagocytosis to generate DRG to 
actívate PKCó, but during phagocytosis of ElgG the sphingomyelin 
pathway is activated. We found that generation of ceramide and as 
well as its metabolite sphingosine are capable of inhibiting 
phagocytosis through their ability to inhibit ERK activation. We found 
that we are able to restare phagocytosis by treating PMN with 
exogenous diglyceride. The addition of diglyceride leads to activation 
and translocation of PKCó and Raf-1 to the plasma membrane which 
in turn allows activation of ERK, thereby substantiating the role of this 
critica! pathway in the phagocytic response. We have found that 
ceramide and sphingosine activation peaks at 30 minutes, a point at 
which phagocytosis is terminated; thereby supporting the role of 
these lipids in regulating the phagocytic response 

-.. ·:.; 
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Mcchanisms of phagosomc fonuation and maturation. 
L. 13ajno. R. 13otclho, W. Trimblc, A. Sd1rcibcr and S. Grinstcin . 
Ccll13iology Programmc. Hospital for Sick Childrcn. Toronto. Canada . 

Nascenl phagosomcs maturc by fusing with cndomcmbranc compartmcnts which 
indude endosomes and lysosomes. Thcsc endomembrancs (use active! y and preferentially 
with the phagosomal membrane. Thc mechanisms rcsponsiblc for thc vccto_rial fusion of 
endosomes with the phagosomal membranc are not known . In other systcms, thc 
selectivity of defined fusion events is dictated by the uniquc combination of S N ARE 

proteins prcsent in thc vesicular and target membrancs (1) . 13ecause early and recycling 
endosomes ha ve been reported to express V AMP-3 (cellubrevin). wc studied the role of 
this S N ARE in the early steps of phagosomal maturation. Treatment of cells with toxins 
that cleave V AMP-3 greatly reduced the efficiency of phagocytosis (2). Moreover, 
V AMP-3 was found to incorporate into the membrane ofthe nascent phagosome. This 
was readily apparent in cells transfected with constructs of V AMP-3 tagged with enhanced 

green fluorcscent protein (EGFP). The fluorescenl chimeras of V AMP-3 were found to 
accumulate in the arca ofthe forming phagosome, suggesting that localizcd fusion of early 
endosomcs precedes complction ofphagocytosis and may in fact be an esscntial component 
ofthis response. Experiments using antibodics to the chimcra are in progress to verify the 
occurrence of exocytosis prior to phagocytosis. Jointly. thcse expcriments suggest that 
focal secretion of endomembrane vcsiclcs. induding endosomes bearing V AMP-3 . is an 
importan! componen! of phagosome formation. 

The proccsses ofphagosomal and endosomal maturation bear a strong resemblance. 
Like nascent phagosomes, endocytic vesides fuse sequentially with early endosomes, which 
in tum merge with late endosomes and eventual! y with lysosomes. Biochemical and 
genetic studies ha ve shown that coatomer (COP-1) is essential for budding of early carrier 
vesides from early endosomes destined to the late endosomes. We therefore studied 
whether COP-1 assembly is also required for phagosomal maturation. We used Chinese 
hamster ovary ld/F cells, which bear a temperature-sensitive mutation in E-COP (3). At the 
non-permissive temperature, delivery of endosomal contenls lo the lysosome is impaircd in 
ld!F cells. These cells were made phagocytosis-compelenl by stable transfection ofthe 
FcyRIIa receptor. At the permissive temperature (34°C) thesc cells internalized lgG
coated particles into phagosomes, that fused sequentially with early/recycling endosomes 
and with late endosomesllysosomes, as revealed by immunofluorescence oftransferrin 
receptors and LAMP-1, ·respectively. Incubation of thcse cells for 6-8 h at the restrictive 
temperature (39°C) resulted in the disappearance ofimmunoreactive E-CO P. 
Disappearance ofE-COP-under these conditions was verified functionally: in such cells 
fiuid-phase markers taken up by endocytosis never reached the acidic lumen ofthe 
lysosomes. Nevertheless, phagocytosis proceeded under these conditions. More 
importantly, fusion of endosomes and lysosomes with the phagosome was also obsecved. 
The kinetics of phagosomal maturation was similar in cells with and without E-COP. 
Moreover, phagosomal acidification was also indistinguishable, reaching pH 4.1-4.3 in both 
cases. These findings provide evidence that phagosome maturation is essentially 
independent from COP-1 assembly and is therefore not truly parallel to the proccss of 
endosomal maturation. 
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Molecular Oissection of Fcy Receptor Mediated Phagocytosis 
Zena K. lndik, Paul Chien, Sergio Grinstein and Atan D. Sctueiber 

The macrophage Fcr receptors provide a majar mechanism for the dearance of lgG coated celts . 
The family of Fc;y receptor proteins indudes the macrophage high affinity receptor FcyRt as 
welt as receptors of the FcyAII and FcyAIII dasses. In arder to dissect on a molecular tevel 
which Fcy receptors transmit a phagocylic signa! and !he receptor sequences invotved. we have 
established model systems in which Fcr receptors are transfected into cells which do not 
express endogenous Fe receptors. 

We have determined that each of the three classes of Fcy receptors contains a gene product which 
can mediate phagocytosis. These are FcyAI, FcyAIIA, and FcyAIIIA. FcyRIIA mediales a 
phagocytic signa! in the absence of an accessory subunil, whereas FcyAI and FcyAIIIA require an 
associated r subunit. The mechanism of the FcyAI/y and FcyRIIIA/r phagocytic signa! differs 
from that ot FcyAIIA in severa! respects, most notably in the interaction(s) with the critica! 
tyrosine kinase Syl< in the initial stages of receptor signa! transduction . Studies with human 
monocyteslmacrophages using antisense Syk kinase which specifically ablates Syk kinase 
expression have determined the requirement of Syk for phagocytosis by FcyRI and FcyAIIA. 

Of note, FcyRI, in contras! lo FcyAIIA, does nol conlain tyrosines in its cytoplasmic domain. We 
have determined that the cytoplasmic domain of FcyRI is nol required for lhe FcyRI/y mediated 
phagocytic signa!. Nevertheless, we have observad that the FcyAI cyloplasmic domain can 
transmit a ca2+ signa! in the absence of the y chain. The FcyAI cytoplasmic domain is unusual 
in that it does not contaln tyrosines but rather serines in a sequeoce suggesting a signaling 
recognition site. The FcyAI cytoplasmic domain rnay also interact with lhe FcyAI y subunit to 
facilitate activation of other gene programs. 

Epilhelial cells which do not express endogeoous Fe receptors can be induced to mediale 
phagocytosis of tgG coated cefls following transfeclion with Fcy receptors. Epithelial cells in the 
liver transfected with Fcy receplors mediate the clearance of tgG containing immune complexes. 
Following Fcy receptor transfection, the resulting phagosomes closely resemble those of 
macrophages. The advent of fluorescent proteins such as green fluorescent prolein (GFP) has 
revolutionized our ability lo monitor the behavior of proteins in situ and has provided us with a 
non-invasive means to study FcyRI/y distribution and protein-protein-interactions during 
internalization. 
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Components of the NADPH oxidase of phagocytic cells and their abnormality in the 
molecular pathology of Chronic Granulomatous Disease (CGD). 
Anthony W Segal, University College London, 5 University Street, London WClE 6JJ. 
Telephone 44 171 2096175 email t.segal@med.ucl.ac.uk 
Phagocytic cells of the immune system contain an oxidase that is important for the killing 
and digestion of engulfed microbes. This oxidase is an electron transport chain that 
transfers electrons from NADPH in the cytosol to oxygen to form superoxide and 
hydrogen peroxide in the phagocytic vacuole. Absence or abnormality of this oxidase 
results in the syndrome of CGD, characterised by a profound predisposition to infection. 
This electron transport chain consists of a flavocytochrome b located in the plasma 
membrane and membrane of the specific granules. lt is composed of a and P subunits, 
with apparent molecular masses of 23kDa (p22phox) and 76-92kDa (gp91phox) 
respective! y. The subunit is a member of the FNR family of reductases with F AD and 
NADPH binding sites in the C terminal half. We have been able to construct a model of 
this FNR like region of the P subunit, based upon the crystal structure of FNR, which acts 
as a guide to the organisation of the molecule, and pro vides a template on which to map 
mutations in CGD. The N terminal half has a number of transmembranes helices that 
contain the binding sites for the two haems. 
Three specialised proteins, p4oPhox, p47phox and p67Phox, all of which contain SH3 
domains, and the small GTP binding protein, p21rac, in the cytosol are required for 
activation of electron transport. Oxidase activity can be reconstituted in a "cell-free 
system" from these proteins, although p4oPhox , which normally forms a complex with 
p67Phox, and might be important for its natural regulation, is not required in this in vitro 
system. The cytosolic phox proteins are associated with the cytoskeleton through an actin 
binding protein, coronin, which was first described in amoebae, and might be important in 
the spacial and temporal regulation of the activity of the oxidase. p4 7phox binds, and is 
phosphorylated by, the catalytic fragment ofPKC for which it acts as a regulator. 
Defects of the components of the flavocytochrome, and of p47phox and p67Phox, account 
for almost all cases of Chronic Granulomatous Disease (CGD), in which this electron 
transport chain is defective. This oxidase system is important for the killing and digestion 
of bacteria and fungi. This might be accomplished in a number of ways. The oxidase 
produces superoxide and hydrogen which might themselves be toxic. The hydrogen 
peroxide can act as substrate for myeloperoxidase which can oxidise chloride and iodide to 
chlorine and iodine and their hypohalous acids. 
The proteins contained within the cytoplasmic granules are also very important in the 
killing process. These are neutral proteinases that require a neutral or slightly alkaline pH 
for optimal activity. The oxidase transports electrons, unaccompanied by protons, across 
the wall of the phagocytic vacuo le, resulting in an elevation of the vacuo lar pH, thereby 
optimising conditions for killing and digestion of engulfed organisms by these neutral 
proteinases. The retention of undigested bacteria! and autologous debris within the 
phagocytic vacuo les is probably responsible for the formation of the granulomata within 
the tissues that are so characteristic of CGD. 
Reference 
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Structure-function relationships of cytochrome b 558 

Dirk Roos 
Central Laboratory of the Netherlands Red Cross Blood Transfusion Service and Laboratory 
for Experimental and Clinicallmmunology, Academic Medica/ Center, University of 
Amsterdam, Amsterdam, The Netherlands. 

Neutrophils and other professional phagocytes (monocytes/macrophages, eosinophils) 
destroy microorganisms by phagocytosis and intracellular killing . The killing process is 
mediated by the joint action of proteins released from the granules and reactive oxygen 
products generated by the NADPH oxidase enzyme. This enzyme consists of severa! 
subunits, each encoded by a separate gene. Mutations in any of these genes may cause 
Chronic Granulomatous Disease (CGDJ. This disease is arare (1 :250,000) 
immunodeficiency, characterized by recurrent. life-threatening infections of the 
subcutaneous tissues, airways, lymph nades, liver and bones with bacteria. fungi and 
yeasts . The majority of the CGD patients (about 70%) suffers from the X-linked form of 
the disease, caused by mutation in CYBB, the gene that encodes the beta subunit of 
cytochrome b 558, also called gp91 pho•. This protein is the actual enzymatic unit of the 
NADPH oxidase. lt contains an FAD moiety and two hemes, binds NADPH and reduces 
molecular oxygen to superoxide . Mutations in three other subunits cause autosomal forms 
of CGD. This concerns the alpha subunit of cytochrome b 558 (p22phox), needed for 
stabilization of the cytochrome in the plasma membrane of the phagocytes, and the 
cytoplasmic proteins p47pho• and p67pho• that translocate to the cytochrome during cell 
activation, a process needed for induction of enzymatic activity alter phagocytosis of 
micro-organisms. 

Over the past five years, the mutations in severa! hundreds of X-CGD families have 
been identified. The spectrum of these mutations proved to be very heterogeneous: 
deletions ranging from several megabases to one single nucleotide, insertions from 2 
kilobases to one nucleotide, splice site mutations. missense mutations ano nonsense 
mutations, everything except inversions were found . Most of these mutations are specific 
for one X-CGD family, proving the absence of a founder effect. Only a few hot spots exist. 
mostly in CpG sequences. The mutations are scattered over all exons and exon-intron 
boundaries and usually lead to instability of mRNA and/or gp91pho• protein. Only a few 
mutations lead to partial expression of gp91 pho•, causing a concomitant decrease in NADPH 
oxidase activity. Even more rare, a dozen mutations have been identified that cause a 
normal expression of a completely inactive gp91pho• protein. 

Sofar, X-CGD mutation analysis has been mainly used for two purposes: prenatal 
diagnosis in families with previously identified X-CGD patients and structure-function 
analysis of gp91.,..._ In our own laboratory, we have performed prenatal diagnosis in ten 
pregnancies at risk in families from six different European countries. Such investigations 
are always performed in cooperation with a dinical-9enetic center that checks the fetal 
origin of the DNA, often performs additional marker gene analysis. and presents the results 
to the families. Conceming structure-function analysis, especially the mutations that lead 
to expression of inactive gp91.,... have provento be of great value. Further evaluation of 
such mutated proteins have led to the recognition of NADPH, heme and FAD binding 
regions in the protein as well as to sites of interaction with other NADPH oxidase 
components. Similar mutations in other oxidase components have provided insight in the 
mechanism of enzyme activation. Mutations in the promoter region of CYBB are used for 
the identification of transcription factors involved in gene expression . 

Mutations in the autosomal CGD genes fall into two categories: those in CYBA (for 
p22pho"l and NCF2 (for p67pho"l are very rare (accounting for about 5% of all CGD cases) 
and are as heterogeneous as those causing X-CGD. However. the mutations in NCF1 (for 
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p47"'~') are more common (about 25% o( all CGD cases) and almost always the same. i.e . 

a GT dinucleotide deletion at the start of exon 2 . This last phenomenon is caused by 

recombination events during meiosis or DNA repair between NCF1 and two pseudogenes 

that both lack the GT sequence . 
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Gene Therapy for Chroaie Graoulomatous Discasc 

Harry L. Malech, M.O~ Laborato¡y of Host Defcnses, Nationnllnstitutc of Allcrgy and Jnfectious Diseases. 

Chronic gJallU!omatous discasc (CGD) is an inhericc:d immune deficiency associated with recurren( infections 

and affccting 1 in 200,000 people. Phagocytic cclls (neutrophils, monocyte:s and eosinophlls) fail to produce 

microbicidal bydrogen pero.xide because therc is a defect in the supcroxide-generating phagocyte NADPH 

oxidase. 'Ihere are four genctic forms of CGD with a common phenotype, each genetic fonn resulting from 
mutations in ¡u¡y one ofthe 4 genes encoding subunits ofthe phagocytc oxidase (phox). The most common 

and severe fonn of CGD is X-linked, gp91 phoJC deficiency atfecting two-thirds of parients. lb e oext m ose 
common torm is BUtosomal recessive, p47phox deficiency affccting about 30% of patieots. In a fiCSt tri al of 
gene therapy 5 patients with p47phox deficient CGD were treated with a single cycle of gene therapy using 

amphotropic MFGS-p47pbox rcttovirus vector for ex vivo tr.10sduction of G-CSF mobilized peripheral blood 

CDJ4+ cells (Malech ct al, PNAS 94:12133, 1997). In that study sen1m free medium was used for the 
culture and transduction aod the Nexell Therapeutics, l.solex® 300 stem cell selection system was used to 
purifY CD34+ cclls which were cultured in tbe PL2417 gas permeable flexible plastic contaioers. Patients 

were oot subjected to any marrow conditioning. Following gene therapy peak nurnbers of functionally 
corrected neutrophils in the peripheral blood approsched 1 in 2000 in one ofthe patients with corrccted 

neutrophils detected for 2 to 5 months in these patients. In a second on¡;oin¡; study a very high úter 
amphotropic MFGS.gp9lphox retrovirus vcctor(>l07 inf.:ctious unilvml) was used in a similar ex vivo 

approach for ¡;ene therapy offour patients with the severe X-linked form of CGD (Malcch et al, Blood 
92:690a, 1998). Additional featll!es ofthis ongoing study indude mobilization ofCD34+ cells by treatment 

of paticnts with the combioation ofFit3-ligand and GM-CSF (lmmunex Corp.); the inclusion of Flt3-ligand in 
!he eJC vivo culture; and !he use ofthe fibroncctin fragment CH-296 (RetroNectin®, Takara Shuzo Corp.) to 

enhance transduction. Ex vivo tranduction ofCD34+ cclls averaged 70% and in two ofthe parients gene 

therapy resulted in peak levels offundionally corrected neutrophils in the pcriphcral blood ofO.l to 02% with 
lower le veis of corrected neutrophils detected for over lO montbs indicatiog durability of !he effecl These 
results rcprcsent important milestoncs in the dcvelopment of an ex vivo approacb to gene therapy of CGD, an 

inherited immune deficiency. This approach is generally applieable to other inherited defects of immunity. 
Achievin¡; high leve! pennanenc correction of immune cell function will require mild suppression 
(conditioning) ofthe patient's marrow to enhance engraftment of gene corrected stem cells. 
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Dennis D . Hickstein, M.D. 

Rotrpviral-Mediated Gene Tnmsfer Studies In Lcukocytc Adhesion Deficiency 

Leukocyte adhesion deficiency or LAD is a congenital irnmunodeficiency disease 
cbaracterized by recurrent bacteria! infections in which the leukocytes from affected 
clúldren fail to adhere to endothelial cells and migrate to the site of infection. 
Heterogeneous molecular defects in the leukocyte integrin CD18 subunit are responsib1e for 
the failure to synthesize a CD18 subunit which is capable of forming heterodimers with the leukocyte integrin CD11 subunits and becoming inserted into the surface membrane. LAD 
is candidate disease for human gene therapy in that 1) the disease is life-threatening in the 
severe deficiency forro, 2) transfer of CD18 into LAD EBV B-cells reconstitutes a 
functional CD11/CD18 beterod.imer on the cell surface, 3) observations from children with 
the moderate deficiency forro of LAD indicate that e ven low levels of CD 11/CD 18 surface expression are like1y to result in considerable improvement in the clinical phenotype, 4) 
since the defect in LAD involves a membrane receptor the results of therapy can be 
quantitated using peripheral blood and flow cytometry. 

To assess the feasibility of human gene therapy for LAD, we ha. ve transduced G
CSF- mobilized, CD34+ peripheral blood stem cells from two patients with the severe 
deficiency form of LAD using supematant from the retro viral· vector PG 13/LgCD 18. Tbe 
highest transduction frequencies (20-30%) were found after exposure of the cells to 
retroviral vector on a recombinant fibronectin substrate (CH296) in the presence of growth 
factors IL-3, IL-6, and stem cell factor. When the transducod cells were differentiated in 
vitro they demonstrated adhesion to endothelial cells that was approxim.atoly twice that of 
non-transduced cells. These experiments demonstrato that retrovirus-mediatod gene transfer 
of the leukocyte integrin CD 18 subunit complements tho d.efect in LAD CD34+ cells 
resulting in CD11/CD18 surface oxpression, and that the differentiated myelomonocytic 
cells derived from the transduced LAD CD34+ cells display CD 11/CD 18-mediated 
adhesion function. These results indicate that ex vivo gene transfer of CD18 into LAD 
CD34+ cells, followed by re-infusion of the transduced cells, may represent a therapeutic 
approach to LAD. 
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An immunoregulatory function for neutrophils during the induction of a 
Th2 response in mice infected with Leislzmauia major 

F. Tacchini-Cottier, C. Zweifel, G. Milon• and J. Louis 
WHO Immunology Research and Training Center, Institute of 
Biochemistry, University of Lausanne, 155 eh des Boveresses, , Epalinges 
1066 Switzerland and .. Pasteur Institute, 28, rue du Dr. Roux, 75724 París 
Cedex 15, France 

Resistance and susceptibility to infection with L. majar have been 
correlated with the appearance of parasite-specific CD4+ Th1 or Th2 cells 
respectively. The role of specific cytokines secreted by Th1 or Th2 cells has 
been shown to play a predominant role in directing the functional 
differentiation of CD4+ T cell precursors. We have shown that an early 
production of IL-4 by CD4+ T cells during the first 48 hours following 
infection of mice with L. majar is responsible for the subsequent 
development of a Th2 response. 
Recently severa) studies have demonstrated that PMNs transcribe actively 
many genes coding for cytokines including IL-12, IL-10 and TGF-p suggesting 
that these cells could also play an immunomodulatory role early during 
infections with L. majar. 
We have first analysed the recruitment of PMNs within the site of injection 
of L. majar (footpad) using the myeloperoxidase method. PMNs were 
already present within 1 hour after injection of the parasite . Their number 
remained elevated at Ieast during 8 days following infection in susceptible 
BALB/c mice whereas the number of PMNs decreased dramatically 72 
hours post infection in mice of the resistant C57BL/6 strain. To assess a 
putative role for PMNs in Th1/Th2 differentiation in the murine model of 
L. majar infection, PMNs have been selectively depleted by the use of the 
NIMP-R14 monoclonal antibody. A single injection i. p. of 1 mg of this 
mAb is sufficient to deplete circulating PMNs for 3 to 6 days. Six hours post 
injection of the monoclonal antibody, susceptible and resistant mice 
depleted of PMNs were injected with L. majar. Cytokine expression was 
analysed at 16 hours, 10, 40, and 60 days post injection as markers of 
Th1/Th2 polarisation. In susceptible BALB/c mice, a single injection of the 
mAb against PMNs was sufficient to change the default Th2 response to a 
Th1 pattern. The impairment of Th2 development was airead y suggested by 
the absence of the early IL-4 mRNA burst in the draining Iymph node of 
treated mice 16 hours post injection with L. majar. Accordingly, BALB/c 
mice treated with anti-PMNs partially resolved their Jesions and controlled 
the multiplications of parasites. We further showed that the protective effect 
of PMN depletion was dependent on IL-12 as injection of an antibody 
against IL-12 at the same time as PMN depletion resulted in maintenance of 
the Th2 phenotype in these mice. Intersestingly, PMN depletion had no 
incidence on the development of the resistant Th1 phenotype normally 
observed in C57BL/6 mice. These results suggest a role for PMNs in the 
establisment of susceptibility to L. majar infections. 
Suported by the Swiss National Foundation 
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Protein Targeting and Structure/Function Relationship in Human 

Neutrophils. 
Niels Borregaard, The Granulocyte Research Laboratory, Department of Hematology, 

Rigshospitalet, Copenhagen, Derunark 

The import role of the human neutrophil in innate immunity relies on the ability of the 

neutrophil to localize rapidly and efficiently to sites of microbial invasion and to expose 

the microorganisms to the highest possible concentration of bactericida! substances 

without damaging the surrounding tissue. 
The ability of neutrophils to kill microorganisms intracellularly i.e. after taking these up 

into a phagocytic vacuole serves two purposes: to expose the microorganism to the 

highest possible concentration of microbicida! substances and to minimize exposure to 

surrounding cells. 
The circulating human neutrophil is a quiescent cell both in terms of metabolism and in 

terms of responsiveness to stimuli . One reason is that most receptors that mediate the 

various forms of activation e.g. chemotaxis receptors, complement receptors are 

localized to intracellular stores in neutrophils. These receptors must be mobilized to the 

surface to allow the neutrophil to be activated, yet, not al! intracellular stores should be 

mobilized at the same time. Receptors for chemotaxis should be mobilized befare 

bactericida! proteins are exocytosed to minimize damage to endothelial cells during 

diapedesis. 

The neutrophil contains severa! different types of mobilizable intracellular stores: The 

granules proper which are further subdivided into azurophil, specific and gelatinase 

granules with overlapping forms existing, and the secretory vesicles which are formed 

by endocytosis but behave like regulated storage granules in that they require a stimulus 

for mobilization. These different stores each have their characteristic protein profile. In 
addition, these have different requirements for mobilization. Two main reasons can be 

given for this seemingly complex organization. One is that different proteins are needed 

at different stages during the functional life of a neutrophil. The other is that sorne 

proteins cannot co-exist in the same granule - but are need in a high concentration in the 

phagocytic vacuo le and thus ha ve to be stored in granules . 

. Targeting can be explained solely on the basis of timing of biosynthesis during 

myelopoiesis, where azurophil granule proteins are synthesized at the promyelocyte 

stage and specific granule proteins at the myelocyte/metarnyelocyte stage of maturation, 

while gelatinase granule proteins are synthesized during the band cell stage of myeloid 

maturation. The functionally irnportant neutrophil granule heterogeneity can be 

explained by the fact that differences exist in the timing of biosynthesis of the granule 

proteins which are found in different granule subsets. No specific targeting signals are 

needed. In accordance, when mRNA levels of a wide variety of granule proteins are 
investigated there seerns to be a highly individual profile which corresponds to the 

known localization of the corresponding proteins. This indicates but does not prove that 
regulation of gene transcription of granule proteins is highly individualized. 
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The human neutrophil is capable of delivering a wide variety of antibiotic molecules to 
bacteria. Sorne of these molecules are short lived reactive species that are generated in 
response to stimulation such as reactive oxygen species and nitric oxide. Others are 
antibiotic peptides, molecules that have been identified during the last 15 years. Most of 
these are localized to azurophil granules, but one of the most potent, hCAP-18 is 
localized to specific granules. Like most other cathelicidins, hCAP-18 is stored in an 
inactive fonn. This may be advantageous since the activated fonn, the C-tenninal part, 
is toxic to eukaryotic cells. The activation of hCAP-18 is mediated by a protease in 
azurophil granules. Thus, activation occurs only when azurophil and specific granule 
contents meet. 
The targeting of the azurophil granule protease and hCAP-18 to distinct granules is a 
prerequisite for normal function of this activatable antibiotic system. Most granule 
proteins are efficiently retained in myeloid cells during biosynthesis. Consequently, only 
little free granule protein is liberated to the circulation. hCAP-18 is efficiently retained 
in cells during biosynthesis, yet, a very high concentration of the protein is found in 
plasma and serum compared to other neutrophil granule proteins with the notable 
exception of lysozyme. The basis for this is that hCAP-18 binds to circulating 
lipoproteins which serve as a carrier and can store hCAP-18 whenever it is released to 
the circulation. hCAP-18, like many other proteins which are constitutively present in 
granules of human neutrophils, is induced in epithelial cells when these are engaged in 
inflammatory reactions. This indicates that these granule proteins are important for host 
defense and under complex regulation of expression. 
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Characterization of secretory gelatinase-containing granules and SNARE proteins in human 
neutrophils 

Faustino Mollinedo 

Centro de Investigación del Cáncer, Instituto de Biología Molecular y (:.,fular del Cáncer, (:')JC-Unil,ersidad 
de Salamanca, Campus Miguel de Unamuno, E-37007 Salamanca. Spnin; Instituto de Biología y Genética 
Molecular, CS'JC-Universidad de V ollado/id, Cl Ramón y Caja/ 7, E-47005 Valladolid, Spnin 

Mature peripheral blood neutrophils show a low capacity of macromolecule synthesis. despite 
expressing constitutively very high mRNA levels for c7¡zm,junB,junD, ande-jos proto-oncogenes. 
main components of the transcription factor AP-1. Once in the blood stream, mature neutrophils 
are fully equipped and prograrnmed to perform efficiently their major role in the surveillance system 
of host organism against foreign invaders and to undergo a rapid constitutive and spontaneous 
apoptotic process. having the shortest half-life span of all circulating leukocytes. An early event 
occurring in neutrophil activation is exocytosis of cytoplasmic granules. The neutrophil granule 
constituents. secreted or translocated into the cell surfilce upon cell activation. seem to affect both 
the interaction of neutrophils with endothelial cells and the migration of neutrophils from the 
vascular lumen to the extracellular tissue, a critical and early event in neutrophil function . In 
neutrophils, the membrane of intraceUular granules serves as a major reservoir of several proteins 
whose activity in the intact ceU is dependen! on plasma membrane localization. Upon cell 
stimulation. the cytoplasmic organeUes degranulate and incorporate their membrane components 
into the plasma membrane, facilitating the replenishment of sorne cell surface molecules and 
conforming a regulatory mechanism of the activity of certain proteins. This degranulation was 
mediated by cytoplasmic microtubules. Four distinct granule populations have been found in human 
neutrophils, namely: azurophilic or primary granules; specific or secondary granules; gelatinase
containing granules, also named tertiary granules; and alkaline phosphatase-rich granules, also 
named phosphasomes or secretory vesicles. Fusion of the different granule populations with the 
plasma membrane may occur independently. Thus, mobilization of gelatinase-containing tertiary 
granules can be induced readily under conditions that mobilize slightly the specific granules and 
hardly mobiliz.e the azurophilic granules. We have postulated that the rapid mobilization of these 
gelatinase-containing granules can modulate early neutrophil responses upon cell activation. This is 
supported by the fact that we have found that these granules contain a wide number proteins 
playing a key role in several physiological actions, including: a) adhesion proteins (CD 11 b/CD 18, 
CDIIc/CDI8); b) extracellular-matrix degradative enzymes (gelatinase, heparanase); e) signaling 
proteins (CD45, diacylglycerol lipase, RapiA, Rap28); d) activation antigens (p19); e) proteins 
involved in superoxide anion generation (cytochrome b55x); f) proteins involved in vacuolar 
acidification (l(-ATPase); g) proteins involved in synthesis of lipid mediators, such as platelet
activating factor (acetyiCoA: lyso-PAF acetyltransferase); h) calciu!lHJinding proteins. Following 
inununoblotting and inununoprecipitation analysis in subceUular fractionation analysis, confocal 
analysis and secretion assays we found a major co-localization of gelatinase, heparanase and 
cp 11 b/CD 18 in resting neutrophils in the gelatinase-contairúng granules, and a parallel secretion of 
ihe matrix degrading enzymes and translocation of CD 11 b!CD 18 to the cell surfilce, suggesting 
tkt mobilization of this organelle can regulate extravasation of human neutrophils. Nevertheless, 
little is known about the underlying mechanism that regulates the exocytic process in human 
neutrophils. In contras!, a wide number of proteins ha ve been identified in the neuronal system that 
play a role in the docking and fusion of synaptic vesicles at the plasma membrane, leading to 
postulate a model for synaptic vesicle exocytosis, known as SNARE hypothesis. The SNARE 
hypothesis predicts that a combination ofvesicular (v-SNARE) and target (t-SNARE) membrane 
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proteins interact to fonn the SNARE (SNAP receptor) complex which serves as the target for the 
binding and action of soluble fusion components NSF and SNAP. The specificity of vesicle 
targeting is thought to be mediated by the corred association ofv- and t-SNARE isoforrns. In the 
nervous system the vesicle-associated membrane protein V AMP (also named synaptobrevin) acts 
as a v-SNARE and binds to the t-SNARE membrane proteins syntaxin and SNAP-25 
(synaptosome-associated protein of 25 kDa) to fonn a stable tripartite complex. In an attempt to 
elucidate the molecular mechanisms of exocytosis in human neutrophils we focused on identifying 
SNARE proteins in these cells. To this aim. we have used purified human neutrophils as well as the 
human AML l-fi-..60 cellline, a homogeneous cell culture model for neutrophils. We identified and 
cloned two isoforrns ofSNAP-23, named A and B, and syntaxin 6 in human neutrophils and HL-60 
cells. Preparation of antibodies against SNAP-23, indicated a subcellular localization for SNAP-23 
in both plasma membrane and intracellular granules, as well as translocation towards the cell 
surface upon cell activation. Syntaxin 6 was located in the plasma membrane, and in vi/ro 
interaction experiments with GST-SNAP-23 fusion proteins indicated that both SNAP-23A and B 
could interact with syntaxin 6. Using RT-PCR, clorúng, and sequencing techniques. we have also 
found that human neutrophils and neutrophil-differentiated HL-60 cells express syntaxins 1 A. 3 A. 
38, 4. 5, 6, 7, 9, 11, and 16, as well as VAMP-1 and VAMP-2. Syntaxin 1 and SNAP-25, 
previously considered to be specific to neural tissues, were found to be present in human 
neutrophils. Expression of syntaxin lA in human neutrophils was evidenced by genetic and 
immunological approaches. In addition, syntaxin lA was mainly located to neutrophil granule 
membranes by confocal núcroscopy and by immunoblotting of subcellular fractions. Also, with the 
use of highly specific antibodies against SNAP-25 and the specifically cleavage by botulinal 
neurotoxin A. we identified SNAP-25 in the granule membranes of human neutrophils. These 
results demonstrate that human neutrophils contain all the components required to constitute the 
high affinity SNARE complex, suggesting that this SNARE mechanism can be active in regulating 
exocytosis in human neutrophils. The expression of a wide number of SNARE proteins in volved in 
vesicle-membrane fusion processes in human neutrophils could be related to their high secretory 
capacity and to the presence of distinct neutrophil cytoplasnúc granules with different exocytic 
capabilities. 
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ARF-regulated phospholipase D as a regulator of exocytosis in neutrophils 
Shamshad Cockcroft Dept. of Physiology, University College London, London 
WCIE 6JJ 

Phospholipase D is an enzyme that hydrolyses phosphatidylcholine to phosphatidic 
acid. In the presence of ethanol. the production of P A is di verted to 
phosphatidylethanol and this reagent is the only available tool for studying PLD 
function in cell physiology. The basal activity of phospholipase D in most cell types is 
very low. yet the enzyme can be activated in most cell types. rapidly and transiently, by 
a wide variety of stimuli including hormones, neurotransmitters, growth factors and 
cytokines. Two mammalian PLDs have been cloned, PLDI and PLD2. Both proteins 
can be regulated by ARF. In addition Rho family of GTPases and protein kinase C can 
regulate PLDI (1). 

HL60 cells is a cell-line which has been extensively used as a model for neutrophils . 
FMetLeuPhe stimulated secretion of azurophilic granules from "primed" HL60 cells 
and human neutrophils is inhibited by ethanol implying a role for PLD activity in this 
process (2). Removal of cytosolic proteins from these cells by permeabilisation leads to 
loss of secretory function [3). This is accompanied by the inability of cells to actívate 
PLD activity. Restoratíon of both functions can be achieved by re-addition of ARF 
protein (3) . 

ARF proteins ha ve been found to ha ve a number of disparate functions including the 
formation of COPI-coated vesicles and delivery of paxillin to focal adhesions. To 
identity how ARF reconstitutes secretion, we have mapped the residues of ARF 1 that 
interact with PLDI (4]. These regions are the a.2-helix. part of the J3-strand and N
terminal helix and its ensuing loop. ARF mutants with increased or decreased ability to 
actívate PLD ha ve been utilised to examine which of the many functions of ARF are 
mediated by phospholipase D activation. Mutational analysis confirm that the ability of 
ARF to stímulate PLD actívity is essential for restoration of secretory function but not 
for vesicle formatíon. 

ARF restored secretory function by its ability to indírectly regulate phosphoinositide 
production [3). ARF by regulating the activity of phosphoiípase D stimulates the 
production of PA that functions as a second messenger. PA directly regulates the 
activity of Type I PIP 5kinase, an enzyme that converts PI 4-P to PI (4,5) P2. The 
function of PIP2 in exocytosis is not defined but is most likely due to its abiiity to 
recruit Iipid binding proteins at the membrane. 

To identity the site of ARF regulated phospholipase D and hence PIP2 production, we 
have used subcellular fractionation [5,6). In human neutrophils, ARF-regulated PLD 
activity was found on secretory vesicles, which translocated to the plasma membrane 
upon priming with FMLP [3). Since "priming" is required for both secretion of 
azurophilic granules and the activation of phospholipase D in intact cells, 
phospholipase D activation at the plasma membrane is a pre-requisite for secretion. 

Finally, FMLP also regulates the translocation of ARF and Rho proteins to membranes 
[7] . ARF translocatíon is only observed in primed neutrophils . We conclude that the 
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ARF-phospholipasc D pathway is regulated by ccll-surfacc rcccptors and is part of thc 
signalling cascade that leads to exocytosis in human ncutrophils . 
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Bactericidal/permeability-increasing protein: Structural insights on antibacterial 
functions. J. Weiss, Departments of lntemal Medicine and Microbiology and The 
lnflammation Program, The University of lowa College of Medicine, lowa City, lowa, 
USA. 

Proteins within the granules of neutrophils (PMN) play a major role in destruction of 
ingested bacteria and may also, after secretion, promote extracellular bacteria! killing 
and regulation of the inflammatory response 1. Granule proteins contribute substantially 
to both 0 2-dependent and -independent bactericida! mechanisms of neutrophils. 
Prominent among the 0 2-independent systems is the bactericidal/permeability
increasing protein (BPI) . BPI is remarkable for its highly potent and selective cytotoxic 
activity toward Gram-negative bacteria (GNB) reflecting avid and selective binding to 
lipopolysaccharides (LPS) on the surface of GN82

. BPI binding to LPS also potently 
inhibits pro-inflammatory host cell activation by LPS (endotoxin) . 

Ear1y stages of the action of PMN against ingested BPI-sensitive GNB closely resemble 
the action of BPI including the selective activation of the antibacterial action of Group IIA 
phospholipase A2 (PLA2) and the inhibition of specialized type 111 secretion needed for 
escape of virulent Shigellae from phagocytic vacuoles 1'

3
. lnflammatory fluids from PMN

rich exudates are potently bactericida! against encapsulated, phagocytosis-resistant 
strains of GNB1

•
4

• Extracellular bacteria! killing is fully dependent on BPI via its 
collaborative interactions with sublethal assemblies of MAC, PLA2 and other granule
derived PMN antibacterial proteins4

•
5

• 

BPI is most closely related to the plasma-derived lipopolysaccharide-binding protein 
(LBP). The primary structures of BPI and LBP are near1y 50% identical and both 
proteins appear to form highly extended 2-domain molecules in which the N-terminal 
domain confers LPS recognition and the e-terminal doma in mediates transfer of 
endotoxin-containing particles to specific host acceptors2

·
6.a . However, the physical and 

functional consequences of the interaction of GNB and cell-free LPS with BPI and LBP 
are remarkably differene·2.7·9. LBP greatly increases host pro-inflammatory responses to 
LPS and can promote delivery of GNB to phagocytes without inflicting independent 
cytotoxic effects. In contrast, BPI is potently cytotoxic toward GNB and can promote 
delivery of intact GNB to PMN and cell-free LPS to monocytes without stimulating pro
inflammato~ reactions but rather increases destruction and detoxification of GNB and 
endotoxin7

•
1 

•
11

• Studies are ongoing to further define the structural basis of the 
functional differences between these dosely related LPS-binding proteins. Together, 
LBP and BPI comprise important arms of the endotoxin-recognizing machinery of the 
host mediating, respectively, mobilization of host defenses against invading GNB and 
subsequent destruction, clearance, and detoxification of the bacteria and relea sed 
endotoxin. 
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EFFICIENT TRANSDUCTION OF HUMAN NOD..SCID REI.'OPUI.ATING CELLS USING A 
PSEUDOTYPED RE1ROVIRAL VECfOR B~~rquio.efo J, SegoviaJC•. Ramircz: M•. Gu=hea G•. 
Limón A. Puig T, Garcla J, B= JA • , DeparlmeDt of Cellllu:npy. Insútut de Rcoaca Onoologica. 
Hospitalet, Barcelona, Spain; and •Departrncnt ofMolecular and Cdl Biology. CIEMA T, Madrid, SpaiiL 
Sponsorcd by a grant from CICYT (SAF96-0130) and "Fundación Ramón Arccc:s". 

With the aim of stably transduce human repopulating odls, retraviral va:tors pacl:aged with thc env protci.n of 
the gibbon a pe leukemia virus (GAL V) wete generated. PG 13 cells were infec:ted with supqnatants of the 
amphotropic PA3171EGFPI ccllline (Limonet al. Blood 1997; 90: 3316-3321). Morethan 600 clones we.re 
isolated, c:xpandod and screened on the basis of greca fiuorcsceuoe intensity and tit.er on HeLa cells. The clone 
PG 13/EGFP7 with a ti ter of 106 was finally seleetcd for fur1hcr studi.es of gene tr3Dsfi:r into human 
hematopoictic cells. Purificd CD34• cclls from cord blood (n=22, median purity 92%) wete ~stimulated for 
48 hours with rocombinant human stem cell bctor (rbSCF} (1 00 nglmL), MGDF (1 O nglmL) and flt-3 llgand 
(50 nglmL). Thereafter, cultures v.ere fed dai.1y with infective supematants for 48 hours in rocombinant CH-
296 fibronectin fi"agm<:nt<.aated dishcs (Takara Slnac Co., Japan). At day +5, 30.5 to 92.1% (mean 59%) of 
the total nuclcared cclls cxprcssa! EGFP as asscssed by flow cytornetry. Transduction d.Eciency was also 
analyscd in thc CD3# subpopulation and in the more immarure CD34• CD381ow subset (sec figure 1) by triple 
stairúng (CD34-PE, CD38-APC and BGFP) using a duallaser cytometer. To evaluate the efficacy ofthis 
proccd=: to transducc hU!Illlil repopulating cells, infec:ted samples were transplanted into irradiated NOD
SCID micc. In somc cxpcrimcms GFP positive cells -..ere soro:d out and transplanted into further groups of 
NOD-SCID mice. Prcliminary resulcs obta.ined in 10 engrafted mice ind.icate tbat the transduction leve!s ofthe 
NODISCID-rcpopulating cells (SRC) is also high (mean eng:raftment level42,8%, mean transduction 
cfficicncy 42.3 'Ya in human CD4s• cells, an.alysed in the bone III3ITOW 90 days after transplantation). We 
conclude that the dcscribed infection procedure fs hlghly efficient !or transducing very primitive human 
hcmatopoietic procur.;ors capable of cxtensive in vivo repopulation. 

Figure l. Gene trans.fer efficiency in human hematopoictic progQ!Ítors. Dots represen! transduction efficiency 
(perccntage) in individual oord blood samplcs. Each oolurnn represt:nts a specific subset of cells (total 
nucleated ccll.s, CD34+ cclls, CD34+/CD3810

" cells and SRC). 
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Interferon gamma induces the expression of p21 war-I 

and arrests macrophage cell cycle that prevents 

induction of apoptosis 

Jordi Xaus, Marina Cardó, Annabel F. Valledor, Concepció Soler, Jorge 

Lloberas and Antonio Celada 

Departament de Fisiología (Biología del macrOfag), Faculta! de Biología and Fundació August Pi 

i Sunyer, Campus de Bellvitge, Universitat de Barcelona, Av. Diagonal 645, 08028 Barcelona, 

Spain 

Summary 

Incubation of bone marrow macrophages with lipopolyssacharide (LPS) or interferon 

gamma (lFNy) blocks Macrophage-Colony Stimulating Factor (M-CSF)-dependent proliferation. 

LPS treatment or withdrawal of M-CSF arrest the cell cycle at early G,. and induce apoptosis. 

Treatment of macrophages with IFNy stops the cell cycle latter, at G.fS boundary, induces 

p21 wae•, and does not induce apoptosis. Moreover, pretreatrnent of rnacrophages with IFNy 

protects from apoptosis induced by LPS, dexamethasone or growth factor deprivation. Inhibition 

of p21 w.n by antisense oligonucleotides or using KO m ice, shows that the induction of p21 ~~· 

by lFNy mediates the arrest of cell cycling and the protection from apoptosis. Therefore, IFNy 

makes macrophages unresponsible to apoptotic stimuli by inducing p21 wae• and arresting the .cell 

cycle at the G/S boundary. 
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ACfiVATION OF HUMAN POLYMORPHONUCLEAR 
NEUTROPHILS (PMN) BY SILICA PARTICLES 

Leena Karhinen and Pedro S. Lazo 
University of Ouiedo, Department of Biocltemistry and Molecular Biology 

Silicosis is a pathological process characterised by the development of fibrotic 
nodules in the lung, whose primary origin is the exposure to crystalline silica (1). 
Ingestion of silica particles by phagocytic cells is known to have an important role in 
the first steps of silicosis. We ha ve studied the irz uitro activa !ion of macrophage cell 
lines by silica particles and we have found that the cell line RAW264.7 of murine 
macrophages becomes activated by silica to produce TNFa without the production of 
NO (2). We also have isolated nine gene sequences in activated macrophages termed 
SIG (silica induced genes) (3). 

Little is known about the activation of the PMN by silica. Release of reactiue 
oxygen specics (ROS) is an important mecharúsm by wlúch PMN can cause lissue 
damage, but the PMN also produce enzymes and signalling molecules (4). Even 
though the amounts of cytokines produced by one PMN cell are observed to be low, 
their contribution m ay be significant due to their large amount at the wound si tes (S). 

We have observed that when silica particles are instilled into the trachea of 
rats, the first cells to be recruited into the alveolar space are polymorphonuclear 
neutrophils (PMN). These are then followed by monocytes probably in response to 
specific monocyte chemoattractants. Once in the tissue, the monocytes are 
progressively activated and become macrophages. Since the PMN are the first cells 
present at a site of silica accumulation, it is likely that PMN have a function in the 
first steps of development of silicosis. Thus, we have irútiated a study on the 
activation of the PMN by silica particles in vitro. We have found that human PMN 
are activated by silica particles to produce small amounts of ROS. Serum slows down 
the activa !ion rate. We ha ve studied the influence of the particle size in the activation 
process. Using three different sizes of particles, we found no sigrúficant difference 
on the ROS production. We have initiated studies on gene expression by activated 
PMN. Using purified PMN and RT-PCR methods we have determined that TNFa. is 
transcripüonally acüvated in LPS-treated PMN. The expression of TNFa and other 
cytokines is being determined in silica-acüvated PMN. 
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THE PROTEIN TYROSINE KINASE SYK,BUT NOT FGR ANO 
HCK IS INVOLVEO IN lgG-MEDIATEO PHAGOCYTOSIS ANO 
PHAGOSOME-L Y SOSO ME FUSION IN MURINE 
MACROPHAGES. 

MEYTHAM MAJEED*, ELENA CAVEGGION AND GIORGIO BERTON 

Department of General Pathology, University of Verona, Strada Le Grazie 8, 37 134 
Verona, ltaly. 
* Corresponding author 

In this study we have studied the role of certain members (Fgr, Hck,Lyn,Src) ofthe S re-

family of protein tyrosine kinases, the protein kinase Syk, phosphorylated proteins (PPs) 

and filamentous actin (F-actin) in phagocytosis and phagosome-lysosome fusion (PLF) 

of lgG-coated particles. Using immunofluorescence staining and confocal imaging 

system. we ha ve analyzed the subcellular distributions of Lyn, S re, Syk and PPs in bone 

marrow-drived macrophages (BMDM) from both wild type and Fgr!Hck- mice. In 

BMDM not challenged with IgG-coated particles these kinases were evenly distributed . 

However, when the cells were allowed to ingest lgG-yeasts, these lcinases were 

intimately associated within the phagocytic caps and colocalized with both F-actin and 

PPs. In phagocytic cells treated with PPI, a drug known as a specific Src-family kinase 

inhibitor, we found a significan! decrease in the translocations ofthese kinases, but not in 

the translocation of PPs or F-actin. PPI has only a partía! inhibitory effect (10-20%) on 

phagocytosis and PLF as detennined by antibody against the lysosomal rnarker, LAMP-

1. Moreover, Piceatannol (Pi), a drug known to specifically inhibit the activity of Syk. 

inhibited phagocytosis of IgG-coated erythrocytes, despite it has no effect on IgG

rnediated phagocytosis ofyeasts particles. Importantly, Pi inhibited (> 75%) PLF oflgG-

coated yeasts. Our results indicate that the signals for the translocations of protein 

lcinases within the phagocytic caps and those accompany phagocytosis are not linked and 

controlled by the sarne mechanisms. Furthermore, PPs and Syk have a selective role in 

PLF. 
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A FUNCTIONAL INVESTIGA TION OF THE MURINE S lOO PROTEIN, MRP-
14, IN VITRO ANO IN VIVO. 
May. R.O., Tessier, P.A., Robinson, M.J., Hogg, N. 
Leukocyte Adhesíon Laboratory, Imperial Cancer Res~arch Fund, London, 
WC2A 3PX, U.K. 

MRP-14 is a member of the 5100 family of EF-hand containing calcium 
binding protcins. MRP-14 has a restricted tissue distribution; it is highly 
expressed in the cytosol of neutrophils and monocytes and it is also expressed 
toa lesser extent in certain specialised epithelia . MRP-14 is comrnonly 
coexpressed with the dosely related molecule, MRP-8 (CP-10). Functional data 
is sparse although human MRP-8/14 complex has been found clase to 
marginating neutrophils on the surface of vascular endotheliurn (Hogg et al, 
EJI, (1989) 19:1053-1061). Furthermore, human MRP-14 has been shown to 
stirnulate human neutrophil binding to fibrinogen via Mac-1 (Newton & 
Hogg. J.Immunol. (1998) 160:1427-35). Taken together, these data suggest that 
MRP-14 may have a role in inflarnmation. 

We have cloned and expressed murinc MRP-14 protein in E.Coli. We 
have then uscd purified protein to investigate the function of MRP-14 in 
varicms in vitro and in vivo systems. 

ln vilro profiling was performcd using thioglycollate-elicited 
neutrophils. In a static adhesion assay, MRP-14 and fMLP were found to 
stimulate the Mac-1 dependent adhesion of cells to fibrinogen. However, 
fMLP but not MRP-14 caused calcium flux, shape change and chemotaxis. 
Therefore, murine MRP-14 shares the characteristics of human MRP-14 in 
promoting integrin mediated adhesion but not other functions assuciated 
with other bioactive molecules, sttch as the chemokines. 

In vivo investigations utilised an air pouch model of inflammation. 
Th.is model consists of generating a pocket of sterile underneath the skin on 
thc back. of a mouse, followed by the injection of a stimulus into the enclosed 
space. Recruited cells are then rctrieved from the air pouch at various times 
by washing. Unexpectedly, this model showed that MRP-14 caused specific 
and profound neutrophil and monocyte recruitment with a maximal effect at 
6 hours. This was in contrast to LPS which recruited mainly neutrophils. We 
hypothesise that the effect of MRP-14 in vivo is indirect, as MRP-14 does not 
induce chemotaxis in vitro. 

These findings suggest that MRP-14 is a novel proinflammatory agent 
for myeloid cdls. 
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Altcrcd FPJ{ ligand intcractioos in CML PMNL. 

C.M. Revankar\ S.H. Advani,.. and N.R. Naik"' 
"'Cancer Kcsearch Institule, "'"'Tala Memorial Hospital, 
Tata Memorial Centre, Parcl, Mwnbai 400012. India. 

Chronic mycloid lcukemia (CML) is a progressive stem ce!! disurdcr 

charactcri7ed by occurena: of l'hifadclphia Zhromosome whil.:h is formed as a rcsult uf 

1{9 ;22) {q34.1: q 11 .1 transloca!ion, leukocytosis and accumulation of immature and maturc 

mytloid cells in !he pcripheral blood. One of the mature myeloid lineagc cclls

polyimnphonuckar leukocylcs(PMNL) ac! as the fust fine of ddcnse duri11g micrubial 

inkctíons. PMNL f'rom CML palicnts are morphologically indistínguishable from thc 

normal .PMNL. llowcver, our earlier sludies have shown that CML PMNL show allcred 

biochemical and functional responses. Stimulation of CML PMNL with a cla.<;SÍCtt] 

chemoattaractant- tMLP snowcd defcctive chemotaxis, pinocywsis, actin and tuhulin 

polymerization, degranufatiun, etc. 

Ui.nding of fMLP to its reccptors (l'.PR) is thc key evenl i.n stimulatiun of PMN L. 

Thercfore, to understand thc mechanism of these dcfects we have stuuicd intcractiuns 

between chemoat!ractanl formyl peptide and FPR in nom1al and CML PMNL. These 

interactíons werc studied by standard radioligand binding assays as wefl as hy tlow 

~ytomctry and lascr confocal microscopy, wing fluorescinated ligand and antibodies to 

(he FPR.. Our results show that formyl pcptidc FPR interaction:; are altered in CML 

PMNL as comparcd to tha( in normal P.MNL. These altered intccaclions UJuld he one of 

thc po~slble me<.:hanisms behlnd altered stimulation ofCML f'MNL 
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NEUTROPHlL FUNCflON lN CHRONlC OBSTRUCflVE PULMONAR Y DlSEASE 
A. Noguera, S. Batle, C. Miralles, A.R. Pons, X. Busquets, W. MacNee, A. G.N. Agusti. Servicio de 
Análisis Oínicos, Servicio de Neumología, Unidad de Apoyo a la Investigación, Hospital Universitari 
Son Oureta. Universidad de Edinburgo, Scotland 

Cigarene smoking is tite major risk factor for chronic obstructive pulmonary disease (COPO). However, 
only 15-20"/o of cigarette smokers develop tite disease. Titis indicates tltat tltere are additional genetic 
factors tltal may contri bu te to tite development of COPO. Neutrophils are considercd to be an importan! 
effector cell in tite inflammation and lung injury which occur in air spaces in COPO. Recruitment and 
activation of neutrophils is an importan! event in its pathogenesis and expression of severa! adhesion 
molecules and production of ox-ygen metabolites are importan! steps in tltis process. 
In tltis study we have determined reactive oxygen species (ROS) production by neutrophils in 8 non

smokers, and in smokers, 10 witlt (susceptibles) and 8 without COPO (non-susceptibles). 

Methods. Neutrophils were isolated from venous blood by dextran sedimentation of erythrocytes 
followed by cenlrifugation on Fycoll-Paque gradienl Neutrophils suspensions (500v.l) were adjustcd at 2 
X 106 cells/ml incubatcd with dihidrorhodamine (DHR 123, Molecular Probes lnc.))(IO v.l) 10 minal 
37"C with 5% C02. followed by anotlter 15 ntin incubation period witlt phorbol-myristate-acetate(Sigma 
Chenticals) (20 v.l) before analysis by flow cytometry (Becton-Oickinson F ACScan). 

Rcsults. \Ve observed that spontaneous ROS production by neutrophils of COPD patients was 
significan!ly higher titan in non-srnokers controls (p<0.05) and smokers wi!ltout COPO (p<O.O 1). Al so, 
PMA stimulated ROS production by neutrophils (Figure) was higher in COPO patients titan in non
smokers (p<O.Ol) and smokers witltout COPO (p<O.OOl). 
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These results indicates tltattobacco susceptibility is related to higher ROS production by neutrophils. We 
suggest lhat tltis enltanoed oxidative capacity can be related toa genetic factor in neutropltils of subjects 
with tobacco susceptibility, and lhat would favour tite development of COPD. 
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Generation, characterization and in vítro functional correction 
of EBV-transformed B cell lines derived from chronic 
granulomatous disease patients using retroviral vectors. 

A. Pacheco Castro, R. Millán, P. S. Torres, J. Clemente*, M. Grez" and José R. 

Roguclro. 

Inmunología, Facultad de Medidna, Universidad Complutense, 28040 Madrid. tel 91 

3941642 fax 91 3941641 , e-mail regueiro@med.uan.es, 11 Pediatrla, Hospital 12 de 

Octubre, Madrid y "Forschungsinstitut, Frankfurt, Alemania. 

Chronic granulomatous disease (CGO) is a rare inherited 
immunodeficiency characterized by a detective leukocyte bactericida! 
function. As a result, CGD patients suffer diffuse granulomas, anemia and 
severe recurrent infections, leading in some cases to early death. The 
disease is caused by defects in NADPH oxidase, a multicomponent enzyme 
responsible for the reduction of molecular oxygen to superoxide (02 -). The 
congenital defect líes in mutations in any one of the at least four components 
of this enzyme: gp91 phox (causing a X-linked recessive form that affects 75% 
of all CGO patients), p47phox, p67phox and p22phox. 

The aim of this work was to perform a predinical gene therapy protocol 
for this disease using retroviral vectors. For thís purpose, firstly we generated 
EBV-transformed B celllines derived from CGD patients with mutations in the 
gp91phox protein and from normal controls. These CGD-derived cell fines 
maintained the functional defects described in their primary cells. Secondly, 
we infected EBV-8 cell fines with retroviral vectors containing the coding 
sequences of gp91 phox and a cytoplasmically truncated version of the 
human low-affinity receptor for nerve growth factor (ALNGFR). 

After more than 3 months, ALNGFR expression in the EBV B-cell fines 
were greater than 70% without selection. The functional assays showed that 
transduced CGD-derived B cell fines restored NADPH oxidase activity to 60-
80% of normal levels. r ~ • • ._-( r 

These results suggest that the retroviral vectors used in this protocol : ·:;y : 

can be used for in vitro functional reconstitution of NADPH oxidase defect in , 1;¡ 
CGO-derived cell fines. 

This work is supporled by Comunidad Autónoma de Madrid (08.3113197), Comisión 

lntenninisterial de Cienda y Tecnologfa (SAF961119) grants to José R. Regueiro. Alberto 

Pacheco Castro is supported by Comunidad Autónoma de Madrid. 
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NADPH oxidase assembling through cytochromc b551 

Paclet M.H., Vergnaud S., Stasia M J., Lardy B., Co/eman A . and More/ F. 

GREPI JE 2173 lab. Enzymologie, CHU, Grenoble, France 

IBCP CNRS UPR 412, Lyon, France 

Flavocytochrome b558 of NADPH oxidase complex generates superoxide 0 2• in phagocytic cells 

and B lymphocytes through a membrane spanning electron transpon chain from NADPH to 

molecular oxygen. It is a heme containing integral membrane protein consisting of two (l/1) a 

and p subunits, p22-phox and gp9l-phox. The activity of oxidase depends on the assembling of 

cytosolic acúvating factors (p47-phox, p67-phox, p40-phox and Rae 1/2) with cytochrome b558 

at the membrane level. Dysfunction of NADPH oxidase is illustrated in familia! chronic 

granulomatous disease where activity is abolished. 

0 2• generating oxidase of Epstein-Barr-virus imrnortalized B lymphocytes is 100 times less 

active than that of neutrophils. Once cytochrome b558 has been isolated from membrane of either 

cell and solubilized, in vitro reconstituted oxidase activity is similar. This suggests that the weak 

acúvity of B lymphocytes might be the results not only of a different stoechiometry of cytosolic 

factors with respect to the small amount of expressed cytochrome b558 but of a defect in the 

acúvation process inherant to an unfavorable cytochrome b558 membrane environmenl 

The p subunit, gp-91-phox, of cytochrome b558 from EBV-B lymphocytes is more g1ycosy1ated 

than that of neutrophils; deglycosyl&ion performed with tunicamycine in intact cells or on 

isolated cytochrome b558 had no effect on oxidase function while stability was impaired and 

binding of the heme 1igand butyl-isocyanide increased. The unmasking of new epitopes on 

deg1ycosy1ated gp91-phox let to a better interaction of monoclonal antibodies with cytochrome 

b558• Topography of naúve and degiycosyiated cytochrome b558 incorporated into liposomes was 

analyzed through Atornic Force Microscopy. The size of cytochome b558 liposomes increased 

with assembling suggesting that, in vitro, transition from resting to activated state of oxidase 

comp1ex might be mediated through conformational regulation process where p67 -phox has 

been shown to be the lirniting factor. Transfection experiment carried out with EBV -B 

lymphocytes of CGD p67-phox(-) mutants shouid facilitate investigation of p67-phox function 

in this assemb1y and that of p40-phox which in vitro downregulates the process. 
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APOPTOSIS INDEPENDENT PHAGOCYTOSIS OF MOUSE 
GRANULOCYTES EXPRESSING BCL-2 

Riehemann K, Schulze-Osthoff K, Gerke V, and Sorg C* 
Center for Molecular Biology of lnflammation, lnstitute for Medica! Biochemistry and 
*lnstitute of Experimental Dermatology, University of Münster, von-Esmarch-Str. 56, D-
48149 Münster; email: riehema@uni-muenster.de 

Extravasation of leukocytes into the site of inflammation results in an 
accumulation of cells in the respective tissue. In arder to restare leukocyte 
homeostasis during the healing phase of inflammation removal of the 
cellular infiltrate is essential. An important mechanism of this process is 
apoptosis of granulocytes and ensuing phagocytosis by macrophages. This 
interaction of granulocytes and macrophages is thought to be mediated by 
acidic phospholipids such as phosphatidylserine expressed on the surface 
of granulocytes during apoptosis. 

In this study we investigated the interrelationship between surface 
expression of acidic phospholipids, apoptosis and subsequent 
phagocytosis of granulocytes in mouse inflammation model. For this 
purpose, transgenic mice were used overexpressing the apoptosis inhibitor 
Bcl-2 under the control of the granulocyte-specific MRP14 prometer. 
Following thiogycollate-induced peritoneal inflammation, it was found that 
Bcl-2 overexpression strongly reduced translocation of phosphatidylserine 
on the surface of granulocytes and apoptosis. lnterestingly, however, Bcl-
2+ granulocytes were phagocytosed to a similar extent as wildtype cells. 
Our data indicate that in peritoneal inflammation (i) phagocytosis of 
infiltrated granulocytes is not mediated by a mechanisms requiring 
exposure of acidic phospholipids and (ii) apoptosis and phagocytosis of 
infiltrated cells may be independent events. 
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Exprcssion of apoptosis-rclatcd genes in human ncutrophils and during ncutrophil 
difTcrcntiation of HL-60 cclls 

Antonio M. Santos-Beneit, and Faustino Mollinedo 

Centro de lm,estigación del Cáncer, Instituto de Biología Molecular y Celular del Cáncer, CS'/C-Unil'ersidad 
de Salamanca, Campus Miguel de Unamuno, E-37007 Salamanca, Spain; Instituto de Biología y Genética 
Molecular. CS'/C-Universidad de Valladolid, ('/Ramón y Caja/ 7, E-47005 Valladolid, Spain 

After leaving the bone marrow, neutrophils are programmed to die within about 24 
has a result of constitutive and spontaneous apoptosis. Thus, neutrophils are a useful model 
to study programmed cell death, having the shortest half-life of all circulating leukocytes. 
The acute myeloid leukemia (AML) HL-60 cell line has been widely used as a cell culture 
model of human neutrophils, as it can be induced to differentiate with DMSO or retinoic 
acid towards cells sharing most of the features of mature neutrophils, including the onset of 
spontaneous apoptosis. After programmed cell death is triggered, the process of apoptosis is 
mainly regulated by different members oftwo growing gene families, namely bc/-2-related 
genes and caspases. Caspases exert an effector function in programmed cell death and the 
Bcl-2 family regulate the apoptotic response, through inhibiting (Bcl-2, Bcl-x~.-. Bcl-w, Bfl-
1) or promoting (Bax, Bak, Bik, Bad, Bcl-xs) cell death. 

HL-60 cells die by apoptosis after neutrophil differentiation with DMSO. In arder to 
analyze the molecular basis of neutrophil apoptosis, the expression of a wide number of 
apoptosis-related genes, including bcl-2 and caspase family genes, was investigated in 
human peripheral blood neutrophils and during DMSO-induced HL-60 differentiation by 
RT-PCR cloning and sequencing techniques. We found that the onset of apoptosis in 
DMSO-HL60 cells correlated with the achievement of an apoptosis-related gene expression 
pattem similar to that of mature neutrophils. HL-60 cells expressed low Jevels of fas 
mRNA which were increased upon DMSO treatment. Fas was highly expressed in mature 
neutrophils. FasL was weakly expressed in HL-60 cells and neutrophils. HL-60 expressed 
bak, bik, bax, bad, bcl-2, bcl-x¡_, bcl-w, bj/-1, and caspases l-4, 7-10. Following DMSO 
treatment, expression of bak, bcl-w, bj/-1 and caspases l and 9 was increased, whereas bik 
and bcl-2 expression was blocked, and caspases 2, 3 and 10 were downregulated. Mature 
neutrophils expressed bak, bad, bcl-w, bj/-1, as well as caspases 1, 4, 7-9, but hardly 
expressed. bcl-2, hcl-x¡_, bik, bax, and caspases 2, 3 and 10. Overexpression of bcl-2 or 
caspase inhibition prevented differentiation-induced apoptosis in Hl-60 cells, but not their 
capacity to differentiate towards neutrophils. These results suggest that the above 
differential expression of survival and death-promoting genes during neutrophil 
differentiation of HL-60 cells play a critical role in the acquisition of the neutrophil 
apoptotic features during neutrophil differentiation. 
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Clonogenic Progenitors in Cord Blood, Bone Marrow and G
CSF Mobilized Peripheral Blood 
Kim Thcilgaard-Monch"' and Klas Raaschou-Jcnscn#. "'The Granulocyte Research Laboralory, Dcpl. 
of Hcrnatology-9322 and #lñc Blood Bank-2031, Rigshospitalcl, Univcrsily of Copenhagen, 
Copenhagcn, Dcnmark 

Granulopoiesis is a complex process in which hematopietic progenitor cells (HPCs) 
proliferate and differentiate to generate mature polymorphonuclear leukocytes 
(PMNs). 
In the clinical setting HPCs are generally assessed by the enumeration ofCD34+ 
cells. The CD34+ compartment, however, is heterogeneous with differences in the 
relative frequencies of lineage-committed and pluripotent HPCs. In the present study 
we ha ve compared the frequencies of clonogenic progenitors in the CD34+ 
compartment ofbone marrow (BM), cord blood (CB) and G-CSF mobilized 
peripheral blood (mob. PB). For this, lineage-committed progenitors were assessed by 
the colony-forming cell (CFC) assay, and pluripotent HPCs by scoring oflong-term 
culture initiating cells in the cobblestone area-fornúng cell (CAFC) assay. The CB 
derived CD34+ population contained two-fold higher numbers oflineage-committed 
HPCs (CFU-GM, BFU-E) and six- fold higher numbers of multi and pluripotent 
HPCs, i.e. CFU-GEMM, week 5 CAFCs and week 8 CAFCs, than the CD34+ 
population ofBM. Except for CFU-GM the CD34+ population ofmob. PB included 
significantly higher frequencies of clonogenic progenitors than BM (BFU-E=2.3 x, 
CFU-GEMM=2.5x, week 5 CAFCs=8.4x, week 8 CAFCs=l0.3x). Accordingly, the 
marrow CD34+ compartment contained 67% ofnon-clonogenic CD34+ progenitors, 
whereas mob. PB and CB contained 46% and 31% non-clonogenic CD34+ cells, 
respective! y. 
Physiologically, G-CSF application with concomitant induction ofhematopoietic 
growth factors resembles a "stress-situation" for the blood system. This situation calls 
for the transfer ofHPCs to inactive fatty rnarrow sites for rapid expansion of ¡ 
hematopoietic activity. The candidate cell to transfer would be a pluripotent HPC with ' _1 
high self-renewal capacity rather than a lineage-comrnitted clonogenic or non
clonogenic progenitor cell with relatively limited self-renewal capacity. In fact, this ís 
supported by our data showing that G-CSF preferentially mobilizes CD34+ cells frorn:, 
BM into circulation that are capable oflineage-comrnitted and, in particular, of · ''¡,-; 
pluripotent clonogenic expansion. : ~·' j 
Interestingly, we found similar frequencies ofprogenitor subsets within the CD34''":"'o:J 
compartrnents ofCB and mob. PB. Because ofthis observation and because , , 1. .v:> 
circulating HPCs decrease rapidly in the new-born (2 days) one might speculate that 
the prenatal period and the event ofbirth reflecta pysiological "stress-situation" fór , 1 _ j: · ~: 
the hematopoietic system maintained by growth factors of placenta! origin. · r. ·• · .. 
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DETECTION OF CHRONIC GRANULOMA TOUS DISEASE IN AN ADULT PA TIENT 

L.Tricas ( Inmunología) and V. Ascnsi (Medicina Interna 1 Infecciosas) 
Hospital Central de Asturias. Ovicdo, Spain 

Clinical Fcaturcs: TI1e palien(, a 3 7 year old man, rcprcscnts a sp<mtdic case witl1 no similar! y affcctcd 
relatives, eitl1er male or fernale. His motl1erly grandparents were first cousin. The clinical history showed 
tl1e following infections: 
Recurren! infections since childhood including moutl1 aphtas, urinary tract infcctions and perianal 
abscesses. At age 30, he was diagnosed v.ith kala-azar after spending sorne weeks in a Spanish endemic 
area for Lcishmania. At age 33, he underwent surgery for drainage of a large penial and scrotal abscess. 
At age 34, he was diagnosed with brain absccss, with negatives cultures, and treatcd with antibiotics and 
surgical drainage and cured. At age 3 7, he was diagnosed with ccthyma gangrenosum of the riglú tlligh 
anda pulmonary left lower lobe cavitated pneumonia .. Blood and bronchoalveolar lavage (BAL) 
bacteria!, fungal and viral cultures and blood serologies, including HIV and Legionella, were negatives. 
He was treatcd with imipenem and ciprotloxacin 11Íú1 cure 
At present, he is healthy and and treated \\ÍÚI subcutaneous recombinant human interferon --"(, 0.05 mg 1 
Mofbody surfacc, three times a week, and trimctroprim-sulpharnetoxazol, 1601800 once a day, and 
itraconazole, 200mg twicc a week were adnlirlistered as prophylaxis against bacteria! and fungal 
infcctions. 

lmmunological stud)' : Serum lcvcls of IgG, IgM, IgA, complement fractions were nonnal. GranulOC)1es 
and 1ymphocytes were also nonnal. Phenotypic analysis of peripheral blood mononuclar cells was 
normal. 

Analysis of Cllpacity of phagocytes to actívate thc NADPH oxidase systcm invoh·cd in tbe rcduction 
of molecular oxygcn to reactive oxygen intermcdiates (ROl): 
Two tests wcrc used: 
Reduction ofthe rlitro blue tetrazolium (NBT) dye and Dihidrorhodanline 123 (DHR), a non fluorescencc 
dye which caused to fluorcsccncc by ROl follo\\ing phagocyte sens itization and can be measured by tlow 
C)1ometry. (See figure 1) 
TABLEI 

PATIENT MOTHER FATHER SISTER 
%NBT+ o -100 notdone -100 
%DH.R+ o 88 notdone 93 
MIF /DHR 13.5 2090 notdone 2329 
INHERIT ANCE AUfOSOMAL 

~~unoblotting of cytocbrome b558 

We will report the rcsults of the gp9l """" protein and p22 """" protein on Westem blots using monoclonal 
antibodies 48 and 449. 8oth reagents have been donated by Dr Dirl< Roos from the Centrallaboratory of 
the Netherlands Red Cross Blood Transfusion Service and Laboratory for Experimental and Clinical 
Immunoloy, Amsterdam. 

Conclusion: 

We have identified a sporadic presentation of a Chrorlic Granulomatous Disease .and it looks like he is an 
autosomal form. Molecular study will be made at the laboratory above mentioned 
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Role of adhesion in the production of inducible ni trie oxide synthase in 
human neutrophils. 

J. L. Webb and T. J. Evans. 
Department oflnfectious Diseases, Imperial College School ofMedicine, 
Hammersmith Hospital, Du Cane Road, London, UK. 

Nitric oxide (NO) is a potent microbicida! product of neutrophils. Rodent neutrophils 
release high levels of NO following stimulation with cytokines, produced from the 
conversion of L-arginine to L-citrulline by inducible nitric oxide synthase (iNOS or 
NOS II). Production of nitric oxide in human neutroplúls remains controversia!. We 
have previously shown iNOS mRNA and protein is produced within neutrophils in 
human buffy coat preparations stimulated with cytokines (llrlo:, TNFo: and IFNy). 

We have continued these investigations with an aim to identify the conditions 
required for maximal iNOS production and activity. Neutrophils were purified on a 
plasma-percoll gradient and incubated for 3hours at 37°C with or without cytokines 
(0.5ngrnr1 IL-lo:, 500Umr1 IFNy and 10ngmr1 TNFo:). Following incubation cell 
smears were made and iNOS detected by immunocytochemistry using a monoclonal 
antibody to iNOS. Cytokines had no effect on iNOS production in purified 
neutrophils, with only 3% of cells in both stimulated and unstimulated suspensions 
staining positive. This is in contrast to previous results with buffy coat preparations, 
where 20% of neutrophils made iN OS protein following cytokine stimulation. Cell
free supematants from stimulated buffy coat cells are unable to induce similar levels 
of iNOS production in purified neutroplúls. Tlús suggests that soluble mediators 
alone are insufficient to produce maximal iNOS expression. Stimulated buffy coat 
cells form large aggregates. However, purified neutrophil suspensions do not 
aggregate to the same degree, suggesting that adhesion may have a role in iNOS 
induction. When purified neutroplúls were allowed to adhere to glass and stimulated 
with cytokines, the proportion of neutroplúls producing iN OS increased to as much as 
40%. Unstimulated neutrophils were less able to adhere to glass, although those that 
did were often positive for iNOS. Coating the glass with human plasma, FCS or 
fibronectin reduced this non-specific background. Initial results indicate that 
transmigration of neutroplúls through a cytokine stimulated endothelial !ayer can 
increase iNOS production in purified neutrophils. 

These observations reveal that in addition to cytokine stimulation adhesion is 
required to induce the production of iN OS protein in human neutrophils, indicating a 
role for neutroplúl adhesion receptors such as integrins in induction of iNOS 
synthesis. 
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The Granulocyte Research Laboratory, Oept. of Hematology, 
Rigshospitalet, Copenhagen (Denmark).TeL: 45 354 54 371 . Fax : 45 354 
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Univ. ofMichigan Health System, 12110 Women's Hospital, Box 0238, 
1500 East Medica! Cancer Orive, Ann Arbor. Ml 48109-0238 (USA) 

Fax: 1 734 936 8520. E-mail: laboxer@umich.edu 

Indiana University School ofMedicine and Walther Cancer Institute, 1044 
W. Walnut Street, lndianapolis, IN. {USA). Tel.: 1 Fax: 1 317 274 7592. 

Dept. ofPhysiology, University College London, Rockefeller Building, 
1 Univ. Street, London WCJE 6JJ {U.K.). Tel.: 44 171 209 6084. Fax : 

44 171 387 6368. E-mail: S.Cockcroft@ucl.ac. uk 

CeU Biology Prograrnme, Hospital for Sick Children, 555 University Ave. 
Toronto M5G IX8 (Canada). Tel.: 1 416 813 5727. Fax 1 416 813 

5028. E-mail: sga@sickkids.on.ca 

University ofWashington School ofMedicine, VA Puget Sound Health 
Care System, 1660 S. Columbia Way, Seattle, WA. 98108 (USA). Tel. · 

1 206 764 2705. Fax: 1 206 764 2827. E-mail: dennishi@u.washington 
edu 

Leukocyte Adhesion Laboratory, Lincoln's lnn Fields, London WC2A 
3PX (U.K.). Tel.: 44 0171 269 3255. Fax: 44 0171 269 3093. E-mail: 
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Laboratory ofHost Defenses, National Institute of Allergy and Infectious 
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Instituto de Biología y Genética Molecular, CSIC, Facultad de Medicina, 
Universidad de Valladolid, dRamón y Cajal 7, 47005 Valladolid (Spain). 

Tel. : 34 983 42 30 85. Fax: 34 983 42 35 88. E-mail: finollin@med. 
uva. es 

Department ofBiologícal Sciences, Wayne State University, Detroit, Ml. 
48202 (USA). Td.: 1 313 577 2896. Fax: 1 313 577 9008. E-mail: hpetty 
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Central Laboratory of the Netherlands Red Cross Blood Transfusion 
Service and Laboratory for Experimental and Clinical Immunology, 
Acadernic Medica! Center, University of Amsterdam, Amsterdam (The 
Netherlands). Tel. : 31 20 512 3377. Fax: 31 20 512 3474. E-mail : 
d _roos@clb.nl 

Centre for Inflammation Research, Interna! Medicine, Royal Infirmary, 
Lauriston Place, Edinburgh EH3 9YW (U.K.). Tel. : 44 131 536 2238. 
Fax: 44 131 536 2247. E-mail: J.Savill@ed.ac.uk 

Hospital ofthe University ofPennsylvania, University ofPennsylvania, 
7 Silverstein, 3400 Spruce Street, Plúladelplúa, PA 19104-4283 (USA). 
Tel. : 1 215 662 7046. Fax: 1 215 662 4079. 

University College London, 5 University Street, London WC1E 611 
(U.K.). Tel. : 44 171 209 6175. Fax: 44 171 209 6211. E-mail: t.segal@ 
med.ucl.ac.uk 

Section of Leukocyte Biology, Dept. of Pediatrics, Baylor College of 
Medicine, Houston, TX. (USA). Tel.: 1 713 770 4351. Fax: 1 713 770 
4368. E-mail: cwsrnith@bcm.tmc.edu 

Hematology/Oncology Division, Beth Israel Deaconess Medica! Center 
and Harvard Medica! School, Boston, MA. 02115 (USA). Tel.: 1 617 
667 5561. Fax: 1 617 667 3299. E-mail: dtenen@caregroup.harvard.edu 

Theodor Kocher Institute, University of Bern, CH 3000 Berrt 9 
(Switzerland). Tel.: 41 31 631 4154. Fax: 41 31 631 3799. E-mail: 
marcus.thelen@tki.unibe.ch 

Depts. of Intemal Medicine and Microbiology and The lnflarnmation 
Program, The University oflowa College of Medicine, lowa City, lA. 
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Plan for International Meetings on Biology ( 1989-1991) 
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*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers : V. Conejero and L. C. Van 
Loan. 

*248 Course on DNA- Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdoménech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
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Organizers: P. Alberch and G. A. Dover. 
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and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 
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Organizers : A. W. Galston and A. F. 
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Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 
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Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortín. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Cells. 
Organizers: N. ·sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
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Organizers : M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T. A. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro
teases and Their lnhibitors: Funda
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio
logical and Molecular Aspects. 

Texts published by the 
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Movement in Vertebrates. 
Organizers: R. Baker and J. M. Delgado
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CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 
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Organizers: C. Belmonte and F. Cerveró. Organizers: G. Bruening , F. García-
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Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

*3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. Vega. 

Organizers: F. Álvarez and S. Conway 
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Negative Stranded RNA Viruses. 
*4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A. 
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Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. *13 Workshop on Approaches to Plant 

Hormone Action 
*5 Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers : A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. 
*15 Workshop on Signal Transduction by 

Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-

*7 Workshop on Transcription lnitiation sine Kinase Activity. 
in Prokaryotes Organizers: J . M. Mato and A. Ullrich. 
Organizers: M. Salas and L. B. Rothman-
Den es. 16 Workshop on lntra- and Extra-Cellular 

·a Workshop on the Diversity of the 
Signalling in Hematopoiesis.'"' 
Organizers: E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 
pression in Yeast. Neuronal Development. 
Organizers: C. Gancedo and J. M. Organizers : C. S. Goodman and F. 
Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 

of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

19 Workshop on Viral Evasion of Host 

Defense Mechanisms. 
Organizers : M. B. Mathews and M. 

Esteban. 

*20 Workshop on Genomic Fingerprinting. 

Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 

Organizers: K. R. Fox and J. Portugal. 

*22 Workshop on Molecular Bases of Ion 

Channel Function. 
Organizers: R. W. Aldrich and J . López

Barneo. 

*23 Workshop on Molecular Biology and 

Ecology of Gene Transfer and Propa

gation Promoted by Plasmids. 
Organizers: C. M. Thomas , E. M. H. 

Willingto"n , M. Espinosa and R. Díaz 
Orejas. 

*24 Workshop on Deterioration, Stability 

and Regeneration of the Brain During 

Normal Aging. 
Organizers : P. D. Coleman, F. Mora and 

M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 

ANA Viruses. 
Organizers: J. J . Bujarski, S. Schlesinger 

and J . Romero. 

26 Workshop on Cellular lnteractions in 

the Early Development of the Nervous 
System of Drosophila. 
Organizers : J. Modolell and P. Simpson. 

* 27 Workshop on Ras, Differentiation and 

Development. 
Organizers: J . Downward, E. Santos and 

D. Martín-Zanca. 

28 Workshop on Human and Experi
mental Skin Carcinogenesis. 

Organizers : A. J . P. Klein-Szanto and M. 
Quintanilla. 

• 29 Workshop on the Biochemistry and 

Regulation of Programmed Cell Death. 

Organizers: J . A. Cidlowski, R. H. Horvitz, 

A. López-Rivas and C. Martínez-A. 

•.30 Workshop on Resistance to Viral 

lnfection. 
Organizers : L. Enjuanes and M. M. C. 

Lai. 

31 Workshop on Roles of Growth and 

Cell Survival Factors in Vertebrate 

Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 

and Gene Expression. 
Organizers: F. Azorín , M. Beato andA. P. 

Wolffe. 

33 Workshop on Molecular Mechanisms 

of Synaptic Function. 
Organizers: J . Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa

ches in the Analysis and Engineering 

of Proteins. 
Organizers : F. S. Avilés, M. Billeter and 

E. Querol. 

35 Workshop on Signal Transduction 

Pathways Essential for Yeast Morpho

genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Caen , Zs. Schwarz
Sommer and J. P. Beltrán. 

37 Workshop on Cellular and Molecular 

Mechanism in Behaviour. 
Organizers : M. Heisenberg and A . 

Ferrús. 

38 Workshop on lmmunodeficiencies of 

Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz

Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 

Organizers : K. N. Timmis and J. L. 

Ramos. 

40 Workshop on Nuclear Oncogenes and 

Transcription Factors in Hemato

poietic Cells. 
Organizers: J . León and R. Eisenman. 
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63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers : S. J. Benkovic and A. Ba
llesteros. 

65 Workshop on Signal Transduction in 
Neuronal Development and Recogni
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra and A. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J. M. Siverio and 
J. M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom
bination. 
Organizers : J. C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J. L. 
Mi col. 

73 Workshop on Development and Evo
lution. 
Organizers: G. Morata and W. J . Gehring. 

74 Workshop on Plant Viroids and Viroid
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sii.nger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J. Cudeiro and A. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J. Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers : F. García-Arenal, K. J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall , A. P. Wolffe, R. J. 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J. M. Redondo, P. Matthias 
and S. Pettersson. 
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87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J. Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha
nisms of Ion Channels. 
Organizers : J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 
Serrano. 

90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers : J . A. Hoffmann , F. García
Oimedo and L. Rivas. 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cycle Regulation and 
Cytoskeleton in Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo
logous Recombination and Genetic 
Rearrangements. 
Organizers: J. C. Alonso, J. Casadesús, S. 
Kowalczykowski and S. C. West. 

Out of Stock. 
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The Centre for International Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e In vestigaciones, 

a private foundation spec iali zed in sc ientific activitics 

which complements the cultural · work 

of the Fundación Juan March. 

The Centre endeavours to actively and 

sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 

and Experimental Courses, Seminars, 

Symposia and the Juan March Lectures on Biology. 

From 1989 through 1998, a 

total of 123 mee ti ngs and 1 O 

Juan March Lecture Cycles, all 

dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 
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The Lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 261" through the 28111 of April, / 999, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a Limited edition of 400 copies 
of this volume, available free of charge. 


