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Abstract t 

Metalloproteinasess have been implicated in the cleavage of a number of cell-

surfacee immune receptors. Oral administration of the metalloproteinase inhibitor 

GI54022 attenuated the release of soluble CD27 and CD16 into the circulation after 

intravenouss endotoxin injection in healthy humans. 

88 8 



MetalloproteinaseMetalloproteinase inhibition during human endotoxemia 

Introduction n 

Metalloproteinasess (MPs) are involved in the shedding of multiple cell-

surfacee molecules (7). The capacity of MPs to cleave cell-associated tumor necrosis 

factor-aa (TNFa) has received much attention. MP inhibitors prevent TNFa release 

byy mononuclear cells in vitro and in mice in vivo, and protect mice from a lethal dose 

off  lipopolysaccharide (LPS) (5, 13, 15). We have previously shown that oral 

administrationn of the MP inhibitor GI5402 markedly reduced the release of soluble 

TNFaa in the circulation after a bolus intravenous injection of LPS into healthy 

humanss (4). GI5402 did not influence the LPS-induced decreases in monocyte and 

granulocytee TNFa receptor expression, but did attenuate the nse in the plasma 

concentrationss of soluble TNFa receptors. MPs are also involved in the shedding of 

otherr surface molecules, including other members of the TNFa receptor family, and 

thee immunoglobulin class G (IgG) Fey receptor type III (CD 16) (7, 14). 

CD277 is a lymphocyte-specific member of the TNFa receptor family (1, 11). Like 

otherr members of this family, CD27 is expressed as a transmembrane protein that 

consistss of two identical subunits. After activation of lymphocytes, a soluble form of 

CD277 is released into the extracellular environment, most likely via proteolytic 

cleavagee (6, 12). CD 16 exists in two forms, each encoded by a different gene (3). 

Onlyy neutrophils constitutively express FcyRHIb, which is the major source for 

circulatingg soluble CD 16 (8). FcyRIIIb is shed from the surface of activated 

neutrophilss in vitro by MP mediated cleavage (14). Littl e is known about the 

regulationn of CD27 and CD 16 expression during infection in vivo. In the present 

studyy we sought (a) to determine whether the cellular expression of these surface 

moleculess and the plasma concentrations of their soluble forms change after injection 

off  LPS into normal subjects, and (b) to establish the role of MP's herein. 
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Methods s 

Thee present study was performed simultaneously with an investigation on the 

effectt of GI5402 on TNFa and TNFa receptors, of which the results have been 

publishedd previously (4). The study was approved by the Research and Ethics 

Committeess of the Academic Medical Center, Amsterdam, the Netherlands, and 

writtenn informed consent was obtained from all volunteers prior to study entry. The 

studyy was designed as a double-blind, randomised, cross-over, placebo-controlled 

investigationn in which 7 male volunteers (mean age 22 years, range: 20-25 years) 

weree treated with LPS on 2 occasions, with an interval of 6 weeks between. On one 

studyy occasion, fasted subjects were given an oral dose of GI5402, as a lOOmg tablet, 

whichh was followed 20 minutes later by an intravenous injection of LPS. On the 

otherr occasion, matching placebo preceeded the LPS injection. Escherichia coli LPS, 

lott G (UPS, Rockville, MD) was administered over one minute into an ante-cubital 

veinn at a dose of 4ng/kg body weight. Blood was obtained from a cannulated forearm 

veinn 0.5 hour before LPS injection (i.e. directly prior to administration of GI5402 or 

placebo),, directly before LPS administration (t = 0 h) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 

8,, 12, and 24 hours thereafter. Blood for FACScan analyses was collected in heparin 

containingg vacutainer tubes; all other samples were drawn in K3-EDTA containing 

tubes.. Leukocyte counts and differentials were assessed by a Stekker analyzer 

(counterr STKS, Coulter counter, Bedfordshire, U.K.). All blood samples (except 

sampless for flow cytometry) were centnfuged at 2000 x g for 20 minutes at 4° C and 

plasmaa was stored at -20° C until assays were performed. Soluble CD27 was 

measuredd by ELISA precisely according to the instructions of the manufacturer 

(Centrall  Laboratory of the Netherlands Red Cross Blood Transfusion Service, CLB, 

Amsterdam,, the Netherlands; detection limit 5 units/ml). Soluble CD16 was 

determinedd by ELISA as described previously (10). The lower limit of detection of 

thiss assay was 15.6 pg/ml. Blood obtained for FACScan analysis was processed 

exactlyy as described previously (4). Cell surface CD27 was measured on 

lymphocytess with a mouse anti-human CD27 monoclonal antibody (clone:9F4; 
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CLB);; membrane bound CD 16 expression was determined on granulocytes with a 

mousee anti-human CD16 monoclonal antibody (clone: CLBFcRgranl; CLB). All 

FACSS reagents were used in concentrations as recommended by the manufacturers, 

andd all analyses were also conducted with the appropriate control antibodies (murine 

IgG,, or IgG2 (Becton Dickinson & Co, Rutherford, NJ). For each test 105 cells were 

counted.. Mean cell fluorescence (MCF) at >570nm of forward and side angle scatter-

aatedd lymphocytes and granulocytes was assessed. Data are presented as the 

differencee (linear units) between MCF intensities of specifically and non-specifically 

stainedd cells. Values are given as mean . Differences between GI5402 and 

placeboo treatment periods were tested by analysis of variance (ANOVA) for repeated 

measures.. Changes of variables over time were analyzed using one-way ANOVA. A 

twoo tailed p value of <0.05 was considered significant. 
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Figuree 1: Lymphocyte CD27 (top panel) 

andd plasma soluble CD27 (lower panel) 

afterr intravenous injection of LPS in 

subjectss either receiving GI5402 (open 

squares)) or placebo (closed circles) given 

200 minutes prior to LPS challenge (lot G, 

44 ng/kg). FACS results are expressed as 

thee difference between specific mean 

channell  fluorescence (MCF) and 

nonspecificc MCF. All results arc mean

SE.. P-value indicates the difference 

betweenn treatment groups. NS = 

nonsignificant. . 

placebo o 

GI5402 2 
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Results s 

Intravenouss injection of LPS modestly but significantly decreased 

lymphocytee CD27 expression reaching a nadir after 6 h (MCF: from 77+13 to ; 

figuree 1; upper panel; P<0.05 in time). This was associated with an increase in the 

plasmaa concentrations of soluble CD27, peaking after 1.5 h (from 191.3  17.5 to 

77 U/ml; figure 1, lower panel; P<0.05 in time). Administration of GI5402 

didd not influence the changes in lymphocyte CD27, but significantly reduced the 

LPS-inducedd increase of soluble CD27 in the circulation (P<0.001 for the difference 

betweenn treatment groups). LPS tended to reduce granulocyte CD 16 expression 

((Figuree 2. upper panel; nonsignificant in time), which was associated with an 

increasee in the plasma concentrations of soluble CD16, peaking after 2 h (from 

113.2121.88 to 308.1+ 51.0 pg/ml; figure 2. lower panel; P<0.05). GI5402 diminished 

thee increase in plasma soluble CD16 levels (P<0.001 for the difference between 

treatmentt groups). 

Figuree 2: Granulocyte CD16 (top panel), 

andd plasma soluble CD16 (lower panel) 

afterr intravenous injection of LPS in 

subjectss either receiving GI5402 (open 

66 24 .squares) or placebo (closed circles) given 

200 minutes prior to LPS challenge (lot G, 

44 ng/kg). FACS results are expressed as 

thee difference between specific mean 

channell  fluorescence (MCF) and 

nonspecificc MCF. All results are mean

SE.. P-value indicates the difference 

betweenn treatment groups. NS = 
timee (hours relative to LPS challengel 

nonsignificant. . 

——— placebo 
-O-GI5402 2 
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Discusion n 

Unlikee other members of the TNF receptor family, CD27 expression is 

restrictedd to lymphocytes (1, 11). Activation of T cells by stimuli that mimiek 

antigen-specificc stimulation elicits a strong upregulation of CD27 surface expression 

{2,, 18). Other mitogenic stimuli such as phorbol esters reduce CD27 expression (2, 

18).. Activation of lymphocytes also results in the shedding of soluble CD27, most 

likelyy by proteolytic cleavage of the transmembrane receptor (6, 12). The plasma 

concentrationss of soluble CD27 have been found increased in various inflammatory 

conditions,, including psoriasis, renal transplant and filariasis (11). In addition, 

circulatingg soluble CD27 levels are elevated in patients with B cell malignancies, in 

whomm they strongly correlate with the tumor load (19). We here report that 

experimentall  endotoxemia in healthy humans is associated with a decrease in 

lymphocytee CD27 expression and in soluble CD27 levels in plasma. In addition, our 

resultss suggest that, MPs are involved in the cleavage of soluble CD27 from the cell 

surface. . 

Wee confirmed the role of MPs in the shedding of CD 16 in vivo. Activation of 

neutrophilss is associated with the release of CD16 from the cell surface (9, 14), and 

solublee CD16 in plasma is mainly derived from neutrophils (8). In the present study, 

LPSS given at a dose that does result in detectable activation of granulocytes {e.g. 

degranulation,, upregulation of CD l ib , and downmodulation of TNF receptors) (16, 

17),, did not significantly influence granulocyte CD16 expression. It should be noted, 

however,, that FACS analysis in this model can only be conducted on cells found in 

thee circulation. Therefore, it is possible that granulocytes that become attached to the 

vascularr endothelium after LPS injection do shed their CD 16. This may also explain 

thee observed rise in plasma soluble CD16 concentrations, a finding that is in line 

withh earlier reports of elevated soluble CD16 levels at sites of inflammation (3). 
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