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Fig. 1.Combinatorial aspects of leukocyte inflammation. Shown are the three major
steps that lead to leukocyte inflammation and some of the various adhesion
molecules, chemotactic factors, and cell surface receptors that are involved
with the process. Step 1 is the initial low-affinity rolling interaction that is
mediated by the selectins. Step II is the neutrophil activation event that is
mediated by the concentration gradients of various chemotactic factors. Cs,,
chemotactic fragment of complement protein C;. Step III is the high-affinity
adhesion, leukocyte shape change, and extravasation event that is mediated by
the binding of various leukocyte integrins to their cognate endothelial ligands.
VCAM-1, vascular cell adhesion molecule-1. (Lasky LA, 1992)

o] AE-& AZ Fdol 4 AFA Lo} mA oA 2 o gabE a4 ogle stea4 1A R+ ana-
el AbE Ehgo| A HE] Al zbEich $5 47 FheA] phylatoxin Css, fomylmethionyl peptide (FMLP),
Aol 2 F 5 H4] #8 wl"FE “capture”s]e] @2 platelet activating factor (PAF), leukotriene B,

Wl Al 25 ape} F20]7] (rolling) Al#ac}, elzfdl (LTB, o] == aedx glc}. TNF-@s} IL-13% &5

s57e} WHelAE£ste) =7 4Auge F2 CDIl/ o geid wgsleln 3% FAdch, TNF-o9
CD18-independent mechanism5- %38}o{ selectinsef| IL-13 =}all &= A& el 4] FMLP ++% 357 55
ofal siAsloiA et Azslolth, 2718l AHEY  odmlapeisn, ALele sEFy BobE 24 dsichn

rollingghs 257+ AGF HolEsielel 28 #4353t w3 dF55 TNF-¢ =& IL-152 3=l 2§
el AFHez getrd el oe} G55 o] UFLl?i%OI gtz gleh, GM-CSF 4] TNF-«a
2] 2 3%t} (directed migration), gE3-%jollA & el A" alel 4] FMLP = 357 535 o448
ZT+ integrinsell & =f-fE+= Az CDI/ o}, dbelof IL-8€ FMLPeo| s|&hed 10~100vl2] 7+2
CD18-dependent adhesione]] 2]&] & 3hf =)Aol = g slalEAdsS shav] wE T S 3 O] A 2ol A
cha| -z HejwslE des|v FHdEzE o) TNF-a =& IL-18¢] o8] 2 A4 wdo] fxslc},
(diapedis and extravasation] 9Z&F%loll o]=HA 4 ubif4] A %l} ol 4 TNF-a %+ IL- 18 ol& &5

cls4) (Fig, 1), ze]x alg] Aol &lx|ote o) &, £ o] 57t 2ARcy 2 &3l TNF-o == IL-18
sl z22], wiod B3taof o7l gH4] (phagocytosis) o A el o] E Mol EFlglel ofal] frexl [L-8ol &
dojrfir o] 5 4 3}sl7] #13+ 2Ha}E (degranulation), a4y o Als) ez 2lel Arbelel =l glel o|MwbR] o
4k 8kab-S- (oxidative burst) o] &g ch, A g dhH el 4] 3l 3tetFE4 alAEo| e g atgsler 4t



Endotoxin

2R

/.\
e Ty,

Increased

Adhi
erence 02 | I / o

= X

Increased
Oxidative Activity

Decreased
Migration
[

Increased
Degranulation

Fig. 2. TNF effects on neutrophil function. TNF-« increases PMN adher-
ence, oxidative activity, and degranulation and decreases PMN non-
directed and directed migration. (Mandell GL, 1991)
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Fig. 3. Pentoxifylline blocks endotoxin-stimulated TNF-« production and
modulates the effects of TNF-¢ on PMN function. (Mandell GL, 1991)
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Fig. 4. Modulation of the cytokine cascade in gram-negative septic shock. When LPS from gram-negative
bacteria binds to monocyte/macrophages, it stimulates the expression and release of TNF-a, [L-1
3. and IL-6, TNF-g, IL-6, and IL-13 induce an inflammatory reaction from a number of targets
including monocyte/macrophages, PMN, and vascular endothelial cells. The phagocytes become
oxidatively active and secretory and adherence sites are expressed on both the leukocytes and
vascular endothelial cells. These changes can result in tissue damage and capillary leakage leading to
shock. LPS can also stimulate T cells to release IFN-y and IFN-«/ 3 which appear to have opposing
roles in the inflammatory response. IFN-y increases the inflammatory response by stimulating
monocyte/macrophages and IFNa/3 decreases the severity of shock by an unknown mechanism.
Experimentally it has been possible to modulate the septic shock cytokine cascade. Anti-LPS neutral-
izes LPS so that it is not available to react with leukocytes. Antibodies to TNF-g, IL-6, and [FN-y
decrease the activity of these cytokines. The production of IL-1, IL-6, and TNF-« can be de-
creased by treating the monocyte/macrophages with dexamethasone. Pentoxifylline decreases the
production of TNF-¢ by monocyte/macrophages and modulates the activity of TNF-¢ and IL-13
on PMN function. Recombinant IL-1 receptor blockers interfere with binding of IL-1 to the target
cells. (Mandell GL, 1992)



TNF-@ 4= IL-13¢l 9|3 oA15l 2572 FMLP
= gahEAe A7 D FobE 35T F2g 98k
sro] EFlolel o] 2=t 572

Aeh, ma A% !
ehs g ol abn wolglol o3k 2shis fel % o

=)
5.5
by

L)
i
o
tle

~

b
by
&y

- A Zlc} (Fig. 3). zL2]at pentox-
ifyllinecl| 2|k 3379 A7l 242 2N 2+
24 Ry 2N "o"-“l' A7} ool shei=lan ol

d )& FF 7ol 4] LPS7} 7+
R °l 4 EA g z2gsle] TNF-¢ & IL-155 7+
2]5lm] AT 5ol o]2A e EHRZ ode{H alch
wheb4] 22 LPSe| €]& &% & Foisled LPS
5 F3lste] A Hol SR E DA} Gl A|R7F Ao A
23} thA o] 0]_?:’__?_ olcH® et Fx| oAl F Mo E
Fhelell 3t % 3H4| (anti-TNF monoclonal anti-
body) & 1 ’6}7‘] ‘4. &= so] B 7lal o] =& FgHAl
{recombinant IL-1 receptor antagonist) & “Fof Fo.
24 Y5 ‘*|'°Ii?|'°\_191 245 o Aste] ANH ST
£ Sl e A wmsh PR Qlepn, opgdt
ol wae2AE 2HHoE RAHATEZO ]
& A S A A ZA] ARE-slo] Shet, o] bR <15 o]

Eohele]l Y4e Aoy BUTHoR dBUS
(o]

N
i~
T

SantolE oA AIE HH?}L} pentoxrfyl
linee TNF-q¢] & 45 ojxgs} ol o] 5 a3
#o| B 7kl o] & FF-oll g 2Edt 28-& A3 Ao
o2y FHE-E S5l feldH o124 Ue 7Hs

Q
AL b4 9l o7 AQ7bEich? (Fig. 4),
Z =

A F Fl Flalel] 2gt F2A3tn Afed 55T
55 S dFE obrldeh weby flal I
o3t 57 24 8s = Ao

F dloid g %&% {ﬁll f—H cha| Feslch, pentomfy]-
& o] shtz4] TNF-¢ &=

IL-13¢1 &3t i%‘-?’“ °3%‘1_%% oA ghet, aebs of
b AYEFF 222 2ol 3 EFLUE (adult
respiratory distress syndrome) % c©}7|3h7|54k4l

(multiorgan failure), 4l3-%3]#$=4(cardiopul-

monary bypass lung damage), AlZ#
{myocardial reperfusion injury) & 2573
of 23} 2 LAS A 4 2lon] R4l

A A2 B ola At 45 & gl kR A 7

~

=i

a2 A
on g
rL
OiO o_?:

fio

a8

Ekm
L
N

(F

REFERENCES

1) Dinarello CA: Cytokines: interlenkin-1 and tumor

necrosis fuctor (cachectin), in “Inflammation: basic
principles and clinical correlation” eds. John I
Gallin, Ira M. Goldstein, Ralph Swyderman, p195
-208, Raven press, New York, 1988

Dinarello CA: The proinflammatory cviokines
interlenkin-1 and tumor necrosis factor and treat-
ment of the septic shock syndrome. | Infect Dis163:
1177-1184, 1991

Osborn L: Lewkocvte adhesion to endothelium in
inflammation. Cell 62:3-6, 1990

Lasky LA: Selectins: interpreters of cell-specific
carbohyvdrate information duving inflammation. Sci-
ence 258:964-969, 1992

Ferrante A, Nandoskar M, Walz A, Goh DHB,
Kowanko IC: Effect of tumor necrosis factor alpha
and inferlewkin-1 alpha and beta on human neutro-
phil migration, respivatory burst and degranulation.
Int Arch Allergy Appl Immunol 86:82-91, 1988
Sullivan GW, Carper HT, Novick Jr W], Mandell
GL: Inhibition of the inflammatory action of
interlenkin-1 and tumor necvosis factor (alpha) on
neutrophil function by pentoxifvlline. Infect Immun
56:1722- 1729, 1988

Sullivan GW, Linden J, Hewlett EL, Carper HT,
Hylton JB, Mandell GL: Adenosine and related
compounds counteract tumor necrosis factor-a inhi-
bition of neutrophil migration: implication of a
novel eyclic AMP-independent action on the cell
surface. ] Immunol 145:1537 - 1544, 1990
Yoshimura T, Matsushima K, Tanaka S, Robinson
EA, Apella E, Oppenheim JJ, Leonard EJ: Purifica-
tion of a lwman monocvie-derived  neutrophil
chemotactic factor that shares sequence homology
with other host defense cyvtokines. Proc Nat! Acad
Sci USA 84:9233-9237, 1987

Peveri P, Walz A, Dewald B, Baggiolini M: A novel
newtrophil-activating  factor  produced by hwman
mononuclear phagocvtes, | Exp Med 167:1547



-1559, 1988
10) Baggiolini M, Walz A, Kunkel SL: Neutrophil- 17)
activating peptide-1/interleukin-8, a novel cylokine
that activates neutvophils. | Clin Invest 84:1045
-1049, 1989
Sullivan GW, Carper HT, Sullivan JA, Murata T,
Mandell GL: Both recombinant interleukin-1 (beta)
and purified hwman monocyte interlewkin-1 prime 18)

11

—

human neutrophils for increased oxidative activity
and promole neutrophil spreading. | Leuk Bio! 45:
389-395, 1989
Schleiffenbaum B, Fehr J: The tumor necrosis factor 19)
receptor and human neutrophil function. J Clin
Invest 86:184-195, 1990
Murata T, Sullivan JA, Sawyer DW, Mandell GL:
Influence of type and opsonization of ingested part- 20)
cle on intracellular free calcium distribution and
superoxide production by human neutrophils. Infect
Immun 55:1784-1791, 1987
Sullivan GW, Patselas TN, Redick JA, Mandell GL: 21
Enhancement of chemotaxis and protection of mice
from infection. Trans Assoc Am Phys 97:337
-345, 1984
Novick W], sullivan GW, Mandell GL: New phar-
macological studies with pentoxifyiline. Biorheology 22
27:449-454, 1990
16) Ziegler EJ, Fisher Jr CJ, Sprung CL, Straube RC,
Sadoff JC, Foulke GE, Wortel CH, Fink MP, Dellin-
ger RP, Teng NNH, Allen IE, Berger HJ, Knatterud
GL, LoBuglio AF, Smith CR, HA-1A Sepsis Study 23
Group: Treatment of gram-negative bacteremia and
septic shock with HA-1A human monoclonal anti-

12

13

~—

14

—_

15

body against endotoxin: a randomized, double-blind,
placebo-controlled trial. N Engl | Med 324:429

-436, 1991.

Opal SM, Cross AS, Kelly NM, Sadoff JC, Bodmer
MW, Palardy JE, Victor GH: Efficacy of a mono-
clonal antibody directed against tumor necrosis
factor in protecting neutropenic rats from lethal
infection with Pseudomonas aeruginosa. ] Infect Dis
161:1148-1152, 1990

Exley AR, Cohen ], Buurman W, Owen R, Hanson
G, Lumley J, Aulakh JM, Bodmer M, Riddell A,
Stephens S, Perry M: Monoclonal antibody to TNF
in severe septic shock. Lancet 335:1275-1276, 1990
Silva AT, Bayston KF, Cohen J: Prophylactic and
therapeutic effects of a monoclonal antibody lo
tumor necrosis factor-a in experimental gram-
negative shock. J Infect Dis 162:421-427, 1990
Ohlsson K, Bjork P, Bergenfeldt M, Hageman R,
Thompson RC: Inferlenkin-1 receptor antagonist
reduces mortality from endotoxin shock. Nature 348:
550-552, 1990

Starnes Jr HF, Pearce MK, Tewari A, Yim JH, Zou
J-C, Abrams JS: Anti IL-6 monoclonal antibodies
protect against lethal Escherichia coli infection and
lethal tumor necrosis factor-a challenge in mice. J
Immunol 145:4185-4191, 1990

Han J, Thompson P, Beutler B: Dexamethasone and
pentoxiflline inhibit endotoxin-induced cachectin/
tumor necrosis factor synthesis at separate points in
the signaling pathway. | Exp Med 172:391-394,
1990

Mandell GL, Sullivan GW: Penfoxifviline: an in-
hibitor of inflammatory cytokine activity, in “Pro-
ceedings of a workshop: pentoxifvlline, leukocytes
and cviokines” eds. Gerald L. Mandell, William ].
Novick Jr., p1-6, Scottsdale, Arizona, 1991



