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Humun recamhinant [”'I]TNF 2 WIS mcnbmcd wuh ponadherent hum-m nemwphil:. uells ndhcrcm 10 ﬁbrmmtm t.(::licd pla:tm or adherent -

- eclls seraped into suspension (post-ndherent). Dinding of TNF 10 all eells inereascd with doses of added TNF but adherent cells bound litke TNF, -

Binding of TINF by post-adherent cells wus greater than when adhierent, But siill significantly fesg than that of non-gdhered newrophils. siggesting

ihat TNF receptars were relocated on the udherent surface of noutrophils. Scutchard wnalysis shawed that adherent cells expréssed significantly

fewer TNF reeeptors; bm al‘ higher afMinity, that nor-adherent celly. The resulis suggest (hut nitered expression of THNF raeptou might cunlnhulc ‘
‘ ‘ “tothe dlﬂcrcnmlcﬂ'ccls of TNF on ndh\.remnnd non- ndl\crcm neutraphils, :

Neutmplul Tumor nccms-s factor; Reeeptor

~1. !N'I RODUCT[ON

Tumor necrosis t‘actor-a (TNF) is one of several
- cytokines that can affect the functions of human
~neutrophils. Neutrophils in suspension may beinduced,

by TNF, io adhere to a variety of substrates [1-3], but
- some effects of TNF are only. apparent on neutrophils
that are already adherent. Previous evidence has sug-
~gested that the production of superoxides, release of

lactoferrin, and proteolysis of extracellular protein by
" neutrophils in vitro is increased significantly by TINF

only if the cells are allowed to adhere first [2-7]. The
reasons for this heterogeneity in neutrophil response to

TNF are unclear. It could be due to changes in the

~nature of the TNF receptors following cell adherence, -
. or altered post-receptor events. Previcus studies ‘of -
TNF bmdmg by neutrophils have suggested that these’

cells express a single population of TNF receptors
‘[8~11] but it is not clear whether the state of the cell can

influence the expression of TNF recepters and hence-
“the response of the neutrophil to this cytokine, The pur-

. pose of this study was to investigate whether adherence
of neutrophils results m altered -expression of TNF
receptors

2. MATERIALS AND METHODS

S AL Isolanon of biood negltrophils. -
Venous blaod from five healthy vnluntccrb was collected into
“lithium heparm amicoagulam Neutrophils. were jsolated by cen-

Corresporidence addrc.ss. D. Burnctt, Lung Immunchiochemical
Research Laboratory, The Clinical Teaching Block, The General

Hospital, Steelhouse Lane, Bltmingham, B46NH UK. Fax: (44) (21) ‘

2339189

Published by Elsevier Science Publishers B.V.

wrifugation an Pereoll density gradients [12]. Each blood sample was
diluted with an equal velume of 0,15 mal/) NaClsolution and layered
carefully anto 2 il of 1,075 g/m! Percoll (Pharmacia AB, Uppsala,
Sweden) in 0.15 mol/l NaCl, which had been layered aver. 3 mlof

. 1,096 g/mil Percoll. The tubes were centrifuged at 400 x g for 25 min

and the neutrophils harvested from the interfaca between the twe Per- :
coll layers: The cells wére washed twice in Tris-buffered RPML 1640
mecdivm (Flow Laboratories, Rickmansworth, UK), counted "and-

‘resuspended in mediom, The cells were = 96% newtrophils and

viability, assessed by axclusion of Tryp.m blue, was >98%, All

- reagents were assayed for endotoxin using the Kabi Vitrui Contest

(I“low Labs) and contnined less than 20 ng/l.

2.2, Bmdmg of TNI

Human ["**IJTNF (400-800 C1/mmol) was obtained from Amiers
sham International (UK and' pure, recombinant. human TNF wias
kindly -supplied by Dr. G.R. Adolf (Ernsi-Boehringer Institut. fiir
Araneimittel-Forschung, Austria) The neutrophils fronyeach subject
were treated in three ways for TNF binding studies.

(1) Non-dadhered newtrophils. Neutrophils (10“) were maubaud
witl agitation, for 30 minin 0.1 ml of ‘binding medium'; RPMI llﬁ-'m
with 0.1 g/ml bovine serum albumin, 5 mg/ml cytochalasin. B and
0.65 mg/m! sodium azide (all reagents from Sigma Chémiecal Co.;
Dorset, UK). These cells were dispensed to microfuge tubes and in-
cubated @in triplicate) with ['**LITNF at conventrations ranging from
0.015-0.5 amol/|. Control preparahons also containéd unlabelled:
TNF at 1000-fold the concentrations of {2 17TNF. The cell suspen-
sions were rotated continuously for I' h-at 4°C and then 0.1 ml
phthalate ofl (1.5 vol. di-»#-butyl-phthalaie/1 - vol. ' di-iso-actyl-

. phihalate; from BDH Chemicals. Dorset, UK) was added to each

tube, which was spun for 2 min in a microfuge and frozento =70°C,.
Each tube was cut at the il layer and the cells pellets and supernatants
assayed separately for ['*I]TNF.using an LKB Mulhgammacountex
The number of receptors/cell ‘and dissociation constam (Ka) were
calculated by Scatchard analysis [13].

-(ti) Adherent newirophils. Linbro tissue culture platcs were loadcd
with 1 m} .of 10 mg/ml human fibronection (Sigma Chem. Co.)

"dissolved in 0.15 mols} NaCl. After 1 h, the salution was removed and :

the plates allowed to dry. Neutrophils (l()7 in 1 mi RPMI 1640) were

* added 1o the fibronectii-coated wells and incubated for 1 hat 37°C

T3
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ia an nlméipheu‘. of 5% f:G'i‘J.'a% wif. Nag. Hﬂhﬂﬂ“ cells wnd
rgmioved by washing with medium and counted in order to calcularg
fiumers of adherent aells, To the adheren ¢elly, [FIITNE was added
ay deweribed above, Afver lncubatlan, the medive in each well was

enllected and spun through phthalare oil. The supernatant (fres-

ligancl) and Ure *peties’, répresenting amy detached neutraphiic, were
collested. The adherent cells in the Linbro dishes were lysed by the ad-
divion af 2% sodium dodecybiulphate diel the lysare added 16 thy
‘pellet’ w obtiin tatal ‘hound' TNF. Binding af TNF to dyest ¢éll
preparations was insuffieient Tor Seatchard analysiy,

(iiy - Pastodherent - nenrrophils.  AdbBerent . neuraphilbs.  were
prepared as desvribed above Non-adherent vells ware ramoved by
washing with RPMI 1640, Adherent ectli were incubared for 30 min

with binding mediuny {xee above), areested with a rubber peliceman,

<ounted and rasuspended in the same medlum comalning ) TNE

{0,005-0.5 nmolA), Bonnd aned frete {PHITNE messuremants and.

Seatehird analysis were pv;rrnrmed ix dcu:rihccl abmc ‘far noi-
adhered cells,

2, 3. i situ mmh.mmn :

‘Neutrophils (2 x 10%) in suspenﬂnn were incubated with (0,3 nmels
{"?IJTNF, s deseribed abave, for 1| h at 4%C and unbound lgand
removed by repeated washing, The cells were resuspended in binding
medium, eytospun and the slides air-dried, coated with NTB emulsion

(Kodak), dried at room temperature for 5 min and stored in a light-

tight dessicator ar 4°C. After 7-14 days, the slides were dlppcd i

quentially in; Kodak D19 developer (2.5 min), 1% deetie-acid (1 minj,

Kodak Fixer (8 min), distilled warer (3 % 10 min),all 51 V$¥C, After air
drying, the slides were counterstained with Diff\Quik (Traveno! Labs)
.ang! examined mln.ro-tcnpimlly lor sitver grznns denming bmdmg af
[ IITNI :

3 RESULTS

F1g. 1 ahows the average amounts of TNF bound -

with increasing concentrations of {'**I]TNF, by the

three sets of neutropl-ul preparations from five subjects.
All cells bound TNF in a dose-dependent manner, The.

neutrophils in suspension bound significantly more
TNF than adherent cells but increased binding was

observed by adherent  (post- adherent) cells - after -

removal from substratc.‘ In the presence of 1000-fold

" Adherent

cells)

&

TNF boont (pW/10

0,015  0.03 cosz 0.125 0.25 0.5
‘ THF added (nM)

‘Fig. 1. Binding of ['"*IITNF o isalaied human neutrophils in suspens
sion . (non-adherent),  a
{adherent) and after removal from substrate {post-adherent). Resulis

are mean values (- SEM) of measurements obtained with neuls aplnls -

from fwu dxfferent donors.
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Fig. . E\nmpcs of Seatehared. plots of TNF bindmg by (a) non-
1dhcrem and (b) adhercm neutrophils from ont donnr.

excess of ualabelled TNF, binding of ['®IJTNF was

< 2% of that observed in the absence ‘of unlabelled‘

TNF,

~Scatchard analysis of the results from the adherent‘
neutrophils was not. possible. because of the small
amounts of [***I]TNF bound by these-cells, Fig. 2 shows

examples of Scatchard plots of non- adhered and post-
‘adherent cells from one individual.

The average
numbers of TNF receptors and Kq, calculated from the
Scatchard plots of neutrophils from the five subjects
are shown in Fig. 3. The non-adherent neutrophils. ex-.
pressed sigrificantly more (2P<0.013) TNF receptors

~{mean 1212; SEM 488 receptors/cell) than the post-

adherent cells (mean 547; SEM 454 receptors/cell). The

" affinity of the TNF receptors on thé non- -adherent cells
‘was' significantly (2P<0.001) lower: (mean Kq 0.28;

SEM 0,07 nM) than that of 'the post- adherent

. neutrophus {mMeéan Kq0.12: SEM 0. 03 aMj.

- In situ localization demonstrated, visually, the bind-_

ing of ["**I]TNF to isolated neutrophils, but occasnonal;

eosmophlls were negatwe (l""lg 4},
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4. DISCU‘%S[ON

Prcvmus smdms have pmtmlly charactenscd the
nature of receptors for TNF on human neutrophils
[8-111. The reported number of - receptors/cell

(400-6000) and K4 (0.3-13 x 10~ ' M) represent a wide

- range. The results of the present study confirm the

presence of high affinity receptors on human

- neutrophils, but indicate that the nature of the cells

(adherent or in suspension) is crucial in understanding -
the nature of the TNF receptors, The in situ ex:

periments failed to demonstraie binding of TNF to

eosinophils in our cell preparations. This suggests that -

- eosinophils might lack TNF receptors although further” -

. Flg 4. In situ localization of bmdmg of [‘”I]TNI' to a eytospin preparation of human neutroplnls Sllver grains show blndmg of TNE, An,
‘ eosmophll {Eos) is negative;
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‘experimems would be necessary. to esmblnh whethcr ‘

this is the case.

Our initial measurements r&sultcd ina slgmﬁcam loss
of binding of TNF to neutrophils when che eells were
‘adhered. We consequently investigated binding by the
adherent cells after physical removal from the
substrate, with a subsequent recovery of binding of
TNF by what we have rtermed ‘post-adherent’
newtrophils, These results  suggest - that, when
neutraphils adhere, receptors for TNF are located
largely on the adherent surface, thus restricting access

to the ligand in solution around the cell. Scatchard
analysis indicated that the numbers of receptors on -

these cells are fewer than on those which have not
adhered and that their affinity is greater. Polarization
of neutrophil membrane receptors is not - un-
precedented; receptors for C3b, Fe and formyl peptides

have been reported to redistribute to the anterior sur--

face of migrating neutrophils [14,15]. It is unclear at

present whether the change in expression of TNF recep-

tors when neutrophils adhere represents only the loss,

by internalization or shedding, of most receptors except -

those on the adherent surface, The change in affinity of
TINF recepiors on the adherent cells, however, suggesis

that they' could represent a new population of -

molecules. Two TNF receptors on- myeimd «ceil lines
have been studied in some detail to date; a veceptor of

75 kDa (Type A) and another. of 55 kDa (Type . B) .

{16,17]. The relationship of these receptors to those ex-

pressed by neutrophlls will requue further mvesnga--

tion.

.The results of severa! studies have Suggested that the‘

effects of TNF on neutrophil behaviour are limited,

resulting in cell adherence but not in the activation of -

other ‘neutrophil functions such as the producuon of
‘superoxides and. release of granule contents [l -7]. The
latter effects appear to be restricted to adherem
neutrophils. In the present study, we have investianed

the possibility that the nature of the response of |

neutrophils to TNF might be moduilated by the expres-
sion of TNF receptors. The results suggest that this may

be the case. Clearly, further studles will be required in

order to establish a definite association between altera-
tions in TNF receptors and neutrophil response to TNF.

The physiological significance of such a controlling
mechanism is clear. Neutrophils in the blood which en-
counter TNF in the regions of inflamed tissues where

cytakines are reléased would be induced to adhere to en-
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‘dmhehum. but wuhum a st:mulmion cf pumnnally
‘harmful effects such as the release ol superoxides and

protéolyviic enzymes. The latter effects would be conse-
quent upan the initial adherence of the cells and their
migration into- the affected tissues. The ‘different
responses of adherent and uon-adhcren: neutrophils
are, furthermore, not confined to TNF but hiave been
observed with other cytokines [3~ 5,18]. It is therefore

. possible that the response of neutrophils to a wide range

of mediators is controlled by the altered exprcssian af

‘surr‘acc rcteptors.

»tn:Armem;:enm:m' ‘Thh. wark wis snpno'ncd by‘tha Cihm. Henrt
and Strake Mmdmmn. thc TSR Trust and the Bridshv Lung r'mm(h
uon . L
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