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Human neutrophils can initiate the rapid degradation of extracellular matrix macro- 
molecules by localizing the destructive process to sites of cell-substrate contact, 
Although plasma and its filtrates contain multiple proteinase inhibitors, these inhibi- 
tors did not prevent neutrophils from attacking either underlying fibronectin or 
elastin. However, subjacent substrates could be protected from neutrophils by recom- 
binant secretory leukoprotease inhibitor, a structurally unique serine proteinase 
inhibitor whose natural counterpart is normally confined to human mucous secretions. 
The identification of this extravascular proteinase inhibitor as a potent regulator of 
subjacent proteolysis could lead to the development of a new class of anti-idamma- 

excess the binding c a ~ a c i ~  sur-of the 
rounding inhibitors or by generating halo- 
genated oxidants that mediate the inactiva- 
tion of the olasma ~roteinase inhibitors (1. 

I 


5). Ho\vel er, \\hen neutrophlls were elther 
separated from the proteir-coated surfaces 
by a distance of 0 .5 cm or prevented from 
tightly adhering to the underlying substrates 
by the addition of a monoclonal antibody 
(IB4) to the common p2 chain of the neu- 
trophil C D l l I C D 1 8  integrins (6). solubili-
zation was almost complrtely inhibited in 
the presence of 20% plasma (Fig. 1 ) .  Under 
plasma-free conditions, the degradation of a 
remote target by stimulated neutrophils \vas 
only modestly decreased (Fig. 1 )  and IB4- 
treated cells had normal activi? (7). Thus, in 
the presence of high plasma concentrations, 
1 x 10' neutrophils \vere unable to  attack 
&stant targets, but could degrade those 
substrates mith mrhich they initiated close 
contact. 

\Tithin the confines of the subjacent envi- 
ronment created by the neutrophil, underly- 
ing substrates are exposed to proteinasss as 
\yell as a flux of generated oxidants (1, 8). 
T o  identi5 the major class of proteinase 
involved in subjacent degradation, we stim- 
dated neutrophils in the presence of me-
tallo-. aspartate, c~steine, or serine protein- 
ase inhibitors (9).Neither inhibitors of me- 
talloproteinases (phosphorxnidon. NP-20, 
or tissue inhibitor of metalloproteinases), 
aspartate protsinases (pepstatin A), nor q s -  
teine proteinases (E-64 or leupeptin) inter- 
fered significantly lvith proteolysis \vhen 

tory therapeutics. 

HU,UN PUS~MAAND ITSFILTRATES 

contain a complex m h  of protein- 
ase mhibitors that normally pro- 

tect connective tissues from uncontrolled 
degradation by endogenous proteol!~ic en- 
zyrnes (1). Holvever, in mflarnmaton dis- 
ease states, stimulated neutrophils c m  cir- 
cumvent this defensive barrier by firmly 
adhering to targeted substrates m d  forming 
a sequestered microenvironment lvherein 
the ingress of plasma antiproteinases is re- 
stricted (1, 2). \Tithin these subjacent zones 
of tight cell-substrate contact, the neutrophil 
can then discharge proteolytic enzymes ca- 
pable of degrading the major components of 
the extracellular matrh (1). 

Given the fact that endogenous plasma 
proteinase inhibitors cannot prevent stimu- 
lated neutrophils from degrading underly- 
ing substrates (1. 2), interest has focused on 
identifying exogenous proteinase inhibitors 
that could be used to attenuate pathologic 
tissue damage in vivo (3). However, the 
possibility that a therapeutically valuable, 
endogenous inhibitor of subjacent proteoly- 

sis site, has received little attention. \t7e no\\, lar might already exist, but in an extravascu- 

demonstrate that recombinant secreton leu- 
koprotease inhibitor (rSLPI), an unusual 
w i n e  proteinase inhibitor n.hose natural 
counterpart is found concentrated only in 
human mucous secretions (4 ) .  c m  regulate 
proteoh tic degradat~on at the neutrophil- 
substrate Interface 

In the presence of 20% heat-inactn ated 
plasma, 1 x 10' human neutrophlls Incu- 
bated \\ ith phorbol mvristate acetate (PMA) 
rapldk adhered to glass surfaces that had 
been colalentlv coated mith elther [ ' ~ l f i -

Division of Hematology and O n c o l o ~ ,  Department of 
Internal Med~c~ne .  Simpson Memorial Research Instl-
tute. Un~\erslty of M~chigan, h i 1  .+bar. X I 1  48109. 

*Current address Department of Oral Blo lop ,  Emon 
Uni\cr\ in,  Atlanta GA 30322 
-To v horn correspondence should be addressed 

178 

bronectin or ['HIK-elastin. Despite the 
presence of plasma inhibitors, stimulated 
(but not resting) neutrophils initiated the 
solubilization of the underlying substrates 
(Fig. 1). Increasing the heat-inactivated 
plasma concentration to 100% did not alter 
these findings [that is, in the presence of 
100% plasma, fibronectin m d  elastin solubi- 
lization was 7196 * 80 and 1662 i 297 
cpm, respectively ( P I  = 3); all reported val- 
ues are means * SD]. 

The inability of plasma to protect the 
substrates from degradation is consistent 
~v i th  the formation of a privileged environ- 
ment by the adherent neutrophil for its 
released proteinases (1). Ho~vever, the de- 
gradative process need not be confined sole- 
1y to subjacent sites (1).  In sufficient num- 

this barrier either by releasing proteinases in (7). Holyever, after neutrophils \yere treated 

~ 1 1.~ . of 

radiolabeled fibronectin 
(A)  or elastin (8)b!. hu-
man neutrophils. Puri-
fied neutrophils \\ere 
isolated~(j)and suspend-l phos.b,d ~ 

phate-buffered s h e  
(\vithor\vithout25m\1~~~~~~ $ a 
final p H  of 7.4, sub. 
strate:coated surfaces 
were prepared by cross- 

bers, stimulated neutrophils can ovenvhelm added alone (Table 1) or  in combination 
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Time (hr) 
linking human plasma fibronectin (Gibco) or  K-elastin (Elastin Products) that had been radiolabeled 
a l t h  [3H]formaldehyde to glass cover slips (28). Treated cover slips, \vhich b o ~ u ~ d  0 .1  k g  ,of 0.9 i 
fibronecun (specific radioactivity of 18.0 x 10' cpmlpg) or  0.6 i- 0 .1  k g  of elastin (specific radoactiv- 
it?. of 6 .7  x lo3cpmlpg) ( t l  = 10). \\ere then placed in 12-\veil Llmbro plates m a final volume of 1d. 
Less than 5% of the bound substrates \vere released from cover slips after exposure to 1% boiling SDS, 
high salt (1 hl NaCI), acidic condtions ( p H  2.0), or  chaotropic agents ( 6  .M guanidnium 
isothiocyanate). T o  mitiate cell-substrate contact, neutrophils \rere stimulated ~v i th  PMh ( 5 0  nglnll) 
atop the cover slips in the presence ( A )  or  absence ( A )  of 20% autologous, heat-inacuvated plasma 
( r l  = 5 ) .  Similar results \vere obtained with plasma, serum, or  heat-inactivated serum. T o  prevent cell- 
substrate contact, cover slips \rere inverted and floated above a layer of neutrophils that had been 
stimulated atop uncoated cover slips in the presence ( 0 )or absence (3)of heat-inactivated plasma 
( t i  = 4 ) .  In three experiments, neutrophlls \vex incubated ~v i th  10  k g l d  of the murine monoclonal 
antibody, IR4 (0).At the indicated umes, a sample of the cell-free supernatant \vas removed, and 
solubhzed radioactivin \vas determined by p-scintillation counting. Resting neutrophils solubilized 
459 +- 196 and 156 i- 6 7  cpm of fibronectin or  K-elastin, respectively, after a 3-hour incubation in 
plasma ( 1 1  = 5 ) .  
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with diimpropy~rophqhatc (DFP), a 
general but spccific inhibitor of & pro- 
tcinasts (lo), degradation was almost com- 
pletely blocked (Tablc 1). Although ncutro- 
philscsinep~havebccalocalizadto 
the plasma membrane, thc specific granules 
aswcllastheprimarygranulcs (1,8),neithcr 
the plasma membrane nor thc spccific gran- 
ules wur major sourcts of pmtcolytic activi- 
ty, because cytoplass ~ u l e - d e p l d  
munbrane vcsides derived b m  intact ncu- 
trow (1111 degraded only anall anm- 
oftbe subjaant substrates, whatas neutro- 
phils isolated b m  an individual with specif- 
k granule ddiciency (SGD) (12) ptbm- 
lyzed fibrone4xin comparably to normals 
(Table 1). In contrast, howcva, CMliak- 
Higashi syndrome (CHS) ncuaophils that 
containdysmallamountsofacdvcsuiae 
pmcbscs in their primaty granuka (13) 
had minimal pmtcolytic activity (Table 1). 
0Xidantswatnotrrquirrdinthe~-  
tivc pnmgp because ~~ obtained 
firom individuals with duonic granuloxna- 
antsdiseasc(CGD),an~teddisordcrin 
which the isolatcd cells did not geneme 
detectable quantities of oxidants (14), &- 
ti* pmtcolyzed both subertra#s (T.able 1). 

Becausethemostabundantscrinepro- 
tcinastsfioundinaau~pbilicgranulesarc 
ncutrophil clascasc, cathcpsin G, and pro- 
teinase 3 (8, IS), the a b ' i  of small molccu- 
lar sized, synthetic inhibitors of these en- 
zymestoregulatep~lysiswastmtaLIn 
combination, inhibitors of nemqhd elas- 
rase and protcinasc 3 [either Ala-Ala-Pro- 
V a l - c h l o ~ ~ n e  or the ccphabpo- 
rin derivative, G659,166 (16, 131 and ca- 

thqxin G [methWyl-Val-Pro-Phe- 
a % w r o m e t h y ~ n e  (It?)] were able to 
completely block pmtcolysis in the absence 
of ccll contact & plasma-fict conditions 
(3, but these same inhibitors only modcsth/ 
attenuated subjaccnt promlysis (Table 1) 
(19). 

Although neither plasma nor synthetic 
&e protcinasc inhibitors pratccad subja- 
cent substcaes, extravascular fluids con& 
addihd  protcinasc inhibitors whose phys- 
iologic roles remain unclear (4). Mucous 
f3d.s contain a number of unusuaI seine 

prottinasc inhibitors, but the major inhibi- 
tory species of these sccrrtioas is sccrctoly 
lcukopteasc inhibitor (SLPI), a boomer- 
ang-shaped 11.7-0, basic polypeptide 
whose local c o n d o n  (-8.5 phi) can 
bcmorcthanlO00timcsashighasthatin 
plasma (4). To lsscss d k d y  the ability of 
SLPI to inhibit contact-dqcndmt degrada- 
tion, we initially atamincd the dEct of the 
r S W  (20) on the solubilization of the 
uadulyiIlgfibron&subsatcbyindir#x 
i m m m d u o ~  (2) (Fig. 2). Whucap 
resting mutrophils did not dcgrade the fi- 

F @ . Z E & k c o f r S W o n ~ ~ b y P 9 ~ ~ a s ~ b y  
indirca imm-. Fibnmaan . . . dcavrrsLpwaeirrubPtcdfor3hoursm2o%bePt- 
lnrtlvltcd plasma 37°C with (A) I ~ C U ~ done, (B) Llcmopm stimulvcd with PMA, or (C) 
wm,phils slimulatcd m thc preclcnoc ofrSLPI (100 &d). Tk slmpks wae thcn 6xcd and 
p a m c h k d  with a sdution ofa% and 0.5% Triton X-100, k t h t ~ ~ I  with &bit 

x m .  

Tabb 1. E&cl of anti onfitmmcainanddastindcgnd?tiw. 
Ncutrophiis (1 X l ~ w l z a s  pqad witbut heat (12) wae 
stimulated with PMA (50 ng/d) atop cover slip coated with radiolabeled 
f i b r o n c c t i n ~ ~ ~ ~ $ l C p r e s a ~ r o f 2 0 9 6 h 9 t - ~ ~ f w 3  
hours at 37°C. Some c& wae Ibo iacubatcd m the prcsclwr of 5 x M 
phosphomnidon (Sigma), 3 x M NP-20 [CICH- (N-OH)-DL- 
P~CL-A~~-L-A~~-NH~; Enzyme Systcms Produas], rccombinaat dssw in- 
hibitor of m e t d l o ~  (50 @ml; Synagen), 3 x lo-' M pepatin 
A, 5 x M leupeptin, 3 x M E-64 -L- 

~ ( 4 ~ ) - b u t a u c ;  Signal, 2 x 10- M -Val- 

FMK), br 2 ~'10-" M 9 , 1 6 6  (~aclr'shup & I h h ~ ) .  D F P - e  
nc~mphilswaepqadbyimubatingccllswith5mMDFPfw60minat 
25"C,thenwlshcdfivctimcs.Td~#normalvaouatsof 
hypochlorous acid, oxid&dy activated and gdatbw and 
migntcdnorrmlly(7).InthccytopIzct~t~,2 x 106c&wacused, 
t o l c c o u n t ~ t t K i r ~ J U l f i C C ~ ( 1 1 ) . ~ a r c a r p n s # d 1 s t h e  
mul counts p a  minute solubilized 2 SD of the number ofexpaham 
listcdiIlparaIth~.ND,notdaamimd 

s u w  sol* (cpm) 
Cells Inhibitor 

Fibroncctin (n) K-Elastin ( 4  

Control ncutrophils None 7857 * 503 (10) 1883 * 234 (5) 
Phosphormidon 8126 * 488 (3) 1846 * 188 (3) 
NP-20 8857 2 192 (3) 17422139 (3) 
TiaPuc inhibitor of malloprotcinascs 76672 199 (3) 1902 229 (3) 
PcpBatia 8235 * 441 (3) 1619 * in (3) 
LeuPCPtin 8244 2 346 (3) 1810 2 133 (3) 
EM 8019 2 617 (3) 1731 2 217 (3) 
DFP 993 2 617 (5) 213 2 41 (5) 
AAPVCK d McOVd-bPhcFMK 7114 2 507 (5) 1606 2 161 (5) 
M59,166 md MeO-Val-PmPhCFMK 7243 2 886 (5) 1639 2 203 (5) 
Nonc 1347 2 58 (3) 259 2 81 (3) 
Nom 9852 (1) ND 
None 1890 (1) ND 
Nonc 8209 * 644 (3) 1814 2 209 (3) 

C Y v h  
SGD neuaophils 
CHS nculrophiis 
CGDncuuophils 



bronectin in the presence of 20% plasma 
(Fig. 2A; the immunoreactive fibronectin 
appears as a green lawn of fluorescent mate- 
rial), stimulated neutrophils rapidly solubi- 
lized the subjacent substrate in discrete 
zones, leaving darkened "holes" (Fig. 2B). 
In contrast, when plasma was supplemented 
with rSLPI (100 kglml or -8.5 plM), the 
PMA-stimulated neutrophils adhered to the 
fibronectin-coated surface, but were almost 
completely prevented from clearing the un-
derlying substrate (Fig. 2C). Similar results 
were obtained with K-elastin. These qualita- 
tive findings were corroborated when degra- 
dation was monitored as solubilized radioac- 
tivity. At a concentration of 100 kglrnl, 
rSLPI inhibited both fibronectin and elastin 
degradation by 93.0 + 5.2% (n = 22) and 
88.5 & 2.6% (rl = lo) ,  respectively, after a 
3-hour incubation. Neither lysing the adher- 
ent neutrophils with 1% Triton X-100 nor 
boiling the recovered cover slips in 1% SDS 
released additional radioactivin.. When the 
incubation period was lengthened to 18 
hours, the inhibiton effect of rSLPI re-
mained constant at 85.3 + 4.7% for fibro- 
nectin and 89.3 & 2.0% for elastin (rl = 5) 
(21). Proteolysis was not inhibited when 
either heat-inactivated rSLPI (100 kglml) 

rSLPI was able to inhibit proteolysis initiat- 
ed bv a soluble stimulus. more intimate cell- 
substrate contact is believed to occur when 
neutrophils specifically adhere to an anti-

body-coated surface (1, 2). Nonetheless, 
rSLPI was almost equally effective w ~ t h  el- 
ther stlmulus (Flg. 3). Although complete 
protection of the subjacent substrates was 
not obtained, only 0.6 to 1.25 pglml of 
rSLPI (50 to 100 nM)was requlred for half- 
maximal inhibition of fibronectin or elastin 
degradation (Fig. 3, A and B) (23). Incubat- 
ing the neutrophils with rSLPI for up to 30 
min before the adhtion of either stimulus 
did not increase the effectiveness of the 
inhibitor, whereas cells incubated with 
SLPI, and then washed, expressed normal 
degradative activity. However, rSLPI could 
inhibit ongoing proteolysis. That is, when 
rSLPI (100 kglml) was added 15, 30, or 60 
min after proteolysis was initiated, subse- 
quent degradation was inhibited by 87.1 
+ 4.3, 93.9 2 4.6, and 87.6 ? 10.5%, re- 
spectively, for PiMA-stimulated cells and 
89.2 + 8.0, 86.1 + 3.6, and 89.6 + 10.7%, 
respectively, for antibody-stimulated cells 
(n = 3). Thus, nanomolar concentrations of 
rSLPI exerted reversible and fast-acting in- 
hibition with either PMA- or antibody-

or lysozyme (100 kglml), a basic co~~ t ro l  stimulated neutrophils. 
protein whose size and pI are similar to 
those of SLPI (20), was substituted for the 
native inhibitor (n = 5). Finally, rSLPI did 
not interfere with the ability of stimulated 
neutrophils to generate oxidants, discharge 
granule-associated contents, or migrate in 
response to a chemotactic grahent (22). 

In vivo, neutrophils can be stimulated to 
mediate tissue damage by a variety of solu- 
ble or particulate stimuli (1, 8). Although 

To date, attempts to control neutrophil 
proteolysis have focused on efforts to identi- 
f i  nontoxic proteinase inhibitors that have 
been either isolated from various nonhuman 
sources or chemically synthesized (3). How- 
ever, we have shown that neutrophil degra- 
dation of subjacent substrates in a plasma 
milieu can be regulated by the mucus-de- 
rived proteinase inhibitor, SLPI. Although 
SLPI bears no sequence similarity to other 

Fig. 3. Effect of rSLPI on fibroncctin and elastin dcgradation by stimulated ncutroph~ls.(A) 
Neutrophils (1 x lo6)tvcrc suspendcd in 20% hcat-inactivated plasma and stimulated atop fibroncctin- 
coatcd covcr slips with eithcr PMA (0)or rabbit antiserum to human fibroncctin (e)in thc prescncc of 
the indicated dosc of rSLPI for 3 hours at 37°C (n = 3 ) . ( 6 )Neutrophils tverc suspendcd in plasma as 
dcscribed above and stimulated atop elastm-coated cover slips tvith eithcr PlMA (0)or rabbit antibodies 
to bovinc insoluble elastin (Elastin Products) (a) in thc presencc of thc lndicatcd dose of rSLPI 
(n = 3 ) .Increasing the rSLPI conccntration to 200 ~ g l m ldid not inhibit proteolysis hrther (29). 

human proteins, it can reversibly inhibit a 
number of tissue-destnictive serine protein- 
ases, including the neutrophil enzymes, elas- 
tase and cathepsin G (4). Paradosically, 
however, attempts to duplicate the protec- 
tive effects exerted by SLPI with small mo- 
lecular sized, synthetic inhibitors of neutro- 
phi1 elastase, cathepsin G, or proteinase 3 
have been unsuccesshl. These results raise 
the possibility that rSLPI exerted a protec- 
tive effect independently of its ability to 
lnhibit proteinases, but in additional studies, 
active site variants of SLPI have been identi- 
fied [prepared by site-specific mutagenesis 
(24)] that have completely lost their ability 
to regulate subjacent proteolysis (25). Be- 
cause elastase, cathepsin G, and proteinase 3 
are the only serine proteinases found in the 
priman granule (26) and SLPI does not 
lnhibit proteinase 3 (17), we postulate that 
SLPI gains access to proteolytic zones inac- 
cessible to other fluid-phase inhibitors, and 
binds elastase and cathepsin G at rates sufi- 
cient to protect subjacent substrates (4, 19). 
However, the possibility that SLPI inhibits 
one or more of the uncharacterized serine 
proteinases reported to be present in neutro- 
phils cannot be ruled out (27). Although 
hrther studies are required to identi@ the 
proteinases targeted by SLPI, it appears that 
evolutionary pressures have conspired to 
generate a unique inhibitor of contact-de- 
pendent proteolysis whose activity cannot 
be mimicked by other plasma proteinasc 
inhibitors. The availabilit\- of large quanti- 
ties of rSLPI for in viva testing and the 
potential to engineer even more effective 
mutant inhibitors could lead to the develop- 
ment of a new class of therapeutics capable 
of attenuating the tissue destruction associ- 
ated with acute inflammaton disease states. 
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.Y- Lxn~lox~carbonyl-Gly -LLI- Phc - ~ l y l k c -  
tone. 1s toxic to ncutroph~ls [Y. Slblllc. N. Alerrill. J .  
Cooper. Jr.. L.  Polomsh, J .  Gcc. A-l,rt. Kuv Ru,p 
D t i  130. 110 (1984)l  Methouysucc~nyl-Val-Pro-
Phc-trLtluoroniethyIkctone is a nontoxic cathepsln G 
lnhlbltor characterized and synthes~zed by ~Mcrrell 
Do\\ Research Institute. 

19. r\lthough syntheuc clastase i h b i t o r s  act Irrerers- 
lbly. t hc~ r  ~ssociation rate constants (,M-ls-') are 
two to thrcc orders of magnitude slo~rer than that of 
ulPI or SLPI [hi.  Padrincs and J .  Bieth. .41r1 KPL, 
Kpip D t i  139. 199A (1989): (1)]. 

20. K LV. ~Mlllcr. R. J .  E~ans .  S. P. Elsenberg. R. C 
Thompson, J H , ~ ~ r u r ~ a /171, 2166 (1989).  

21. The abll~ty of 	 rSLPI to l n h ~ b ~ tprotcolysis \vas 
confirmed 1~1 th  ~nsolublc clasun. LVhen 1 x 10" 
ncutrophlls \r.crc stimulated top 'H-l~bcled lnsolu- 
ble cl~stln [spec~fic ac t iv~n of 10' cpnl/kg prepared 
as dcscr~bed In H .\.Ch~pnian.0. L. Stonc. Z. 
V~r ln .J Cltrt Irtvcir 73. 806 (198411 In the 
presence of 20% heat-inactivated plasma. 
7630 -f 641 a ld  18,483 i 980 cpm \r.crc solubl- 
lued ~t 3 and 18 hours. respectn elv. In the presence 
ofrSLPI (100 pg#nd).  solubih~atlon \ r ~ sreduced to 
867 2 6 cpm at 3 hours a l d  2193 i 207 cpni at 18 
hours (11 = 3 ) .  If thc rcmalnlng clastln \ v ~ s  treated 
with hot alkal~ to c~posc  more subtle proteolytic 
damage [P. J Stonc ur a1 . J. Cliti. I t i l ,~ i i  82. 1644 
(198811. no Increase In el~stln so lub~ l~n  was dctect- 
ed 

22. In the absence or prcscncc of rSLPI (100 kg!nd), 
Phi.-\-st~mul~ted neutrophlls gcncratcd 49.9 i 3 7 
and 56 1 2 7 8 nmol of supcrox~dc pcr 1 0  cclls per 
hour. rcspcct~vcly [performed JS descrlbcd In S J 
hVe~ss. S. T Tcst. C. hi .  Eckrnmn. D. Roos, S. 
Rcg~an~ .S~i t r t ie  234. 200 (1986)], released 
1.07 2 0.04 ~ n d  1 14 i 0.18 kg  of lactoferrin per 
10"cclls pcr hour. respccti~cly Ipcribrmcd as de- 
scribed in E. LV~lson ur al , .4riii Hioilictn Biopliyi 
259. 204 (1987i1, a l d  clca\cd 0.30 i 0 03 and 
0.34 i 0.03 nmol (per 10h cclls per hour) of thc p-
glucuron~dasc substrate. phcnolphthalc~n, respec- 

uvcly (tbid ) .  Slmllarly. the ablllty of 10' ncutrophlls 
to nilgrJte across a n p c  I co l l~genioatcd  filter in 
response to nmosm-~c t~va t cd  [periormcd as p l ~ s m ~  
descr~bcd In A. Huber and S. \Vc~ss. J C:/III In~j'ii 
83. 1122 1 198911 \\as unafcctcd by the add~uon of 
rSLPI (that IS, 60.5 i 1.2 and 60.1 i 2.3% of the 
ncutrophils migrated through the collagen barrier 
a l d  acciimulated In the lowcr c o m p m i e n t  Jftcr an 
8-hour lncubat~on in the absence m d  prcscncc of 
SLPI, respecti\cly). .ill values are reported as the 
meals 2 SD of thrcc cupcrinients 

23, Although SLPI IS sensluve to oxdative damage [J.  
.\.Kranlps. Ch. \ m  T\ \~sk .  E. C.  Kl~sen. J .  H .  
Dllkrn~n,C:llrt Sil 75, 53 (198811, the protective 
effect exerted b! the lnhlhltor \\as not enhanced b! 
the addiuon of .antioxidants to the plasma system. 

24 S. P. Elsenberg. K. K. Hdc.  P. Hcimdd. R .  C. 

Thompson. J Htal Cirvm 265. 7976 (19901. 
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27. 11 U .  hVlntroub, J .  S. Coblyn. C. E. Kacmpfer. K. F. 
Austen. Pra i  S'li l  rirad Sil I .  S .4 77. 5448 
(1980):  S. Pontremoh PI thtd 83. 1685 (1986):  
P h i  Barling. P. h i .  Boalcs. LV. I .  Colquhoun. P 
Grand~son. G K Scott, Hioiiiim Hitq~iiy, .4ild 931. 
1 (1987):  E G. Sheph~rd  rr '11 . J Irnmiitio/ 143. 

2974 (1989).  
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29, After subni~ss~on of the manuscript. 1r.c found that 

ncutrophlls express greater proteolytic actn ity a hen 
suspended In Earle's bdmced sdt  solutlon and 
incubated In a 5% C01,95% alr atmosphere. Under 
thcsc condtions. 1 x 10"hM-stlrnul~tcd ncutro-
phils degr~ded 11.550 i 1617 cpm In 20% hcat- 
lnacuvatcd plasma and 12,260 2 2028 cpm in 20% 
heat-inactn-atcd scrum Jficr a 3-hour ~ncubat~on 
( t i  = 5 )  In the prcscncc of rSLPI (100 kg'nd). 
protcolys~s \vas ~nh lb~ t cd  b! -80% (for cxamplc. 
2395 i 394 cpm and 2483 i 477 cpm in hcat- 
~nact~\,atcd = 4 ) .plasma and serum. rcspccuvclv (11 
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Type 1 Neurofibromatosis Gene: Identification of a 
Large Transcript Disrupted in Three NF1 Patients 

Von Recklinghausen neurofibromatosis (NF1) is a common autosomal dominant 
disorder characterized by abnormalities in multiple tissues derived from the neural 
crest. No reliable cellular phenotypic marker has been identified, which has hampered 
direct efforts to identlfy the gene. The chromosome location of the NFI gene has been 
previously mapped genetically to 17q11.2, and data from two N F l  patients with 
balanced translocations in this region have further narrowed the candidate interval. 
The use of chromosome jumping &d yeast artificial chromosome technology has now 
led to the identification of a large (-13 kilobases) ubiquitously expressed transcript 
(denoted NFILT) from this region that is definitely interrupted by one and most likely 
by both translocations. ~ r e v i o u s l ~  identified candidate genes, which failed to show 
abnormalities in NF1 patients, are apparently located within introns of NFIL T, on the 
antisense strand. A new mutation patient with NF1 has been identified with a de novo 
0.5-kilobase insertion in the NFILT gene. These observations, together with the high 
spontaneous mutation rate of NF1 (which is consistent with a large locus), suggest 
that NFILT represents the elusive NFI gene. 

THE h7ARIhBLE AND DA'ERSE M I -

festations of neurofibromatosis 
(NF1) have puzzled clinicians and 

neurobiologists alike since the condition 
\\.as first described by von Recklinghausen 
in 1882 ( 1 ) .With an incidence of about 1in 

IM. R. LVallacc. D. A. hiarchuk, L. 13. Andcrscn. R .  
Letcher. H.  ,M. Odch. A. ,M. Sauho .  J .  hV. Foimtain. A. 
Ilrcrcton. J Nicholson. A. L. hi~tchcll. F. S. Collins, 
Howard Hughes hiedical Insututc and the Departments 
of Internal ~Mcdclne a ld  HimIan Genetics. University of 
hiichigan. ,k ,kbor. hi1 48109. 
B. H .  RroJrnstein. Ccntcr for Genetics in Medicine. 
\Vashinyon University School of hicdicinc. St. Louis. 
h i 0  631 10. 

3000 in all ethnic groups (Z),it is one of the 
most common autosomal dominant disor- 
ders of man. 

Despite considerable efforts, it has not 
been possible to  define a consistent abnor- 
malir). in NF1 tissues that would provide 
sufficient information on the gene product 
to allow direct cloning of the gene. The 
remaining alternative has been to identifi. 
the XF1 gene by positional cloning [former- 
ly referred to  as "reverse genetics" (3, 4 ) ,  
although this may be a misleading designa- 
tor]. In this process, a gene is identified on 
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