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Abstract

Leu-7 positive lymphocytes, including natural killer cells, play an important role in the im-
mune system’s surveillance function to prevent the development of cancer. The incidence of lung
cancer is significantly high in patients with end-stage pulmonary fibrosis. We hypothesized that
the number of Leu-7 positive cells may be decreased in areas of severe pulmonary fibrosis. To
demonstrate this, Leu-7 positive cells were immunohistochemically stained in 41 lung specimens
obtained from patients with idiopathic pulmonary fibrosis and pulmonary fibrosis associated with
collagen vascular disorders. The number of Leu-7 positive cells was evaluated according to the
pathological findings. In pathologically normal lung, Leu-7 positive cells were mostly found
within the capillaries of the septa and rarely in the alveolar space or the stroma. The number of
Leu-7 positive cells was 0.69 +/- 0.15 in areas of advanced fibrosis (n = 41), 2.39 +/- 0.60 in areas
that had newly developeing fibrosis (n = 41), 1.14 +/- 0.57 in bronchiolitis obliterans organizing
pneumonia (n = 9), and 1.35 +/- 0.87 in diffuse alveolar damage (DAD) (n = 11). The number of
Leu-7 positive cells in areas of newly developing fibrosis (2.39 +/- 0.60) was significantly higher
than that in areas of established fibrosis (0.69 +/- 0.15, P < 0.05). Our present study demonstrates
a significant decrease in the number of Leu-7 positive cells in areas of advanced fibrosis. This
evidence may partly explain the high incidence of lung cancer associated with pulmonary fibrosis.
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Leu-7positivelymphocytes,includingnaturalkillercells,playanimportantroleintheimmune
system’ssurveillancefunctiontopreventthedevelopmentofcancer.Theincidenceoflungcancer
issignificantlyhighinpatientswithend-stagepulmonaryfibrosis.Wehypothesizedthatthenumber
ofLeu-7positivecellsmaybedecreasedinareasofseverepulmonaryfibrosis.Todemonstratethis,
Leu-7positivecellswereimmunohistochemicallystainedin41lungspecimensobtainedfrompatients
withidiopathicpulmonaryfibrosisandpulmonaryfibrosisassociatedwithcollagenvasculardis-
orders.ThenumberofLeu-7positivecellswasevaluatedaccordingtothepathologicalfindings.In
pathologicallynormallung,Leu-7positivecellsweremostlyfoundwithinthecapillariesofthesepta
andrarelyinthealveolarspaceorthestroma.ThenumberofLeu-7positivecellswas0.69±0.15in
areasofadvancedfibrosis(n＝41),2.39±0.60inareasthathadnewlydevelopeingfibrosis(n＝41),
1.14±0.57inbronchiolitisobliteransorganizingpneumonia(n＝9),and1.35±0.87indiuse
alveolardamage(DAD)(n＝11).ThenumberofLeu-7positivecellsinareasofnewlydeveloping
fibrosis(2.39±0.60)wassignificantlyhigherthanthatinareasofestablishedfibrosis(0.69±0.15,
＜0.05).OurpresentstudydemonstratesasignificantdecreaseinthenumberofLeu-7positivecells
inareasofadvancedfibrosis.Thisevidencemaypartlyexplainthehighincidenceoflungcancer
associatedwithpulmonaryfibrosis.
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T heanti-Leu-7antibodyreactswithCD57-positive
lymphocytes, including large granular

lymphocytes:showingnaturalkiller(NK)activityinthe
peripheralblood［1］.CD-57positivecellsaredetectedin
thenormalpulmonarytissuesofrats［2,3］.Recently,
wedemonstratedthatthenumberofLeu-7-positivecells
decreasedinthelungincasesinvolvingemphysematous

bullaorsubpleuralbleb;theresultssuggestedthata
weaknessinlocalimmunesystem’ssurveillancefunction
isrelatedtoahighincidenceoflungcancerassociated
withbullousdiseases［4］.
Severalconditionsresultinginchronicinterstitial

fibrosisofthelungsareassociatedwithalaterdevelop-
mentofcancer［5-10］.Suchconditionsincludeidiopath-
icpulmonaryfibrosis(IPF),pulmonaryfibrosisassociat-
edwithprogressivesystemicsclerosis(PSS),andpulmo-
naryfibrosisinpatientswithrheumatoidarthritis(RA)
［5-10］.Ithasbeenreportedthattheincidenceoflung
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cancerinpatientswithchronicinterstitialfibrosisvaries
from9.8to17 ［8,10］.Inaddition,manyreports
havedocumentedtheassociationoflungcancerwithIPF,
especiallyinareasofadvancedfibrosis［11-14］.In
addition,RaeburnandSpencerhavereportedobservinga
relationshipbetweenthesiteofmanyperipherallung
cancersandareasofpreviousscarring(lungscarcancers)
［11］.
However,theprecisepropertiesoffibrosisthathypo-

theticallycanleadtothedevelopmentofcarcinomaare
unknown.Consideringthesepreviousstudies,weim-
munohistochemicallyevaluatedthedistributionandnum-
berofLeu-7-positivecellsinsamplesoftissuefrom
patientswithpulmonaryfibrosisfromtheviewpointofthe
localimmunesurveillancesystem.

MaterialsandMethods

Forty-one lung specimens were
obtainedfrom13patientshistologicallydiagnosedwith
IPF(usualinterstitialpneumonia［UIP］).Themedian
agewas74andtherewere4femalesand9males.Seven
sampleswereobtainedbyopenlungbiopsyand6were
obtainedbyautopsy.Fifteenpatientswithpulmonary
fibrosisassociatedwithRAwereincluded(medianage,
70;6femalesand9males;6sampleswereobtainedby
openlungbiopsyand9byautopsy).Sixpatientswith
pulmonaryfibrosisassociatedwithdermatomyositis(DM)
wereincluded(medianage,50;5femalesand1male;3
sampleswereobtainedbyopenlungbiopsyand3by
autopsy).Sevenpatientswithpulmonaryfibrosisas-
sociatedwithPSSwereincluded(medianage,56;6
femalesand1male;3sampleswereobtainedbyopen
lungbiopsyand4byautopsy).Intotal,19lungspeci-
menswereobtainedbyopenlungbiopsy,and22were
obtainedbyautopsy.Asacontrol,wealsoevaluated10
autopsiedcasesthatshowednohistoryorevidenceof
pulmonaryfibrosis(medianage,62;3femalesand7
males).

The pathological
findingswereclassifiedintooneoffourcategories:i)
advancedfibrosis,ii)newlydevelopingfibrosis,iii)
bronchiolitisobliteransorganizingpneumonia(BOOP)
pattern,andiv)diusealveolardamage(DAD)pattern.
Advancedfibrosiswasdefinedasareasshowingsevere
structuraldestruction,increasedcollagenwithpartial
hyalinization,nomyofibroblasts,andlessinflammatory
cellinfiltration.Newlydevelopingfibrosiswasdefinedas

areasshowingmildunclear:comparisonisnotexplicit.
lessstructuraldestruction,mixoidchange,mildcollagen
increase, some myofibroblasts, and abundant
inflammatorycellinfiltration.

Three-micrometer-
thicksectionsweredeparanizedinlemosol,dehydrated,
andplacedinmethanolcontaining5 hydrogenperoxide
for5minatroomtemperature.Sampleswereincubated
withgoatserumfor10min.Subsequently,incubation
withmonoclonalantibodytoLeu-7antigen(Becton-
Dickinson,1:30dilution)wascarriedoutfor60minat
roomtemperature.Theslideswerethenwashedand
incubatedwithbiotinylatedgoatanti-mouseimmuno-
globulinantibody,andincubatedwithavidin-biotin-
peroxidasecomplexfor8minusingaDAKOLSABKit.
Afterwards,chromogen3,3-diaminobenzidinetetrahy-
drochloridewasappliedfor3minandcounterstainingwas
carriedoutwithMayer’shematoxylinfor10sec.Positive
cellswerecountedandthedatawerewaspresentedasan
averagenumberin100high-power(×200)fields.

Resultsareexpressedas
meanvalues±standarderrorofthemean.Comparisons
ofvaluesbetweengroupswereanalyzedwiththeMann-
WhitneyUtest.Comparisonbetweennewlydeveloping
andadvancedfibrosisinthesamespecimenswereana-
lyzedwiththeWilcoxonsigned-rankstest.APvalueof
lessthan0.05wasconsideredtobesignificant.

Results

Innon-aectedareasoflungthatappearedpatho-
logicallynormalareasoflung,Leu-7positivecellswere
mostlyfoundwithinthecapillariesofthesepta,butrarely
inthealveolarspaceorthestroma(Fig.1).Inthe
capillaries,thesecellswereattachedtotheendothelial
cells.Positivereactionoftheplasmamembranewas
lackedatthesiteswhereLeu-7positivecellswere
attachedtotheendothelialcells.
Insamplesfrompatientswithinterstitiallungdiseases,

freeLeu-7positivecellswerealsoobservedinthealveolar
spaces,withinareasoffibrosis,andinvessels.In
addition,thedistributionofLeu-7positivecellswasless
uniforminaectedareasofthelungthanintheapparently
normalpartsofthelung.Interestingly,few Leu-7
positivecellswereobservedinareasofadvancedfibrosis
(Fig.2).Incontrast,arelativelyhighnumberofLeu-7
positivecellswasobservedinthecapillary,inthealveolar
space,andinthestromainareasofnewlydeveloping
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fibrosis(Fig.3A);sometimessuchcellswereobserved
inacluster(Fig.3B).Leu-7positivecellswerealso
frequentlyobservedinlymphoidfollicles,especiallyin
casesofrheumatoidarthritis(datanotshown).However,
weexcludedtheselattercellsfromthedataanalysis.
Inareasofadvancedfibrosis,thenumberofLeu-7

positivecellswas0.76±0.26inUIP(n＝13),0.71±
0.26inRA(n＝15),0.21±0.09inDM(n＝6),and
0.96±0.42inPSS(n＝7),respectively(Fig.4).No

significantdierenceswereobservedbetweengroups.In
normallungtissue,Leu-7positivecellswereobserved
onlyinthealveolarsepta(0.58±0.28).
Inareasofnewlydevelopingfibrosis,thenumberof

Leu-7positivecellswas3.80±1.52inUIP(n＝13),
1.85±0.77inRA(n＝15),0.57±0.25inDM(n＝6),
and2.52±1.11inPSS(n＝7),(Fig.5).Nosignificant
dierenceswereobservedbetweengroups.
Ineachcase,thenumberofLeu-7positivecellswas

Leu-7PositiveCellsinPulmonaryFibrosisApril2002

A B
Fig.3 A,arelativelyhighnumberofLeu-7-positivecells(arrows)areobservedinareasinvolvingnewlydevelopingfibrosisinapatient
withusualinterstitialpneumonia.Avidin-biotinperoxidasecomplexmethod(×430).B,theseLeu-7-positivecellswerepresentinsporadic
clustersinareasofnewlydevelopingfibrosisinapatientwithrheumatoidarthritis.Avidin-biotinperoxidasecomplexmethod(×860).

Fig.2 FewLeu-7-positivecells(arrows)areobservedinareasof
advancedfibrosisinapatientwithusualinterstitialpneumonia.
Avidin-biotinperoxidasecomplexmethod(×430).

Fig.1 MostoftheLeu-7-positivecellsinapparentlynormalareas
ofadiseasedlungaredetectedinthecapillariesandalsointhe
alveolarspace(arrows)inapatientwithrheumatoidarthritis.Avidin-
biotinperoxidasecomplexmethod(×860).
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evaluatedaccordingtothepathologicalfindings.The
numberofLeu-7positivecellswas0.69±0.15inareasof
advancedfibrosis(n＝41),2.39±0.60inareasofnewly
developingfibrosis(n＝41),1.14±0.57incaseswith
theBOOPpattern(n＝9;5patientswithRA,3DM,
and1PSS),and1.35±0.87incaseswiththeDAD

pattern(n＝11;4frompatientswithUIP,4RA,2
DM,and1PSS)(Fig.6).ThenumberofLeu-7-
positivecellsinareasofnewlydevelopingfibrosis(2.39±
0.60)wasrelativelyhighcomparedwiththatinareasof
advancedfibrosis(0.69±0.15,Fig.6).Inall41lung
tissuesamples,itwaspossibletoevaluatethenumberof
Leu-7positivecellsinareasofadvancedfibrosisand
newlydevelopingfibrosisinthesametissuespecimen.
ThenumberofLeu-7-positivecellsinareasofadvanced
fibrosiswassignificantlylowerthanthatinareasofnewly
developingfibrosis(P＜0.001,Wilcoxonsigned-ranks
test,Fig.6).IntheareasdemonstratingbothDADand
BOOPpatterns,thenumberofLeu-7positivecellswas
relativelylow.Inaddition,Leu-7positivecellswere
distributedmostlyamongtheaectedareasintissue
showingadvancedfibrosis,theDADpattern,andthe
BOOPpattern.
WealsoseparatelyevaluatedLeu-7positivecellsin

areasofnewlydevelopingfibrosisandinareasof
advancedfibrosisinpatientswithUIPandinpatientswith
pulmonaryfibrosisassociatedwithcollagenvascular
diseases.In13patientswithUIP,thenumberof
Leu-7-positivecellsinareasofadvancedfibrosis(0.76±
0.26)wassignificantlylowerthanthatinareasofnewly
developingfibrosis(3.80±1.52,P＜0.05,Wilcoxon
signed-rankstest).In28patientswithpulmonaryfibrosis
associatedwithcollagenvasculardiseases,thenumberof

Fig.6 ThenumberofLeu-7positivecellsaccordingtothehis-
tologicalfindings.Histologicalfindingsareclassifiedasfollows:
advancedfibrosis,newlydevelopingfibrosis,BOOPpattern,and
DADpattern.ThenumberofLeu-7-positivecellsinareasofadvanced
fibrosisissignificantlylowerthanthatinareasofnewlydeveloping
fibrosis(P＜0.001).

Fig.4 ThenumberofLeu-7positivecellsinareasofadvanced
fibrosisinlungspecimensobtainedfrompatientswithidiopathic
pulmonary fibrosis (IPF), pulmonary fibrosis associated with
rheumatoidarthritis(RA),progressivesystemicsclerosis(PSS),and
dermatomyositis(DM).Abarrepresentsmean±standarderror.
Therewerenosignificantdierencesbetweengroups.

Fig.5 ThenumberofLeu-7positivecellsinareasofnewly
developingfibrosisinlungspecimensobtainedfrompatientswith
idiopathicpulmonaryfibrosis(IPF),pulmonaryfibrosisassociated
withrheumatoidarthritis(RA),progressivesystemicsclerosis(PSS),
anddermatomyositis(DM).Abarrepresentsmean±standarderror.
Therewerenosignificantdierencesbetweengroups.
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Leu-7positivecellsinareasofadvancedfibrosis(0.66±
0.18)wasalsosignificantlylowerthanthatobservedin
areasofnewlydevelopingfibrosis(1.74±0.50,P＜
0.001,Wilcoxonsigned-rankstest).
In22autopsiedlungtissues,itwaspossibleto

evaluatenumberofLeu-7-positivecellsinareasof
advancedfibrosis,inareasofnewlydevelopingfibrosis,
andinareasofrelativelynormalalveoliinthesamelung
(Fig.7).ThenumberofLeu-7positivecellsinareasof
newlydevelopingfibrosis(2.74±0.94)wassignificantly
higherthanthatinareasofoldfibrosis(0.77±0.23,
P＜0.01,Wilcoxonsigned-rankstest)andthanthatin
areasofrelativelynormallung(0.98±0.24,P＜0.01,
Wilcoxonsigned-rankstest).Therewasnosignificant
dierenceinthenumberofLeu-7-positivecellsobserved
inareasofadvancedfibrosisandinareasofrelatively
normalalveoli.Inareasofrelativelynormalalveoli,
Leu-7-positivecellsweretypicallyfoundwithinthecapil-
lariesofthesepta.Incontrast,inareasinvolving
advancedfibrosis,Leu-7-positivecellswereonlydis-
tributedwithinareasoffibrosis.Inareasofnewly
developingfibrosis,arelativelyhighnumberofLeu-7-
positivecellswasobservedinthecapillary,inthealveolar
space,andinthestroma.

Discussion

Inthepresentstudy,wepresentthedistributionand
numberofLeu-7-positivecellsobservedinlungsamples
frompatientswithpulmonaryfibrosis.Wedemonstrate
thatthenumberofLeu-7-positivecellsinareasof
advancedfibrosiswassignificantlylowerthanthatinareas
ofnewlydevelopingfibrosis.
Severalconditionsresultinginchronicinterstitial

fibrosisofthelungs,suchasIPFandpulmonaryfibrosis
associatedwithcollagenvasculardiseases,arecompli-
catedwiththedevelopmentoflungcancer［5-10］.Many
reportshavedocumentedtheassociationoflungcancer
withIPF［5-15］.Nagaietal.havereportedthatmost
tumors(87.9 )in31patientswithlungcancerassociated
withIPF,includingsquamouscellcarcinomahavebeen
observedintheperipheralregionofthelung［14］.In
addition,accordingtoMizushimaetal.,inpatientswith
multiplelungcancersorsinglelungcancerassociatedwith
IPF,mosttumorswereobservedintheperipheral
regionsofthelung(98 inpatientswithmultiplelung
cancersand91 inpatientswithsinglelungcancer)
［13］.Furthermore,Haddadetal.havereportedthat
areasofatypicalepithelialproliferationwereseeninthe
terminalairspacesin8casesofidiopathicdiuseinter-
stitialpulmonaryfibrosis;inthreeofthesecases,lung
cancerhaddevelopedinthebedofanadvancedfibrosis
［12］.Leeetal.havealsoreportedthatlungcancer
developedmostly(65.6 )intheperipheralportionofthe
lung,whereadvancedfibrosispredominated［15］.They
alsosuggestedthattheoccurrenceoflungcanceris
relatedtodiusefibrosisofthelung［15］.
Theprecisepropertiesoffibrosisthathypothetically

leadtothedevelopmentofacarcinomaareunknown.
Manyfactorsareinvolvedinthedevelopmentoflung
cancerinpatientswithpulmonaryfibrosis.Onepossibil-
itythathasbeensuggestedisthatscarringcauseslym-
phaticobstruction,resultinginalocalincreaseinpoten-
tiallycarcinogenicparticulatematerial［15］.However,
therehavebeennoreportsevaluatinglocalimmune
surveillanceinpatientswithpulmonaryfibrosis.
Anti-Leu-7antibodyreactswithCD57-positivecells,

includinglargegranularlymphocytesresponsibleformost
NKactivity［1］andNKcellsarethoughttoplayan
importantroleinthedefenseagainstcancer［1,3］.In
additiontotheirwell-describedcytotoxicitywithrespectto
anumberoftumorcells［16］,NKcellsexertanumber
ofotherimportanteectsoncell-mediatedimmune

Fig.7 ThenumberofLeu-7-positivecellsinareasofadvanced
fibrosis,inareasofnewlydevelopingfibrosis,andinareasof
relativelynormalalveoliin22autopsiedlungsamples.Thenumber
ofLeu-7-positivecellsinareasofnewlydevelopingfibrosisis
significantlyhigherthanthatinareasofadvancedfibrosisandthan
thatinareasofrelativelynormallung(P＜0.01).
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responses［17-20］.Forexample,cellswithanNK
phenotypehavebeenshowntoexertimmunosuppressive
actionsinvivoandinvitro［18,19］.Interestingly,ithas
beendemonstratedthatdendriticcellsexpressingantigens
arerapidlylysedbyNKcells［19］.Thesepropertiesare
likelytoplayanimportantroleintheprogressionofan
inflammatoryresponse,especiallyinthelung,whichisan
organthatexpressesahighlevelofNKcellactivity［20］.
DenishasreportedthatlungNKcellsexertasuppres-

siveinfluenceonthedevelopmentofcellularinfiltratesand
tissuedamagingreactionsthatoccurafterinstillationwith
thethermophilicactinomyceteFaenirectivirgula［17］.
Thesamestudyalsosuggestedthatthiseectwaseither
theresultofthesuppressiveactivityofNKcells,orelse
itcouldhaveresultedfromeitherNKcellabilitytolyse
actinomycete-laden macrophages, thereby preventing
thesecellsfromsecretingsustainedmonokinelevelsthat
would otherwise be expected to enhance the
granulomatousreaction［17］.
However,therehavebeenfewreportswhichhave

evaluatedLeu-7cellsincasesinvolvinginterstitiallung
disease［21,22］.Ishidaetal.reportedthatthenumber
ofLeu-7-positivecellsinperipheralbloodisincreasedin
casesofinterstitiallungdiseaseassociatedwithSjogren’s
syndrome［21］.Inaddition,Costabeletal.have
reportedthatthenumberofLeu-7-positivecellswas
increasedinbronchoalveolarlavagefluidascomparedto
thatinacontrolgroup,inastudyofasbestosisandmixed
dustpneumoconiosis［22］.However,thedistributionof
Leu-7-positivecellsinthelungtissueswasnotstudiedin
thosereports.
Inthepresentstudy,thedistributionandnumberof

humanLeu-7-positivecellswasevaluated.Wedemon-
stratedthatLeu-7-positivecellsweresignificantlyde-
creasedinareasofadvancedfibrosis.Inaddition,
althoughLeu-7-positivecellsweremostlyfoundwithin
thecapillariesoftheseptainunaectedareasoflung,
Leu-7-positivecellsweredistributedonlyamongthe
aectedareasinareasofadvancedfibrosis,andinareas
demonstratingtheDADorBOOPpatterns.SinceNK
cellsinthelungarebelievedtoplayanimmunosuppres-
siverole［17-19］,itcanbespeculatedthatLeu-7-
positivecellsdetachfromcapillariesandinfiltrateinto
fibroticareasinordertoplayaroleinthelocalimmune
system’ssurveillancefunction,therebyinfluencingthe
pathogenesisoffibroticlungdiseases.
Inaddition,itissupposedthatLeu-7-positivecells

attachedtotheendotheliumcandirectlyattackabnormal

epithelialcells,becauseepithelialcellsexistverycloselyto
capillaries.Sincelungcancerappearstobemorelikelyto
developinbedsofadvancedfibrosis［11］,thisweakness
inthelocalimmunesystem’ssurveillancefunctionmight
berelatedtotheoccurrenceoflungcancer.
Inconclusion,ourpresentstudydemonstratesa

significantdecreaseinthenumberofLeu-7-positivecells
inareasofadvancedfibrosis.Abnormalitiesinvolving
bothnumberanddistributionofLeu-7-positivecellscould
berelatedtotheimmunesystem’ssurveillancefunctionof
alveoliininterstitiallungdiseases.
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