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PREFACE 

Transplantation of the lung has r~pldly cvol\'L'd in thL' last dccade tu l)L'come an 

accepted therapeutlc modality for certam embtagL' lung dl~t..'a"t'~ Ils wlde chlllcal 

applica tion IS still harn pered h~ the l11gh InCl(le nct' 01 gra 1 t 1 L'wct IUIl (lI III !L'ct!( 111 Il I~ ~t III 

difficult at tlmes to make the di~tmctl(m bl'tWtTIl gratt rl'Jl'ctIOI1 ami IIltt'ClIdl1 t'''I1l'Clall\ 

chromc :ejection and mdolent opportumstlC lung IfIketllHl. 'l'hL' COmhlll<ltloll ut 

transbronchml blOpSy and bronchoalveolar lavage (BAL 1 1" thL' dlagnlll,ttc Illl'thml \Vlllely 

used to differentmte between these two pathologie L'ntI1Ie~, The W(lI \.. IH l'~l'Iltt'd III thl'" 

thesis is part of an expelimental study de~lgned tu characttTIZl' BAL cellular pht'l1ot\'pt'!:> and 

lymphocyte cytotoxlc functlons followmg dlffercnt typt'!- of lung 1111111 IL'''. tllO"l' that aIL' 

frequently encountered following lung transplantation such as atekcta~I~. wal III alltl mld 

ischernia/reperfuslOn Injury. rejcct!ol1 and bactenal IIlfcctlon, The ~~(),t1 \11 the "tm,)' I~ to 

explore the potentmls of BAL as tht' non-II1Va!:>lve dIagnostIC Illl'thmi cap:lhll' 01 

differentiatmg reJection trom other torl1l~ of lung mJufle~, Re~lIlt., 01 tlm. C()J1l11lehl'lI~IVe 

research project have been pubhshed m parts elsewhere: \;Varm bchcIllia Inducl'!- Altl'latl<l/1 

m Lung Immune Cell Function (Journal 'lf Thora\:lc and CtrllI()va~clllar SlIlger y 

1991;101:1030-36), Altered Cellular Immune Functlon 10 the Ate!ectatll 1.1I11g (Allllal~ (lf 

Thoracic Surgery 1991:51 :76-80). Bronchoalvcolar Lavage and LlIn!! Trall"plantatlon (Alllla b 

of Thoracic Surgèry 1991:51.335-40), Bronehoalveolar L<lvage Lymphocyte CytotoXlt'lty' Ail 

Indlcator of Adequacy of Lung PreservatIOn (Canadian Journal ot SlIrgny 1<)<)I,:H,I%), 

The materials presenkù in thl~ thcsl~ foeus on tre alteratiom llf BAI. lymphocyte 

cytotoxic functions in lung allograft reJectlon or mfectlon. Thl~ expenment;t1 work w:t\ 

supported hy a grant frorn the Canadran Cystlc Flhrow, Flllllldatiorl. The author Wil" ;1 

reclpient of the Canadian Cystic Flhro~l~ Foundatlon Re~earch h:lI()\\'~hlp 'l'lm prollTt wa ... 

awarded the Stykeman Re~earch Prrze of the Department 01 Cardl()va<.,cu!;tr ;111(/ '1 horill'IC 

Surgery. McGIll UIlIversüy (1990), Part~ of the re<.,ult~ were pre ... elltl'll at tlle 7()tll AIlIIU;t! 

Meetmg of Arnencan ASSOCiation for Thoraclc Surgeon ... (Towll!o, ('alwda, 1 <)<)()) and at the 

lst Annual Meeting of the European Re<"plf()logy SocIety (!'ond(JfI, l~ngl;lllt.l 1 ()()O) The 

manuscnpt cf t 1115 work hm heen accepted for puhlJcatlol1 ll1 the journal TramplantalIon, 
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• ABSTRAC"T 

• 

Differentiation between reJection and infectIOn of lung a:lograft~ remams ùltflcult 

The effects of these two pathologH' entItle~ on the eytolytlc c1ctlvlty of hronclmalvèular 1.lvagr 

(BAL) and peripheral blood lymphocytes (PBL) were mVè~tlgatt:'d. Lett lung allo­

transplantatIon was performed on sixteen mongrel dogs Dt wlllch twe IH' were :lvailahlt' lor 

complete studies. AlI animaIs recelved cyclosponne A azathlopnne and predIll ... one tor 2 

weeks. Four grafts developed left lower lohe Gram negatlve pnèUI11()llla. The èlghl 

remainmg recipients progressed gradually ta severe reJectlon followmg acutl' reduct")f1 01 

immunosuppressIOn. CytolytlC actiVlty of blood and lett lul1g BAL lymphocyte... wa~ 

quantitated by the natural killer (NK) and lectm dependent cell medlated cyl otm..Ic It y 

(LDCMC) assays. Two additlonal groups servmg as controh, were either glven a ten lIay 

course of immunosuppressants or had right lower lobe pneumom<l induced hy tram.hroncillili 

inoculatIOn of gram negatlve bacteria. Immunosuppressed control ammab ~howed ~lgl1ltll.:anl 

depression of PBL and BAL lymphocyte LDCMC and NK actlvlty. Slmliarly, BAL 

lymphocytes expressed very low LDCMC m normal allografts (l.S± .W/~'). Onœ rc)ectlof1 

developed and progressed, LDCMC became signiflcantly hlgher ( 15.6± 2.2'/é and 52.7 ± 2.W'1r 

in moderate and severe rejection respectlvely). There wa!> no detectahle NK actlvlty ln 

rejecting lung allografts. BAL lymphocytes from mfectetl allograft~, on the other hand, 

showed an elevation of bath NK and LDCMC actlvity (9.1 ± 1.1 % and 14.6:t 1.0% 

respectively). Similarly, bactenal pneumoma in control animais mamfe~tcd an Illcn~a~t: III 

NK and LDCMC activity in lung and blood. Peripheral blond lymphocyte~ ot lung allogralt 

recipients, however, had increasecl NK and LDCMC aClIvlty III hoth reJec!Jon and II1lectloll 

LDCMC/NK actiVlty ratIo (LM/NK index) of lung lymphocytes wa~ ~lgl1l!Jcantly 11Igher III 

reJecting allografts (Il.2± 1.0 and 12.4± 1.6 tm moderate and ~evere reJeCtICHl re"rectlvely) 

than in mfected on es (1.2±.3, p<O.OOOl). ft appeared, trom thl~ ~tudy, th;)1 rejCctHll1 of the 

lung allograft results in alteratlons m BAL lymphocyte phen()type~ and functlon., whlch dlffer 

from those associated wlth bactenal rnfection. Such dlfference~ may he L1,>eful 111 

distinguishing episodes of acute allograft rejection from hactenal mfection . 
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• RESUME 

• 

LI différenciatIOn entre le rejet et l'infection des allogreffes pulmonaires demeure 

l.lJfficile. Les effets de ce~ deux entités pathologiques sur J'actIvité cytolytIque du 

"hronchoalveolar lavage (BAL)" et des "penpheral blood lymphocytes (PBL)" furent 

Investlgub.. L'allogreffe du poumon gauche fut effectuée sur seize chiens bâtards dont 

douze furent utiilsahles pour études complètes. Tous les animaux ont reçu de la 

cyclospoflne A, de l'azathioprme et de la predmsone pour une pérIode de deux semames. 

Quatre gretfé~ développèrent une pneumonie bactérie Ile du lobe mférieur gauche. Les huit 

autres progressèrent graduellement vers le rejet sévère à la suite d'une réduction aigue du 

système Immunodépresseur. L'activIté cytolytique du sang et des lymphocytes BAL du 

poumon gauche tut quantitiée par le "natural kiIler (NK)" et les essaIS du "Iectin dependent 

cell medmted cytotoxicity (LDCMC)". On a donné à deux autres groupes servant de 

contrôle, soit des immunodépresseurs pour une pénode de 10 JOurs ou bien nous avons 

provoqué chez eux une pneumome du lobe pulmonaIre droit par lïpoculation 

transhronchlque d'une hacténe. Les animaux immunodépressIts de contrôle ont démontré 

une dépreSSIOn slgmficatlve du PBL et des lymphocytes BAL LDCMC et de l'activité du NK. 

De taçon similaire, les lymphocytes BAL ont démontré un LDCMC très bas dans les 

allogreffe~ normales (2.8 ± .8%). Une fOlS le rejet développé et progressé, le LDCMC est 

devenu slglllficatlvement plus élevé (15.6 ± 2.2% et 52.7 ± 2.8% pour le rejet modéré et 

sévère respectivement). Il n'y aVaIt pas d'actiVIté du NK détectable dans le rejet des 

allogreffes pulmonaires. D'un autre côté, les lymphocytes BAL provenant des allogreffes 

mfectées ont démontré une élévation du NK et de l'activité du LDCMC (9.1 ± 1.1 % et ]4.6 

::t 1.0% re~pect\vement). De façon similaIre, la pneumonie bactérie Ile chez les ammaux de 

contrôle a démontré une augmentation du NK et de l'actIVIté du LDCMC dans les poumons 

et le sang. On a noté que les PBL, provenant des animaux ayant reçu J'allogreffe, avaient 

cependant suhlt une augmentation du NK et de l'activité du LDCMC lors du r~jet ou de 

J'InfectIon. Le rappo~t entre l'activité du LDCMC/NK (LM/NK index) des lymphocytes 

pulmonaires était Significativement plus élevé dans les allogreffes rejetées (11.2 ± 1.0 et 12.4 

± 1.6 pour le~ reJet~ modérés et sévères respectivement) que dans celles infectées (1.2 ± 

.~, p<O.OOO)). Il apparaît, il partir de cette étude, que le rejet de J'alIo!:;reffe pulmonaire est 
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• le résultat des altératH.:ms dans les phénotypes et des fonctIons lymphocytes BAL qUI 

diffèrent de celles associées avec l'mfectIon hacténelle. De telles dlttérences peuvent être 

utiles dans la distinction entre un épIsode de rCJet aigu d'allogreffe ou celtll d'une IIlfectlon 

bactérielle . 

• 
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• 1. INTROOUCfION 

• 

1. An Overvicw of Lunt! Transplantation 

Lung and henrt-Iung transplantation has rapidly evolved in the last de cade ta become 

an accepted therapeutlc optIOn for selected patIents with endstage lung or combmed heart­

lung di~ea~e(I-1). U p to 1,212 heart-lung and I0561ung transplants performed before January 

1 1992 from more than two hundred transplant centres worldwide were reported ta the 

Registry of the InternatIonal Society for Heart and Lung TransplantatIOn (4). The number 

of procedure~ has Increased exponentlally ln the last few years. A great deal of knowledge 

on vaflous aspects of lung transplantatIon has been accumulated through wel1-conceived 

expenmental and chmcal research. Various problems, seemed unsurmountable by lung 

transplant workers ln the earlier days, have been and are being systemically addressed and 

solved. As c1inical expenence increases, the indications for pulmonary transplantatIOn, donor 

and reciplent selectIon cnteria have changed ta allow effective use of the scarce donar pool 

and ta serve a larger and more heterogenous group of patients wlth endstage lung disease. 

It seem~ that problems related to organ preservation, to graft acute and chronic rejection 

as weil as ta opportunistic infection of the immunosuppressed hosts are the focus of 

attention of the lung transplant community in the years ta come. 

1.1 The Evo1ution of Lung Transp1antation 

The earliest experiments involving allo-transplantation of a pulmonary lobe, of an 

entire lung or heart-Iung block were performed by Demikhov and associates in the late 

1940's(~). No immunosuppression was used and the longest survlyjng animal died at 10 days 

with a bronchopleural flstula. In the early 1950's, Metras from France and Neptune and co­

workers from United States indepenriently demonstrated the technical feasibility of single 

lung transplantatIOn JO a camne model l6.
7
). They were able ta decrease the incIdence of 

thrornhosls of the pulmonary venous anastomosis by transecting a cuff of 1eft atrium which 

included the onflces of the pulmonary velOS, thereby eliminating the need for indivldual vein 

nnastomosis. The f1rst successfullong-term re-implantatIon of the entire lung in a dog was 

reported hy Juvenelle and associates in 1951(8). The animal survived for 5 months by the 

time of thelr report and retamed normal lung functlOn. Hardm, Kittle, and Schafer 
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• published their preliminary observations on canine left lung allo-tran~plantatlon m 1954{'I). 

• 

By performing right pneumonectomy immediately after left lung allotransplantatlon. thcse 

investigators demonstrated that the transplanted lungs cou Id sus tain pulmonary functJon and 

life on their own abeit for a short period of time. They also observcd longer survlval in 

recipients treated with cortisone or received lungs from thelr httcrmates. Numerous 

physiologie, pathologic as weIl as nnmunologic studies on auto and allotransplanteù lungs 

were reported following the~e plOneering works(IO). The first human smgle lung allo­

transplantation performed by Hardy and associates at the Umverslty of Missi~Slppl m 

1963(11). The recipient suffered from advanced emphysema, chronic rl'nal dlsease and 

squamous cell carcinoma completely obstructing the distalleft main stem bronchus. The Idt 

lung was harvested from a patient who died from irreversible cardiogemc shock am.! 

pulmonary edema. Immunosuppression was achieved wlth azathiopnne. cortlcosterold and 

mediastinal irradiation. The patIent survived 18 days with good pulmonary functlOn and 

death was attributed to renal failure and malnutrition. There was no gros~ or 

histopathologic evidence of graft rejection on post-mortem exarnmatlon of the transplanted 

Jung. During the 20-year period subsequent to this Iimited c1imcal expenence, there were 

40 sporadic unsuccessful attempts of human lung transplani:~ti()n performed by él large 

number of surgeons at various institutions none of whom had extensive expenence wlth 

problems peculiar to transplantation of the lung(12.13). It is interesting to nme that one ot 

the first few lung allotransplants was performed at the Royal Vlctorm Hospital, Montreal 

in 1963 on a patient suffering from advanced silicosis. The patient ~urvlvel~ nnly 7 day~ atrer 

grafting. Postmortem examination revealed bronchopneumoma, bronchml mfarctlon, 

lymphatic engorgement and mild reJection(l4). The c1imcal results were umtormly 

disappointing: the mean survivaJ was only 8.5 days; 2 patient~ survlveu for (, and JO month\. 

The only reciplent to leave hospital, and the most notable success m thls penou, wa~ él young 

man with endstage silicosis who received a right lung tramplant by Derom and colleague,> 

from Belgium(15). The initial eight months were spent in hospital, wltl' ,Jlllya hnef penod 

of survival after discharge. Death was attributed to bronchtal complIcation and mtectH)fl. 

The main factors contributmg ta the uniformly pOOf outcome mclude mappropnate ,>electICHl 

of recipients and donors, inadequate lung preservation, poor heahng ot the hronchtal 
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anastom()si~, meffective immunosuppressive regimes, inability ta differentiate between graft 

rejection and infection. 

Desplte the poor initial clinical resu1ts, research efforts on Jung transplantation 

continueù and concrete pragress have been made ta overcome various problems associated 

specifically with the transplantation of this organ. Three key problems were identified: 

re]ectlOn of the allograft, bronchial anastomotic complications, early mortality from 

respira tory failure. Azathioprine, adrenal corticosteroids, antilymphocyte immunoglobulins 

dld not proville the Jung allografts adequate protection against rejeetion. Moreover, their 

uses were associated with high incidence of graft 10ss and infections(16.17). The discovery 

cyclosporin A has revolutionalized the field of organ transplantation. The utilization of this 

Immunosuppressive agent in canine lung and primate hear-lung transplant recipients resulted 

in slgmfieant reùuction in allograft rejection, easily reversible aeute reJection episodes and 

long-term survivors with adequate pulmonary functions(18.19) Major complications relating 

to the branchIal anastomosis (disruption, mucosal necrosis, infection, stenosis) occurred and 

contributed directly to the deaths of nearly aIl patients who received unilateral pulmonary 

transplantation prior ta 1982(16). Factors thought to play a raIe in Ihis complication include 

ischemia of the donor bronchus due ta transection of the branchial arterial supply, poor 

tissue preservation. detrimental effeet of high dose eorticosteroid used in the perioperative 

period and reJection. The addition of cyclosporm A ta the immunosuppressive regime allows 

better contraI of reJection with the avoidance of corticosteroids in the perioperatlve period. 

Both of these factors improve significantly the healing of the bronchial anastamosis(19-22). 

Wrappmg of the branchial anastomosis with an omental pedicle, intercostal muscle flap or 

peritracheal membranous adipose tissue flap has been shawn ta rapidly restore systemic 

circulation ta the donor branchus and decrease significantly the risk of bronchial anastomotic 

dehiscence in hoth experirnental and clinical settings(23-27). 

Peri-operative resplratory failure was one of the important factor contributing ta 

recipients' demise in the earlier attempts of human Jung transplants. Po or lung preservation 

with prolonged madequately pratected Ischemia cause tissue inJury and the development of 
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increased capillary permeability pulmonary edema(12). Lymphatic disruption and operative 

manipulations further compounded on ischemial reperfusion lung inJuT) Major advances 

have been made in the field of lung preservation in the last 25 years. Early methods of Jung 

and heart-Iung preservation such as topical cooling after ahsorption atelectasls or 

normothermic autoperfusion of the heart-Iung block have been practlcally ahandoned(lR.:!'1). 

Single flush perfusion of the lungs with cold modified Euro-Collins solutIOn and donor 

treatment with prostaglandin El or prostacyclin followed by statie cold storage I!> now hy tar 

the most commonly used technique in cIinical lung preservation todal3(). Pro~tagJarH.llr1~ 

have a wide variety of properties that are of theoretical advantages to Jung pre~ervatlon: 

they are powerful pulmonary vasodilators, they down regulate intlammatory reactlOn hy 

attenuating leucocyte sequestration in damage tissues, inhiblting plate let aggregatlon, 

preventing lysosomal enzyme release and superoxide production by white ce Il!>, they alw 

have cytoprotective effect(31). This method of lung preservation ha~ expenmentally hecn 

shown to provide adequate protection for up to 24 hours of hypothermlc ischcmla. 

Clinically, however, the upper Iimit of cold ischemic time IS probably 6 to R hours Donor­

core cooling on cardlOpulmonary bypass has been used with good success for heart-Iung 

block transplantation(32). Short and long term physiologlc studies ot the denervated lung 

implants provide valuable information about the pulmonary function and hemodynamic 

performance following transplantation. Auto-transplantation experiments have shown that 

the denervated lungs are capable of proVIding total pulmonary functlOn and recelvmg the 

entire cardiac output at all times without abnormal elevatlOn of the pulmonary artery 

pressure(33-38). These observations have also been confirmed chmcally!39-41). 

1.2 The Current Clinical Experience 

In 1982, Reitz and colleagues from Stanford University reported the fm.t long term 

survivors of combined heart and lung transplantatlOn(42). Their patient~ had pulmonary 

hypertension of various etiologies. Two patIents had excellent cardlOpulmonary functlOn H 

and 10 months after transplant ltion. The thlrd patient wlth transposition of the great ve~~el~ 

and associated cardiac defects died 4 days post-operatlvely of renal, hepatlc and pulrnonary 

complications. Immunosuppressive regime conslsted of cyclo~porin A, prednI~()ne, 
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azathloprine and pen-operative rabblt antihuman thyrnocyte globulin. In 1986, the Toronto 

Lung Transplant Group reported two cases of successful single lung transplantation for 

endstage pulmonary failure due ta pulmonary fibrosIS(26). The two recipients were alive and 

weil with excellent pulmonary functlon at 14 and 26 months after the procedure. 

ImmunosuppressJon conslsted of cyclosporin A and azathioprine with the addition of oral 

prednisone 3 weeks postoperatively. Three years later, in 1989, The Toronto Lung 

Transplant Group reported their preliminary cIinical experience with 6 successful double 

Jung transplants for patients with endstage obstructive lung disease. Those patients were 

ahve and weIl 5 10 15 months after transplantations(43). These mitial clinical scccesses 

quickJy renewed worldwlde mterests in pulmonary transplantation. There has been an 

exponentlal increase in the number of transplant centres and of Jung and heart-Jung 

transplants performed in the last few years (Figure 1). As c1inical experience with lung 

transplantations accumulate, the indications for single, double and heart-lung transplants 

expand and change significantly(4). As of 1992, the major indications for heart-Jung 

transplants are primary pulmonary hypertension, Elsenmenger's syndrome secondary ta 

congenital heart dlsease, cystic fibrosis and emphysema. For double Jung transplants, the 

main mdlcations are cystic fibrosis and emphysema. A smaller percentage of double lung 

transplants were performed for patients with pulmonary fibrosis, primary pulmonary 

hypertensIOn, Eisenmenger's syndrome. The greatest change has occurred in the indications 

for single lung transplantation. It is still the procedure of choice for patients with endstage 

pulmonary fibroMs. Increasmg number of patients with either pulmonary hypertension 

(pnmary or seconda!)') or emphysema received single lung grafts with good results on short 

term folJow~ups. Double lung transplants has been the procedure of choice for these 

conditions. The concern of overexpanslon of the emphysematous native lung compressing 

the graft or resplratory problems secondary to ventilation/perfusion imbalance have not been 

ohserved cl1nically followmg single lung transplantation for such conditions(40 41..14
0

,,\9). Even 

thou~h surgical techm4ues have been weil described and accepted(50.5Z\ further refinements 

have decrea~ed operatlve morbldlty and mortality. Bilateral thQracosternotomy (clam shell) 

incIsIOn proviùes ~uperb exposure of the thoracic cavities. Sequential bilateraJ Jung 

transplantation allows avoidance. III certain cases. of cardiopulmonary bypass and its 
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associated bleeding complications(4R). The use of hilateral branchial anastomnsls ll1~tead of 

the tracheal one in double lung transplants has resulted in a decrease In the incIdence ot 

airway complicatIon as reportcd by NoicJerc and assocIates(53). Acconlmg tn the Regl~try 

of the International Society for Heart and Lung Tran.,plantatlOl1. the overall one-year 

actuarial survival rate is 59% for heart lung, 69% for smgle lung and 62l'{, for ùouble Jung. 

Intra-operative technical complications (mcJudmg prImary graft fatlure amI hemorrhage) and 

cardiac complicatIOn account for about one thlrd of ail deaths. InfectIon I!-> the most 

common cause of death in lung (55%) and heart-Iung (34%) transplant reclplent~. Re]ectlon 

is reported as the cause in 10% of the mortahty in Jung reciplents(4). 

1.3 The Problem of Allograft Rejection and Infection 

Post-transplant acute and chrome rejectlOn (AR and CR) riS weil as hactertal ami 

opportunistic infection contmue to inflict consIderable morhidlty and mortaltty tu lung 

transplant recipients. Histopathologic classificatIOn of lung re]ectlon IS now standarùlzed 

following a recent meeting of the Lung Re]ectlon Study Group sr()n~oreù hy the 

International Society for Heart Transplantation(54) (Table 1). Acute reJectlon ha!'> heell 

observed as early as 7 days after transplantation, up to 60% of reclplent~ have one or more 

AR episodes (c1inical diagnosis or blOpsy proven) in tr a flrst 3 months atter gratttr1g(~~ 'i7). 

Although the likelihood of re]ectlOn appears to decre,' . over ume, longitudInal lollow-up 

has demonstrated that late episodes are not infrequent(5h). It 15 ottcn clilllcally !'>u~pecteù on 

the basis of low grade temperature, dyspnea, hyprxw, crackle~ anù wheeztng on che~t 

physlcal examination, new perihilar infiltrate on chest roentgenography, detenorat I()n 01 lung 

flow spirometry (FEVp Fye). These sign~ and symptom'> are sen~lltve hut not !'>peelflc !or 

lung rejection as viral (CMV), protozoal (Pneumocystls cartnll) lung tntectlcn may have 

similar manifestation. The maJonty of acute reJectlof) epl~ode,> can he revcr~ecJ wlth h()lu~e~ 

ofintravenous methylpredmsolone (Solumedrol). Actually, Imttal cllfllcal re~r(Hl,>e to holu ... e., 

of steroids IS currently used as one dtagnmtic cnterla for reJectlon. More power! ul 

immunosuppressants such as t'le monoclonal antlhody OKT3 or the pulyclonal antllhymocyte 

globulin have to be used for occaslOnal sterold re~l!'>tant rCJcctlon('iKJ. Chroflle rCJcctlon of 

the graft contmues 10 be a major cause of laie post tramplant morhlduy and mortalJly. The 
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• c1imcal manifestation of CR IS bronchiolitls obliterans. It usually run an insidious course with 

graduai declme of Jung function as noted on flow spirometry. If detected early, its 

progres~lon can he arrested or reversed: however, if diagnosed Jate, it usual1y fo)]ows a 

relentlessly progressIve and ultimately fatal course. 

• 

It IS now weil recognized that, in heart-Iung transplant recipients, lung rejection can 

occur in the absence of and often precedes cardiac rejection; hence. endomyocardial biopsy 

I~ not a reliable method of detectmg lung rejection. Conventicmal non invasive methods su ch 

as chest roentgenographs, radionuclide scans, pulrnonary function test used in con]unction 

wlth cJmical as~essment have been shawn ta be nonspecific for the dlagnosis of allograft 

reJection. Changes of pulmonary functlOn test parameters or chest roentgenographic 

appearance associated with rejection have similarly been observed with infection. 

OItferentJatlon of graft re]ection fram infectIOn remams difficult. Open Jung biopsy provides 

ample tIssue tor histopathologic examination yet it is tao invasive ta be performed routinely. 

Transbronchlal bIOpsy (TBB) as advocated by the Papworth gloup In UK has become the 

method of chOIee tor dJagnosing rejection in lung transplant reciplents. When performed 

for c1imcal mdlcatIOns. TBB has an ove rail diagnostic yield for rejection or infection of 

approximately 85%(55). For the detection of suspected re]ection al one, ~e!1sitivity of 84% to 

93% and up to 100% specificity have been reported(59-6:). Bronchoalveolar lavage (BAL) 

is frequently performed together wlth TBB to exclude infection as the cause of c1inical 

ahnormalitles. M ulttple biopSIes are routmely done ta reduce false negative rate(62). This 

technIque carnes a low complicatIon rate (pneumothorax 5.5%, self limited bleeding 12%) 

anù 1 death (0.4(,/(-) as reported by Scott and assoclates(62). Better survival rate has been 

acll\t~vcd wlth frequent momtonng of the grafts using senal pulmonary function test. TBR 

BAL allows early ùeteetlon and specifie treatment of asyrnptomatic graft reJection and/or 

infectlon(h'\). Exammatlon of BAL-derived lymphocyte specifie Immunoreactivity against 

donor antlgem. has 91 % sensitIve but much lower specificity as a diagnostIc method for lung 

AR hecause posItIve results have been ohserved dunng bactenaI. viral and protozoal 

mfectlon(h4 1
• However. this teehm4ue is better at detecting chrome reJection and 

brnnchiolltls ohllterans(h5). Measurement of branchial muco'~al blood flow usmg laser 
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flowmeter via a flexible bronchoscope as a method to detect lung AR has heen reported 

with promising res~J\ts(66.67). 

Bacterial pneumonia is the most common infection in the early post transplant 

period(68.70). Although the risk of bacterial pneumonia IS highest in the early po~t-operattve 

course, its prevalence is rather uniform throughout the post-transplant follow-up penod. 

The problem is more serious in cystic fibrosls patIents undergoing double lung 

transplantation as thcy frequently harbour multlply resistant Gram negatlve orgal1lsm~ 

notably Pseudomonas species(45). The diagnosls is made on the hasl~ of ft'ver. pulmol1ary 

infiltrate on chest roentgenography and isolation of pathogens on ~putum or hronehlal 

washings. There have been a very hlgh incidence of opportunIstic infectlol1!-. a~~()clated wlth 

immunosuppression as the number of transplant recipients increase~. Pneumoeystl!-. carmll 

infection was noted in high percentages of heart-lung transplant reeiplent~t7l 12). The 

diagnosis was usually made by the presence of foamy exudate contalllJng !->Jlver stammg ey~t!-. 

on silvér methenamine stam of the BAL samples. The inCIdence of mketion wa~ decrea~eù 

by the institution of prophylactic trimethoprime-sulfamethoxazole. The mo~t tf()uhle~()mt: 

is cytomegalovlrus (CMY) mfection. Elevated mCldence ot CMV mfectlon (e~peelally 

gastroenteropathy and pneumomtls) and its assocmted hlgh morbldlty and mortahty rate ha~ 

been observed by various transplant centres. The diagnosis of CMV pneumoIlltl~ IS maùe 

on cytologie and histologie examination of BAL, TBB sample~ and m certaIn ca~e., open lung 

biopsy specimen. It IS most freguent and highly fatal ln seronegative reelplent~ of 

seropositIve donors. Cytomegalovirus mfectlOn m seroposItive reclplent~ I~ usually mlld anù 

carries a much lower mortahty(45.46J• Cytomegaloviru~ pneumomtls p()~e~ a "peelal pr )hlem 

because its climcal profile IS so similar to acute reJectlon, but the therapy I~ qulte dJtterent. 

Accurate differential d13gnosis of these two pathologlc entltle~ 15 therefore e~~entJ;d. There 

have been evidence of increase nsk of chrome rejectlon foJlowlllg epl~()de~ of mf:'ctlon(7 Il. 

It IS possible that mfectlon augment~ graft Immunogelllcity O[ reductlon of 

immunosuppression in respon~e ta the rresence of opportuni~tlc mfectlon or hoth r e\ult ln 

higher chance of graft reJection(74). Measure~ currently employed to reduce the rate of 

opportumstlc mfectlon mcJude: aVOId mismatchmg of CMY ~tatll~, prophylactle antl-CMV 
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hypenmmunoglobuhn, use of CMY negative blood products, prophylatic acyclovir (for both 

CMV and Herpes SImplex VIru!'», and tnmethoprime-sulfamethoxazole. The routIne 

penoperatlve prophylactic u~e of OKT3 has been abandoned by few centres as it has been 

reported to a~soclate wIth a high inCIdence of severe cytomegalovirus (CMV) infection(75). 

Frequent and aggresslve surveIllance for asymptomatic opportunistic Infection wlth BAL, 

TBB, vlral/protozoal serology and early treatment would improve long terrn survival(55). 

2. Bronchoalveolar Lavage in Lung Transplantation 

2.1 An Overview 

L'lVage of the bronchoalveolar space to ob tain alveolar macrophages for functional 

and morphologlc studle~ was first reported in 1960(76). Following the development of the 

fleXIble hronch()~cope, bronchoalveolar lavage (BAL) was popularized as a diagnostIc and 

rt~!'>earch tonl to study a vanety of mterstitial lung diseases(77). Generally, BAL IS done In 

conJunction with fiberoptlc bronchoscopy and light sedation. Sterile buffered saline is the 

usual lavage medium, infused through the working channel of the bronchoscope with the tip 

wedged to a distal subsegmentaI bronchus. Aliquots of 50 ml are injected to an 

accumulative amount of 200 10 300 ml. The lavage fluid is retrieved by gentle suctioning. 

On average 50% to 60% recovery of the lavage flUld is expected. The applicatIon of BAL 

a~ a research and as a dIagnostIc tool in pulmonary transplantation has recently been 

revIewed hy Nguyen and Shenmb(78). It offers a umque opportunity for the safe and 

repetttIVe harvestmg of large quantltleS of graft infiltrating immunocompetent cells 10 the 

transplanted lung. Retneved cell suspensions do not require complicated ceII separation 

methods in order to obtam purified lymphocytes as do ne from tIs.sue fragments of other 

mgan~. Phenotyplc and Immunologie studles of graft-infihrating cells are essentJaI to 

advance our under~tandtng of the mechani~ms of lung reJectlon as weIl as the development 

of a reliahle method '0 detect and differentiate reJection from various infectIons in the lung 

allograft. Funcwmal ~tudles of graft lymphocytes retneved by BAL and those propagated 

from tramhronchml hlOpsy specImen demonstrated that BAL lymphocyte immunologie 

actJvltle~ retlect those of the intragraft lymphocytes. This observatIon reaffirms the 

u~efulne!ls 01 BAL III the ImmunologIC monitonng of lung allograft reciplents(79 l . 



• 2.2 Morphologie and Flow Cytometrie Analysis of BAL Cells 

The compositIon of ce Ils harvested from the normal bronchopulmonary compartment 

has been weil charactenzed in vanous specles(RO-83). TYPlcally, human hronchoalveolar 

washings contain about 95% macrophages, 4%-5% lymphocytes and OCr-1 ré polymorpho­

nuclear leucocytes (PML's). Normal canIne BAL cells consist of 65~'r-~5C;r macrophages, 

10%-20% lymphocytes and 4%-10% PML's. Many studies were carneo out ln the oltkrent 

animal models to examine the effect of various types ot lung InJury (atl'lecta~I~, 

Ischemla/reperfusion, allograft rejectlon) on BAL cell compositlons(SO-S2.R4 1
11

)_ The goal was 

to characterize changes In BAL cellular profile specifie to each of these pulmonary UlJllne~ 

and hence, tG attempt a differential dIagnosis. SigmfIcant and overlappmg mcreases ln PML 

counts were observed following lung Ischemia/reperfuSlOn Injury, acute allograft reJectloll 01 

lung atelectasis. Allograft rejection is assocIated with a steaoy me m the BAL ab~()lute 

lymphocyte counts as the process advances. None of these BAL cellular change~ I~ '>peedlt: 

for a particular pathologic process. There certainly IS strong evidence that conventlonal total 

and differential counts of BAL cells cannot differ~ntJate any ot these lung path(Jlogle~ alter 

lung transplantation. Similar observatIons were made in clInical lung tran~plantatlon('12i. 

Furthermore, the plausIble presence of more than one pclthologic entlty m the pmt-operatlw 

period (I.e., atelectasls and rejection or pneumonia and rejedlon) leaoIng 10 owrlappmg 

BAL cellular profiles makes morphologic exammatlon ot BAL celb alonc a le~~ valuahle 

method to differentiate rejection l'rom other types of lung inJury. Mme ~()phl~tlcated 

immunologie methods have recently been consldered to potcntiJte the role of BAL ln the 

diagnosis of rejection/infectIOn in the lung allograft. 

ExaminatlOn of BAL mononucIear œIl phenotypes usmg monoclonal antll")()dle~ 

against specific cell surface markers In re]ection and Infection may reveal dIf ference~ III It~ 

cell subset that may be specifie to each of the~e pathologlc entltle~ and, hence, may enahle 

us ta distmguish one from the other. Lung allograft reJectlon ln a munne exrenmcntal 

model wa~ assocJated with a slgnifIcantly hlgher cyt()toxic/~urrre~,>or to helper/lnoucer T 

lymphocyte ratio, and the Inverse wa~ ob~erved for lung mfectlOn('J1J. In a canine mooe/. 

Shennib and co-worker~ ;JOwed dlfferent rattern~ of BAL mononuc!car <,uh.,ch !oll()wmg 
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rejectlOn and hactenal mfeCtlon('J4). The percentages of mature and cytotoxic/suppressor T 

Iymph()cyte~ were hlgher ln the setting of graft rejection than in the presence of infection. 

The accumulatIOn of T lyrnphocyte~ partlcularly cytotoXlc/suppressor (CD8+) cells was 

observed ln aeute reJectlon and also in opportunistic infection (CMV and Pneumocystis 

cannii) of human lung alIografts('J5.97>. However, helper/inducer (CD4+) T cell subset was 

noteo tn mcreased 10 the presence of such "lfections but not reJection(98). Although different 

phenotyplc patterns of BAL lymphe were observed to assocmte with different 

pathologlc lung conditions, no studies 50 far examined the predictive values of BAL 

phenotyplc analysls as a diagnostic test for the differentiation of lung graft infection or 

rejection. 

2.3 Functional Analysis of BAL Cells 

Cytotoxlc lymphocytes in the canine model of rejected lung allografts were 

quantitateù using the lectin dependent œIl mediated assay by Emeson and colleagues(99.l00). 

This assay is believed to detect the total T cell mediated cytotoxicity of a lymphocyte 

population since the lectm substltute for alloantigens in the binding phase of the lytic 

reaction(lIlI.102\ Natural killer ce Ils are not detected by this assay(103.l04). They demonstrated 

[he presence of cytotoxic T lymphocytes in the lung grafts when only pathologie changes ln 

the form of mononuclear cell cuffings of the small vessels were pr.!sent before any clinical 

or radiologie manifestations of re]ection. A strong correlatIon was noted between 

cytotoxicity of BAL T cells and the cImicopathological seventy of re]ectlon. Typical 

allospeclflc cytotoxic T lymphocytes were deteeted late in the course of reJection and their 

appearance wa~ preceded by a populatIOn of cytotoxlc cells characterized by their abihty to 

lyse xenogenelc target ln a l~ctin dependent cytotoxicity assay but an inability ta kill 

allogenelc target cells from the donors. These eeUs may represent the nonspecific 

Iymphokme actlvated killer (LAK) cells which are presurnably generated in the presence of 

Iymphokme meùléltor~ produced ln the process of rejection(I05.106). It was also shawn by 

these mvestlgatnrs that alveolar macrophages hatvested during reJectlon inhibited graft 

cytotoxlc T Iymphocyte~ iIl vitroC 107
). The presence of cytotoxic lymphocytes in the graft is 

nut ~peciflc tor reJectlon as elevation of BAL lymphocyte cytotOXIC activity was noted in graft 
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infection as weIl(lO()). Clinically, Zeevi and co-workers at the University of Plttshurgh haLl 

demonstrated that accumulation of donor specifie lymphocytes (as shown hy arcelerated 

proliferation in a mixed lymphocyte culture or specifie lysls of donor relis in cytotoxlc assay) 

were present in graft chronic and acute rejection(9R.I08.l()<I). Once agam, accumulation ot 

donor specifie lymphocytes was observed m the presence of bactenal, vIrai and Pneul11ocy~tl~ 

carinii infection without any eVldence of graft rejectlOn(t>4·73). It ~eems that tht"se type~ of 

infection initiates an inflammatory reaction wlth accumulatIOn of vanou., ho~t 

immunocompetent ce Ils, whlch in the presence of graft alloantigens, cell medtateù Immul1Ity 

is facilitated leading t0 acute or chronic reJection. Funetional study of graft mftltrat\l1g 

lymphocytes may serve as a screenmg method to deteet immunologie abnnrmaltty of the 

graft which r"!quires further more specifie in' 'estigations. 

2.4 Other Applications of BAL in Lung 'Yransplantation 

Not a11 the studies done on BAL are focused on the exammation of ItS cellular 

components. BAL lavage fluid has also been analyzed tor soluble markers of lung allogralt 

rejection and/or infection. For instances, high levels of thromhoxane B~ (TXB~) 111 BAL 

fluid from the lung grafts were strongly correlated with rejeetlon(IIO). Mnreover, 1I1teClIOl1 

and/or rejection of the Jung allograf 'esulted in dlstinctly ùlfferent leveb of prote1l1, Itpld 

and various components of pulmonary alveolar surfactant 111 BAL tluld( Ill). Smce rt~Jectlon 

is known to associate with an increase In pulmonary vascular resistance and Shlftlllg Dt the 

blood flow ta the native lungs, our laboratory is now exploring the mie playeù hy v:t!->o:tctlve 

substances such as angiotensin converting enzyme (ACE) and endothelm JI1 the occurrence 

of this phenomenon. Bronchoalveolar lavage tluld samples are analyzcd to !->ee Il a 

correlation between the levels of these vasoactlve substance~ anù variou!-> cau~e" of lung 

allograft failure exists. 

Fmally, BAL has been a valuabJe and the most frequently useù tool for the dIrect 

diagnosis of causative agents of Jung graft infection. Viral anù protozoaJ opportUnJ!->tlC 

infection can now be identified with relative ease. Gryzan and colleague~(7()) Imm the 

University of Pittsburgh reported a very hlgh Inciùence of pmt-operatlve Pneum(JCy!->tI~ 
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• Carmii (PC) infection (88%) in the heart-Iung transplant recipients. They reliably and 

rapidly made the dmgnosis of PC mfection by examining cytocentrifuge preparations of BAL 

ceJls stained wlth silver methenamine for cysted forms. In addition ta monitoring the rai se 

of CMY tJtre~, BAL fluid can be tested for cytomegalovirus by inoculation into human 

embryomc lung tissue culture and CMY "immediate early antigens" may be detected by 

immunotluorescence using monoclonal antibody at intervals after inoculation. This technique 

aJlows relatlvely rapld and accurate detection of cytomegalovirus in BAL fluid(l12). Whether 

the identification of infectious agents in BAL necessarily indicates the presence of lung 

infection hy these organisms remains controversial. 

3. Cellular Events of Rejection and Infection 

3.1 Rejection 

On the basis of the tIming, the morphology and the underlying mechanisms, rejection 

reactions are classified as hyperacute, acute and chronic(113). Hyperacute rejection is a 

humoral-mediated phenomenon attributable by the presence of preformed circulating 

antibodies directed against don or specifie antigens. The antibody-antigen reactions occur 

at the level of vascular endothehum leading to diffuse microvascular thrombosis and rapid 

graft destruction. Chronic rejection results in graduai attrition of graft function secondary 

to chromc immunologlc mflammation directed at the vascular endothelium which is mediated 

hy hoth cellular and humoral Immunity. Acute rejection is predominantly a T-Iymphocyte­

mediated phenomenon. However, humorClI immunity also plays a raIe in this process. 

Initiation of the reJection process occurs when alloantigens on parenchymal cells or 

passenger leucocytes of transplanted tissues are processed and presented to the host 

Iymphoid cells by antigen presenting cens (AJ'C - thought to be of monocyte/macrophage 

lineage). Interactions between APC carrying alloantigens and appropriate hast CD4+ T 

helper/inducer (MHC class II dependent) and CD8+ T cytotoxic/suppressor (MHC cJass 1 

dependent) lymphocytes lead to a senes of clonaI proliferation and differentiation which 

produce antlgen-specIfic lymphocytes capable of inflicting damage to the graft. Much initial 

sensitization to allografts probably takes place within the peripheral Iymphoid tissue of the 

hast hy antlgens shed from the graft or on donor lymphocytes transplanted with the 
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organ(114). Moreover, there is good evidence that semitIzatlon can occur wlthm the gra!t 

itself by virtue of circulating host lymphocytes that migrate to the graft(II~). Actlvated CD4 + 

lymphocytes under the influence of APC-derived mterleukm 1 elahoratt: mterleuklll 2 whlch 

induces clonai expansion of the allospecIfic CD4+ celb m an élutocnne fashlOll and abo 

stimulates antigen-specific clones of C08+ T effector cells to proiiferatt: and mature mto 

antigen-specific cytotoxic T lymphocytes (CTL). Moreover, mterleuklll 2 permit!-. the 

proliferation of aIl T cells so that nonspecific as weil as antiren-specllic proIJteratHm ni T 

lymphocytes occurs. Gamma interferon elaborated by actlvated CD4+ cl'lb amplltle., the 

entire process by inducing and intensifymg c1ass 1 and class II MHC antlgen e:-.pre~~101l on 

the graft, stimulates B cells ta increase antibody production, and augments all()aggrl'~~lvene~., 

of previously uncommitted monocytes and macrophagesCI16). Other mterleukm~ produced 

by activated CD4+ cells also stimulate B cell maturation. Actlvated macrophage~ abo 

elaborate other cytokines such as tumar necrosis factor alpha anù heta whlch cllntnhute 

directlyand indirectly to graft destruction. Recent expenmental eVldence ~lIh~tantlatt:., the 

role of delayed type hypersensitivity in allograft reJectlOn( 1 I7.IIH). Thl~ mechaT1l~m relie., O!l 

sensitized T helper cells WhlCh, upon recogmtlon of alloantlgen!'>. relea~e Iymph()klfle~ 

(macrophage chemotactlc factor, macrophage mlgratJ(m mhlbltory factor. mterleuklll l, 

tumour necrosis factor, etc.), leading ta accumulation and activation of non~peclilc 

inflammatory ceUs. The net result of the re]ectlOn proces~ IS the accumulatIOn wlthm the 

allograft (either by in situ proliferation or by recruitment from the circulation) a vanety of 

hast cells including T cell subpopulations, B ce Ils, natural klller (NK) ce/h, macrophage~ élnu 

neutrophils. One can identify specifie antldonor cytotoxlc T cell iJctlVlty, n()n~peuflc 

macrophage mediated killing, antibody dependent cell meulated CytotoXlclty wllIch aIl 

contribute ta graft destruction. Natural killer (NK) cell~ are cvtotOXIC non-T, non-B 

mononuclear leucocytes which are capable of destroying certain tumout cell'> .!.!l yltro wlthllut 

prior sensitization. They are thought to play a role a~ the tJr~t IIne (Jf defen.,e agall1~t 

tumours and virus infectlOn(119). Natural killer celb have heen ~h()W!l 10 he the prJnclplt:: 

effectors of bone marrow re]ection ln the mou~e(120). The exact fOIe (Jj NK celh ln Ihe 

process of solld organ allograft re]ectIOn I~ unclear. They have hl'en )h()wn morpho]Clglc;t1]y 

and functionally to be the first Iymphold cell!'> to mfJltrate the kldney allugrétft or Ihe )ponge 
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matrix aJlograft model(l21,122J. However, deletion experiments in graft recipients using 

specifie antl-NK antibodies show that they are not critical in the acute rejection process(l23). 

In antibody-antigen mteractions where the constant Fc portion of the antibody is exposed, 

NK cells adhere to the Fc molecules and presumably con tribu te ta the rejection pro cess. 

3.2 Infection 

Viral infection evokes both humoral and cellular immune responses(l24). Interferons 

mediate the earliest antiviral defenses either by directly inhibiting intracellular viral 

replication or by boosting cell-mediated responses. Natural killer cells together with 

activated macrophages can destroy infected cens or viral particles. Recognition of viral 

antigens on the surface of infected ce Ils by antigen-specific CD4+ T lymphocytes activates 

the cell-mediated immune system with the generation of specifie CD8+ cytotoxic T 

lymphocytes. These effector cells recognize specifie viral antigens in association with MHC 

class 1 and proceed to destroy host ce Ils bearing viral neoantigens. CD4+ lymphocyte­

mediated delayed type hypersensitivity is also instrumental in host cellular response to 

viruses. The cel1ular events following viral infection is similar ta those of the allograft 

re]ection phenomenon. SpecIfie neutralizmg antibodies facilitate clearance of viral particies 

or virus-infected cells via the antibody-dependent-cell-mediated cytotoxicity pathway. 

Bacterial infectIOn results in acute inflammatory reactions characterized r.y accumulation of 

leucocytes (mainly monocytes/macrophages and neutrophils) and generation of various 

humoral mediators such as vasoactive substances, activated complement factors, 

prostaglandins, cytokines particularly interleukin 1 and tumour necrosis factor at the site of 

mfection. Opsonizing antibodies against bacterial soluble and particu)ate antigens produced 

hy appropriate B cell clones la ter in the course of infection. Infectious agents are eradicated 

hy phagocytosis. Lymphocytes play a more well-defined role in chronic than in acute 

mflammatlon. NK ce Ils can km certain bacteria, fungus, protozoa in vitr.o either by secreting 

soluhle factors or hy cell-mediated Iysis of targets. The raIe of NK cells in infections caused 

hy those organisms in VIVO, however, is unknown(I25) . 
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• 4. Hypothesis 

• 

Bronchoalveolar lavage is a quick and non-invasive method of retrieval of 

immunocompetent cells from the lung allografts. The working hypothesis is that BAL, hy 

allowing better identification of cellular events in the setting of lung graft rejection or 

infection, can be useful in dlfferentiating the etiology of graft dysfunctlon. Furthermore, it 

may be useful as a screening procedure for the detection of subtle subcIimcal rejcctlon or 

infection. Cytotoxic T lymphocytes but not NK ceUs play the dominant effector role ln the 

rejection process. Natural killer ce Il, on the other hand, is one of the host's defense 

mechanisms against infectioll. Detection of increased NK activity in the BAL space may 

serve as a marker of local lung infection. In this study, one examined the cytotoxic activity 

of BAL lymphocytes using the lectin-dependent-cell-medmted cytotoxiclty (LDCMC) and 

natural killer assays in the models of progressive acute graft rejection and bactenal lung 

infection. Cytotoxicity of peripheral blood lymphocytes was also concomitantly quantitated 

for comparison. 

ll. MATERIAI.S AND METHODS 

1. Left Luna AUotransplantation 

Lung transplantation was performed between 16 pairs of size-matched mongrel dogs 

(25 to 28 kgs). Recipient animais received prophylactic peri-operative broad spectrum 

antibiotics Cefazolin 1 gm IV and Tobramycin 40 mg IV TID for 24 hours. Post-operatively 

they aIl received Cephalexin 500 mg p.o. QID and Tohramycin 40 mg i.m. TID for 1 () day~. 

General anaesthesia was induced with pentobarbital 30 mglkg body weight and mamtained 

with 1% to 1.5% halothaile. Oral endotracheal intubation was done using 8.5 mm ET tuhe. 

The volume cycle ventilator was set at: tidal volume of 15 -20 ml/kg body welght, rate of 14 

to 16 breaths/ minutes, Fi02 of 0.5, positive end expiratory pressure of 5 cm H20. Through 

the left posterolateral thoracotomy, hilar structures were identified and Isolated. The three 

pulmonary veins were isolated intrapericardially. The left mamstem hronchu~ WéJ~ exp()~ed 

from the carina to the Jeft upper lobe bronchus, vascuJarised peribronchléll tls~ue wa~ 

mobilized and used to buttress the bronchial anastomosis. The puJmonary artery wa~ 

skeletonized from the bifurcation ta its lobar branches. In the reciplent\, following ~y~temlc 
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• hepanmzation (100 units!kg body weight), the pulmonary artery was occluded with a sm aIl 

Satinsky clamp and transected, three pulmonary veins were divided between silk ligatures 

and a large Satinsky clamp was placed where the left pulmonary veins Join the Jeft atrium 

taking a small cuff of atrium wlth it. The atriaJ cuff was then opened by transecting tissue 

bridges between the vem orifices. The bronchus was divided about 1 to 1.5 cm from the 

carina. In the donor. mtrapericardial pneumonectomy was perform following systemic 

hepanzation, leaving the left pulmonary vein attached to a generous cuff of the donor Jeft 

atnum. The donor ILng was drained off ail residual blood and immediately reimplanted to 

the reclpients. No preservation was required as the warm ischemic time was around 25 

mmutes ta 35 minutes. The left atrial cuff was attached first using continuous 4-0 proIe ne 

makmg sure good endocardJaI apposition to avoid thrombosis. The atrial clamp was 

removed upon complet ion of the anastomosis to allow retrograde flow to the pulmonary 

circulation. The pulrJlOnary artery was anastomosed with continuous 5-0 proIe ne suture. 

The bronchial anastomosis was performed last with continuous 3-0 proIe ne suture, taking 

one branchial cartilage ring on each side and telescoping the donor bronchus inside the 

reciplent one. The suture line was then buttressed with the peribronchial vascuJar 

connective tissue. The animaIs were extubated few hours after surgery. Intramuscular 

demerol (lmg!kg) was used for postoperative analgesia. They were put on protective 

isolation in the animal care facility. Chest roentgenograms were performed on post­

operative days 1 and 4 then weekly until sacrifice or more frequent]y if pulmonary 

infiltrations occurred or perslsted. 

Pre-operative immunosuppression was induced by intravenous methylprednisolone 

(250 mg) and cyclosporm (50 mg). Intravenous methylprednisolone (250 mglday) was 

contmued for three days and then replaced with oral prednisone. Post-operative 

immunosuppression consisted of cyclosponn A (15 to 17 mg!kglday) given orally in oil 

suspension tWlce a day, azathlopnne (2 mg!kglday) and prednisone (2 mg!kglday) given 

orally m the morning. Dally blood samples were obtained for complete cell counts and 

cyclosponn level In the immedJate post-operative period and then twice weekly. Whole 

hlood cyclmporin levels were maintained In the range of 400 to 600 nglI. determined by 
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radioimmunoassay. After fmt lavages. cycIosporin, azathioprine and prednisone dosage~ 

were acutely redueed to 50% ta allow progressive reJeetion to occur. The cyclosponn level 

was kept in the subtherapeutie range of 50 to 80 ngll. 

SeriaI bronchoaIveolar lavages of the left lower lobes were performed pre-transplant 

and on the lOth to 14th post-transplant day, then every week after effective reductlon ot 

immunosuppressive therapy, whenever a new mfiltrate appeareù on che~t roentgen()gram~ 

or elinical deterioration of the recipients. Bronchoalveolar lavages were always followed hy 

open lung biopsies for assessment of lung pathology mc\uding rejcctlon anù hactenal 

infection. Lavage fluid samples were quantltatively cultured for bactenal orgé\l1Ism~. 

AnimaIs whieh developed bacterial infection of their allografts ln the early post-operatlve 

period during therapeutic immunosuppression were separated from nthers and studled a~ 

another group (ie. infected allografts). 

2. Control Immunosuppression and 8acterial Pneumonia 

Gram negative pneumonia was indueed by transbronchial instillation of 10H colony 

forming units of Pseudomonas Aeruginosa mixed with me]ted agar to dl~tal suhsegmental 

bronehi of the right ]ower lobe of 7 dogs. This method was shown to consl1ltently IIlduce 

pneumonia in dogs three to four days after bacterial inoculatJ<m(94). The development ot 

pneumonia was noted with fever, coughs, leucocytosis on complete hlood count~ and 

pulmonary infiltra tes in the right lower lobes on chest roentgenography. PneUmOI1lil wm. 

confirmed by histologie examination of an open lung biopsy specimen and hy positive culture 

of the same bacterial specles from bronchoalveolar lavage tluid. Another group ot dog" 

(n=8) was given a ten-day course of systemlc Immuno~uppreS1lI()n .,Imllar to the ILlng 

transplant reeiplents in order to study the eftect of this treatment on BAL cell type~ and 

lymphocyte cytotoxiclty. Bronehoalveolar lavage of the nght lower l()he~ were carned out 

in the pneumonia group when c1inical and radIOlogie slgn:~ of pneUmOI1lél were rre.,ent (3 to 

4 days after instillatIon of bacteria) and after 10 day1l of sy~temlc ImmUn()"lIppre"~I()n. 

Bronchoalveolar lavage flU1d samples were abo sent for bactenal culture~. 
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The experimental groups of thls study are: 11 Gram negative infection of the graft, 

2/ lung grafts wlthout re]ectlon and 3/ lung grafts with evidence of rejection of different 

severity as evaluated by histologie grading. The three control groups are: 11 pre-transplant 

non-immunosuppressed (normal) 2/ immunosuppressed, non-transplant and 3/ Gram 

negative pneumama, non-transplanted. 

AIl animaIs were given humane care in compliance with the "Principles of Laboratory 

Animal Care" formulated by the National Society for Medical Research and the "Guide for 

the Care and Use of Laboratory Animais" prepared by the National Academy of Sciences 

and pubhshed by the National Institutes of Health (NIH Publication No 80-23, revised 1978). 

3. Cel) Preparations 

3.1 Bronchoalveolar Lavage Lymphocytes 

Bronchoalveolar lavage was performed at the time intervals described above. The 

animais were gently anaesthetized with mtravenous pentobarbital 10mgIKg body weight. 

They ail maintained spontaneous breathings and weak cough reflex which were very helpful 

ln obtammg good return rate of high quality BAL fluid. Lavages and handling of BAL ce Ils 

were performed using strict aseptic techniques. Under bronchoscopie guidance, several 50 

ml aliquotes of sterile phosphate buffered saline were injected into the selected lung 

segments through a sterile polyethylene tube wedged into the segmental branchus and gently 

suctioned via il threeway stopcock at the other end of the tube after waiting few mmutes to 

allow lavage tluid to reach distal alveoli. On the average 400 ml of saline were injected with 

60c;é to 70% retnevaJ. Seriai lavages of a glven lung were performed on different pulmonary 

segments to aVOJd BAL cel1ular changes secondary to repeated lavage which have been 

descnbed prevJ()Usly ln dogs(126). Lavage tlUld was kept at room tempe rature during the 

whole procedure and brought ta the laboratory for immediate processing. Gentle aspiration 

of BAL tlUld wa~ done with a narrow-tipped pipette ta disperse mucus strands and tht;:n fluid 

\Vas filtered through a loose cotton gauze to remove remaining clumps of mucus. Cells were 

then collected hy centrifugmg BAL fluid at 1500 rpm for 10 minutes. Bronchoalveolar 

lavage cells were washed three times with RPMI-1640 medium enriched with 10% fetal calf 



• serum, penicillin (100 I.U./ml), streptomycin (100 uglml) and glutamme (2 mM) (RPMI 

complete). Total BAL cell counts were performed manually with an improved Nt'llhauer 

hemocytometer using 0.01% gentian vIolet in 3% acetic acid In water (v/v) (Turk\ solutIon) 

as the countmg fluid. The viability of BAL ceIls, usually more than 90Sé, was determmed 

by the Trypan blue dye exclusion test. Slide preparations were made hy a cytocentnfuge 

using 0.1 ml of the BAL cell suspension (concentration 5 X lOb cells/ml) and spmnlllg at SOO 

rpm for 5 minutes. DifferentiaI BAL cell counts were made from total cOllnt~ of 40() ceib 

using a leukostat stain kit (Fisher Scientific, Orangeburg, N.Y., U.S.A.) and a non-~peciflc 

esterase stain (Sigma Diagnostic, St. Louis, MIssouri, U.S.A.) for hetter detll1lt1on of 

mononuclear phagocytes. 

• 

Branchoalveolar lavage ceIls were passed through a nylon wool column whlch 

removed alveolar macrophages and polymorphonuclear leucocytes (PML), thus enriching the 

lymphocyte population. One gram of nylon wool (FT -242 Fenwal Laboratones, Morton 

Grave Ill.) were washed in 0.2 N HCI and multiple large volume ot distllled water, dned at 

60°, packed to the barrel of a 10-ml dispos able plastic syringe to 8-ml mark and alltoclaveù. 

Before the cells were appIied, the nylon column was saturated and nnsed wnh RPMI 

complete and incubated at 37°C. After this preincubation, BAL cells suspended m 2 ml of 

RPMI complete were applied to the column and allowed to flow into the column. ft wa!'. 

then incubated for 45 minutes in humidified atmosphere contammg 5% CO2. Alter thl!'. 

incubation, the non-adherent cens were recovered by adding warm RPMI complete medIUm 

to the column and adjusted the outflow wlth a threeway stopcock untJl 50 ml of the effluent 

was coIIected. AImost ail (96% to 98%) of the eluted celb were !'.tamed negatlve for 

nonspeclfic esterase and possessed lymphocyte morpholo!:,'Y- Natllral kIller ccII!'. were nOI 

removed by thls pUrIfication step(127). Lymphocytes were then adJusted to arrropflate 

concentratIOn (5 X 106 cells/ml) for cytoto;vic assay!l. Nylon wonl adherent rhagocytec., were 

separated from the effector ceII populatIOn to ehmmate the nonspecltlc ly~l~ ot targel celb 

by these cells and also to remove the inhibltory effect cf alveolar macrophage~ on cytotoxlC 

T lymphocytes in vitro as described by Norin and associate~(lOo) . 
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3.2 Peripheral Blood Lymphocytes 

Hepannized venous blood sarnples were obtained simu)taneous)y with BAL's. 

Peripheral blood mononuclear cells were isolated by the Fieoll-Paque (specifie gravit y 1.077) 

discontmuous gradient density technique. Ten mililiters of whole blood were layered on a 

Ficoll-Paque cushion in a 50 ml test tube and centrifuged at 400 g for 30 minutes at room 

temperature. The mononuclear interface was carefully removed, washed three times with 

RPMI complete medium. Peripheral blood lymphocytes were isolated by nylon wool 

filtration. ee])s were adjusted ta 5 X 106 ceIls/ml for cytotoxic assays. 

4. Cytotoxic Assays 

4.1 Natural Killer Cell Assay 

Canme thyrOld adenocarcinoma cells served as targets for NK cells(l28). One hundred 

microliters of effector eells (either blood or Jung lymphocytes) were added to 104 Sier 

labelled target ce Ils in round bottom 96-well tissue culture plates at effeetor:target ratios of 

50:1,25:1,12.5:1. Since a fixed number of target ce Ils were used, the decreasing number of 

effector cells were added to eaeh weil in a seriaI dilution manner ta achieve the desired 

effector 10 target ratios. Total number of effeetor cells required was 6 X 106 cells for bath 

cytOtOXIC assays. Assays were done in tnplicate. In sorne experiments in which limited 

effector cells were available (sorne normal and sham immunosuppressed animaIs) it was 

necessary ta use half the number of target cells ta get the required effector ta target ratios. 

After incubation al 37° C, in 5% CO2 humldified air for 6 houTs, the culture plates were 

centrifuged at 0° C for 5 minutes at 1500 rpm. From each weil 0.1 ml of supernatant were 

harvested and radioactivity was measured in a gamma scintillation counter. Percentage 

cytotoxicity (CJé specJtïc target lysis) was caIculated by a standard formula, using the mean 

values of tnphcate cultures. 

Percentage 
'-

CPM experimental - CPM spontaneous release 
= X 100 

cytotoxlcity CPM total release - CPM spontaneous release 

• CPM: Count per minute. 



• Spontaneous release was determined in wells containing target cells and mCt!JuIll 

alone. Total release was determined by incubating target cells with 0.1 ml of O.SSé Triton 

X100 detergent. Spontaneous release was always less than 5% of total release. 

4.2 Lectin-Dependent-CeU-Mediated Cytotoxicity (LDCMC) Assay 

This assa is regarded as a quantitative measurement of the total cell medIated 

cytotoxicity of a T œil population(IOl.102). Raji cells (denved from human Burkltt's Iymphoma) 

were used as targets. It was similar ta the NK cell assay, with the a:Jùitton of the lectm 

Concavanalin A ta the assay medium at a concentratIon of 8 microgram/ml. 

4.3 Handling of Target CeUs 

Target ce Ils were maintained in culture in RPMI-complete medium and split 1 to 5 

every 4 days. Three days before the assays, a portion ot the cells was hrought to a 

concentration of 2 X HP Iml to ensure that the target cells were actlvely ùivlding on the day 

of cytotoxic assays. Labelling of target cells was performed as follows: 2 X Wh cells werc 

suspended in 0.3 ml of RPMI·complete medium and 0.2 ml of Tris-phosphate hufter solutltm 

(pH = 7.4). One hundred microCi of sodium chromate 5lCr (LC.N. Canada, ~peclflc actlvlty 

250 Ci/mg Cr) were added to celI suspensions. They were incubated at 37° C, m 5% CO2-

humidified air for one hour with frequent shakmg every 15 minutes. Cell!-. were wa~heù 

twice with the culture medium and th en adjusted 10 Hf lm!. For a~say~, 0.1 ml (]{r' cells) 

were added to each weIl. 

5. Statistical Analysis 

Results were presented as mean + SEM. Different menns l'rom the same group of 

animaIs were compared using repeated measurement analysls of varIance (ANOVA). 

Statistical difference between pairs of means was then determmed hy the Bonterroni te~t. 

Means from different groups of ammab were compared usmg Student\ t te~t. P < .os wa~ 

considered statistically significant. 
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AIl animaIs tolerated the sham immunosuppression weil without any infectious or 

metaholic complications. The animais with pneumonia developed a cough 48 to 72 hours 

after transbronchml hacterial inoculation and showed a mild to moderate febrile reaction and 

peripheral blood leucocytosis. Che st roentgenography showed mild ta moderate right lower 

lobe infdtrates. There was no mortality in this group. Bronchoscopie examinéttion of right 

lower lobes reveaJed inflamed bronchial mucosa and various amounts of purulent secretion. 

Bactenul cultures of BAL fluid revealed Pseudomonas Aeruginosa species. Biopsies of the 

affected Jung segments confirmed the presence of bacteriaJ pneumonia. Neutrophils 

contaimng intracellular bacteria were frequently seen on the cytospin preparations 

There were four peri-operative deaths in the transplant group. One animal had acute 

pulmonary vein thrombosis at the anastomotic site, three had rapidly progressing rejection 

and mfection. Of the remaining twelve Jung allografts, four were found to be infected with 

gram negative bacilli at the time of the first post-transplant BAL and biopsy despite a benign 

cIinical appearance. Bacteria cultured from BAL samples were of the Pseudomonas and/or 

E. Coli species. AnimaIs with infected Jung allografts were sacrificed after the first lavage. 

Post-mortem histologie examination of the entire grafts did not reveal any signs of rejection. 

Intracellular bacteria in BAL neutrophils and macrophages were observed in 3 animaIs. 

There were no evidence of rejection in the remaining eight transplants on the 

immunosuppressive regime. HistopathoJogic examination of the Jung biopsy at the time of 

the first BAL did not show any signs of re]ection. However, rapid, progressive acute 

rejection of the lung gratts 4. ta 6 days following reduction of immunosuppression. Clinically, 

the animais developed low grade fever, became anorexie. appeared dyspneic, had occasinal 

coughs. Chest roentgenograms vaned widely from normal to variable degrees of pulmonary 

opacification. Lung biopSIes done at the time of BAL's showed progressive degrees of 

reJectlOn wlth the pre~ence of perivascular and peribronchiolar mononuclear ce]] infiltrates 

consistent wlth grade 2 acute rejection(54). Three ta 4 days later, productive coughs were 
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• quite evident and chest raentgenograms showed opacification of the graft. Histopathologic 

examination showed severe rejection (grade 3 to 4) with dense perivascular. perihronchml 

and alveolar septal round celI mfiltration and cellular desquamation ln the alveolar spacc 

with necrosis. 

• 

2. Bronchoalveolar Lavage Cell Enumerations 

Bronchoalveolar lavage of either normal contraIs or immunosuppresseù ammals 

yielded similar total and differential counts (Table 2). Lavages of infected lungs in either 

control animaIs or allograft recipients showed similar increase In total BAL œil counts 

(9.4±0.2 and 8.4± 1.6 X HP cells/ml), both of which were considerahly higher thélfl normal 

con troIs (1.9±0.2 X lOS cells/ml) and conslsted mainly of PML (65.6±6.2% In mfected 

allografts and 67.5 ±5.0% in pneumonia contraIs). There was significant accumulation (two 

to three times the levels of normal or immunosuppressed contraIs) of mtlammatory cell~ in 

the graft bronchoalveolar space even in the abscence of rejectJon or mfectlon. Lavages ot 

the lungs having mild rejection (MIR) or severe rejection (SIR) Ylelded ] 1.4± 1.9 X IO~ 

cells/ml and l5.6:t3.0 X HP cells/ml respectlvely which were sigmficantly hlgher than the 

non-re je ct ion (NIR) level of 4.8:t 1.4 X 105 celIs/ml (p<O.OO 1). The numher of 

bronchoalveolar lymphocytes harvested from lung allografts increased progressive Iy a~ 

rejection advanced (9.6±2.0 X lOS/ml in N/R, 23.5±4.8 X 105/ml In MIR and 42.5±H.l X 

lOS/mI in SIR). High percentages of PML v..ere also seen in mildly and severely reJcctmg 

lung allografts (39.2±2.8% and 51.6±4.9% respectively). Even though hlgher cell counts 

were generally obtained with lavages of the rejecting lungs, there is no c1ear dlstlnctl<>n 

between BAL cellular patterns of allograft rejection or mfection. 

3. 8ronchoalveolar Lavage and Peripheral BlcxxJ Lymphocyte Cytotoxicity: 

Lymphocyte cytotoxicity was expressed as percentage of Iysl~ ot arpropriate targe! 

ce Us at 50: 1 effector:target cell ratio. Normal lungs pos~essed a ~mall hut detectahle level 

of BAL NK activity (5.1 ± 1.0%) which appeared to be depre~sed hy the admml~trati()n of 

systemic immunosuppression (2.4±O.3%) (FIgure 2). In the pre~ence of hactcflal mfectlOn, 

NK activity of lymphocytes harvested from the affected lohe~ increa~ed threefold to 
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• 14.7:t 1.7% (p<O.05). In the lung allografts, NK activitywas not readily detectable (ranging 

from 1.2±O.2% m non rejecting grafts ta 2.6±O.5% in severely rejected grafts). This was 

comparable ta the value noted in the control immunosuppressed animaIs. Bacterial graft 

infection, on the other hand, resulted in a mi1d increase of BAL NK activity (9.I±O.6% p< 

0.01). 

• 

The extremely low LDCMC activity of BAL lymphocytes observed in normal control 

(3.9±0.6%) increase to 12.1 ±O.7% in the presence of bacterial infection (p<O.OI). 

Immunosupressed, non-rejecting lungs had a very low level of LDCMC activity (2.8± 1.1 %). 

It significantly increased with moderate acute lung allograft reJection to 15.6± 2.2% 

(p<O.Ol) and reached 52.4±2.1% (p<O.OOl) with severe rejection. Interestingly, BAL 

lymphocyte LDCMC in infected, non-re]ecting allografts was also mildly elevated to the sa me 

degree as that observed with mild graft rejection (14.3±1.0% vs 15.6±2.2%, p=NS) (Figure 

3). 

A distinctive pattern of cytotoxicity emerged with respect to bacterial graft infection 

and rejection when considering BAL NK and LDCMC activity together. With infection, 

both NK and LDCMC activity were increased, while with rejection~ only LDCMC was 

increased. An elevated ratio of LDCMC over NK cytotoxicity (the LM/NK index) in BAL 

was associated with acute graft rejection (LMINK = 11.2± 1.0 in mild rejection and 12.4::: 1.6 

in severe reJectlon) while a low LM/NK index was present in graft infection (1.2:::0.3) 

(p<O.OOOI) (Figure 4). 

Penpheral blood NK activlty was significantly decreased in animaIs receiving systemic 

immunosuppression compared to that of the normal contraIs (8.Z± 1.4% vs 15.1 ::t:2.8%, 

p<O.(5). Bactenal pneumonia, on the other hand, was assoc13ted with a two-fold increase 

in the PBL NK activlty (29.6::t: 1.9 vs 15.1 ::t:2.8%, p<O.Ol) (Figure 5). Similar changes were 

noted wlth PBL LDCMC actlvity (FIgure 6). Analysis of PBL NK and LDCMC activity in 

the presence of graft infection and rejection yielded a less defined picture. Peripheral blood 

NK actlvlty was quite similarly elevated whether graft rejectlon or mfection existed 
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• (16.2±2.7% in mild reJection, 22.5±2.2% In severe rejectlOn and 14.4± 1.5'Yé in graft 

infection groups) (Figure 5). The sa me observation was made with PBL LDCMC 

(10.1±3.1% in mild rejection, 16.3±2.4% in severe rejection and 9.0±2.50é in infected graft 

groups) (Figure 6). 

• 

IV. DISruSSiON 

Rejection and infection in lung allograft recipients can each result in graft dystunctlon 

and decreased survival. Transbronchial biopsy and broncnoalveolar lavage may complement 

each other in establishing the correct etiology of graft dysfunctJon(1·5~.b\.l2<J.l \Il). The ~pecltJcJty 

and sensitivity of each in confirming a diagnosis remams to he defined. Among other 

factors, variation in the techniques, frequency of samplings, number of retneved relis, 

adequacy of biopsy size and methods of culturing or labelling of infectlous agent~ can 

determine the diagnostic accuracy of TBS and SAU6 1.62.131). 

More recently, experience from the Papworth group suggests that unless 

approximately 15 TSS samples were taken, it was possible that important patholo!,'Y such 

as rejection or bronchiolitis C'bliterans could be overlooked(62). Thl~ retlects the patchy 

heterogenous nature of lung allograft rejection. The rehance on such an aggre~~lve 

approach can be justifiable in the presence of clinical signs and symptoms indicatIve of lung 

dysfunction. However, for an otherwise c1inically stable lung transplant reclpient, an 

alternative equally reliable but less invasive approach would be preferahle. We and ()ther~ 

have been impressed with the frequent occurrence of episodes of rejcctlOn whlCh werc ~een 

on routine TBB in otherwise asymptomatic patients. Such pathologie fmdll1g~ could nccur 

without an observed deterioration of pulmonary tlow rate~ 0;- an ahnormalny (ln che\t 

roentgenograms. Bronchoalveolar lavage has the advantage of allowmg retneval of f ree lung 

ce lis in adequate numbers to be tested for vanou~ purposes. It ha~ abo heen ~h()wn tr.'1t 

BAL cells represent those involved in the pnmary patholo!,'Y Just a~ If It were extracted trom 

the lung tlssue(79). Bronchoalveolar lavage also has the addltlOnal aùvantage of It~ celb bemg 

in suspension, thus avoiding the tlme consummg and complJcated pUrificatIon techl1lque~ 

frequently employed to Isolate Iymphocyte~ from other snlid allogratt tl~~ue~. 
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ln this study, we observed an increase in the total number of ceUs harvested by BAL 

when lung allograft re]ection occurred. While BAL cells from moderately rejecting lungs 

showed modest elevation of the percentage of PML's and lymphocytes when compared to 

nonreJecting adequately immunosuppressed animais, marked increase in PML and 

lymphocyte populatIOns was observed in and severely rejecting lung allografts (Table 2). 

This finding reflects the nonspecific inflammatory response expected to manifest once 

rejection wa~ severe as such changes were simiJarly observed in infected allografts. 

Moreover, significant accumulation of lymphocytes in the lung allografts indicates the 

ongnÎng alloreactivity and is a special feature of BAL cellular profiles of graft rejection. 

Short term systemlc immunosuppression (10 days as ln this study) has no effects on the 

hrnnchoalveolar cell populations. Bacterial pneumonia results in a significant influx of 

intlammatory cells into the bronchoalveolar space, consisting mainly of macrophages and 

PML's. AJthough there are subtle differences in BAL differentialleucocyte counts following 

graft reJection or infection, they are not specifie and distinctive enough to be of diagnostic 

value. Therefore, enumeration of BAL cells, by itself, yieJds lirnited information as to the 

identification of the underlying pathology in lung allografts. 

Experimentally, Shennib and associates(94) studied the difference in cellular 

phenotypes of BAL and peripheral blood mononuclear ce lis in a controlled canine mod' 1 

of allograft re]ectlOn and gram negative bacterial pneumonia. Using murine monoclonal 

antihodies ralsed specifically against canine mononuclear ceII subpopulations, they found that 

the percentage of mature T-Jymphocytes was higher in BAL cells from rejecting lungs as 

compared to mfected ones. The percentage of cytotoxicl suppressor cells as weil as their 

precursors was hlgher ln BAL and PBL cells of re]ecting animais than in those of 

pneumonie ones. They noted that the ratio of macrophage/ T celI percentages was lower 

ln BAL ce Ils ln reJectÎon compqred to infection. Except for the information achieved as ta 

the cellular events in lung allograft mfection and re]ectlon. the diagnostic value of these 

findÎng~ laave nnt heen tested prospectively. Clinically, Zeevi and coworkers from the 

Umverslty nt Pittsburgh pertormed phenotyplc analysis of BAL cells in Jung allograft 

reclplents dunng episodes of rejection and infection. They found that du ring acute lung 
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• rejection there was an increase in numbers of macrophages. CDR+ ce lis (cytntoxlc/ 

suppressor T-lymphocytes) and neutrophils; during infection, especlally wlth pneumocystl~ 

carinii (PC) and cytomegalovirus (CMV). both CD4+ (inducerl helpel T-cells) and CDX+ 

subsets were markedly increased(71.%.98). Theyalso noted that an mcrea~eù CD4/CDX ratIo 

and a positive primed lymphocyte test in BAL cells may be risk tactor~ for the development 

of chronic Jung rejection in Jong-term survivorS(73). They suggested that t hese parameter~ 

may be useful in monitoring the effectiveness of immunosuppres~lve thcrapy. More reccntly 

various investigators have observed that there was a graduaI increa~e ln the nllmher ot 

CD8+ lymphocyte recovered from non-re je ct mg, non-mfected lung all()gratt~ (by c1l1l1L:al 

criteria) 6 and 12 months after transplantatIon. There were sigmflcant Jlfference~ 01 BAL 

percentage and absolute lymphocyte counts between acute lung reJeclIon ami normal or 

infected lung on retrospectlve analysls of BAL cells and clInlcal .,tatll~ 01 the lung 

allografts(9I.95.97). Although reports on phenotypic analysl~ ot BAL celb wlth monoclonal 

antibodies in the investigation of lung allograft infectIon <- nd reJectlon are ~till ~canty and 

preliminary, this technIque appi~ars to have tremendow. potentlal m the management 01 Jung 

transplant recipients. It is less time consuming than functlOnal aS'iay~ currently IIlvl'!-.tlgatl"d 

and results can be promptly received withm a few hours. 50 far. vaflom ~tllllte~ have 

suggested that different patterns of recovered BAL cells seem tn he a~~()clateJ wlth ddlerent 

pathologicallung conditions. However, the question remalm how rehahle and accurate can 

BAL cellular changes predict the underlymg patholGgy wlthm the lung all()gratt II evaluated 

as a diagnostic test in a prospective manner? 

• 

In addition, ta the mcreased number of lymph()cyte~ m the reJectll1g all()gralt~, BAL 

ce Ils appeared to express a hlgher LDCMC than when the lur.g\ were éHJeq wltt'Iy Iml1lllfl()­

suppressed. In fact, non-rejecting allografts had a very low lymphocyte cyt()toxlclly. <'1I11Jlar 

ta control animais given cycIosporin A cortIsol and azathloprme whlch rdlected the dlect., 

of immunosuppression on the BAL lymphocyte cytolytlc actlvity (FIgure 2). LDCMC lrom 

BAL lymphocytes increased slgnificantly wlth progre~<'lon of reJel.llon I!lJIC(\~tng the 

accumulation cf cytotoxic lymphocytes in the reJectmg graft~. Thl!'> I~ con~l..,tent wJth the 

previous findings of the rl)le of cytotoxi<.. T Jymph()cyte~ ln ~()JIÙ organ reJecllon. 
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Immunologie functlon~ of bronchoalveolar lymphocyte and macrophages fram a normallung 

have exten~lvely bcen characterized(l32-134). Emeson, Norin and colleagues from the 

Monteflore Medical Center ln New York adapted the LDCMC assay to study the cytolytic 

Immune funetion ln BAL and peripheral blood lymphocytes in a canine lung allograft 

reJectlon modeJ<'J'J·100.I051(7). This assay quantltates total T cell cytotoxicity using readily 

avallahle allogenclc or xenogenelc target ce Ils and the plant lectin Concavanalin A or 

phytohemagglutmm(101.10Z). They showed 1/ that a strong correlation was noted between the 

mtcnsrty of bronchoalveolar T-cell cytotoxicity and the clinical/pathological seve rit y of 

rc]ectlon, 2/ that changes in LDCMC activlty in the penpheral blood, on the other hand, 

fallcd lo correlate with lung allograft rejection; 3/ that the separation or addition of alveolar 

macrophages mto the assay resulted in augmentation or suppression of LDCMC activity, 

Jllu~tratmg the slJppressive effeet of alveolar macrophages on the cytotoxicity of graft 

mfiltratmg lymphocytes and finally 41 that cyclosporin was noted to induce a to)erancr: lO the 

lung allograft ln the canme mode!. This allogenic tolerance state appeared ta be bath a 

~clectJve and a specific phenomenon. It is selective in that lymphocytes from a tolerant 

reclplcnt were noted ta proliferate but not ta generate specifie cytotoxic T-cells ta donor 

antlgen JO mlXed lymphocyte cultures. It is specifie in that the immune nonresponsiveness 

was limlted ta donor antigen. but not to a third party antigen neither related to donors nor 

reciplents. lt was noted. however, that LDCMC assay not only detected cytotoxic T­

lymphocyte activlty. but also lymphokine activated killer (LAK) cells. Natural killer cell 

cytotoxlc actlVlty. however, 15 not detected by this assay(99.IOO). Of additional importance ln 

thls study IS the observation that changes in BAL cell cytotoxlcity were noted at an early 

pha~e of lung reJcction when only pathologie changes in the form of mononuclear cell 

IOfIltratlOn around ~mall vessels were present; changes which are usually clinically concealed 

and precede~ the later phase of more advanced re]ection and graft damage with alveolar 

~pace IOvolveIllent and detectahle roentgenographic manifestation. Interestingly, doner 

specIÎ Je cytotoxlc T-Iymphocytes are detected in the graft 24 to 48 hours after the detectlOn 

ot LDCMC dunng a reJectlon eplsode. Therefore, surveillance of both LDCMC and donor 

"reClfle cytotoxlc lymphocytes 10 BAL cells is essentiaJ for early and accurate detection of 

an Impendmg acute allograft re]ection. However, results of the LDCMC assay must be 



33 

• interpreted in conjunction with the overall clinical picture since there has heen 10stances of 

transient increases in intragraft cytotoxic actlvity without evidence of re]ection. Those turned 

out ta be due ta non-bacterial pneumoma 10 which virus induced local cytotoxlc T­

lymphocytes were detected by LDCMC(lOO). Chnical limItation of these assays I~ the need 

to retrieve a large quantity of effector ceJls (1 to 5 X 107
), and the commitment ot tlme and 

personnel trained to do such assays. This may. for now, be the limit10g factor of Jt~ dimeal 

application. 

• 

In clinical lung transplantation, Zeevi and her associates subJected BAL cell!. 

harvested from the lung allograft recipients to a battery of functional studiel>. Tiley 

performed 1/ spontaneous proliferation assay whlch quantitates the degree of allogemc 

interaction between donar and recipient Immunocompetent ce Ils, (also referred to as 

allogenic bronchoalveolar macrophage and lymphocyte reactJcm)' IOH.m l ; 2/ pnmed 

lymphocyte testing (PL T) which quantitates the allo-reactivity of graft infiltrating Iymph()cyte~ 

to cens bearing donor antigens(96\ 3/ interleukin-2 response assay whlch mdlcates the 

presence of activated T- lymphocytes in BAL cellsC1OB) and; 4/ cell medmted lympholy~l~ a~say 

which detects don or specific cytotOXIC T-lymphocytes in the BAL cells(J()'J). They concJuded 

that: 

- Lung allografts were infiltrated with reactive donor specifie lymphocytes whlch could 

be detected early in the course of re]ection and befare roentgenographic changes hecame 

apparent. 

- Bronchoalveolar macrophage and lymphocyte reactlon (BMLR) wa!- oh~erved to he 

high in both rejection (frequently within 2 months after engraftment) and Pneumocystlc 

carinii (PC) infection (often 3 - 5 months post transplantation). The l'lrst reactlOI1 may 

represent an alloreactive response of reclpient Iymphocyte~ to donor ant)geI1~. Th)~ reactloll 

may play an important role in allograft reJectlon. The increa~e of BMLR dunng or followmg 

PC infection mlght represent a physlologlc respome ln whlch autol()gou~ mélcrorhage~ and 

lymphocytes interacted ta fight invadmg organt~ml>. 
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~ Simllarly, PL T was aiso noted to be increased in both rejection and pneumocystic 

infection which suggests that an increased accumulation of donor specific aIJoreactive T-cells 

existed with this type of infection. The significance of this inerease in donor specifie T eells 

is not clear. It IS possible that PC infection facilitated the development of a chronic allograft 

reJection. 

- BAL was a valuable tooi in the early diagnosis and screening for pulmonary 

intections, particularly Pneumocystis carinii, in heart-Iung and Jung transplant recipients(48). 

Two interesting observations were also made. First, there was a suggestion that 

donor lymphocytes and macrophages were rapidly replaced with those of the recipient within 

4 weeks after transplantation(l36). These local resident donor immunocompetent ceIJs no 

doubt played an important role in the rejection pracess which frequently occurred in the first 

4 to 6 weeks after transplantation. Prap and associates(137) demonstrated an active 

participation of passively transferred branchus associated lymphoid tissue in the rejection 

response. This mlght explain why lung grafts were more vigorously rejected than other 

transplanted organs such as hearts, kidneys. Second, there was an increase of PLT and 

CD4/CD8 ratio ln BAL ce Ils at or immediateJy after CytomegaJovirus, Ebstein Barr virus, 

Pneumocystis carinii and occasionally after bacteriaJ pneumoniae(73\ These infection­

induced changes have been observed to preceed the development of chranic Jung reJection 

whlch might be a sme qua non to obliterative bronchiolitis. If infection contributes 

subcJinically to the occurrence of chronic rejection, then one may use BAL to reveal the 

presence of elther and hence the need for defining further the type of infection or if 

negative, the need for augmentmg immunosuppression. Primed lymphocyte testing (PLT) 

has 83% !.ensJtlvity and 91 % speclflcity in detecting broncholiolitis obliterans. Phenotypic 

analysis and PL T of BAL lymphocytes have been currentJy employed by the Pittsburgh group 

10 mOnItor chronic lung reJectlon and the development of obliterative bronchiolitis in human 

heart-Iung transplant recipients(65) . 

KJrby and associa tes studied the frequency of donar specifie cytotoxic lymphocytes 
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• (effector ce Ils and their precursors) m alveolar and peripheral blood mononuc1ear cells ln 

canine lung allografts using the Iimitmg dilutIon assay technique(138.B9). Frequency ot donor 

specific cytotoxic lymphocytes peaked 9 to 14 days after transplantatIOn and reached a 

magnitude of 8 to 15 times of pre-operative value in nonimmunosuppressed lung allngraft 

with acute rejectlOn. Interestingly, in adequately immunosuppressed lung transplant 

recipients, there was a very high sequestration of donar specifie Iymphocyte~ In the grafts, 

reaching 15 to 25 tImes the pre-operative level. Those grafts showed evidence ot the 

subacute, alveolar type of rejection on histologie examination. Their conclusion wa~ that 

cyclosporin A may have modified the pathogenesis of pulmonary reJectIon, even though Jt 

had not prevented the accumulation of donor specifie lymphocytes within the graft~. Such 

studies emphasize the important potential variation in the expeeted outcome 01 any BAL 

test based on the type of immunosuppressants used and the dose at WhICh they are 

administered. 

• 

Natural !ciller cells are mononuclear leucocytes whieh, wlthout prior sensitlzation, are 

capable of lysis of several types of tumour-derived or virus-mfected cuItured target cells ln 

vivo. They are morphologically large granular lymphocytes, functionally and phenotyplwlly 

(surface cell markers as identified by monoclonal antibodies) distmet from T and B 

lymphocytes(140.142). Natural killer cell cytolytIC activity is detected m spleen, bone marrow, 

liver, lung, intestine and most significantly in the peripheral blood. They are implteated m 

several activities in vivo such as destruction of tumour eells, reslstance to vIrai mlectl<>n and 

regulatlOn of haematopoiesis(I41.119). Natural killer activity is augmented hy mterl~ukm~ 

(particularly 1 and 2), ail classes of mterferons and tumour necrosls factor(l2~). Thl~ functlon 

is down regulated to various degrees by cortisone, prostaglandin E, cycl()~pmll1e A, and 

macrophages(143.148). Functional, morphologic and partial phenotYPlc analysl', of canll1e 

natural killer cells have been studied by Loughran and hls colleague~(l2H) Thl~ lymphocyte 

subpopulation has been implicated ta be the effectar mediatmg allogenelc n()ne marrow 

transplm,cation rejection in mice and canme expenment modeb(l2O 14(1). The role of NK celh, 

on the other hand, III the reJection process of soiid organ allograft~ 1~ not c1ear. They hiJve 

been functionally and phenotypically detected preceeding the appearance of donor ~pcclflc 
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• cytotoxic T lymphocytes 10 different models of al10graft rejection(120.121). Whether NK cells 

medmte specifie or nonspecific graft destruction is not known. In the canine Jung transplant 

rejection model employed in this study, BAL natural killer activity was not functionally 

detectable in th,;, grafts in the presence of moderate or severe rejection. The rejection 

proces~ seemed to be associated with a selective stimulation of LDCMC but not NK 

cytotoxiclty. However, it was interesting to observe that bacterial infection, of either the 

non-reJectmg allografts or controls, was associated with a significant increase in both lung 

lymphocyte LDCMC and NK activity. Nonspecific augmentation of lymphocyte cytotoxic 

functJOn in the presence of bacterial infection has not been systematically documented 

hefore. Nonn and co-workers, during their initial studies on LDCMC in BAL ce Ils in Jung 

allograft reJection, had incidentally observed an increased BAL cytotoxicity in the absence 

of reJection in a dog which was subsequently found to have Jung infection(lOO). The cause 

of such mcrease is not cJear but it may reflect the nonspecific activation and/or recruitment 

to the infected grafts of lymphocyte subpopulations by inflammatory mediators such as 

mterleukms, gamma mterferon, etc ... known to be 10cally generated at the site of infection 

by the host(150). Increased BAL NK activity was also noted in nonspecific Jung inflammation 

induced by ischemia/reperfusion injury (90). It was previously shown that lymphokine 

activated killer (LAK) cel1s were detected early in the rejected lung allograft before the 

apprearance of allospecific cytotoxic lymphocytes(IOS.l06) Why these ce)]s were not 

functionally detected by the spontaneous cytolytic (NK) assay in the setting of allograft 

rejection is not known. Lymhocyte activated killer cells constitute a heterogenous group of 

effector subpopulations, predominantly activated NK cells and cytotoxic T 

lymphocytes(l:,t,152). One can postulate that nonspecific recruitment and/or activation of 

• 

lymphocyte subpopulations mcJuding NK cells occurs in the presence of inflammatory 

reaction (such as In the presence of bacterial pneumonia) and therefore their cytolytic 

activity is detected hy hath fuctJonal assays employed here; other lymphoc~rtes but not NK 

celb constitute the LAK population in early graft rejection and hence detected by the 

LDCMC but not hy the NK assay . 

A limitation of the lectin dependent assay employed in this study is that it quantltates 
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• a1l (donor specifie and non-specific) cytotoxic lymphocyte activlty. In ltself, therefore, 

LDCMC alteration cou Id not distmguish mild graft rejection from mfectlon. It seems 

apparent from our results that BAL-harvested lymphocyte subpopuJatlons respond dJtTerently 

ta bacterial infection and rejection of the lung allografts. By taking hoth BAL lymphocyte 

LDCMC and NK activity into consideration, as exemplified by the LM/NK ratIo, dlfferent 

patterns of lymphocyte cytotoxicity for graft mfection and rejectlOn emerged: a hlgh ratIo 

corresPQnding to rejection (due to high LDCMC and Jow NK activlty ohserved m thls kmd 

of lung pathology) and low ratio for lung infection (increase in hoth LDCMC am.l NK 

activity with graft bacteriai infection) (Figure 4). Low LM/NK ratIo I~ also oh~erved In mon­

rejectinglnon-infected lung allografts where both LDCMC and NK actlvltles are low. ThIS 

is easily distmguishable from low LM/NK associated with graft rejection where BAL 

lymphocyte cytotoxicity is hlgh. The practical advantage of usmg LDCMC and NK a~say~ 

over donor specifie cytotoxicity testing as reported recently by Dai Col and Zeevl( 111'1) to 

determine intragraft pathology is that the target cells for the assays employed In ttw. study 

(Raji and Canine Thyroid Adenocarcmoma celllines) are always readily available. Thl~ IS 

in contrast to the maintenance of a large collection of donor lymphocytes. Furthermore, 

the se assays could be performed over 8 hours which is more expedlent than other 

immunologie tests reported earlier(64.134). 

• 

Analysis of peripheral blood lymphocyte CTL and NK cytotoxicity did not show any 

particular pattern of alterations specifie for either graft reJectlOn or InfectIon. Penpheral 

blood LDCMC activity was previously noted to bear a very poor correlatIon wlth lung gratt 

reJection(1°O). CytOlmmunologic monotoring of the PBL has been u~ed to detect organ 

rejection in heart-Iung, heart transplantation. The sensitlvlty and speClficlty were reported 

to be in the range of 73% to 83% with high inCIdence of fabe posltlvity whlch wa~ a~~ocJated 

with a viral or bacterial infection and not a graft reJection(%·153.1'i4). FunctlOnal ~tudy of PBL 

cytotoxic actlvity, in this study, is unreliable in differentJatmg hetween moderate or ~evere 

lung graft reJection and infection . 

In conclusion, BAL of the lung allograft results in the retrieval of celb with dilferent 
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• phenotypic and funetional patterns in rejection or baeterial infection. We suggest that 

bronehoalveolar lavage can be used to monitor immunologie phenomena in the lung 

alJografts. One would expect an adequately eontrolled aIJograft to have a BAL eell 

populatIon predommantly consisting of macrophages, and its lymphocytes to show a very ]OW 

NK and LDCMC activlty. In the presence of an elevated cytotoxicity, subtle rejection or 

infection should be suspected. When the LMINK index is high, it is mast likely that rejection 

rather than baeterial infectIon has oceurred . 

• 
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FIGURE 1; The numbers ofheall-Jung lH.L) and Jung transplalltatjcl':' rerflllmc.111' !I.e 

years 1986 through 1991. Ac; lrIore single (S-L) and double hlllg (Il.l ) 

transplantations are performed, the nurnher of heart-Jung pnh'cdurt' I~ 

decreasing (Adapted from the Reglstry of the International Soclcty tor Heart 

and Lung Transplantation: Ninth Official Report 1992. J lleart Lung 

Transplant1992;11 :599-606), 
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L!G~ !R!? J. Natural killer activity of BAL Iymphocjt"::: ~Jf variou:. cr,Illl 01 ,md eXJ .... ' i\~:cll~aJ 

groups (at 50: 1 of effcctnr:target cell ratio). Broncl!oal"c(jjar lavage 

lymphocytes of normal lung exprrssed a low level of NK activity which was 

signiflcantly reduced by systemic immunosuppression. It was also barely 

detectable in allografted lungs with or without re]ectIOn. N atural killer 

cytotoxicity was strikingly hlgh in the infected lungs of both groups, more sa 

in the infected contraIs (group abbreviations are similar ta those in Table 2). 
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FIGlJRb 3: Lectin dependeIlt eell medinted rj'lotoxic ncti"ity of UAL l~ fllpIIOl)'it"· ll/ 

various experimental and control groups (at 50: 1 effeclor 10 largcL Lel1!> rat.,»). 

Lungs of normal or immunosuppressed controls p(ls!>e~sed a very lu", kwl of 

LDCMC. It was also abscent In Jung llllogratts withou! reJection Ilm IIlfectioll 

(N/R). It was signiflcantly elevated in the severeJy rejecting lung allogr afts. 

Infection and moderate rejection were associated wlth a ~1\11l1ar ll1crease III 

LDCMC activity (group abbrevmtions are similar to lhose III Table 2). 
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FIGURE 4: LM/NK cytotoxicity illdex of BAL lymphocytes harvested fj{'~~l j'll.g alJogmfts 

with or without acute rejection or bacterial pneumonia. This inJex a1iows easy 

identIfication of rejecting and infected Jung allografts. In the absence of 

rejection and mfectlon BAL LDCMC or NK actlvlty were both low, glving a 

Jow mdex. In the preser.ce of bacterial infection of the Jung grafts, both 

LDCMC and NK activlties were increased to the same degree, the index is 

aJso low. On the other hand, wlth acute rejection of the grafts LDCMC but 

not NK actlvlty was slgniflcantly elevated, glvmg a very high LM/NK index, 

distinctJy dlfferent from the index of infected grafts (N/R: no re]ection, MIR: 

moderate rejectlOn, SIR: severe rejection, IN: infected allograft). 
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EK;'1 J}U!.~. NK cytotoxkity of blood lymphor.ytc~ [WCil Val ious cOIllwl and 

allotransplanted groups. Systemic irnrnunostlppl ~ssilH1 \Vas associateù witt! a 

significant reductian of PBL NK activity. On the other hand, hacter lai 

pneurnoma resulted In two fald increase in the hlood NK cytotoxicny. \Vith 

regards ta lung transplant recipients, there \Vas no Lllfterence of hlooLl NK 

activity between lung recipient subgroups except when rejectlon was severe 

(group abbrevJatlOns are sirnilar ta those In Tahle 2). 
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ELQURE.Q: LDCM':.: acti'llty of blood IY:11phocytcs from control:; nnd lung allograft 

reciplents. Normal con troIs expressed low blood LDCMC activity which was 

abolJ~hed by systernic irnmunosuppression. Bacterial pneumonia was 

associated wlth a more than two-fold increase in PBL LDCMC activlty. Note 

the low penpheral blood lectin dependent cytotoxicity in the absence of 

allograft rCJcction. ProgressIve and significant elcvation of cytotoxic activity 

occurs as rCjcction advanced (group abbreviations are sirnilar ta thosc in Table 

2). 
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TABLE 1 

Working Formulation for Classification and Grading of Pulmonary Rejectlon 

A. Acute rejection 
O. Grade 0 - No significant abnormality 
1. Grade 1 - Minimal acute re]ection 

a. with eVldence of bronchiolar intlammation 
b. without evidence of bronchiolar mfiammatlOn 
c. with large airway inflammatIOn 
d. no bronchioles are present 

2. Grade 2 - Mild acute rejection 
a. with evidence of bronchiolar inflammation 
b. without evidence of bronchiolar inflammation 
c. with large airway inflammation 
d. no bronchioles ta evaluate 

3. Grade 3 - moderate acute rejectlon 
a. with evidence of bronchlOlar inflammation 
b. without evidence of bronchlOlar inflammatIOn 
c. with large airway inflammation 
d. no bronchioles to evaluate 

4. Grade 4 - severe acute re]ectlOn 
a. with evidence of bronchiolar inflammation 
b. without evidence of bronchiolar inflammation 
c. with large airway inflammation 
d. no bronchioles to evaluate 

B. Active airway damage without scarring 
1. Lymphocytlc bronchitis 
2. Lymphocytic bronchlOlitis 

C. Chronic airway re]ection 
.1. Bronchiolitis obliterans - subtotal 

a. active 
b. inactive 

2. Bronchiolitis obliterans - total 
a. active 
b. inactive 

D. Chronic vascular rejection 
E. Vasculitis 

45 

From: A Working Formulation for the Standardization of Nomenclature ln the Dlélbn()!'.J~ 
of Heart and Lung Rejection: Lung Rejection Study Group. J Heart Lung Transplant 
1990;9:593-601. 
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TABLE Il: TOTAL AND DIFFERENTIAL COUNTS OF BAL CELLS FROM LET LUNG ALLOGRAFfS. 
NORMAL CONTROLS, INFECfED AND IMMUNOSUPPRESSED ANIMALS 

Group N IN Ils N/R !VIIR SIR (;/IN 
N= s 7 8 8 8 S 4 

TOTAL I05/cc 1.9 ± .2 9.4 1. .2 1.4 ± .6 4.8 ± 1.4 11.4± 1.9 15.6 ± 3.n 8A j- 1.6 

l\lac IO~/cc 14.4 ± 1.4 22.8 ± 4.8 11.0 ± 2.1 27,4 ± 3.4 46.1 ± 4.7 25.8 ± 7,4 16.7::: 3A (9c) 75.8 ± 4.8 24.3 ± 4.6 78.5 ± 3.0 57.2 ± 2.3 40.0 ± 3.S 1 S.2 .t 4.2 21.5 ~ 2.1 

Lyl11ph 104/ec .3.3 ± 0.4 8.0 ± 2.1 2.2 ± 0.4 9.6 ± 2.0 23.5 ± .... 8 "'2.5 ± SJ 9.9 ± 1.6 (%) 17.7±3.3 8.5 ± 2.8 16.0 ± 4.0 20.0 ± 1.3 20.8 ± 1.3 31U ± 3.0 12.S±2.I 

PML IO~/cc 1.2 ± 0.3 63.4 ± 7.5 0.7 ± 0.2 11.0 ± 2.5 44.6 ± 4.6 66.6 ± 11.2 55.1 ± 9.2 ( %) 6.5 ± 1.0 67.5 ± 5.0 5.5 ± 1.9 23.0 ± 3.8 39.0 ± 2.8 51.6 ± 4.9 65.6 ±. 6.2 

N = Normal MIR = Moderate rejection 
IN = Infection SIR = Severe rejection 
Ils = Immunosuppression G/IN = Infected graft 
NIR = No rejection 

MCém±SEM 
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