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= Abstract =

Objective : The aim of this study was to investigate whether or not endothelin-1 content of
bronchoalveolar lavage was elevated in allografted lungs during acute rejection.

Methods : After single lung allotransplantation, dogs were immunosuppressed with triple
standard therapy and divided into 2 groups. Group 1(Immunosuppression ; n=4) was maint-
ained on immunosuppression as controls. In group 2(Rejection ; n=13), triple therapy was
discontinued to induce acute rejection from postoperative day 5.

At postoperative day 9, broncholaveolar lavage was done through bronchoscopy in native
unoperated lung and transplanted lung in group 1. Bronchoalveolar lavage was repeated in
group 2 in the same way. Endothelin-1 content of bronchoalveolar lavage was measured by

radioimmurnoassay.

Endothelin-1 content in transplanted lung of group 2 was compared to that of transplanted
lung of group 1 and to that of native unoperated lung of group 2.

Results : Endothelin-1 content of bronchoalveolar lavage in transplanted lung of group 2
was comparable to that of group 1(42.18+26.39 vs 3.08+3.08pg/ml ; p=0.08). Endothelin-
1 content of bronchoalveolar lavage in transplanted lung of group 2 was comparable to that of
native unoperated lung of group 2(42.18 +26.39 vs 3.74+2.62pg/ml ; p=0.07)

Conclusion : Endothelin-1 content of bronchoalveolar lavage in transplanted lung was
altered during acute rejection, but without statistical significance.

KEY WORD : Lung allograft - Acute rejection - Bronchoalveolar lavage - Endothelin-1.

Introduction

Endothelin-1 is a 21-residue peptide and isolated
from vascular endothelium. It has potent vasoconstric-
tion and mitogenic properties”. Endothelin-1 can cause

*This study was supported by the Grant of Mayo Clinic
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bronchoconstriction and increase pulmonary vascular
resistance(PVR)?. It is released from pulmonary en-
dothelial and epithelial cells in conditions with in-
creased PVR and ceflular proliferation, such as pul-
monary hypertension and fibrosis.

Lung transplantation is the therapeutic option for
end-stage lung disease. Acute rejection is one of the
main problem after lung transplantion™®®.
Endothelin-1 content of bronchoalveolar lavage
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fluid was elevated in some chronic inflammatory pul-
monary disease including asthma®. Tissue content of en-
dothelin-1 was elevated in allografted lung during ac-
ute rejection”. Endothelin-1 levels of bronchoalveolar
lavage and plasma were elevated early after lung al-
lograft®. These may suggest that endothelin-1 con-
tent of bronchoalveolar lavage may be elevated in re-
jecting allografted lungs™”™.

This study was designed to investigate whether or
not endothelin-1 content of bronchoalveolar lavage
fluid was elevated during acute rejection after lung al-

lotransplantation.
Materials and Methods

1. Operative procedure

Male mongrel dogs of similar weight(20 - 25kg)
were used as donors and recipients. In donors, under
general anesthesia and mechanical ventilation, midst-
ernotomy was done in supine position. Azygos vein
was ligated and venae cavae, aorta and trachea were
encircled with umbilical tape. Heparin and methyl-
prednisolone acetate were given intravenously. Lungs
were flush-perfused with cold(4C) modified Euro-
Collins solution(60ml/kg) through main pulmonary
artery. Simultaneously topical cooling was obtained by
irrjigation of cold saline into the thoracic cavity and
lungs. Prostaglandin E, was infused intravenously be-
fore perfusion. Trachea was clamped with full inflation
of lung and heart-tung block was excised.

In recipient dogs, the fifth intercostal space was
opened and extrapericardial pneumonectomy was
done. Left atrial cuff and pulmonary artery were anas-
tomosised with Prolene 5 -0 continuously. Bronchus
were anastomosised with interrupted 4 ~ 0 Prolene us-
ing telescoping technique. During above procedure,
transplanted lung was protected by wrapping with
cold soaked sponges and continuous irrigation with
cold saline. Before reperfusion, heparin and methyl-
prednisolone acetate were given intravenously.

All dogs received standard triple immunosuppres-
sive therapy(cyclosporine, 10mg/kg/day ; azathio-
prine, 2.5mg/kg/day ; methylprednisolone acctate,

lmg/kg/day) and antibiotics(gentamycin sulfate
40mg twice a day ; clindamycin phosphate 300mg
twice a day ; cafazolin sodium 250mg twice a day).

2. Induction of rejection

At postoperative day 5, chest radiography was taken
and open lung wedge biopsy was done under general
anesthesia. Dogs without pathological findings in
chest radiography and biopsy, were randomly assigned
into one of the following two groups, Group 1(fmmu-
nosuppression ; n=4) was maintained triple therapy.
In group 2(Rejection : n=13), triple therapy was dis-
continued from postoperative day 5 and induced ac-

ute rejection.

3. Measurement of Endothelin-1

At postoperative day 9, general anesthesia was in-
duced with sodium methohexital(12.5mg/kg i.v.) and
maintained with halothane(inspired 1-2% concentra-
tion) under endowracheal intubaton. Fiberoptic bron-
choscopy was performed through tracheostomy and
bronchoalveolar lavage fluid was obtained. The tip of
bronchoscope was wedged into the segmental bron-
chus of the lower lobe of native unoperated lung and
25 — 40m! of saline was flushed into the bronchus. Ap-
proximately 20ml of the fluid was aspirated through
the suction channel of the bronchoscope and kept at
4T. The bronchoscopic lavage was repeated in the
same way in the transplanted lung. Bronchoscopic la-
vage was done both in group 1 and group 2 respec-
tively.

Samples were centrifuged at 500g for 10minutes
and 10ml of suprernatant was prepared. Aprotinin
(300U/ml) and EDTA(2.5mg,/ml) were added to su-
pernatant and kept at ~707C. Content of endothelin-
1 was mecasured by radioimmunoassay. Lowest de-
tectable concentration was 0.5pg/ml.

4. Statistical analysis

All results were reported as the mean and standard
error of mean and analyzed by statistical program Mi-
Endothelin-1
choalveolar lavage in transplanted lung of group 2

crosoft Excel. content of bron-

were compared to that of group 1 by unpaired t-test.
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Endothelin-1 content of bronchoalveolar lavage in
transplanted lung of group 2 were compared to that
of native unoperated lung of group 2 by paired t-test.
P value was regarded as significant when less than 0.
05.

Results

Endothelin-1 content of bronchoalveolar lavage in
transplanted lung of group 2 was comparable to that
of group 1(42.18+£26.39 vs 3.08+3.08pg/ml ; p=0.
08). Endothelin-1 content of bronchoalveolar lavage
in transplanted lung of group 2 was comparable to
that of native unoperated lung of group 2(42.18+26.
39 vs 3.74+2.62pg/ml ; p=0.07)(Table 1 and Fig
1).

Discussion

In 1988, Yanagisawa et al. first isolated and cloned
a new vasoconstrictor peptide endothelin(Et) from su-
pernatant of porcine endothelial cells'”. Endothelin
has three distinct isoforms ; endothelin-1, endothelin-
2 and endothelin-3"""*. Endothelin-1 was initially iso-
lated from porcine endothelium and most common in
human, pig, dog, rat and probably all mammals. En-

Table 1. Endothelin-1 content{pg/ml) of bronchoalveolar
lavage fluid

Native fung Transplanted lung

Group 1

. 0 3.08+ 3.08
(Immunosuppressior)
Group 2(Rejection) 3744262  42.18%£26.39
80
223 Group 1(mmunosuppression)
60 - Group 2(Rejection)
%40 -
o
20
0 222222
Native tung Tranls lﬁi‘;ntEd

Fig. 1. Endothelin-1 content(pg/ml) of bronchoalveolar la-
vage fluid.

dothelin was synthesized form the large vessel en-
dothelial cell and also from smooth muscle cells, ep-
ithelial cells and circulating cells. In kidney, en-
dothelial cells, mesangial cells, glomerular cells and tu-
bular epithelial cells are the site of synthesis'™®.

Endothelin react not only on the cardiovascular sys-
tem but also the central nervous system, kidney and
lung. Besides long strong vasoconstriction, endothelin
modulates inotropy, chronotropy, bronchoconstric-
tion and neurotransmission, hyperplastic and hy-
pertropic effect. Endothelin maintain vasoconstriction
in various pathophysiologic conditions like acute myo-
cardial infarction, hypertension, renal failure, hemo-
Iytic uremic syndrome, sepsis, vasculitis and preeclamp-
sia”"?.

Besides bloodstream, endothelin was reported to be
found and increased in bronchoalveolar lavage fluid of
asthma and rejecting allografted lung®®™, In this
study, endothelin-1 was found in rejecting(group 2)
and non-rejecting(group 1) transplanted lung, native
unoperated lung of rejection group(group 2), but
couldn't be detected in native unoperated lung of
non-rejecting lung(group 1). This may suggest that
endothelin in bronchoalveolar lavage was found only
in pathological state, which may be different from en-
dothlin in plasma or urine.

Endothelin level of rejecting transplanted lung
(group 2) was comparably elevated but failed to show
statistical significance. P values were 0.08 and 0.07
and close to 0.05. This may be simply from too small
sample size.

Endothelin 1n bronchoalveolar lavage fluid may be
from vascular endothelium, bronchial epithelium and
other inflammatory cells including polymorphonuclear
leukocyte, lymphocyte and alveolar macrophage'™'*”
. During acute rejection, proportion of polymor-
phonuclear cell and lymphocytes were increased and
these can be the source of increased endothelin level.

Pathophysiological effect of endothelin in rejecting
lung was thought to increased airway resistance after
lung allograft by bronchoconstriction®. And the mi-
togenic effect in bronchi, by increased expression of
proliferating cell nuclear antigen, can contribute to
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the development of bronchiolitis obliterance in al-
lografted lungs™?®.

Bronchoalveolar lavage is a technique to evaluate
the cellular and molecular components of the ep-
ithelial lining fluid of the lower respiratory tract. It is
based on the concept that saline was infused through
the bronchoscope, mixed with epithelial lining fluid
and its components were recovered along with it
However it has difficulty to estimate the actual con-
centration of recovered molecules and cells in the ep-
ithelial lining fluid, due to dilution by different
volume of infused saline. Normalization may be neces-
sary to quantify accurate concentration”. In this ex-
periment, normalization was tried with protein con-
tent and aspirated volume, but without statistical sig-
pificance.

Bronchoalveolar lavage level of endothelin-1 can be
used as the marker of acute rejection after lung al-
lograft, if further study confirmed the elevation of en-
dothelin-1 level.

References

1) Komura I, kurihara H, Sugiyama T, Takaku F,
Yuzaki Y : Endothelin stimulates c-fos and c-myc ex-
pression and proliferation of vascular smooth muscle
cells. FEBS Lett 1988 : 238 : 249

2) Advenier C, Sarria B, Naline E, Puybasset L,
lagente V : Contractile activity of the three en-
dothelins(Et-1, Et-2, Et-3) on the human isolated
bronchus. Br J Pharmacol 1990 ; 100 : 168

3) Hoyos AD ALPatterson GA, Maurer JR : Pul-
monary (transplantation. Early and late results. J
Thorac Cardiovasc Surg 1994 ; 103 . 295-306

4) Trulock EP : Management of lung transplant re-
Jjection. Chest 1993 ; 103 : 1566-1576

5) Cooper JD, Patterson GA, Trulock EP : Results of
single and bilateral lung transplantation in 131 con-
secutive recipients. J Thorac Cardiovasc Surg 1994 ;
107 . 460-471

6) Mattoli S, Soloperto M, Marini M, Fasoli A : Lev-
els of endothelin in the bronchoalveolar lavage fluid
of patients with symptomatic asthma and reversible
airflow obstruction. J Allergy Clin Immunol 1991 ;
88 : 376

7) McLarty AJ, Miller VM, McGregor CGA : Bron-
chial contractions in transplanted lungs . influence of
denervation, acute rejection, and the bronchial ep-
ithelium. J Thorac Cardiovasc Surg 1993 : 106 : 797

8) Shennib H, Semrick C, Saleh D, Adoumie R,
Stewart DJ, Glaid A : Alterations in bronchoalveolar
lavage and plasma endothelin-1 levels early after
lung transplantation. Transplantation 1995 ; 59 : 994-
998

9) Schersten H, Hender T, McGregor CGA, Miller
VM, Martensson G, Riise GC, Nilsson EN : In-
creased levels of endothelin-1 in bronchoalveolar la-
vage fluid of patients with lung allografts. J Thorac
Cardiovasc Surg 1996 ; 111(1) : 253-258

10) Schersten H, Aarnio P, Burnett JC Jr, McGregor
CG, Miller VM : Endothelin-1 in bronchoalveolar la-
vage during rejection of allotransplanted lungs. Tran-
splantation 1994 ; 57(1) : 159-161

11) Aarmnio P, Hammainen P, Fyhrquist F, Harjula A

: Endothelin content of bronchoalveolar lavage fluid
from allotransplanted pigs is increased during un-
modified rejection. J Thorac Cardiovasc Surg 1994 .
107(1) - 216-219

12) Yanagisawa M, Kurihara H, Kimura S, Tomobe
Y, Kobayashi M, Mitsui Y, et al : A novel potent
vasoconstrictor peptide produced by vascular endo-
thelial cells. Nature 1988 : 332 : 411415

13) Inoue A, Yanagisawa M, Kimura S, Kasuya Y,
Miyauchi T, Goto K, et al : The human endothelin
family : Three structurally and pharmacologically dis-
tinct isopeptides predicted by three separate genes.
Proc Natl Acad Sci USA 1989 ; 86 : 2863-2867

14) Inagami T, Naruse M, Hoover R : Endothelium as
an endocrine organ. Annu Rev Physiol 1995 ; 57 :
171-189

15) Kon V, Badr KF : Biological actions of and patho-
physiologic significance of endothelin in the kidney.
Kidney Int 1991 ; 40 : 1-12

16) Marsden PA, Dorfman DM, Collins T, Brenner
BM, Orkin SH, Ballermann BJ : Regulated ex-
pression of endothelin-1 in glomerular capillary en-
dothelial cells. Am J Physiol 1991 ; 261 : F117-F125

17) Hunley TE, Iwasaki 5, Homma T, Kon V : Nirric
oxide and endothelin in pathophysiological settings.
Pediatr Nephrol 1995 ; 9 . 235-244

18) Maggi CA, Giuliani S, Patacchini R, Rovero P,

-~ 496 —



Giachetti A, Meli A : The activity of peptides of the
endothelin family in various mammalian smooth mus-
cle preparations. Eur J Pharmacol 1989 ; 174 : 23-31

19) Ehrenreich H, Anderson RW, Fox CH, et al : En-

dothelins, peptides with potent vasoactive properties,

are produced by human macrophages. J Exp Med

1990 ; 172 : 1741

Black PN, Ghatei MA, Takahashi K : Formation of

endothelin by cultured airway epithelial cells. FEBS

Lett 1989 ; 255 : 129

21) Sessa W, Kaw S, Hecker M, Vane JR : The biosyn-
thesis of endothelin-1 by human polymorphonuclear
leukocytes. Biochem Biophysic Res Com 1991 ; 174 :
613-618

22) Uchida Y, Ninomiya H, Saotome M, et al : En-

20

=

Aol A F4 ARLS

dothelin, a novel vasoconstrictor peptide, as potent
bronchoconstrictor. Eur J Pharmacol 1988 ;154 :
227
23) Dubin D, Pratt RE, Cooke JP, Dzau VJ: En-
dothelin, a potent vasoconstrictor, is a vascular
smooth muscle mitogen. J Vasc Med Biol 1989 ; 1 :
150
24) Ricagna F, Miller VM, McGregor CGA : Mi-
togenic activity of endothelin-1 in canine lung organ
cultures[Abstract]. Clin Res 1993 ; 41 : 149A
Rennard SI, Basset G, Lecossier D, O'Donnel KM,
Pinkston P, Martin PG, Crystal RG : Estimation of
volume of epithelial lining fluid recovered by lavage

25

Dbl

using urea as marker of dilution. J Appl Physio
1986 ; 60(2) : 532-538

A ABAHNL AH Gl A 9]

Endothelin-1 FXx.2] ¥3}

QEERELEAEEE:

dal
-

AYLE AN 5F U2 HolFo Y F
Fuk3A] 71BA HAE HF Ao A 9] Endothelin-1
o] W3lE 2ALS7| 95t AgHY T
FAAA dF Fol4 & AP, Al 1 F (2T F
A 4nE))2 A GA A Fol g ASste] glrdos
At A2F(ARST FE 13mE)e FeF
59ARE AAGA|A e Foig Fsled FA AR
$& fr=stint WA A LTelA FeF 9dd 7184
AL E316] o] UL Zi} o] A S W Zo|A] 2z}
Z 71BAHE A NS T3, Endothelin-1¢] &
EZ Radioimmunoassay® ZA43Gch T A2F
oA 2 W g HFo|sgr

A2TAFTED)Y ojAE 2L H9 7|FAHE

=
A

ol oX,
A

r

&5
8 5

A 42| Endothelin-19] =% A 1 Z(HZET)Y o]
215 e o w3l A5 Ao, FATE s
velEdldlE AoE9tH42.18+26.39pg/ml vs 3.
08%3.08pg/ml ; p=0.08). A 2F(FF4H-3T) 9] )4
£ B2 T 71BAHE A& N Endothelin-1¢] 5
B A 2T (AT ol4L wX gL Ho u]g}
o FeHAReY, FANY oE veiE dde 9
A} A3t rH(42.18+26.39pg/ml vs 3.7422.62pg/
ml : p=0.07).

Hol A% ARGEA] 7| FAHE AF R A e] En-
dothelin-1¢] ¥E& A5HUAT, TAYH o=
YERA 2313t

— 497 -



