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Resumo

A cirurgia de revascularizacdo do miocardio envolve
o acometimento, tanto do pericardio como da pleura,
conduzindo ao favorecimento de processos inflama-
torios responsaveis pelo desenvolvimento de derra-
mes nestes compartimentos.

Objectivo: Estudar o comportamento das citocinas
proliferativas TGF-B3 (factor beta de transformacio
do crescimento) e VEGF (factor de crescimento do
endotélio vascular) nos liquidos de 16 transudatos e
de 43 derrames pleurais de doentes submetidos a cirut-
gias de revascularizagdo do miocardio provenientes
do Instituto de Coragao e do Servigo de Pneumologia
da Universidade do Sao Paulo nos intervalos de 2, 24
¢ 48 horas de pos-operatorio.

Abstract

Coronary artery bypass graft (CABG) surgeries can
impact on the pericardium and pleural space, leading
to inflammation which can cause effusion.

Aim: To study the role of the proliferative cytokines
TGF-B and VEGF in the fluids of 16 transudates and
43 pleural effusions of patients who underwent CABG
at the Heart Unit and Pulmonology Unit of the Uni-
versity Hospital of Sao Paulo. Levels of cytokines were
assessed 2, 24 and 48 hours post-surgery.

Results: The pleural effusion after CABG is an exsu-
dative mobilizer of TGF-§ and VEGF cytokines im-
mediately after surgery. The TGF-B concentrations
were elevated 2 hours after surgery but started to fall
soon after, reaching transudate levels after 48 hours.
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Resultados: O derrame pleural pés-revasculatizacao
do miocérdio é um exsudato mobilizador de TGF-f3 e
VEGF no p6s-operatério imediato. Os niveis de TGE-
-B apresentam-se elevados nas primeiras 2 horas para
cafrem progressivamente até se aproximarem dos va-
lores dos transudatos ao fim de 48 horas, enquanto
o VEGF se inicia com niveis elevados ja nas primeiras
2 horas com tendéncia a aumento pelo menos até
48 horas de pés-operatorio.

Conclusdes: O TGF-f parece comportat-se como ele-
mento gatilho sobre a célula mesotelial pleural para a
liberacdo de VEGF no desenvolvimento de derrame
pleural nas cirurgias de revascularizagdo do miocardio.

Rev Port Pneumol 2006; XII (4): 359-367

Palavras-chave: Inflamacio, citocinas, derrame pleu-
ral, revascularizacio do miocardio.

VEGEF levels were high in the first 2 hours post sut-
gery and tended to maintain the same concentrations
for at least 48 hours after surgery.

Conclusions: Based on the results obtained, TGF-f3
is a cytokine that seems to work as a trigger, leading
the pleural mesothelial cell to express VEGE a cause
of pleural effusion in CABG surgeries.

Rev Port Pneumol 2006; XII (4): 359-367

Key-words: Inflammation, cytokines, pleural effusions,
coronary artery bypass grafting.

Introducéo
O binémio revascularizagao do miocdrdio/ derra-

0 mecanismo me pleural permanece dentro do terreno das
desencadeante do especulagoes, uma vez que 0 mecanismo de-
acumulo de liquido sencadeante do acumulo de liquido na cavi-
na cavidade pleural dade pleural ainda no foi esclarecido'*’. Exis-
ainda néo foi tem poucos trabalhos visando aferir o
esclarecido comportamento inflamatério neste tipo de
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liquido; no entanto, a sua identificacao pode-
ria favorecer a compreensio de alguns meca-
nismos reacionais locais***’. As citocinas sio
proteinas que uma vez secretadas tanto po-
dem ser indutoras de fenémenos inflamatorios
como induzidas dentro desses fenémenos®.

A mobilizacdo de elementos inflamatérios
apo6s agressio do pericardio é um desafio
para a avaliagdo dos mecanismos de reac¢io
da pleura, uma vez que a célula mesotelial
tem grande poder de resposta aos estimulos
que sobre ela incidem®. T uma célula bastan-
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Introduction

The coronary artery bypass graft / pleutal
effusion conundrum remains within the
realms of speculation seeing as the mecha-
nism which releases the accumulation of
fluid in the pleural cavity has not yet been
cleatly identified'*’. There are only a few
studies which look into the inflammatory
properties of this type of fluid but identify-
ing it may aid in understanding some local

reaction mechanisms*>%’

. Cytokines are pro-
teins which once secreted can just as easily
induce inflammatory phenomena as they can
be induced into these phenomena®.

Activation of inflammatory mediators fol-
lowing aggression of the pericardium is a
challenge for the evaluation of the pleural
reaction mechanisms, as the mesothelial cell
has a great capacity of response to stimu-
lus given to it’. This cell is very differentia-
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te diferenciada, ndo apenas devido as suas par-
ticularidades de recuperacio ou degeneracio
neoplasica, mas, também, pela multipla capa-
cidade funcional, que tanto pode envolver um
papel imunorregulador como fagocitico'.
A capacidade de resposta desta célula é muito
intensa ¢ mesmo na ocorréncia de transtor-
nos contra-laterais podem ser observadas mo-
dificagoes qualitativas e quantitativas subse-
quentes, no lado nio atingido'!. A facilidade
de produgio de citocinas pela célula pleural
tem sido exaustivamente comprovada e de-
pende da qualidade do estimulo que sobre ela
incide, demonstrando um potencial intensa-
mente diversificado e rico em respostas imu-
nomoduladoras®®!%. Células mesoteliais na
presenca do factor beta de transformacao do
crescimento (TGF-B) sio capazes de produzir
factor de crescimento do endotélio vascular
(VEGF), citocina ligada ndo s6 a angiogénese,
mas também a fenestracoes na parede vascu-
lar, favorecendo, deste modo, o acimulo de
liquido no espago pleural®.

O TGF-B tem accio antinflamatéria e proli-
ferativa (fibrose/espessamentos/neoplasias),

Acgdo do TGF- p

9
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TNF-a derrame
w2
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PAI - Inibidor do ativador do plasminogénio; TNF-o. — Factor alfa
de necrose tumoral; IL-2 - Interleucina 2; INF-y - Interferao gama

Fig. 1 - Mecanismos de ac¢éo do TGF-B
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ted not only in the peculiarity of its neo-
plastic recuperation and degeneration but
also in its multiple functional capacity. This
latter may involve it playing an immunoreg-

ulatoy role as a phagocyte'

. The response
capacity of this cell is very intense and with
contralateral stimulation, qualitative and
quantitative modifications can be seen in the
non-affected side''. The pleural cell’s abili-
ty to produce cytokines has long been prov-
en and depends on the quality of stimulus
on it which has shown a strongly diversi-
fied and rich potential to induce immu-
nomodulated responses>*'2 In the presence
of transforming growth factor (TGF-B),
mesothelial cells are capable of producing
vascular endothelial growth factor (VEGF).
This cytokine is not only linked to angio-
genesis but also fenestrations of the vascu-
lar walls. This promotes the build up of fluid
in the pleural space®.

TGF-B has anti-inflammatory and anti-pro-
liferative properties (fibrosis/thickening/
neoplasy). It stimulates the mesothelial cell
and has a short half-life of around 5 mi-

TGF- B Action
PNy
9/ e
® ®
:::‘; @ @ collagen
TNF-a effusion
IL-2
INF -y

PAI - Plasminogen Activator Inhibitor; TNF-c. — Tumor necrosis
factor-alpha; IL-2 - Interleukin 2; INF-y — Interferon gamma

Fig. 1 — TGF-$ action mechanisms
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O VEGF tem elevado
potencial
angiogenético e
favorece o
crescimento tecidual
e a proliferacdo
neopldsica
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papel estimulante sobre a célula mesotelial e
apresenta meia-vida curta, cerca de 5 minu-
tos®. Tem a capacidade de desactivar leuco-
citos e macrofagos, sustendo, assim, deter-
minadas cortentes inflamatérias®' " (Fig. 1).
O VEGF tem elevado potencial angiogené-
tico e favorece o crescimento tecidual e a pro-
liferacio neoplasica'®'"'*!”. Devido as neofor-
macdes vasculares, tendem ao desenvolvi-
mento de fenestragdes com aumento das per-
meabilidade e producio de derrame pleu-
ral*?'* (Fig. 2).

Objectivo

O objectivo deste estudo ¢é avaliar o compor-
tamento das citocinas proliferativas TGF-f3
e VEGF no processo inflamatério do liqui-
do dos derrames pleurais no pds-operatério
imediato de cirurgias de revascularizagiao do
miocardio

Casuistica e método

Foram estudados os liquidos de 16 transu-
datos e de 43 derrames pleurais pos-revas-
cularizagdo do miocardio de doentes pro-
venientes do Instituto do Coracio e do
Servico de Pneumologia do Hospital das
Clinicas da Faculdade de Medicina da Uni-

Accdo do VEGF

— e ———

angiogénese

crescimento
tecidual
l
favorece
neoplasia

derrame

Fig. 2 — Mecanismos de accdo do VEGF

PORTUGUESA DE

nutes®. It is capable of deactivating leuco-
cytes and macrophages, thus aiding specific
inflammatory currents®'*". (Fig. 1)

VEGF has a great angiogenetic potential
and promotes tissue growth and neoplasia
proliferation'®'”'®". Due to vascular neo-
formations it also promotes the develop-
ment of fenestrations with increased per-
meability and production of pleural effu-

sion™*2 (Fig. 2)

Aim

This study aims to evaluate the role of the
cytokine proliferatives TGF-f and VEGF in
the inflammatory process of the pleural ef-
fusion fluid immediately following coronary
artery bypass graft surgery.

Material and methods

The fluid of 16 transudates and 43 pleural
effusions that appeared following coronary
artery bypass graft surgery of patients from
the Cardiac Unit and the Pulmonology Unit
of the Hospital das Clinicas da Faculdade
de Medicina da Universidade de Sio Paulo
was studied. Control criteria were the levels
of TGF-B and VEGF found in the transu-

dates (control group) and this was contrasted

VEGF Action

B e e S

tissue
growth

I .

effusion

fenestrations

neoplasia
promotion

Fig. 2 - VEGF action mechanisms
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versidade de Sio Paulo. Foram assumidos
como critério de normalidade os niveis de
TGF-B e de VEGF doseados nos transu-
datos (grupo-controlo) e confrontados com
as dosagens seriadas nos derrames de doen-
tes submetidos a cirurgias de revasculariza-
¢ao do miocardio.

O grupo submetido a cirurgia cardiaca foi
avaliado em quatro momentos diferentes,
sendo o primeiro no pré-operatério (avalia-
¢ao de critérios de inclusio e exclusio e con-
sentimento pos-informado); a segunda, ter-
ceira e quarta avaliagoes, respectivamente
apos 2, 24 e 48 horas de finalizagdo da cirur-
gia (recolha de liquido pleural). Os critérios
de inclusao e exclusio foram definidos para
evitar as interferéncias de outras situacdes
sobre o processo inflamatoério pleural.

A dosagem das citocinas foi realizada utili-
zando-se o método ELISA (engyme-linked im-
munoabsorbent assay) de recolha (R&D System,
Inc., Minneapolis, USA) e realizada no La-
boratério de Pleura do Instituto do Cotragao
— HC-FMUSP.

Na analise estatistica, os dados continuos fo-
ram descritos pelos valores minimos e maxi-
mos, mediana, média, desvio e erro-padrio,
enquanto as citocinas ao longo do tempo no
pés-operatdrio foram comparadas através da
analise de variancia para medidas repetidas.
O nivel de significancia estabelecido para as
analises foi de 5%.

Resultados

O TGF-B apresentou-se elevado quando
confrontado com os valores dos transuda-
tos, desde o primeiro intervalo (2 horas;
p<0,001), com queda progressiva ao longo
do tempo, retornando aos valores assumi-
dos como normais (transudatos), ao final de
48 horas (p=0,376) (Quadro I, Fig. 3).
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with the serried levels in the effusions of
patients who had undergone coronary artery
bypass graft surgery.

The cardiac surgery group was assessed at
four separate points. The first was pre-sur-
gery (evaluation of the inclusion and ex-
clusion criteria and informed consent). The
second, third and fourth evaluations came
2, 24 and 48 hours after surgery (harvest
of pleural fluid). Inclusion and exclusion
criteria were drawn up to avoid the inter-
ference of other events on the pleural in-
flammation process.

The level of the cytokines was assessed using
the BELISA (enzyme-linked immunoabsorbent
assay) method of capture (R&D System Inc.,
Minneapolis, USA) and carried out at the
Pleural Laboratory of the Cardiac Unit —
HC-FMUSP.

In the statistical breakdown, the continu-
ous data were described using minimum
and maximum levels, median, mean,
standard and error deviation. The post-
surgery cytokines were compared using a
variance for repeated measurements. The
level of significance set for the analysis
was 5%.

Results

The TGF-B was high in contrast with the
levels found in the transudates at the first
interval (2 hours, p<0.001) and fell progres-
sively with time. It returned to levels consid-
ered normal (transudates) after 48 hours
(p=0.3706). (Table I/Fig. 3)

In comparison with the transudate levels,
the VEGF was high from the first interval
(2 hours; p<0.001) and remained stable for
48 hours. After that it seemed to decline
to transudate levels (p=0.0724). (Table II/
Fig, 4)
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O TGF-B
apresentou-se
elevado quando
confrontado com os
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Quadro |
Grupo Avaliagdo n TGF In(TGF)
Cirurgia 2h 43 486 + 312 5,941+ 0,117
24 h 43 273 + 255 5,205 + 0,137
48h 43 136 + 148 4,645 + 0,095
Transudatos - 16 138 + 69 4,805+ 0,152
Table |
Group Evaluation n TGF In(TGF)
Surgery 2h 43 486 + 312 5.941 +0.117
24 h 43 273 + 255 5.205 +0.137
48 h 43 136 + 148 4.645 +0.095
Transudates - 16 138 + 69 4.805 +0.152
IN(TGF-n) ~—&— Cirurgia —&— Transudatos IN(TGF-n) —®&— Surgery —&— Transudates
pa/fml pg/ml
6.5 ~ 6.5 q
6.0 4 6.0 4
5.5 4 5.5 4
5.0 4 5.0 4
4.5 4 3 4.5 4 d
4.0 4 4.0 1
3.5 - 3.5
3.0 1 : : ) 3.0 T T T |
2 24 48 Horas 2 24 48 s

Fig. 3 — Gréfico da andlise comparativa entre as medidas
de TGF-P observadas pds-cirurgia e os transudatos

Comparado com os valores dos transudatos,
o VEGF mostrou-se elevado desde o pri-
meiro intervalo (2 horas; p<0,001), manten-
do-se estavel durante 48 horas, a partir das
quais parece iniciar-se o decaimento de seus
niveis (p=0,0724) (Quadro 11, Fig. 4).
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Fig. 3 - Comparative analysis of the TGF-B medians
observed post-surgery and the transudates
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Quadro Il
Grupo Avaliagao n VEGF In (VEGF)
Cirurgia 2h 43 877 +935 6,336 + 0,147
24 h 43 2391 + 1666 7,541+ 0,107
48 h 43 1787 + 1042 7,365 + 0,072
Transudatos - 16 268 +224 5,132 + 0,294
Table Il
Group Evaluation n VEGF In (VEGF)
Surgery 2h 43 877 +935 6,336 + 0.147
24 h 43 2391 + 1666 7,541 +0.107
48 h 43 1787 + 1042 7,365+ 0.072
Transudates - 16 268 + 224 5132 +0.294
—@— Cirurgia —k— Transudatos ~—@— Surgery —#&— Transudates
In(VEGF) In(VEGF)
pg/ml pg/mi
8,0 7 B,0 -
7.5 1 7.5 4
7,0 4 7.0 4
6,5 4 6,5 4
6.0 4 6,0 4
55 4 55 4
s0{ 2% s0{ 2%
45 T T T v 45 T T T y
. e Horas . 24 Hours

Fig. 4 — Gréfico da andlise comparativa entre as medidas
de VEGF observadas pés-cirurgia e os transudatos

Discusséio

O papel das citocinas proliferativas TGF-3
e VEGF parece encontrar-se condiciona-
do, entre outras situa¢oes, pelo desenvolvi-
mento de derrames pleurais, tendo a pri-
meira uma acgao sinalizadora sobre a célula
mesotelial com subsequente libertagiao de
VEGF ¢ acumulo de liquido na cavidade®.
Poucos estudos tém sido direccionados ao
comportamento destas proteinas nos det-

REVISTA

PORTUGUESA DE

Fig. 4 - Comparative analysis of the VEGF medians
observed post-surgery and the transudates

Discussion

The role of the proliferative cytokines
TGF-B and VEGF seems to condition,
among other things, the development of
pleural effusions. TGF-f acts as a trigger
on the mesothelial cell with subsequent
release of VEGF and accumulation of
fluid in the pleural cavity”. Only a few
studies have been made into the role of
these proteins on post coronary artery

Vol XII N.°4 Julho/Agosto 2006

cym g [N T

PNEUMOLOGIA



| NN T T ] &

366

REVISTA

cm g NN T

PAPEL DAS CITOCINAS PROLIFER/\T]\//\S TGFB E VEGF NO DERRAME PLELIRAL
POS-REVASCULARIZACAO DO MIOCARDIO
Antonio MS Chibante, Marcelo Alexandre C Vaz, Francisco Vargas Suso

rames pleurais pos-revascularizagdo do
miocardio; todavia, os resultados por noés
encontrados parecem confirmar o papel do
TGF-B como mecanismo desencadeador
para a expressao indirecta do VEGF pela
célula mesotelial que, uma vez estimulada,
continuaria a libertar e a manter niveis ele-
vados desta citocina, apesar da queda pro-
gressiva de TGF-, pelo menos nas primei-
ras 48 horas de pds-operatério %,

A discreta tendéncia ao decaimento insidio-
so de VEGF ap6s 48 horas da cirurgia con-
trasta com a vigorosa queda dos niveis de
TGF-B que, 20 final deste periodo, atinge va-
lores semelhantes aos dos transudatos, dei-
xando, aparentemente, de continuar a esti-
mular a célula mesotelial. Isto reforcatria o
mecanismo desencadeador do TGF- que,
com a sua meia-vida curta, deixaria dali para
a frente, sem a sua presenca, mecanismos ce-
lulares mesoteliais direccionados para a ex-
pressio mantida de VEGE

Conclusées

O derrame pleural pos-revascularizagao
do miocardio apresenta-se como exsuda-
to mobilizador de citocinas TGF-} e
VEGF dentro do processo inflamatério
envolvido no seu desenvolvimento. O
TGF-B parece actuar como mecanismo
desencadeador sobre a célula mesotelial
pleural, induzindo-a a expressio de
VEGF e subsequente derrame. Nas pri-
meiras 48 horas pés-revasculariza¢io do
miocardio, a concentracio de TGF-3 de-
cresce flagrantemente, atingindo niveis se-
melhantes aos dos transudatos, enquanto
a VEGF persiste em patamares elevados
reforcando seu papel de favorecimento e
manuten¢ao de liquido na cavidade pleu-
ral neste tipo de cirurgia.

bypass graft pleural effusions. The results
we found seem to confirm the role of
TGF-B as a trigger for the indirect ex-
pression of VEGF on the mesothelia cell.
Once stimulated, this continues to release
and maintain high levels of these cy-
tokines despite the progressive drop in
TGF-B, at least for the first 48 hours fol-
lowing surgery'>*>*.

The discrete tendency for VEGF to taper
off after 48 hours following surgery con-
trasts with the sharp drop in the TGF-§
levels. At the end of this period, these had
levels similar to those of the transudates
and apparently seem to stop stimulating the
mesothelia cell. This strengthens the “trig-
ger mechanism” idea of the TGF-f3 which,
with its short half-life, leaves in its wake
mesothelial cell mechanisms to maintain the
continued expression of VEGE

Conclusions

Post coronary artery bypass graft pleural
effusion is an exsudate mobilizer of the
cytokine TGF-P and VEGF within the in-
flammatory process involved in its deve-
lopment. TGF-f seems to act as a trigger
on the pleural mesothelial cell, inducing in
it the expression of VEGF and subsequent
effusion. In the first 48 hours following
the coronary artery bypass graft, the con-
centration of TGF-B decreases sharply,
reaching levels similar to those found in
the transudates while VEGF continues
high, reinforcing its role of promoting and
maintaining the liquid in the pleural cavity
in this type of surgery.
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