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-̂ _̀â bc7 C̀7 C̀C7

Z�Q�X�� \�STS�� STX�[� ST�SZ�

Z�Q��S� \�STS�� STSd[� STSXY�

X��Q��S� \�STS�� \�STYYY� ST�UY�

)

)

)

e�$���� 
�
��
�������f� 
�����
�g 
���������#��������� � h������
���

�� �� ��
�������������������h� �� �� h ��� "��������� �����������!�������������

���������������
�
���ij�fh ���k����������lm%�n!��o��"��
 h����������������

������������������!�� �������
����
��������i���������m%p

�

�

�

�

�



���

�

�

��

��
��

��

��

�����	
���
������������
��������������������	
��	��
����������������  
!
�"�����
�������
��#��"
��!
���
$�%�&����&������'%�(����)*�������+���,�$

-�$$�����&�%�����"����.�&��%�����"�������/������	
����	0�	�$
����"���������123456789�

�

&���$��:�;�&�������������"����	
�"����<���������
��#��"
��!
���
$�%�&����&���
���'%�(����)*�����������$���
��
��=�$
�����>��
���������������������	
�
�	��
��

?@A?@BC@BCDEEB

FGHIJKJLMNOPHQRSTIRJOP
NUSKNPVKWIGOP

XJRGKPYNPIP

ZP[\]̂P _̀P[\]̂P abP[\]̂P

cdefgdhi�j�fk� lmlln� lmllo� p�lmlln�

cdefgdhi�j�fkk� p�lmlln� lmlqr� lmln��

fk�j�fkk� s�lmttt� s�lmttt� lmuov�

�

&���$��(*�;�&�������������"����	
�"����<���������
�����"
��'%�(����)*������
"����
��#��"
��!
���
$�%�&����&��������$���
��
��=�$
�����>��
����������������
�����	
��	��
���

?@A?@BC@BCDEEB

FGHIJKJLMNOPHQRSTIRJOP
NUSKNPSNHIGOP

XJRGKPYNPIP

Fwxyzw{|P y\P y\\P

q�j�n�� s�lml�� s�lml�� s�lml��

q�j�vl� s�lml�� s�lml�� s�lml��

n��j�vl� s�lml�� s�lml�� s�lml��

}D~�B�~�C�B



���

�

�

���������	�
�	�
	����	����������

���������������� !�"�#������$�������%�&'��()�������$*+��$��%�&'��,����

-���$#�./�0��!��1���($2��$�3345�6$�!��'$�$*+����"����#�"��'�#7�$'��$#���

%�&'��,�$'��#��"�&�&���$������������������ !�"�#����89���$#�:&$����

!��'$�$���$�-���3;���$#�.($2��$�3<45�

�������������$!� �$%�#7���&"� ����#���!=�&�$#�"�"$�#������$������#�

$���$�#�"�$"$��#�!���$�()�������$*+��$�#����$�#�%�&'�#�$' #�3;���$#����

"�$"$���"��./�0��!�#�-�$�>���($2��$#�387�3;���3-45�6$�!��'$�$*+����"����#�

"��'�#7���%�&'��,�$'��#��"�&�?$����#��$����#�����$!� �$%�#���!=�&�$#�"�"$�#�

���"��'�����89���$#�!��'$�$���!���-���3;���$#�.($2��$#�3@���3A45�B0���%�&'��

()�$'��#��"�&���������$���������&"� ����#���!=�&�$#�"�"$�#����3;���$#����

!��'$�$*+��!���-���89���$#�.($2��$#�31���3A45�

6+��C�&?���������*$���"����#�%�&'�#�������$*+��$������������

��#�� ����#7�!=�&�$#�!���$�$#���!=�&�$#�!$��!������#�.�$��#��+��$'��#��"$��#45�

�

�

�

�

�

�

�

�

�

�

�

�



���

�

�

������	
�
�

����	
��
��������	�
�	
�����	
��	��	����	���
������
�
�����	

�����	� 
!	�����"�	
�����
	�
#�$�	�
!	���	��%
&'
�
&''
��
(%
)*
�
+,
����

�-
./-� 
&'%
�������
'0
&''%
�������
'' 








&�����
))
�
&����
��
1	�����	��
����
�	�����"2��
�����
	�
#�$�	�
!	���	��%
&'

�
&''
��
(%
)*
�
+,
����
��
����"�	
�	�
���	���
����	�
��
�����	
��
��������	�

�	
�����	
��	��	����	��� 


34534674689:;4<<9:=6

>?@ABCBDEFGH@IJKLAJBGH
FMKCFHNCOA?GH

PBJ?CHQFHAH

RHSTUVH WXHSTUVH YZHSTUVH

[\]̂_\̀a�b�̂c� dedd�� f�deggg� f�deggg�

[\]̂_\̀a�b�̂cc� deh�i� f�deggg� dejhj�
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Immunosuppression Effects on Airway Mucociliary
Clearance: Comparison Between Two Triple
Therapies
Maristela Prado e Silva, MSc, So

ˇ

nia F. Soto, BSc, Francine M. Almeida, MSc,
Tatiana T.K. Limonete, BSc, Edwin R.C. Parra, MD, PhD, Fabio B. Jatene, MD, PhD,
Paulo M. Pe

ˇ

go-Fernandes, MD, PhD, and Rogerio Pazetti, PhD
Laboratory of Thoracic Surgery Research-LIM61, Department of Cardiopneumology, Heart Institute (InCor), Hospital das Clinicas, and
Department of Pathology, Faculdade de Medicina da Universidade de S~ao Paulo, S~ao Paulo, Brazil
Background. Tacrolimus and mycophenolate have
now become the most widely used combination for
maintenance immunosuppressive regimens after lung
transplantation in comparison with cyclosporine and
azathioprine. However, limited information is available
with respect to their effects on cells, other than those from
the immunologic compartment. We hypothesized that
different triple therapies could have different effects on
airway mucociliary clearance, playing an important role in
respiratory infections observed after lung transplantation.

Methods. Ninety rats were assigned to three groups
(n [ 30 each): control [ vehicle, therapy 1 [
tacrolimus D mycophenolate D prednisone, and therapy
2 [ cyclosporine D azathioprine D prednisone. After 7,
15, or 30 days of treatment by gavage, the animals
were killed and the following parameters were stud-
ied: mucus transportability, ciliary beating frequency,
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mucociliary transport velocity, and neutral and acid
mucus production.
Results. There was a significant decrease in ciliary

beating frequency, mucociliary transport velocity, and
neutral mucus production in all immunosuppressed
animals; indeed, both therapies, mainly therapy 1, caused
an increase in acid mucus production for as long as
15 days of treatment.
Conclusions. Both triple therapies impaired airway

mucociliary clearance of rats, but therapy 1 had a more
deleterious effect. These data suggest that these unde-
sirable effects can contribute to the high incidence
of respiratory infections observed in patients undergoing
lung transplantation.

(Ann Thorac Surg 2013;96:473–7)
� 2013 by The Society of Thoracic Surgeons
ccording to the International Society of Heart and
ALung Transplantation Registry, almost all patients
undergoing lung transplantation (LTx) receive mainte-
nance triple therapy consisting of a calcineurin inhibitor,
an antimetabolite, and a steroid. Nowadays, the combi-
nation of tacrolimus (TAC), mycophenolate sodium
(MPS), and prednisone is the most widely used interna-
tionally [1]. Some studies show the superiority of this
regimen over the combination of cyclosporine (CsA)
with azathioprine (AZA) combination in preventing
acute rejection episodes and in improving pulmonary
function; however, no specific survival advantage has
thus far been consistently demonstrated [2–6].

Although immunosuppression is crucial to avoid graft
rejection, prolonged use of these immunosuppressive
agents can cause several side effects, such as malignancy,
renal failure, neurotoxicity, hepatotoxicity, and infections
[7–9]. Infection complications are the major cause of
mortality between 31 days and 1 year after LTx [1], and
65% of these complications are related to the respiratory
tract [7].
Mucociliary clearance (MCC) is an essential defense

mechanism of the respiratory tract and continuously
removes any inhaled particle from the external environ-
ment, such as pollutants or pathogenic microorganisms.
The mucociliary apparatus is composed of two principal
elements, mucus and cilia, which work together to
maintain the cleaning of the respiratory tree. Any
disruption in this coordinated action can cause stagnation
of the mucus, facilitating the proliferation of viruses and
bacteria [10].
We have previously tested some of the most widely

used immunosuppressant drugs in a simple drug
regimen and have shown that they have different dele-
terious effects on MCC [11–17]. The present study aimed
to verify whether these drugs have the same effects when
administered in a triple regimen and to compare the
effects of the two principal maintenance triple therapies
on airway MCC.
0003-4975/$36.00
http://dx.doi.org/10.1016/j.athoracsur.2013.04.069
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Fig 1. Mucus transportability (mean � standard deviation) in rats
treated with saline (Control, blue bars), TAC þ MPS þ prednisone
(T1, green bars), or CsA þ AZA þ prednisone (T2, khaki bars) for 7,
15 or 30 days. There was a significant difference between groups: *vs
C, p ¼ 0.047; **vs T2, p ¼ 0.042. (AZA ¼ azathioprine;
CsA ¼ cyclosporine; MPS ¼ mycophenolate sodium; MT ¼ mucus
transportability; TAC ¼ tacrolimus; T1 ¼ therapy group 1; T2 ¼
therapy group 2.)
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Material and Methods

Experimental Design
Ninety male Wistar rats (300 g � 25 g) were equally
divided in three groups: control (C) ¼ saline solution
0.9% (Baxter, S~ao Paulo, Brazil); therapy 1 (T1) ¼ TAC
1 mg/kg (Prograf, Janssen-Cilag, Killorglin, Ireland) þ
MPS 30 mg/kg (Myfortic, Novartis, Stein, Switzerland) þ
prednisone 1.25mg/kg (Corticorten,Neoquimica,An�apolis,
Brazil); and therapy 2 (T2) ¼ CsA 10 mg/kg (Sigmasporin
Microral, EMS, Hortola

ˇ

ndia, Brazil) þ AZA 3 mg/kg
(Imuran, Excella GmbH, Nuremberg, Germany) þ pred-
nisone 1.25 mg/kg). The animals were maintained accord-
ing to the Guide for the Care and Use of Laboratory
Animals [18]. Our institution’s ethical committee approved
the protocol.

Therapy
All animals were daily anesthetized with isoflurane 2%
(Isoforine, Crist�alia, Itapira, Brazil) to facilitate drug
administration by gavage during 7, 15, or 30 days.

Euthanasia
After 7, 15, or 30 days of treatment, 10 animals from each
group were anesthetized with intraperitoneal pentobar-
bital (50 mg/kg) and euthanized by exsanguination,
according to the Report of the American Veterinary
Medicine Association Panel on Euthanasia [19].

Data Collection and Analysis
The lungs were excised from the thoracic cavity, and the
following data were collected according to our previous
reports [11–17].

1. Mucus transportability (MT): mucus samples were
collected from the left and right mainstem bronchi
and tested in vitro in a bullfrog palate model.

2. Ciliary beating frequency (CBF): after mucus collec-
tion, the ventral wall of the tracheobronchial tree was
opened to expose the respiratory epithelium, and CBF
was measured by synchronization between a strobo-
scope (Machine Vision Strobe, Cedarhurst, NY)
flashlight and movement of the cilia.

3. Mucociliary transport velocity (MCTV): just after CBF
analysis, by use of a light microscope (Olympus,
BX50, Tokyo, Japan) fitted with a micrometer scale,
MCTV was measured by direct view of particles
trapped on the mucus layer moving across airways.

4. Neutral and acid mucus production: serial sections
from tracheobronchial tissue were obtained and
stained with periodic acid–Schiff and Alcian blue to
reveal neutral and acid mucus production by goblet
cells. The analysis was performed with Image Pro
Plus program [11].

All data were analyzed with the Statistic Package
for Social Sciences for Windows (SPSS 13.0 version)
program. The Kolmogorov-Smirnov and Levene tests
were used to verify the normality and homogeneity of
variance, respectively. Two-way analysis of variance was
used to verify the interference and interaction of the
parametric data, and comparisons among groups were
performed with a Bonferroni post-test. Kruskal-Wallis
and Mann-Whitney tests with correction of Bonferroni
were used to analyze nonparametric data. The results are
expressed as mean � standard deviation (SD) or median
and interquartile range (IQ, 25% to 75%). A p value less
than 0.05 was considered significant.
Results

There was a significant increase in MT after 7 days of
treatment with T1 in comparison with T2 (p ¼ 0.042) and
C (p ¼ 0.047) (Fig 1). Both therapies caused a decrease in
CBF after 7 days (C vs T1, p < 0.001; C vs T2, p ¼ 0.043; T1
vs T2, p ¼ 0.001) and 15 days of treatment (C vs T1 and T2,
p < 0.001; T1 vs T2, p ¼ 0.045) (Fig 2). There was an
overproduction of acid mucus in all immunosuppressed
animals for as long as 30 days of therapy (7 days: C vs
T1 and T2, p < 0.001; 15 days: C vs T1, p ¼ 0.009;
30 days: C vs T1 and T2, p < 0.001) (Fig 3). By contrast,
neutral mucus production was significantly
downregulated by T1 at all studied time points (7 days:
C vs T1 and T2, p < 0.001; 15 days: C vs T1, p ¼ 0.036;
30 days: C vs T1, p ¼ 0.027). The same occurred in
T2-treated animals only after 7 days (Fig 4). The MCTV
was slower in T1 and T2 groups than in the C group
after 7 days (C vs T1, p < 0.001; C vs T2, p ¼ 0.003; T1
vs T2, p < 0.001) and 15 days of treatment (C vs T1 and
T2, p < 0.001) (Fig 5).



Fig 2. Ciliary beating frequency (mean � standard deviation) in rats
treated with saline (Control, blue bars), TAC þ MPS þ prednisone
(T1, green bars,) or CsA þ AZA þ prednisone (T2, khaki bars) for 7,
15, or 30 days. There was a significant difference between groups: *vs
C: 7 days: T1, p < 0.001, and T2, p ¼ 0.043; 15 days: T1 and T2
p < 0.001; **vs T2: 7 days p < 0.001; 15 days p ¼ 0.045. Comparison
over time: #vs 15 days p < 0.001; ##vs 30 days p ¼ 0.001. (AZA ¼
azathioprine; CBF ¼ ciliary beating frequency; CsA ¼ cyclosporine;
MPS ¼ mycophenolate sodium; TAC ¼ tacrolimus; T1 ¼ therapy
group 1; T2 ¼ therapy group 2.)

Fig 3. Acid mucus production (median and interquartile range, 25%
to 75%) in rats treated with saline (Control, blue bars), TAC þ
MPS þ prednisone (T1, green bars), or CsA þ AZA þ prednisone
(T2, khaki bars) for 7, 15, or 30 days. There was a significant
difference between groups: *vs C: 7 days: T1 and T2, p < 0.001; 15
days: T1, p ¼ 0.009; 30 days: T1 and T2, p ¼ 0.001. (AZA ¼
azathioprine; CsA ¼ cyclosporine; MPS ¼ mycophenolate sodium;
TAC ¼ tacroimus; T1 ¼ therapy group 1; T2 ¼ therapy group 2.)
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Comment

Several studies have investigated the effects of immuno-
suppressant drugs on cells other than those from the
immunologic compartment. Actually, airway epithelial
cells are of special interest because they are part of the
mucociliary system, which is responsible for maintaining
the airways free of impurities, and any disturbance in its
components may hinder the removal of these impurities
and lead to respiratory tract infections [10]. We have
previously demonstrated the negative effects of some
immunosuppressive drugs on the airway MCC of rats
when administered in a single-drug regimen [11–17]. In
the present study, we observed the similar effects of two
triple regimens, mainly in regard to TAC-based therapy.

Some clinical studies have shown impairment of MCC
after LTx [20–22]. However, they did not determine the
contribution of each component of the mucociliary system
in this dysfunction. In previous experimental studies in
rats, we have reported the deleterious effects of two factors
involved in LTx: bronchial section and immunosuppres-
sion. After bronchial section and reanastomosis, there was
a marked decrease of MCC, caused in part by alterations in
surface properties of the mucus [23].

With regard to immunosuppression, several agents have
been tested in this model, and we observed the charac-
teristic effects of each drug. CsA caused a decrease in CBF,
mucus production, and MCTV for as long as 90 days of
treatment [11–13]. By contrast, AZA had deleterious effects
on MCC only 7 days after bronchial section, but it showed
a protective effect of the mucus rheologic properties for as
long as 30 days of treatment [14]. In turn, MPS did not alter
mucus viscoelastic properties, but it caused a significant
decrease of both CBF and MCTV for as long as 30 days
[15]. The opposite effects were observed in rats treated
with prednisone, which means that this corticosteroid
changed the mucus properties, causing a decrease in MT
but, interestingly, did not affect the CBF and MCTV [17].
Furthermore, we have partial results from the isolated
effects of TAC that show a significant impairment of
MCC by reducing MT, CBF, MCTV, and neutral mucus
production and by overregulating acid mucus production
(data not published).
In the present study, it seems that the combination of

these drugs resulted in a synergistic effect on MCC
impairment. Although both therapies caused slower CBF
for as long as 15 days, the decrease in CBF at 7 days was
more significant in the animals treated with T1. We could
hypothesize that a decreased CBF would be sufficient to
explain MCC impairment after LTx; however, we found
conflicting studies either confirming [20–22] or rejecting
[24] this hypothesis. It is well known that ciliary activity
depends on the oscillation in intracellular calcium
concentration ([Ca2þ]i) [25], which is increased by ATP,
a purinergic agonist [26]. One study demonstrated that
TAC, but not CsA, inhibited ATP-induced [Ca2þ]i oscil-
lations in cow tracheal epithelium [27].
Our results also showed that acid mucus was equally

overproduced after treatment with both therapies for
as long as 30 days. However, neutral mucus production
was downregulated by T1 in all time points, whereas
T2 had this effect only after 7 days of treatment. As
a consequence of respiratory diseases, or other factors
such as pollutants and drug toxicity, which might harm or



Fig 4. Neutral mucus production (median and interquartile range,
25% to 75%) in rats treated with saline (Control, blue bars), TAC þ
MPS þ prednisone (T1, green bars), or CsA þ AZA þ prednisone
(T2, khaki bars) for 7, 15, or 30 days. There was a significant
difference between groups: *vs C: 7 days: T1 and T2, p < 0.001; 15
days: T1, p ¼ 0.036; 30 days: T1, p ¼ 0.027; **vs T1: 7 days,
p ¼ 0.019. Comparison over time: #vs 7 days, p ¼ 0.007.
(AZA ¼ azathioprine; CsA ¼ cyclosporine; MPS ¼ mycophenolate
sodium; TAC ¼ tacrolimus; T1 ¼ therapy group 1; T2 ¼ therapy
group 2.)

Fig 5. Mucociliary transport velocity (median and interquartile
range, 25% to 75%) in rats treated with saline (Control, blue bars),
TAC þ MPS þ prednisone (T1, green bars), or CsA þ AZA þ
prednisone (T2, khaki bars) for 7, 15, or 30 days. There was
a significant difference between groups: *vs C: 7 days: T1, p < 0.001,
and T2, p ¼ 0.003; 15 days: T1 and T2, p < 0.001; **vs T2, p < 0.001.
Comparison over time: #vs 7 days, p ¼ 0.007. (AZA ¼ azathioprine;
CsA ¼ cyclosporine; MCTV ¼ mucociliary transport velocity;
MPS ¼ mycophenolate sodium; TAC ¼ tacrolimus; T1 ¼ therapy
group 1; T2 ¼ therapy group 2.)
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damage the respiratory epithelium, an increase in the
number of cells of mucous secretion and a decrease in the
number of ciliated and serous cells can occur. In this
situation, acids and sulfated mucopolysaccharides are
overproduced, altering the physicochemical characteris-
tics of the mucus, which becomes more acidic. Moreover,
the periciliary layer of mucus becomes shorter, and the
cilia have difficulty in performing their strokes of pro-
pulsion and recovery. Thus, the removal and disposal of
microorganisms are reduced, favoring infectious processes
[28]. Data from the most recent International Society of
Heart and Lung Transplantation Registry showed that
noncytomegalovirus infections remain the leading cause
of death within 1 to 12 months after LTx [1]. Further,
65% of these infections involve the respiratory system
[7], and bacterial bronchopulmonary infections constitute
approximately half of all complications [29].

The extensive use of TAC, MPS, and prednisone as
a new scheme in LTx, instead of the conventional scheme
composed of CsA, AZA, and prednisone, has occurred in
recent years without expressive clinical evidence to
substantially support a single agent over another or
a combination regimen protocol over another. Few
studies have compared these agents concerning both the
efficacy in avoiding graft rejection and the presence and
intensity of side effects [2–6]. Although the majority of
these studies have shown a trend to better results with
TAC-based therapy, none of them were able to detect
a survival advantage of this regimen over CsA. Curiously,
one study showed that TAC was associated with
a reduced risk for bronchiolitis obliterans, but the
survival in the CsA-treated group was marginally greater
[6]. Therefore, altogether, it seems that short-term and
long-term drug efficacy is not a good endpoint to enable
determination of the best immunosuppressive regimen.
Instead, the characteristic side effects of each drug could
be alternatively considered when the best combination
for LTx recipients is being chosen.
We conclude that both triple therapies impaired airway

MCC of rats for as long as 15 days either by decreasing
CBF, MCTV, and neutral mucus production or by
increasing acid mucus production. Actually, the negative
side effects from therapy 1 (TAC þ MPS) were more
pronounced than those from therapy 2 (CsA þ AZA). Our
results suggest that these immunosuppressive therapies
could be related to the high rate of respiratory infections
observed after LTx resulting from its side effects on the
airway mucociliary system. Of course, the use of immu-
nosuppressive drugs is mandatory to ensure graft and
patient survival. However, we believe that special atten-
tion must be devoted by clinicians to choose the appro-
priated regimen for each patient based on the specific
side effects of each drug.

This study was performed at the Thoracic and Cardiovascular
Surgery Post-Graduation Program of Heart Institute (InCor) of
Clinics Hospital of Sao Paulo University Medical School, Sao
Paulo, SP, Brazil. It was supported by grants from the State of Sao



477Ann Thorac Surg PRADO E SILVA ET AL
2013;96:473–7 IMMUNOSUPPRESSION IMPAIRS MUCUS CLEARANCE

G
E
N
E
R
A
L
T
H
O
R
A
C
IC
Paulo Foundation (FAPESP), Sao Paulo, SP, Brazil. Francine M.
Almeida received research grants from the Scientific Department
of Heart Institute (InCor).

References

1. Christie JD, Edwards LB, Kucheryavaya AY, et al. The
Registry of the International Society for Heart and Lung
Transplantation: twenty-eighth official adult lung and heart-
lung transplant report-2011. J Heart Lung Transplant 2011;30:
1104–22.

2. Keenan RJ, Konishi H, Kawai A, et al. Clinical trial of
tacrolimus versus cyclosporine in lung transplantation. Ann
Thorac Surg 1995;60:580–5.

3. Zuckermann A, Reichenspurner H, Birsan T, et al. Cyclo-
sporine A versus tacrolimus in combination with mycophe-
nolate mofetil and steroids as primary immunosuppression
after lung transplantation: one-year results of a 2-center
prospective randomized trial. J Thorac Cardiovasc Surg
2003;125:891–900.

4. Reichenspurner H. Overview of tacrolimus-based immuno-
suppression after heart or lung transplantation. J Heart Lung
Transplant 2005;24:119–30.

5. Korom S, Boehler A, Weder W. Immunosuppressive therapy
in lung transplantation: state of the art. Eur J Cardiothorac
Surg 2009;35:1045–55.

6. Treede H, Glanville AR, Klepetko W, et al. Tacrolimus and
cyclosporine have differential effects on the risk of devel-
opment of bronchiolitis obliterans syndrome: results of
a prospective, randomized international trial in lung trans-
plantation. J Heart Lung Transplant 2012;31:797–804.

7. Speich R, van der Bij W. Epidemiology and management of
infections after lung transplantation. Clin Infect Dis
2001;33(Suppl1):S58–65.

8. Taylor JL, Palmer SM. Critical care perspective on immu-
notherapy in lung transplantation. J Intensive Care Med
2006;21:327–44.

9. Aguilar-Guisado M, Givald J, Ussetti P, et al. Pneumonia
after lung transplantation in the Resitra cohort: a multicenter
prospective study. Am J Transplant 2007;7:1989–96.

10. Randell SH, Boucher RC. Effective mucus clearance is
essential for respiratory health. Am J Resp Cell Mol Biol
2006;35:20–8.

11. Pazetti R, Pego-Fernandes PM, Ranzani OT, et al. Cyclo-
sporin A reduces airway mucus secretion and mucociliary
clearance in rats. Clinics (S~ao Paulo) 2007;62:345–52.

12. Xavier AM, Pe

ˇ

go-Fernandes PM, Correia AT, et al. Influence
of cyclosporine A on mucociliary system after lung trans-
plantation in rats. Acta Cir Bras 2007;22:465–9.
13. Pazetti R, Pe

ˇ

go-Fernandes PM, Lorenzi-Filho G, et al. Effects
of cyclosporine A and bronchial transection on mucociliary
transport in rats. Ann Thorac Surg 2008;85:1925–9.

14. Pego-Fernandes PM, Said MM, Pazetti R, et al. Effects of
azathioprine on mucociliary clearance after bronchial section
and anastomosis in a rat experimental model. J Bras Pneumol
2008;34:273–9.

15. Silva VFP, Pazetti R, Soto SF, et al. Effects of mycophenolate
sodium on mucociliary clearance using a bronchial section
and anastomosis rodent model. Clinics 2011;66:1451–5.

16. Braga KA, Nepomuceno NA, Correia AT, Jatene FB, Pe

ˇ

go-
Fernandes PM. The effects on mucociliary clearance of predni-
sone associated with bronchial section. Clinics 2012;67:647–51.

17. Braga KA, Nepomuceno NA, Correia AT, Jatene FB,
Pe

ˇ

go-Fernandes PM. Effects of prednisone on mucociliary
clearance in a murine model. Transplant Proc 2012;44:2486–9.

18. 1996 NRC Guide for the Care and Use of Laboratory
Animals. Available at http://www.nap.edu/readingroom/
books/labrats/contents.html. Accessed Jan 22, 2010.

19. Amass KD, Beaver BV, Bennett BT, et al. Report of the AVMA
panel on euthanasia. J Am Vet Med Assoc 2001;218:669–96.

20. Read RC, Shankar S, Rutman A, et al. Ciliary beat frequency
and structure of recipient and donor epithelia following lung
transplantation. Eur Respir J 1991;4:796–801.

21. Veale D, Glasper PN, Gascoigne A, Dark JH, Gibson GJ,
Corris PA. Ciliary beat frequency in transplanted lungs.
Thorax 1993;48:629–31.

22. Laube BL, Karmazyn YJ, Orens JB, Mogayzel Jr PJ. Albuterol
improves impaired mucociliary clearance after lung trans-
plantation. J Heart Lung Transplant 2007;26:138–44.

23. Rivero DH, Lorenzi-Filho G, Pazetti R, Jatene FB, Saldiva PH.
Effects of bronchial transection and anastomosis on muco-
ciliary system. Chest 2001;119:1510–5.

24. Dolovich M, Rossman C, Chambers C, Grossman R,
Newhouse M, Maurer J. Mucociliary function in patients
following single lung or lung/heart transplantation. Am Rev
Respir Dis 1987;135(Suppl):A363.

25. Di Benedetto G, Magnus CJ, Gray PT, Mehta A. Calcium
regulation of ciliary beat frequency in human respiratory
epithelium in vitro. J Physiol 1991;439:103–13.

26. Hayashi T, Kawakami M, Sasaki S, et al. ATP regulation of
ciliary beat frequency in rat tracheal and distal airway
epithelium. Exp Physiol 2005;90:535–44.

27. Kanoh S, Kondo M, Tamaoki J, et al. Effect of FK506 on ATP-
induced intracellular calcium oscillations in cow tracheal epi-
thelium. Am J Physiol Lung Cell Mol Physiol 1999;276:L891–9.

28. Saldiva PH. Aparelho mucociliar: Aspectos funcionais e
m�etodos de estudo. J Pneumol 1990;16:161–70.

29. Nakajima T, Palchevsky V, Perkins DL, Belperio JA, Finn PW.
Lung transplantation: infection, inflammation, and the
microbiome. Semin Immunopathol 2011;33:135–56.
DISCUSSION
DR ROBERT D. DAVIS, JR (Durham, NC): Do you have any
data regarding the role of the individual agents, ie, if you use just
steroids as compared with just mycophenolate or Imuran as
compared with the calcineurin inhibitors?

And the second question, did you measure actual drug levels of
your dosaging? So after you gave the dose, did you actually
measure, for instance, the FK level, cyclosporine level, et cetera?

DR PE

ˇ

GO-FERNANDES: Thank you for the questions. Yes, we
have studied the isolated effects of these drugs, and all data were
already published. Actually, one of these studies was presented
at the 44th STS and was published in The Annals of Thoracic
Surgery.

Now, by suggestion of one of the reviewers of The Annals of
Thoracic Surgery, we studied the effects of these drugs in a triple
regimen. These results that I showed you are part of our study
where we analyzed both triple therapies at 7, 15, and 30 days.
And we saw that the negative effects of the therapy with tacro-
limus and mycophenolate were worse than those with cyclo-
sporine and azathioprine. We are submitting these data to The
Annals of Thoracic Surgery.

DR DAVIS: And the dosage in terms of the actual levels?

DR PE

ˇ

GO-FERNANDES: Yes, sorry, I forgot your second ques-
tion. No, we did not perform this dosage. We used the same drug
doses from our previous studies and from the literature.

DR DAVIS: Thank you.
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