Influence of proliferation signal inhibitors on vascular
endothelial growth factor production in heart
transplant recipients — preliminary report
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Abstract

Proliferation signal inhibitors (PSI) are especially beneficial
for heart transplant recipients, but are rarely used due to
frequent side effects. As they may be caused by vascular en-
dothelial growth factor (VEGF), we performed a prospective
cross-sectional pilot study to assess the influence of PSI and/
or calcineurin inhibitors (CNI) presence in immunosuppressive
protocols of heart transplant recipients on VEGF secretion. All
electively screened heart transplant recipients willing to par-
ticipate were enrolled in the study. The preliminary report was
based on the results of the first 89 serum samples. The study
group (n = 84) consisted of the PSI group (n = 14) further di-
vided into the PSI + CNI subgroup (n = 10) and PSIw/0CNI sub-
group (n = 4) based on concomitant CNI use, and the CNIw/
oPSI group (n = 70) receiving CNI without PSI. The control group
(n =5) consisted of patients not requiring immunosuppression.
VEGF was present in serum of 70 (83%) study group patients:
median (range) 18 (0-316) pg/mL, mean 35 + 57 pg/mL; in 13
(93%) PSI group patients: 22 (0-110) pg/mL, 28 + 28 pg/mL,
with 19 (8-20) pg/mL, 16 + 6 pg/mL in the PSI+CNI subgroup,
and 29 (0-110) pg/mL, 32 + 32 pg/mL in the PSIw/oCNI sub-
group. In the CNIw/oPSI group VEGF was present in 57 (81%)
patients: 16 (0-316) pg/mL, 37 + 62 pg/mL, and in the control
group in 3 (60%) patients: 4 (0-110) pg/mL, 32 + 48 pg/mL.
None of the differences observed between any compared
groups and/or subgroups was significant (x2 and Mann-Whit-

Streszczenie

Inhibitory sygnatu proliferacji (proliferation signal inhibitors
— PSI) wykazuja szczegdlne korzysci w terapii pacjentéw po
transplantacji serca, jednak ich stosowanie ograniczajg czeste
dziatania uboczne. Poniewaz powodem pojawiania sie tych
dziatan moze by¢ czynnik wzrostu srédbtonka naczyniowego
(vascular endothelial growth factor — VEGF), przeprowadzono
przekrojowe prospektywne badanie pilotazowe, ktérego celem
byta ocena zaleznosci pomiedzy obecnoscia PSI i/lub inhibito-
row kalcyneuryny (CNI) w protokotach immunosupresyjnych
pacjentéw po transplantacji serca a stezeniem VEGE Badanie
zaplanowano u wszystkich pacjentéw po transplantacji serca
poddawanych planowym badaniom kontrolnym, wyrazaja-
cym zgode na udziat. Doniesienie wstepne przygotowano po
oznaczeniu VEGF w pierwszych 89 prébkach. W grupie badanej
(n = 84) wyrdzniono grupe chorych otrzymujacych PSI (n = 14)
dalej podzielong na podgrupy PSI + CNI (n = 10) i PSIw/oCNI
(n = 4) w zaleznosci od tego, czy przyjmowali oni CNI, oraz
grupe CNIw/oPSI (n = 70) otrzymujgca CNI bez PSI. Pieciu pa-
cjentdbw niewymagajacych immunosupresji stanowito grupe
kontrolng. Obecnos¢ VEGF stwierdzono w surowicy 70 (83%)
pacjentéw z grupy badanej: mediana (zakres) 18 (0-316) pg/ml,
Srednia 35 + 57 pg/ml. W grupie PSI VEGF byt obecny u 13 (93%)
pacjentéw: mediana (zakres) 22 (0-110) pg/ml|, Srednia 28 + 28
pg/ml, przy czym pogrupa PS| + CNI uzyskata odpowiednio 19
(8-20) pg/mli 16 + 6 pg/ml, a podgrupa PSIw/oCNI 29 (0-110)
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ney U test). In conclusion, differences of VEGF concentration
observed among groups imply the influence of PSI and CNI on
VEGF production, but further studies involving higher numbers
of participants are needed to prove it.

Key words: heart transplantation, proliferation signal inhibi-
tors, everolimus, sirolimus, vascular endothelial growth factor.

Introduction

Proliferation signal inhibitors (PSI), represented by
sirolimus (SIR) and its analog everolimus (EVE), constitute
a group of immunosuppressive drugs used in heart and
other solid organ transplant recipients [1, 2]. While in heart
recipients PSI are indicated predominantly to facilitate
dose reduction or withdrawal of calcineurin inhibitors (CNI)
in the presence of its nephrotoxicity [3, 4], they not only af-
fect acute rejection but also prevent early development of
cardiac allograft vasculopathy (CAV) by slowing intimal hy-
perplasia [5-8]. Despite this, the majority of transplant phy-
sicians and patients are reluctant to use PSI due to com-
mon adverse side effects, including dermatological lesions,
impaired wound healing, stomatitis, interstitial pneumoni-
tis, thrombocytopenia, proteinuria and metabolic disorders:
hyperglycemia and dyslipidemia [9, 10].

Unlike CNI, PSI do not influence the secretion of inter-
leukin-2 (IL-2), but inhibit the response of lymphocytes to
IL-2 by binding to an intracellular protein, FKBP-12, forming
a complex that inhibits the mammalian target of rapamycin
(mTOR) serine-threonine kinase, and thereby blocking the
transmission of the proliferation signal to the nucleus of the
T cell [11, 12]. The same mechanism of action occurs when
PSI are administered due to oncological indications, but this
time it is a disruption of the signal from the membrane re-
ceptor for vascular endothelial growth factor (VEGF) that
protects vascularization of the neoplasm [13, 14].

VEGF should be considered a family of proteins in-
volved in new endothelial cell formation, migration and
activation, stem cell recruitment, and tissue regeneration.
Five subtypes of VEGF have been identified from A to D,
and placental growth factor. The downstream signals of
VEGFs are mediated by tyrosine kinase receptors VEGFR-1,
VEGFR-2 and VEGFR-3. Formation of new vessels depends
on VEGF-A and VEGF-B binding to VEGFR-1 and -2. VEGFR-3
is associated with development of the lymphatic system
[15]. Interestingly, VEGF is also thought to be responsible
for some dermatoses that belong to frequent side-effects
of PSI common for oncologic and transplant patients [16].

We hypothesize that VEGF may play an important role
in development of PSI side-effects in heart transplant re-
cipients. As a first step to investigate this supposition we
performed this pilot cross-sectional study to evaluate the
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pg/mli 32 + 32 pg/ml. W grupie CNIw/oPSI VEGF stwierdzono
u 57 (81%) pacjentéw: mediana (zakres) 16 (0-316) pg/ml, Sred-
nia 37 + 62 pg/ml, a w grupie kontrolnej u 3 (60%) pacjentow:
odpowiednio 4 (0-110) pg/ml, 32 + 48 pg/ml. Rdznice obserwo-
wane miedzy grupami nie byty istotne statystycznie (testy 2
i U Manna-Whitneya). Podsumowujac, réznice pomiedzy steze-
niami VEGF w poszczegélnych grupach wskazujg na to, iz jego
wytwarzanie podlega wptywom lekdéw immunosupresyjnych
z grup PSI'i CNI, jednak udowodnienie tej relacji wymaga kon-
tynuacji badan z udziatem wiekszej liczby uczestnikéw.

Stowa kluczowe: transplantacja serca, inhibitory sygnatu pro-
liferacji, ewerolimus, sirolimus, czynnik wzrostu $rédbtonka
naczyniowego.

influence of different immunosuppressant protocols, con-
taining PSI and/or CNI, on VEGF production.

Material and methods

This research was designed as a prospective cross-
sectional study involving all heart transplant recipients re-
maining under in- and outpatient care of our center willing
to participate. Blood samples were obtained at the time
of the elective outpatient visit (scheduled at least every
6 months), or during hospitalization undertaken to per-
form endomyocardial biopsy or coronary angiography.
The first 84 heart transplant recipients enrolled to prepare
this interim report constituted the study group. Additionally,
5 non-transplant patients of the outpatient clinic agreed to
participate as the control group.

The study group was divided into several subgroups ac-
cording to the patients’ immunosuppressive protocol: the
PCl group (n = 14) with patients receiving EVE or SIR was
further divided into PSI + CNI (n = 4) composed of patients
receiving PSI and CNI (cyclosporine-A or tacrolimus) con-
comitantly, PSIw/oCNI (n = 10) receiving CNI-free immuno-
suppression, and CNIw/oPSI (n = 70) containing patients
treated with cyclosporine-A or tacrolimus without PSI. Basic
characteristics of the study and control groups are present-
ed in Table I.

PSI and CNI doses were determined based on trough
levels monitoring in the whole blood according to the
following target ranges: EVE — 3-8 ng/mL with CNI, and
8-12 ng/mL without CNI; SIR = 8-12 ng/mL with CNI, and
12-20 ng/mL without CNI; cyclosporine-A — below 100 ng/
mL with PSI, and over 100 ng/mL without PSI; tacrolimus
— below 7 ng/mL with PSI later than 12 months after the
surgery, 7-10 ng/mL with PSI within the first 12 months af-
ter the surgery, or without PSI thereafter, and 10-15 ng/mL
without PSI during the 15t year after heart transplantation.
The majority of patients from PSIw/oCNI and CNIw/oPSI
groups received mycophenolate mofetil, which was dosed
according to the serum trough level in order to achieve the
target range of 1.5-2.0 pg/mL.

Serum samples to assess VEGF concentration were col-
lected at the time of elective visits after centrifugation of
a 5 mL whole blood sample and immediately frozen and
stored at =80°C. Further assessment was performed using
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Tab. I. Description of the study and control group

Study PSI PSI + CNI PSIw/oCNI CNIw/oPSI Control

group group subgroup subgroup group group
Number of patients 84 14 4 10 70 5
Age (years) 50+ 17 57 +12 53+14 58+ 11 49 +18 36+13
Gender (M%/F%) 73/27 64/36 100/0 90/10 74/26 60/40
Indication for OHT (CAD%/nCAD%) 34/66 64/36 50/50 30/70 36/64 -
Donor age (years) 32+11 38+38 34+6 40+9 31+x11 -
Donor/recipient gender match (Y%/N%) 66/35 67/33 0/100 89/11 73/27 -
Ischemic time (minutes) 170 £ 54 189 + 69 192 £ 45 188 + 77 167 £ 50 -

PSI — proliferation signal inhibitors, CNI — calcineurin inhibitors, w/o — without, M —
disease, nCAD — no coronary artery disease, Y — yes/positive, N — no/negative

the Quantikine Human VEGF Immunoassay, employing the
quantitative sandwich enzyme immunoassay technique.
A monoclonal antibody specific for VEGF was pre-coated
onto a microplate. Standards and samples were pipetted
into the wells and any VEGF present was bound by the
immobilized antibody. After washing away any unbound
substances, an enzyme-linked polyclonal antibody specif-
ic for the reagent, a substrate solution was added to the
wells and color developed in proportion to the amount of
VEGF bound in the initial step. The color development was
stopped and the intensity of the color was measured by
absorbance at 450 nm, with the correction wavelength set
at 540 nm or 570 nm. Calculation of results of the aver-
age absorbance values for each set of duplicate standards
and samples was performed by the computer using a four-
parameter logistic (4-PL) curve fit.

Results are presented as median and range, as well as
mean * standard deviation. Statistical analysis was per-
formed using non-parametric tests.

male, F — female, OHT — orthotopic heart transplantation, CAD — coronary artery

Results

VEGF was detected in 70 samples (83%) from the study
group patients and 3 samples (60%) from control group
participants. VEGF was present in all 4 patients from the
PSI+CNI subgroup, followed by 13 (93%) patients in the PSI
group, 9 (90%) patients in the PSIw/oCNI subgroup, and 57
(81%) patients from the CNIw/oPSI group. All differences be-
tween groups and/or subgroups were insignificant (x? test).

VEGF median concentration in the study group was
higher than in the control group, and among heart trans-
plant patients it was the highest in the PSIw/oCNI sub-
group, intermediate in the PSI + CNI subgroup, and lower in
the CNIw/oPSI group; however, the differences were insig-
nificant (Mann-Whitney U test). Median and mean values
are presented in Figures 1 and 2.

Discussion

Our expectation, based on the basic knowledge of
physiologic feedback rules of regulatory molecules secre-
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Fig. 1. VEGF serum concentrations [pg/mL] — medians and ranges
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Fig. 2. VEGF serum concentrations [pg/mL] — means and standard
deviations

tion, was confirmed with the results of VEGF measure-
ment obtained for patients receiving or not receiving PSI.
The highest serum concentration was observed in the
PSIw/0CNI group, lower in the CNIw/oPSI group, and inter-
mediate in the PSI + CNI group. A less obvious observation
is that VEGF in the control group was lower than in the
CNIw/oPSI group. However, it should be underlined at this
point that all groups (possibly except CNIw/oPSI) were un-
derpowered to achieve the statistical proof of significance
when differences between groups and/or subgroups are
considered. The low number of participants, especially re-
ceiving PSI, is the main limitation of the current analysis.
Despite this, the current results warrant further investiga-
tion based on a higher number of observations.

Due to the low number of enrolled patients it was not
possible to address the relation of VEGF with acute rejec-
tion [17, 18] and cardiac allograft vasculopathy [19, 20] de-
scribed in the literature. In both cases a significant positive
correlation was described. It should also be mentioned that
gene expression profiling, which is becoming a more and
more popular method to describe the pathology of trans-
planted organs, also suggests that VEGF may play an im-
portant role, at least, in acute rejection of the transplanted
heart [21]. We plan to look for correlations between VEGF
and rejection in the multiplied study group. Additionally,
the potential influence of age, diabetes, lipid abnormali-
ties and statin use on VEGF concentration should also be
a subject of analysis performed in a statistically sufficient
group of heart transplant recipients. Last, but not least, the
possibility of VEGF relation with cytomegalovirus infection
in the population protected by PSl is a very interesting sci-
entific question, especially in the context of controversies
around this issue [22].

Finally, for the same reason of the low number patients
receiving PSI involved in this pilot study, we had to post-
pone our attempt to find the relation between VEGF and
dermatological side effects of PSI. This important problem
observed in heart transplant recipients still awaits a fo-
cused study. At the moment, the influence of a VEGF involv-
ing mechanism in development of skin complications has
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been widely described comprehensively only in the group
of oncologic patients [23-25].
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