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Abstract

Purpose To investigate the association between single nucleotide polymorphisms (SNPs) in endothelial nitric oxide syn-
thase (eNOS) and interleukin-8 (/L-8) genes and risk of developing bevacizumab-related adverse events in metastatic breast
cancer (mBC) patients.

Patients and methods mBC patients candidate to receive bevacizumab-based chemotherapy were enrolled in this pharmacogenetic
study. eNOS c.-813C>T and ¢.894G>T, and IL-8 c.-251 A>T were analyzed by real time PCR on genomic DNA extracted from
peripheral blood. Univariate analysis was performed to test the association between each SNP and treatment-related toxicities.
Results Seventy-six mBC patients were enrolled in the present study. Patients carrying the homozygous variant eNOS c.-
813TT genotype showed a statistically significant occurrence of any grade proteinuria when compared to CT or CC genotypes
(p=0.004). No significant association of proteinuria with /L-8 SNP or hypertension with selected eNOS and IL-8 SNPs
was found.

Conclusions These findings suggest an association between the eNOS c.-813C>T polymorphism and the development of
proteinuria in mBC patients receiving a bevacizumab-based chemotherapy.
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Introduction of tumor angiogenesis and promotes survival of tumor vessels

[1]. However, despite the widespread use of bevacizumab,

The monoclonal antibody bevacizumab (BEV) inhibits the
binding between the vascular endothelial growth factor
(VEGF) and its receptor, which signalling is a key mediator
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predictive biomarkers of efficacy and toxicity have not yet
been identified in cancer patients treated with bevacizumab-
based chemotherapy [2]. The adverse-event and mechanism
of action profiles of bevacizumab make it a suitable drug for
combination with chemotherapeutic agents, such as paclitaxel,
for the treatment of metastatic breast cancer (mBC) patients
[3, 4]. Miller et al. demonstrated that BEV increased progres-
sion-free survival (PFS) when combined with paclitaxel as
first-line treatment in mBC [5]. As a result of down-regulation
of cellular signalling pathways involved in the microvascu-
lature growth and maintenance, adverse events (AEs) may
occur, including hypertension and proteinuria [6, 7]. The
exposure to anti-VEGF determines an increase in the systemic
blood pressure and may cause endothelial dysfunction with
simultaneous disruption of the filtration barrier in glomeru-
lar capillaries [8, 9]. The endothelial nitric oxide synthase
(eNOS) is the major enzyme involved in the VEGF receptor
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2 (VEGFR-2) pathway [10] and, together with its downstream
effector nitric oxide (NO), plays an important role in the main-
tenance of blood vessel integrity and normal renal function
[11, 12]. In addition, interleukin-8 (IL-8), a key mediator of
VEGF-independent pathway, induces angiogenesis increasing
the endothelial permeability [13].

There is accumulating evidence that two eNOS single
nucleotide polymorphisms (SNPs) (c.-813C>T, rs2070744
and ¢.894G>T, rs1799983) are associated with modulation
of eNOS activity and formation of NO [14—18]. Previously
published reports in bevacizumab-treated patient suggested
a relationship between vaso-modulatory factors, BEV, and
genetic variants occurring as SNPs in the eNOS gene. In
particular, the eNOS ¢.894G>T polymorphism seems to be
associated with a higher risk of developing grade 3—4 hyper-
tension and proteinuria in metastatic colorectal cancer patients
treated with bevacizumab [19, 20]. Moreover, the A variant
of IL-8 c.-251T>A polymorphism has been associated with
increased IL-8 production and changes in the promoter tran-
scriptional activity, and it has been previously associated with
bevacizumab-related progression free survival (PES) [20, 21].
However, no previous studies investigated the associations
between hypertension and proteinuria and eNOS and IL-8
SNPs in patients treated with bevacizumab.

In the present study, eNOS and /L-8 polymorphisms
were selected on the basis of the published studies on their
involvement in cardiovascular and renal toxicity, and their
role in a direct or indirect modulation of angiogenesis [20,
22, 23] and the objective was to investigate the correlation
between eNOS ¢.-813C>T, ¢.894C>T, and IL-8 c.-251A>T
polymorphisms with AEs and outcome in mBC patients
treated with bevacizumab-based chemotherapy.

Patients and methods
Patient selection
The study is a mono-institutional pharmacogenetic study

that enrolled breast cancer patients receiving bevacizumab
and paclitaxel as first-line treatment for advanced disease.

Inclusion criteria were: history of advanced (loco-regionally
recurrent or metastatic) breast cancer, histologically con-
firmed human epidermal growth factor receptor 2 (HER?2)
negative disease, age > 18 years old, willingness to undergo
blood sample collection for biological assessments as sched-
uled in the protocol. The study was approved by the Ethics
Committee of Pisa University Hospital and conducted in
accordance with the principles of the Declaration of Hel-
sinki. All patients gave their signed informed consent before
blood collection and data analysis.

Blood sample collection, DNA isolation, and SNP
genotyping

Blood samples were collected in tubes containing EDTA and
stored at — 80 °C until analysis. Genomic DNA was extracted
from 200 pl of whole blood using QIAamp DNA Blood Mini
kit (Qiagen, Valencia, CA, USA) following the manufacturer’s
protocol. The analysis of eNOS c¢.-813C>T, ¢.894C>T, and
IL-8 c.-251 A>T was conducted on a 7900 HT Real Time PCR
(Applied Biosystem, Foster City, CA, USA) according to the
manufacturer’s standard protocol. In Table 1 are reported
name, reference number, molecular effect, and clinical sig-
nificance of the selected polymorphisms.

Statistical analysis

Categorical data were described by absolute and relative
frequencies, whereas quantitative data were reported as
mean and standard deviation. The association between each
gene polymorphism with AEs has been evaluated by Chi-
square test, according to the dominant and the recessive
models of inheritance. Levene’s test and Mann—Whitney
analysis were used to evaluate the different grade of AEs
and SNPs. PFS and overall survival (OS) were defined as
the time from treatment start to progression disease or death,
respectively. The Kaplan—Meier method was used to create
PFES curves and log-rank test was used to evaluate the differ-
ences between curves. Hazard ratio was calculated to com-
pare cumulative risks. Univariate analysis was performed
to evaluate the correlation between clinical parameters

Table 1 Selected eNOS and IL-8 gene polymorphisms and their molecular effects

Gene Complementary  rs number Molecular effect Biological significance References
symbol DNA variant

eNOS  ¢.-813C>T 2070744 Reduced promoter activity of C allele Modulation of NO formation and vasodilation [24, 36]
eNOS  ¢.894G>T 1799983  Reduced enzyme activity of T allele Modulation of NO formation and vasodilation [17, 24]
IL-8 c.-251A>T 4073  Reduced transcriptional activity of Modulation of IL-8 production and inflammation [21]

T allele

rs reference SNPs identification number, SNPs single nucleotide polymorphisms, N number of patients, /L-8 interleukin-8, eNOS endothelial

nitric oxide synthase, NO nitric oxide
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and AEs. Statistical significance was defined by a p value of
0.05. Analysis was performed by MedCalc version 14.8.1.
Toxicity grade is reported following the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) v5.0.

Results

The study included a total of 76 HER2-negative mBC
patients treated from 2008 to 2013 at our institution with
bevacizumab-based chemotherapy for advanced disease, as
per clinical practice. Bevacizumab maintenance, alone or
with hormonal therapy in case of hormone receptor positive
disease, was allowed after paclitaxel discontinuation without
disease progression. Sixty-four patients had hormone recep-
tor (estrogen and/or progesterone) positive tumor, while 12
patients had a triple negative breast cancer. Visceral involve-
ment was present in 60 patients, and 16 patients had non-
visceral disease. Chemotherapy for early stage disease was
administered to 52 patients; in 16 cases, a taxane-containing
regimen was used. Ten patients already had a cardiovascular
comorbidity before the start of the antiangiogenic therapy, 8
patients developed hypertension (all of them were therapy-
controlled), and 2 reported arrhythmias. Main characteristics
of patients are reported in Table 2.

Thirty-seven (49%) patients had a partial response (PR) and
5 (6.5%) had a complete response (CR), while 5 (6.5%) sub-
jects had minor response (MR), 19 (25%) patients had stable
disease (SD) and 7 (9%) had progressive disease (PD). In 3
patients (4%) tumor response cannot be assessed. The median
PFS and OS were 10.9 months (95% CI 9.7-13.8 months) and
38.2 months (95% CI 31-45.9 months), respectively. Fifty-
five patients (72%) developed hypertension and 35 patients
(46%) developed proteinuria. In detail, 39 (71%) and 12 (34%)
patients developed grade 2-3 of hypertension and proteinuria,
respectively. None of the patients experienced grade 4 hyper-
tension or proteinuria.

The calculation of Hardy—Weinberg equilibrium was
performed; nevertheless, polymorphisms were found not to
be in equilibrium. The distribution of SNPs is presented in
Tables 3 and 4, which reports the frequency of patients who
developed toxicities, stratified as per genotype.

Stratifying patients by genotypes and AEs, subjects car-
rying the homozygous mutant eNOS c.-813TT genotype
showed a statistically significant incidence of any grade pro-
teinuria when compared to CC or CT genotypes (p =0.004)
(Table 4, Fig. 1). Univariate analysis was performed con-
sidering clinical parameters and proteinuria development,
such as age, site of disease, and number of metastatic sites.
None of them was significantly associated with any grade
proteinuria, confirming the role of the eNOS c¢.-813TT gen-
otype as independent predictive biomarker for the risk of
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Table 2 Characteristics of patients
Clinical parameters N=76 %
Years of age—median (range) 52.5 (34-74)
Hormonal status

ER+/PgR+ 64 84

ER—/PgR— 12 16
Previous (neo) adjuvant chemotherapy

None 24 32

Anthracycline 24 32

Taxane 16 21

Other 12 16
Previous hormonal therapy®

Adjuvant setting 47 62

Metastatic setting 24 32
Location of disease

Breast 13 17

Visceral 60 79

Bone-only 3 4
Stage at initial diagnosis

Stage I 12 16

Stage 11 25 33

Stage III 21 28

Stage IV 17 22

Unknown 1 1.3
Cardiovascular comorbidities

Hypertension 8 11

Other 2 3

*Previous hormonal therapy includes ER+/PgR+ patients only, ten of
whom received hormonal therapy both in adjuvant and metastatic set-
ting

Table 3 Frequency of eNOS and IL-8 SNPs in patients treated with
bevacizumab-based chemotherapy

SNP Genotype N %
eNOS c.-813C>T TT 19 25
TC 28 36.9
CC 29 38.1
eNOS c.894G>T GG 31 40.8
GT 40 52.6
TT 5 6.6
IL-8 c¢.-251 A>T* TT 17 24
TA 43 60.5
AA 11 15.5

SNPs single nucleotide polymorphisms, N number of patients, /L-8
interleukin-8, eNOS endothelial nitric oxide synthase

¥Five samples were not available for the molecular analysis of IL-8

@ Springer



1222

Cancer Chemotherapy and Pharmacology (2019) 84:1219-1227

Table 4 Associations of

i . SNPs Hypertension Proteinuria
bevacizumab-related specific
toxicities and eNOS/IL-8 SNPs* GO G1-3 p value GO G1-3 p value
eNOS c.-813C>T
TT 4(22.2%) 14 (77.8%) 0.78 4 (22.2%) 14 (77.8%) 0.004
CT+CC 14 (25.5%) 41 (74.5%) 34 (61.8%) 21 (38.2%)
eNOS c.894 G>T
TT 0 (0%) 5 (100%) 0.92 3 (60%) 2 (40%) 0.71
GT+GG 18 (26.5%) 50 (73.5%) 35 (51.5%) 33 (48.5%)
IL-8 ¢.-251A>T
TT 531.3%) 11 (68.7%) 0.41 9 (56.2%) 7 (43.8%) 0.67
TA+AA 11 (21.2%) 41 (78.8%) 26 (50%) 26 (50%)

SNPs single nucleotide polymorphisms, G 0 grade zero toxicity—no toxicity, G /-3 grade 1-3 toxicity, rs
reference SNP identification number, eNOS endothelial nitric oxide synthase, IL-8 interleukin-8, *in three
patients the clinical information on hypertension or proteinuria is not available

proteinuria development in mBC patients treated with beva-
cizumab (Table 5). Figure 2 shows the possible mechanisms
underlying our findings.

No significant correlation of eNOS ¢.894G>T and IL-
8 ¢.-352A>T and proteinuria was found (Table 4, Fig. 1).
Moreover, eNOS and IL-8 SNPs failed to show any signifi-
cant correlation with hypertension (Table 4, Fig. 1) or PFS
and OS (p>0.05, Fig. 3).

Discussion

The present study analysed selected polymorphisms in the
eNOS and IL-8 and their associations with AEs in mBC
patients receiving bevacizumab-based chemotherapy, dem-
onstrating a significant correlation between the develop-
ment of any grade proteinuria and the c.-813TT genotype.
Several studies investigated the role eNOS and IL-8 poly-
morphisms as biomarkers owing to their role in VEGF-
dependent and independent pathways [6, 7, 20, 21, 24,
25]. In particular, there is accumulating evidence that two
eNOS SNPs (c.-813C>T and ¢.894G>T) are associated
with decreased eNOS activity and formation of NO [14-17,
26-28]. A research investigating the role of eNOS, VEGF,
and endothelin-1 (ET-1) polymorphisms in 255 metastatic
renal cancer patients treated with the anti-VEGFR suni-
tinib showed that the presence of a particular haplotype in
VEGFA and the eNOS c.-813C>T SNP were independent
predictors for the risk of developing grade 3 hyperten-
sion (p=0.031 and p =0.045, respectively) [29]. These
results highlighted the correlation between germline SNPs
and the development of hypertension in patients treated
with anti-VEGF drugs [30-33]. However, another study
in patients affected by hepatocarcinoma failed to show a
statistically significant association between eNOS poly-
morphisms and hypertension in patients treated with
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Table 5 Univariate analysis clinical variables influencing proteinuria

Variable OR (95% CI) p value

Age (<49 vs. > 49)

Disease sites (visceral vs. no
visceral)

0.4583 (0.1762-1.1921) 0.1097
0.7621 (0.2442-2.3783) 0.6399

Number of metastatic sites (< 3
vs. > 3)

1.9636 (0.7545-5.1103) 0.1667

sorafenib, but an association between hypertension and
a better clinical outcome was observed [34]. In particu-
lar, the study showed that patients with increased systolic
or diastolic blood pressure after 15 days of treatment
with the anti-VEGFR sorafenib had better PFS and OS
(p=0.005 and p=0.027, respectively) [34]. In our study,
we showed for the first time a statistically significant asso-
ciation of proteinuria and the eNOS c.-813TT genotype
compared to patients carrying the CC or CT genotype
(p =0.004). The development of proteinuria is probably
due to a dysfunction of glomerular endothelial cells [35],
due to the protective role of eNOS against renal damage

[30]. The eNOS c.-813C>T polymorphism is associated
with reduced transcriptional activity of the C allele [36,
37]. Conversely, subjects’ carriers of the eNOS c.-813T
allele have a normal or enhanced eNOS expression and NO
formation [24]. eNOS plays an important role as mediator
of renal endothelial functions as its expression is up-reg-
ulated in the afferent and glomerular endothelium in asso-
ciation with an increase in diameter of afferent arterioles,
glomerular volume, and filtration rate [38, 39]. Moreo-
ver, genetic association studies showed that the eNOS c.-
813C>T polymorphism may be implicated in the develop-
ment of nephropathy [40, 41] and this finding may explain
the increased occurrence of proteinuria in patients’ carrier
of the eNOS ¢.-813TT genotype as showed in our study.
Nevertheless, these results need to be further investigated
in studies evaluating additional gene regulation mecha-
nisms. Recently, Di Salvatore et al. found an association
between bevacizumab-related adverse events and survival
and eNOS and IL-8 SNPs [19, 20]. In 120 metastatic colo-
rectal cancer patients treated with FOLFOX regimen plus
bevacizumab, the eNOS c.894TT genotype was associ-
ated with higher grades of hypertension and proteinuria

Fig.2 Pre-transcriptional
effects of eNOS ¢.-813C>T
polymorphisms and association
with proteinuria. The c.-813T

eNOS ¢.-813TT

eNOS ¢.-813CT or CC

variant in the promoter region
of the eNOS gene is associ-
ated with higher transcriptional
activity and NO production than
c.-813 C variant. eNOS c.-813
TT genotype may be associated
with renal capillaries vasodila-
tion and a consequent increase
of the diameter of afferent
arterioles, glomerular volume,
filtration rate, and proteinuria

Renal vasodilation and increasing of:

-diameter of afferent arterioles

Normal glomerular volume
and filtration rate

-glomerular volume

-filtration rate

Proteinuria
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(p=0.0002). Moreover, patients carrying c.894TT geno-
type had a better PFS compared to patients carrying c.894
GG/GT genotype (p=0.049) [19, 20]. Even if the role of
the eNOS SNP was confirmed as predictive biomarker of
AEs, no significant correlation between eNOS ¢.813C>T
and ¢.894G>T SNPs and clinical outcomes (PFS and OS)
was found in our study, probably because of the different
type of disease and treatments. On the contrary, IL-8 c.-
251T>A and eNOS c.-894G>T SNPs were significantly
associated with treatment outcome of bevacizumab in 31
metastatic breast cancer patients [19]. Concerning the IL-
8 gene, the A variant of the c.-251A>T polymorphism is
associated with increased IL-8 production and activation
of transcriptional activity [21]. In fact, high levels of IL-8
in tumour vessels stimulate the production of the vasodila-
tors NO and prostacyclin, and may promote the endothe-
lial dysfunction and the deregulation of blood pressure
[42]. Patients carrying this SNP may have an unfavour-
able genetic profile [21] and it was demonstrated that
IL-8 could be a molecular predictor of response to beva-
cizumab-based chemotherapy [19]. Moreover, a published
study showed the involvement of IL-8 as a risk factor of
severe pregnancy-related disorder (i.e., hypertension, pro-
teinuria, and multiple organ damage) and it was observed
a significantly higher frequency IL-8 c.-251A allele in
cases compared to the control group [42]. Nevertheless,
in our study, no significant association between /L-8 SNP,
bevacizumab-related toxicities, and PFS/OS was observed.
Although our results are stimulating and hypothesis-gen-
erating, our study is limited by its retrospective nature,
the small sample size, and the limited number of SNPs
evaluated. However, it would be interesting to evaluate the
possible correlation between eNOS ¢.-813C>T polymor-
phism and proteinuria in a larger validation cohort. Moreo-
ver, the current approach to correlate bevacizumab-related
AE:s to a single SNP may be replaced by a network-based
approach to evaluate the interaction between different mul-
tiple SNPs (i.e., haplotype) and AEs. Further studies are
needed to understand the influence of the eNOS variants in
relation to the inhibition of the VEGF pathway.
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