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VEGF-A165b levels are reduced in 
breast cancer patients at primary 
diagnosis but increase after 
completion of cancer treatment
Maria Margarete Karsten1,7*, Maximilian Heinz Beck1,7, Angela Rademacher2,3, Julia Knabl2, 
Jens-Uwe Blohmer1, Julia Jückstock2, Julia Caroline Radosa  4, Paul Jank5, Brigitte Rack2,6 & 
Wolfgang Janni6

The antiangiogenic splice variant VEGF-A165b is downregulated in a variety of cancer entities, but 
little is known so far about circulating plasma levels. The present analysis addresses this question and 
examines circulating VEGF-A/VEGF-A165b levels in a collective of female high-risk breast cancer patients 
over the course of treatment. Within the SUCCES-A trial 205 patients were recruited after having 
received primary breast surgery. Using ELISA VEGF-A/VEGF-A165b concentrations were determined and 
correlated to clinical characteristics (1) before adjuvant chemotherapy, (2) four weeks and (3) two years 
after therapy and compared to healthy controls (n = 107). VEGF165b levels were significantly elevated 
after completion of chemotherapy. Within the breast cancer cohort, VEGF-A165b levels increased two 
years after completion of chemotherapy. VEGF-A plasma concentrations were significantly elevated in 
the breast cancer cohort at all examined time points and decreased after treatment. VEGF-A levels two 
years after chemotherapy correlated with increased cancer related mortality, no such correlation could 
be found between VEGF-A165b and the examined clinical characteristics. Compared to controls, VEGF-A/
VEGF-A165b ratios were decreased in patients before and after chemotherapy. Our data suggests 
that circulating VEGF-A165b is significantly reduced in women with primary breast cancer at time of 
diagnosis; furthermore, levels change during adjuvant treatment.

Already in the 19th century, the great pathologist Rudolf Virchow described the abundant vascularization found 
in many tumors1. However, almost another century needed to pass until Senger discovered in 1983 a protein 
which led to a strong increase in the permeability of abdominal vasculature which he therefore named “vascular 
permeability factor”2. In 1989 Ferrara and colleagues found a heparin binding growth factor that specifically acti-
vated vascular endothelial cells and coined the term vascular endothelial growth factor VEGF3. Now we know 
that VEGF is not only one protein, but rather a family of growth factors with a similar protein structure but differ-
ent abilities. Seven different human glycoproteins termed VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placental 
like growth factor (PlGF) have been identified so far4.

VEGF-A is a family of different isoforms (VEGF-A121, VEGF-A165, VEGF-A183, VEGF-A189, VEGF-A206 
and VEGF-A165b) with different functions and sizes. The coding gen for it lies on chromosome 6p21.35 and con-
sists of eight exons and seven introns6. Alternative splicing at exon six and seven as well as at the proximal end of 
exon 8a leads to a variety of proangiogenic isoforms of VEGF.

In 2002 Bates et al.7 were the first to describe a new splice variant that differed from the known ones in 
its biologic function. This splice variant named VEGF-A165b deviates from VEGF-A in six amino acids at the 
carboxy terminal 3′ end changing the exonic structure from CDKPRR to SLTRKD and from an angiogenic to 
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antiangiogenic function8. It was postulated that the switch from a positive charged arginine in the proangiogenic 
isoform to the neutral aspartic acid and lysine in the antiangiogenic splice variant is the reason for a difference 
in function and altered binding to VEGF receptor 29. In part, this seems to be due to a missing disulfide bridge 
because of the changed amino acid sequence and therefore the inability to bind the co-receptor Neuropilin-1, 
causing only a partial activation of the intracellular signaling cascade10.

There has been new work by Ganta et al. showing that VEGF-A165b also inhibits VEGF Receptor 1 related 
Signal Transduction and Activator of Transcription 3 (STAT3) signaling. VEGF-A165b is thereby able to decrease 
VEGF-A mediated activation of VEGFR1 causing a reduced neovascularization11. This is also of special interest 
as STAT3 and the IL-6/JAK2/STAT3 pathways have been identified as the key driver of CD44 + CD24 – cells 
that have stem cell like characteristics and are thought to be influential in metastasis and therapy resistance in 
advanced breast cancer12–14.

In the last twenty years, VEGF receptors have been identified as a key target in modern cancer therapies. 
Multiple substances aim at different domains of the receptor often by binding to the Adenosine Triphosphate 
(ATP) pocket of the protein kinase domain15. Antiangiogenic therapy therefore is a mainstay in treating multiple 
cancer entities. Substances like Bevacizumab as well as Tyrosine kinase inhibitors were approved for the treatment 
of various malignancies16. However antitumor response to Bevacizumab for breast cancer patients was not as 
hoped for, which lead to a revision regarding the Federal Drug Administrations (FDA) decision due to incon-
clusive results regarding the overall survival benefits17. These mixed results might be caused by a wrong patient 
selection because of a lack of markers to identify those breast cancer patients who might truly benefit from antian-
giogenic therapy. There has been different studies looking at the role of VEGF splice variants in colon cancer and 
there relevance about resistance to Bevacizumab18,19.

While VEGF-A and its role in breast cancer has been studied extensively, not much is known regarding 
the splice variant VEGF-A165b in this cancer entity. To our knowledge, this is the first work that investigates 
VEGF-A165b levels in breast cancer patients before, during and after adjuvant chemotherapy.

Methods
The aim of the present study was to further investigate the role of the vascular growth factors VEGF-A and 
VEGF-A165b as well as their distribution and possible prognostic value in patients with primary high-risk breast 
cancer. Therefore, we analyzed circulating blood levels of VEGF-A and VEGF-A165b in breast cancer patients 
after having received primary surgery (n = 205). Blood samples were collected before initiation and after comple-
tion of adjuvant chemotherapy and results were compared to healthy controls (n = 107).

Study design. We recruited all our patients from the SUCCESS-A trial20 (EudraCT 2005-000490-21). The 
ethic committee of the Ludwig-Maximilians-University Munich approved the study. Written informed consent 
was obtained from all patients before study inclusion.

The SUCESS-A trial is a multi-center randomized Phase-III study that compares two different regimes of 
adjuvant chemotherapy for patients with high-risk breast cancer after having received either breast-conserving 
surgery or mastectomy. Between 2005 and 2007 3754 patients were included and randomized to two arms, receiv-
ing either three cycles of epirubicin, fluorouracil and cyclophosphamide followed by three cycles of docetaxel or 
three cycles of docetaxel combined with gemcitabine. After completion of chemotherapy, patients received endo-
crine therapy depending on the histological hormone receptor status of the tumor. Premenopausal patients were 
treated with tamoxifen for five years, while postmenopausal patients were treated with tamoxifen for two years 
followed by three years of anastrozol. HER2-positive patients received usually one year of trastuzumab. Further 
details are published elsewhere21.

Patients. To achieve interindividual comparability we only analyzed patients, who received adjuvant chemo-
therapy with three cycles of epirubicin, fluorouracil and cyclophosphamide followed by docetaxel. Within the 
SUCCESS-A study 205 patients with available blood samples were recruited for our analysis. Patients had to meet 
the following inclusion and exclusion criteria, which correspond to those of the SUCCESS-A study:

Inclusion criteria. Included were female patients with initial diagnosis of invasive epithelial breast cancer 
stage I-IIIC (pT1-4) according to the TNM classification system. Further inclusion criteria were the histological 
evidence of axillary lymph node metastasis or, for node-negative patients, one or more of the following high-risk 
criteria: age ≤ 35, pT ≥ 2, poor grading (G3) or negative hormone receptor status. R0-resection and good general 
medical condition for inclusion were also required. Minimum age for inclusion was at 18 years.

Exclusion criteria. Patients with inflammatory breast cancer, distant metastasis (cM1) or secondary malig-
nancies were excluded from this trial. Previous adjuvant, neoadjuvant cytotoxic, or radiotherapies were not per-
mitted. Pregnant or breastfeeding women were also not included in this trial.

Control group. We recruited a control cohort of 107 healthy premenopausal women between age 18 and 35. 
At the time of study inclusion, all women completed a questionnaire regarding their medical history. Women with 
pregnancy, recent surgery or major trauma within the last six months, acute infection within the last two months, 
long-term medications except of oral contraceptives, medical history for any kind of malignancy, or chronic 
inflammatory diseases were excluded from this study to avoid falsifying effects on VEGF plasma levels.

Blood analysis. Peripheral venous blood samples were collected from breast cancer patients at prede-
fined time points: (1) before the initiation of chemotherapy (blood sample one = BS 1), (2) within 28 days after 
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completion of chemotherapy (blood sample two = BS 2) and (3) two years after chemotherapy (blood sample 
three = BS 3). Blood samples were collected once in the control cohort.

We compared VEGF-A and VEGF-A165b levels between breast cancer patients and controls. Furthermore, we 
analyzed changes in circulating VEGF-A and VEGF-A165b levels in the breast cancer cohort over the period of 
investigation. The measured VEGF-A and VEGF-A165b values were correlated with the clinical outcome param-
eters (cancer-related mortality and recurrence rate). The ratio of VEGF-A165b to total VEGF-A was calculated 
for patients with sufficient probe material ethylenediaminetetraacetic acid (EDTA) plasma) at all examined time 
points. VEGF-A165b/VEGF-A ratios of breast cancer patients were analyzed over the course of investigation and 
compared to those of controls.

As there is little data available regarding the appropriate probe material for circulating VEGF-A165b deter-
mination, blood levels of VEGF-A and VEGF-A165b were measured in EDTA and serum blood samples for 
both patients and controls. Using a matched samples analysis, we compared the used probe material (serum 
and EDTA-plasma) within the breast cancer and control cohort. All samples were measured in duplicate. Only 
samples with sufficient material for a duplicate analysis were included. Due to insufficient probe volume for a 
complete analysis or non-existence, probe numbers might vary between the examined time points.

ELISA. Blood VEGF-A and VEGF-A165b levels were determined using a commercially available ultrasensi-
tive sandwich ELISA kit (DuoSet Human VEGF165 (Cat. No. DY293B), DuoSet Human VEGF -A165b (Cat. No. 
DY3045); R&D Systems, Inc. (Minneapolis, USA)). In brief, monoclonal antibodies specific for the particular 
VEGF, coated onto a micro well plate, were used to sequester VEGF-A or VEGF-A165b from the added serum or 
EDTA samples. An enzyme-linked detection antibody specific for the particular VEGF was added, followed by a 
substrate solution for quantification. The optical density was determined immediately using a microplate reader 
(Dynatech-Laboratories (Guernsey, GB)). There is data showing that the above-mentioned Elisa might also detect 
the splice variant VEGF-A189b. However, the fraction probably is very small and there is currently no method to 
detect this specific splice22 variant and therefore it is not possible to determine the exact ratio. Detection limit for 
the VEGF-A165b Elisa was below 36 pg/ml.

Statistical analysis. Statistics were calculated using R, Version 2.15.2 software. All determined VEGF-A and 
VEGF-A165b values are expressed as the arithmetic mean of the duplicate analysis. All data was examined for nor-
mal distribution. The Friedman test was applied on unconnected data samples and the Wilcoxon-Mann-Whitney 
tests on connected samples. A contingency table was calculated using the exact Fisher test and Chi-Square 
method. To illustrate the dependence between tumor characteristics and VEGF-A and VEGF-A165b distribution 
a multiple linear regression model was created. Survival curves were calculated according to the Kaplan-Meier 
method. Depending on VEGF-A and VEGF-A165b levels, patients were categorized into three groups at the 
respective time of blood collection:

Patients with low scores. ≤ 25th quantile (Q0.25) for VEGF-A and 0 for VEGF-A165b.

Patients with intermediate scores. 25th quantile to 75th quantile (Q0.25-Q0.75) for VEGF-A and > 75th 
Quantile (0-Q0.75) for VEGF-A165b.

Patients with high scores. >75th quantile (Q0.75) for VEGF-A and VEGF-A165b.
The significance level of all tests was defined to be alpha <0.05 (*<0.05; **<0.01; ***<0.001; ****<0.0001). 

The Holm-Bonferonni method was applied to correct for multiple comparison. Unless stated otherwise, all data 
is expressed as the mean ± SD. Detailed results are published in the supplementary section.

Ethical approval. All applicable international, national and institutional ethics guidelines were followed. 
This article does not contain any studies with animals.

Informed consent. Informed consent was obtained from all individual participants included in the study.

Results
Clinical characteristics. We included 205 patients with high-risk breast cancer after primary surgery and 
107 healthy control subjects in this study. The observation period reached from the day of surgery to the time of 
death or the last observation date. The median follow-up time was 5.5 years. The average age at the first time of 
blood collection was 39 (21–65) years in the breast cancer cohort compared to 24 (18–44) years in the control 
cohort. All individuals of the control cohort were premenopausal women and most of the breast cancer patients 
were premenopausal (180/205). All breast cancer patients received adjuvant chemotherapy with 5-fluoroura-
cil, epirubicin and cyclophosphamide, followed by docetaxel. Patients after breast conserving therapy (n = 141) 
received mandatory radiotherapy, patients after mastectomy (n = 64) only in cases of coexisting risk factors. In 
total, 180 patients received adjuvant radiation starting after chemotherapy. Premenopausal patients with positive 
hormone receptor status received endocrine therapy with tamoxifen for five years (n = 121), postmenopausal 
patients tamoxifen for two years, followed by anastrozole for further three years (n = 22). Patients with positive 
human epidermal growth factor receptor 2 (HER2) receptor status received trastuzumab for one year (n = 55). 
Further details are shown in Table 1.

Probe material associated differences between serum and EDTA plasma levels. At all examined 
time points, VEGF-A serum levels have been found to be significantly higher than EDTA plasma values, both for 
breast cancer patients (p < 0.0001) and healthy controls (p < 0.0001) as can be seen in Fig. 1. Similar results have 
been published before27. Within the control cohort VEGF-A165b EDTA plasma levels were elevated compared 
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to serum levels (p < 0.0001). Results for the breast cancer cohort are more heterogeneous: Before the initiation of 
chemotherapy VEGF-A165b, serum levels were significantly higher than plasma concentrations (p < 0.0001). The 
results of the second and third blood collection were more in line with observations in the control group. Blood 
samples after completion of chemotherapy tended to be higher in EDTA plasma, but this difference did not reach 
statistical significance (p = 0.195). Two years after completion of chemotherapy, VEGF-A165b levels in EDTA 
plasma were again significantly higher than serum levels (p < 0.0001).

We focused our further analysis on VEGF plasma levels to minimize falsifying effects caused by thrombo-
cyte VEGF production28. Only EDTA plasma levels are reported in the further section. Results for VEGF-A and 
VEGF-A165b serum levels are shown in the supplementary section.

VEGF-A. We found a broad interindividual variability of VEGF-A plasma levels, both for breast cancer patients 
and healthy controls. At all studied time points VEGF-A plasma concentrations were significantly elevated in the 
breast cancer cohort compared to the control group [p (BS 1/2/3) < 0.0001]. Furthermore, breast cancer patients 
showed significantly less non-measurable values (0) at all times of blood collection (p (BS 1/2/3) < 0.0001].

n (%) n (%)

Axillary lymph node involvement Histology†

nodal-negative (N0) 87 (42) carcinoma of no specific type 180 (88)

1–3 involved lymph nodes 84 (41) invasive lobular carcinoma 12 (6)

4–9 involved lymph nodes 26 (13) other carcinoma 12 (6)

≥ 10 involved lymph nodes 8 (4) Grading†

Hormone receptor status G1 5 (2)

Negative 62 (30) G2 95 (46)

Positive 143 (70) G3 104 (52)

Estrogen receptor statusa HER2 status†

negative 74 (36) negative 139 (68)

positive 130 (64) positive 62 (32)

Progesterone receptor statusa Recurrence free survival

Negative 85 (41) no recurrence 168 (82)

Positive 119 (59) recurrence 37 (18)

Tumor sizea Overall survival

pT1a-c 95 (46) survived 186 (91)

pT2 100 (49) deceased 19 (9)

pT3 8 (5)

Table 1. Clinical-pathological characteristics. aHormone receptor status, histology and grading not known in 
one case. Tumor size not known in two cases. HER2 status not known in four cases.

BS 1 BS 2 BS 3 control BS 1 BS 2 BS 3 control

VEGF 165b (serum) VEGF 165b (plasma)

0
50

15
0

10
0

[pg/ml][pg/ml]

0
50

15
0

10
0

20
0

A B

Figure 1. Probe associated material differences. (A) Patients’ VEGF-165b serum levels are plotted in a box plot 
diagram over the course of treatment: initiation of chemotherapy (blood sample 1 = BS 1), after completion of 
chemotherapy (blood sample 2 = BS 2) and two years after completion of therapy (blood sample 3 = BS 3) and 
for healthy controls (control). (B) Accordingly, VEGF-165b plasma values are displayed.
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Within the breast cancer cohort, we found no significant difference in VEGF-A concentrations before and 
after chemotherapy as shown in Fig. 2. Two years after completion of chemotherapy, VEGF-A plasma levels were 
significantly elevated compared to the blood collection before initiation of chemotherapy (p = 0.027). However, 
no significant difference was found between blood sample two and blood sample three (p = 1.000).

VEGF-165b. We found a broad interindividual variability of VEGF-A165b plasma levels, both for breast cancer 
patients and healthy controls.

VEGF-A165b concentrations after completion of chemotherapy tended to be significantly higher than those 
in the control cohort (p = 0.040). No detectable differences could be found between the other examined blood 
samples (BS 1 and BS 3) and controls. Interestingly, breast cancer patients showed significantly more often 
non-measurable values (0) at blood sample one and two compared to controls (p (BS 1) = 0.030, p (BS 2) < 0.001]. 
The number of patients with measurable values increased again at blood sample three two years after completion 
of chemotherapy and no significant difference could be detected anymore (p = 0.567).

Within the breast cancer cohort, VEGF-A165b plasma levels were significantly increased two years after com-
pletion of chemotherapy compared to the blood samples before chemotherapy (p < 0.0001). There was no signif-
icant difference between blood sample one and two (p = 0.330).

Correlation between clinical characteristics and VEGF-A/VEGF-A165bb plasma levels. As 
described in the method section, breast cancer patients were categorized into three groups depending on their 
VEGF-A and VEGF-A165b plasma values: Patients with low, intermediate or high plasma levels.

We could not detect any dependency between VEGF-A levels and relapse rate at any of the examined time 
points (p > 0.05, Log Rank test). While high VEGF-A levels did not correlate with cancer related mortality rate 
at the blood samples collected before and after chemotherapy (blood sample one and two), a significant correla-
tion between high plasma VEGF-A levels and increased cancer related mortality rate was found at blood sample 
three (two years after completion of chemotherapy), Fig. 3. It is noteworthy that significance was reached by only 
two deaths in the high plasma level group (7% mortality rate, 2/29) compared to no deaths in the low (0/29) and 
intermediate level group (0/58).

No relationship was found between VEGF-A165b values and relapse-rate or overall survival at any of the 
examined time points (p > 0.05, Log Rank test).

VEGF-A165b/VEGF-A ratios. Compared with healthy controls, the ratio of plasma VEGF-A165b to 
VEGF-A was significantly lower in breast cancer patients before the initiation of chemotherapy (p = 0.0026 (BS1)) 
and at the blood sample after completion of chemotherapy (p = 0.0004 (BS2). No significant differences were 
detected between controls and study patients two years after completion of chemotherapy.

Within the breast cancer cohort, VEGF-A165b/VEGF-A ratios did not significantly differ before and after 
chemotherapy. Notably a statistical trend could be observed in the matched paired analysis (p = 0.0827).

Discussion
We found VEGF-A levels to be elevated at all examined time points in the breast cancer cohort compared to 
healthy individuals, these results are in line with previously published data23. Therefore, we focus our further 
interest on VEGF-A165b lacking so far on broad clinical data.
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Figure 2. VEGF-A and VEGF-165b plasma levels. (A) Box plot diagram of VEGF-A plasma levels for breast 
cancer patients before initiation of chemotherapy (blood sample 1 = BS 1), after completion of chemotherapy 
(blood sample 2 = BS 2), two years after completion of therapy (blood sample 3 = BS 3) and for healthy controls 
(control). (B) Accordingly, VEGF-165b plasma values are displayed. (C) Ratio of VEGF-165b to VEGF-A 
plasma levels for breast cancer patients over the course of treatment and for healthy controls. Data is displayed 
as median and 95% Confidence interval (n.u. = no unit, **p < 0.01, ***p < 0.001).
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VEGF-A165b was first described by Bates et al.7 in 2002 and was discovered in renal tissue noting that there 
was a PCR band less often found in tumor tissue than in the surrounding healthy tissue7. Since then, it has 
been described in a variety of tissues and shown to be downregulated in cancer8 and diabetic retinopathy24 but 
it is upregulated in conditions like systemic sclerosis and peripheral artery disease (PAD)11. VEGF-A165b is 
described, as the dominant splice variant in healthy tissue but there seems to be a switch to the pro-angiogenic 
version in the case of tumor development7,25,26. Furthermore, many epithelial tumors show reduced lev-
els of VEGF-A165b compared to healthy tissue10. Most work in trying to understand the role and function of 
VEGF-A165b has been done in tissue or animal models and only three studies so far have investigated circulating 
VEGF-A165b levels in humans, one in the blood of healthy individuals8, one in women with preeclampsia27 and 
one in patients with colon cancer19.

To our knowledge, we are the first to show VEGF-A165b levels in the blood of breast cancer patients before, 
during, and after their cancer treatment. Besides matching VEGF-A165b levels to clinical tumor characteristics, 
we compared them to blood levels found in a cohort of healthy women.

There was a wide distribution of VEGF-A165b levels in both groups. Out of 95 healthy women, 34% (32/95) 
had undetectable levels. This finding is in line with previous published data where as much as 48% (11/23) 
patients had undetectable blood levels8. This is surprising since VEGF-A165b was described as the dominant 
splice variant in tissue28. Concordantly, one could expect detectable plasma levels in all examined probes, a pos-
sible explanation for the discrepancy between tissue expression and circulating levels could be that VEGF-A165b 
acts more as a local mediator than as a soluble and circulating protein. Another or additional explanation might 
be an insufficient sensitivity of the available ELISA Kit for which the detection limit in our experiments was 
36 pg/ml. On the other side, we also found very high VEGF-A165b levels in selected individuals, reaching up to 
1354 pg/ml. Despite the broad range of VEGF-A165b levels, we are able to demonstrate a significant difference 
between breast cancer patients and healthy controls.

Breast cancer patients showed significantly more often an undetectableVEGF-A165b level before and after 
completion of chemotherapy compared to healthy women. Furthermore, at time point three two years after pri-
mary surgery the levels of VEGF-A165b has risen significantly compared to the first two time points, while there 
was no significant difference compared to the control group. Interestingly, the 75% Quantile of the levels meas-
ured in the breast cancer cohort was at time point three above the levels found at the healthy cohort.

Bunni et al. showed in colon cancer patients that the ratio of VEGF-Axxxb to pan VEGF could be useful as 
a biomarker to select those patients, who might benefit from Bevacizumab therapy. They were able to show a 
correlation between progression free survival and less than median VEGF-Axxxb to pan VEGF ratio19. While we 
couldn’t demonstrate a significant difference regarding the VEGF-A165b to VEGF-A ratio, we found a statistically 
highly significant difference between breast cancer patients and control group. The lacking statistical difference 
between the patient’s groups might be explained by patient selection and comparatively few recurrences and 
deaths. Notably, there was a statistical trend for a change of the VEGF-A165b to VEGF-A ratio during and after 
treatment. One questions that needs further work and validation in a larger cohort is to determine what the 
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Figure 3. Overall survival in dependency of VEGF-A. (A) Showing a Kaplan-Meyer plot: The overall survival is 
shown in dependency of the VEGF-A plasma levels two years after completion of chemotherapy. Low VEGF-A 
values are plotted in black, intermediate in red and high values in green. (B) The tables are showing detailed 
data about overall survival in relationship to the VEGF-A levels before initiation of chemotherapy (blood 
sample 1 = BS 1), after completion of chemotherapy (blood sample 2 = BS 2) and two years after completion of 
therapy (blood sample 3 = BS 3).
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“average” VEGF-A165b to VEGF-A level for breast cancer patients is and if this correlates with outcome following 
Bevacizumab treatment.

The findings of this study demonstrate, despite a wide inter individual range of VEGF-A165b levels, statisti-
cally significant differences between healthy individuals and breast cancer patients and a change of VEGF-A165b 
levels over the course of cancer treatment to reach normal or above normal levels two years after finishing treat-
ment. If those initially reduced VEGF-A165b levels are caused by breast cancer or are induced by surgery and 
chemotherapy cannot be concluded at this point. Bunni et al. described no significant changes in VEGF-A levels 
before and after surgery in a collective of 18 patients with colon cancer. So, one might speculate that the observed 
reduction of VEGF-A165b might be induced by tumor related mechanisms Further studies with larger patient 
collectives should address this question. Therefore, it will be important to examine VEGF-A165b levels at primary 
diagnosis of breast cancer before any medical or surgical intervention. However, the fact that a large percentage 
of women in the breast cancer cohort had at time point one undetectable levels is in concordance with the fact 
that the expression of VEGF-A165b is downregulated in a large variety of cancers8,10,29,30. A possible explanation 
might be that the protein is downregulated at tissue level and thereby reduced in the soluble compartment to a 
level where it is undetectable by the available ELISA kit.

The identification of predictive markers concerning antiangiogenic cancer therapies is an important goal. 
Bates et al. were already able to show that a low VEGF-A165b /VEGF ratio was a predictor for a better response to 
Bevacizumab in metastatic colon cancer patients31. If VEGF-A165b could be, a useful surrogate marker to select 
patients for antiangiogenic therapies needs still to be evaluated in further studies and examined in a randomized 
controlled trial.

Received: 11 September 2019; Accepted: 30 January 2020;
Published: xx xx xxxx

References
 1. Ferrara, N. VEGF and the quest for tumour angiogenesis factors. Nat. Rev. Cancer 2, 795–803, https://doi.org/10.1038/nrc909 

(2002).
 2. Senger, D. R. et al. Tumor cells secrete a vascular permeability factor that promotes accumulation of ascites fluid. Sci. 219, 983–985 

(1983).
 3. Ferrara, N. & Henzel, W. J. Pituitary follicular cells secrete a novel heparin-binding growth factor specific for vascular endothelial 

cells. Biochem. Biophys. Res. Commun. 161, 851–858, https://doi.org/10.1016/0006-291X(89)92678-8 (1989).
 4. Rennel, E. S., Harper, S. J. & Bates, D. O. Therapeutic potential of manipulating VEGF splice isoforms in oncology. Future Oncol. 5, 

703–712, https://doi.org/10.2217/fon.09.33 (2009).
 5. Vincenti, V., Cassano, C., Rocchi, M. & Persico, G. Assignment of the vascular endothelial growth factor gene to human chromosome 

6p21.3. Circulation 93, 1493–1495 (1996).
 6. Tischer, E. et al. The human gene for vascular endothelial growth factor. Multiple protein forms are encoded through alternative 

exon splicing. J. Biol. Chem. 266, 11947–11954 (1991).
 7. Bates, D. O. et al. VEGF165b, an inhibitory splice variant of vascular endothelial growth factor, is down-regulated in renal cell 

carcinoma. Cancer Res. 62, 4123–4131 (2002).
 8. Woolard, J. et al. VEGF165b, an inhibitory vascular endothelial growth factor splice variant: mechanism of action, in vivo effect on 

angiogenesis and endogenous protein expression. Cancer Res. 64, 7822–7835, https://doi.org/10.1158/0008-5472.CAN-04-0934 
(2004).

 9. Kawamura, H., Li, X., Harper, S. J., Bates, D. O. & Claesson-Welsh, L. Vascular endothelial growth factor (VEGF)-A165b is a weak 
in vitro agonist for VEGF receptor-2 due to lack of coreceptor binding and deficient regulation of kinase activity. Cancer Res. 68, 
4683–4692, https://doi.org/10.1158/0008-5472.CAN-07-6577 (2008).

 10. Peiris-Pages, M. The role of VEGF 165b in pathophysiology. Cell Adh Migr. 6, 561–568, https://doi.org/10.4161/cam.22439 (2012).
 11. Ganta, V. C., Choi, M., Kutateladze, A. & Annex, B. H. VEGF165b modulates endothelial VEGFR1-STAT3 signaling pathway and 

angiogenesis in human and experimental peripheral arterial disease. Circ. Res. 120, 282–295, https://doi.org/10.1161/
CIRCRESAHA.116.309516 (2017).

 12. Polyak, K. & Hahn, W. C. Roots and stems: stem cells in cancer. Nat. Med. 12, 296–300, https://doi.org/10.1038/nm1379 (2006).
 13. Marotta, L. L. et al. The JAK2/STAT3 signaling pathway is required for growth of CD44+CD24− stem cell-like breast cancer cells in 

human tumors. J. Clin. investigation 121, 2723–2735, https://doi.org/10.1172/jci44745 (2011).
 14. Zhao, D. et al. VEGF drives cancer-initiating stem cells through VEGFR-2/Stat3 signaling to upregulate Myc and Sox2. Oncogene 34, 

3107–3119, https://doi.org/10.1038/onc.2014.257 (2015).
 15. Boyer, S. J. Small molecule inhibitors of KDR (VEGFR-2) kinase: an overview of structure activity relationships. Curr. Top. medicinal 

Chem. 2, 973–1000 (2002).
 16. Lin, Z., Zhang, Q. & Luo, W. Angiogenesis inhibitors as therapeutic agents in cancer: Challenges and future directions. Eur. J. 

pharmacology 793, 76–81, https://doi.org/10.1016/j.ejphar.2016.10.039 (2016).
 17. Marks, D. K. & Kalinsky, K. Bevacizumab in breast cancer: a targeted therapy still in search of a target population. Semin. Oncol. 44, 

286–287, https://doi.org/10.1053/j.seminoncol.2017.10.011 (2017).
 18. Pentheroudakis, G. et al. Angiogenic and Antiangiogenic VEGFA Splice Variants in Colorectal Cancer: Prospective Retrospective 

Cohort Study in Patients Treated With Irinotecan-Based Chemotherapy and Bevacizumab. Clin. colorectal cancer 18, e370–e384, 
https://doi.org/10.1016/j.clcc.2019.07.007 (2019).

 19. Bunni, J. et al. Circulating levels of anti-angiogenic VEGF-A isoform (VEGF-Axxxb) in colorectal cancer patients predicts tumour 
VEGF-A ratios. Am. J. Cancer Res. 5, 2083–2089 (2015).

 20. Trapp, E. et al. Anti-mullerian hormone (AMH) levels in premenopausal breast cancer patients treated with taxane-based adjuvant 
chemotherapy - A translational research project of the SUCCESS A study. Breast 35, 130–135, https://doi.org/10.1016/j.
breast.2017.07.007 (2017).

 21. Schroder, L. et al. Toxicity Assessment of a Phase III Study Evaluating FEC-Doc and FEC-Doc Combined with Gemcitabine as an 
Adjuvant Treatment for High-Risk Early Breast Cancer: the SUCCESS-A Trial. Geburtshilfe und Frauenheilkunde 76, 542–550, 
https://doi.org/10.1055/s-0042-106209 (2016).

 22. Ciura, J. & Jagodzinski, P. P. Butyrate increases the formation of anti-angiogenic vascular endothelial growth factor variants in 
human lung microvascular endothelial cells. Mol. Biol. Rep. 37, 3729–3734, https://doi.org/10.1007/s11033-010-0026-1 (2010).

 23. Barron, G. A., Goua, M., Wahle, K. W. J. & Bermano, G. Circulating levels of angiogenesis-related growth factors in breast cancer: a 
study to profile proteins responsible for tubule formation. Oncol. Rep. 38, 1886–1894, https://doi.org/10.3892/or.2017.5803 (2017).

https://doi.org/10.1038/s41598-020-59823-5
https://doi.org/10.1038/nrc909
https://doi.org/10.1016/0006-291X(89)92678-8
https://doi.org/10.2217/fon.09.33
https://doi.org/10.1158/0008-5472.CAN-04-0934
https://doi.org/10.1158/0008-5472.CAN-07-6577
https://doi.org/10.4161/cam.22439
https://doi.org/10.1161/CIRCRESAHA.116.309516
https://doi.org/10.1161/CIRCRESAHA.116.309516
https://doi.org/10.1038/nm1379
https://doi.org/10.1172/jci44745
https://doi.org/10.1038/onc.2014.257
https://doi.org/10.1016/j.ejphar.2016.10.039
https://doi.org/10.1053/j.seminoncol.2017.10.011
https://doi.org/10.1016/j.clcc.2019.07.007
https://doi.org/10.1016/j.breast.2017.07.007
https://doi.org/10.1016/j.breast.2017.07.007
https://doi.org/10.1055/s-0042-106209
https://doi.org/10.1007/s11033-010-0026-1
https://doi.org/10.3892/or.2017.5803


8Scientific RepoRtS |         (2020) 10:3635  | https://doi.org/10.1038/s41598-020-59823-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

 24. Paine, S. K., Mondal, L. K., Borah, P. K., Bhattacharya, C. K. & Mahanta, J. Pro- and antiangiogenic VEGF and its receptor status for 
the severity of diabetic retinopathy. Mol. Vis. 23, 356–363 (2017).

 25. Rennel, E. et al. The endogenous anti-angiogenic VEGF isoform, VEGF165b inhibits human tumour growth in mice. Br. J. Cancer 98, 
1250–1257, https://doi.org/10.1038/sj.bjc.6604309 (2008).

 26. Varey, A. H. et al. VEGF 165 b, an antiangiogenic VEGF-A isoform, binds and inhibits bevacizumab treatment in experimental 
colorectal carcinoma: balance of pro- and antiangiogenic VEGF-A isoforms has implications for therapy. Br. J. cancer 98, 1366–1379, 
https://doi.org/10.1038/sj.bjc.6604308 (2008).

 27. Bills, V. L. et al. Failure to up-regulate VEGF165b in maternal plasma is a first trimester predictive marker for pre-eclampsia. Clin. Sci. 
116, 265–272, https://doi.org/10.1042/CS20080270 (2009).

 28. Qiu, Y., Hoareau-Aveilla, C., Oltean, S., Harper, S. J. & Bates, D. O. The anti-angiogenic isoforms of VEGF in health and disease. 
Biochem. Soc. Trans. 37, 1207–1213, https://doi.org/10.1042/BST0371207 (2009).

 29. Pritchard-Jones, R. O. et al. Expression of VEGF(xxx)b, the inhibitory isoforms of VEGF, in malignant melanoma. Br. J. cancer 97, 
223–230, https://doi.org/10.1038/sj.bjc.6603839 (2007).

 30. Diaz, R. et al. p73 Isoforms affect VEGF, VEGF165b and PEDF expression in human colorectal tumors: VEGF165b downregulation as 
a marker of poor prognosis. Int. J. Cancer 123, 1060–1067, https://doi.org/10.1002/ijc.23619 (2008).

 31. Bates. (2012).

Acknowledgements
This work was supported by a FöFoLe research grant (No. 726) to Maria M. Karsten by the Ludwig-Maximilians-
Universität München. Funding for this study was provided through a FöFoLe research grant to Maria M. Karsten 
from the Ludwig-Maximilians-Universität Munich.

Author contributions
Maria M. Karsten: project development, funding, project lead and supervision of experiments. Maximilian H. 
Beck: manuscript draft and revision. Angela Rademacher: project development, lab work. Julia Knabl: project 
development, sample aquisition. Jens U. Blohmer: manuscript draft and revision. Julia Jückstock: sample 
acquisition, manuscript revision. Julia C. Radosa: manuscript draft and revision. Paul Jank: lab work and 
manuscript revision. Brigitte Rack: sample aquisition. Wolfgang Janni: funding and sample acquisition.

Competing interests
Maria M. Karsten: declares no competing interest. Maximilian H. Beck: declares no competing interest. Angela 
Rademacher: declares no competing interest. Julia Knabl: declares no competing interest. Jens U. Blohmer: 
declares no competing interest. Julia Jückstock: declares no competing interest. Julia C. Radosa: Received travel 
grants from Medac, Celgene and Gedeon Richter within the last two years. Paul Jank: declares no competing 
interest. Brigitte Rack: declares no competing interest. Wolfgang Janni: declares no competing interest.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-59823-5.
Correspondence and requests for materials should be addressed to M.M.K.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-59823-5
https://doi.org/10.1038/sj.bjc.6604309
https://doi.org/10.1038/sj.bjc.6604308
https://doi.org/10.1042/CS20080270
https://doi.org/10.1042/BST0371207
https://doi.org/10.1038/sj.bjc.6603839
https://doi.org/10.1002/ijc.23619
https://doi.org/10.1038/s41598-020-59823-5
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	VEGF-A165b levels are reduced in breast cancer patients at primary diagnosis but increase after completion of cancer treatm ...
	Methods
	Study design. 
	Patients. 
	Inclusion criteria. 
	Exclusion criteria. 
	Control group. 
	Blood analysis. 
	ELISA. 
	Statistical analysis. 
	Patients with low scores. 
	Patients with intermediate scores. 
	Patients with high scores. 

	Ethical approval. 
	Informed consent. 

	Results
	Clinical characteristics. 
	Probe material associated differences between serum and EDTA plasma levels. 
	VEGF-A. 
	VEGF-165b. 

	Correlation between clinical characteristics and VEGF-A/VEGF-A165bb plasma levels. 
	VEGF-A165b/VEGF-A ratios. 

	Discussion
	Acknowledgements
	Figure 1 Probe associated material differences.
	Figure 2 VEGF-A and VEGF-165b plasma levels.
	Figure 3 Overall survival in dependency of VEGF-A.
	Table 1 Clinical-pathological characteristics.




