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Introduction 

The prevalence of obesity continues to rise at a significant pace in 

most developed countries [1]. Long term consequences of obesity 

include cardiovascular complications and diabetes-related morbidity 

and mortality [2]. However, obesity more recently has been 

recognized as an important risk factor for the development of cancer, 

including breast cancer in women [3]. Strikingly, there is 

accumulating evidence that demonstrates that obesity is directly 

related to increased morbidity and mortality following cancer 

diagnosis [4]. Accomplishing a reduction in body weight may 

therefore be beneficial in reducing the risk of developing cancer but 

may also improve treatment outcomes following diagnosis. The most 

effective current strategy to induce weight loss is bariatric surgery. 

 
 

The most universally implemented bariatric surgeries include: open or 

laparoscopic Roux-en-Y gastric bypass (RYGB) and vertical sleeve 

gastrectomy (VSG) [5]. These surgeries result in significant improvements 

in glucose and insulin profiles, with some patients being able to 

discontinue type 2 diabetes treatment only a few days after surgery [6]. 

Besides the well-documented improvements in cardiovascular health and 

glucose metabolism related to surgery-induced weight loss, these surgeries 

have also been related to a reduction in the incidence of breast cancer [7, 

8]. The question remains if this reduction in breast cancer occurrence is 

related to weight loss alone, or if there are other mechanisms triggered 

following these surgeries that may be detrimental to tumor growth. Weight 

loss following bariatric surgery was thought to be the result of 

mechanically restricting nutrient intake and absorption. 

Abstract 

Objective 

Breast cancer is one of the most common malignancies in females worldwide. The percentage 
of adults with a body-mass index (BMI) of 25 kg/m2 or greater is 38.0% in U.S. females. The 
increase in obesity epidemic in females is accompanied with an increase in bariatric procedures 
that not only lower weight but appear to lower risks of breast cancer. The objective of this paper 
is to explore the effects of bariatric surgery on multiple serum-based breast tumor markers in 
breast cancer rodent models. 

Research design and methods 

40 total mice were studied in C3Tag (1) transgenic model of breast cancer. Half of animals went 
through vertical sleeve gastrectomy (VSG) (one group on 60% HFD and one group on Chow) 
and were compared the other half undergoing sham surgery. Data collection was performed ~6 
weeks post surgeries for both cohorts. 

Results 

Previously, our group has demonstrated positive impacts with VSG on glucose homeostasis, 
cholesterol, and body composition compared to sham treated animals. This study was 
performed to explore the serum growth factor alterations following bariatric surgeries. 6 weeks 
post-surgery, we observed changes in serum-based biomarkers post bariatric surgery. 

Conclusions 

Bariatric surgery may provide improvements in growth factor serum levels that might be 
contributors to reduced breast cancer risk. 

Limitations 

This study is limited by small sample size and advanced breast cancer in an aggressive 
tumorigenesis rodent model. Further study is warranted. 
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However, currently it is accepted that the weight-loss and metabolic 

improvements induced by bariatric surgery are also caused by 

physiological changes of the intestinal tract [9]. Some of the 

physiological impacts of the surgery include changes in GI function 

and morphology [10], changes in secreted gut peptides such as ghrelin, 

GLP-1, GLP-2 and cholecystokinin (CCK) [11], bile acid levels and 

composition [12] and even rearrangements of microbial composition 

[13, 14]. 

Recently it has been shown that bariatric surgery reduces the 

inflammatory state as well as a reduction in local hypertrophy of the 

adipose tissue in rodents [15]. Adipocyte hypertrophy resulted from 

obesity leads to systemic inflammation [16, 17]. Several lines of 

evidence suggest that inflammation has crucial roles to the initiation, 

promotion, and progression and metastasis in breast cancer [18, 19]. It 

is suggested that the systematic inflammation, as well as the local 

inflamed adipose tissue of the breast could form a niche to promote a 

favorable environment for breast cancer [20]. Together these effects 

could result in lowering breast cancer risk in obese women. 

Therefore, one possibility is that surgery could reduce inflammation 

and circulating markers of inflammation that include a variety of 

growth factors. In the studies described here, we performed VSG in a 

transgenic rodent model destined to develop breast cancer. In this 

model, atypia of the mammary ductal epithelium develops at 8weeks 

of age, and mammary intraepithelial neoplasia (MIN) are progressed 

by 12 weeks. Invasive and metastatic carcinomas develop in 100% of 

animals by 16 weeks of age [21]. This model is an established model 

of mammary and prostate cancers similar to human cancers. Here we 

measured a variety of serum-based endpoints to determine whether 

they are reduced after VSG. We also performed SCFA quantification 

through gas chromatography, in order to identify the potential benefits 

of VSG on gut bacteria by products. 

Methods 

Animals 

For all experiments we used the C3Tag (1) mouse model. The 

breeding animals were donated to the Seeley lab from Jeffrey E Green 

at the National Institute of Health (NIH). Invasive and metastatic 

carcinomas develop in 100% of animals by 16 weeks of age. Two 

cohorts of age-matched (6 weeks) C3Tag (1) female mice (Cohort 

one: N=30; Cohort two: N=29), body weight (22.46 +/- 2.3 g at 

arrival; Jeffrey E Green Laboratories, NIH, Bethesda, MD) were 

individually housed and maintained on a 12/12-h light/dark cycle at 

25°C and 50–60% humidity. The initial total number of animals in 

cohort one was sixty and in cohort two was forty. In cohort one 12 

animals and in cohort two 7 animals were sacrificed due to over limit 

tumor size before the termination point. Twenty-two animals died 

because of unknown reasons, likely due to surgery complications. 

Animals were matched by age because of the complications involved 

in matching the tumor developing age required for experiments’ time 

points. Further, animals were randomized based on their body mass to 

minimize complicating different weight gain trajectories in response to 

60% high-fat diet. Following acclimatization to the facilities, animals 

had ad libitum access to water and standard chow (manufacturer) or a 

palatable 60% high-fat diet (D12451, Research Diets,  New 

Brunswick, NJ) for 2 weeks prior to surgery and maintained on the 

diet until the studies were terminated. Animals were assigned to 

receive either Sham or VSG surgery in a counterbalanced fashion by 

body weight. All procedures for animal use were approved by the 

University of Michigan Animal Care and Use Committee (Protocol 

number: PRO00008242) and follow the guidelines outlined in the 

National Institutes of Health guide for the care and use of laboratory 

animals (NIH Publications No. 8023, revised 1978). 

Surgical procedures 

Four days prior to surgery, body composition was assessed using an 

EchoMRITM analyzer (EchoMRI LLC, Houston, TX). Solid food was 

removed 24hrs prior to surgery and mice got ad lib access to a liquid 

diet (Osmolite 1.0 Cal, Abbott). Here we describe both surgical 

procedures in details: 

Vertical Sleeve Gastrectomy 

Animals were anesthetized by isoflurane inhalation and received 

subcutaneous injections of buprenorphine hydrochloride (0.1 mg/kg) and 

meloxicam (0.5 mg/kg). A midline abdominal skin incision is made, 

followed by an incision in the underlying muscle. The stomach is exposed 

and transected to form a sleeve. Sleeve formation consists of the removal 

of 80% of the stomach using an ETS 35-mm stapler (Ethicon Endo- 

Surgery), leaving behind 20% of the stomach which is a tubular gastric 

“sleeve”. The sleeve portion of the stomach is placed back into the 

abdominal cavity and the muscle and skin of abdominal wall are sutured in 

separate layers. 

Sham Surgery 

Animals were anesthetized by isoflurane inhalation and received 

subcutaneous injections of buprenorphine hydrochloride (0.1 mg/kg) and 

meloxicam (0.5 mg/kg). An abdominal laparotomy was performed, light 

manual pressure was applied with to the exteriorized stomach, and then 

the abdomen was closed in layers. After surgery, animals are put on a 

nutritionally complete Osmolite liquid diet which is replaced with pre- 

surgery solid diets on the fourth day post-operation. Post-surgical 

analgesia consisted of daily subcutaneous injection of an NSAID (e.g. 

Meloxicam) for at least 3 days. 

Body weight and body composition 

Measurements were collected in two cohorts for these studies. Cohort one 

refers to the first cohort where the main purpose was the growth factor 

measurements after VSG. Second cohort was used mainly for the SCFA 

measurements and is referred to cohort two in this paper. In all cohort of 

VSG and sham animals, body weights were measured daily for the first 

week following surgery as a post-op care routine and once weekly for the 

duration of the study. Body composition was determined in live animals 4 

days prior to surgery, and then cohort one 5 weeks and cohort two 4 weeks 

following surgery via EchoMRI™ Analyzers. 

Preparation of Plasma Samples 

Plasma were collected in mice upon sacrificing. Plasma collection was 

performed using EDTA as an anti-coagulant. Samples were centrifuged 

for 10 minutes at 1000xg within 30 minutes of blood collection. Plasma 

was removed and aliquots were made to reduce freeze/thaw cycles for 

further analysis. Samples were stored at ≤ -80°C. 

Biomarker Quantification 

To identify specific hormones that change following bariatric surgeries in 

animal models high at risk of breast cancer, it was necessary to screen 

panels of growth factor hormones. Biomarker quantifications was 

performed by Luminex 200™ System and Luminex XY Platform™. 

Simultaneous quantification of several analyses was performed according 

to manufacture protocol in serum samples (Luminex®). 

High-sensitivity detection of short-chain fatty acids in colon by 

gas chromatography-mass spectrometry 

High-sensitivity detection of SCFA in colon was measured using the gas 

chromatography Agilent 69890N GC -5973 MS detector. 

1) Sample preparation: ~50 mg of tissue was transferred to a pre- 

weighed locked Eppendorf tube and 600 uL of 30 mM hydrochloric acid 

containing isotopically-labeled acetate (150uM), propionate (75uM), 

butyrate, isobutyrate, valerate (30 uM), isovalerate, hexanoate, heptanoate 

and octanoate (15 uM) was added to each sample. Samples were 

homogenized in a Bullet Blender Gold at speed 8 for 5 minutes. Samples 

were vortexed for 10 seconds, incubated for 10 minutes on wet ice, and 

then vortexed again for 10 seconds. Samples were then centrifuged at 

1500 rcf, 4 °C for 10 minutes and the supernatant transferred to a 1 mL 

glass tube. 20 uL of each sample was removed to a separate glass vial to 

create a pooled sample for QC purposes. 300 uL of methyl tert-butyl ether 

(MTBE) was added to each sample and the mixture vortexed for 10 

seconds to emulsify, then held at 4 °C for 5 minutes, and vortexed again 

for 10 seconds. Samples were centrifuged for 1 minute to separate the 

solvent layers and the MTBE layer was then removed to an autosampler 

vial for GC-MS analysis. A series of calibration standards were prepared 

along with samples to quantify metabolites. Post-extract, tissues were 

taken to dryness in speedvac and the Eppendorf tube re-weighed to obtain 

the dry tissue weight for normalization.   Auctores Publishing – Volume jobs001 www.auctoresonline.org  Page - 02  
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2) GC-MS analysis: GC-MS analysis was performed on an Agilent 

69890N GC -5973 MS detector with the following parameters: a 1µL 

sample was injected with a 1:10 split ratio on a ZB-WAXplus, 30m 

x0.25mmx0.25um (Phenomenex Cat#7HG-G013-11) GC column, 

with him as the carrier gas at a flow rate: 1.1ml/min. The injector 

temperature was 240 °C, and the column temperature was isocratic at 

310 °C. 

3) SCFAs Data analysis: Data were processed using Mass Hunter 
Quantitative analysis version B.07.00. SCFAs were normalized to the 

nearest isotope labeled internal standard and quantitated using 2 

replicated injections of 5 standards to create a linear calibration curve 

with accuracy better than 80% for each standard. Data were processed 

using Mass Hunter Quantitative analysis version B.07.00. Metabolites 

in the glycolysis/tca/ppp pathways were normalized to the nearest 

isotope labeled internal standard and quantitated using 2 replicated 

injections of 5 standards to create a linear calibration curve with 

accuracy better than 80% for each standard. Other compounds in the 

analysis were normalized to the nearest internal standard, and the peak 

areas were used for differential analysis between groups. Samples 

were normalized to dry sample weight after quantification. 

Statistical analysis 

Data are expressed as average ± standard error of the mean (SEM). 

Between groups differences were analyzed for statistical significance 

using one-way ANOVA testing combined with post hoc Tukey when 

appropriate. For time dependent analysis repeated measures (RM) 

ANOVA were performed. Differences between data were considered 

statistically significant when P<0.05. Statistical tests were performed 

in IBM SPSS v.23, all graphs were created in Graph pad Prism 7.0. 

Results 

Clinical data suggest that bariatric surgery reduces breast cancer risk 

in females [22]. To study the possible relation between VSG and 

carcinogenesis, two separate cohorts of the rodent model of breast 

cancer C3Tag (1) were generated to test the influence of VSG on 1) 

the composition of circulating biomarkers related to cancer in this 

cancer model (cohort one) and 2) the short chain fatty acid 

composition of the colon (cohort two). C3Tag (1) transgenic mice 

overexpress the 5' flanking region of the C3 (1) component of the rat 

prostate steroid binding protein (PSBP) and targets the expression of 

the SV40 large T-antigen (Tag) to the epithelium of mammary glands. 
Cohort One: Effects of bariatric surgery on circulating 

A) Body weight dynamics over the duration of the study are different between 

the VSG-Chow fed mice and the Sham-HFD treated mice (#P<0.001, rm- 

ANOVA post hoc Tukey), but not the VSG-HFD group. The chow fed VSG 

treated group was lower in body weight compared to the Sham-HFD group at 

multiple days pre- and post-surgery (*P<0.05, **P<0.01, post hoc Tukey). 

Body weight of the VSG-Chow group was only significantly lower compared 

to the VSG-HFD group at post-surgery day 70 (^P<0.05, post hoc Tukey). B) 

Relative body weight change following surgery was not different between the 

three studied groups (rm-ANOVA post hoc Tukey). C) Total adipose tissue 

mass pre- and post-surgery as measured by NMR. Chow-VSG show reduced 

body adiposity during the period of the study compared to both Sham and VSG 

HFD fed groups (#P<0.001, rm-ANOVA post hoc Tukey). Adiposity mass is 

lower pre-surgery compared to both HFD fed group, whereas at 5 weeks post- 

surgery the adiposity level of the VSG-Chow group is only lower compared to 

the Sham-HFD group (^P<0.05, ^^P<0.01, one-way ANOVA post hoc Tukey). 

Remarkably, only at day 70 post-surgery actual body weight between the 

chow and HFD fed VSG groups was significantly different (^P<0.05, post 

hoc Tukey). When body weight over time was tested for main effects, both 

an effect of surgery (P<0.01, F17, 459=2.444, rm-ANOVA) as well as an 

effect of diet (P<0.001, F17, 459=2.505, rm-ANOVA) was found. In 

contrast, relative body weight dynamics following surgery over the 

duration of the study did not differ between groups (rm-ANOVA post hoc 

Tukey; fig. 1B). This suggests that actual body weight differences are 

primarily a result of the initial lower body weight of the chow fed mice at 

the moment of surgery. This difference in initial body weight is most 

likely a result of reduced adipose tissue mass in the Chow fed mice prior 

to surgery (Fig. 1C) compared to both HFD fed groups (^P<0.05, F2, 

31=5.354, one-way ANOVA post hoc Tukey), whereas at 5 weeks post- 

surgery adiposity levels in the VSG-Chow group were only reduced 

compared to the Sham-HFD group (P<0.01, F2, 31=7.978, One-way 

ANOVA post hoc Tukey). Nonetheless a general reduction in adiposity 

levels was observed in the Chow-VSG group compared to both the Sham- 

HFD and VSG-HFD group (P<0.001, F2, 32=11.344, rm-ANOVA post hoc 

Tukey). 

B. Growth factors 

Growth factors regulate development of the normal breast as well as the 

carcinogenesis of epithelium breast tissue. To assess the effects  of 

bariatric surgery on circulating growth factors, we analyzed several of 

these factors that are the key mediators of breast cancer growth in serum 

from animals in each surgery group. 

levels of growth factor breast cancer markers 

A. Body weight and composition 

C3Tag (1) mice fed a high fat diet seem to be unresponsive to VSG at 

the level of long-term body weight regulation. C3Tag (1) mice fed a 

chow diet combined with VSG are lower in body weight over the 

duration of the study (fig 1a), but the body weight over time is only 

significantly different from the Sham-HFD group (P<0.01, F34, 

459=2.282, rm-ANOVA post hoc Tukey). As depicted in figure 1A, 

actual body weights in the VSG-Chow group are lower compared to 

the Sham-HFD group at days -7, 0, 1-7, 28, 49, 63, and 70 post- 

surgery (*P<0.05, **P<0.01, one-way ANOVA post hoc Tukey). 
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Figure 2: Cohort One, circulating growth factors in C3Tag1 mice following 

VSG surgery. Leptin (A), PlGF-2 (B), and endoglin (C) levels are decreased 
Figure 1: Cohort One, Body weight following VSG in C3Tag (1) is 

lower in mice on a chow fed diet. 
following VSG compared to Sham-HFD, whereas G-CSF (D) levels are 

increased following VSG surgery. *P<0.05, **P<0.01 one-way ANOVA post 

hoc Tukey 
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As depicted in figure 2, leptin levels (fig. 2A) were reduced in the 

VSG-Chow group compared to Sham-HFD (P<0.05, F2,27=5.095, one- 

way ANOVA post hoc Tukey), additionally a main effect of surgery 

was observed for reduced leptin levels following VSG (P<0.05, 

F1,27=3.518, glm-ANOVA). Compared to Sham-HFD, PlGF-2 levels 

(fig. 2B) were decreased in both the VSG-Chow (P<0.01) and VSG- 

HFD (P<0.05, F2,28=6.390, one-way ANOVA post hoc Tukey), 

additionally a main effect of surgery was observed for reduced levels 

of PlGF-2 in the VSG groups (P<0.05, F1,28=7.648, glm-ANOVA). 

Likewise, endoglin levels (fig. 2C) were reduced in both the VSG- 

Chow   (P<0.01)   and   VSG-HFD   (P<0.05,   F2,29=18.744,  one-way 

ANOVA post hoc Tukey) groups compared to the Sham-HFD group, 

resulting in a main effect of surgery (P<0.001, F1,29=33.453, glm- 

ANOVA). In contrast, circulating G-CSF levels (fig. 2D) were 

increased in the VSG-Chow (P<0.01) and VSG-HFD (P<0.05, 

F2,28=6.390, one-way ANOVA post hoc Tukey) compared to the 

Sham-HFD  group,  resulting  in  a  main  effect  of  surgery  (P<0.01, 
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Table 1: Cohort one, Main-effects for the biomarkers. 

Table 1 shows the average circulating levels of all biomarkers tested 

and additionally shows a main effect of surgery for increased levels of 

Follistatin (P<0.05, F1,28=4.969, glm-ANOVA), whereas VSG resulted 

in a trend of increased levels of both IL-6 (P=0.07) and Prolactin 

(P=0.08). 

Cohort Two: Colon derived short chain fatty acid 

composition is altered following vertical sleeve gastrectomy. 

A. Body weight and body composition 

VSG surgery induced an initial reduction in body weight compared to 

Sham that was completely re-gained at day 14 post-surgery and lasted 

throughout the rest of the study (Fig. 3A). Nonetheless, repeated 

measures analysis did measure a significant difference between the 

body weight dynamics over time between VSG and Sham (P<0.001, 

F10,270=6.641, rm-ANOVA). Between group analysis revealed that 

actual body weight was only lower at post-surgery days 1 to 7 (one- 

way ANOVA). Similarly, the overall relative weight changes post- 

surgery (fig. 3B) was different between groups (P<0.001, 

F10,270=8.960, rm-ANOVA) and relative body weight was lowered at 

days 1 to 6 post-surgery (one-way ANOVA) in the VSG group. 

Likewise, relative weight loss in the VSG was re-gained at day 7 post- 

surgery and persisted over time. Adipose tissue mass was assessed 

before and 4 weeks post-surgery. No differences between groups were 

observed for total adiposity (Fig. 3C). 

Figure 3: Body weight change following vertical sleeve gastrectomy in 

C3Tag1 mice. A) VSG induces a change in body weight dynamics over the 

duration of the study (#P<0.001, rm-ANOVA). Although initially VSG reduces 

body weight compared to Sham (*P<0.05, **P<0.01, one-way ANOVA), this 

initial loss in body weight was regained at day 14 post surgery and persisted 

over time. B) Relative weight change over the duration of the study was 

different between VSG and Sham (#P<0.001, rm-ANOVA), but relative body 

weight was only lower during days 1 to 6 post-surgery (*P<0.05, **P<0.01, 

one-way ANOVA). C) Total body adiposity assessed by EchoMRI did not 

reveal any difference between groups pre-surgery as well as 4 weeks post- 

surgery. 

B. Detection of short-chain fatty acids in colon 

Short-chain fatty acids (SCFAs) are produced in the colon by the gut 

microbiome as a result of dietary fiber fermentation [23]. SCFAs play 

crucial roles in health and disease states and have been implicated in some 

types of cancers [24]. In particular, butyrate has been associated with 

breast carcinogenesis [25]. No significant differences between Sham and 

VSG were observed for the levels of butyrate, acetate, propionate, 

octanoate, heptanoate and valerate in the colon (see Table 2). 
 

SCFA (pmol/g) Sham-HFD VSG-HFD 

Butyrate 597.0±99.7 660.8±153 

Acetate 3427±418 3649±506 

Propionate 597.0±99.7 688.9±121 

Octanoate 0.909±0.10 0.706±0.06 

Heptanoate 1.231±0.13 1.111±0.11 

Hexanoate 21.87±2.36 25.41±3.59 

Valerate 55.82±8.02 64.33±12.1 

 

Table 2: Cohort two - Short chain fatty acid composition in the colon of the 

C3Tag (1) mice following VSG surgery 

However, levels of iso-valerate were significantly higher in the colon of 

VSG-treated mice compared to Sham (P<0.05, F1,26=5.370, one-way 

ANOVA) (Fig. 4). 
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Biomarker 

Sham- 

HFD 

Avg±sem 

VSG-Chow 

Avg±sem 

VSG- 

HFD 

Avg±sem 

Surger 

y effect 

(P- 
value) 

Follistatin 

(pg/ml) 

297±116 556±118 908±261 0.035* 

Interleukin-6 

(pg/ml) 

3.40±0.57 32.9±18.0 25.5±7.06 0.070 

Prolactin 

(ng/ml) 

16.3.9±3. 
31 

28.5±5.50 27.4±4.93 0.080 

Amphiregulin 

(pg/ml) 

10.0±2.46 13.3±7.43 21.7±6.31 0.144 

HGF (pg/ml) 451±48.7 794±168 932±323 0.180 

MCP-1 
(pg/ml) 

17.7±2.71 24.9±8.19 25.6±7.91 0.356 

KC (pg/ml) 55.8±17.3 36.3±9.71 39.7±14.4 0.448 

TNF-α 
(pg/ml) 

7.40±1.06 8.33±1.64 7.79±2.02 0.861 
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Figure 4: Cohort two, VSG increases the short chain fatty acid isovalerate 

in the colon tissue of C3Tag (1) mice (*P<0.05, one-way ANOVA). 

Discussion 

VSG in mice that are genetically prone to develop mammary gland 

carcinomas did not significantly affect the occurrence or severity of 

tumor development in these mice. One explanation may be that the 

aggressiveness of the tumor development due to the genetic 

modification is too powerful to be overcome by surgical intervention 

or reduced adiposity due to a standard chow diet. In short, whatever 

one does, these mice will develop carcinomas. More remarkable, the 

VSG did not result in additional weight loss, therefore the weight loss 

that may have reduced the spontaneous cancer development could also 

not be achieved. The reason that the VSG did not induce additional 

weight loss may be partly explained by the occurrence of tumor 

growth in these mice and therefor all mice, including the Sham, are 

lean and don’t have much excess weight to lose. Another reason may 

be that the background of the C3Tag (1) mice is FVBN, which is a 

mouse line known to be resistant to diet induced obesity [26]. That 

being said, the chow fed mice were leaner compared to their HFD fed 

VSG counterparts, so there could be another physiological mechanism 

in this strain that makes it resistant to surgery-induced weight loss. 

Fortunately, this provided the opportunity to study the weight- 

independent effects of surgery on circulating biomarkers and SCFAs. 

In both cohorts, there was no significant surgery effects on weights 

between VSG-HFD groups compared to sham-HFD (Figure 1 and 3). 

This might strike some as surprising but the background strain of these 

C3Tag mice are FVBN. This strain is quite resistant to weight gain 

when exposed to a HFD and consequently their starting body weights 

and body adiposity levels are much lower than in most work that has 

been done exposing mice to VSG [27]. The advantage of this 

observation is that any observed physiological effects of VSG are the 

product of the surgical effect and not secondary to weight-loss. All the 

animals were maintained on their respective diet after surgery, as a 

result the VSG- chow group weights was significantly lower than both 

HFD groups. 

Although a number of factors influence an individual’s predisposition 

to breast cancer and course of progression to cancer, a growing body 

of evidence shows various effects of SCFAs on carcinogenesis [28, 

29]. SCFAs are produced in the proximal colon through anaerobic 

bacteria substrate fermentation [30]. Approximately, 95% of the 

produced SCFAs are absorbed by the colonocytes and about 5% are 

lost in the feces [31, 32]. Some of the anti-cancer effects of SCFAs 

includes roles in differentiation, tumor growth arrest, and apoptosis 

[33]. In this study, we measured the SCFAs concentrations in 

intestinal colon after VSG in a mouse breast cancer model. There is no 

significant difference in the levels of primary SCFAs (propionate, 

acetate and butyrate).However, isovalerate concentrations were higher 

as a result of VSG. High levels of isovalerate suggest inadequate 

protein digestion. Here, we confirm that circulating leptin levels were 

significantly lower after VSG. 
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The reductions in circulating leptin levels are similar to the total adiposity 

levels. Several studies have shown a link between the levels of the 

adipocyte derived hormone leptin contributing to tumor formation and/or 

development [34-36]. Nonetheless, lower levels of leptin after VSG may 

contribute to breast cancer risk reduction. 

We show a dramatic reduction of PlGF-2 levels post-VSG in both diet 

groups. Placenta growth factor-2 (PlGF-2) is an angiogenic protein 

belonging to the vascular endothelial growth factor (VEGF) family of 

growth factors and is upregulated mainly in pathologic conditions and 

cancer [37, 38]. PIGF-2 has been extensively researched clinically [39] 

and experimentally [40, 41] and its significance and roles in tumor 

progression is established [42]. 

Consistent with the decreased breast cancer risk observed after bariatric 

surgery, G-CSF levels are significantly higher after VSG both in HFD and 

chow. Growth factor families play crucial roles in tumor initiation, 

expansion, invasion and angiogenesis [43, 44]. Therefore, it is of high 

interest to observe that G-CSF levels are significantly higher due to VSG 

independent of diet. Granulocyte colony stimulating factor (G-CSF) 

stimulates white blood cell production in the bone marrow and contributes 

to the movement of stem cells from the bone marrow into the blood, 

strengthening the immune system [45]. The combination effects of G-CSF 

actions have been known to reduce inflammation and improve breast 

cancer therapies [46]. 

Conclusions 

VSG results in dramatic shifts in circulating levels of growth factors and 

some of these effects appear to be a direct effect of VSG rather than a 

secondary effect of the resulting weight loss. These direct effects of 

surgery may contribute to the observed effect of bariatric surgery to 

reduce breast cancer risk and imply that some of the effects of surgery to 

alter breast cancer risk may not be over and above the potential benefit 

that accrues as a result of the substantial weight loss. Further work is 

needed to develop and determine the mechanisms that are responsible for 

alterations of SCFAs and growth factors after VSG. Acknowledgments 

1- The Michigan Diabetes Research Center (MDRC) Chemistry 

Laboratory, University of Michigan, Ann Arbor, MI, USA. 

2- The Metabolomics Core, University of Michigan, Ann Arbor, MI, 

USA. 

Competing Interests 
R.J.S. serves as a paid consultant for and receives research support from 

Ethicon Endo-Surgery (a subsidiary of Johnson & Johnson), Orexigen, 

Novo Nordisk, Novartis, Daiichi Sankyo, Janssen (a subsidary of Johnson 

& Johnson), and Kallyope. He serves as a paid consultant for Novartis, 

and Scohia. R.J.F. receives research support from Zafgen, Sanofi, and 

MedImmune. In addition, R.J.S. is a paid-consultant and expert witness 

for Paul Hastings Law Firm. B.C.E.P. has declared no conflicts of interest 

References 

1. Bhurosy T, Jeewon R:( 2014), Overweight and obesity epidemic in 

developing countries: a problem with diet, physical activity, or 

socioeconomic status? ScientificWorldJournal 2014,:964236. 

2. Abdelaal M, le Roux CW, Docherty NG:( 2017), Morbidity and 

mortality associated with obesity. Ann Transl Med, 5(7):161. 

3. Picon-Ruiz M, Morata-Tarifa C, Valle-Goffin JJ, Friedman ER, 

Slingerland JM:(2017), Obesity and adverse breast cancer risk and 

outcome: Mechanistic insights and strategies for intervention. CA 

Cancer J Clin, 67(5):378-397. 

4. Neuhouser ML, Aragaki AK, Prentice RL, Manson JE, 

Chlebowski R, et al: (2015),Overweight, Obesity, and 

Postmenopausal Invasive Breast Cancer Risk: A Secondary 

Analysis of the Women's Health Initiative Randomized Clinical 

Trials. JAMA Oncol, 1(5):611-621. 

5. Opozda M, Chur-Hansen A, Wittert G:(2016), Changes in 

problematic and disordered eating after gastric bypass, adjustable 

gastric banding and vertical sleeve gastrectomy: a systematic 

review of pre-post studies. Obes Rev, 17(8):770-792. 

6. Ryan KK, Tremaroli V, Clemmensen C, Kovatcheva-Datchary P, 

Myronovych A, et al: (2014), FXR is a molecular target for the 

effects of vertical sleeve gastrectomy. Nature 509(7499):183-188. 

* 

p
 m

 o
 l/

m
 g

 

http://www.auctoresonline.org/
https://www.hindawi.com/journals/tswj/2014/964236/abs/
https://www.hindawi.com/journals/tswj/2014/964236/abs/
https://www.hindawi.com/journals/tswj/2014/964236/abs/
https://www.hindawi.com/journals/tswj/2014/964236/abs/
https://www.hindawi.com/journals/tswj/2014/964236/abs/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5401682/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5401682/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5401682/
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://onlinelibrary.wiley.com/doi/abs/10.3322/caac.21405
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://jamanetwork.com/journals/jamaoncology/fullarticle/2319235
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12425
https://www.nature.com/articles/nature13135
https://www.nature.com/articles/nature13135
https://www.nature.com/articles/nature13135
https://www.nature.com/articles/nature13135
https://www.nature.com/articles/nature13135


Clinical Obesity and Bariatric surgery 
 

7. Demark-Wahnefried W, Campbell KL, Hayes SC:( 2012), 

Weight management and its role in breast cancer rehabilitation. 

Cancer, 118(8 Suppl):2277-2287. 

8. Hofso D, Nordstrand N, Johnson LK, Karlsen TI, Hager H, et 

al:( 2010) Obesity-related cardiovascular risk factors after 

weight loss: a clinical trial comparing gastric bypass surgery 

and intensive lifestyle intervention. Eur J Endocrinol, 

163(5):735-745. 

9. Arble DM, Sandoval DA, Seeley RJ:( 2015) Mechanisms 

underlying weight loss and metabolic improvements in rodent 

models of bariatric surgery. Diabetologia, 58(2):211-220. 

10. Ballsmider LA, Vaughn AC, David M, Hajnal A, Di Lorenzo 

PM, et al:( 2015) Sleeve gastrectomy and Roux-en-Y gastric 

bypass alter the gut-brain communication. Neural Plast, 

2015:601985. 

11. Sala PC, Torrinhas RS, Giannella-Neto D, Waitzberg DL:( 

2014) Relationship between gut hormones and glucose 

homeostasis after bariatric surgery. Diabetol Metab Syndr, 6. 

12. Penney NC, Kinross J, Newton RC, Purkayastha S:(2015), The 

role of bile acids in reducing the metabolic complications of 

obesity after bariatric surgery: a systematic review. Int J Obes 

(Lond), 39(11):1565-1574. 

13. Medina DA, Pedreros JP, Turiel D, Quezada N, Pimentel F, et 

al:(2017) Distinct patterns in the gut microbiota after surgical 

or medical therapy in obese patients. PeerJ, 5:e3443. 

14. Campisciano G, Cason C, Palmisano S, Giuricin M, Rizzardi 

A, Croce LS, De Manzini N, Comar M: Bariatric surgery 

drives major rearrangements of the intestinal microbiota 

including the biofilm composition. Front Biosci (Elite Ed) 

2018, 10:495-505. 

15. Frikke-Schmidt H, O'Rourke RW, Lumeng CN, Sandoval DA, 

Seeley RJ: Does bariatric surgery improve adipose tissue 

function? Obesity Reviews 2016, 17(9):795-809. 

16. Andel M, Polak J, Kraml P, Dlouhy P, Stich V:( 2009), 

Chronic mild inflammation links obesity, metabolic syndrome, 

atherosclerosis and diabetes. Vnitr Lek, 55(7-8):659-665. 

17. Monteiro R, Azevedo I:(2010), Chronic inflammation in 

obesity and the metabolic syndrome. Mediators Inflamm, 2010. 

18. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani 

A:(2009), Cancer-related inflammation, the seventh hallmark 

of cancer: links to genetic instability. Carcinogenesis, 

30(7):1073-1081. 

19. Allen MD, Jones LJ:(2015), The role of inflammation in 

progression of breast cancer: Friend or foe? (Review). Int J 

Oncol, 47(3):797-805. 

20. Vaysse C, Lomo J, Garred O, Fjeldheim F, Lofteroed T,et 

al:(2017), Erratum: Inflammation of mammary adipose tissue 

occurs in overweight and obese patients exhibiting early-stage 

breast cancer. NPJ Breast Cancer, 3:35. 

21. Green JE, Shibata MA, Yoshidome K, Liu ML, Jorcyk C, et 

al:(2000), The C3(1)/SV40 T-antigen transgenic mouse model 

of mammary cancer: ductal epithelial cell targeting with 

multistage progression to carcinoma. Oncogene, 19(8):1020- 

1027. 

22. Howell A, Anderson AS, Clarke RB, Duffy SW, Evans DG, et 

al:(2014), Risk determination and prevention of breast cancer. 

Breast Cancer Res, 16(5):446. 

23. den Besten G, van Eunen K, Groen AK, Venema K, Reijngoud 

DJ:(2013), The role of short-chain fatty acids in the interplay 

between diet, gut microbiota, and host energy metabolism. J 

Lipid Res, 54(9):2325-2340. 

24. Kasubuchi M, Hasegawa S, Hiramatsu T, Ichimura A, Kimura 

I:(2015), Dietary Gut Microbial Metabolites, Short-chain Fatty 

Acids, and Host Metabolic Regulation. Nutrients, 7(4):2839- 

2849. 

25. Bendall LJ, Bradstock KF: G-CSF:(2014) From granulopoietic 

stimulant to bone marrow stem cell mobilizing agent. Cytokine 

Growth F R, 25(4):355-367. 

26 Deb S, Zhou JF, Amin SA, Imir AG, Yilmaz MB:(2006), A novel 

role of sodium butyrate in the regulation of cancer-associated 

aromatase promoters I.3 and II by disrupting a transcriptional 

complex in breast adipose fibroblasts (vol 281, pg 2585, 2006). J 

Biol Chem, 281(14):9832-9832. 

27. Nascimento-Sales M, Fredo-da-Costa I, Borges Mendes ACB, 

Melo S, Ravache TT, et al:(2017), Is the FVB/N mouse strain truly 

resistant to diet-induced obesity? Physiol Rep, 5(9). 

28. Diament AL, Warden CH:(2004), Multiple linked mouse 

chromosome 7 loci influence body fat mass. Int J Obesity, 

28(2):199-210. 

29. Kim CH, Park J, Kim M:(2014), Gut microbiota-derived short- 

chain Fatty acids, T cells, and inflammation. Immune Netw, 

14(6):277-288. 

30. Louis P, Hold GL, Flint HJ:(2014), The gut microbiota, bacterial 

metabolites and colorectal cancer. Nat Rev Microbiol, 12(10):661- 

672. 

31. Rios-Covian D, Ruas-Madiedo P, Margolles A, Gueimonde M, de 

los Reyes-Gavilan CG:(2016), Intestinal Short Chain Fatty Acids 

and their Link with Diet and Human Health. Front Microbiol, 7. 

32. Morrison DJ, Preston T:(2016) Formation of short chain fatty acids 

by the gut microbiota and their impact on human metabolism. Gut 

Microbes, 7(3):189-200. 

33. Boets E, Deroover L, Houben E, Vermeulen K, Gomand SV, et 

al:( 2015), Quantification of in Vivo Colonic Short Chain Fatty 

Acid Production from Inulin. Nutrients, 7(11):8916-8929. 

34. Tang Y, Chen YK, Jiang HM, Nie DT:(2011), The role of short- 

chain fatty acids in orchestrating two types of programmed cell 

death in colon cancer. Autophagy, 7(2):235-237. 

35. Nigro E, Scudiero O, Monaco ML, Palmieri A, Mazzarella G, et 

al:(2014) New Insight into Adiponectin Role in Obesity and 

Obesity-Related Diseases. Biomed Res Int. 

36. Paz G, Mastronardi C, Franco CB, Wang KB, Wong ML, (2012), 

molecular mechanisms, systemic pro-inflammatory effects, and 

clinical implications. Arq Bras Endocrinol, 56(9):597-607. 

37. Friedman JM, Halaas JL:(1998) Leptin and the regulation of body 

weight in mammals. Nature, 395(6704):763-770. 

38. Failla CM, Odorisio T, Cianfarani F, Schietroma C, Puddu P, et 

al:(2000), Placenta growth factor is induced in human 

keratinocytes during wound healing. J Invest Dermatol, 

115(3):388-395. 

39. Bottomley MJ, Webb NJA, Watson CJ, Holt L, Bukhari M, et al: 

(2000) Placenta growth factor (PlGF) induces vascular endothelial 

growth factor (VEGF) secretion from mononuclear cells and is co- 

expressed with VEGF in synovial fluid. Clin Exp Immunol, 

119(1):182-188. 

40. Burris H, Rocha-Lima C:(2008) New therapeutic directions for 

advanced pancreatic cancer: Targeting the epidermal growth factor 

and vascular endothelial growth factor pathways. Oncologist, 

13(3):289-298. 

41. Takahashi A, Sasaki H, Kim SJ, Tobisu K, Kakizoe T, et  al: 

(1994) Markedly Increased Amounts of Messenger-Rnas for 

Vascular Endothelial Growth-Factor and Placenta Growth-Factor 

in Renal-Cell Carcinoma-Associated with Angiogenesis. Cancer 

Res, 54(15):4233-4237. 

42. Marrony S, Bassilana F, Seuwen K, Keller H:(2003) Bone 

morphogenetic protein 2 induces placental growth factor in 

mesenchymal stem cells. Bone, 33(3):426-433. 

43. Kim KJ, Cho CS, Kim WU:(2012) Role of placenta growth factor 

in cancer and inflammation. Exp Mol Med, 44(1):10-19. 

44. Yarden Y:(2014)Roles for growth factors in tumor progression: 

opportunities for cancer therapy. Febs J, 281:38-38. 

45 Witsch E, Sela M, Yarden Y:(2010) Roles for Growth Factors in 

Cancer Progression. Physiology, 25(2):85-101. 

46. Vyas D, Laput G, Vyas AK:(2014) Chemotherapy-enhanced 

inflammation may lead to the failure of therapy and metastasis. 

Oncotargets Ther, 7:1015-1023. 

 
  Auctores Publishing – Volume jobs001 www.auctoresonline.org  Page - 06  

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.27466
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.27466
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.27466
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.27466
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.27466
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
http://www.eje-online.org/content/163/5/735.short
https://link.springer.com/article/10.1007/s00125-014-3433-3
https://link.springer.com/article/10.1007/s00125-014-3433-3
https://link.springer.com/article/10.1007/s00125-014-3433-3
https://link.springer.com/article/10.1007/s00125-014-3433-3
https://link.springer.com/article/10.1007/s00125-014-3433-3
https://www.hindawi.com/journals/np/aa/601985/abs/
https://www.hindawi.com/journals/np/aa/601985/abs/
https://www.hindawi.com/journals/np/aa/601985/abs/
https://www.hindawi.com/journals/np/aa/601985/abs/
https://www.hindawi.com/journals/np/aa/601985/abs/
https://www.hindawi.com/journals/np/aa/601985/abs/
https://www.hindawi.com/journals/np/aa/601985/abs/
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-6-87
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-6-87
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-6-87
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-6-87
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-6-87
https://www.nature.com/articles/ijo2015115
https://www.nature.com/articles/ijo2015115
https://www.nature.com/articles/ijo2015115
https://www.nature.com/articles/ijo2015115
https://www.nature.com/articles/ijo2015115
https://www.nature.com/articles/ijo2015115
https://www.nature.com/articles/ijo2015115
https://peerj.com/articles/3443
https://peerj.com/articles/3443
https://peerj.com/articles/3443
https://peerj.com/articles/3443
https://peerj.com/articles/3443
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://europepmc.org/abstract/med/29772522
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12429
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12429
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12429
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12429
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12429
https://europepmc.org/abstract/med/19731872
https://europepmc.org/abstract/med/19731872
https://europepmc.org/abstract/med/19731872
https://europepmc.org/abstract/med/19731872
https://europepmc.org/abstract/med/19731872
https://www.hindawi.com/journals/mi/2010/289645/abs/
https://www.hindawi.com/journals/mi/2010/289645/abs/
https://www.hindawi.com/journals/mi/2010/289645/abs/
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://academic.oup.com/carcin/article-abstract/30/7/1073/2477107
https://www.spandidos-publications.com/ijo/47/3/797
https://www.spandidos-publications.com/ijo/47/3/797
https://www.spandidos-publications.com/ijo/47/3/797
https://www.spandidos-publications.com/ijo/47/3/797
https://www.spandidos-publications.com/ijo/47/3/797
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/s41523-017-0015-9
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://www.nature.com/articles/1203280
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-014-0446-2
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-014-0446-2
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-014-0446-2
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-014-0446-2
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-014-0446-2
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
http://www.jlr.org/content/early/2013/07/02/jlr.R036012.short
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.mdpi.com/2072-6643/7/4/2839/html
https://www.sciencedirect.com/science/article/pii/S1359610114000732
https://www.sciencedirect.com/science/article/pii/S1359610114000732
https://www.sciencedirect.com/science/article/pii/S1359610114000732
https://www.sciencedirect.com/science/article/pii/S1359610114000732
https://www.sciencedirect.com/science/article/pii/S1359610114000732
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
http://www.jbc.org/content/281/14/9832.short
https://physoc.onlinelibrary.wiley.com/doi/abs/10.14814/phy2.13271%4010.1002/%28ISSN%292051-817X.VIRTUALISSUEBRAZILIANRESEARCH
https://physoc.onlinelibrary.wiley.com/doi/abs/10.14814/phy2.13271%4010.1002/%28ISSN%292051-817X.VIRTUALISSUEBRAZILIANRESEARCH
https://physoc.onlinelibrary.wiley.com/doi/abs/10.14814/phy2.13271%4010.1002/%28ISSN%292051-817X.VIRTUALISSUEBRAZILIANRESEARCH
https://physoc.onlinelibrary.wiley.com/doi/abs/10.14814/phy2.13271%4010.1002/%28ISSN%292051-817X.VIRTUALISSUEBRAZILIANRESEARCH
https://physoc.onlinelibrary.wiley.com/doi/abs/10.14814/phy2.13271%4010.1002/%28ISSN%292051-817X.VIRTUALISSUEBRAZILIANRESEARCH
https://www.nature.com/articles/0802516
https://www.nature.com/articles/0802516
https://www.nature.com/articles/0802516
https://www.nature.com/articles/0802516
https://www.nature.com/articles/0802516
https://www.nature.com/articles/nrmicro3344
https://www.nature.com/articles/nrmicro3344
https://www.nature.com/articles/nrmicro3344
https://www.nature.com/articles/nrmicro3344
https://www.nature.com/articles/nrmicro3344
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00185
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00185
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00185
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00185
https://www.frontiersin.org/articles/10.3389/fmicb.2016.00185
https://www.tandfonline.com/doi/abs/10.1080/19490976.2015.1134082
https://www.tandfonline.com/doi/abs/10.1080/19490976.2015.1134082
https://www.tandfonline.com/doi/abs/10.1080/19490976.2015.1134082
https://www.tandfonline.com/doi/abs/10.1080/19490976.2015.1134082
https://www.tandfonline.com/doi/abs/10.1080/19490976.2015.1134082
https://www.mdpi.com/2072-6643/7/11/5440/htm
https://www.mdpi.com/2072-6643/7/11/5440/htm
https://www.mdpi.com/2072-6643/7/11/5440/htm
https://www.mdpi.com/2072-6643/7/11/5440/htm
https://www.mdpi.com/2072-6643/7/11/5440/htm
https://www.tandfonline.com/doi/abs/10.4161/auto.7.2.14277
https://www.tandfonline.com/doi/abs/10.4161/auto.7.2.14277
https://www.tandfonline.com/doi/abs/10.4161/auto.7.2.14277
https://www.tandfonline.com/doi/abs/10.4161/auto.7.2.14277
https://www.tandfonline.com/doi/abs/10.4161/auto.7.2.14277
https://www.hindawi.com/journals/bmri/2014/658913/abs/
https://www.hindawi.com/journals/bmri/2014/658913/abs/
https://www.hindawi.com/journals/bmri/2014/658913/abs/
https://www.hindawi.com/journals/bmri/2014/658913/abs/
https://www.hindawi.com/journals/bmri/2014/658913/abs/
http://www.scielo.br/scielo.php?pid=S0004-27302012000900001&script=sci_arttext&tlng=es
http://www.scielo.br/scielo.php?pid=S0004-27302012000900001&script=sci_arttext&tlng=es
http://www.scielo.br/scielo.php?pid=S0004-27302012000900001&script=sci_arttext&tlng=es
http://www.scielo.br/scielo.php?pid=S0004-27302012000900001&script=sci_arttext&tlng=es
http://www.scielo.br/scielo.php?pid=S0004-27302012000900001&script=sci_arttext&tlng=es
https://www.nature.com/articles/27376
https://www.nature.com/articles/27376
https://www.nature.com/articles/27376
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://www.sciencedirect.com/science/article/pii/S0022202X15409844
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2249.2000.01097.x
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://theoncologist.alphamedpress.org/content/13/3/289.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
http://cancerres.aacrjournals.org/content/54/15/4233.short
https://www.sciencedirect.com/science/article/pii/S8756328203001959
https://www.sciencedirect.com/science/article/pii/S8756328203001959
https://www.sciencedirect.com/science/article/pii/S8756328203001959
https://www.sciencedirect.com/science/article/pii/S8756328203001959
https://www.sciencedirect.com/science/article/pii/S8756328203001959
https://www.nature.com/articles/emm20122
https://www.nature.com/articles/emm20122
https://www.nature.com/articles/emm20122
https://insights.ovid.com/febs/febsj/2014/09/011/roles-growth-factors-tumor-progression/119/01217111
https://insights.ovid.com/febs/febsj/2014/09/011/roles-growth-factors-tumor-progression/119/01217111
https://insights.ovid.com/febs/febsj/2014/09/011/roles-growth-factors-tumor-progression/119/01217111
https://www.physiology.org/doi/abs/10.1152/physiol.00045.2009/
https://www.physiology.org/doi/abs/10.1152/physiol.00045.2009/
https://www.physiology.org/doi/abs/10.1152/physiol.00045.2009/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061164/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061164/
http://www.auctoresonline.org/

