Cell-free DNA as an obesity biomarker
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Abstract

Obesity is a disease that affects about 13% of the world population (2016) (Who 2018).
This condition generates a process of systemic inflammation that may contribute to the release
of cell-free DNA (cfDNA) into the bloodstream. cfDNA has been considered a potential
biomarker to monitor several physiological and pathological conditions, such as tumors,
exercise intensity and obesity. Therefore, the objective of this study was to evaluate the
association of cfDNA levels with the amount of weight and fat mass lost six months after
bariatric surgery. Thirty-eight subjects classified as obese (BMI, 43.5+6.2; BFP, 46.6+4.8) were
evaluated anthropometrically and underwent bariatric surgery. Weight, BMI, body fat
percentage (BFP), waist circumference, C-Reactive Protein (CRP) and cfDNA levels were
evaluated before and six months after surgery; furthermore, a correlation was performed
between cfDNA levels and BFP and CRP. Decrease in total body weight and CRP were
observed after bariatric surgery; however, the cfDNA levels remained unchanged. There was a
weak correlation between cfDNA levels and BFP before the bariatric surgery, and a moderate
correlation between cfDNA and CRP. Obese subjects who underwent bariatric surgery, the
decrease in body fat percentage did not result in changes in cfDNA levels six months after

surgery.
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Introduction

Obesity is a disease that affects about 13% of the world population (Who 2018). It is
characterized by excess body fat due to caloric imbalance (greater intake x less energy
expenditure), as well as, by other factors including: genetic, epigenetic, dietary, economic,
psychosocial, endocrine disruptor, urban environment temperatures, maternal age, smoking
cessation, and pharmacologic factors (Hubacek 2009; McAllister et al. 2009; Dhurandhar et al.
2014). Obesity can be classified by body mass index (BMI) or body fat percentage (BFP) (Pi-
Sunyer 2000; De Lorenzo et al. 2016). According to BMI, obesity may be classified as degree
1 (BMI>30), degree 2 (BMI>35), and degree 3 (BMI>40) (Pi-Sunyer 2000). Another method
of classification is the BFP, where values >25% in men and >33% in women are classified as
obese (Bray 1999).

Increased body fat may increase the levels of proinflammatory cytokines, resulting in
a state of chronic inflammation leading to the process of apoptosis and cellular necrosis.
(Schmidt et al. 2005; Alkhouri et al. 2010; Haghiac et al. 2012). This process can negatively
influence the health of the individual and impart a high risk in the development of diverse
diseases (Schmidt et al. 2005). Active lifestyle and healthy eating are strategies used to combat
this growing epidemic; however, they have modest success rates (Lagerros and Rossner 2013).
Thus, patients undergo to bariatric surgery as an effective, both at short- and long-term strategy,
for the control of severe obesity.

Cell-free DNA (cfDNA) has received much attention as a potential biomarker for
monitoring both physiological and pathological conditions. Physiologically low levels of
cfDNA are detected in the plasma of healthy individuals (Haghiac et al. 2012; Andreatta et al.
2017; Ferrandi et al. 2018). However, the increase in cFDNA occurs due to a variety of acute
and chronic pathological conditions such as cancer, autoimmune diseases, sepsis, stroke,

myocardial infarction, and trauma, as reported in the literature (Sandquist and Wong 2014;



Volckman et al. 2018; Ferrandi et al. 2018; Xu et al. 2018). cfDNA is released into plasma by
several cells including neutrophils, monocytes, eosinophils and tumor cells and may originate
from apoptosis and necrosis (thereby reflecting the degree of cellular damage) or be deliberately
released (Leite et al. 2017; Ferrandi et al. 2018).

An association between cfDNA levels in obese individuals and BMI and visceral fat has
been suggested in the literature (Nishimoto et al., 2016). The process of systemic inflammation
associated with metabolic dysfunction that occurs in obese subjects may contribute to the
release of cfDNA into the bloodstream (Haghiac et al. 2012; Nishimoto et al. 2016). Thus, to
further understand this association, we monitored cfDNA levels and fat loss for 6 months in
patients that underwent bariatric surgery.

Thirty-eight obese adult volunteers from the Bariatric and Metabolic Surgery Program
of the University Hospital Cassiano Anténio Moraes (HUCAM) were included in this study.
Twenty-five volunteers received the gastric bypass surgery and thirteen volunteers received the
sleeve gastrectomy surgery. No significant differences were observed between the volunteers
characteristics from each surgery before the procedure (PRE) for age, weight, BMI, % lean
mass, BFP, and waist circumference. All volunteers were able to receive either gastric bypass
or sleeve gastrectomy surgery, according to the criteria of the program (BMI >35, age 18-60
years). All the procedures performed in this study followed the Brazilian National Health
Council guidelines for studies with humans in accordance with resolution 466/2012. Informed
consent was obtained from all individual participants included in the study. The following
exclusion criteria were adopted: a) pregnant women, b) patients with pacemakers, c) indwelling
metallic structures and d) silicone prostheses (contraindicated for performing the electrical
bioimpedance).

Participants were assessed before undergoing the bariatric surgery (PRE) and 6 months

after the surgery (6 MO). The body mass index (BMI) was calculated by the formula weight/



height? (weight in kg; height in meters) and the BMI classification was established according
to the World Health Organization (WHO). Body composition was evaluated by means of the
electrical bioimpedance, using the Biodynamics Equipment Model 450 according to the
European Society for Clinical Nutrition and Metabolism Guidelines (Kyle et al. 2004). The
values obtained were used to calculate the % lean and BFP of each participant. Prior to the
evaluation, participants were instructed to maintain an eight-hour fast and not to engage in
physical activity, and women should not be in their menstrual period.

Serum samples were collected before (PRE) and 6 months (6 MO) after the bariatric
surgery. Approximately 4 mL of blood was collected in tubes without anticoagulants. The blood
samples were centrifuged at 10 000 g for 10 min at 4°C and the serum was stored at -80°C.
Analysis of cfDNA was assessed fluorometrically through the Synergy Hybrid Multi-Mode
Reader (BioTek Instruments) using SYBR® Gold Nucleic Acid Stain (catalog number: S11494,
Thermo Fisher Scientific) as previously published by our group (Andreatta et al. 2017). Values
were expressed as ng/uL. Serum ultrasensitive CRP was measured by a trained technician by
an immunoturbidimetric method.

Values are expressed as the mean + standard deviation (mean+SD) for all variables.
Characteristics of participants were compared by the unpaired t-test and 95% confidence
intervals (95% CI) were calculated. The paired t-test was performed to evaluate the effect of
surgery on BMI, BFP, and waist circumference after 6 months. A Shapiro-Wilk normality test
was performed to evaluate whether the variables assumed a Gaussian distribution. Then, a
Spearman’s correlation was performed for the non-parametric variables. The value of p<0.05
was considered statistically significant.

Characteristics of the participants included in the study are shown in Table 1. As we
evaluated patients who underwent either gastric bypass or sleeve gastrectomy surgeries, we first

compared the characteristics between groups. No significant differences were observed



between groups before the surgery for age, weight, BMI, % lean mass, BFP, waist
circumference and CRP. Next, we evaluated the effectiveness of both gastric bypass and sleeve
gastrectomy surgeries to reduce obesity. Table 2 shows the effect of both surgeries on the
parameters of obesity before surgery and 6 months after surgery. After 6 months, both bariatric
surgeries were able to reduce total weight levels compared to PRE values (gastric bypass,
26.5%; sleeve gastrectomy, 22.2%), BMI (gastric bypass, 27%; sleeve gastrectomy, 22.2%;),
BFP (gastric bypass, 15.3%; sleeve gastrectomy, 13.3%), waist circumference values (gastric
bypass, 18.2%; sleeve gastrectomy, 18.2%) and C-Reactive Protein levels (gastric bypass,
64.5%; sleeve gastrectomy, 71.7%). Since similar results were observed in both surgeries they

were considered as one group for further analysis.

Next, we studied the correlation between cfDNA levels and BFP. Spearman’s
correlation was performed with the cfDNA levels and BFP before bariatric surgery (Figure 1A)
and 6 months after the bariatric surgery (Figure 1B). Weak correlation for cfDNA levels and
BFP was observed before the surgery (Figure 1A, r=0.310, p=0.031) while non-significant
correlation was observed after 6 months (Figure 1B, r=0.237, p=0.079). We next evaluated
whether the changes in BFP correlate with changes in cfDNA levels. Figure 1C shows
negligible and non-significant correlation (r=0.022, p=0.897). However, when evaluated
whether the changes in CRP correlate with changes in cfDNA levels, a moderate correlation
was observed (Figure 1D, r=0.414, p=0.007). Furthermore, although bariatric surgeries were
able to reduce body weight, BFP and CRP, cfDNA levels remained unchanged 6 months after

bariatric surgery when compared to PRE. (Figure 1E, p=0.578).

There are few data in the literature related to cfDNA levels and obesity. To our
knowledge, we are the first group to evaluate obese subjects who underwent bariatric surgery,

as well as to monitor the cfFDNA levels 6 months after the surgical procedure. We showed that



bariatric surgery was able to decrease the body weight, BMI, BFP, and CRP but the cfDNA
levels were not altered.

It is reported in the literature that obesity causes an imbalance in adipocyte proliferation
and hypertrophy. Systemic inflammation is the main factor in the pathology of obesity and
complications related to obesity. The adipose tissue of obese subjects may suffer necrosis or
apoptosis depending on the stimulus (Haghiac et al. 2012). Both mechanisms have been
suggested as the main factors in the release of cfDNA in obese subjects. Nishimoto et al. (2016)
have shown that obesity-related adipocyte degeneration causes release of cfDNA, which
promotes the accumulation of macrophages in adipose tissue via Toll-like receptor 9 (TLR9),
originally known as a sensor of exogenous DNA fragments. However, the cfDNA released in
obese subjects may play, at least partially, a causal role in the development of inflammation of
adipose tissue via TLR9 (Nishimoto et al. 2016).

Haghiac et al. (2012) showed that obese women who had an increase in body weight
during pregnancy presented hyperleptinemia, hyperinsulinemia, and increased plasma
concentrations of IL-6, which are characteristic of metabolic inflammation. In addition, the
morphological changes associated with necrosis and apoptosis in the adipose tissue were higher
in obese women. In this study a positive correlation between the cfDNA levels, BMI, and
gestational weight gain was also observed. The authors suggest that such results indicate an
association between increased fat mass of obese women and total cfDNA released into the
circulation (Haghiac et al. 2012).

Another study developed by Nishimoto et al. (2016) also found an increase in cfDNA
levels in mice administered a diet to induce obesity as in obese humans (visceral fat area >100
cm?). Elevated cfDNA levels in the circulating blood of obese subjects were positively

associated with visceral adipose tissue weight in mice and visceral fat area in humans. We also



found a weak positive correlation between cfDNA levels and BFP, however, cfDNA levels did
not change 6 months after bariatric surgery.

In summary, our results confirm previous data in the literature showing weak correlation
between cfDNA levels and BFP. In addition we shoed for the first time a moderate correlation
between cfDNA levels and CRP and also that decrease in BFP or CRP does not result in changes

in cfDNA levels.
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Figures and Legends

Table 1: Characteristic of the participants.



Gastric bypass

Sleeve gastrectomy

n=25 95% CI n=13 95% ClI P value
Sex, %
Women 80% 84.6%
Men 20% 15.4%
Age, years 412+7.8 38-444 43.2+53 40.0 - 46.4 0.404
Weight, Kg 1147+19.2 106.8-122.6 107.8+17.3 97.3-118.2 0.279
BMI 43.7+5.9 41.2 -46.1 41.0+4.9 38.0-43.9 0.167
% Lean mass 54.0+4.9 51.9-56.1 53.4+5.1 50.4 - 56.5 0.724
BFP 459+49 43.9 - 48.0 46.5+5.0 43.4-495 0.766

Waist circumference, cm 121.6+14.8 1154-127.9
C-Reactive Protein, mg/L 11.0+8.8 7.4-14.6

1225+105 1154-129.6 0.581

92+7.4 4.2-14.1 0.423

Characteristic of the participants at baseline (PRE) of Gastric bypass and Sleeve gastrectomy
surgeries. BMI, body mass index. Data are expressed as mean + SD. A Shapiro—Wilk normality
test was performed to evaluate whether the variables assumed a Gaussian distribution.
Characteristics of participants were compared by the unpaired t-test and 95% confidence
intervals (95% CI) were calculated. p <0.05 indicates statistical difference.

Table 2: Effect of bariatric surgery on obesity parameters.

Sleeve gastrectomy

PRE  95%ClI  6MO  95%Cl Pvalue

Gastric bypass
PRE  95%Cl  6MO  95%Cl Pvalue
Weight, Kg 1147+192 1068-126 843+165 T775-911 <0.005
BMI B37+59  412-461 319154 207-%2 <0005
BFP 59+49  439-480 BIL5T  35-412 <0005

Waist circumference, cm 12164148 1154-1279 996+154 93.1-1061 <0005
C-Reactive Protein, mg/L  110+88  74-146  39+57  16-63 <0005

1078+173 973-1182 839+149 749-929 <0005
410+49 380-439 319:+40 295-343 <0005
465+50 434-495 40364 364-42 <000
1225+105 1154-1296 1002+132 914-1091 <0005
92+74 42-141 26+21  17-40 <0005

Effect of Gastric bypass (n=25) and Sleeve gastrectomy (n=13) surgery on obesity parameters
after 6 months. BMI, body mass index. Data are expressed as mean = SD. A Shapiro-Wilk
normality test was performed to evaluate whether the variables assumed a Gaussian
distribution. The paired t-test and 95% confidence intervals (95% CI) was performed to evaluate
the effect of surgery on BMI, BFP, waist circumference and C-Reactive Protein after 6 months.
p <0.05 indicates the difference between PRE and 6 MO surgical.
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Figure 1: cfDNA levels and correlation with BFP. Correlation of levels of cfDNA in A) BFP
at the time PRE bariatric surgery and B) BFP 6 months after bariatric surgery C) A BFP and D)
cfDNA levels PRE vs 6 MO bariatric surgery. Gastric bypass (n=25) and Sleeve gastrectomy
surgeries (n=13). PRE, before the bariatric surgery; POS, after 6 months of bariatric surgery.
Data are expressed as mean = SD. A Shapiro—-Wilk normality test was performed to evaluate
whether the variables assumed a Gaussian distribution. Then, a Spearman’s correlation was
performed for the non-parametric variables. p <0.05 indicates statistical difference.



