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Abstract
Background Obesity is related to a higher rate of infections
and some types of cancer. Here we analyzed the impact of
obesity and weight loss induced by Roux-en-Y gastric
bypass (RYGB) on immunological parameters, i.e., cytokine
productions and natural killer cell function.
Methods We analyzed 28 morbidly obese patients before
and 6 months after RYGB. Biochemical parameters were
analyzed in plasma. The percent of natural killer (NK) cells,
their cytotoxicity, and the production of cytokines by
peripheral blood mononuclear cells were analyzed. The
percent of NK cells was determined by flow cytometry and

cytokine production determined by enzyme-linked immu-
nosorbent assay. NK cytotoxicity was determined by the
lactate dehydrogenase release assay.
Results The weight loss 6 months following surgery was
35.3±4.5 kg. RYGB also improves biochemical parameters.
No significant difference was found in the percent of NK
cells after surgery. We found an increase in the production of
interferon-γ, interleukin (IL)-12 and IL-18, but not in IL-2,
6 months after RYGB. Cytotoxic activity of NK cells was
significantly enhanced 6 months after RYGB [17.1±14.7%
before RYGB vs 51.8±11.3% at 6 months after, at 40:1
effector to target cell ratio; p<0.001]. We observed signif-
icant post-surgical improvement in the cytotoxic activity
curve in 22 out of 28 patients (78.6%), irrespective of the
target to effector cell ratio.
Conclusions The weight loss induced by RYGB modifies
the production of cytokines related with NK cell function
and improves its activity.
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Introduction

Obesity is a worldwide public health problem associated
with several comorbidities including cardiovascular diseases,
reproductive disorders, osteoarthritis, gallstones, and respira-
tory disease [1]. Furthermore, obesity has also been linked to
decreased immunocompetence [2]. Epidemiological data
indicate that the incidence and severity of infections are
higher in obese individuals [3]. Results from meta-analysis
show the association between high body mass index (BMI)
and an increased incidence of many types of cancer [4]. The
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biological mechanism that links obesity to cancer seems to
be multifactorial and to involve a group of metabolic and
immunological factors.

Bariatric surgery is currently the only effective therapy
for morbid obesity and it can improve most obesity-related
conditions [5]. The observational Swedish Obese Subjects
(SOS) study found that those treated with surgery had
significantly better weight loss than controls in more than a
15-year follow-up [6]. A meta-analysis of effectiveness
associated with surgical treatment of obesity confirmed
substantial improvement or resolution of diabetes, hyper-
tension, dyslipidemia, and sleep apnea [7]. A recent report
from the SOS study showed a reduced cancer incidence in
obese women submitted to surgery [8]. Bariatric surgery in
obese subjects was also associated with a reduction in
overall mortality [6, 9]. Adams et al. [9] observed that long-
term total mortality after gastric bypass surgery was
significantly reduced, particularly deaths from diabetes,
heart disease, and cancer.

Natural killer (NK) cells are innate immunity cells critically
involved in the control of cancer and infections. Human NK
cells target various cancer cells of different origins [10]. NK
cells also kill cells infected with a variety of pathogens such
as viruses, bacteria, and fungi [11]. NK cell cytotoxic activity
is regulated by interleukin (IL)-2, IL-12, IL-18, and inter-
ferons [12]. In an 11-year prospective study, lower NK
cytotoxicity was associated with increased cancer incidence
[13]. Patients with Chediak–Higashi syndrome, a genetic
disorder characterized by abnormal NK cytotoxic function,
have a 200-fold increased risk of developing malignancy [14].
NK cytotoxicity has been shown to be inversely associated
with risk and severity of some infections [15]. Aside from its
effector functions, NK cells also play a fundamental role in
the regulation of the immune response and their presence or
absence will influence the pathway adaptive immunity will
take, mostly under infectious conditions [16].

Although obese individuals have a higher rate of
infections and are more prone to develop cancer, studies
on NK cell function in these subjects and the effect of
weight loss in this parameter of immunity are scarce. In this
study, we analyzed NK cell numbers and function in a
morbidly obese population to address the effect of weight
loss induced by Roux-en-Y gastric bypass (RYGB) in this
parameter of immunity.

Methods

Subjects and Research Design

We evaluated 28 patients with BMI≥40 kg/m2, who
underwent RYGB, and with ages ranging between 23 and
58 years. We excluded patients with fasting glucose≥

126 mg/dL, autoimmune diseases, cancer, chronic infec-
tions, or under treatment with immunosuppressive drugs.
Written informed consent was obtained from all patients.
The study was approved by the Ethics Committee of the
University of São Paulo Medical School.

Medical evaluation and blood collection were conducted
in all subjects before and 6 months after RYGB. After
surgery, all patients took polyvitamin replacement as part of
the nutritional follow-up supervised by an attending
endocrinologist and a nutritionist.

Body Composition and Metabolic Parameters

Weight was measured with a balance beam scale (Health-o-
meter, Sunbeam, Boca Raton, FL, USA) with subjects
barefoot and wearing light clothing. Height was measured
to the nearest 1 cm using a Harpenden stadiometer.

Plasma glucose was determined by the glucose oxidase
method (Hitachi Modular P, Roche Diagnóstica Brasil Ltda).
Serum total cholesterol (C), low-density lipoprotein (LDL)-C,
and triglycerides (TG) were also measured enzymatically
(Hitachi Modular P, Roche Diagnóstica Brasil Ltda).
High-density lipoprotein (HDL)-C was measured with a
homogenous method. Plasma leptin concentrations were
determined by enzyme-linked immunosorbent assay (ELISA)
kit (Linco Research, Inc). The minimum detectable leptin
concentration in this assay is 0.5 ng/mL. Samples from
individual subjects were analyzed in the same assay.

Evaluation of Immunologic Parameters

Blood samples were obtained after a 12-h overnight fast and
were processed immediately for immunological examina-
tions. Peripheral blood mononuclear cells (PBMCs) from
heparinized blood were isolated by density gradient centrifu-
gation with Isolymph (Gallard-Schlesinger Industries, Inc,
Norway) followed by washing with phosphate-buffered
saline (PBS), pH 7.2. Cells were resuspended in 1 mL of
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 5% human AB+ serum (Cambrex) and counted.

Flow Cytometry

Ten million cells per milliliter were diluted in supplemented
DMEM and incubated with antigen-specific monoclonal
antibodies against CD3, CD4, CD8, CD19, CD25,
CD45RA and R0, CD56, CD69, and CD95 (Pharmingen,
San Diego, CA, USA) for 30 min at room temperature in
the dark. The cells were subsequently washed with PBS
and then washed twice with PBS with 3% human AB
serum and read on a flow cytometer (FACSCalibur—
Becton Dickinson, Sunnyvale, CA, USA). A minimum of
10,000 cells per sample were acquired. Data were evaluated
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using CellQuest analytical software (Tree Star Inc., Palo
Alto, CA, USA). CD56 was considered a specific marker of
NK cell. Nonspecific staining was evaluated using isotype-
control antibodies. Nonspecific staining was below detect-
able levels in all experiments.

Cytokine Measurement

Cytokines were measured by ELISA using paired antibody
(PharMigen, San Diego, CA, USA) as described elsewhere
[17]. Briefly, PBMCs were diluted to 106 cells/mL and
added to 96-well flat-bottom microtiter plates (Falcon,
Oxnard, CA, USA) in medium alone or stimulated with
5 μg/mL phytohemagglutinin (PHA). Cultures were
assayed after 24 h for IL-2, IL-12, and IL-18 synthesis
and after 48 h for IFN-γ.

Cytotoxicity Assay

NK activity was measured by a 4-h enzyme release
cytotoxicity assay. Cytotoxicity was assessed by measuring
lactate dehydrogenase (LDH) activity released in the
supernatant by lysed target cells according to the method
of Korzeniewski and Callewaert [18]. The results obtained
with the LDH release method have been shown to correlate
with those of 51Cr release [18]. K562 (target) cells were
mixed with PBMCs (effector) to give different effector to
target cell ratios (40:1, 20:1, 10:1, 5:1, and 1:1). LDH
activity was measured by colorimetric procedure, per-
formed by an automatic PC-aided microtiter plate reader
(UltraMax 180 with SoftMax software, Molecular Devices,
Menlo Park, USA). Data on the NK activity of PBM cells
incubated with or without modifiers were expressed as lytic
units (LU)/107 cells. The results are presented as percentage
of specific lysis at the median of E/T 40:1. Specific lysis
was calculated using the mean counts per minute (cpm) of
triplicate values for each effector to target ratio by the
formula: % cytotoxicity=[1−(cpm with effector cells/cpm
without effector cells)]×100. In all experiments, spontaneous
release (target cells alone) was less than 20% of maximal
release (effector plus target cells).

The method of serial dilutions is used because different
ratios of effector to target cells allow the evaluation of the
cytotoxic effects that are dependent on cell contact, as well as
those that are cytokine-dependent. The establishment of a
dose–response curve also helps to unveil discrete results that
would be otherwise hard to appreciate and are revealed using a
curve because of the tendencies shown by the curve slope.

Statistical Analysis

Shapiro–Wilk’s test was used to verify the normal distribu-
tion of data. Student’s t test was performed to compare

anthropometric and biochemical data before and after
surgery and Wilcoxon test to compare the immunological
parameters, except NK cell cytotoxicity. Results were
considered statistically significant when a 95% confidence
level was achieved. Fisher test was used to evaluate cell
cytotoxicity assessed by LDH release.

Results

RYGB Improves Anthropometric and Biochemical
Parameters in Obese Patients

Anthropometric and biochemical parameters were evaluated
before and 6 months after RYGB. We analyzed 28 subjects
(20 females and 8 males), nonsmokers and sedentary, with
mean age of 39.9±10.9 years (range 23–58) and mean
preoperative BMI of 49.5±7.1 kg/m2 (range 40.1–62.4). As
corroborated by the literature [5–7], patients demonstrated a
better BMI associated with a significant weight loss after the
surgery (Table 1). The weight loss 6 months following
surgery was 35.3±4.5 kg, an average loss of 26% of the
initial weight. We observed better and stable blood glucose
level, associated with a decrease in total C, TG, and LDL-C.
We also observed a decreased in plasma leptin (Table 1),
consistent with previous findings by other groups [19].

RYGB Induces Changes in Cytokines Involved in NK Cell
Function

To evaluate changes in the immune response of patients
after RYGB, we assayed the capacity of PBMCs stimulated
in vitro to secrete proinflammatory and regulatory cyto-
kines. Cytokine synthesis was evaluated in each patient
individually prior to surgery and 6 months after surgery.
Our data showed increased secretion of innate immunity-

Table 1 Anthropometric and biochemical parameters of patients
(n=28) before and 6 months after RYGB

Parameter Before 6 months

Weight (kg) 136.2±24.4 100.9±19.9*

BMI (kg/m2) 49.5±7.1 36.6±6.2*

Glucose (mg/dL) 90.8±12.8 80.2±6.5*

Total cholesterol (mg/dL) 211.8±34.8 173.8±34.7*

Triglycerides (mg/dL) 163.7±107.1 105.7±39.5*

HDL (mg/dL) 50.2±11.5 52.9±9.9

LDL (mg/dL) 132.5±31.7 99.7±28.6*

Leptin (ng/mL) 105.6±87.2 29.0±19.8*

Blood was taken at both time points and plasma was evaluated for the
mentioned biochemical parameters

*p<0.01, Student’s t test
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associated cytokines 6 months after RYGB, such as IL-12
(210.6±113.6 vs 355.8±272.9 pg/mL; p=0.01) and IL-18
(163.0±122.7 vs 455.1±374.6 pg/mL; p=0.0003). We also
found an increase in IFN-γ synthesis (196.7±142.7 vs
369.9±291.8 pg/mL; p=0.01). We did not observe any
changes in the production of IL-2 (Fig. 1).

Lymphocyte populations were evaluated by flow
cytometry. Surface markers CD3, CD4, CD8, and CD19
were evaluated in combination with the activation and
differentiation markers CD45RA and CD45R0, CD95,
CD25, and CD69. We could not detect any changes in
these cellular populations (data not shown).

Improved Cytotoxic Activity of NK Cells After Surgery

We first analyzed the percentage of NK cells in the patient’s
PBMCs and found no differences between the results
before and 6 months after surgery.

Interestingly, our data showed an increased cytotoxic
activity of NK cells over K562 target cells (MHC class I
negative). Cytotoxic activity of NK cells was enhanced
6 months after RYGB [17.1±14.7% before RYGB vs 51.8±
11.3% at 6 months after, at effector to target cell (NK cell/
K562 cell) ratio 40:1; p<0.001] (Fig. 2a). We observed in
Fig. 2b that severely obese patients have a significant
decrease in the activity of NK cells in comparison to normal
individuals matched for age and gender (the red curve
represent data obtained from controls with normal BMI). We
found significant post-surgical improvement in the cytotoxic
activity curve and the NK cells of patients recovered their
activity to values similar to the controls. We observed
significant post-surgical improvement in the cytotoxic

Fig. 1 Cytokine secretion by
PBMCs from patients (n=28)
before (pre) and 6 months after
RYGB. PBMCs were isolated
and plated with 5 μg/mL of
PHA. Supernatants were
harvested and cytokines were
measured by ELISA. Wilcoxon
test was applied to compare
the synthesis in the two time
points

Fig. 2 Cytotoxic activity of NK cells from patients (n=28) before
(pre) and 6 months after RYGB. PBMCs were plated at different ratios
with K562 target cells, and cytotoxicity was evaluated through LDH
release according to the “Methods” section. Pre and 6 months later,
data for 40:1 NK/target ratio only (a) or at different ratios from 40:1 to
1:1 (b). The curve (b) represents the data obtained from controls with
normal BMI matched for age and gender. Variations in effector to
target ratios are essential in this assay to reveal discrete differences, as
described in the “Methods” section of this paper. Asterisk, Fisher test
pre vs 6 months
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activity curve in 22 out of 28 patients (78.6%), irrespective
of the target to effector cell ratio.

Discussion

Several groups have described a strong relationship
between obesity and certain types of tumors, as well as
recurrent infections. Changes in immune function have
been described in obese experimental animals and human.
Taking into consideration the role of NK cells in immune
surveillance and response to infections, we decided to
address the status of this cell population before and
6 months after RYGB. To our knowledge, this is the first
study evaluating the impact of weight loss induced by
RYGB in the activity of NK cells.

Diet-induced obese animals present lower cytotoxic
activity of NK cells, which was restored by energy
restriction [20]. In elderly women, a negative correlation
was shown between the activity of NK cells and percentage
of body fat [21]. In contrast, other reports showed no
difference in this parameter between obese and nonobese
subjects [22, 23]. The varied degree of obesity in the
patients enrolled in these studies confounded its interpreta-
tion. In our study, only patients with a BMI above 40 were
included. We have shown that severely obese patients have
a significant decrease in the activity of NK cells compared
to normal individuals matched for age and gender (Fig. 2).
This decrease could not be subscribed to a decrease in the
numbers of circulating NK cells since the individual numbers
as well as the averages were similar, prior to and 6 months
after surgery (data not shown). Nevertheless, we can
associate the diminished function to impaired production of
cytokines known to regulate NK function (IL-12, IL-18, and
IFN-γ) that were decreased prior to surgery (Fig. 1).

The effect of weight reduction strategies on NK cell
function has been evaluated in a few studies in humans. The
difference in assays, characteristics of patients studied, type,
and duration of the weight loss treatment makes it difficult to
compare the available data. One study has reported that NK
cells’ cytolytic activity was enhanced by fasting in obese
individuals [24]. On the other hand, suppression of the
activity of NK cells, without change in NK cell proportion,
was described in obese women after an 8-week weight loss
program with a diet of 950 kcal per day [25]. Most studies
that evaluated the effects of bariatric surgery on immune
function have focused on inflammation markers but have not
assessed any aspect of the immune response effector
mechanisms. We observed a post-surgical increase in NK
cell activity (Fig. 2) although NK cell proportion, defined as
CD56+ cells, remained unchanged after surgery, as corrob-
orated by Cottam et al. [26]. We can suggest that the increase
in the production of IL-12 and IL-18 6 months after surgery

is one important factor in the recovery of NK cell activity
(Fig. 1). Because cytotoxicity was assessed using whole
PBMCs and not sorted CD56+ cells, one could argue that
our measurements included cell death induced by other
cytotoxic cells, mainly CD3+CD8+ cells. However, the fact
that the K562 cells are MHC class I negative makes them a
preferential target for NK cells, and therefore, the impact of
lysis induced by other cells is negligible [27].

Adipose tissue has been recognized to be a multifunc-
tional organ, playing an important role not only as energy
storage organ, but also exerting important immune func-
tions through the released of leptin, resistin, adiponectin,
IL-6, and tumor necrosis factor (TNF)-α [28]. All of those
molecules may act on immune cells leading to local and
systemic inflammation. Leptin is the most studied
adipocyte-derived hormone and BMI is the main determi-
nant of circulating leptin in the body [29, 30]. Its functional
receptor is expressed not only in the hypothalamus where it
regulates energy homeostasis and neuroendocrine function,
but also in several cell types of innate and adaptive
immunity [31]. In vitro studies using both animal and
human cells with complete leptin deficiency have demon-
strated the role of leptin in modulating immune function
[32, 33]. In vivo studies in fasting, diet-induced obese
mice showed that leptin administration prevents pre- and
post-starvation reduction in spleen weight compared with
lean controls, but it showed no effect on IL-2, IL-10, and
IFN-γ production, suggesting that under these circum-
stances the effect of leptin on immune cells in the obese
state may be minimal [34]. It is possible that there is leptin
resistance in obese individuals’ immune cells, rendering
them refractory to leptin stimulation despite its high
concentration in the serum. As expected, we observed a
decreased in serum leptin levels 6 months after RYGB.
Nevertheless, we could not relate individual drop out in
leptin levels with any specific parameter of the immune
response analyzed.

Although we could not clarify the mechanism by which
weight loss controls NK cell function, it is conceivable
that it is associated with the synthesis of cytokines
involved in NK cell activation. We observed a significant
post-surgical increase in the production of IL-12, IL-18,
and IFN-γ. IL-12 and IL-18 have been implicated in the
functions of NK cells. IL-12 is crucial for the induction of
IFN-γ released by NK cells and also for the enhancement
of NK cell cytotoxicity [35]. IL-18 operates synergistically
with IL-12 in the induction of IFN-γ production by NK
expression, and consequently, Fas-FasL-mediated cyto-
toxicity is enhanced by IL-18 [36]. IL-18-deficient mice
have reduced NK cell cytotoxic activity that can be
restored by exogenous IL-18 [37]. The production of
IFN-γ can inhibit viral replication and also has a direct
toxic effect on tumor cells [38]. Moreover, IFN-γ is a
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cytokine capable of activating macrophages and CD8 T
cells and, by these means, stimulating cell-mediated
immunity [38]. As the NK cell proportion was unchanged
after surgery, the increase in these cytokines can explain the
improved cytotoxic activity observed.

Diet-induced obese animals have increased mortality
and altered immune responses when infected with influ-
enza virus. These mice have reduced expression of
antiviral cytokines IFN-α and IFN-β and reduced NK
cytotoxicity [39]. Albanes [40] showed that tumor
incidence in mice is proportional to the level of caloric
intake and resulting body weight, and body weight
accounted may be a more sensitive indicator for cancer
risk. Epidemiological data suggest that obesity is associ-
ated with increased risk of certain types of cancer.
Several mechanisms by which obesity induces or pro-
motes tumorigenesis have been proposed, among them a
deregulation of immune response effected through leptin,
TNF-α, and or IL-6 [4, 41]. Although we have not
studied the clinical outcomes but rather the effect of
obesity on the functional status of NK cells, is important
to notice the correlation between low NK cytotoxic
activity, found by us, and a higher incidence of tumors
and infections in obese subjects. Our work offers a
cellular explanation for the epidemiological data avail-
able. Furthermore, our data also show that the functional
status of NK cells can be restored upon weight loss,
demonstrating a previously unappreciated effect of weight
loss in immunity.

In conclusion, the weight loss induced by RYGB
increases the production of cytokines related with NK cell
cytotoxic function and improves the killing capacity of
these cells. The impairment in NK cells’ cytotoxic activity
and cytokines observed in patients with severe obesity can
be at least one of the possible explanations for developing
infections and cancer. Our data show that weight loss
induced by bariatric surgery can positively impact these
factors in a significant way. Nevertheless, long-term studies
should be performed to address whether these changes
positively affect the ability of these subjects to control viral
infections and tumor development.
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