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Background: Weight loss surgery is the most effective 
treatment for obesity, and it reduces cardiovascular and cancer 
risk through poorly understood mechanisms. MicroRNAs 
(miRNAs) are short RNA molecules that regulate the stability 
and translation of many mRNAs. We hypothesized that levels 
of specific circulating miRNAs are altered following surgery and 
may contribute to lower cancer risk.
Objectives: To investigate the change of miRNA following 
surgery.
Methods: All patients underwent gastric “sleeve operation.” 
RNA was isolated from sera of 21 patients (14 men, 7 women) 
before and 3 months after surgery. Sera were combined into 
two pools, which served for cDNA library construction followed 
by miSeq sequencing. The levels of candidate miRNAs were 
validated in the individual samples by QRT-PCR.
Results: Serum miR-122 was significantly up-regulated 
3 months post-bariatric surgery in sera of patients, whose 
endothelial function had greatly improved. In addition, serum 
miR-122 levels correlated positively with endothelial function 
as measured by FMD. The changes in miR-122 levels from 
pre-surgery to 3 months post-surgery also tended to correlate 
with the respective changes in FMD.
Conclusions: The serum miR-122/miR-451 ratio may serve 
as a marker for endothelial function in obese patients. miR-
122 is the dominant miRNA in the liver and a known tumor 
suppressor. Our findings suggest a role for circulating miR-122 
in the maintenance of vascular endothelial cells (VECs) and 
in the prevention of cancer. Further studies are required to 
elucidate the mechanism of its secretion into circulation and 
its absorption by VECs, as well as its relevant cellular targets.
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O
besity and obesity-associated diseases are leading health 
problems in developed countries. In fact, a positive 

association has been found between obesity and the risk for 
developing type 2 diabetes mellitus (T2DM), cardiovascular 
diseases, and multiple cancers including breast cancer and 
colorectal cancer [1]. 

Weight loss surgery is the most effective treatment for mor-
bid obesity, and as a result, T2DM. Epidemiological studies 
have shown a dramatic reduction in relative risk to develop 
cancer in obese patients who underwent bariatric surgery, rela-
tive risk (RR) = 0.55, and the effect on cancer risk was modified 
by gender. Women had a greater benefit from the surgery [RR 
= 0.68] while in men it was less significant [RR = 0.99] [2]. 
Long term outcomes for surgically induced weight loss have 
demonstrated reduced incidence of diabetes, cardiovascular 
events, and cancer [3,4]. Three months following bariatric 
surgery, the most dramatic effects are weight loss, improve-
ment in T2DM management, lower arterial hypertension, and 
a significant improvement in endothelial function [5,6]. These 
short-term beneficial effects have recently been shown to be 
linked to the inhibition of inflammation [7]. In agreement with 
this finding, prior studies have demonstrated a significant inhi-
bition of C-reactive protein (CRP) and tumor necrosis factor 
alpha (TNF-α) 3 months post-surgery [5,6] and suggested that 
the reduction of inflammation and oxidative stress following 
the surgery can improve the function of vascular endothelial 
cells (VECs). Nevertheless, the mechanism of improvement in 
vascular endothelial function, and the reduction of cancer risk 
following bariatric surgery are poorly understood.

MicroRNAs (miRNAs) are endogenous small non-coding 
RNAs (ncRNAs), which play regulatory roles by predominantly 
binding to cis-elements in the 3' untranslated region of spe-
cific mRNAs and regulating their translation or stability [7-9]. 
Recent studies have begun to elucidate the role of miRNAs in 
various biological processes including adipocyte differentiation, 
metabolic integration, insulin resistance, and appetite regula-
tion [10-12], as well as deregulation of many miRNAs in meta-
bolic tissues of obese animals and humans [11-13]. Numerous 
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recent studies have shown that miRNAs and other ncRNAs can 
be remarkably stable in biofluids, such as plasma/serum, urine, 
cerebrospinal fluid, and breast milk [14]. This stability appears 
to be conferred by the binding of proteins, or encapsulation in 
lipid vesicles, of the RNA molecules. Furthermore, the levels 
of specific ncRNAs in biofluids appear to be subject to tight 
regulation [15], suggesting that they may function as a novel 
endocrine signaling entity that are carried by the biofluid and 
internalized and affected by target tissues and cells far removed 
from the ones that produced them. For example, miR-122, the 
dominant miRNA in the liver [16] and a known tumor suppres-
sor [17], has been shown to be transferred between cells [18]. 

To further explore the mechanisms modulated by the sur-
gery, we checked whether the levels of specific serum miRNAs 
are persistently altered following the surgery, as absorption of 
these molecules by VECs can affect endothelial function and 
may have an effect on the clinical outcome. 

PATIENTS AND METHODS 

RNA was isolated from sera of 21 patients both before and 3 
months after bariatric surgery. For initial global profiling of 
miRNAs, the RNA samples before and after surgery from 10 
patients who showed the highest increases in flow medicated 
diameter (FMD) were combined into two pools, which served 
for cDNA library construction followed by miSeq sequencing. 
The levels of candidate miRNAs were validated in the individual 
samples by quantitative reverse transcription-polymerase chain 
reaction (QRT-PCR).

COHORT DESCRIPTION

The sera and FMD values were from a previously described 
cohort of patients undergoing gastric sleeve operations for 
weight loss [11]. The specific subset of the cohort consisted 
of 14 men and 7 women, of which samples from 7 men and 
3 women were pooled for the initial RNA sequencing (RNA-
Seq) profiling. The distributions of miR-122 levels and FMD 
values did not vary significantly between men and women 
in this set.

ENDOTHELIAL FUNCTION ASSESSMENT

FMD was assessed by measuring the change in the brachial 
artery diameter by high-resolution ultrasound. After an artery 
above the antecubital fossa is imaged, a blood pressure cuff 
placed below the antecubital fossa is inflated to suprasystolic 
pressure. After cuff release, reactive hyperemia is quantified. 
The percent change from the baseline measurement is the FMD.

RNA ISOLATION

Isolation of total RNA (including miRNAs) was carried out 
using the miRNeasy serum/plasma kit (Qiagen, Netherlands) 
according to manufacturer’s instructions.

MIRNA PROFILING BY RNA-SEQ

cDNA libraries were constructed from the two sample pools 
using a NEBNext® Small RNA Library Prep Set for Illumina® 
from New England Biolabs (USA) and next-generation sequenc-
ing performed on an Illumina miSeq at the Hebrew University 
Genomic Center, Givat Ram, Jerusalem, Israel. Sequencing data 
analysis was performed using CLC Genomics Workbench soft-
ware from CLCBio, version 7 (Qiagen, Netherlands).

RT-QPCR

Reverse transcription, primer design, and quantitative PCR were 
performed using SYBR Green chemistry dye and DNA primers. 
The primer extension was used for miRNA quantification as 
previously described [19]. This quantitative reverse transcrip-
tion PCR (RT-qPCR) method is highly accurate and reproduc-
ible [19] and was chosen over hydrolysis probe chemistry due 
to lower cost and higher convenience. All primers were tested 
for efficiency by serial dilutions and specificity by melting peak 
analysis. RT was performed on a ABI-9600 with reagents from 
New England Biolabs (USA). qPCR was performed in technical 
quadruplicates on an ABI-7900HT Sequence Detection System 
equipped with a 384-well block (Applied Biosystems, USA). The 
biological sample sizes were as indicated in the figure legends. 
Data were analyzed using SDS 2.3 software (Applied Biosystems, 
USA) and Microsoft Excel 2011 software (Microsoft Corp, 
USA). Relative quantification and the DCq method were used. 
For quantification of miRNAs, normalization was performed 
relative to the corresponding levels of miR-451a, which previ-
ously showed no significant change following treatment.

STATISTICS

For statistical tests, Student’s t-test was used. For correlations, 
linear regression was used.

RESULTS 

miR-122 levels were elevated in sera of patients whose endo-
thelial function had improved 3 months following bariatric 
surgery 

To identify miRNA candidates that were affected by bariatric 
surgery, RNA samples before and after surgery from 10 patients 
(out of the total of 21) who showed the biggest increases in FMD, 
were combined into two pools, which were profiled by miSeq 
sequencing. miRbase-annotated miRNAs were represented only 
in a minute fraction of the reads (0.2%). Although approximately 
50 miRNAs could be identified in both pools, only a part of these 
had enough counts to be quantitatively compared between the 
pools [Figures 1A, 1B]. We focused on the 10 highest-expressed 
miRNAs. Of these, the levels of several miRNAs differed between 
the two pools. Thus, miR-7641-2, miR-30d, and miR-122 were 
up-regulated after surgery, while miR-21, miR-30e, and miR-22 
were down-regulated [Figures 1C, 1D]. 
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To validate these findings, levels of candidate miRNAs were 
measured by QRT-PCR in the individual samples that were 
used for the pools (7 males, 3 females, paired samples before 
and 3 months after surgery), on a ABI-7900HT Sequence 
Detection System station, and using a primer extension method 
as described by Balcells and colleagues [19]. Expression levels 
were normalized to miR-451a, which showed consistent levels 
across patients and pre/post-surgery samples. Of the miRNAs 
tested, miR-122 was up-regulated post-surgery as compared 
to pre-surgery levels [Figure 2A]. In our sample, this up-
regulation occurred in 8 out of 10 patients and was significant  
(P = 0.025, paired t-test).

Serum miR-122 levels correlate positively with endothelial 
function as measured by FMD and the serum miR-122/miR-
451 ratio may serve as a marker for endothelial function in 
obese patients

To check if serum miR-122 levels correlate positively with 
endothelial function, miR-122 and miR-451a (for normalization) 
were measured in sera from 21 bariatric surgery patients before 
and 3 months post-surgery (a total of 42 samples with corre-
sponding FMD values). This experiment had no FMD criteria 
and included the 10 patients mentioned earlier. The results were 
grouped into 3 bins of 14 samples each, based on FMD ranges: 
low (-25% to 2%), medium (3% to 9%), and high (10% to 25%). 
miR-122 levels (normalized to miR-451a) tended to correlate 
with FMD values, with a borderline significant (P = 0.054) three-
fold difference in miR-122 levels between the high and low FMD 
bins [Figure 2B]. The changes in miR-122 levels (normalized to 
miR-451a) from pre- to 3 months post-surgery also tended to 
correlate with the respective changes in FMD [Figure 2C].

Figure 2. QRT-PCR for miR-122 in individual serum samples. [A] relative miR-122 levels in 10 patients with the most FMD increases as a result of 
the surgery (7 male, 3 female), before and after surgery. Levels were normalized to miR-451a. Note logarithmic scale, [B] relative miR-122 levels in 
21 patients, including the 10 included in [A], both before and after surgery (total of 42 samples), subdivided by FMD into 3 groups of 14 samples 
each. Levels were normalized to miR-451a. Bars, standard error. Student’s t-test between highest and lowest FMD groups showed borderline 
significance (P = 0.054), [C] individual pre-/post-surgery changes of miR-122 levels plotted against the corresponding individual FMD changes 
following the surgery. Levels were normalized to miR-451a

Figure 1. miSeq profiling of miRNAs in pooled sera from 10 patients, before and 3 
months after bariatric surgery. [A] distribution of miRbase reads in pooled samples 
before surgery, [B] relative levels for all miRNAs that passed QC, before and after surgery. 
Read counts were normalized to the total number of small RNA reads. Log scale,  
[C] normalized reads for 10 most abundant miRNAs, before and after surgery,  
[D] before/after surgery ratios of reads for 10 most abundant miRNAs

QRT-PCR = quantitative reverse transcription-polymerase chain reaction, FMD = flow mediated dilation

miRNAs = MicroRNAs
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nism of its secretion into circulation and its absorption by VECs, 
as well as its relevant cellular targets.

LIMITATIONS OF THE STUDY

The small sample size may have caused a beta error in the statisti-
cal analysis, and should guide us to continue this study in larger 
populations. The fact that measurements were done in one time 
point is another limitation, and should be expanded to several 
time points so that levels of miRNA will be studied in longer 
periods of time following the bariatric surgery. It could be that a 
longer follow-up would have shown down-regulation of miR-122 
following the increase that was observed 3 months post-surgery.
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DISCUSSION

Bariatric surgery helps people reduce body weight and thus 
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Our results show that the levels of miR-122, the dominant liver 
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elevated in the sera of patients 3 months after bariatric surgery, 
and that this elevation is broadly correlated to the improvement 
in endothelial function in these patients. Prior studies have 
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surgery leads to an adjustment in this equilibrium. Secretion of 
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when weight loss is rapid as is overall metabolic readjustment. 
It is also likely that at later times after surgery, blood miR-122 
levels decrease once more, as an indication of a newly formed 
post-surgery metabolic equilibrium. In addition, most recent 
studies describe the newer Roux-en-Y (RYGB) bypass surgery, 
while our patients underwent the gastric sleeve operation. 
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between our findings (up-regulation of miR-122 following the 
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Infection, especially by helminths or bacteria, can cause 
tissue damage. Minutti and colleagues studied mouse models 
of helminth infection and fibrosis. They expressed surfactant 
protein A (a member of the complement component C1q 
family) in the lung, which enhanced interleukin-4 (IL-4)- 
mediated proliferation and activation of alveolar macro- 
phages. This activation accelerated helminth clearance 
and reduced lung injury. In the peritoneum, C1q boosted 

macrophage activation for liver repair after bacterial infection. 
By a different approach, Bosurgi and co-authors discovered 
that after wounding caused by migrating helminths in the 
lung or during inflammation in the gut of mice, IL-4 and IL-13 
act only in the presence of apoptotic cells to promote tissue 
repair by local macrophages.

Science 2017; 356: 1076 (Minutti), 1072 (Bosurgi)
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Capsule

Local macrophage clean-up

Infection with rhinovirus is a common cause of allergic 
asthma. Toussaint and co-authors studied how the virus 
triggers inflammation and stimulates an asthmatic attack. 
Rhinovirus infection causes the release of host double-
stranded DNA and the formation of neutrophil extracellular 
traps (NETs). NETs are structures that capture microorganisms 
and activate immune cells and inflammatory responses. The 

authors showed that rhinovirus-driven NETs promote the 
infiltration of inflammatory cells to the airways, causing the 
clinical features of an allergic response. Treatment with a 
compound blocking NET formation stopped the asthma from 
becoming worse.

Nat Med 2017; 10.1038/nm.4332
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The NET effect of viral-triggered asthma

Some cancer drugs are rationally designed on the basis 
of their known interaction with specific target molecules 
that drive tumorigenesis. Others are mechanistically poorly 
understood but are developed because they display anti-
cancer activity with low toxicity in preclinical models. 
Uehara et al. identified the mechanism underlying the anti-
cancer activity of a class of drugs in the latter category—the 
sulfonamides. They found that three different sulfonamides 

(E7820, indisulam, and CQS) induce formation of a complex 
between a specific RNA-splicing factor and a specific 
E3 ubiquitin ligase. This interaction promotes selective 
degradation of the splicing factor. Interestingly, selective 
protein degradation also explains the activity of an unrelated 
cancer drug called lenalidomide.

Nat Chem Biol 2017; 10.1038/nchembio.2363
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Old cancer drugs with a modern mechanism


