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receptor subtype-3–deficient mice (6), a 
model of mild late-onset obesity. Con-
trastingly, CCDC80 downregulation 
was detected in white adipose tissue 
(WAT) in other obese mouse models, 
including ob/ob, KKAy and diet-induced 
obesity (7). CCDC80 is widely expressed 
in normal tissues, and particularly in 
preadipocytes and adipocytes of both 
primary cultured human cells (7) and 
mouse 3T3L1 cells (7,8), while it is 
transiently downregulated during dif-
ferentiation (7,8). In mature adipocytes, 
CCDC80 expression is repressed by in-
sulin, tumor necrosis factor-a, H2O2 and 
hypoxia (7), and by dexamethasone and 
3-isobutyl-1-methylxanthine (IBMX) in 
confluent preadipocytes (8). CCDC80 has 
been shown to play a dual role in adi-
pogenesis in vitro through mechanisms 

for the development of obesity-related 
disorders such as insulin resistance (3), 
cardiovascular disease (4) and liver ste-
atosis (5).

The gene coiled-coil domain-containing 
80 (CCDC80) was initially identified by 
differential display as upregulated in 
brown adipose tissue of bombesin  

INTRODUCTION
Adipokines are bioactive polypeptides 

secreted by adipocytes and adipose tis-
sue immune cells (1). Obesity changes 
the adipokine profile in response to 
the amount or condition of the adipose 
organ (2), and altered adipokine secre-
tion is considered a contributing factor 
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that involve Wnt/β-catenin signaling, 
C/EBPα and PPARγ (8).

Ccdc80-null mice have normal WAT 
development but exhibit increased 
sensitivity to high-fat diet–induced glu-
cose intolerance and reduced glucose-
stimulated insulin secretion (9). CCDC80 
might therefore be a novel modulator 
of glucose and energy homeostasis. The 
role of CCDC80 in relation to human 
obesity is unknown. Rodent (6) and 
human (10) CCDC80 bear a signal pep-
tide, suggesting that the protein is either 
expressed on the extracellular surface or 
secreted. Indeed, secretion of the protein 
has been demonstrated from primary 
cultured human adipocytes (7) and dif-
ferentiated 3T3L1 adipocytes (8). The 
aim of this study was to investigate the 
regulation of CCDC80 in human adipose 
tissue in obesity, and to assess the rela-
tionship between circulating CCDC80 
and markers of obesity-related metabolic 
derangements and diseases.

MATERIALS AND METHODS

Clinical Samples
All human studies were conducted 

according to the principles outlined in 
the Declaration of Helsinki and after 
approval by local ethical committees. 
Informed consent was obtained from all 
individual participants included in the 
study. Two cohorts from the Hospital 
Dr. Josep Trueta (Girona, Spain) were used 
in this study after approval by the Ethics 
Committee for Clinical Research of the 
Hospital Universitari de Girona Dr. Josep 
Trueta. All patients were male. Cohort 
1 comprised patients with a wide body 
mass index (BMI) range (n = 48, BMI 
range 20–40 kg/m2). Insulin sensitivity 
and insulin secretion were studied using 
the minimal model approach. The fol-
lowing insulin sensitivity indexes were 
measured and calculated as previously 
described elsewhere (11): homeostatic 
model assessment–insulin resistance, 
fasting insulin resistance index, insu-
lin-glucagon ratio, Raynaud, quantitative 
insulin sensitivity check index, Bennett’s 
fasting insulin sensitivity index, 2-h 

insulin/2-h glucose, Gutt insulin sensi-
tivity index 0, 120, composite, Avignon 
(Sib), Avignon (Si2h) and frequently 
sampled intravenous glucose tolerance. 
Insulin secretion was calculated from the 
frequently samples intravenous glucose 
tolerance test as the incremental insulin 
response from 0–10 min (acute insulin 
response to glucose, AIRg). Addition-
ally, a 75 g oral glucose tolerance test 
(OGTT) was performed following rec-
ommendations of the American Diabetes 
Association. Blood was obtained for 
determination of glucose and insulin at 
0, 30, 60, 90 and 120 min. Serum CCDC80 
protein was measured by enzyme-linked 
immunosorbent assay (ELISA) for 
human CCDC80 (Cusabio, Wuhan, 
China), with a 0.078 ng/mL limit of 
detection, and intra- and inter-assay co-
efficients of variation (CVs) of < 8% and 
< 10%, respectively. According to the 
information provided by the supplier, 
this ELISA uses monoclonal coating 
and detection antibodies against a full-
length recombinant protein originated 
from eukaryon expression. Serum-free 
insulin-like growth factor 1 (IGF1) was 
measured by immunoradiometric assay 
(Diagnostic Systems Laboratories, Web-
ster, TX, USA), with an assay sensitivity 
of 0.80 g/L and intra- and inter-assay 
CVs of 9% and 11%, respectively. Leu-
kocyte, monocyte and neutrophil counts 
(EDTA sample; Coulter Electronics, 
Hialeah, FL, USA) were determined by 
routine laboratory tests.

Cohort 2 comprised morbidly obese 
patients (n = 32, BMI range 35–60 kg/m2) 
from an ongoing epidemiological study. 
Inclusion criteria were age 30 to 65 years 
and BMI > 35 kg/m2. Exclusion criteria 
were systemic diseases, infection in the 
previous month, serious chronic illness, 
> 20 g ethanol intake/day or use of 
medications that might interfere with 
insulin action. Furthermore, liver disease 
(specifically tumoral disease or hepatitis 
C infection) and thyroid dysfunction 
were specifically excluded by biochem-
ical workup. Si was measured using the 
hyperinsulinemic-euglycemic clamp, 
previously described elsewhere (12). 

To measure carotid atherosclerosis, we 
used a Siemens Acuson S2000 (Mochida 
Siemens Medical Systems, Tokyo, Japan) 
ultrasound system with a 3.5 MHz 
convex transducer to scan the liver and 
a 7.5 MHz linear array transducer to 
scan carotid arteries. Images were inde-
pendently evaluated by two radiologists 
blinded to clinical and laboratory data 
according to the Mannheim Consensus 
(13). Liver biopsies were reviewed by 
a single pathologist. Hematoxylin and 
eosin, Masson′s trichrome and reticulin 
stains were performed on each liver 
sample. Histological features of steatosis, 
lobular inflammation, hepatocellular 
ballooning and fibrosis were scored 
using the non-alcoholic fatty liver dis-
ease (NAFLD) scoring system (14). The 
features were combined to assess the 
NAFLD activity score (NAS), ranging 
from 0 to 8. NAS ≥ 5 was considered 
diagnostic of non-alcoholic steato-
hepatitis, NAS = 0–2 was considered 
non-diagnostic of steatohepatitis and 
NAS = 3–4 was considered indetermi-
nate. Fibrosis was graded 1–4 and was 
not included in the activity score.

Roche Hitachi Cobas c711 instrument 
(Roche, Barcelona, Spain) was used 
to determine high-density lipoprotein 
(HDL) cholesterol and total serum tri-
glycerides. HDL cholesterol was quan-
tified by a homogeneous enzymatic 
colorimetric assay through the cholesterol 
esterase–cholesterol oxidase–peroxidase 
reaction (Cobas HDLC3). Serum fasting 
triglycerides were measured by an en-
zymatic, colorimetric method with glyc-
erol phosphate oxidase and peroxidase 
(Cobas TRIGL). LDL cholesterol was cal-
culated using the Friedewald formula.

Adipose Tissue Samples
Patients were categorized by BMI and 

classified as lean (BMI < 25 kg/m2) or 
obese (BMI ≥ 30 kg/m2) as described 
(15). Paired visceral adipose tissue (VAT) 
and subcutaneous adipose tissue (SAT) 
from 10 patients (4 men and 6 women 
ranging in age from 35 to 70 years),  
5 lean (BMI 22.4–24.9 kg/m2) and 5 obese 
(BMI 30–38.8 kg/m2), were obtained 
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where appropriate. Associations be-
tween quantitative variables were eval-
uated by Pearson correlation analysis or 
Spearman correlation for non-normally 
distributed variables. The independence 
of the associations was evaluated by 
linear regression analysis. For AT and 
cultured cell gene expression experi-
ments, a general linear model repeated-
measures test was used for the statistical 
analysis. Statistical significance occurred 
if a computed two-tailed probability 
value was < 0.05.

All supplementary materials are available 
online at www.molmed.org.

RESULTS

CCDC80 Protein Levels in Adipose 
Tissue Depots in Relation to Obesity

We used immunoblotting to analyze 
the expression of CCDC80 protein in 
paired samples of VAT and SAT in a 
cohort of lean and obese patients. In 
lean patients, CCDC80 was detected as 
a major immunoreactive species of ap-
proximately 108 kDa (Figure 1A), which 
is consistent with the molecular weight 
of the predicted human CCDC80 en-
coded protein and confirmed by in vitro 
transcription-translation (10). In obese 
patients, in addition to the full-length 
protein, an increased proportion of 
low-molecular-weight forms (between 
50 kDa and 75 kDa) was also detected, 
suggesting enhanced proteolysis 
(Figure 1A). When separately comparing 
SAT depots, obese patients consistently 
showed a different pattern, with similar 
proportions of all protein sizes or mostly 
smaller forms (50–75 kDa) in all samples 
analyzed. To a lesser extent, there was 
also a tendency in VAT depot from obese 
patients to show higher proportions of 
lower-molecular-weight forms than lean 
patients. High-molecular-weight forms 
(150 kDa) were also negligible (data 
not shown). CCDC80 protein content 
(including all species from 50–108 kDa) 
was approximately 60% lower in the 
VAT depot than in SAT of lean patients 
(Figure 1B). Total CCDC80 protein 

sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (8.5%). Antibodies 
used were against CCDC80 (R&D Sys-
tems, Minneapolis, MN, USA), CD14 
(GenWay Biotech, San Diego CA, USA), 
FAA (Santa Cruz, Dallas, TX, USA) and 
GAPDH (Cell Signaling, Beverly, MA, 
USA). Antibody binding was revealed 
with horseradish peroxidase–conjugated 
secondary antibodies (1:1000, Cell Sig-
naling), and membranes were developed 
with ECL-Plus (GE Healthcare, Bucking-
hamshire, UK). Protein bands were de-
tected and quantified using an LAS-3000 
luminescent image analyzer (Fujifilm, 
Tokyo, Japan). For CCDC80 quantifica-
tion, the same whole area covering all 
detected band sizes was considered.

Total RNA was extracted from SGBS 
cells as described (19). RNA was retro-
transcribed with TaqMan reagents from 
Applied Biosystems (Carlsbad, CA, USA) 
using random hexamers and RNase 
inhibitor. Real-time polymerase chain 
reaction was performed in a LightCycler 
480 with LightCycler 480 Probes Master 
(Roche Applied Science, Sant Cugat del 
Valles, Spain). Probes for 18S rRNA and 
CCDC80 were purchased from Applied 
Biosystems. The 18S rRNA gene was 
used as a control to normalize the cross-
ing point. Gene expression levels were 
estimated by the 2–ΔCP method.

Statistical Analyses
We used the SPSS/PC+ statistical 

package (version 16; SPSS, Chicago, IL, 
USA). For clinical and anthropometrical 
variables, normally distributed data 
were expressed as mean values ± stan-
dard deviation or ± standard error of 
the mean (SEM), and for variables with 
a non-Gaussian distribution, values 
were expressed as the median (25th and 
75th percentiles). For statistical analysis 
of expression variables, values that did 
not have a Gaussian distribution were 
logarithmically transformed or analyzed 
by nonparametric tests. Comparisons 
between groups were performed by 
one-way analysis of variance with a 
post hoc Bonferroni correction, or by 
a Kruskal-Wallis nonparametric test 

from a biobank collection held at the 
University Hospital Joan XXIII (Tarra-
gona, Spain) after approval by Ethics 
Committee for Clinical Research of the 
hospital. All patients were Caucasian, 
reported steady body weight for at least 
3 months prior to the study, were free 
from any infections in the month pre-
ceding the study, were scheduled for an 
elective surgical procedure (cholecystec-
tomy or surgery for abdominal hernia) 
and had no metabolic diseases other than 
obesity. Exclusion criteria were presence 
of liver or renal disease, malignancy, 
chronic inflammatory disease or phar-
macological treatments that could alter 
the lipid profile. All patients had fasted 
overnight for at least 12 h prior to the 
surgical procedure.

SGBS Cell Culture
A human preadipocyte cell line of 

subcutaneous origin, SGBS (16), was 
kindly provided by Dr Martin Wabitsch 
(University of Ulm, Germany). Conflu-
ent SGBS preadipocytes were induced 
to differentiate to mature adipocytes as 
described (17). Cells were maintained 
at 37°C in a humidified atmosphere of 
5% CO2. Cell monolayers were rinsed in 
phosphate-buffered saline, frozen in liq-
uid N2 and stored at –80°C.

Gene and Protein Expression
CCDC80 protein levels were analyzed 

by immunoblotting. Fumarylacetoacetase 
(FAA) was used as a loading control, 
since it is expressed in equivalent levels 
in VAT and SAT and is not regulated by 
obesity in omental depots (18). Frozen 
tissue samples were powdered on dry ice 
and homogenized in a buffer containing 
25 mM Tris-HCl (pH 7.5), 150 mM NaCl, 
1 mM EDTA, 1mM EGTA, 1% Triton 
X-100, 20 mM sodium pyrophosphate, 
25 mM NaF, 1 mM β-glycerophosphate, 
1 mM Na3VO4 and 2 mg/mL leupeptin. 
SGBS cells were homogenized as de-
scribed (19). Lysates were gently shaken 
for 60 min at 4°C and centrifuged at 
2500g for 10 min at 4°C, and superna-
tants were harvested and stored at –80°C 
until analysis. Protein was resolved by 
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content (50–108 kDa) was not signifi-
cantly different between SAT from obese 
and lean patients; however, CCDC80 
protein levels were 3.9-fold higher in 
VAT depots from obese patients relative 
to lean counterparts (Figure 1B, P < 0.05). 
In contrast to adipose tissue expression, 
analysis of CCDC80 protein in control 
human plasma by immunoblotting 
demonstrated a predominance of smaller 
molecular weight forms (50–75 kDa) 
and very little expression of the 150 kDa 
species (Figure 1C).

To evaluate the inflammatory state 
of adipose tissue, we measured steady-
state levels of CD14, a general mac-
rophage marker (20) that is also an 

inflammation-related gene expressed in 
adipocytes (21). CD14 protein content rel-
ative to FAA was five-fold higher in VAT 
from obese than lean patients (P < 0.05), 
whereas no significant differences were 
observed in SAT depots (Figure 1D). 
Moreover, whereas the relative levels of 
CD14 were comparable between VAT 
and SAT depots in lean patients, obese 
patients exhibited an approximate three-
fold increase in CD14 expression in VAT 
relative to SAT (P < 0.05).

Thus, obesity was associated with a 
marked increase in CCDC80 protein con-
tent in VAT but not SAT depots, and cor-
related with an increase in inflammatory 
CD14 expression.

CCDC80 Expression in Human SGBS 
Adipocytes

Although our results showed negligi-
ble presence of high-molecular-weight 
forms of CCDC80 in human adipose 
tissue depots and a only small amount 
in control plasma, these species are con-
sistently observed in cultured murine 
adipocytes (7) and in cells ectopically 
expressing CCDC80 (7,22). We therefore 
analyzed total CCDC80 protein in cul-
tured human SGBS cells, in confluent 
preadipocytes, and in differentiating 
and mature adipocytes. Adipocyte dif-
ferentiation was carried out by addition 
of the adipogenic factors transferrin, 
insulin, cortisol, triiodothyronine, 

Figure 1. Analysis of CCDC80 and CD14 protein content in SAT and VAT depots from lean and obese patients and CCDC80 protein in 
human plasma. (A) Western blot analysis of SAT and VAT extracts (20 μg protein). Membranes were hybridized with antibodies against 
CCDC80, CD14 and FAA. A representative blot is shown. Bands were quantified and the ratio of intensities between CCDC80 or CD14 
and control FAA was calculated. (B) Relative CCDC80 protein content. Data are expressed in arbitrary units and are means ± SEM from 
5 samples. #P < 0.05 between different depots in lean patients; *P < 0.05 between VAT depots in obese versus lean patients. (C) Western 
blot analysis of 1 μl of human plasma and 0.8 ng of purified CCDC80 protein (50 kDa fragment). The membrane was hybridized with an 
antibody against CCDC80. (D) Relative CD14 protein content. Data are expressed in arbitrary units and are means ± SEM from 5 sam-
ples. #P < 0.05 between different depots in obese patients; *P < 0.05 between VAT depots in obese versus lean patients.
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all molecular mass forms) relative to 
GAPDH revealed that differentiating 
adipocytes had significantly lower levels 
of CCDC80 compared with confluent 
preadipocytes after only one day of dif-
ferentiation, with a minimal expression 
observed at 6 d post-differentiation (Fig-
ure 2A). Of note, since GAPDH expres-
sion has been found to be substantially 
decreased in mature, fully differentiated 

abundant forms of higher molecular 
mass (150 kDa) were also detected in 
SGBS cells, suggesting extensive pro-
tein glycosylation (10,22). The pattern 
of CCDC80 protein expression detected 
was consistent with that reported in 
primary cultured human adipocytes, 
that is, a robust expression of molecular 
forms of 75 kDa and 150 kDa (7). Quan-
tification of CCDC80 protein (including 

dexamethasone, IBMX and rosiglitazone 
for 4 d; subsequently, dexamethasone, 
IBMX and rosiglitazone were withdrawn 
for the following 10 d. In all stages of 
differentiation, we detected a major 
band of approximately 108 kDa, corre-
sponding to the full-length protein, as 
well as lower-molecular-weight species 
of approximately 75 kDa (Figure 2A). 
Irrespective of their differentiation stage, 

Figure 2. CCDC80 protein expression in human SGBS adipocytes during differentiation. (A) Western blot analysis of CCDC80 protein 
content in SGBS cell extracts of confluent preadipocytes (d 0), differentiating adipocytes (d 1–8) and mature adipocytes (d 14). 
(B) Confluent preadipocytes incubated with or without 25 nM dexamethasone, 0.5 mM IBMX and 2 μM rosiglitazone for 16 h. In A and B, 
a representative image is shown. Ratios of intensity of CCDC80 bands compared with intensity of GAPDH are expressed as a percent-
age of (untreated) confluent preadipocyte values and are means ± standard error of the mean from two experiments performed in trip-
licate. *P < 0.05 and **P < 0.01 vs untreated preadipocytes. (C) CCDC80 mRNA levels relative to 18S rRNA were measured in confluent 
preadipocytes, differentiating adipocytes (4 d post-differentiation) and mature adipocytes (14 d post-differentiation). Data are means ± 
standard error of the mean of 2–ΔCp × 103 from two experiments performed in triplicate. *P < 0.001 to preadipocytes; #P < 0.01 to differen-
tiating adipocytes.
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was not significantly associated with 
BMI, insulin sensitivity or age (P > 0.2). 
Interestingly, a negative correlation was 
found between CCDC80 and circulating 
levels of free IGF1 (r = –0.43, P = 0.02; 
Figure 3C). We also examined the re-
lationship of circulating CCDC80 with 
parameters of inflammation and found 
a positive association with blood neu-
trophil count (r = 0.26, P = 0.07; Figure 
3D). CCDC80 was not significantly as-
sociated with dyslipidemia parameters 
(Supplementary Figure S1A, B).

Circulating CCDC80 protein levels 
were also assessed in cohort 2 in relation 
to obesity-associated diseases and inflam-
mation. Anthropometric and analytical 
characteristics are presented in Table 2. 
An association was observed between 
CCDC80 levels and the degree of hepatic 
steatosis (analysis of variance P = 0.025; 
Figure 4A). A correlation was also found 
between CCDC80 and C-reactive protein 
(r = 0.46, P = 0.009). Moreover, a positive 
correlation was found between CCDC80 
and carotid intima-media thickness 
(r = 0.62, P  < 0.001; Figure 4B). Again, 
CCDC80 was not significantly associated 
with BMI or age (P > 0.2). A positive 
correlation was found between CCDC80 
and fasting triglyceride levels (r = 0.46, 
P = 0.01), while no association was found 
with HDL cholesterol (Supplementary 
Figure S1C, D).

DISCUSSION
Adipokines play an important role 

in adipocyte and systemic metabolic 
homeostasis. We describe for the first 
time a differential expression pattern 
of human CCDC80 molecular-weight 
forms among adipose tissue depots, and 
marked changes in CCDC80 expression 
in obese patients. Moreover, we show 
that circulating CCDC80 protein levels 
are associated with glucose disposal and 
insulin secretion, inflammatory markers, 
fatty liver disease (FLD) and atheroscle-
rosis.

The human CCDC80 gene is predom-
inantly expressed in WAT (7,8), but its 
protein pattern of expression in adipose 
depots and regulation by obesity have 

(Figure 2C). Therefore, CCDC80 expres-
sion is transiently downregulated during 
early stages of adipocyte differentiation 
and reaches a maximum in mature ad-
ipocytes. Moreover, some adipogenic 
factors may contribute to lower CCDC80 
expression during early differentiation.

Relationship of Circulating CCDC80 
Protein to Obesity in Humans

Serum CCDC80 concentrations were 
quantified by ELISA in a cohort of pa-
tients with different degrees of obesity, 
and there were no differences between 
lean and obese patients. Clinical and 
laboratory data for cohort 1 are pre-
sented in Table 1. When CCDC80 levels 
were related to clinical data on insulin 
secretion and sensitivity, we found that 
CCDC80 correlated negatively with 
insulin secretion during the OGTT 
(r =  –0.35, P = 0.02; Figure 3A) and 
with glucose levels 30 min post-OGTT 
(r = –0.34, P = 0.02; Figure 3B). CCDC80 

SGBS adipocytes (23), the expression of 
CCDC80 could have been overestimated 
at differentiation d 14. A similar pat-
tern was observed for CCDC80 mRNA 
during early-stage differentiation of 
3T3L1 cells (7,8), a transient repression 
that has been associated with the in-
hibitory effect of the added adipogenic 
factors dexamethasone and IBMX (8). 
Indeed, treatment of confluent SGBS 
preadipocytes for 16 h with dexameth-
asone, IBMX and rosiglitazone signifi-
cantly reduced CCDC80 protein content 
(Figure 2B). During the later stages of 
adipocyte maturation (in the absence 
of dexamethasone, IBMX and rosiglita-
zone), CCDC80 protein content increased 
and the greatest amount was detected in 
mature adipocytes (Figure 2A). Results 
from mRNA analysis of CCDC80 corrob-
orated the protein expression data and 
showed that CCDC80 mRNA levels were 
reduced after differentiation induction 
and later recovered in mature adipocytes 

Table 1. Anthropometric and analytical characteristics of the wide body mass index cohort.

Cohort 1 Non-obese Obese P

N 33 15
Age (years) 52.1 ± 10.6 52.7 ± 13.1 0.8
BMI (kg/m2) 26.6 ± 2.4 32.7 ± 2.1 <0.0001
Waist circumference (cm) 89.5 ± 6.5 106.1 ± 7.1 <0.0001
Systolic blood pressure (mmHg) 124.4 ± 13.1 140.9 ± 10.6 <0.0001
Diastolic blood pressure (mmHg) 81.3 ± 8.5 89.2 ± 12.5 0.01
Total cholesterol (mg/dL) 212.3 ± 40.1 215.1 ± 36.4 0.8
HDL cholesterol (mg/dL) 56.5 ± 12.6 53.1 ± 9.5 0.3
LDL cholesterol (mg/dL) 135.8 ± 33.3 2 ± 34.9 0.9
Fasting triglycerides (mg/dL) 78 (54.5-114) 91.5 (79-157) 0.04
Glucose 0 min post-OGTT (mg/dL) 96.2 ± 10.5 102.9 ± 11.4 0.06
Glucose 30 min post-OGTT (mg/dL) 171.5 ± 32.5 184.4 ± 30.3 0.2
HbA1c (%) 4.8 ± 0.3 5.0 ± 0.4 0.2
Fasting insulin (μU/mL) 8.7 ± 3.8 14.3 ± 5.9 <0.0001
Insulin secretion * 2.49 ± 0.42 2.54 ± 0.40 0.9
Insulin sensitivity † 0.55 ± 0.2 0.25 ± 0.1 <0.0001
Free IGF-1(ng/mL) 1.21 (0.7-2.1) 0.56 (0.3-0.9) 0.1
Neutrophil count (U/μL) 3522.4 ± 1175.3 3923.1 ± 1040.6 0.2
MCP-1 (pg/mL) 426.7 ± 139.6 312.6 ± 105.1 0.02
CCDC80 (ng/mL) 1.01 ± 0.48 0.92 ± 0.45 0.5

*Insulin secretion was measured using acute insulin response to glucose.
†Insulin sensitivity was measured using the frequently sampled intravenous glucose 
tolerance test.
BMI, body mass index; OGTT, oral glucose tolerance test; HbA1c, glycated hemoglobin; 
IGF-1, insulin-like growth factor-1; MCP-1, monocyte chemoattractant protein-1; 
CCDC80, coiled-coil domain-containing 80.
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not previously been determined. SAT 
and VAT are known to vary in their 
structural, functional and molecular 
properties (24), and obesity can also 
differentially regulate the abundance 
of particular proteins in either depot 
(25). In this study, immunoblotting 
analysis of adipose depots from lean 
patients demonstrated lower levels of 
CCDC80 protein in VAT compared with 
SAT, and also the predominance of the 
full-length protein. A small proportion 
of presumably lower-molecular-mass 
cleavage products (chiefly 75 kDa) was 
also observed, whereas expression of the 
N-glycosylated molecular form (150 kDa) 
was negligible. This larger molecular 
species, however, could be detected in 
cultured adipocytes. In contrast, the total 
CCDC80 protein content in obese pa-
tients was significantly increased in VAT 
depots compared with lean patients, but 
was unaltered in SAT depots.

An increased proportion of smaller 
molecular forms of CCDC80 was also 
detected in SAT and VAT in obese 
patients. Secreted CCDC80 associates 
with the extracellular matrix and is also 
found in the medium. A substantial 
portion of it is cleaved. Development 
of obesity is associated with extensive 
modifications in adipose tissue involving 
adipogenesis, angiogenesis and proteol-
ysis of the extracellular matrix (26,27). 
Proteinases are able to cleave a wide 
variety of substrates, whereby adipose 
tissue remodeling may be facilitated, 
allowing the hypertrophic development 
of adipocytes observed in obesity. We 
hypothesize that the different pattern of 
bands observed in obese relative to lean 
patients could be due to increased activ-
ity of an extracellular proteolytic event 
rather than experimental bias in obtain-
ing or preparing the samples, which 
is in agreement with the notion of en-
hanced extracellular matrix remodeling 
in obesity. Therefore, CCDC80 displays 
distinct AT expression patterns and is 
upregulated by obesity in humans. The 
result contrasts somewhat with data on 
rodent models of obesity, where Ccdc80 
mRNA levels are downregulated in 

Figure 3. Serum CCDC80 protein levels in a cohort with different degrees of obesity in  
association with insulin secretion and inflammation parameters. Bivariate correlation 
analysis showing association of CCDC80 levels with (A) acute insulin response to glucose 
(AIRg values, which were logarithmically transformed to normalize values), r = –0.35,  
P = 0.02; (B) with serum glucose levels 30 min post-OGTT, r = –0.34, P = 0.02; (C) circulating 
IGF1 levels, r = –0.43, P = 0.01; and (D) blood neutrophil count, r = 0.26, P = 0.07.

Table 2. Anthropometric and analytical characteristics of the 
morbidly obese cohort.

Cohort 2 All participants

N 32
Age (years) 47.8 ± 8.5
BMI (kg/m2) 44.3 ± 6.3
Waist circumference (cm) 124.8 ± 11.2
Systolic blood pressure (mmHg) 139.3 ± 17.9
Diastolic blood pressure (mmHg) 80.3 ± 13.4
Total cholesterol (mg/dL) 179.1 ± 29.9
HDL cholesterol (mg/dL) 47.5 ± 9.8
LDL cholesterol (mg/dL) 108.7 ± 27.9
Fasting triglycerides (mg/dL) 100 (74–144)
Fasting glucose (mg/dL) 113.8 ± 43.7
HbA1c (%) 6.1 ± 1.4
Fasting insulin (μU/mL) 15.8 (8.2–21.9)
Insulin sensitivity (mg/(kg⋅min))* 4.02 ± 2.5
Neutrophil count (U/μL) 4500 (3000–6325)
C-reactive protein (mg/dL) 0.7 (0.4–1.22)
CCDC80 (ng/mL) 1.38 (0.95–2.15)

*Insulin sensitivity was measured using the hyperinsulinemic 
euglycemic clamp.
BMI, body mass index; HbA1c, glycated hemoglobin; CCDC80, 
coiled-coil domain-containing 80.
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seen by other insulin sensitivity indexes 
(Supplementary Table S1). Altogether, 
this seems to indicate that increased 
serum CCDC80 is predictive of glucose 
tolerance derangements.

Interestingly, Ccdc80-null mice on a 
high-fat diet show exacerbated glucose 
intolerance and hyperglycemia (9,29), 
leading to the proposal that CCDC80 
might contribute to limiting some of the 
metabolic dysfunctions associated with 
diet-induced obesity. However, as the 
authors point out (29), some criticism 
can arise from this interpretation, con-
sidering that changes in glucose metab-
olism in ccdc80-null mice could develop 
secondary to the early increment in fat 
mass compared with controls, and likely 
due to loss of inhibition of adipogenesis. 
Glucose-stimulated insulin secretion in 
high-fat diets is impaired in Ccdc80-null 
mice, although the ability of isolated is-
lets to secrete insulin is unaltered (9). No 
correlations have been found regarding 
CCDC80 and insulin sensitivity in this 
study, or in mice (9).

A finding in cohort 1, with a wide 
BMI range, was the positive association 
of CCDC80 and blood neutrophil count. 
Obesity is considered a low-grade inflam-
matory condition linked to some inflam-
matory mediators, such as neutrophils 
(32). The fact that circulating CCDC80 
was not linked to BMI, but rather to the 
inflammatory marker, suggests that it 
reflects the inflammatory condition in-
dependent of obesity. Consistent with 
this, data for cohort 2 (morbidly obese 
patients) revealed an association with 
inflammatory and metabolic liver and 
vascular disease. We found that serum 
CCDC80 protein levels were associated 
not only with the inflammatory marker 
C-reactive protein, but also with the 
degree of hepatic steatosis. Moreover, 
carotid intima-media thickness, a marker 
of atherosclerosis, was also linked to 
circulating CCDC80 levels. Indeed, FLD 
and the risk of cardiovascular disease 
are known to be closely associated with 
circulating inflammatory markers; for 
example, C-reactive protein has been as-
sociated with liver steatosis independent 

major species of 75 kDa and 50 kDa and 
a minor 150 kDa species. These results 
are concordant with previous findings 
of extensive cleavage of the CCDC80 
protein extracellularly (8) and secretion 
of the 150 kDa form (10). Thus, our study 
demonstrates for the first time that some 
molecular forms of the CCDC80 protein 
circulate in human plasma, which sug-
gests that it might elicit systemic actions.

Because the expression of CCDC80 is 
predominant in AT and CCDC80 protein 
was upregulated in obesity in VAT in 
parallel with inflammation, we reasoned 
that circulating CCDC80 protein could be 
associated with obesity-linked processes. 
The concentration of CCDC80 protein 
in human serum was 0.24–9.1 ng/mL in 
the two cohorts combined, comprising a 
wide BMI range (20–60 kg/m2). In cohort 
1, with different degrees of obesity (lean 
to morbidly obese patients), we observed 
no association between CCDC80 pro-
tein and BMI, age or insulin sensitivity. 
However, serum CCDC80 levels were 
negatively correlated with AIRg and 
IGF1 levels. Both low AIRg (30) and 
IGF-1 levels (31) are related to glucose 
intolerance. Although a negative cor-
relation of glucose levels at 30 min post-
OGTT was found, this association was 
not maintained throughout the test or 

WAT in ob/ob, KKAy and diet-induced 
obese mice (7), but upregulated in WAT 
in the mild late-onset obesity model, 
bombesin receptor subtype-3–deficient 
mice (6).

It is well recognized that macrophage 
infiltration and tissue inflammation in-
crease in obesity, particularly in VAT 
depots (28). CD14 is considered a general 
macrophage marker (20), although it is 
also expressed in human adipocytes, 
where it is upregulated by obesity and 
tumor necrosis factor-a (21). We found el-
evated CD14 expression in the VAT depot 
of obese but not lean patients, whereas 
no differences were found in SAT. Thus 
CCDC80 protein levels are increased in 
VAT in human obesity in parallel with 
the increased inflammatory state.

Although the precise role of CCDC80 
is not yet clear, results from mouse 
models suggest that CCDC80 might 
function to modulate glucose and energy 
homeostasis (9,29). The high expression 
of CCDC80 in WAT might point to a 
role as a local adipose factor inhibiting 
adipocyte differentiation (29); alterna-
tively, CCDC80 might act as a circu-
lating factor. Previous studies in mice 
have failed to detect CCDC80 protein in 
serum (9). Here, CCDC80 immunoblot-
ting of control human plasma revealed 

Figure 4. Serum CCDC80 protein levels in a cohort of morbidly obese patients in associa-
tion with liver steatosis and carotid atherosclerosis. (A) Box plots showing CCDC80 levels 
(median value and 25th and 75th percentiles) according to degree of hepatic steatosis 
in consecutive morbidly obese patients without steatosis (n = 11) compared with slight 
(n = 10), moderate (n = 5) and severe (n = 2) steatosis. (B) Bivariate correlation analysis 
between serum CCDC80 protein levels and internal carotid intima-media thickness.
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chronic complications, such as FLD and 
atherosclerosis, suggesting that CCDC80 
may be either a pathogenic or comorbid-
ity factor for these diseases.
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