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Context: The adipokine leptin has critical importance in central
appetite regulation. In contrast to some suggestion of adiponectin
influencing energy homeostasis in rodents, there is no evidence for
adiponectin or resistin entering the human blood-brain barrier.

Objective: The objective was to establish the presence of adiponectin
or resistin in human cerebrospinal fluid (CSF) and to compare their
distribution with leptin. Furthermore, we wished to examine the
expression of the adiponectin receptors 1 and 2 (AdipR1, AdipR2) in
the human hypothalamus.

Methods: For this purpose, serum and CSF samples were collected
from 20 men and 19 women matched for age [men, 69.8 � 8.6 yr
(mean � SD); women, 69.4 � 4.3 yr] and BMI (men, 29.4 � 3.4 kg/m2;
women, 27.3 � 4.8 kg/m2) undergoing elective surgery under spinal
anesthesia.

Results: Adiponectin was identified in CSF with levels 1000-fold less
than serum, whereas resistin and leptin levels were 100-fold less. Unlike
their serum levels, adiponectin CSF levels showed no gender difference
or correlation with insulin resistance, which is similar to resistin CSF
levels. The adiponectin and leptin CSF/serum ratios in our study exhibit
the same pattern of gender-specific BMI association with inverse cor-
relation in women (r � �0.61; P � 0.02) and no correlation in men (r �
0.026; P � not significant). Furthermore, immunostaining established
AdipR1 and -2 in the hypothalamus and increased AdipR2 expression in
the paraventricular nucleus, which is involved in energy regulation.

Conclusion: In summary, our findings show both the presence of
adiponectin and resistin in human CSF, with no effect of insulin
resistance on CSF levels. The CSF entry of adiponectin and leptin in
women appears to be impaired in obesity. (J Clin Endocrinol Metab
92: 1129–1136, 2007)

PREVIOUS STUDIES OF the adipokine leptin have high-
lighted its role as a mediator in the cross-talk between

adipose tissue and the brain in regulating energy homeosta-
sis. Recent studies also show that adiponectin appears to be
involved in altering energy expenditure and thermogenesis
(1) and resistin could affect hypothalamic feeding circuits (2).
Adiponectin is a multimeric and multifunctional protein, the
levels of which are reduced in states of obesity and type 2
diabetes mellitus (T2DM); its effects appear to be mediated
by adiponectin receptors (3–5). In contrast, some reports have
shown increased resistin in obesity and T2DM, which re-
mains controversial (6), whilst its receptors remain un-
known. To date, however, little is known about the potential
central action of either of these adipokines in humans. Many

studies have investigated leptin, its pleiotropic functions,
including its role in central energy homeostasis, and its pas-
sage through the human blood-brain barrier (BBB). It can
activate numerous signaling pathways (7) and, in particular,
mediates its anorexigenic action through the AMP kinase
pathway in the liver as well as the hypothalamus (8). Fur-
thermore, it has been shown that leptin can stimulate the
sympathetic system centrally to produce feedback of fat mass
by induction of lipolysis (9). Leptin is a hormone that is
predominantly secreted by adipocytes and also a key mes-
senger to central energy homeostasis, so it is likely that other
adipokines contribute to the cross-talk between adipose tis-
sue and the brain.

The aim of this study was to examine the potential central
role of resistin and adiponectin in humans. We examined
matched paired serum and human cerebrospinal fluid (CSF)
from male and female patients to explore the relationship
between CSF and the corresponding serum levels and to
determine the CSF/serum ratio as a measure of efficient
uptake into the CSF. This study also considered possible
correlations between adiponectin, resistin, and leptin in CSF
with age, gender, BMI, and homeostasis assessment model
(HOMA) index. Finally, we determined the expression and
distribution of adiponectin receptors in the human hypo-
thalamus. These issues have become particularly important
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in the light of recent reports that adiponectin is not present
in human CSF (10) and exogenous adiponectin does not enter
the BBB by endocytosis of rat brain endothelium 4 cerebral
microvessel endothelial cells (11).

Subjects and Methods
Subjects

Serum- and CSF-matched samples were obtained from
age- and BMI-matched subjects [men, age, 69.8 � 8.6 yr
(mean � sd); BMI, 29.4 � 3.4 kg/m2, n � 20; women, age,
69.4 � 4.3 yr; BMI, 27.3 � 4.8 kg/m2, n � 19] undergoing
elective surgery, under spinal anesthesia, fasted for at least
8 h (Table 1). Exclusion criteria were malignancy, acute or
chronic renal or liver disease, neurological disorders, and/or
the use of immunosuppressants, current or recent use of
systemic high-dose corticosteroids, antibiotics, or weight-
modifying medication. Patients with C-reactive protein
(CRP) levels above 10 mg/dl were also excluded. All samples
were collected with the approval of the local ethics commit-
tees and with the informed written consent of study subjects.
A fasting blood sample (5 ml) was taken at the time of
venopuncture, and a clear CSF sample (2 ml) was collected
before the spinal anesthetic agent was injected. Six patients
had T2DM (two on insulin treatment), and three had im-
paired glucose tolerance. The T2DM subjects were on glu-
cose/insulin infusion at the time of cannulation and could
not be considered for HOMA calculation. Serum and plasma
EDTA samples were immediately centrifuged, snap-frozen
in liquid nitrogen, and stored at �80 C. CSF samples were
passed through a 0.2-�m syringe filter (Schleicher & Schuell,
Middlesex, UK), flash-frozen, and stored at �80 C.

ELISA assessment of serum levels

The serum samples were analyzed for the determination
of adiponectin (1:500 dilution; Linco Research Inc., St.
Charles, MO) with the assay limit of 0.78 ng/ml; intraassay
percent coefficient of variation (%CV) was 7.4%, and inter-
assay variability was 2.4–8.4%. Serum resistin levels were
analyzed by ELISA (1:5 dilution; Quantikine, R&D Systems,
Abingdon, UK). Assay limits were noted between 0.01 and

0.055 ng/ml, with intraassay %CV noted as between 3.8 and
5.3% and interassay variability being 7.8–9.2%. We have
previously assessed the human resistin R&D Systems ELISA
to examine resistin binding specificity. The recovery of re-
sistin in serum and cross-reactivity with resistin-like mole-
cules was assessed as previously described (13).

The leptin ELISA (1:100 dilution; Quantikine, R&D Sys-
tems) has a minimum detectable value of 7.8 pg/ml with an
intraassay precision of 3–3.3% CV and interassay variability
of 3.5–5.4% CV. The high-sensitive CRP ELISA (Life Diag-
nostics Inc., West Chester, PA) has a functional sensitivity of
0.1 mg/dl, intraassay precision of 2–7.5% CV, and interassay
variability of 2.5–4.1% CV. An insulin ELISA (Linco Research
Inc.) was used with the sensitivity of 2 �U/ml, intraassay
%CV of 5.96, and interassay variability of 10.3% CV, in ac-
cordance with the manufacturer’s protocol. Glucose levels
were analyzed using the YSI-2300 STAT PLUS (YSI, Inc.,
Yellow Springs, OH), according to the manufacturer’s
instructions.

Assessment of CSF levels

CSF samples were used undiluted for assessment of adi-
ponectin (20 �l), resistin (100 �l), and (10 �l) leptin. The serial
dilution of CSF detected adiponectin levels up to a 1-in-4
dilution (86% of value expected 1-in-2 dilution and 80% of
value expected 1-in-4 dilution). A similar serial dilution was
documented for resistin, with serial dilution ranging from
undiluted to 1 in 8. The use of neat CSF sample produced
results with a recovery of 100%; therefore, they were deemed
most acceptable in this system.

We further assessed potential sources of cross-reactivity in
the adiponectin ELISA with C1q (Abcam, Cambridge, UK),
collagen type III (Sigma, Poole, UK), and collagen type IV
(Sigma). For this recombinant human (rh) C1q, rh collagen
type III and rh type IV were analyzed at two concentrations
(10 and 100 ng/ml) either in the presence of PBS pH 7.6
(Sigma) or in combination with CSF. No detectable cross-
reactivity occurred between rh C1q, rh collagen type III, and
rh type IV alone or in combination with CSF samples and
adiponectin in this ELISA. The interassay and intraassay
coefficients were evaluated for samples ranging from 12.1–
15.9 ng/ml CSF adiponectin. The within percentage CV was
2.5%, and the between CVs were 6.7, 2.4, and 5.3%. The
means between variations were calculated as described in the
manufacturer’s instructions.

Spiking and recovery of human adiponectin in CSF was
further examined. rh Adiponectin (20 and 50 ng/ml) was
added to known concentrations of adiponectin in pooled CSF
samples (12.3 and 15.9 ng/ml, respectively), and adiponectin
content was determined in three separate assays. The per-
centage of recovery was determined in accordance with man-
ufacturer’s instructions. We observed that recovery ranged
from 93–97% in CSF, which was within a comparable range
as noted for serum according to the manufacturer’s detailed
assessments.

Spiking and recovery of human resistin in CSF was also
addressed. For these studies, two concentrations of rh resis-
tin (0.5 and 2 ng/ml) were added to known concentrations
of resistin in pooled CSF samples (0.03 and 0.08 ng/ml,

TABLE 1. Patient characteristics and mean adipokine levels

Variable All subjects Men Women

No. of subjects 39 20 19
Age (yr) 69.4 � 9 69.8 � 8.6 69.4 � 4.3
BMI (kg/m2) 28 � 4.6 29.4 � 3.4 27.3 � 4.8
Insulin (mU/liter) 5.5 � 3.4 6.2 � 4 4.8 � 2.6
HOMA-IR 1.34 � 1 1.5 � 1.2 1.2 � 0.8
Leptin

Serum (ng/ml) 17.4 � 12.5 13 � 11 22.5 � 13.7a

CSF (pg/ml) 67 � 13 56 � 9 79 � 9
Adiponectin

Serum (�g/ml) 26.6 � 12 22.2 � 11 31.5 � 12a

CSF (ng/ml) 16.3 � 6 16.7 � 8.3 15.9 � 3.6
Resistin

Serum (ng/ml) 14.8 � 8 14.1 � 7 15 � 8
CSF (ng/ml) 0.2 � 0.13 0.2 � 0.15 0.19 � 0.12

Baseline characteristics of the study population are shown as well
as distribution of adipokines levels (mean � SD) between men and
women.

a Significant gender differences are expressed as P � 0.05.
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respectively), and resistin concentration was determined in
three separate ELISA assays. The percentage of resistin re-
covery ranged from 81–99%, with a mean of 88% in CSF; a
similar recovery was noted for serum findings by the man-
ufacturer as well as in our previous publications (13, 14).

Blood contamination was excluded with use of the micro-
pore filter described. The cell count in CSF samples with the
hemocytometer did not show any nucleus-bearing cells. Fur-
ther screening of the CSF samples with the hemoccult test
(Hema-screen; Immunostics Inc., Ocean, NJ) was negative,
yet the test remained positive with spiking of full blood at a
concentration of 1:10,000.

HOMA index analysis

The HOMA for insulin resistance (HOMA-IR) index (12)
was calculated using the HOMA calculator available at
www.dtu.ox.ac.uk/index.php?maindoc�/homa/index.php.

Immunohistochemistry

Human adipose tissue was obtained from Medical Solu-
tions (Peterborough, UK). Human hypothalamic postau-
topsy sections were obtained with the approval of the Varna
Medical Research Ethics Committee from Varna University,
Bulgaria. Tissue was incubated with primary polyclonal adi-
ponectin receptor (AdipR)1 and AdipR2 antibody (Phoenix
Pharmaceuticals, Burlingame, CA) in a dilution of 1:2500 and
1:200, respectively, and dual-stained with neuropeptide Y
(NPY) in a dilution of 1:400. Sections were developed using
peroxidase substrate kit VIP (Vector Laboratories Ltd., Pe-
terborough, UK) for AdipR1 and -2 and diaminobenzidine
(BioGenex, San Ramon, CA) for NPY. To demonstrate spe-
cific binding, the primary antibody was omitted for negative
control for both AdipR antibodies, independently.

Statistics

Statistics were performed using SPSS version 12 (SPSS UK,
Surrey, UK). P values of less than 0.05 were considered as
statistically significant. Analysis of normally distributed
variables was by linear regression analysis and two-tailed
Student’s t test. For nonparametric distributions, e.g. HOMA,
the Spearman correlation was used. Values are expressed as
mean � sd, unless otherwise stated.

Results
Serum and CSF adiponectin

Serum adiponectin was significantly higher in women
than in men (31.5 � 1.2 vs. 22.2 � 1.1 �g/ml; P � 0.016).
Adiponectin correlated positively with age in men (r � 0.56;
P � 0.01) but not significantly in women [r � 0.36; P � not
significant (NS)]. Serum adiponectin showed a negative as-
sociation with BMI in males (r � �0.46; P � 0.04), whereas
only a trend was noted in women (r � �0.27; P � NS). In
agreement with previous studies, the HOMA index and se-
rum adiponectin were inversely correlated for the total study
population (r � �0.48; P � 0.001), and the adiponectin levels
were significantly lower in the T2DM and insulin-resistant
subjects compared with nondiabetic subjects (19.2 � 3 �g/
ml, n � 9, vs. 28.8 � 2.9 �g/ml, n � 30; P � 0.020).

Mean CSF adiponectin was 16.3 � 6 ng/ml, with a range of
7.2–41.6 ng/ml; therefore, the CSF levels were approximately
1000-fold lower than the serum adiponectin levels (Fig. 1). Un-
like the serum, CSF adiponectin did not show sexual dimor-
phism (men, 16.7 � 8.3 ng/ml; women, 15.9 � 3.6 ng/ml; P �
0.7) (Table 1). In the total population, a positive age correlation
was noted (r � 0.36; P � 0.036; n � 35), which was maintained
when men and women were analyzed individually (r � 0.55,
P � 0.035; r � 0.5, P � 0.036, respectively). CSF adiponectin was
inversely correlated with BMI in men (r � �0.62; P � 0.01) but
not in women (r � �0.26; P � NS). HOMA-IR and CSF adi-
ponectin levels showed no correlation, and no change was
noted due to diabetic status.

The CSF adiponectin levels exhibited a correlation with se-
rum levels (r � 0.34; P � 0.047; n � 34) as described in Fig. 2A.
The CSF levels failed to rise with high serum levels and dem-
onstrate a threshold effect, suggesting a saturated transport.
CSF/serum adiponectin ratios were significantly higher in men
[1.0 � 0.11 (�10�3)] than women [0.65 � 0.06 (�10�3)] (P � 0.01).
The CSF/serum ratio was inversely correlated with BMI in
women (r � �0.61, P � 0.02) and did not show a correlation in
men (r � 0.026; P � NS) (Fig. 3A).

Serum and CSF resistin

Mean serum resistin levels were 14.8 � 8 ng/ml, with
slightly higher levels shown in women than in men (15.8 vs.
14.97 ng/ml) (Table 1), which did not attain significance (P �
0.080). Resistin levels correlated positively with increasing
age (r � 0.45; P � 0.01); however, no correlation was ob-
served with BMI (r � �0.21; P � NS) or HOMA-IR (r �
�0.32; P � NS) index.
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FIG. 1. Comparison between serum and CSF levels of adiponectin (A)
and resistin (B). Serum adiponectin levels (�g/ml) are 1000 times
lower in CSF (ng/ml), and serum resistin levels (ng/ml) are 100 times
lower in CSF (pg/ml).
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The mean CSF resistin level was measured as 0.20 � 0.13
ng/ml, with a range of 0.01–0.63 ng/ml. CSF resistin levels
were not influenced by gender (P � 0.65) (Table 1). No
relationship between CSF resistin levels and serum was
noted (Fig. 2B). Furthermore, CSF resistin levels did not
correlate with age (r � 0.09; P � NS) or HOMA-IR index (r �
0.24; P � NS) and remained unaltered by diabetic status. The
CSF/serum ratio did not differ significantly between men
and women and bore no relationship with BMI (Fig. 3B).

Serum and CSF leptin

Mean serum leptin levels were 17.4 � 2.5 ng/ml, with
significantly higher levels in women (22.5 � 3.7 ng/ml) vs.
men (13.0 � 3.0 ng/ml; P � 0.03) (Table 1). Serum leptin

levels were inversely correlated with BMI (r � 0.52, P � 0.001;
men, r � 0.75, P � 0.001; women, r � 0.82; P � 0.001) but
showed no correlation with age.

The CSF levels showed a tendency toward higher leptin
levels in women than men but did not attain significance
(women, 79.0 � 9.0 pg/ml vs. men, 56.0 � 9.0 pg/ml; P �
NS). CSF leptin was positively correlated with BMI in men
and women (r � 0.42; P � 0.028) but not with age. The
correlation of CSF with serum levels was best described by
a logarithmic curve fit (r � 0.65; P � 0.001), similar to pre-
vious observations (15) (Fig. 2C). The CSF/serum ratio was
inversely correlated with BMI in women (r � �0.81; P �
0.001) but showed no correlation with BMI in men (r � �0.17;
P � NS) (Fig. 3C). Serum leptin was higher in T2DM than
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FIG. 2. Relationship between adipokine CSF and serum
levels. This shows the association of the CSF with serum
levels of the adipokines adiponectin (A), resistin (B), and
leptin (C). With increasing serum levels, the trend lines
for all adipokines show a flattening toward a threshold
suggesting saturated transport into the CSF space sim-
ilar to leptin (r represents the correlation coefficient of
curve of best fit, with P values as shown).
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nondiabetic subjects (28.9 � 5.8 ng/ml vs. 12.5 � 8.7 ng/ml;
P � 0.02), whereas CSF leptin was not significantly different
in the T2DM subjects (T2DM subjects, 105 � 2 pg/ml vs.
nondiabetic subjects, 62 � 7 pg/ml; P � NS).

Expression of adiponectin receptors in the
human hypothalamus

Immunohistochemistry showed the expression of AdipR1
and AdipR2 in the neuronal cells in the human hypothala-
mus. AdipR1 was diffusely expressed in both the anterior
and posterior hypothalamus, whereas AdipR2 was concen-
trated in the paraventricular nucleus (PVN) along with neu-

rons that were dual-stained with NPY. Human adipose hu-
man tissue was also observed to express AdipR1 (Fig. 4).

Discussion

This is the first study to detect adiponectin and resistin in
human CSF. Unlike the recently published findings by
Spranger et al. (10), we were able to detect and confirm low
adiponectin concentrations that were approximately 1000-
fold lower in the CSF than serum. The same 1:1000 ratio of
CSF to serum adiponectin has also been noted in rats (16),
whereas a higher ratio (1:100) has been observed in mice (1).
Taken together, these results suggest a species-specific vari-
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FIG. 3. CSF/serum ratio vs. BMI for men and
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adiponectin (A) (inverse correlation in women), re-
sistin (B) (no significant correlation in men or
women), and leptin (C) (inverse correlation in
women) (r represents Pearson correlation, with P
values as shown).
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ation of adiponectin in CSF. We established the presence of
resistin in human CSF at approximately 100 times lower
levels than serum. In contrast, no resistin has been identified
in the CSF of rodents (17). The relationship between CSF and
serum levels varied between patients dependent on vari-
ables, including BMI and the magnitude of the serum levels
of the adipokine, which, if high, could exceed the threshold
of saturation in CSF. This is also the first study to identify the
presence of AdipR1 and AdipR2, as observed not only in the
rat brain (5) but also in the human hypothalamus, in which
a concentrated expression of AdipR2 was noted in neuronal
cells of the PVN, which also express NPY. A previous study
has documented mRNA expression of AdipR1 and -2 on
human endothelial cells of the choroid plexus (10), which is
relevant to the controlled entry of proteins through the BBB

and where functional leptin receptors have been identified
(18). Adiponectin could thus be transported from blood to
CSF by receptor-mediated transcytosis in a similar manner to
leptin and may have a role in energy homeostasis as impli-
cated in studies by Qi et al. (1), as well as Fry et al. (19). These
data suggest that adiponectin enters the CSF with potential
action via neuronal pathways in the PVN, a hypothalamic
area that receives input from the arcuate nucleus, a region of
the brain containing key appetite-regulating pathways via
NPY neurons (20). The function of adiponectin may thus be
dependent on different neuronal networks compared with
leptin, for which cFOS immunoreactivity was reported high-
est within the arcuate nucleus (1).

Although there is some confirmation of the role of adi-
ponectin in CSF through receptor expression studies in the
brain and cFos activity with adiponectin (1), other studies
have failed to establish the presence of adiponectin in human
CSF (10) or to verify the passage of adiponectin through the
BBB (11). This may be due to the need for high-sensitivity
assays to be used for its detection. Furthermore, entry of
additional adiponectin, when administered as radioactive-
labeled iv adiponectin, may not lead to observable differ-
ences due to potentially already saturated levels of adiponec-
tin in the CSF.

Leptin is a known potent central appetite regulator (21),
and its serum levels directly correlate with fat mass (21, 22).
Comparison of leptin CSF levels within our and other studies
(15, 23–25) has highlighted variation (15). The average leptin
CSF levels in our findings were relatively low in comparison
with some previously reported data (15, 23) but similar to
levels identified in other studies (21, 24). In comparison,
mean CSF fasting levels of leptin are much smaller than those
of adiponectin and resistin, suggesting that their levels are
within the range to activate central nervous system effects.
Much lower concentrations than in the periphery are suffi-
cient for activation of neural pathways and signaling in the
hypothalamic nuclei for proteins like leptin (25, 26).

AdipR1 and AdipR2 can be activated by both globular and
full-length adiponectin (3, 5). AdipR1 shows a high affinity
for globular adiponectin, but data for binding affinities only
exist for the muscle receptors in mice (5) and not for neuronal
cells in humans. Adiponectin receptors mediate action
through signaling molecules such as peroxisome proliferated
activated receptor-�, MAPK, and AMP kinase (27, 28). AMP
kinase pathways that can be activated by globular adiponec-
tin, as well as trimers, are involved in hormonal and nutrient
signaling in the hypothalamus, including the regulation of
food intake by leptin and insulin (8, 28). Hexamers and
higher molecular weight (HMW) isoforms of adiponectin can
also bind to T-cadherin (29) with unclear biological function.
Given that HMW isoforms do not induce AMP kinase acti-
vation but mediate their action through nuclear factor-�B in
the periphery (30), T-cadherin is unlikely to play a role in
central appetite regulation.

In concordance with previous observations, serum circu-
lating levels of adiponectin were found at higher levels in
women (31). Similar to other studies, serum and CSF adi-
ponectin were inversely correlated with BMI in men but not
in women (32). Although the serum adiponectin levels
showed sexual dimorphism, intrathecal adiponectin levels

BA
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FIG. 4. Immunohistological staining of human hypothalamus with
positive staining for AdipR1 (�1000 magnification) (A); negative
staining for human hypothalamus (blue) (B); and human hypothal-
amus with positive staining for AdipR2 (brown; �1000 magnifica-
tion), which highlights the area of the PVN (C). D, Dual staining of
AdipR2 (red) and NPY (brown). Note the dendritic projections of the
neural cells and cytoplasmatic expression of AdipR2. E, Human ad-
ipose tissue with positive staining for AdipR1 (red). F, Negative stain-
ing for human adipose tissue (blue; �2000 magnification).
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showed no gender difference. Higher circulating serum lev-
els in women and the lack of a CSF gender difference have
previously been observed with leptin levels (33) and reaf-
firmed within our study population.

Our current study does not allow us to determine which
isoforms of adiponectin enter the CSF directly. However, we
note that higher serum HMW adiponectin was reported in
women (31), but we found no gender difference in CSF.
Therefore, it is likely that HMW structures do not enter the
CSF. Additionally, due to the size of the HMW structures
(�500 kDa), these are unlikely to pass through the BBB.

Resistin appears to have a role in obesity-associated in-
flammation and insulin resistance, which remains contro-
versial in the human context (13, 14, 34). In this study, raised
circulating resistin levels do not correspond with higher CSF
levels, suggesting limited uptake into the CSF. The wide
variation in resistin concentration requires further studies to
examine entry of resistin across the BBB. No correlation be-
tween serum and CSF resistin levels was observed with BMI,
and neither of the adipokines’ CSF levels were noted to be
affected by insulin resistance. T2DM is also associated with
reduced HMW isoforms (27) and impaired multimerization
of adiponectin (35). Thus adiponectin CSF levels may pre-
dominantly be made up of LMW isoforms for reasons ex-
plained above and, as such, may not be affected by diabetes.

In summary, adiponectin and resistin are present in hu-
man CSF with levels unaffected by gender. AdipR1 and
AdipR2 are present in the human hypothalamus, especially
in the PVN. These findings highlight the potential involve-
ment of adipokines in central energy homeostasis in humans.
Based on our data, we postulate an active transport mech-
anism for both adiponectin and resistin across the BBB.
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