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Abstract

Background/Aims—Acute phase C-reactive protein (CRP), elevated in obesity and

inflammation, is a major binding protein for leptin. It is thought that CRP contributes to leptin

resistance by preventing leptin from crossing the blood-brain barrier (BBB). Here we determined

how CRP interacts with the BBB and whether it deters leptin from reaching CNS targets.

Methods—BBB permeability, compartmental distribution, tracer stability, and expression of

tight junction protein and inflammatory marker were determined.

Results—CRP was stable in blood, but did not permeate the BBB in trace amounts. However, it

increased paracellular permeability at a higher dose. Agouti viable (Avy) mice with adult-onset

obesity show higher CRP entry into the brain. CRP did not permeate hCMEC/D3 cells nor change

zona occludin-1 or cyclooxygenase-2 expression. An intermediate dose of CRP had no effect on

leptin transport across the BBB after co-treatment. Thus, acute interactions between CRP and

leptin at the BBB level were negligible and did not explain the leptin resistance seen in obesity.

Conclusions—The interactions of CRP and the BBB are a two-phase process, with increased

paracellular permeability at a high dose that enables its entry into the CNS and serves to induce

reactive gliosis and impair CNS function.
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Introduction

The primary goal of this study was to determine whether and how CRP interacts with the

blood-brain barrier (BBB) and whether it contributes to the phenomenon of leptin resistance

at the BBB in obesity. C-reactive protein (CRP) is an acute phase protein in the pentraxin

family mainly produced in liver in response to proinflammatory cytokines such as

interleukin-6 and interleukin-1β. Obesity is associated with elevation of CRP and leptin in

blood [1, 2]. Obesity is also known to induce neuroinflammation in the form of reactive

gliosis, particularly in the hypothalamus [3, 4]. In primary culture, CRP induces reactivity of

microglia and astrocytes, and exacerbates gliosis after scratch injury [5]. As one of the major
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proteins bound to leptin as shown by affinity chromatography and verified by mass

spectrometry, human CRP inhibits leptin binding to ObRb that is overexpressed in HEK293

cells, and it attenuates pSTAT3 signaling [1]. When infused into ob/ob mice, CRP blocks

the effects of leptin in suppressing food intake, weight gain, and liver triglyceride level.

Leptin is rendered ineffective in hCRP transgenic mice [1]. This leads to an attractive

hypothesis that CRP binding impedes leptin entry into the brain, thus contributing to leptin

resistance at the level of BBB transport [1]. It was felt that “it is not yet clear if the

inhibitory effects of leptin are due to the interaction of CRP with leptin within the CNS or to

the impediment of the transport of leptin in the CNS” [6].

Initially discovered in 1930 [7], CRP is a 21 kD protein structurally similar to serum

amyloid P component. It forms a cyclic pentamer of 5 identical nonglycosylated protein

subunits. Healthy human adults have a CRP concentration of approximately 800 ng/ml,

seldom going above 10 μg/ml. After inflammation or injury, however, CRP concentrations

peak 24 – 48 h later and can reach 300 μg/ml [8]. The concentration of CRP correlates with

cardiovascular risk and endothelial dysfunction [9]. CRP may also contribute to the loss of

brain volume. A correlation between CRP and a loss of brain volume is reported in the

Framingham Heart Study [10] and the 3C-Dijon Study [11]. The SEARCH Health Study did

not detect an association of CRP level with gray matter, but it did identify a strong negative

correlation with cognitive function [12]. High CRP is also associated with a lower

performance in visual tasks in subjects from Framingham Heart Study [13], and with lacunar

infarcts and white matter ischemia in subjects in the Rotterdam Scan study [14]. All these

reports suggest a detrimental role of CRP on CNS function.

Obesity is associated with elevated blood concentrations of prothrombotic -

proinflammatory factors and markers of endothelial dysfunction such as CRP, fibrinogen,

von Willebrand factor, and homocysteine. There are potential interactions between CRP and

the BBB endothelia. In endothelial cells of peripheral origin, CRP binds to FCγRIIB and

blocks the effect of HDL, E2, VEGF, and insulin to induce endothelial nitric oxide synthase

(eNOS) in caveolae [15]. The inhibition of eNOS by CRP may thus contribute to a higher

vascular resistance and therefore be involved in hypertension. In the CNS, eNOS

dysfunction is implicated in neurodegenerative diseases. If CRP permeates the endothelial

cells composing the BBB to activate glial cells directly, it could serve as a major culprit in

the neuroinflammation seen in obesity.

Suppressing feeding behavior, leptin is an essential anorexigenic adipokine that crosses the

BBB by receptor-mediated transport [16–18]. It may activate inert transport systems such as

that for urocortin [19, 20]. We examined whether a similar situation occurs with CRP.

Leptin cellular signaling is subject to potentiation by other anorexigenic signals [21, 22], and

its effects can be antagonized by CRP as well as others. Adiponectin is also produced by

adipocytes and acts in concert with leptin, but it does not cross the BBB itself [23].

Therefore, we also compared the effects of CRP and fibrinogen on leptin transport with that

of adiponectin. The studies of CRP permeation across the BBB and its interactions with

leptin at the BBB level are important not only because the concentrations of circulating CRP

and leptin are highly upregulated in human obesity and inflammation, but also because both

are crucial modulators for disease progression and secondary CNS degeneration.
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Materials and Methods

Mice and reagents

Adult C57 from the Jackson Laboratory (Bar Harbor, ME) were used for most BBB

permeability assays. The agouti viable yellow (Avy) mouse of C57 background originated

from the Jackson Laboratory and has been maintained in our breeding colony. Only male

mice were used to avoid confounding effects of the estrous cycle in females. The animal

protocol was approved by the Institutional Animal Care and Use Committee (IACUC).

Carrier-free recombinant mouse leptin and CRP were purchased from R & D Systems

(Minneapolis, MN). Carrier-free mouse fibrinogen and albumin were obtained from Sigma

(St Louis, MO). Mouse adiponectin (Acrp30) was obtained from ProSpec (Rehovot,

Israel). 125I (Perkin Elmer, Waltham, MA) was used to radioactively label leptin and CRP,

whereas 131I was used to label albumin by the chloramine-T method. 131I-albumin is a

marker for the vascular space and serves as a negative control for BBB permeability. The

radioactively labeled tracers (radiotracers) were purified by elution on Sephadex G-10

columns. The specific activity of 125I-leptin was 99 Ci/g. The specific activity of 125I-CRP

used for transport assays in C57 mice was 33 Ci/g. For the rest of the experiments, specific

activity of 125I-CRP from another batch was 48 Ci/g.

Multiple-time regression analysis to determine BBB permeability

Group designs are specified in detail in the Results section. In any study group, 7–10 mice

were used, and each mouse represents a time point between 1 and 20 min. The duration was

chosen based on CRP stability data shown in subsequent sections of the study, and the

known period during which leptin remains stable after intravenous delivery [24]. At time 0,

an intravenous bolus of 100 μl of 125I-leptin or 125I-CRP and 131I-albumin (about 1 μCi

each) was given through the left jugular vein of an anesthetized mouse. At the designated

time point, a mouse was decapitated immediately after collection of arterial blood from the

right common carotid artery. Brain was collected to obtain serum. The radioactivity of 125I

and 131I in brain and 50 μl of serum were determined with a dual-channel program on a

Wallac 1470 Wizzard γ-counter. The disappearance dynamics of 125I-leptin or 125I-CRP

were calculated from the serum radioactivity over time. The influx rate (Ki) and volume of

distribution (Vi) of the radiotracers were determined from the linear regression of brain/

serum ratio of radioactivity over exposure time, a theoretical steady state value [24]. Since

the level of 131I-albumin remained constant in blood, its influx rate and volume of

distribution were determined by the brain/serum ratio over time.

Capillary depletion

To determine whether the radioactivity present in brain entered parenchymal tissue or

remained in the vasculature, cerebral cortex was dissected and homogenized in capillary

buffer, mixed thoroughly with 26% dextran (Sigma), and centrifuged at 5400 g for 30 min at

4 °C, as described previously [25, 26]. The pellet represents the capillary fraction whereas

the supernatant represents brain parenchyma. The parenchymal uptake over time was

calculated after subtraction of the vascular space reflected by 131I-albumin.
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Stability assays by reversed phase high performance liquid chromatography (HPLC)

To ensure that the radioactivity in brain remained on the intact material injected, blood and

brain were collected 0, 20, and 30 min after intravenous injection of 125I-CRP. Serum was

obtained after centrifugation of blood at 4 °C. Brain was homogenized in the presence of

complete protease inhibitor cocktail (Halt™ Protease Inhibitor Cocktail Kit, Thermo

Scientific, Rockford, IL), and the supernatant was used for HPLC analyses with a Vydac C4

column. The 0 time point represents the processing control, in which 125I-CRP was added

ex-vivo before homogenization of the brain tissue. The mobile phase for HPLC was

acetonitrile containing 0.1% trifluoroacetic acid. A linear program with acetonitrile

increasing from 10% to 90% over 40 min with a flow rate of 1 ml/min was used. The eluant

was collected at a rate of 1 ml/min for each fraction.

In-vitro BBB permeability assays

To test the hypothesis that leptin modulates the transport of CRP across the BBB,

hCMEC/D3 cells were used as an in-vitro BBB model. The cells at passage 36 were seeded

onto Transwell 12-well plates coated with rat tail collagen. The seeding density was about

150%. The cells were cultured in EGM-2 medium containing EBM-2 supplemented with

EGM™-2 SingleQuots® (Lonza, Walkersville, MD) and permeability assays with 125I-CRP

and 131I-albumin were performed 3 days later. Five groups of cells were studied (n = 3

wells/group): (1) radioactively labeled tracers only, (2) radioactively labeled tracers along

with 200-fold molar excess of leptin (3.8 μg/ml), (3) radioactively labeled tracers in cells

pretreated with leptin (20 ng/ml) for 8 h, with leptin removed and washed with medium

before the transport assays, (4) cells pretreated with leptin at 20 ng/ml for 8 h, followed by

co-treatment with 3.8 μg/ml (200-fold excess) of leptin during the transport assays at the 9th

h, and (5) additional wells without cells, functioning as a negative control. The upper

(donor) chamber of the Transwell system contained 0.5 ml of EGM-2 medium, and the

bottom (acceptor) chamber of the Transwell contained 1.5 ml of EGM-2 medium. At time

0, 125I-CRP (2,000,000 cpm/ml, 0.9 μCi/ml) and 131I-Alb (1,000,000 cpm/ml, 0.45 μCi/ml)

were placed on the donor chamber of the Transwell maintained at 37 °C with a constant

supply of 5 % CO2. At 5, 10, 20, 30, 40, 50, and 60 min, 10 μl of medium from the

basolateral side (acceptor chamber) was sampled. The basolateral/apical ratio or

radioactivity was determined, and the permeability coefficient was determined as described

previously [27].

Western blotting (WB) to determine the effects of hCRP on hCMEC/D3 functions

Because of the human origin of the hCMEC/D3 cell line, human (h) CRP was used to treat

the cells for 0, 3, 12, or 24 h after being grown to confluency on 6-well plates (n = 3/group).

The dose of 20 μg/ml was chosen because it imitates conditions of mild inflammation [8].

The cells were collected with protein lysis buffer containing complete protease inhibitor

cocktail, and subjected to WB for the tight junction protein zona occludin-1 (ZO-1), the

inflammatory marker cyclooxygenase (COX)-2, and the reference gene β-actin. Twenty μg

of protein was separated on 8.5% SDS-PAGE, transferred to a nitrocellulose membrane, and

incubated with Pierce Protein-Free TBS Blocking Buffer (Thermo Scientific, Rockford, IL)

with 0.1 % Tween-20 for 1 h. The membranes were incubated overnight with polyclonal

Hsuchou et al. Page 4

Cell Physiol Biochem. Author manuscript; available in PMC 2014 July 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



rabbit anti ZO-1 (1:700, cat# 40-2300, Invitrogen, Carlsbad, CA), polyclonal goat anti

COX-2 (M-19, 1:1000, cat# sc-1747, Santa Cruz Biotechnology, Santa Cruz, CA), or

monoclonal mouse anti β-actin (1:8000, cat# A5441, Sigma, St. Louis, MO). After thorough

washes, the membranes were incubated with HRP-conjugated secondary antibodies (1:5000

dilution) at room temperature for 1 h. The signals were developed with Pierce ECL Western

Blotting Substrate (cat#32209, Thermo Scientific). Densitometry analysis was performed by

use of NIH Image J software.

Statistical analyses

Linear regression analysis was performed to determine the influx rate and volume of

distribution of radiotracers in the brain and in-vitro BBB permeability assay. The difference

between the experimental and control groups and among groups was determined by the least

squares method with the Prism GraphPad program. One way ANOVA was used to analyze

the permeability coefficient and WB results.

Results
125I-CRP does not cross the BBB in normal mice; leptin does not change this, but excess
CRP increases paracellular permeability

Three groups of 3-month old male C57 mice were studied (n = 8–13/group): radiotracer

(125I-CRP and 131I-albumin) only; co-administration of unlabeled CRP (5 μg/mouse, about

167-fold excess of the 0.03 μg injected); or co-administration of unlabeled leptin (5 μg/

mouse). Within 20 min after intravenous bolus administration, 125I-CRP did not have a

significant influx from blood to the brain. The influx rate was not significantly different

from that of 131I-albumin. Co-administration of unlabeled leptin did not induce a significant

increase of the influx. Co-administration of unlabeled CRP seemed to initially depress the

volume of distribution of 125I-CRP in the first 10 min, but later increase it. This suggests

that the excess unlabeled CRP initially competed with the 125I-CRP to reach the BBB, but

later induced an acute increase of BBB permeability. Unlabeled CRP also seemed to cause

an initial reduction of the volume of distribution of 131I-albumin, suggesting that CRP also

binds to albumin. At later times, CRP also increased the influx rate of 131I-albumin. This

indicates increased paracellular permeability resulting from partial disruption of the BBB

(Fig. 1A).

Cerebral cortex devoid of circumventricular organs was subjected to capillary depletion to

separate microvessel and parenchyma fractions. As shown in Figure 1B, the influx rate of

trace amounts of 125I-CRP from blood to brain parenchyma was not significantly different

from zero, and was no higher than that of 131I-albumin representing the vascular space.

Excess unlabeled CRP increased 125I-CRP entry into brain parenchyma, but statistical

significance was not reached in comparison with the controls. The large variability is

commonly seen in a situation of minimal permeation. Leptin co-treatment only increased the

vascular space without greater parenchymal uptake of 125I-CRP, consistent with a direct

binding of leptin with CRP [1] that may further increase physical hindrance.
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CRP permeation in the obese agouti viable yellow (Avy) mice

Two groups of 6 month old mice were studied (n = 8 – 12 mice/group): Avy and C57

littermate controls. There was no significant influx of 125I-CRP in C57 mice (Ki = 0.10 ±

0.11 μl/g-min). There was a significant influx of 125I-CRP in the Avy group (Ki = 0.36 ±

0.07 μl/g-min). However, the slopes of these two lines were not significantly different from

each other [F(1,14) = 2.81, p = 0.16]. Figure 2A shows that the influx rates of 125I-CRP

remained higher than the co-administered albumin, but there was no significantly different

change of either substance between the C57 control and obese Avy mice. Similar to that seen

in Figure 1, the low permeability at baseline was associated with large standard errors,

making it difficult to derive statistically significant changes from multiple-time regression

analysis. The higher influx of 125I-CRP in the Avy mice was associated with a higher serum

half-life, increased to 6.3 min from the control value of 1.8 min (Fig. 2B). This is consistent

with a higher level of endogenous CRP that may delay the degradation of 125I-CRP simply

by competition.

125I-CRP is stable in the circulation and brain homogenate

In the processing control in which blood and brain were collected into 125I-CRP containing

tubes or homogenizers ex-vivo, 125I-CRP mainly eluted at the same retention time as the

stock solution, indicating minimal ex-vivo degradation during tissue processing. In sera of

C57 and Avy mice, 125I-CRP remained stable at both 20 and 30 min, as shown by HPLC

(Fig. 3A). In the brain, there was a small percent degradation in both C57 and Avy mice at

20 min, shown by the emergence of a small peak at retention times of 14–17 min, as well as

dissociation of free 125I that eluted at a retention time of 5 min (Fig. 3B). Nonetheless, even

the processing control of the brain homogenate sample showed a similar pattern, indicating

that such degradation probably derived from ex-vivo metabolism during tissue processing.

By 30 min, only about 80% of the radioactivity in the supernatant of the homogenate

remained intact 125I-CRP.

125I-CRP does not have meaningful transcytosis across the hCMEC/D3 cell monolayer, and
leptin has no modulatory effect

To determine whether CRP transcytoses hCMEC/D3 cells of human BBB origin, and

whether leptin modulates CRP permeability in-vitro, the following groups of Transwells

were studied (n = 3/group): radiotracer only (125I-CRP + 131I-albumin), 200-fold excess

leptin (3.8 μg/ml) co-treatment for 1 h, leptin pretreatment (20 ng/ml) for 8 h, and leptin pre-

(20 ng/ml) and co-treatment (3.8 μg/ml) for a total of 9 h. The flux rate (Fig. 4A) and

permeability coefficient (Fig. 4B) of 125I-CRP were even lower than those of 131I-albumin,

indicating a lack of meaningful transcytosis. The lower permeability of CRP is probably

because the 21 kD CRP forms a cyclic pentamer that is larger than the globular albumin.

Neither co-treatment nor pretreatment of leptin modulated the low permeation of 125I-CRP

from apical to basolateral chambers. Thus, although leptin binds to CRP, it did not serve as a

carrier (or Trojan horse) to allow CRP to use its transport system. These in-vitro results are

consistent with the results in C57 mice (Fig. 1), in which leptin co-treatment did not affect

the minimal permeation of 125I-CRP. In all groups with hCMEC/D3 cells, the permeability

was 6-fold lower than in the control Transwell without cells.
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Effects of CRP on tight junction protein ZO-1 and inflammatory marker COX-2 in
hCMEC/D3 cells

hCRP at 20 μg/ml in cell culture medium did not change ZO-1 expression at 3, 12, or 24 h in

comparison with the 0 time control (n = 3/group). Similarly, the expression of COX-2 was

unchanged at these time intervals (Fig. 5).

Effect of CRP co-administration on leptin transport, in comparison with fibrinogen and
adiponectin

Leptin had a significant influx from blood to cerebral cortex, 6-fold higher than the co-

administered albumin. This was not modulated by co-treatment with CRP (5 μg/mouse),

fibrinogen (10 μg/mouse), or adiponectin (5 μg/mouse), these doses being about 300-fold

higher than the dose of the injected 125I-leptin (Fig. 6A). Since leptin also plays a significant

role in hypothalamic and hippocampal functions, its permeability into these two regions was

also measured. The permeability of leptin into either hypothalamus (Fig. 6B) or

hippocampus (Fig. 6C) was not modulated by co-injection of CRP, fibrinogen, or

adiponectin.

Discussion

There are compelling indications to study the permeability of the BBB to CRP and its

potential modulation of leptin transport. Not only is CRP a biomarker for inflammation and

highly elevated in obesity, but it also binds to leptin and was proposed to confer leptin

resistance by preventing its transport across the BBB. However, our studies showed a unique

situation of a large protein impairing BBB function and increasing its own permeation. We

found that CRP does not cross the BBB in trace amounts, but it increases paracellular

permeability of the BBB when blood CRP concentrations exceed a threshold to impair BBB

function. This threshold dose (about 2.5 μg/ml, as further discussed below), is easily reached

in states of systemic inflammation, or even in obesity.

The studies show a dose-dependent effect of CRP. Acute administration of a trace amount of

CRP (0.03 μg) by intravenous injection did not cause immediate changes of BBB

permeability to albumin. With a plasma volume of 2 ml, the maximal estimated

concentration of 125I-CRP would be 15 ng/ml. The concentration in the permeability study

on hCMEC/D3 cells was about 19 ng/ml. At this level, there was no barrier disruption,

though hCMEC/D3 cells do not form as tight an in-vitro BBB as do primary cerebral

microvascular endothelial cells, and the barrier function is much less than occurs in the CNS

in-vivo [28]. Nonetheless, tight junction proteins show paracellular distribution in

hCMEC/D3 cells, and the Transwell model of hCMEC/D3 has been adequate for the study

of transport in many reports [27–29]. The paracellular permeability of 131I-albumin was

even higher than that of 125I-CRP, and its permeability coefficient was comparable to that of

other studies without a barrier disrupting agent [27]. Thus, the lower permeability of CRP

than albumin probably results from the formation of a cyclic CRP pentamer with a

molecular weight of 105 kD, higher than that of albumin (about 60 kD). The size

differentiation of permeability indicates the presence of a functioning barrier. With a dose of
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unlabeled CRP (5 μg/mouse, or 2.5 μg/ml of the initial blood concentration), there was an

increase of paracellular permeation between 10–20 min for both 125I-CRP and 131I-albumin.

However, the effects of CRP appear to mainly affect tight junction function rather than

protein expression. Even at a dose of 20 μg/ml in-vitro, there was no significant

downregulation of ZO-1 expression between 3 – 24 h of treatment on hCMEC/D3 cells.

Nonetheless, it has been shown that CRP activates surface Fc-γ receptors CD16/32 to

facilitate the formation of reactive oxygen species in bovine brain endothelia, acts through

myosin light chain kinase, and leads to disruption of tight junction complexes [30]. It is also

known that CRP binds to FCγRIIB and protein phosphotase 2A in endothelia from the

peripheral vasculature, dephosphorylates and inactivates eNOS, and thus modifies

endothelial cell function for monocyte adhesion and endothelial cell migration [15]. Thus,

CRP probably induces acute impairment of tight junction function by cytoskeletal

rearrangement, rather than by changing the level of protein expression. However, the lack of

induction of COX-2, a common indicator of cellular inflammation, suggests that the

hCMEC/D3 cells used in our study may not have abundant surface FC-γ receptors, or that

COX-2 is not a main pathway downstream to CRP signaling.

Lipopolysaccharide (LPS) can rapidly increase blood leptin concentration [31, 32]. As an

acute phase protein, CRP might be a mediator of the effect of LPS on hyperleptinemia.

Chronic inflammation in humans is associated with elevation of both CRP and leptin. An

increased endogenous leptin concentration could mask upregulation of leptin transport

across the BBB reflected by a decreased uptake of 125I-leptin resulting from partial

saturation of the leptin transport system even at physiological concentrations [33]. However,

the time course of the BBB transport study of 125I-leptin was short, and it is unlikely that co-

administration of CRP induced a significant increase of endogenous leptin within this time.

Thus, a leptin surge is unlikely to underlie the lack of visible increase of leptin transport

after CRP treatment. Nonetheless, nitric oxide isoenzymes have been shown to modulate

inflammatory effects and the specific transport system for insulin at the BBB. eNOS and

iNOS mediate the LPS-enhanced transport of insulin, whereas nNOS opposes LPS-enhanced

insulin transport [34]. Sustained elevation of CRP, though not studied under the current

experimental design, may have profound modulatory effects on specific nutrient and

hormone transport systems as well as modulating BBB permeability paracellularly.

Once within the CNS, CRP is able to induce reactive gliosis [5]. It might be partially

responsible for the neuroinflammation seen in the hypothalamus of obese mice [3, 4] which

have high circulating concentrations of both CRP and leptin. Leptin enters the CNS by

receptor-mediated transport. However, though leptin binds to CRP, the presence of CRP did

not provide acute modulation of leptin transport. Similarly, co-treatment with fibrinogen or

adiponectin did not affect leptin influx from blood to its CNS target regions. Despite gender

differences in metabolism and response to obesity [35], it is unlikely that the additional use

of female mice would change the conclusions from this study.

In summary, although a trace amount CRP did not cross the BBB after intravenous bolus

injection, excess CRP impaired BBB function and increased paracellular permeation.

Reciprocal interactions between leptin and CRP did not occur at the level of the BBB, but
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they both can reach the CNS at high concentrations and exert profound neuroinflammatory

effects.
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Fig. 1.
Permeation of 125I-CRP from blood to brain in C57 mice, with 131I-albumin as a reference

substance. (A) Multiple-time regression analysis showing the overall influx rate. Trace

amounts of CRP did not cross the BBB, shown by a slightly sloping regression line almost

parallel to that of albumin. Co-treatment of leptin did not affect the influx rate (slope of the

regression line) and the increase of the volume of distribution (y-axis values) was not

significant. Co-treatment with CRP initially seemed to depress the volume of distribution

of 125I-CRP in the first 10 min, but overall induced an influx of 125I-CRP (Ki = 0.22 ± 0.13

μl/g-min) and 131I-albumin (Ki = 0.16 ± 0.11 μl/g-min). (B) Capillary depletion study

showing the distribution of radioactively labeled tracers in cerebral cortical parenchyma and

vasculature. The influx rate of 125I-CRP to brain parenchyma, normalized by subtracting

the 131I-albumin space, was only positive in the group treated with excess unlabeled CRP.

This contrasts with an increased vascular accumulation in the leptin treated group.
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Fig. 2.
Effects of Avy mutation on the interactions of CRP with the BBB. (A) The obese Avy mice

had a positive influx of CRP and albumin from blood to brain, indicating higher paracellular

permeability in comparison with the age-matched control C57 mice studied at the same

time. (B) The half-life of 125I-CRP in blood was higher in the Avy mice than in the C57

mice.
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Fig. 3.
Stability of 125I-CRP in blood (A) and brain compartment (B). In the 20 and 30 min

samples, the elution profile did not differ from that of stock solution or ex-vivo processing

control, indicating that 125I-CRP remained intact during the study period.
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Fig. 4.
125I-CRP had minimal permeation across the hCMEC/D3 cell monolayer. (A) The influx

rate was unchanged by leptin pre- or co-treatment. (B) The permeability coefficient (Papp)

of 125I-CRP was lower than that of 131I-albumin.
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Fig. 5.
Lack of significant effect of CRP (20 μg/ml, human origin) on protein expression of ZO-1

(molecular weight: 225 kD) and COX-2 (molecular weight: 70 kD) at 3, 12, and 24 h. The

bottom panels show densitometry results after normalization to the reference gene β-actin,

and division by the 0 h values.
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Fig. 6.
125I-leptin influx from blood to the cerebral cortex (A), hypothalamus (B), and hippocampus

(C) was not acutely modulated by co-treatment with adiponectin (5 μg/ml), CRP (5 μg/ml),

or fibrinogen (10 μg/ml). The shorter lines at the bottom of each graph represent 131I-

albumin serving as a reference control for the vascular space and indicating low paracellular

permeability.
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