
crimination between the inner and outer tri-

mannos e s tructures by p rev enting binding to

the inner branch p oint mannos e. S electiv e

binding of D C -S I G N and D C -S I G N R to the

outer branched trimannos e moiety can ex -

p lain almos t all of their binding characteris -

tics (16 ) .

M annos e-binding p roteins (M B P s ) are

C -ty p e lectins that function in innate im-

munity by recog niz ing carbohy drate s truc-

tures characteris tic of p athog ens , and they

do not bind s trong ly to mannos e-ty p e li-

g ands p res ent on hos t cell s urfaces (5) .

A lthoug h the C R D s of D C -S I G N and D C -

S I G N R s hare 2 4 % s eq uence identity with

rat s erum M B P , the mode of binding of

olig os accharides to M B P is q uite dis tinct

f rom the interaction of D C -S I G N and D C -

S I G N R with the branched trimannos e

s tructure. E ach C R D in M B P interacts with

a s ing le terminal mannos e or G lcN A c res -

idue in an olig os accharide lig and, and the

res t of the olig os accharide p oints away

f rom the s urface of the p rotein (17 ) (F ig .

2 B ) . T he architecture of the M B P trimer

p laces the binding s ites in the three C R D s

far enoug h ap art that M B P binds with hig h

av idity only to the rep etitiv e and dens e

array s p res ented on p athog enic cell s urfac-

es , but not to the more clos ely s p aced ter-

minal mannos e res idues p res ent on endog -

enous olig os accharides (18 ) . In contras t,

the interactions of D C -S I G N and D C -

S I G N R with endog enous g ly cans on T cells

and the H I V env elop e res ult f rom hig h

af f inity binding to a characteris tic internal

feature of hig h-mannos e olig os accharides .

D C -S I G N – and D C -S I G N R – g p 1 2 0 in-

teractions rep res ent a p otential targ et for

anti-H I V therap y aimed at dis rup ting the

D C -v irus interaction at p rimary s ites of

infection, in order to lower the ef f iciency of

T cell infection. A lthoug h the hig h av idity

g enerated by clus tering low-af f inity lectin

monomers into olig omeric s tructures has

made it dif f icult to des ig n drug s aimed at

dis rup ting p rotein-carbohy drate interac-

tions , the unus ually hig h af f inity between

the monomeric D C -S I G N or D C -S I G N R

C R D s and hig h-mannos e olig os accharides

(4 ) s ug g es ts that they may be us eful tar-

g ets . T he mechanis tic bas is of the D C -

S I G N – and D C -S I G N R – olig os accharide

interactions p res ented here p rov ides a s tart-

ing p oint for des ig n of s uch therap eutics ,

which would attack the v iral infection at a

nov el s tag e and which could p otentially be

p rop hy lactic. L as tly , thes e s tudies s ug g es t

that the interaction of D C -S I G N and D C -

S I G N R with endog enous lig ands may not

be res tricted to I C A M s that hav e been s tud-

ied to date, but may include other cell

s urface or s oluble g ly cop roteins with ap -

p rop riately dis p lay ed hig h mannos e olig o-

s accharides .
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A Transgenic Model of Visceral

O besity and the Metabolic

Syndrom e
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Jeffrey S.Flier1*

The adverse metabolic consequences of obesity are best predicted by the
quantity of visceral fat.Excess glucocorticoids produce visceral obesity and
diabetes,but circulatingglucocorticoid levels are normal in typical obesity.
Glucocorticoids can be produced locally from inactive 11-keto forms through
the enzyme 11b hydroxysteroid dehydrogenase type 1(11b HSD-1).We cre-
ated transgenic mice overexpressing11bHSD-1selectively in adipose tissue to
an extent similar to that found in adipose tissue from obese humans.Thesemice
had increased adipose levels of corticosterone and developed visceral obesity
that was exaggerated by a high-fat diet.The mice also exhibited pronounced
insulin-resistant diabetes,hyperlipidemia,and,surprisingly,hyperphagia de-
spite hyperleptinemia.Increased adipocyte 11bHSD-1activity may be a com-
mon molecular etiology for visceral obesity and the metabolic syndrome.

O bes ity is as s ociated with adv ers e metabolic

cons eq uences s uch as diabetes and dy s lip ide-

mia (1) . T he bes t p redictor of thes e morbid-

ities is not the total body adip os e mas s , but

the s p ecific q uantity of v is ceral fat (2, 3) . A

molecular bas is for dis p rop ortionate accumu-

lation of v is ceral fat has not been identified

and the ex tent to which v is ceral adip os ity

caus es or merely reflects the as s ociated met-

abolic s y ndrome, which includes ins ulin re-

s is tance, g lucos e intolerance, and dy s lip ide-

mia, remains unclear (3) .

O ne identif ied caus e of v is ceral obes ity

and metabolic comp lications is ex p os ure to

R E P O R T S

7DECEMBER 2001 VOL294 SCIENCE www.sciencemag.org2166

 o
n 

Fe
br

ua
ry

 6
, 2

00
8 

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 



excessive levels of glucocorticoids. Al-

though systemic glucocorticoid excess in

rare Cushing’s syndrome causes visceral

obesity and the metabolic syndrome (4, 5),

circulating glucocorticoid levels are normal

in patients with the prevalent forms of obe-

sity (5). However, glucocorticoid action on

target tissues depends on both circulating

hormone levels and intracellular prerecep-

tor metabolism (6 ). The enzyme 11b hy-

droxysteroid dehydrogenase type 1 (11b

HSD-1) plays a pivotal role in determining

intracellular glucocorticoid concentrations

by regenerating active glucocorticoid (cor-

tisol in humans, corticosterone in rats and

mice) from inactive cortisone and 11-dehy-

drocorticosterone (6 – 8) and has been sug-

gested to serve as a tissue-specific amplifi-

er of glucocorticoid action (6 ).

Mice homozygous for a targeted deletion

of the 11b HSD-1 gene are viable and devel-

opmentally normal but cannot regenerate ac-

tive corticosterone from inert 11-dehydrocor-

ticosterone in vivo, demonstrating that 11b

HSD-1 is the sole 11b-reductase in the body

(9). The 11b HSD-1–deficient mice show

attenuated activation of glucocorticoid-sensi-

tive hepatic gluconeogenic enzymes in re-

sponse to stress or high-fat diets and have a

diabetes-resistant phenotype (9). Recently,

adipose tissue from obese humans has been

shown to have increased 11b HSD-1 activity

(7 ). To test the hypothesis that increased

production of glucocorticoid exclusively

within adipose tissue would produce visceral

obesity and features of the metabolic syn-

drome, we created transgenic mice overex-

pressing 11b HSD-1 under the control of the

enhancer-promoter region of the adipocyte

fatty acid binding protein (aP2) gene (W eb

fig. 1) (10 – 12).

1Division of Endocrinology and Metabolism, Depart-
ment of Medicine, Beth Israel Deaconess Medical
Center and Harvard Medical School, 330 Brookline
Avenue, Boston, MA, 02215, USA. 2Endocrinology
Unit, Molecular Medicine Center, University of Edin-
burgh, Edinburgh, EH4 2XU, Scotland, UK. 3Molecular
Physiology Laboratory, University of Edinburgh, Edin-
burgh, EH8 9AG, Scotland, UK.

*To whom correspondence should be addressed. E-
mail: jflier@caregroup.harvard.edu

Fig. 1. Creation of
transgenic mice over-
expressing 11b HSD-1
in adipose tissue. The
Institutional Animal
Care and Use Commit-
tee (Beth Israel Dea-
coness Medical Center
and Harvard Medical
School, Boston, MA)
approved all studies.
(A) The 11bHSD-1 ac-
tivity in adipose tissue
from transgenic mice
(Tg) (male, 18 weeks
of age, n 5 6), non-
transgenic littermates
(non-Tg, n 5 6), and
age-matched male ob/
ob mice (n 5 3). Val-
ues were expressed as
mean 6 SEM. SubQ,
subcutaneous abdomi-
nal fat. In adipose tis-
sue homogenates, the
reaction catalyzed by
11b HSD-1 is bidirec-
tional, consisting of a
reductase activity and
a dehydrogenase ac-
tivity (6). The rate is
most easily measured
as B ([3H]-corticoste-
rone) to A ([3H]-11-
dehydrocorticoster-
one) conversion. As
11b-reductase activ-
ity predominates in intact cells and tissues (6, 9), enzyme activity was
assessed by the rate of B to A conversion (6, 9, 13). *, P , 0.05
compared with non-Tg mice in each fat tissue. (B) Adipose tissue
corticosterone (CORT ) concentration [14-week-old male non-Tg (n 5
9) and Tg (n 5 8) mice] was determined by methanol extraction
followed by radioimmunoassay (Rat CORT RIA kit, ICN Pharmaceuti-
cals) (15, 16). Mes, mesenteric fat; Epi, epididymal fat. Values were
expressed as mean 6 SEM; *, P , 0.01 compared with non-Tg mice.
(C) Body weight curves for male mice on low- or high-fat diet. When
mice were 6 weeks of age, non-Tg and Tg mice were divided into two
separately housed groups. One group was given a high-fat diet
containing 45%fat (D12451, Research Diets, New Brunswick, NJ), and
the second group was given a low-fat diet (D12450, Research Diets)
containing 10% fat. Body weight and food intake were measured
weekly. r, non-Tg mice fed a low-fat diet; Œ, Tg mice fed a low-fat
diet; f, non-Tg mice fed a high-fat diet; ●, Tg mice fed a high-fat diet
(n 5 7 in each group). Values were expressed as mean 6 SEM. *(Tg

mice fed a high-fat diet), P , 0.001 compared with non-Tg mice fed
a high-fat diet; † (Tg mice fed a low-fat diet), P , 0.001 compared
with non-Tg mice fed a low-fat diet. (D) Gross appearance of
18-week-old male non-Tg and Tg mice. Ventral and dorsal views show
loss of constriction of waist and larger abdomen in Tg mice. (E)
Comparison of fat depots weight between non-Tg and Tg mice.
Weight of unilateral epididymal, subcutaneous abdominal, and mes-
enteric fat depots in 16-week-old male non-Tg and Tg mice (n 5 6 in
each group) was measured as in (34). The ratio (Tg compared with
non-Tg) in each fat depot were expressed as mean 6 SEM. (F) Fat
weight in whole body (Wh.) and abdominal region (Abd.) assessed by
DEXA (18) (Lunar Corporation, Madison, WI) (left). LF, low-fat diet;
HF, high-fat diet. Values were expressed as mean 6 SEM; *, P , 0.01
compared with non-Tg mice; †, P ,0.005 compared with non-Tg mice
in respective diet (18-week-old male mice, n 5 8 in each group). Fat
weight in Abd./Wh.(%) (right). *, P , 0.005 compared with non-Tg
mice; †, P , 0.01 compared with non-Tg mice in respective diet.
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All mice studied were inbred FVB strains

crosses, wild type or hemizygous for the

transgene. Ribonuclease (RNase) protection

assays with a rat-based cRNA probe can dif-

ferentiate the transgene-derived (rat) mRNA

from endogenous murine 11b HSD-1

mRNA. The transgene-derived transcript was

expressed equivalently in adipose tissue from

subcutaneous abdominal, epididymal, mesen-

teric, and interscapular brown adipose tissue

(BAT) depots but was absent in brain, liver,

skeletal muscle, and kidney of transgenic

(Tg) mice. In line 7 male mice, in which all

studies were performed unless otherwise not-

ed, transgene-derived mRNA was increased

sevenfold compared with endogenous mRNA

(Web fig. 2). 11b HSD-1 activity (6, 9, 13)

was 2.4-fold increased in subcutaneous ab-

dominal fat (P , 0.03 ) and 2.7 -fold increased

in epididymal fat (P , 0.01), respectively

(Fig. 1A). In adipose tissue, the fold increase

in aP2/11b HSD-1 Tg mice was comparable

to that seen in leptin-deficient obese o b /o b

mice and in obese humans (7 ), demonstrating

that the extent of transgenic amplification of

11b HSD-1 activity in aP2/11b HSD-1 mice

is physiologically relevant.

To address glucocorticoid metabolism in

Tg mice, we measured corticosterone con-

centrations in adipose tissue and in serum. In

two lines (7 and 10), serum corticosterone

levels, measured under nonstressed condi-

tions (14 ), were similar to those in control

mice [117 6 25 and 119 6 4 ng/ml in non-Tg

mice (n 5 8 ) compared with 9 6 6 13 and

104 6 13 ng/ml in Tg mice (n 5 10), respec-

tively. All values in the present study were

expressed as mean 6 SEM]. In contrast, cor-

ticosterone concentrations in adipose tissue

(15, 16 ) were significantly elevated (;15 to

3 0% increase compared with non-Tg mice,

P , 0.01), reflecting increased local conver-

sion of corticosterone (Fig. 1B). To confirm

that corticosterone levels in the peripheral

circulation were not increased, we assessed

several parameters that reflect the conse-

quences of circulating glucocorticoids includ-

ing thymic weight, bone mineral density, lean

body mass weight, and linear growth; none

were altered in Tg mice (Web note 1) (17 ).

From weaning to 9 weeks of age, body

weights of non-Tg and Tg male mice fed

normal (low-fat) diets were indistinguishable.

However, weights diverged after 9 weeks and

by 15 weeks of age, Tg mice weighed 16 %

more than non-Tg mice (Fig. 1C). The Tg

showed increased sensitivity to weight gain

on a high-fat diet. At 15 weeks of age, the

body weight of Tg mice fed a high-fat diet for

9 weeks was 40.2 6 1.2 g, which exceeded

that of Tg mice fed a low-fat diet (3 2.5 6

0.9 g, P , 0.001), non-Tg mice fed a high-fat

diet (3 3 .3 6 0.7 g, P , 0.001), and non-Tg

mice fed a low-fat diet (28 .8 6 0.5 g, P ,

0.0005 ). The 24 6 1.7 % weight gain in Tg

mice fed a high-fat diet was greater than the

Fig. 2. Metabolic phe-
notype in aP2/11b
HSD-1 transgenic mice.
(A) Cumulative food in-
take (g/week) in line 7
and line 10 mice (male,
14 weeks of age, n5 9
in each group). Values
were expressed as
mean 6 SEM. *, P ,
0.05 compared with
non-Tg mice (line 7); †,
P , 0.01 compared
with non-Tg mice (line
10). (B) Profile of intra-
peritoneal glucose tol-
erance test (1 mg of
glucose per kg of body
weight in awake mice
after a 12-hour fast)
[line 7, 18-week-old
male Tg mice (n 5 8)
(f) and non-Tg (n 5
10) (r)] (left) and insu-
lin tolerance test (0.75
U insulin per kg of body
weight after a 6-hour
fast) (right) (35). Values
were expressed as
mean 6 SEM; *, P ,
0.005 compared with
non-Tgmice. Data were
assessed by analysis
of variance (ANOVA)
with repeatedmeasures
analysis (Statview 4.01;
Abacus Concepts). (C) Adipocyte number and size in mesenteric and sub-
cutaneous adipose tissue from 16-week-old male non-Tg and Tg mice (n 5
3 in each group) were assessed as in (35). Values were expressed as mean6
SEM; *, P , 0.01 compared with non-Tg mice; †, P , 0.05 compared with
non-Tg mice. (D) Glucocorticoid receptor a isoform (GRa) (20) and LPL (21)
mRNA expression in adipose tissue from 18-week-old non-Tg and Tg mice
(n 5 5 in each group). Specific mRNA for GRa was determined by quanti-
tative reverse transcription (RT )-32P polymerase chain reaction (PCR) with
sense (59-TGCTATGCTTTGCTCCTGATCTG-39) and antisense (59-TGT-
CAGTTGATAAAACCGCTGCC-39) primers. LPL mRNA was determin-
ed by Northen blot. The b-actin mRNA were determined by
RNase protection assay (HybSpeed RPA kit; Ambion, Austin,

TX). The results were normalized to the signal generated from b-actin
mRNA. Values were expressed as mean 6 SEM. GRa: *, P , 0.001
compared with non-Tg SubQ or Tg SubQ, respectively. LPL: *, P , 0.01
compared with non-Tg SubQ; †, P , 0.001 compared with non-Tg
Mes. (E) Portal FFA (left) and corticosterone (right) levels in non-
Tg and Tg mice (20-week-old male mice, n 5 8 in each group). Ve-
nous blood was taken (;200 ml/mouse) from the proximal end of
the portal vein with a 28G small syringe. Values were expressed as
mean 6 SEM. FFA: *, P , 0.005 compared with non-Tg syste-
mic circulation (Circ); †, P , 0.001 compared with non-Tg portal
vein (Portal). Corticosterone: *, P , 0.01 compared with non-Tg
Portal.
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16 6 0.6 % weight gain in non-Tg mice fed

a high-fat diet (P , 0.001). Female Tg mice

were not evaluated in the present study. Ex-

ternal examination of the Tg mice suggested

a prominent abdominal component to the

weight gain (Fig. 1D). To evaluate the distri-

bution of adiposity in Tg mice, we measured

the weight of three different fat depots (Fig.

1E). Visceral fat is defined as fat depots

located in the area of the portal circulation

and is chiefly made up of omental and mes-

enteric fat (5). As mesenteric fat has a con-

siderable amount of tissue and is easily iso-

lated, the weight of mesenteric fat was mea-

sured as a representative of visceral fat (3, 5).

The weight of unilateral epididymal adipose

tissue did not differ between non-Tg and Tg

mice [255 6 14 mg (non-Tg) compared with

275 6 12 (Tg)], and there was a small but

significant increase in subcutaneous abdomi-

nal adipose tissue [1112 6 75 mg (non-Tg)

compared with 1432 6 102 (Tg), P , 0.05].

In contrast, the weight of mesenteric adipose

tissue was strikingly increased in Tg mice

(795 6 26 mg) compared with non-Tg mice

(215 6 14) (P , 0.001). Similar findings

were observed in an additional independent

line “ 10” [Web notes 2 and 3].

We also used dual energy x-ray absorpti-

ometry (DEX A) (18) to measure the amount

of fat in the whole body or in the abdominal

region, defined as the area between the lower

border of the thoracic rib cage and the upper

border of the pelvic cavity (Fig. 1F). This

region contains several fat depots, including

visceral, retroperitoneal, and surrounding

subcutaneous fat (3, 5, 18). In non-Tg mice at

18 weeks of age on low-fat diets, whole body

and abdominal adipose tissue weight were

4.85 6 0.22 g and 1.35 6 0.16 g, respective-

ly, whereas these weights in Tg mice were

7.97 6 0.6 g and 3.0 6 0.14 g, respectively.

Accordingly, 27.5 6 2.1% of adipose weight

was in the abdominal region in non-Tg mice,

compared with 37.9 6 1.2% in Tg mice (P ,

0.005). Fat accumulation in the abdominal

region of non-Tg mice on high-fat diets was

comparable to that in Tg mice on low-fat

diets, and the ratio was further exaggerated in

Tg mice fed high-fat diets. Thus, modest

overexpression of 11b HSD-1 in all adipose

tissue produces disproportionate accumula-

tion of visceral fat depots.

To examine the basis for increased energy

balance in these mice, we monitored food

consumption (Fig. 2A). Food intake was in-

creased by 10.2 6 0.7% (P , 0.05) and

17.1 6 1.2% (P , 0.01), respectively, in

lines 7 and 10, and this paralleled the increase

in body weight (line 7, 10.2 6 1.3% and line

10, 21.0 6 2.5%). Thus, in addition to alter-

ing body fat distribution, adipose overexpres-

sion of 11b HSD-1 engenders systemic alter-

ations that result in hyperphagia.

Despite relatively modest degrees of over-

all obesity in Tg mice fed low-fat diets, the

mice were markedly hyperglycemic [blood

glucose fed ad libitum: 111 6 6 mg/dl (non-

Tg) compared with 164 6 5 (Tg), P , 0.001]

and hyperinsulinemic [230 6 17 pg/ml (non-

Tg) compared with 974 6 254 (Tg), P ,

0.03]. Intraperitoneal glucose and insulin tol-

erance testing in line 7 revealed pronounced

glucose intolerance and insulin resistance

(Fig. 2B). Similar findings were observed in a

second independent line (Web note 4). Serum

levels of free fatty acids (FFA), triglyceride,

and leptin were also significantly increased

(Table 1, top). Consistent with the notion that

glucocorticoids are potent secretagogues of

leptin from adipose tissue (19), leptin levels

in Tg mice were disproportionately elevated

as assessed by the ratio of leptin (pg/ml)/

body fat (g): 412 6 96 (non-Tg) compared

with 856 6 130 (Tg), P , 0.01, suggesting

that leptin resistance developed in Tg mice.

Although there was no difference between

non-Tg and Tg mice in adipocyte number in

mesenteric or subcutaneous abdominal fat de-

pots, adipocyte size in these depots was in-

creased 3.2-fold (P , 0.006) and 1.5-fold

(P , 0.05) in Tg mice compared with non-Tg

mice (Fig. 2C). Consistent with previous re-

ports (3–5), the levels of glucocorticoid re-

ceptor a isoform (GRa) (20) mRNA were

threefold higher in mesenteric compared with

subcutaneous adipose tissue of both non-Tg

and Tg mice (P , 0.001) (Fig. 2D). En-

hanced GRa expression in visceral fat may

account, at least in part, for the exaggerated

accumulation of fat in this depot, despite

similar overexpression of 11b HSD-1 in all

fat depots. Lipoprotein lipase (LPL) mRNA,

which is known to be upregulated by glu-

cocorticoids (21), was significantly increased

in mesenteric adipose tissue of Tg mice (3.5-

fold, P , 0.001) and less so in subcutaneous

adipose tissue (2.4-fold, P , 0.01) (Fig. 2D).

LPL overexpression can drive lipid accumu-

lation in adipose depots (3, 5, 22).

We also studied the expression of adipose

genes that are known or suspected to influ-

ence systemic metabolic pathways (Table 1,

bottom). Adipocyte complement–related pro-

tein of 30 kD, (Acrp30)-AdipoQ (23), has

been suggested to serve as an insulin-sensi-

tizing factor (24 ). The mRNA level in mes-

enteric fat from Tg mice was markedly de-

creased, consistent with a role for this factor

in the insulin-resistant state. The mRNA for

resistin, which has been suggested to be in-

volved in glucose homeostasis (25), was sig-

nificantly decreased in Tg mice. Angio-

tensinogen mRNA, which is up-regulated by

glucocorticoids (26 ), was substantially in-

creased in Tg mice. Mitochondrial uncou-

pling protein-1 (U CP-1) mRNA (27 ) in in-

terscapular BAT, which is down-regulated by

glucocorticoids (28), was significantly de-

creased in Tg mice, suggesting a possible role

for decreased BAT function in energy dysho-

meostasis in this model. Tumor necrosis fac-

tor–alpha (TNF-a), a fat cell–derived cyto-

kine that can cause insulin resistance (3, 22),

was significantly elevated in serum of Tg

mice compared with non-Tg mice [39 6 1.1

pg/ml (non-Tg) compared with 76 6 11.2

pg/ml (Tg), P , 0.02].

In patients with the metabolic syndrome,

considerable evidence suggests that increased

FFA draining from visceral adipose tissue

into the portal circulation contributes to he-

patic insulin resistance (3, 5, 29). Portal FFA

levels were increased by 3.3-fold in Tg mice

(P , 0.001) (Fig. 2E). Because visceral fat

produces active corticosterone through 11b

HSD-1, we considered the possibility that

Table 1. Metabolic parameters and adipocyte gene expression in 18-week-old male mice. Serum free
fatty acids (FFA) and triglyceride were measured by NEFA-C kit and Triglyceride-E kit (Wako Chemicals,
Richmond, VA). Leptin was determined by radio immunoassay (Linco Research, St. Louis, MO). Values
were expressed as mean 6 SEM. The mRNA for Acrp30-AdipoQ (23) and b-actin were determined by
RNase protection assays (HybSpeed RPA kit, Ambion, Austin, TX). Resistin (25) and angiotensinogen (26)
mRNA were determined by quantitative RT-32P PCR with the following primers. Resistin: sense, 59-
ATGAAGAACCTTTCAT TTCC-39; antisense, 59-CTTGCACACT GGCAGTGACA-39; angiotensinogen: sense,
59-CCTGAAGGCCACCATCTTCT-39; antisense, 59- GATCATTGCGACCTGGGCAG-39. Mitochondrial un-
coupling protein-1 (UCP-1) mRNA was determined by Northern blot (27). The results were normalized
to the signal generated from b-actin mRNA and expressed as mean 6 SEM. Values in Tg mice were
expressed as a percentage of those in non-Tg mice. mesenteric, mesenteric adipose tissue, BAT, brown
adipose tissue.

Metabolic parameters non-Tg (n 5 9) Tg (n 5 9) P value

Serum free fatty acids (mEq/liter) 0.316 0.03 0.766 0.06 P , 0.0001
Serum triglyceride (mg/dl) 112 6 10 1816 14 P , 0.02
Serum leptin (pg/ml) 19966 473 52316 797 P , 0.02

Adipose gene expression non-Tg (n 5 5) Tg (n 5 5) P value

Acrp30-AdipoQ (mesenteric) 1006 19 426 1.4 P , 0.04
Resistin (mesenteric) 1006 7 706 5.1 P , 0.03
Angiotensinogen (mesenteric) 1006 2 3726 21 P , 0.001
UCP-1 (interscapular BAT) 1006 12 636 10 P , 0.05
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visceral adipocytes of transgenic mice release

sufficient corticosterone into the portal vein

to alter the levels exposed to the liver. Indeed,

portal vein corticosterone levels in Tg mice

were increased 2.7-fold [129 6 11.1 ng/ml

(non-Tg) compared with 349 6 79.5 ng/ml

(Tg), P , 0.01] (Fig. 2E). Thus, visceral fat

may affect hepatic metabolism by portal pro-

duction of glucocorticoids as well as FFA.

Glucocorticoids regulate adipose tissue

differentiation, function, and distribution, and

their systemic excess produces a syndrome of

central obesity with diabetes, hyperlipidemia,

and hypertension, known as Cushing’s syn-

drome (3–5). Although subtle alterations in

the endocrine hypothalamic pituitary adrenal

(HPA) axis have been reported in some stud-

ies of obesity (4, 5, 30), these have been

controversial, and no clear role for increased

circulating glucocorticoids in visceral obesity

has emerged. On the other hand, a role for

increased local cortisol reactivation in human

obesity is suggested by several findings (5–7,

31). 11b HSD-1 activity is higher in human

visceral compared with subcutaneous adipose

tissue (31), and reactivation of cortisone to

cortisol is increased selectively in adipose

tissue of obese humans, while impaired in

liver (7 ). Similar findings were reported in

obese Z ucker rats (8). The thiazolidinedione

(TZ D) class of antidiabetic agents that are

ligands for peroxysome proliferator–activat-

ed receptor (PPAR) g markedly reduce adi-

pocyte 11b HSD-1 mRNA and activity both

in vivo and in vitro (32). Because TZ Ds

preferentially reduce visceral fat accumula-

tion in humans (3, 5, 22, 33), suppression of

adipose 11b HSD-1 by TZ Ds could be a

mechanism for this fat redistribution and may

play a role in their antidiabetic effects.

Our finding that a modest increase in the

activity of 11b HSD-1 in adipose tissue of

mice is sufficient to cause hyperphagia with

visceral obesity and its most critical metabol-

ic complications demonstrates that glucocor-

ticoid-dependent adipocyte pathways have an

unexpectedly major impact on systemic biol-

ogy. Adipose tissue of obese humans is re-

ported to have increased activity of 11b

HSD-1 of similar or greater magnitude than

that observed in our transgenic mice (7 ).

These findings strongly suggest that in-

creased adipocyte 11b HSD-1 is a common

molecular mechanism for visceral obesity

and the metabolic syndrome and may be an

exciting pharmaceutical target for the treat-

ment of this prevalent disorder.
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Rapid Killing of Streptococcus

pneumoniae w ith a Bacteriophage

Cell W all Hydrolase
Jutta M. Loeffl er, D aniel Nelson, Vincent A. Fischetti*

Nasopharyngeal carriage is the major reservoir for Streptococcus pneumoniae in
the community. Although eliminating this reservoir would greatly reduce disease
occurrence, no suitable intervention has been available for this purpose. We show
here that seconds after contact, a purified pneumococcal bacteriophage lytic en-
zyme (Pal) is able to kill 15common serotypes of pneumococci, including highly
penicillin-resistant strains. In vivo, previously colonizedmice revealed undetectable
pneumococcal titers5hours after a single enzyme treatment.Pal enzyme had little or
no effect on microorganisms normally found in the human oropharynx, and Pal-
resistant pneumococci could not be detected after extensive exposure to the enzyme.

S tr e p toc oc c u s p ne u m onia e remains one of the

most challenging human pathogens because of

the morbidity and mortality it causes in young

children, the elderly, and in immunocompro-

mised patients. The asymptomatic carrier state,

particularly in children, is thought to be the

major reservoir of the pathogen. Pneumococci

account for several million cases of acute otitis

media and an estimated 60,000 cases of invasive

disease in the United States each year, with a

mortality of 10% (1). Because of the worldwide

increase of resistance to multiple antibiotics in

pneumococci, treatment has become more diffi-

cult than in the past.

Prevention of pneumococcal disease relies

today on vaccination of the susceptible popula-

tion. However, vaccination encounters a number

of problems such as the limited quantity of

serotypes in the pediatric formulation, incom-

plete protection against colonization, and selec-

tion of nonvaccine serotypes (2, 3). There is

need for an alternative preventive strategy for

situations where vaccination is insufficient, im-

possible, or inefficient. Eradication or even re-

duction of nasopharyngeal carriage is likely to

have a major impact on the transmission of S .

p ne u m onia e and the incidence of infection. An-

tibiotic prophylaxis in controlled surroundings

has shown limited success but carries the risk of

selective pressure resulting in an increase of

resistant strains (4). Until now, there has been

no substance that can specifically reduce the

number of pneumococci carried on human mu-
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