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a b s t r a c t

Key players in pathogenesis of metabolic disorders are disturbed cholesterol balance and inflammation.
In addition to cholesterol also sterol intermediates are biologically active, however, surprisingly little is
known about their synthesis and roles. The aim of our study was to assess the interplay between the
inflammatory cytokine TNF-� and cholesterol synthesis by measuring cholesterol and its intermediates
in the liver, brain, and testis. Liquid chromatography–mass spectrometry has been applied to profile
sterols of normally fed mice, during fasting and after TNF-� administration. In mice on normal chow diet,
sterols other than cholesterol represent 0.5% in the liver, 1% in brain and 5% in testis. In the liver only
7-dehydrocholesterol, lanosterol and desmosterol were detected. Major sterol intermediates of the brain
are desmosterol, testis meiosis activating sterol (T-MAS), and 7-dehydrocholesterol while in testis T-MAS
predominates (4%), followed by desmosterol, lanosterol, 7-dehydrocholesterol and others. In 20 h fasting

there is no significant change in cholesterol of the three tissues, and no significant change in intermediates
of the liver. In the brain sterol intermediates are lowered (significant for zymosterol) while in the testis
the trend is opposite. TNF-� provokes a significant raise of some intermediates whereas the level of
cholesterol is again unchanged. The proportion of sterols in the liver rises from 0.5% in controls to 1.2%
in TNF-�-treated mice, which is in accordance with published expression profiling data. In conclusion,
our data provide novel insights into the interaction between the inflammatory cytokine TNF-� and the

l bios
tissue-specific cholestero

. Introduction

The current epidemics of obesity together with sedentary
ifestyle underlie the increasing prevalence of metabolic disor-
ers in modern world. Metabolic syndrome is associated with an

ncreased risk of diabetes and cardiovascular diseases [1]. Further-
ore, recent studies have linked obesity to insulin resistance in

he brain with subsequent cognitive impairment and neurodegen-
ration [2]. Metabolic syndrome, in particular obesity, also affects
esticular function by reducing total testosterone, as well as hav-
ng a detrimental effect on spermatogenesis [3]. The key players in
he pathogenesis of metabolic disorders are disturbed cholesterol

alance [4] and inflammation [5].

Cholesterol is an important building block of mammalian mem-
ranes. In brain, it is a crucial constituent of myelin sheath,
ssential for proper functioning of the nervous system. In testis,

� Article from special issue on “Steroid profiling and analytics: going towards
terome”.
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it plays a significant role during spermatogenesis and is essen-
tial for germ cell development [6]. It is also a precursor of several
physiologically active molecules, such as bile acids in the liver
and steroid hormones in endocrine tissues. Cholesterol synthe-
sis starts from two-carbon acetyl-CoA. Squalene synthase, the
first enzyme committed to cholesterol, produces lanosterol [7],
that is converted to the final product by a series of reactions
(Fig. 1) [8,9]. Intermediates of the pre-squalene part of the path-
way supply cells with a variety of molecules, such as coenzyme
Q10, heme A, etc. [10]. In 1995 it was discovered that also
the post-squalene intermediates have roles not dedicated solely
to cholesterol. Two sterols, 4,4-dimethylcholesta-8(9),14,24-trien-
3�-ol (FF-MAS – follicular fluid meiosis activating sterol) and
4,4-dimethylcholesta-8(9),24-dien-3�-ol (T-MAS – testis meiosis
activating sterol) were identified as potential meiosis activating
molecules in gonads [11]. MAS accumulate in ovary and testis
during sexual maturation, have the capacity to trigger oocyte meio-

sis in vitro [11], contribute to oocyte maturation in humans [12]
and are synthesized in sperm in situ [13]. Furthermore, Engelk-
ing et al. [14] implicated accumulation of sterol precursors as a
key factor in the genesis of inborn errors of cholesterol synthe-
sis. Cholesterol precursor accumulation interferes with midline

dx.doi.org/10.1016/j.jsbmb.2010.02.026
http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:damjana.rozman@mf.uni-lj.si
dx.doi.org/10.1016/j.jsbmb.2010.02.026
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Fig. 1. Schematic representation of post-squalene part of cholesterol biosynthe-
sis. Abbreviations of enzyme names correspond to UniGene Symbols. HMGCR:
HMG–CoA reductase; LBR: lamin B receptor; TM7SF2: 14-dehydrocholesterol reduc-
tase; SC4MOL: sterol C4-methyl oxidase, NSDHL: 3-�-hydroxy-�5-steroid dehy-
drogenase, HSD3B3: 3�-keto-steroid reductase, EBP-sterol 8,7 isomerase; SC5D:
s
fl
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f
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t

FF-MAS at 14.24 min, T-MAS at 15.74 min, zymosterol at 13.09 min,
terol-C5 desaturase; DHCR7: 7-dehydrocholesterol reductase. FF-MAS: follicular
uid meiosis activating sterol, 4,4-dimethyl-5�-cholesta-8,14,24-triene-3�-ol; T-
AS: testis meiosis activating sterol, 4,4-dimethyl-5�-cholesta-8,24-diene-3�-ol.

usion of facial structures [14] and impairs hair development
15].

Several lines of evidence suggest that in addition to cholesterol

lso sterol intermediates are biologically active and may play con-
iderable part in physiology and pathology.

Pathogenesis of many metabolic disorders result from interac-
ions between the immune system and lipid metabolism where
y & Molecular Biology 121 (2010) 619–625

caloric restriction may offer new therapeutic approaches [16,17].
Herein we show that fasting and TNF�-induced inflammation pro-
voke tissue-specific changes in the sterol composition of liver, testis
and brain. We report that the major changes are not in cholesterol
but in the post-lanosterol intermediates of the synthesis pathway.

2. Materials and methods

2.1. Materials

Recombinant human TNF-� with specific activity of
3.3 × 107 U/mg was generously provided by V. Menart (†
Lek, d.d.). TNF-� was freshly diluted in sterile 0.9% saline to
0.15 mg/ml. Cholesterol, desmosterol, 7-dehydrocholesterol,
24,25-dihydrolanosterol and lanosterol were purchased from
Steraloids. FF-MAS and T-MAS are laboratory standards from A.G.
Byskov (Laboratory of Reproductive Biology, University Hospital
of Copenhagen).

2.2. Animals and treatment

All in vivo procedures were in accordance with the Amsterdam
Protocol on Animal Protection and Welfare and were approved
by Veterinary Administration of the Republic of Slovenia. Animals
were housed in the Medical Experimental Center of Faculty of
Medicine, University in Ljubljana. Experiments were performed on
C57BL/6 mice (Harlan), 10–12 weeks of age of both genders. Mice
were assigned into three groups; control, fasted, and TNF-�-treated
(6 animals per group, 3 males and 3 females). Animals from con-
trol group had free access to food throughout the study. In fasted
and TNF-�-treated group, food was removed at the time of TNF-�
administration, because TNF-� induces anorexia [18]. Mice were
i.v. injected with a human recombinant TNF-� (30 �g/animal in
200 �l), dose known to have a significant effect without leading to
mortality, or a corresponding volume of saline. Mice were sacrificed
20 h after injection at the beginning of the light phase. Mice from
the three groups were sacrificed within 1 h, one animal at the time,
from alternating groups. Liver, brain, and testes were harvested,
snap frozen in liquid nitrogen, and stored at −80 ◦C for subsequent
analysis.

2.3. Sterol extraction and LC–MS analysis

Total sterols from liver, brain and testes were extracted as pre-
viously described [19,20]. Briefly, frozen tissues were freeze-dried
and lipids were extracted in 75% n-heptane–25% isopropanol (v/v).
The organic phase was saponified in 0.5 M potassium hydroxide
in 80% ethanol at 60 ◦C for 60 min. After cooling to room tem-
perature, pH was neutralized with 1 M KH2PO4 and the sterols
extracted with 75% n-heptane–25% isopropanol (v/v). The organic
phase was dried, redissolved in acetonitrile and subjected to LC–MS
analysis [21,22]. 50 �l of sample was loaded on XTerra RP18
3.5 �m 4.6 × 100 mm column (Waters). The column temperature
was maintained at 60 ◦C with flow rate 1.3 ml/min. All elution
steps were performed with a water–acetonitrile gradient includ-
ing a constant concentration of 0.01% (v/v) formic acid. Column
was equilibrated in 20% acetonitrile (v/v) and eluted with a multi-
step linear acetonitrile gradient from 50 to 75% (v/v) for the first
10 min followed by 75–87.5% gradient for the next 10 min and
finally 5 min from 87.5% to 100% acetonitrile. In such conditions,
lanosterol eluted at 16.07 min, 24,25-dihydrolanosterol at 16.9 min,
7-dehydrocholesterol at 13.82 min, desmosterol at 13.26 min, and
cholesterol at 15.05 min (Table 1). The effluents were delivered
to the quadrupole mass detector (Micromass ZQ) set in the pos-
itive electrospray ionization mode using the following settings:
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Table 1
The measured cholesterol intermediates in LC–MS analysis.

Name Chemical nomenclature Chemical formula Mw [M+H+−H2O] RT (min) LOD (�g/g)

Lanosterol 4,4,14�-trimethyl cholesta-8(9),24-dien-3�-ol
lanosta-8,24-dien-3�-ol

C30H50O 426.7 409 16.07 0.05

24,25-Dihydrolanosterol 4,4,14�-trimethyl cholesta-8(9)en-3�-ol C30H52O 428.7 411 16.9 0.05
FF-MAS 4,4-dimethylcholesta-8(9),14,24-trien-3�-ol C29H46O 410.7 393 14.24 0.05
T-MAS 4,4-dimethylcholesta-8(9),24-dien-3�-ol C29H48O 412.7 395 15.74 0.05
Zymosterol cholesta-8(9),24-dien-3�-ol 8,

24(5�)-cholestadien-3�-ol
C27H44O 384.6 367 13.09 0.01

7-Dehydrocholesterol cholesta-5,7-dien-3�-ol 5,7-cholestadien-3�-ol
provitamin D3

C27H44O 384.6 367 13.82 0.01
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Desmosterol 24-dehydrocholesterol 5,24-cholestadien-3�-ol
3�-hydroxi-5,24-cholestadiene

Cholesterol 3�-cholesta-5-en-3�-ol

esolvation and cone flow 400 l/h and 100 l/h nitrogen respec-
ively, capillary potential 3.5 kV, cone potential 33 V, extraction
otential 3 V. Others fine quadrupole tunings were set according
o the manufacturer’s recommendations for analysis of ions in the
00–500 m/z range. The mass spectrometer was simultaneously
perated in scan (m/z range = 295–450) and multiple channel sin-
le ion (SIR) modes using as settings the sterol molecular mass −17
o monitor the [+H+−H2O] ions (Table 1). Limits of detection (LOD)
or each sterol were between 0.05 and 0.01 �g/g (Table 1).

.4. Statistics

Kruskal–Wallis test with post-hoc pair-wise multiple compar-
sons was used to compare sterols among treatments within each
issue. Statistical analysis was performed using SPSS software and
< 0.05 was considered to be significant.

. Results

.1. Sterol composition in the liver, brain, and testis
The tissue profile of 7 analyzed sterols (lanosterol, FF-
AS, T-MAS, zymosterol, 7-dehydrocholesterol, desmosterol, and

holesterol) is depicted in Fig. 2 . Sample chromatograms of
tandards and tissue extracts are shown in supplementary data

ig. 2. Sterol intermediates of cholesterol synthesis in the liver, brain, and testis of norm
holesterol (mg/g) in liver (white bars), brain (gray bars), and testis (black bars). Mean
p < 0.05. (B) Pie-charts representing sterol composition of the liver, brain, and testis.
C27H44O 384.6 367 13.26 0.01

C27H46O 386.6 369 15.05 0.05

(Figs. 1 and 2). Cholesterol represents 99.5% of total sterols in the
liver, 99% in the brain, and 94.3% in the testis (Fig. 2B). As expected,
brain contains at least 3 times more cholesterol (4.9 mg/g) com-
pared to liver and testis (∼1.5 mg/g in both tissues) (Fig. 2A) [23].
Liver has a limited spectrum of sterol intermediates. With excep-
tion of 7-dehydrocholesterol (4 �g/g, representing 0.24% of total
sterols), lanosterol (1.6 �g/g, 0.15%), and desmosterol (0.8 �g/g,
0.08%), other sterols were below limit of detection (Fig. 2). In con-
trast to the liver, sterols other than cholesterol represent 1% of total
sterols in the brain and even 5.7% in the testis.

In the brain, we found all measured intermediates. The major
intermediates are desmosterol (23 �g/g, 0.5%), T-MAS (15 �g/g
0.2%), and 7-dehydrocholesterol (8 �g/g, 0.16%) (Fig. 2). The
major sterol of the testis is T-MAS (71 �g/g, 4.06%), followed
by desmosterol (15 �g/g, 0.89%), lanosterol (5 �g/g, 0.43%), 7-
dehydroholesterol (2.7 �g/g, 0.21%), FF-MAS (1.2 �g/g, 0.08%), and
zymosterol (0.27 �g/g, 0.02%) (Fig. 2). 24,25-Dihydrolanosterol was
below limit of detection in all tissues (data not shown). It seems that
lanosterol represents the preferential substrate for CYP51 not only
in the liver [24] but also in brain and testis. Since mostly sterols with

unsaturated �24 bond were detected, it seems that this branch of
the synthesis pathway predominates (Figs. 1 and 2). Our results
also show that desmosterol is the major precursor of cholesterol
in testis and brain (Fig. 2). Only in the liver there are comparable
amounts of desmosterol and 7-dehydrocholesterol, suggesting that

ally fed mice. (A) Data represent the amount of sterol intermediates (�g/g) and
± S.E.M. of six animals of both genders (except for testis, 3 animals) is presented.
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Fig. 3. (A) The impact of fasting on tissue-specific sterol composition. The effect of
fasting is expressed as log2 ratio of fasted/normally fed animals in liver (white bars),
brain (gray bars), and testis (black bars). (B) The impact of TNF-� on tissue-specific
sterol composition. The effect of TNF-� is expressed as log2 ratio of TNF-�/fasted
versus fasted animals in liver (white bars), brain (gray bars), and testis (black bars).
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ean ± S.E.M. of six animals of both genders (except for testis, 3 animals) is pre-
ented. *p < 0.05, Kruskal–Wallis test with post-hoc pair-wise multiple comparisons.
Sterols were below limit of detection in fasted animals. In these cases the fold
hange was calculated according to the detection limit for each sterol.

n liver DHCR24 and DHCR7 compete for substrate cholesta-5,7,24-
rien-3�-ol (Fig. 1).

.2. The impact of fasting on sterol composition

Contemporary lifestyle leads to different metabolic disorders
s a result of an energy imbalance. In contrast, caloric restriction
xerts opposite effects and produces a number of benefits. We
ssessed the effect of short-term fasting on sterol metabolome of
he liver, brain, and testis. Fig. 3A depicts log2 ratios of sterols in

0 h fasted mice versus controls that had chow available ad libitum.

n the three tissues, there is no significant change in cholesterol
Fig. 3A) despite the established inhibition of cholesterogenic genes
21]. Unexpectedly, in the brain the amount of measured interme-
iates decreased, statistically significant for zymosterol (Fig. 3A,
y & Molecular Biology 121 (2010) 619–625

gray bars) while in testis an increase in the amount of almost all
intermediates (Fig. 3A, black bars) has been observed (statistically
not significant).

3.3. The effect of the inflammatory cytokine TNF-˛ on sterol
composition

Tumor necrosis factor TNF-� is a candidate mediator of insulin
resistance in obesity, as it is over-expressed in adipose tissue of
rodents and humans and blocks the action of insulin [25]. In is
also a mediator of inflammation. Our previous expression profil-
ing analysis demonstrated that 20-h TNF-� treatment provokes
up-regulation of several genes encoding acute phase proteins and
inflammatory markers in the liver [21]. The reason for food removal
during the TNF-� treatment is the fact that TNF-� induces anorexia
[18]. This was confirmed also in our pilot experiment where all
mice had access to normal chow ad libitum. Food intake in the con-
trol group was 0.18 g/g of body weight, whereas in TNF-� treated
group only 0.04 g/g of body weight. Short-term fasting is thus a
classical paradigm when studying the effects of inflammation on
metabolism [26].

Fig. 3B depicts log2 ratios of measured sterols in TNF-� treated
mice versus fasted controls in liver, brain, and testis. After TNF-�
administration there is an increase of almost all intermediates in
all three tissues (Fig. 3B) whereas the level of cholesterol remains
almost unchanged. In the liver the proportion of sterol intermedi-
ates rises from 0.5% in controls and fasted mice to over 1.2% after
TNF-� treatment. This increase is under-estimated since FF-MAS,
T-MAS and zymosterol were below limit of detection in livers of
fasted animal. The approximate fold change for these sterols was
calculated by using their detection limits (Table 1).

An increase in the quantity of almost all intermediates was
observed after the TNF� stimulus as well in the brain and testis, sta-
tistically significant for zymosterol in brain (Fig. 3B, gray bars) and
zymosterol and 7-dehydrocholesterol in testis (Fig. 3B, black bars).
Raise of cholesterol intermediates is in line with our earlier tran-
scriptome studies showing that TNF-� activates the expression of
genes from the hepatic cholesterol biosynthesis [21]. This suggests
that TNF� induces cholesterol biosynthesis despite fasting. How-
ever, lower utilization or altered distribution of sterols after TNF-�
application cannot be excluded since the flux through cholesterol
pathway has not been measured.

4. Discussion

While consequences of obesity on metabolic and cardiovascular
physiology are well established, epidemiological and experimen-
tal data are beginning to define that the central nervous system
[27] and reproduction may also be detrimentally affected. Patho-
genesis of obesity associated metabolic disorders results from the
interplay of disturbed lipid homeostasis and inflammatory stimuli,
such as TNF-�. While majority of studies focuses on cholesterol, it
is becoming clear that also intermediates of cholesterol synthesis
are biologically active, yet poorly characterized molecules. Among
the few known roles is their capacity to activate nuclear receptor
LXR [28], which influences the regulation of downstream genes of
the lipid metabolism and inflammation [29]. Our work focuses on
sterol intermediates in the liver, brain, and testis.

After squalene, cholesterol pathway has two possible branches
with sterol intermediates containing either the saturated Bloch

pathway [30] or �24 unsaturated Kandutsch–Russell pathway
[31], with desmosterol or 7-dehyrocholesterol as immediate
cholesterol precursors (Fig. 1). All enzymatic steps are now defined,
however their precise sequence is not yet explained [7]. Using
LC–MS analysis of total lipid extracts (Fig. 2) we determined only
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-dehydrocholesterol, lanosterol and desmosterol in the liver. This
mall spectrum of cholesterol intermediates might results from a
oordinate regulation of the biosynthetic pathway and a balanced
ux of intermediates. When intracellular cholesterol levels drop,
REBP2 induces cholesterol biosynthesis and uptake [32]. Excess of
holesterol inhibits SREBP2 and activates LXR, which in turn pro-
otes cholesterol export and elimination [29], silences squalene

ynthase and CYP51 [33], and LDL-receptor mediated uptake [34].
In contrast to liver, brain and testis comprise a wealthier sterol

rofile in normally fed conditions. This reflects different regulation
n organs that are separated from circulation by the organ–blood
arrier. Liver has normally a low basic cholesterol synthesis rate
ith most of cholesterol production taking place in extra-hepatic

issues [35–37]. The blood–brain barrier efficiently protects brain
rom exchange with lipoprotein cholesterol in the circulation, so
lmost all cholesterol is a product of local synthesis de novo [36,38]
nd is balanced by excretion of 24S-hydroxycholesterol [36]. Our
tudy shows that the major cholesterol intermediates of the brain
re desmosterol, T-MAS, 7-dehydrocholesterol and lanosterol. The
xcess of desmosterol over 7-dehydrocholesterol suggests desmos-
erol as a major cholesterol precursor in brain which is in line with
reviously published findings [39]. As expected [40], T-MAS is the
ajor sterol intermediate in testis. In addition to T-MAS, desmos-

erol that resides in mature spermatozoa [41] represents 0.89% of
otal sterols (Fig. 2B). Although MAS are not obligatory for oocyte

eiosis [42], there are several indications of their importance in
ammalian reproduction. FF-MAS correlates with the oocyte qual-

ty [12,43], stimulates oocytes growth derived from ICSI patients in
itro [44] and protects oocytes from precocious chromatid segre-
ation [45]. Interestingly, we found substantial amounts of T-MAS
lso in the brain (Fig. 2), where it has not been described so far. That
ight suggest a novel role of MAS in brain function and regenera-

ion.
Restricting caloric intake and fasting have beneficial metabolic

ffects [46]. We measured the level of cholesterol and choles-
erol synthesis intermediates after 20 h fasting. This corresponds
o phase II of fasting–starvation transition in mammals. Liver
lycogen stores are depleted, lipids represent the main source
f energy and gluconeogenesis becomes necessary to supply the
equirements of the brain and. In humans, this state can be main-
ained for several weeks and has often been referred to as a
eriod of adapted starvation [47]. In condition of low energy, ade-
ine monophosphate (AMP) activated protein kinase (AMPK) is
n energy sensor that restores cellular ATP levels by switching on
atabolic and switching off anabolic pathways, such as cholesterol
iosynthesis [48].

Liver is the central organ of control system that handles choles-
erol within physiological limits [37] and is very responsive to

etabolic perturbations, such as feeding cholesterol [49] and fast-
ng [50,51]. In liver, fasting inhibits cholesterol biosynthesis at the
ranscriptional level [21]. This transcriptional inhibition seems to
e synchronous for the entire pathway since intermediates do
ot accumulate (Fig. 3A). Conversely to expectation, also brain
esponds to fasting by decreasing the level of sterol interme-
iates (Fig. 3A) what is in line with decreased sterol synthesis

n pineal gland after 24 h fast [52]. However, cholesterol level
emains unaffected in all investigated tissues (Fig. 3A), likely due
o homeostatic mechanisms. In the liver, cholesterol balance is

aintained by concurrent decrease in conversion of cholesterol
o bile acids [21] and in the brain by the efficient cholesterol
eutilization [23].
A trend of increase of sterol intermediates has been observed
n the testis (Fig. 3A) which is consistent with our earlier results
20]. The change does not meet statistical significance possibly
ue to low number of animals per group. Though starvation does

ntervene with hypothalamic–pituitary–gonadal axis and represses
y & Molecular Biology 121 (2010) 619–625 623

reproduction [53], the antigonadal effect of short-term starvation
can be overcome with high dose of GnRH [54]. Our data imply
that testis poses mechanisms to override short-term fluctuation
of energy supply in regulation of cholesterol biosynthesis, in par-
ticular after sexually maturity [20].

Interplay between inflammation and disturbed cholesterol
homeostasis is implicated in the pathogenesis of obesity-related
metabolic disorders and neurodegenerative diseases [55] that actu-
ally share several common abnormalities. We chose TNF-� to
induce inflammatory response as it has a key role in development
of insulin resistance in mice [25] and human [56], and plays a major
role in neuroinflammation-mediated cell death in Alzheimer’s dis-
ease [57]. In the liver, TNF-administration results in the appearance
of sterol intermediates (Fig. 3B, white bars) not present in nor-
mally fed or fasted mice. The increase of intermediates with �24
unsaturated double bond and no change in 7-dehydrocholesterol
imply that CYP51 is more efficient than DHCR24 in competition for
lanosterol after the TNF-� stimulus.

Brain is considered an immunologically privileged site due to
the presence of the blood–brain barrier. However, TNF-� was
demonstrated to cross the blood–brain barrier [58]. Our data show
that TNF-� influences cholesterol synthesis in brain and leads
to increase of several intermediates (Fig. 3B, gray bars), statisti-
cally significant for zymosterol. Changes in cholesterol metabolism
are intimately involved in pathogenic processes of neurodegen-
erative disorders [59]. The buildup of sterol intermediates might
interfere with membrane dynamics and protein/receptor function
and might represents a crucial determinant in neurogenesis. It
was shown that in cholesterol depleted conditions, desmosterol
[60] and 7-dehydrocholesterol [61] are not efficient in restoring
ligand binding activity of the serotonin(1A) receptor, in spite of
recovery of the overall membrane order. Additionally, DHCR24,
the enzyme that catalyzes the conversion of desmosterol into
cholesterol, is down-regulated in affected neurons in Alzheimer’s
disease and its increased expression was found to be protective
against A�-induced toxicity [62]. APPSLxPS1mut mouse model for
Alzheimer’s disease display increased levels of the cholesterol pre-
cursor desmosterol [63]. Our results provide novel insight into
the interaction between inflammation and cholesterol biosynthesis
that may contribute to neuropathogenesis through accumulation of
sterol intermediates.

In testis (Fig. 3B, black bars), TNF-�-treatment also results
in the build up of sterol intermediates. The decrease in lanos-
terol, no change in FF-MAS and increase in T-MAS and subsequent
intermediates might imply that in testis TNF-� accelerates the con-
version of FF-MAS to T-MAS. This further implies that after the
TNF-� stimulus, CYP51 might represent the rate-limiting step in
the post-squalene part of cholesterol synthesis. In testis TNF-�
causes statistically significant increase in 7-dehydrocholesterol and
desmosterol, suggesting that both branches of cholesterol synthesis
are used.

5. Conclusions

We show that liver, brain and testis possess tissue-specific sterol
fingerprints that are changed in response to fasting and TNF-� stim-
ulus. This gives novel insights into the regulation of cholesterol
homeostasis by inflammatory stimuli. Increase of sterol interme-
diates triggered by TNF-� might be implicated in the pathogenesis
of obesity-related metabolic disorders and in neurodegeneration.
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