Induction of the Apolipoprotein Al Gene by Fasting: A Relationship With Ketosis
But Not With Ketone Bodies
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Apolipoprotein Al (apoAl) expression is inversely related to the incidence of atherosclerosis. ApoAl expression is also
influenced by the nutritional state and diabetes. We used both cell culture and animal models to examine the effect of fasting
and ketoacidosis on apoAl gene expression. Two days of food deprivation in rats increased hepatic and intestinal apoAl mMRNA
by 2.6- and 2.3-fold, respectively (P < .05). The absolute concentration of plasma apoAl did not change. However, the plasma
apoAl concentration relative to the plasma concentration of serum proteins was increased 23% (P < .05). In fasting rats, there
was a significant positive correlation between the serum B-hydroxybutyrate concentration and hepatic or intestinal apoAl
mMRNA level. Despite this correlation, changes in apoAl mRNA are probably not mediated by ketone bodies, since neither
hepatic nor intestinal apoAl mMRNA levels were altered in rats maintained on a ketogenic diet for 10 days or treated with
isobutyramide, an orally active ketone analog. In addition, the activity of the rat apoAl promoter was not altered in Hep G2 cells
treated with isobutyramide or fatty acids or exposed to hypoglycemic conditions, while dexamethasone increased promoter
activity 1.9-fold (P < .05). These data indicate that metabolic changes other than ketone bodies, such as an increase in plasma
glucocorticoids, may account for starvation-induced expression of apoAl.
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POLIPOPROTEIN Al (apoAl), a major component of the MATERIALS AND METHODS

high-density lipoprotein (HDL) particle, is necessary for ppimal Feeding and Dietary Manipulation
the efficient transport and clearance of cholesterol from periph-

eral tlssueS”todthe liver fOLn]et?bO|=s?1 angbséclrstlorll tlhrqugh ?hese studies. One group was subjected to fasting for 48 hours but with
process called reverse cholesterol trans piaemiologic access to water ad libitum. The second group of 10 rats were placed on a

studies suggest that low levels of this protein are associated WitRgn_fat diet for 10 days. The high-fat diet (diet 96355; Harlan Teklad,
an increased risk of heart disease and atherosclér@gie.to  jadison, Wi) provided 90.7%, 9.0%, and 0.3% of the daily calories as
the strength of this correlation, enhancing the expression of th@nsaturated fat, protein, and carbohydrate, respectively. This diet
apoAl gene in vivo may reduce this risk. This goal has proveninduces a moderate state of ketoacidosis in adult rats in 1 #eek.
elusive, presumably because the apoAl gene responds to manyTo determine if ketone bodies influence apoAl gene expression, a
hormonal and dietary signals through a combination of negathird group of 10 rats received isobutyramide (500 mg/kg) by gavage
tive- and positive-acting transcription factdr¥ and were killed 24 hours later. This prally bioavailable analog of sodium
Our laboratory is investigating the biochemical basis for butyrate _has a long plasma half-llfe and enhances the expression of
modulation of the apoAl gene in response to hormonal anc1t.JUty'r""te''nduc'ble genes in Y“.féjThe gavage was performed uhder
dietary stimuli15 Short-term fasting increases hepatic apoAl ight ether anesthesia to minimize stress. Using these experimental

1617 . 0 conditions, gavaging rats with saline does not alter hepatic apoAl
mMRNA levels;>*" and dietary restriction has been shown to mRNA levels. A fourth group of 10 rats were killed to provide a basis

elevate serum HDL levef$.In the following experiments, we for comparison. The control rats were kept on standard laboratory rat
determined whether fasting-induced ketoacidosis influences thenow (Harlan Teklad) and had access to food and water ad libitum. The

expression of the apoAl gene. Short-chain fatty acids such amean daily intake in this group was 1781.8 g/rat/d. All animals were
sodium butyrate have been shown to have profound effects okilled by exsanguination under pentobarbital anesthesia, and the liver
the expression of several genes, through inducing alterations jand small intestine were excised and snap-frozen in liquid nitrogen.
chromatin structufé or modulating the activity of phosphata- Blood samples were obtained for analysis of serum apoAl and ketone
ses2 To determine whether some of the molecular pathwaysP-ydroxybutyrate) levels.

gltered by starvation aff(_act apoAl gene expression, we exampn A |solation and Northern Analysis Blot

ined the effect of ketosis and ketone bodies on hepatic and

intestinal apoAl expression during starvation, feeding of a
ketogenic diet, or treatment with the sodium butyrate analo
isobutyramide.

Four groups of 10 male 4-month-old Fischer 344 rats were used in

Total RNA was isolated using the single-step acid guanidinium
extraction procedur® Northern blot analysis was performed as
gpreviously described after fractionating the RNA samples on a 1%

agarose gel containing 2.2 mol/L formaldehyde. The RNA was then
transferred to a nylon membrane (Pharmacia Amersham Biotechnology,
Piscataway, NJ) and hybridized to*#-labeled cDNA probe specific

From the Division of Endocrinology, Diabetes, and Metabolism, for the human apoAl gene. After a high-stringency washX0Oslandard
Department of Internal Medicine, Saint Louis University Medical saline citrate and 0.1% sodium dodecyl sulfate [SDS] for 30 minutes at
School, St. Louis, MO; and the Endocrine Research Group, Departmen65°C) and exposure to film, the membrane was stripped and rehybrid-
of Medicine and Medical Biochemistry, University of Calgary, Calgary, ized a second time to a cDNA probe specific for the glyceraldehyde-3-
Alberta, Canada. phosphate dehydrogenase (G3PDH) message. The hybridization signal

Submitted December 27, 1999; accepted May 21, 2000. was quantified with a scanning laser densitometer (Molecular Dynam-
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Endocrinology, Saint Louis University Medical School, 1402 S Grandthat for the G3PDH message. The G3PDH mRNA is constitutively

Blvd, St. Louis, MO 63104. expressed, and normalization of apoAl mRNA with G3PDH mRNA
Copyright© 2000 by W.B. Saunders Company content yielded more consistent results compared with normalization
0026-0495/00/4912-0010%$10.00/0 againstB-actin mMRNA. Unlike G3PDH mRNAg-actin mRNA levels
doi:10.1053/meta.2000.18554 were elevated significantly in the treated groups relative to the control.
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ApoAl Western Blot Analysis RESULTS

Serum and tissue apoAl protein content was determined by WesterApoAl mRNA Expression in the Liver and Intestine
blot analysis as previously descriBgdsing an antiserum prepared and

characterized in this laboratot.Protein concentrations were deter- . . .
mined using the Bradford asséwith bovine serum albumin as the Northern blot analysis was performed with total RNA isolated

standard. Five micrograms of serum protein or 25 pg tissue protein Wergom both the liver and small intestine O_f control rats and rats
used in the analysis. that fasted for 48 hours. Representative Northern blots of
hepatic and intestinal apoAl mRNA are shown in Fig 1A and B;
the expected single 0.9-kb band is evident.

The mean value for apoAl mRNA in the various treatment

Serum ketone body levels were determined using a commerciallygroups is summarized in Fig 2 after normalization the relative
available kit (Sigma Chemical, St Louis, MOB-Hydroxybutyrate  apoAl mRNA level for each sample to its G3PDH content.
dehydrogenase activity was determined by measuring the change ipasting for 48 hours increased the expression of the apoAl gene

To determine if fasting induces apoAl gene expression,

Serum Ketone Body Determination

absorbance at 340 nm due to the conversion of NAD to NADH. 2.6-fold in the liver (Fig 2A;P < .05) and 2.3-fold in the small
intestine (Fig 2B;P < .05). ApoAl mRNA levels in both the

Cell Culture, Transfection, and Determination of Reporter liver and small intestine were unaffected in animals placed on a

Gene Activity high-fat, ketogenic diet for 10 days and in those fed the

Hep G2 cells (hepatoma-derived) were grown in Dulbecco’s modi-long_ac“ng butyrate analog, isobutyramide (Fig 2A and B).

fied Eagle’s medium (DMEM) containing 100 mg/dL glucose, 5% fetal gftect of Fasting and Ketoacidosis on Serum and Tissue ApoAl

bovine serum (FBS), and penicillin and streptomycin (100 U/mL and Protein Levels

100 pg/mL, respectively). Caco-2 intestinal cells were maintained in

Earl’s modified essential medium supplemented with 15% FBS, nones- The effect of fasting and ketoacidosis on serum apoAl protein

sential amino acids, 0.11 mg/mL sodium pyruvate, and penicillin andlevels was assessed by Western blot. The results indicate that

streptomycin. Both cell lines were maintained in a humidified incubatorapoAl protein levels did not change with fasting (Fig 3A, upper

at 37°C and 5% C&#95% air. panel). Serum apoAl levels also were unaltered in the animals
Cells grown in 6-well plates and 80% confluent were transfectedygintained on the high-fat diet for 10 days (Fig 3A, lower

using Lipofectamine (Life Technologies, Gaithersburg, MD) with 1 pug panel), as well as those treated with isobutyramide (data not
of the plasmid pA1.474.CAT and 1 pg pCMV.SPORB-Gal (Life fhown)

Technologies). The plasmid pA1.474.CAT contains 467 base pairs (bp Relative to control ad libitum—fed rats, fasting and the

of the promoter for the rat apoAl gene 474 to—7) 5'-proximal to the . . .
transcriptional start sitef(1). This promoter fragment includes most of high-fat diet reduced total serum protein levels 26%<(.003)

the knowncis-elements responsible for transcriptional control of the &nd 13% B <.02), respectively. When apoAl levels were

apoAl gene. The plasmid pCMV.SPORFGal, which contains the Normalized to the total serum protein concentration, a 23%

B-galactosidase gene driven by the cytomegalovirus (CMV) promoterincrease P < .05) in apoAl protein relative to total serum

was used as an internal control to normalize for transfection efficiencyprotein was evident in the animals fasted for 48 hours (Fig 3B).

After 24 hours, the cells were either left alone or treated with the various

effectors. When indicated, isobutyramide dissolved in@ivas added

to a final concentration of 3 mmol/L. Stearic acid and oleic acid

dissolved in ethanol were added to a final concentration of 3 mmol/L.

Dexamethasone dissolved in dimethyl sulfoxide (DMSO) was added tc

1 pmol/L. Control cultures received an equal amount of ethanol or

DMSO depending on the solvent the treatment group received. Tc

assess the effect of glucose on apoAl promoter activity, the cells were

switched to glucose-deficient DMEM supplemented with 5% FBS and 1 23 4 5 6 7 8 9

penicillin and streptomycin at the time of transfection. After 24 hours,

the cells were either left alone or supplemented with 50, 75, or 10C

mg/dL (final concentration) glucose. After another 24 hours, the cells

were harvested and chloramphenicol acetyltransferase (CAT) activiy, B, ApoAl - Small Intestine

was determined as previously descriB&d. portion of the extract was

also assayed fg-galactosidase activity as described previoély.
Ethanol and DMSO are known to affect either apoAl gene expressior,

or promoter activity)®3! Therefore, the effect of various chemicals ?(z > . . . . . b ....

dissolved in these solvents was always evaluated in comparison t

vehicle-treated controls.

A. ApoAl - Liver

1 23 4 56 7 8 9 10

Statistical Analysis Fig 1. Representative Northern blots of RNA isolated from (A)

Statistical significance for the Northern and Western blot analyses!'Vé" @1d (B) small intestine. Control rats, lanes 1-5; rats fasted for 48
hours, lanes 6-9 for liver and 6-10 for intestine. The blots were

serum ketone dete_rmlnatlons, and expression of rep(_)rter gene aCt'V'tP{ybridized with apoAl cDNA. The expected 0.9-kb band of apoAl
were as_seSSEd using Studerittest. The mgart SD is presented. mMRNA is shown. The increased apoAl mRNA of (A) hepatic and (B)
Correlations between apoAl gene expression and segthgdroxy- intestinal tissue in starved rats is evident. One lane between lanes 5

butyrate levels were generated by linear regression analysis. The resulid 6 in A was deleted from the figure because of degradation of the
were considered significant aPdevel less than .05. RNA sample prior to analysis.
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A 25% increaseR < .05) in apoAl protein levels was observed
in animals fed a high-fat diet (Fig 3B). Although possible, it is
unlikely that the changes in the total serum protein concentra
tion could be the sole result of the reduced serum albumir
concentration. The albumin content of the samples, estimate
from the Coomassie blue—stained SDS-polyacrylamide gel, wa
not significantly altered. However, this staining method is not
very precise.

ApoAl protein content in the liver and small intestine in all of
the groups was not different from that observed in the control
group. In each case, apoAl protein levels in the treated grouj
were analyzed in parallel with samples from the control group
so that direct comparisons could be made. Hepatic apoA
protein content in animals treated with isobutyramide was
256 + 19.5 arbitrary units, while hepatic apoAl protein content
in the control group was 22t 20.6 arbitrary unitsi < .70). In
the small intestine, apoAl protein content was 1928.1
arbitrary units for the treated group versus 17110.4 in the
control animals® < .19). In the fasted animals, hepatic apoAl
protein content was 261 11.5 arbitrary units, while in the
controls, the value was 23% 22.4 arbitrary units® < .39).
ApoAl protein content in the small intestine of the fasted
animals was 251 11.1 arbitrary units versus the control value
of 273 £ 13.2 arbitrary unitsR < .26). Hepatic apoAl protein
content in the animals maintained on the high-fat diet was

A. 300
*
2
@ @ 200
EQ
g 2
29 _
< e
£ 8 100
a¢ =
2= Il =
T
E
0
Control High-Fat Iso Fasted
Animal Group
B. 300
*

3
2 @ 200
E2
b3
85
< g ==
w8 =
£ = 100 i =
- =
=
£ =

0 —

Control  High-Fat Iso Fasted
Animal Group

Fig 2. Mean = SD (A) hepatic and (B) intestinal apoAl mRNA

relative to G3PDH mRNA in control rats and in rats fasted for 48
hours, or fed a high-fat ketogenic diet for 10 days, or given isobutyra-
mide (Iso) 500 mg/kg orally 24 hours prior to killing. *P < .05 vcontrol
rats.
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Fig 3. Serum apoAl protein levels determined by Western blot-
ting. (A) Top, serum apoAl protein from controls (lanes 1-4) and fasted
animals (lanes 5-8); bottom, serum apoAl protein from controls (lanes
1-4) and animals on the high-fat diet for 10 days (lanes 5-8). (B)
Relative apoAl protein level determined by normalizing the serum
apoAl protein concentration to the total serum protein concentration
for each treatment group. Iso, isobutyramide-treated group. *P < .05
vcontrol rats.

159+ 9.2 arbitrary units versus 179 7.8 arbitrary units in the
control animals P < .70). ApoAl protein content in the small
intestine of the animals maintained on the high-fat diet was
210 £ 9.7 arbitrary units versus 229 11.7 arbitrary units in

the control animals K < .28). In all cases, the differences
between the experimental groups and the controls were not
statistically significant® > .05).

Correlations Between SerupgiHydroxybutyrate
Concentration and ApoAl mMRNA Expression

To determine if starvation-induced ketosis may be respon-
sible for the increase in apoAl mRNA levels, ser@rmydroxy-
butyrate levels were assessed and compared with apoAl mMRNA
levels in the liver and small intestine. The high-fat diet and the
48-hour fast increasefl-hydroxybutyrate levels 2.7- and 3.5-
fold, respectively P < .001), when normalized to the control.
Control animals had a mean ser@yhydroxybutyrate level of
5.0 = 0.8 mg/dL, while animals maintained on a high-fat diet
for 10 days and animals fasted for 48 hours, had mean
B-hydroxybutyrate levels of 13.3 3.6 and 17.5= 2.9 mg/dL,
respectively.

When the serumB-hydroxybutyrate concentration in the
fasted animals was plotted against their apoAl mMRNA content, a
linear relationship with a positive slope was evident in both the
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liver (Fig 4A; P <.003) and the small intestine (Fig 4B;
P < .006). The correlation coefficient)( of this relationship
was .46 in the liver and .42 in the small intestine. However,
given the variability of the data, it is not possible to conclude
with absolute certainty that the relationship is linear, even
though there is a reasonably linear correlation coefficient.

ApoAl Gene Promoter Activity and Fasting

To determine whether the increased hepatic and intestine
apoAl mRNA content during starvation is secondary to in-
creased apoAl gene promoter activity due to known hormona
or metabolic changes of the fasted animal, the effects of variou
factors altered with fasting were analyzed in cells transfectec
with the apoAl promoter-CAT constructs.

Effect of ketone bodies on apoAl promoter activityo
strengthen our impression that ketones do not have a significai
role in regulating the expression of the apoAl gene, we
examined the effect of isobutyramide on the apoAl gene
promoter in both the Hep G2 liver cell line and Caco-2 intestinal
cell line. In control Hep G2 cells transfected with the apoAl
promoter construct, 23.6s 6.3% (meant SD) of the chloram-
phenicol was acetylated, while in cells treated with isobutyra-
mide, 19.0+ 0.4% of the chloramphenicol was acetylated (Fig
5). These differences were not statistically significant. There
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Fig 4. Correlations between (A) hepatic and (B) intestinal apoAl
mMRNA content and serum B-hydroxybutyrate concentration in fasted
animals. Correlations between serum B-hydroxybutyrate levels and
apoAl mRNA expression in fasted animals were analyzed and statisti-
cal significance was assessed by linear regression analysis. The
correlation coefficient for the liver was .46 (P < .003) and for the small
intestine, .42 (P < .006).
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Fig 5. Effect of isobutyramide on the activity of the apoAl gene
promoter. Hep G2 cells were transfected with the plasmids
pA1.474.CAT and pCMV.SPORT-B-Gal, and after 24 hours, they were
treated with isobutyramide (3 mmol/L). After 24 hours, the cells were
harvested and assayed for CAT and B-galactosidase activity. The
positions of the acetylated-chloramphenicol derivatives 1l-acetyl-
chloramphenicol (1Ac-Chl.) and 3Ac-Chl., as well as the unacetylated
chloramphenicol substrate (Chl.), are indicated. CAT activity, normal-
ized to B-galactosidase activity in control Hep G2 cells transfected
with the apoAl construct, was 23.0% =+ 6.3% (mean * SD), while in
cells treated with isobutyramide, 19.0% =+ 0.4% of the chlorampheni-
col was acetylated. The difference was not statistically significant.

was also no significant difference in apoAl reporter gene
activity in Caco-2 cells treated with isobutyramide, nor when
both Hep G2 and Caco-2 cells were treated with sodium
butyrate (data not shown).

Effect of hypoglycemia on the apoAl gene promot&ince
ketones have no demonstrable effect on apoAl gene expression
in vitro or in vivo, we examined the role of other metabolites
that are altered during fasting and which may modulate apoAl
promoter activity. To simulate the moderate reduction in the
mean plasma glucose concentration present in fasting animals,
cells were cultured under varying degrees of hypoglycemia.
Reducing the glucose concentration in the culture media from
100 mg/dL to 75 and 50 mg/dL did not elevate apoAl promoter
activity. ApoAl promoter activity in the presence of 100 mg/dL
glucose was 27.5% 0.8%, compared with 26.4% 1.8% and
26.8% = 1.6% in the presence of 75 and 50 mg/dL glucose,
respectively.

Effect of fatty acids on apoAl gene promoter activitylo
determine if fatty acids, which are elevated during fasting,
affect apoAl promoter activity, cells were treated with either
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stearic acid (3 mmol/L) or oleic acid (3 mmol/L). Since ethanol
induces apoAl gene expressittthe cells treated with various
fatty acids were compared with cells treated with the ethanol
vehicle. CAT activity was unaffected by either the saturated ~

fatty acid (stearic acid) or the unsaturated fatty acid (oleic acid). -"

CAT activity in the ethanol-treated control cells was 159 “
2.3%, while cells treated with stearic acid and oleic acid
acetylated 14.5% 2.5% and 10.5%+ 1.0% of the chloram-
phenicol substrate. The differences did not achieve statistical
significance.

Effect of dexamethasone on apoAl promoter activityince
starvation is associated with increased plasma glucocorticoid — -
levels, the ability of the synthetic glucocorticoid dexametha-
sone (Dex) to regulate apoAl promoter activity was assessed in
Hep G2 cells. Dex (1 pmol/L) increased apoAl promoter
activity by 1.9-fold in Hep G2 cells (DMSO-treated,
35.3%=* 11.6% chloramphenicol acetylatian66.5%=* 6.0%
in Dex-treated cellsP < .05; Fig 6). All promoter activity
experiments were replicated four times in either duplicate or

triplicate measurements. It is noteworthy that CAT activity in

the presence of the ethanol or DMSO vehicle alone varies from h

one experiment to the other by as much as 2-fold. This .-
variability depends on the culture conditions and on the
variability in the reagents used in the assay. Although interassay
variability is large in such experiments, intraassay variability is

small when normalized to the internal contrptgalactosidase
activity.

DISCUSSION

Expression of the apoAl gene is regulated in vivo by the

metabolic and hormonal milieu. Metabolic abnormalities such C O
S B . o

as those frequently observed in diabetes and fasting result in %

changes in the availability of carbohydrates and fatty acids that %9

fuel cellular respiration and protein synthesis. These changes

also influence the hormonal signals that regulate gene expres- .

sion, including the expression of transport proteins that are 2

necessary for normal metabolic function.

A myriad of hormonal or metabolic changes occur during Fige. Effect of dexamethasone on the activity of the apoAl gene
starvation and fasting that may have an affect on apoAl gen@romoter. Hep G2 cells were transfected with the plasmids
expression. Insulin expression is repressed while glucagoRA!-474-CAT and pCMV.SPORT--gal, and after 24 hours, they were

. . lated in an attemot to normalize IlJcostreated with dexamethasone (1 wmol/L). After 24 hours, the cells
expression is upregu p rmalize g fvere harvested and assayed for CAT and B-galactosidase activity. The
levels, which initially plummet and then are maintained due tOgifferences in CAT activity normalized to B-galactosidase activity
the catabolism of fatty acids and eventually protein. Fatty acidwere statistically significant; dexamethasone increased CAT activity
levels are elevated with fasting, as they are released frond-9-fold (P <.05).
triglyceride storage within the hepatocyte and adipoéyte.

Corticosteroid levels peak in response to fasting and therbreviously reported that hepatic apoAl mMRNA content is
decrease but remain elevated throughout the fasting p&#d. increased in fructose-fed rats in which hyperinsulinemia and
This condition may be important for the upregulation of geneshyperglycemia occur concurrentiyin this experimental model,
such as phosphoenolpyruvate carboxykinase and serine dehydiig-appears that the signals generated by hyperinsulinemia
tase that are essential for gluconeogen#sfsThyroid hor-  outweigh the negative inhibitory signals elicited by hyperglyce-
mone and growth hormone levels decrease in response ftgia. However, the effect of relative hypoinsulinemia at the
fasting. reduced plasma glucose concentrations commonly found during
Fasting is associated with a host of complex metabolic andasting is not predictable. As stated earlier, fasting is associated
hormonal changes that have conflicting effects on apoAlwith a host of complex metabolic and hormonal changes, some
expression when assessed individually. Regulation of the apoAbf which have conflicting effects on apoAl expression when
gene by glucose requires an insulin-response core elemenissessed individually. Because of this, several caveats in such
located in the 5flanking region of the gen® We have  studies should be kept in mind. There are significant interspe-



APOLIPOPROTEIN Al AND FASTING 1577

cies differences in the response of the apoAl promoter toupregulate apoAl gene expressioi?:36-380n the other hand,
various modulatoré.In addition, caution should be exercised the modest reduction in mean plasma glucose, the increased
when extrapolating the results in transformed cell lines such aglasma concentration of free fatty acids, and increased glucocor-
Hep G2 or Caco-2 cells to in vivo physiology. Nevertheless, cellticoid levels associated with fasting may contribute to the
culture studies are invaluable in examining the potential molecuobserved changes in apoAl mRNA, since these variables have
lar mechanisms related to apoAl gene transcription. been previously reported to be positive modulators of apoAl
In this study, we observed a significant increase in hepatiggene expressiol:1227:36.39.49n the present study, reducing the

and intestinal apoAl mRNA in fasted rats (Figs 1 and 2). Theambient glucose concentration in the culture media or adding
increase in apoAl MRNA levels was directly proportional to the free fatty acids did not significantly alter apoAl promoter
degree of ketosis (Fig 4) as determined by the steady-statgctivity, while dexamethasone, a synthetic glucocorticoid, in-
serum B-hydroxybutyrate concentration. The serum apoAl g,ced apoAl promoter activity. This finding is in agreement

protein concentration relative to total serum protein alsoyt, previously published reports on the effect of glucocorti-
increased significantly (Fig 3). However, this relative change iNcoids on apoAl gene expressighis 363940 Further studies

gpoAI serum protein is out of proportioq cgmpared with the should help to identify the precise molecular pathways neces-
Increase in apoAl mRNAwe observed. Itis _Ilkely that Changessary for elevating apoAl mRNA levels during starvation. In
in the clearance kinetics of the apoAl protein may account foraddition, since changes in mMRNA levels may not reflect changes

this discrepancy. . ) -
. . . in the synthesis or turnover of apoAl, future studies should
The precise cause of the increase in apoAl mRNA levels y p

following fasting is not known. The potential role of ketosis was address the kinetics of apoAl production and clearance.

examined using multiple approaches. A direct measurement of i;?fahfl; Tvinb az?:;ca%(:ﬁg;;ﬁpr?eaap%ﬁ\llv gﬁg?;g;tfdcgted
the effect of ketosis in vivo was evaluated in rats renderedN p : p 9

ketotic by feeding a high-fat diet and in rats treated with to both the apoClll and a}poA!V genes. Wh.lle the apoAl and

isobutyramide, an orally bioavailable analog of sodium buty_apoAIV genes are transcribed in the same direction, the apoClll

rate. In addition, the effect of isobutyramide and sodium 9€ne. located between these two, is transcribed in the opposite
) ! i ion41.42Thi i i

butyrate on apoAl promoter activity in cultured cells was also direction#*This arrangement s conserved in both the méuse

studied. These measurements failed to support a causal lin@d the rat*Although coordinate regulation of the entire gene
between ketone bodies and the expression of apoAl durinlgIUSter has not been demonstrateit-elements within the
fasting. However, the possible correlations between the seruriUman apoClil promoter are capable of controlling expression
B-hydroxybutyrate concentration and the increase in ap0A|of the apoAl gene in the small intestifeFurthermore, several
mRNA suggest that cellular metabolic changes associated witRolymorphisms, as well as eis-element located in the’s
ketosis, but not ketone bodies per se, may precipitate théanking region of the apoClil gene, also effect intestinal
increase in apoAl mRNA. Alternatively, the correlation be- €xpression of the apoAl gerié!” These findings, as well as
tween the serunp-hydroxybutyrate concentration and apoAl data showing that the apoClil gene is negatively regulated by
mRNA may merely reflect the degree to which individual rats insulin;*®indicate that the apoAl, apoClll, and possibly apoAlV
respond to the stress of caloric deprivation. Suppression ofienes may be coordinately regulated by some signaling path-
insulin secretion, a decrease of insulin-like growth factor-1, orways. Further studies analyzing how starvation and ketoacido-
reduced thyroid hormone levels are unlikely to account for thesis affect the expression of this gene cluster should indicate if
increase in apoAl levels, since these hormones are known tooordinate regulation occurs, as well as to what degree and end.
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