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Abstract Apolipoprotein A-I (apoA-I), the primary protein of 
high density lipoprotein, originates from intestine and liver of 
almost all mammalian species. In contrast to most species, intact 
rabbit liver is only capable of producing minute amounts of 
apoA-I mRNA and protein. In this report we demonstrate that 
purified rabbit hepatic parenchymal cells have apoA-I mRNA 
levels approximately 50-fold higher than intact liver after 48 h 
in monolayer culture. Investigations of the differential between 
in vivo and in vitro expression showed that conditioned media 
from nonparenchymal cells, a cell population essentially absent 
in parenchymal cell cultures, inhibited the elevation of apoA-I 
mRNA in a specific, concentration-dependent, and reversible 
fashion. Furthermore, at a concentration of nonparenchymal 
cell-conditioned media that inhibited apoA-I mRNA levels by 
> 80% compared to control, there were only slight changes in 
apoB, apoE, LDL receptor, LCAT, 7cr-hydroxylase, hepatic li- 
pase, HMG-GOA reductase, and albumin mRNA levels. Meta- 
bolic labeling of parenchymal cell secreted proteins with 
[35S]methionine followed by apoA-I immunoprecipitation rev- 
ealed that apoA-I synthesis and secretion corresponded to the 
changes observed for apoA-I mRNA. Initial biochemical charac- 
terization of the nonparenchymal cell media revealed that the in- 
hibitory factor was > 30 kDa, heat-stable to 70°C, and still ac- 
tive after urea denaturation and renaturation. I These data 
suggest that, in rabbits, hepatic parenchymal-nonparenchymal 
communication in the form of a secreted factor may attenuate 
liver apoA-I expression in vivo.-Rea, T. J., C. L. Bisgaier, 
R. B. DeMattos, and M. E. Pape. Rabbit liver apolipoprotein 
A-I synthesis is under nonparenchymal cell paracrine control. J 
Lipid Res.. 1994. 35: 1274-1282. 

Supplementary key w o r d s  hepatic gene expression mRNA quantitation 

Atherosclerosis is a multifactorial disease that is a lead- 
ing cause of death in developed countries. Epidemiologi- 
cal data reveal that elevated levels of plasma low density 
lipoproteins (LDL) are positively correlated while high 
density lipoproteins (HDL) are negatively correlated with 
the disease (1, 2). Apolipoprotein A-I is the primary pro- 
tein moiety of HDL and, thus, may be a major contribu- 
tor to HDLk protective role in coronary heart disease de- 
velopment (3). Indeed, transgenic mice overexpressing 
human apoA-I are protected from diet-induced atheros- 
clerosis (4). 

ApoA-I intestinal and liver gene expression and 
metabolism have been studied in several animal models of 
atherosclerosis. In  all species studied, except the rabbit, 
liver is a major site of apoA-I synthesis as inferred from 
apoA-I mRNA levels and protein synthesis in that organ 
(5-13). Published studies have consistently demonstrated 
that rabbit liver contains at least 100-fold less apoA-I 
mRNA than small intestine (8-10, 14). Given the low 
basal levels of apoA-I mRNA in rabbit liver, we explored 
cell culture models to investigate possible factors limiting 
its expression. 

MATERIALS A N D  METHODS 

Isolation of rabbit liver cell types 

Male New Zealand white rabbits (2-2.5 kg; Kuiper, 
Gary, Indiana) were maintained on a chow diet (ad libi- 
tum). All animal procedures were in accordance with the 
Parke-Davis Animal Treatment Guidelines. Rabbit 
parenchymal and nonparenchymal cells were isolated us- 
ing modifications (14) of the two-step method of Seglen 
(15). Parenchymal cells were further purified by sedimen- 
tation through a Percoll gradient (16). The  resulting 
parenchymal cells were washed with media and plated on 
collagen type I-coated 100-mm dishes in complete media 
(Collaborative Research). Nonparenchymal cells from su- 
pernatants of parenchymal cell washes were pelleted, 
resuspended in Gey’s balanced salt solution (GIBCO 
BRL, Gaithersburg, MD), and treated with 0.05% 
pronase E for 1.5 h at 39OC to destroy contaminating 
parenchymal cells. After protease treatment, nonparen- 
chymal cell populations had less than 0.5% contamina- 
tion by parenchymal cells as assessed by light microscopy. 

Abbreviations: HDL, high density lipoprotein; LDI,, low density 
lipoprotein; apoA-I, apolipoprotein A-I; LCAT, 1ecithin:cholesterol 
acyltransferase; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; 
CETP, cholesteryl ester transfer protein. 
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Cells were cultured in HEPES-buffered Dulbecco’s 
modified Eagle media containing 1 x MEM nonessential 
amino acids, 0.4 mg/ml fructose, 10% heat-inactivated fe- 
tal bovine serum, 20 ng/ml epidermal growth factor, 12 
nM insulin, 1.6 pM hydrocortisone, 10 pg/ml gentamycin, 
and 0.2% bovine serum albumin (complete media). In 
some experiments, specific media components were omit- 
ted from complete media. Nonparenchymal cell condi- 
tioned media were prepared after 24 h of culture by 
clarification (centrifugation at 600 g, 7 min) and sterile 
ultrafiltration (0.22 pm cellulose acetate). Washout ex- 
periments involved media removal, two rinses with fresh 
media followed by media replacement. 

Quantitation of mRNA levels 

Total RNA was isolated and mRNA levels were mea- 
sured as previously described (17, 18). Autoradiographic 
images were analyzed using the Molecular Dynamics 
400E PhosphorImager (Molecular Dynamics, Sunnyvale, 
CA). Rabbit mRNA specific probes and internal stan- 
dards were synthesized from pBluescript I1 SK (+) plas- 
mids containing partial rabbit cDNAs for the genes of in- 
terest. Cloned cDNAs were prepared in polymerase chain 
reactions using conserved primers based on published 
homologous sequences (14). In each RNAse protection as- 
say, an internal standard RNA was included to normal- 
ize mass values, thus controlling for sample process varia- 
tion. Resulting data are represented either as single 
sample points or as the mean plus and minus the standard 
error of the mean (SEM). Typically, 10-30 pg of internal 
standard and 30-50 pg total RNA was used in each pro- 
tection assay. In some internal standard/RNAse protec- 
tion assays, protected probe fragments migrated as multi- 
ple bands upon electrophoretic separation on polyacrylamide 
(e.g., HMG-CoA reductase, hepatic lipase, albumin). We 
have observed this phenomenon previously; it is most 
likely due to secondary structure of the RNA fragments, 
which could be related to resistance of the probe to 
RNAse activity (14, 18). 

Cellular labeling and immunoprecipitation of rabbit 
apoA-I 

Parenchymal cells were labeled for 4 h with 
[35S]methionine (50 p Ci/ml; Amersham). Immunopre- 
cipitation of labeled cell apoA-I was performed by 
modification of the method of Davidson and Glickman 
(13). Cell supernatant apoA-I was immunoprecipitated in 
NETTAM buffer (0.15 M NaCl, 5 mM EDTA, 50 mM 
Tris-HC1, 0.1% BSA, 1.25% Triton X-100, 0.625% SDS, 
2 mM methionine, pH 7.4). Antigen-antibody complexes 
were collected using protein A Sepharose (Pharmacia). 
Immunoprecipitated apoA-I was resolved after denatura- 
tion with SDS and 2-mercaptoethanol by electrophoresis 
and autoradiography (4-20% gradient SDS-polyacrylamide 
gels; Novex). 

Biochemical characterization of the inhibitory factor 
Concentrated preparations of nonparenchymal cell 

conditioned media for preliminary biochemical charac- 
terization were generated by pressure ultrafiltration 
through Amicon Diaflo Ultrafilters (YM series). The con- 
centrates were then treated as described in the figure 
legends. After the various treatments, concentrates were 
diluted to a find 1 x concentration using complete media 
and filter-sterilized. 

RESULTS 

We analyzed rabbit parenchymal cell cultures for the 
expression of apoA-I and eight other genes whose 
products are involved in lipid and lipoprotein 
metabolism. Shown in Fig. 1 is the mRNA level for each 
of the corresponding genes in cultured parenchymal cells 
over 8 days. Unlike intact liver, isolated rabbit paren- 
chymal cells in culture expressed copious amounts of 
apoA-I mRNA. By 24 h, the apoA-I mRNA levels were 
30- to 50-fold higher than in intact liver, a level main- 
tained for at least 8 days. HMG-CoA reductase and 
LDL-receptor mRNAs were also elevated relative to in- 
tact liver levels but to a much lesser extent. The slight ele- 
vation of these mRNAs, Le., relative to apoA-I elevation, 
was probably related to maintenance of essential cell 
cholesterol homeostasis. Levels of other mRNAs analyzed 
either increased slightly (apoE, hepatic lipase), stayed ap- 
proximately the same (apoB), or decreased slightly 
(LCAT, albumin) compared to intact liver. Cholesteryl es- 
ter transfer protein and 7a-hydroxylase mRNAs were un- 
detectable at any time after culturing parenchymal cells 
(data not shown). These data suggested that the apoA-I 
mRNA elevation was specific because the other mRNA 
levels were either unaffected or changed minimally. 

Others have reported that various external factors can 
influence apoA-I gene expression (19-29). However, 
changes in apoA-I mRNA levels are relatively refractory 
to most pharmacological, hormonal, or dietary perturba- 
tions with maximum changes of about 2-fold in most 
cases and 6-fold in rare instances. In contrast, maximum 
apoA-I mRNA changes in our culture system were one to 
two orders of magnitude greater than the liver amounts. 
The possibility existed that an exogenous factor in the cul- 
ture media mediated the apoA-I mRNA elevation. To ex- 
plore this issue, isolated parenchymal cells were cultured 
with exclusion of specific media components. As shown in 
Fig. 2A, cells in either serum or serum-free media, in 
which either epidermal growth factor, insulin, or 
hydrocortisone was deleted, still displayed a 25- to &fold 
increase in apoA-I mRNA after 24 h as compared to in- 
tact liver levels. Furthermore, 10% serum from chow-fed 
or cholesterol-fed rabbits did not affect the apoA-I mRNA 
elevation (Fig. 2B). We also plated hepatocytes onto 

Rea et ai. Rabbit apolipoomtein A-I Pene exoression 127.5 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


1 P I L 1  2 3 4 6  8 L 1  2 3 4 6  8 L l  2 3 4  6 8  

- IS 

- A  

0 1 2 3 4 5 6 1 8  

Days In Culture 

0 1 2 3 4 5 8 1 8  

Days In Culture 

0 1 2 3 4 5 6 7 6  

Days In Culture 

- k 1.00 

0 
E 
U 

P I L l  2 3 4 6  8 L 1 2 3 4  6 0  L 1  2 3 4 6 0  

IS 

P I L 1 2 3  4 6 8  L 1  2 3 4  6 8 L  1 2  3 4 6 8  
~~~ ~ 

0.75 

0.50 

0.25 

0.00 
0 1 2 3 4 5 8 1 8  

Days In Culture 

' I  P I L 1 2  3 4 6 8  L 1  2 3 4 6 8  L 1 2  3 4 6 8  I 

0 
0 1 2 3 4 5 6 1 8  

Days In Culture 

P I L 1 2  3 4 6 8  L 1 2  3 4 6 8  L l  2 3 4 6 8  

. ,  """. . . 

- 
0 1 2 3 4 5 6 7 8  

Days In Culture 

2'oo P I L 1  2 3 4 6  0 L 1  2 3 4 6 8 L   1 2 3  4 6 8  .." rr.rrr"""""-~-ls 

ApoE 

"."" 
0 1 2 3 4 5 6 1 8  

Days In Culture 

0.60 
P I L l  2 3 4 6 8  L 1 2  3 4 6 8  L 1  2 3 4 6 0  

~~~...~~o*~.~*.~)..-.--I~ 

0.40 

0.20 

0.00 ' 
0 1 2 3 4 5 6 7 6  

Days In Culture 

Fig. 1. mRNA levels in cultured parenchymal cells. Purified rabbit liver parenchymal cells  were cultured on collagen type I matrix in complete 
media. Inset shows primary  data from RNAse protection assays for mRNA isolated from cells cultured from three  separate rabbit livers for up to 
8 days.  All mRNA mass values were normalized by plotting the fold change relative to liver mRNA mass for each gene. Plotted data show the mean 
and  standard  error of the mean for each time point (n = 3). "P" indicates control hybridization reactions that include only the specific probe for each 
gene. "I" indicates control hybridization reactions including probe and  internal  standard RNA. "L" indicates liver tissue samples. "IS" and "A" mark 
the electrophoretic migration of probe protected by the internal  standard  and  authentic  mRNA, respectively. 
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Fig. 2. Effect of media  components  on  the expression of apoA-I mRNA in parenchymal cells. Purified primary  rabbit  hepatic  parenchymal cells 
were isolated and  cultured in various  media  on collagen I-coated plates. After  the defined treatments,  total  RNA was isolated and apoA-I mRNA 
was assayed as in Fig. 1. Panel A parenchymal cells were cultured for 24 h  on collagen type I matrix  in  culture  media modified by exclusion of a 
specific hormone or growth  factor  supplement.  Grid legend indicates  media  modification.  Media  contained all other  supplements  described in 
Materials  and  Methods. Panel B: parenchymal cells were cultured  for 2, 4, and  6  days  (D2, D4, D6, respectively) in  complete  media  with  one of 
the following: 10% fetal bovine serum,  normal  rabbit  serum, cholesterol-fed rabbit  serum, or no  serum. "L" shows liver tissue sample. "IS" and "A" 
mark  the  electrophoretic  migration of probe  protected by the  internal  standard  and  authentic  mRNA, respectively. 

different matrices (collagen I, collagen type IV, laminin, 
fibronectin) in an  attempt to identify culture  matrix varia- 
bles contributing  to  the  induction.  Induction of apoA-I 
mRNA was observed in all cases (data not shown). These 
data suggested that apoA-I mRNA induction in the 
parenchymal cells was not solely due to media or other 
culture  components,  but primarily related to  their 
removal from the in vivo liver environment. 

Approximately 35% of liver cells are nonparenchymal 
(Kupffer cells, endothelial cells, lipocytes; (30)), which 
primarily line the sinusoids of the  organ.  These sinusoidal 
lining cells are essentially removed during  our paren- 
chymal cell isolation procedures. This fact led us to 
hypothesize that  a  nonparenchymal cell interaction (e.g., 
tight junctions),  matrix  component, or soluble factor in- 
hibited the expression of apoA-I mRNA in liver.  To  test 
this hypothesis, apoA-I mRNA levels  were measured in 
co-cultures of hepatic parenchymal and nonparenchymal 
cells. These  cultures displayed steady-state apoA-I mRNA 
levels that were similar  to  amounts observed in intact liver 
(data not shown). To determine whether nonparenchymal 
cells secrete a soluble paracrine factor(s) that  inhibited 
apoA-I mRNA expression, we incubated isolated paren- 
chymal cells with nonparenchymal cell conditioned me- 
dia. A  concentration-dependent decrease in apoA-I 
mRNA accumulation was observed in parenchymal cells 
after  a 24-h exposure (Fig. 3). This effect w a s  reversible 
as evidenced by the accumulation of apoA-I mRNA when 
nonparenchymal cell conditioned media was  removed and 
replaced with fresh media. In  an alternative  concentration 
effect experiment, we plated different numbers of non- 
parenchymal cells per 100-mm plate, collected the condi- 
tioned media, and exposed parenchymal cells to  this me- 
dia.  A  concentration-dependent response to the inhibitory 

activity was  also observed in this experiment (Fig. 4). We 
have observed in numerous experiments a marked eleva- 
tion of apoA-I mRNA in parenchymal cells after 24 h in 
culture relative to liver, as well as  a marked inhibition of 
apoA-I mRNA accumulation in response to  nonparen- 
chymal cell conditioned media (Table 1). Thus, it ap- 
peared  that  nonparenchymal cells secreted a factor that 
inhibited a@-I mRNA accumulation in parenchymal cells. 

Conditioned Media Concentration 

Control 
~ ~~~ - ~ ~~ 

Liver Media U 1:3 1:lO 1:30 1: lOO - " " -  
t IS - 

24 hr 
Treatment 

IS - 24 hr 
Post treatment 

Washout 

" "&  

Fig. 3. Decrease  in apoA-I mRNA induction is concentration- 
dependent  and reversible. Upper panel: primary hepatocytes were cul- 
tured  for  24  h  in  the presence of undiluted ("U") or various  dilutions ( lx ,  
where n is the fold dilution) of nonparenchymal cell conditioned  media 
(24-h  treatment). Lower panel:  in  a  duplicate set of hepatocytes, after  the 
24-h  treatment,  culture  media was removed and  replaced  with  complete 
media (washout). For both  sample series RNA was harvested from the 
cells and  analyzed  as  described  in Fig. 1 for apoA-I mRNA content. 
RNA from liver tissue (L)  and  control  media  cultures  are shown for 
comparison. "IS" and "A" mark  the  electrophoretic  migration of probe 
protected by the  internal  standard  and  authentic  mRNA, respectively. 
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Fig. 4. Dose-dependent decrease in apoA-I mRNA based on non- 
parenchymal cell number. Rabbit liver nonparenchymal cells  were 
plated at various densities on collagen type I-coated plates. Conditioned 
media from these  cells  was  used for culture of freshly prepared hepato- 
cytes.  ApoA-I RNA content was analyzed after  a 24-h incubation. Inset 
shows protection assay primary  data from media control (lane 1) and 
decreasing numbers of nonparenchymal cells per 100-mm dish from 10’ 
cells (lane 2) to no  cells (lane 6). Bar graph shows  apoA-I mass as percen- 
tage of control. “IS” and “A” mark the electrophoretic migration of probe 
protected by the internal  standard  and  authentic  mRNA, respectively. 

Our initial characterization of cultured hepatic  paren- 
chymal cells demonstrated  that  a variety of plasma lipid 
regulating genes were functional in vitro. To determine 
whether  the  attenuation of cultured hepatocyte apoA-I 
mRNA levels  by nonparenchymal cell conditioned media 
was specific to  that  particular gene product or, instead,  a 
generalized phenomenon for many hepatocyte functions, 
we determined  the steady state mRNA levels  of nine 
genes expressed by the  rabbit hepatocyte in the presence 
or absence of nonparenchymal cell conditioned media 
(Fig. 5) .  Only apoA-I mRNA mass changed significantly 
in the presence of nonparenchymal cell conditioned me- 
dia.  These data show the specificity for apoA-I modula- 
tion among  the category of genes we have tested. 

To determine  whether apoA-I secretion rates changed 
concomitantly with apoA-I mRNA levels, radiolabeled 
apoA-I was immunoprecipitated from parenchymal cell 
supernatant  after  a 4-h incubation in either control or 
nonparenchymal cell-conditioned media  and [ -Y3]methio- 
nine. Cells grown in control media showed appreciable 
levels of apoA-I synthesis; however, detectable amounts of 
apoA-I were not observed in cells treated with nonparen- 
chymal cell-conditioned media (Fig. 6, left panel). The 
reduction in  apoA-I secretionlsynthesis appears  to be 
greater  than  the reduction in  apoA-I mRNA levels (Fig. 
6, right panel) suggesting an additional level  of transla- 
tional or post-translational control for apoA-I expression 
in this system. These data demonstrated  that  the level  of 
apoA-I synthesislsecretion was concordant with apoA-I 
mRNA levels in hepatic parenchymal cells. 

To investigate the  nature of the inhibitory activity, we 
performed several preliminary biochemical studies. In 
two separate experiments, we estimated the molecular 
weight of the factor by filtering nonparenchymal cell con- 
ditioned media through molecular weight  cutoff mem- 
branes. As shown in Fig. 7, the factor is greater  than 
30,000 daltons. Further studies revealed that  the factor 
was  still active after  heating  at 7OoC (Fig. 8) and  after ex- 
posing to protein  denaturing  concentrations of urea fol- 
lowed by dialysis (data not shown). Treatment of concen- 
trated  nonparenchymal cell conditioned media with 
proteinase K coupled to oxirane-activated macroporous 
acrylic beads did not abolish its ability to inhibit apoA-I 
mRNA accumulation in cultured parenchymal cells (data 
not shown). 

DISCUSSION 

We initially chose the rabbit hepatocyte model to  study 
apoA-I mRNA metabolism because of the low  levels of 
that  mRNA in vivo. The advantage of  low  levels  of the 
mRNA, we reasoned, was that it provided an ideal model 

TABLE  1. ApoA-I mRNA levels  in rabbit liver, cultured parenchymal cells (PC),  and cultured parenchymal 
cells treated with nonparenchymal cell (NPC)-conditioned media 

Tissue/Cell-Treatment (n - 12). ApoA-I mRNA (pg/#g total RNAf 

Intact liver 0.26 * 0.03 
Cultured  PC 4.68 f 1.22‘ 
Cultured  PC + NPC-conditioned media 0.99 f 0.22d - 

“PC from 12 different rabbits were isolated as described in Materials  and  Methods  and cultured for 24 h  either 
in the presence or absence of NPC-conditioned media obtained from 12 other rabbits. A liver sample was obtained 
from each rabbit  before  beginning PC isolation.  ApoA-I mRNA levels  were  measured  using an internal standdRNAse 
protection assay. 

bMean f SEM. 
‘P < 0.01 vs. intact liver value. 
dP < 0.01 vs. cultured PC value. 
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Fig. 5. Nonparenchymal cell inhibition of apoA-I mRNA elevation is specific. Primary  rabbit hepatocytes were cultured  for  24  h in the  absence 
(- CM) or presence ( + C M )  of nonparenchymal cell conditioned  media.  RNA was then purified and  analyzed  for  each of the genes shown. “P” indicates 
control  hybridization  reactions  that  include only the specific probe  for  each gene. Lane  identifier “I” indicates  control  hybridization  reactions  including 
probe  and  internal  standard  RNA. “E indicates  liver tissue samples. “IS” and “A” adjacent  to  arrows  mark  the  electrophoretic  migration of probe  pro- 
tected by the  internal  standard  and  authentic  mRNA, respectively. 
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Fig. 6. Effect of nonparenchymal cell conditioned  media  on apoA-I 
synthesis  and  secretion  in  parenchymal cells. Equal  trichloroacetic  acid- 
precipitable dpm from labeled 48-h cell supernatants  (control  media plus 
or minus  serum or nonparenchymal cell conditioned  media)  were  im- 
munoprecipitated  with  nonimmune  sheep  serum  (N) or sheep  anti- 
rabbit apoA-I serum  (I)  and  the  resulting  immune complexes were 
resolved by  gel electrophoresis  and  autoradiography  (“Protein”). ApoA-1 
mRNA mass  determined  in  a  duplicate set of plates is shown in  “mRNA” 
panel. “IS” and “A” mark  the  electrophoretic  migration of probe  pro- 
tected by the  internal  standard  and  authentic  mRNA, respectively. 

- IS 

Fig. 7. Molecular weight estimate of nonparenchymal cell apoA-I 
mRNA inhibitory activity. Pooled nonparenchymal cell conditioned  me- 
dia was fractionated  using  pressure  ultrafiltration  through  a 30,000 
molecular weight cutoff filter. Retained  and flow-through fractions were 
mixed in complete  media  to 1 x concentration  for  24-h  culture of freshly 
isolated primary hepatocytes. ApoA-I mRNA levels were measured  and 
compared  to liver, complete  media,  and  nonparenchymal cell condi- 
tioned  media controls. “IS” and “A” mark  the  electrophoretic  migration 
of probe  protected by the  internal  standard  and  authentic  mRNA, 
respectively. 
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Fig. 8. Heat stability of nonparenchymal cell apoA-I mRNA inhibi- 
tory activity. Concentrated nonparenchymal cell conditioned media was 
incubated for 30 min at various temperatures. After the incubations the 
concentrates were filter-sterilized and diluted in fresh complete media 
and used for plating primary hepatocytes. RNA was harvested at 24 h 
and apoA-I mRNA content was analyzed. Inset shows primary data 
from protection assay from liver tissue (lane l), media control (lane 2), 
no heat treatment (lane 3), 39°C (lane 4), 55OC (lane 5), 70°C (lane 6), 
or boiling (lane 7). "IS" and "A" mark the electrophoretic migration of 
probe protected by the internal standard and authentic mRNA, respeaively. 

for finding various nutritional, hormonal, or pharmaco- 
logical states that would allow detection of elevated levels 
of the mRNA, a therapeutically desirable state because it 
could presumably lead to an increase in apoA-I plasma 
levels. Contrary to our expectations, placing the rabbit 
hepatic parenchymal cells in monolayer culture resulted 
in a tremendous increase in apoA-I mRNA levels com- 
pared to liver, a phenomenon not observed, in similar 
magnitude or direction, for other genes whose protein 
products are involved in lipid and lipoprotein 
metabolism. The slight increases observed in HMG-CoA 
reductase and LDL-receptor mRNAs reflect increased 
cholesterol synthesis and influx rates caused by the re- 
quirement of cells to maintain essential cholesterol levels. 
These results clearly demonstrate that rabbit hepatic 
parenchymal cells have the intrinsic ability to synthesize 
apoA-I. The potential capacity of rabbit parenchymal 
cells to produce apoA-I mRNA after 2 days in culture is 
approximately 5 pg/pg total RNA. This is less than small 
intestine (50 pglpg), the major apoA-I-producing organ in 
the rabbit (8-10, 14). However, this capacity is far greater 
than that seen in vivo, where liver apoA-I mRNA levels 
are 200- to 500-fold less than small intestine. These data 
led us to inquire why the in vivo rabbit liver apoA-I 
mRNA phenotype (low steady state levels) was lost upon 
culturing the parenchymal cells. 

Our data suggest that parenchymal cells in culture do 
not maintain the in vivo apoA-I phenotype because they 
no longer reside in close proximity to nonparenchymal 
cells (sinusoidal lining cells) as is the case in their native 

environment. The essential controlling element is 
presumably a secreted factor that is heat- and urea-stable 
and derived from rabbit nonparenchymal cells. Removal 
of this putative paracrine regulatory factor via isolation of 
hepatocytes from the liver results in significant and gene- 
specific increases of both apoA-I-specific mRNA and pro- 
tein. Upon addition of nonparenchymal cell conditioned 
media, the apoA-I mRNA in vitro induction is attenu- 
ated. Examination of steady state mRNA levels for apoB, 
apoE, LDL-receptor, LCAT, 'la-hydroxylase, hepatic li- 
pase, HMG-CoA reductase, and albumin showed that 
none of these gene products were similarly modulated in 
the presence of nonparenchymal cell media, arguing that 
this mechanism of control is not a generalized transcrip- 
tional or post-transcriptional regulation artifact or geno- 
toxic effect. Other features of the nonparenchymal cell ac- 
tivity are that it is reversible, elicits a specific mRNA 
change that is concentration-dependent and leads to com- 
mensurate changes in the secreted protein encoded by the 
mRNA, and is relatively stable to classical denaturation 
treatments of heat or urea. It should be noted that condi- 
tioned media from other cell types such as fibroblasts 
(from a rabbit hepatic tumor) or parenchymal cells do not 
inhibit the accumulation of apoA-I mRNA in paren- 
chymal cells (T. J. Rea and M. E. Pape, unpublished ob- 
servation). Also, primary cultures of rabbit nonparen- 
chymal cells do lose the ability to produce this regulatory 
activity after extended time in culture, suggesting loss of 
the differentiated hepatic phenotype in the source cells. In 
summary, these observations lead us to conclude that the 
low levels of hepatic apoA-I expression characteristic of 
the rabbit are the consequence of specific hepatic para- 
crine cell communication. 

Whether a similar mechanism operates to regulate 
apoA-I expression in other species or tissues is presently 
unresolved. Castle et al. (31) have shown that monkey 
(Mucucu fmcicularis) hepatocytes can synthesize apoA-I 
mRNA ( - 40 pg/pg) and protein in culture. The fact that 
mRNA and protein secretion levels in these parenchymal 
cells are similar to those in intact liver suggests that an 
equivalent nonparenchymal cell factor(s) or a component 
of its signal transduction mechanism may not exist in pri- 
mates (31). However, those studies were performed with 
cryopreserved hepatocytes and not freshly isolated cells 
which may compromise the cells in a way that impacts 
their capacity to express apoA-I. In contrast, preliminary 
data from experiments using cultured mouse hepatocytes 
from one strain (BALB/c) have also shown apoA-I mRNA 
elevation (K. Reue and M. Doolittle, personal communi- 
cation); the restoration of the in vivo apoA-I mRNA 
phenotype through use of nonparenchymal cells or their 
conditioned media has not been attempted in that system. 
Experiments to evaluate circulating plasma levels of the 
nonparenchymal cell effector(s) and its possible effects on 
other tissues (e.g., small intestine apoA-I synthesis) de- 
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pend on purification and in vitro delivery methods still in 
development. 

Several hormonal, pharmacological, and pathophysio- 
logical states cause changes in apoA-I mRNA levels. For 
instance, in a chemically induced liver regeneration 
model, Panduro et al. (24) showed that acute or chronic 
CC14 administration to hypothyroid rats elevated apoA-I 
mRNA levels 3- to 4-fold. Furthermore, triiodothyronine 
administration to rats elevates apoA-I mRNA levels (32); 
to our knowledge a similar effect of this hormone on 
apoA-I levels in cultured parenchymal cells has not been 
reported. It is possible these agents may not be acting 
directly on parenchymal cells to elevate apoA-I mRNA 
levels but, rather, indirectly by altering the expression of 
a nonparenchymal cell-derived factor. Indeed, CC14 treat- 

stuyft, and s. M. Clift. 1991. Inhibition of early atherogene- 
sis in transgenic mice by human apolipoprotein A-I. Nature. 

5. Sorci-Thomas, M., M. M. Prack, N. Dashti, E Johnson, 
L. L. Rudel, and D. L. Williams. 1988. Apolipoprotein 
(apo) A-I production and mRNA abundance explain 
plasma apoA-I and high density lipoprotein differences be- 
tween two nonhuman primate species with high and low 
susceptibilities to diet-induced hypercholesterolemia. J.  
Biol. Chem. 263: 5183-5189. 

6. Haddad, I. A., J. M. Ordovas, T. Fitzpatrick, and S. K. 
Karathanasis. 1986. Linkage, evolution, and expression of 
the rat apolipoprotein A-I, C-111, and A-IV genes. J.  Biol. 

7. Rajavashisth, T. B., P. A. Dawson, D. L. Williams, J. E. 
Shackleford, H. Lebherz, and A. J. Lusis. 1987. Structure, 
evolution, and regulation of chicken apolipoprotein A-I. J. 
Biol. Chem. 262: 7058-7065. 

353: 265-267. 

Chem. 261: 13268-13277. 

ment is known to dramatically alter the properties and 
metabolism of sinusoidal lining cells (33, 34). Future 
studies will need to focus on the presence, absence, and 
relative concentration of a nonparenchymal cell-derived 
apoA-I inhibitory factor in other species. 

The role of hepatic nonparenchymal cells in controlling 
h i d  metabolism is not clear. However. recent work has 

8. Lenich, C., P. Brecher, S. Makrides, A. Chobanian, and 
V. I. Zannis. 1988. Apolipoprotein gene expression in the 
rabbit: abundance, size, and distribution of apolipoprotein 
mRNA species in different tissues. J.  Lipid Res. 29: 

9. Pan, T. C., Q L. Hao, T. T. Yamin, P. H. Dai, B. S. Chen, 
S. L. Chen, P. A. Kroon, and Y. S. Chao. 1987. Rabbit 
apolipoprotein A-I mRNA and gene. Evidence that rabbit 

755-764. 

shown that nonparenchymal cells express LDL and 
scavenger receptors (35, 36), secrete apolipoproteins (37), 
and, furthermore, are the principle source of CETP in 
nonhuman primates (38). Knowledge of these functions 
and the culture system described here will permit studies 
on parenchymal-nonparenchymal cell communication 
and its role in lipid metabolism. Indeed, this report is the 
first demonstration of the existence of a paracrine system 
within the liver that alters the expression of genes involved 
in lipoprotein metabolism. We hypothesize that other 
genes affecting lipoprotein metabolism may display al- 
tered expression in response to secreted parenchymal or 
nonparenchymal cell factors. I 
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