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Chronic alcohol intake in male rats results in: 1) demasculin-
ization of the GH pulse pattern; 2) reduced serum testosterone
concentrations; and 3) decreased expression hepatic CYP2C11.
Hepatic CYP2C11 expression is regulated by the male pattern of
GH through the Janus-kinase/signal transducer and activators
of transcription proteins (JAK/STAT) signal transduction path-
way in the male rat. Renal CYP2C11 is regulated by testosterone,
not GH. The involvement of the JAK/STAT5b signal transduc-
tion pathway in renal CYP2C11 signaling has not been studied.
We tested the hypothesis that ethanol reduces CYP2C11 levels
by interfering with the JAK/STAT5b pathway. Using a total en-
teral nutrition (TEN) model to feed rats a well-balanced diet, we
have studied the effects of chronic ethanol intake (21 d) on he-
patic and renal JAK/STAT pathway of adult male rats (8–10/

group). We found decreased hepatic and renal expression of
CYP2C11 in ethanol-fed rats with concomitant decreases in
STAT5b and phospho-STAT5b, decreased in vitro hepatic
STAT5b binding to a CYP2C11 promoter element and no effects
on hepatic GHR levels. Ethanol caused tissue specific effects in
phospho-JAK2 and JAK2, with increased levels in the liver, but
decreased JAK2 expression in the kidney. We conclude that
ethanolsuppressionofCYP2C11expressionisclearlyassociated
with reductions in STAT5b levels, but not necessarily in reduc-
tions of JAK2 levels. The mechanisms underlying ethanol-
induced suppression of STAT5b is yet to be determined, as is the
question of whether this is secondary to hormonal effects or a
direct ethanol effect. (Endocrinology 144: 3969–3976, 2003)

WE HAVE STUDIED the effects of diet on alcohol-
induced tissue damage using a model system in

which rats were fed exclusively by total enteral nutrition
(TEN). TEN was used to avoid the nutritional deficiencies
caused by lower food intake in rodents forced to drink eth-
anol-containing water or liquid diets (1–3). In the TEN
model, control rats gain weight at essentially the same rates
as rats fed standard commercial rat diets, and ethanol-fed rats
have high blood ethanol concentrations (�300 mg/dl) (4, 5).

GH can have direct effects on gene transcription (6) or can
act indirectly through other factors such as IGFs (7). GH can
directly activate the JAK/STAT (Janus-kinase/signal trans-
ducer and activators of transcription proteins) pathway by
binding to its cognate cell-surface GH receptor (GHR). Initial
GH binding is followed by GHR dimerization and transphos-
phorylation of cytoplasmic tyrosine residues by the receptor-
associated JAK tyrosine kinase. Phosphorylation activation
of GHR-associated tyrosine kinase JAK2 leads to further
phosphorylation of cytosolic STAT proteins that then form
homo- or heterodimers and translocate to the nucleus, bind
to specific promoter elements, and transactivate their target
genes (8–11). This transactivation process is turned off by one
of several mechanisms: ubiquitin-dependent degradation of

these activator proteins, dephosphorylation inactivation,
and protein inhibitors and inactivators (8).

GH secretion is pulsatile in humans. However, rats have
greatly exaggerated serum GH pulses, and the secretory
pattern of these pulses is sexually dimorphic, making them
excellent models to study both GH regulation and pulsatile
GH signaling at target cells. Importantly, it has been dem-
onstrated that GH target cells are capable of differentially
responding to male and female GH patterns in rats through
the signal transducer and activators of transcription proteins,
STAT5a and STAT5b. These proteins have been reported to
have important roles in sexually dimorphic growth (and
ultimate body size), deposition of body fat and immune
system function (8, 12). STAT5b has been reported to be a key
intracellular mediator of the effects of plasma GH pulses on
several liver-expressed genes, including CYP2C11 (8, 13). In
the absence of the male GH pattern in rats, there is a down-
regulation of hepatic STAT5b activity (13, 14), and STAT5b-
deficient mice are resistant to GH pulse stimulation (15).
Thus, based on these data, the sexually dimorphic effects of
GH in rodents has been linked to male and female patterns
of GH signaling and presumed to occur through STAT5b.

We have found that ethanol significantly reduces serum
testosterone (T) and alters the typically low-frequency, high-
amplitude GH pulse pattern of male rats to a higher fre-
quency, lower amplitude pulse profile similar to that of a
female rat, which is associated with reduced expression of

Abbreviations: DTT, Dithiothreitol; GHR, GH receptor; HRP, horse-
radish peroxidase; JAK/STAT, Janus-kinase/signal transducer and ac-
tivators of transcription proteins; P, phospho; T, testosterone; TEN, total
enteral nutrition.
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the male-specific cytochrome P450, CYP2C11, in rat liver (4).
CYP2C11 is a steroid 16�- and 2�-hydroxylase, and regula-
tion of CYP2C11 production is tissue dependent in male rats
(16). Under circumstances where body weight gains are nor-
mal and GH pulse patterns are typical of male rats, hepatic
CYP2C11 is positively regulated by GH. Using a hypophy-
sectomy model combined with hormonal restoration using
pulsatile GH administration in a pattern that mimics the male
rat GH pulse pattern, it has been demonstrated that GH
positively regulates hepatic CYP2C11 gene transcription (16).
T did not restore hepatic CYP2C11 in hypophysectomized
rats. In contrast, hormonal regulation of renal CYP2C11 is
just the reverse of that in the liver, with GH not able to restore
the hypophysectomy-induced decrease in CYP2C11 protein
or mRNA, but T being able to completely reverse the de-
crease (16). Thus, the regulation of CYP2C11 expression is
tissue dependent in the rat, with GH and T being the primary
signals for liver and kidney, respectively.

The male pattern of GH activates the hepatic JAK/STAT
pathway and this in turn is thought to maintain expression
of male-specific proteins such as CYP2C11 (13, 16). Loss of
the male GH pattern by hypophysectomy resulted in
decreased phospho (P)-JAK2 and P-STAT5b, followed by
diminished expression of male-specific proteins (13, 16). Fur-
thermore, ethanol has been shown to inhibit 1) the prolactin-
activated JAK/STAT pathway in cultured astrocytes (17); 2)
IL-6 or interferon-activated JAK/STAT pathway in freshly
isolated hepatocytes (18, 19); and 3) leptin-induced JAK/
STAT pathway in Huh7 cells (20).

Despite the documented relationships between chronic
alcohol and impaired endocrine and metabolic functions, the
molecular mechanisms underlying the metabolic effects are
less clear. Although several in vitro studies have demon-
strated that ethanol inhibits activation of similar JAK/STAT
signal transduction pathways (i.e. prolactin, leptin, cyto-
kines, interferon), we are unaware of any studies document-
ing the effects of alcohol on the GHR-JAK2/STAT5b path-
way following chronic in vivo alcohol treatment. In the
current study, we tested the hypothesis that chronic ethanol
intake as part of a TEN delivery system inhibits the JAK2/
STAT5b signal transduction pathway that is thought to me-
diate GH signaling from the GHR to the CYP2C11 gene. Our
thinking was influenced by previous results demonstrating
that ethanol inhibited phosphorylation of JAK2, STAT1�,
STAT5a, and STAT5b in cultured astrocytes, and that this
was associated with decreased interferon regulatory factor-1
expression (17). These results suggested that ethanol inhibi-
tion of JAK2 and STAT5b phosphorylation may be one mech-
anism through which chronic ethanol alters gene expression.

Materials and Methods
Chemicals and reagents

All chemicals unless otherwise specified were purchased from Sigma-
Aldrich Chemical Co. (St. Louis, MO). Radionucleotides were purchased
from DuPont NEN Life Science Products (Boston, MA). T4 polynucle-
otide kinase was purchased from Promega (Madison, WI). A mouse
monoclonal antibody against CYP2C11 was the kind gift of Dr. Paul
Thomas (Rutgers, NJ) and horseradish peroxidase (HRP)-conjugated
donkey antirabbit IgG was purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA). Antisera was purchased from the following com-
panies: anti-STAT5b (Upstate Biotechnology, Lake Placid, NY); anti-P-

STAT5 and HRP-linked antirabbit IgG (Cell Signaling Technology, Inc.,
Beverly, MA); and rabbit anti-JAK and anti-P-JAK2 (Biosource Interna-
tional, Inc., Camarillo, CA). A synthetic oligonucleotide against the
published sequence in CYP2C11 (5�-GATATGTGAGTTAAAGCTAC-
TATAGTTACC-3�) was purchased from Bio-Synthesis (Denton, TX) and
was used for Northern analysis as described previously (4). A previously
described anti-GHR serum (anti-GHRcyt-AL47) was employed to assess
hepatic GHR levels (21). A previously reported (22) second oligonucle-
otide corresponding to the STAT5b DNA binding site in the CYP2C11
promoter (�1159 to �1138) (5�-GCAAACATTTTCCATGAAAAAA-3�)
and its complementary strand (5�-TTTTTTCATGGAAAATGTTTGC-3�)
were purchased from Integrated DNA Technologies, Inc. (Coralville, IA).

Animals and experimental protocol

Experiments conformed to ethical guidelines for animal research
established by our institution and received prior approval by our animal
welfare committee. Adult male Sprague Dawley rats were purchased
from Harlan Industries (Indianapolis, IN). The rats were surgically can-
nulated with an intragastric tube, allowed to recover, and infused an
ethanol-containing diet (13 g/kg�d) as described previously (4). The diet
composition met the National Research Council minimal nutrient re-
quirements for the rat (23). The control rats were infused the same diet
except ethanol was isocalorically replaced with carbohydrate. The rats
were killed following 21 d of continuous diet infusion and when their
urine ethanol concentrations were high on the descending limb of an
ethanol pulse, as previously described (24, 25), the liver and kidney were
collected and stored at �90 C.

Northern blot analysis

Northern blot analysis of CYP2C11 was conducted as described pre-
viously using the oligonucleotide probe described in Materials and Meth-
ods (26). All filters were probed with the synthetic 18S rRNA oligonu-
cleotide as an internal control. Bands were quantitated by densitometry
of the autoradiogram and the ratio of CYP2C11 mRNA to 18S rRNA in
the same sample was determined and expressed as relative RNA units
or as percentage of that for the control.

Western immunoblot analysis

Liver and kidney microsomes, cytosol, and nuclear extracts were
resolved on 8% polyacrylamide gels and transferred to nitrocellulose
membranes (Bio-Rad, Hercules, CA). Membranes were blocked over-
night at 4 C with gentle shaking in TBST [50 mm Tris-buffered saline, 10
�m NaCl (pH 7.6), 0.05% (vol/vol) Tween 20] plus 5% (wt/vol) milk
powder. Membranes were incubated with primary antibody diluted to
1:1000 for CYP2C11 and STAT5b and 1: 2500 for JAK2 in TBST plus 5%
milk powder 1.5–3 h (1.5 h for CYP2C11 and JAK2; 3 h for STAT5b) at
room temperature with shaking. After washing three times in TBST, the
membranes were incubated for 1 h at room temperature in TBST plus
5% milk powder containing HRP-conjugated secondary IgG (1:1,500 for
CYP2C11 and JAK2, and 1:20,000 for STAT5b). To detect P-STAT5 and
P-JAK2, membranes were incubated with primary antibody diluted to
1:1000 for P-STAT5 and 1: 2500 for P-JAK2 in TBST plus 3% BSA 1.5–3
h (1.5 h for P-JAK2; 3 h for P-STAT5) at room temperature with shaking.
After washing three times in TBST, the membranes were incubated for
1 h at room temperature in TBST plus 3% BSA containing HRP-conju-
gated secondary IgG (1: 1500 for P-JAK2 and 1:20,000 for P-STAT5).
Membranes were washed three times in TBST and proteins visualized
using SuperSignal West Pico chemiluminescence substrate (Pierce,
Rockford, IL) and detected by autoradiography. Immunoquantitation
was obtained by densitometric scanning of the resulting autoradiograms
using a Bio-Rad (Richmond, CA) GS525 molecular imager. Similar pro-
cedures were employed for Western immunoblot analysis of GHR, with
slight modifications as reported by Zhang et al. (21).

Preparation of rat liver and kidney nuclear extracts

The nuclear extracts were isolated from livers as previously reported
(27). Briefly, liver tissue (stored at �70 C) was prepared using the nuclear
extraction kit from Sigma Chemical Co. Liver (100 mg) was added into
1 ml 1� lysis buffer containing 10 mm HEPES (pH 7.9), 1.5 mm MgCl2,

3970 Endocrinology, September 2003, 144(9):3969–3976 Badger et al. • Alcohol Reduces CYP2C11

D
ow

nloaded from
 https://academ

ic.oup.com
/endo/article/144/9/3969/2502419 by guest on 16 August 2022



10 mm KCl, 1 mm dithiothreitol (DTT), and protease inhibitors. The
tissue was homogenized for 40 sec and centrifuged for 20 min at 11,000 �
g. The pellet was resuspended in 140 �l of extraction buffer containing
20 mm HEPES (pH 7.9), 1.5 mm MgCl2, 0.42 m NaCl, 0.2 mm EDTA, 25%
glycerol, 1 mm DTT, and protease inhibitors. Incubation occurred while
shaking for 30 min followed by centrifugation at 20,000 � g for 5 min
and snap-freezing of the supernatant.

EMSA

EMSAs were performed as described previously (27). Double-
stranded oligonucleotides were prepared by combining and heating
equimolar amounts of complementary single-stranded DNA to 95 C for
5 min in distilled water by cooling to room temperature overnight. The
annealed oligonucleotides were diluted to a concentration of 10 �m and
stored at �20 C. EMSA were carried out in 20 �l containing 100 mm KCl,
20 mm Tris-HCl (pH 8.0), 1.5 mm MgCl2, 1.0 mm DTT, 0.3 �g BSA, 7%
glycerol, and 1.5 �g of poly (deoxyinosine-deoxycytidine) (Roche Mo-
lecular Biochemicals, Indianapolis, IN). The nuclear extracts were pre-
incubated with poly (deoxyinosine-deoxycytidine) for 15 min on ice and
then 0.1 �g 32P-end-labeled oligonucleotides were added to the reactions
and incubated for another 15 min on ice after which 3 �l loading buffer
was added, and the samples were loaded on a 5% nondenaturing poly-
acrylamide gel (acrylamid:bisacrylamide � 39:1) in low ionic strength
Tris borate-EDTA. Serial amounts of nuclear extracts were tested in the
experiment; in each reaction, the idea concentration was 10 �g. For the
supershift experiment, 2 �l of rabbit antiserum was added to the reaction
and an additional 30 min of incubation was carried out.

Urine ethanol concentrations

Urine ethanol concentrations were measured as previously described
(25). Daily urine ethanol concentrations are excellent predictors of blood
ethanol concentrations.

Statistics

Student’s t test was used to determine whether group means
differed at P � 0.05.

Results

Chronic feeding of the ethanol-containing diet using TEN
resulted in the now well-characterized cyclic or pulsatile
urine concentrations (data not shown) (5, 24, 25). Urine eth-
anol concentrations have been shown to be excellent predic-
tors of blood ethanol concentrations (5). Daily urine ethanol
concentrations were monitored over the course of the study,
and ethanol pulses occurred about every 6 d with peak con-
centrations more than 400 mg/dl and nadir concentrations of
near zero. There was a 69% reduction (P � 0.005) of mean
levels of hepatic CYP2C11 mRNA and an 86% reduction (P �
0.005) in mean levels of hepatic microsomal CYP2C11 protein
in ethanol-treated rats as compared with control rats (Fig. 1).

FIG. 1. Northern and Western analysis of he-
patic microsomal CYP2C11: effects of ethanol.
Bar values are mean (� SEM) of arbitrary den-
sitometric units (ADU) expressed as percent-
ages relative to controls (n � 6/group). The upper
portion of each panel is a Northern blot (left) or
a Western blot (right) of two representative rats
per group. Control, Rats fed non-ethanol-
containing diet; EtOH, rats fed ethanol-contain-
ing diet for 21 d. Lanes 1 and 2, Control rats;
lanes 3 and 4, ethanol-fed rats. **, P � 0.005;
***, P � 0.0005.

FIG. 2. Western analysis of hepatic cytosolic
STAT5b and P-STAT5: effects of ethanol. Bars
represent mean (� SEM) of arbitrary densitomet-
ric units (ADU) following Western blot analysis.
Values are expressed as percentages relative to
controls for six rats per group. Upper portion of
each panel is a Western blot of two representa-
tive rats per group for STAT5b (left side) or P-
STAT5 (right side). Control, Rats fed a non-
ethanol-containing diet; EtOH, rats fed an
ethanol-containing diet. Lanes 1 and 2, Control
rats; lanes 3 and 4, ethanol-fed rats. *, P � 0.05;
**, P � 0.005.
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To determine whether this decrease in CYP2C11 was asso-
ciated with alterations in STAT5b, we conducted Western
immunoblot analyses of hepatic cytosols from the same rats.
Chronic ethanol feeding reduced the mean levels of hepatic
cytosolic STAT5b (Fig. 2, left side) by 45% (P � 0.005). A
similar Western analysis of P-STAT5 revealed an approxi-
mate 50% reduction (P � 0.05) in nuclear extracts of ethanol-
fed rats (Fig. 2, right side). There were no apparent effects on
the ratio of STAT5b and P-STAT5, suggesting that the phos-
phorylation process was not affected by ethanol intake.

To verify specificity of the STAT5b results, we conducted
an EMSA using rat hepatic nuclear extracts from control or
ethanol-fed rats, labeled CYP2C11-oligo, and antibodies di-
rected against the CYP2C11. The EMSA results demon-
strated the appearance of a greatly reduced (P � 0.05)
CYP2C11-STAT5b supershifted complex in ethanol-fed rats
as compared with control rats (Fig. 3, right side), a finding
consistent with reduced STAT5b levels. The nonsupershifted
STAT5b DNA complex in lane 1 of Fig. 3 is a smear of
multiple transcription factors bound to this element and this
is consistent with EMSA analysis of the response element on
the CYP2C11 promoter reported by Park and Waxman (22).
The supershift in lane 2 (Fig. 3) very closely resembles the
published supershifts of these investigators. Quantification
of EMSA supershifted bands (from n � 6 controls or ethanol-

fed rats) is shown on the left side of Fig. 3. Because phos-
phorylation activation of GHR-associated tyrosine kinase
JAK2 leads to further phosphorylation of cytosolic STAT
proteins, we conducted Western analyses to determine
whether the reduction in STAT5b was positively associated
with JAK2 and P-JAK2 levels. There was a 67% increase (P �
0.05) in the mean level of an approximate 130-kDa band
corresponding to the molecular weight of JAK2 (Fig. 4, left
side) and a 1.5-fold increase in the mean level of an approx-
imate 130-kDa band corresponding to P-JAK2 (Fig. 4, right
side) in hepatic microsomal fractions that contain the plas-
malemma. Thus, the STAT5b decrease was not associated
with reductions in either JAK2 or P-JAK2.

We studied immunoreactive GHR levels to determine
whether the mechanism by which ethanol reduced STAT5b
expression was related to lower GHR levels. Figure 5 demon-
strates that no differences existed in GHR levels in ethanol-
treated and control rats. The same antisera used to study GHR
has been employed to study phosphorylation of the GHR in
3T3-F442A cells following acute GH administration where the
levels are high (21). Our attempts to study phosphorylation of
the GHR using these same techniques were unsuccessful, prob-
ably due to the extremely low P-GHR concentrations in liver as
compared with acutely stimulated 3T3-F442A cells.

Because renal CYP2C11 is not regulated by GH in male rats

FIG. 3. Supershift of labeled CYP2C11 oligonu-
cleotide with antibodies directed against the
STAT5b. On the right side is the autoradiogram
of EMSA performed using rat hepatic nuclear
extracts from a control rat and the labeled
CYP2C11-oligo in the absence of antibodies
(lane 1) or the labeled CYP2C11-oligo in the
presence of anti-STAT5b (lane 2). Lane 3 used
rat hepatic nuclear extracts from an ethanol-fed
rat with labeled CYP2C11-oligo in the presence
of anti-STAT5b. On the left side, the bars rep-
resent the means (� SEM) of six rats per group.
Control, Rats fed a non-ethanol-containing diet;
EtOH, rats fed an ethanol-containing diet. **,
P � 0.005.

FIG. 4. Western analysis of hepatic cytosolic
JAK2 and P-JAK2: effects of ethanol. Bars rep-
resent mean (� SEM) of arbitrary densitometric
units (ADU) following Western blot analysis of
hepatic microsomes. Values are expressed as
percentages relative to controls for six rats per
group. Upper portion of each graph is the West-
ern blot of two representative rats per group for
JAK2 (left side) and P-JAK2 (right side). Con-
trol, Rats fed non-ethanol-containing diet;
EtOH, rats fed ethanol-containing diet. Lanes 1
and 2, Control rats; lanes 3 and 4, ethanol-fed
rats. *, P � 0.05; **, P � 0.005.
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(16), but is regulated by T, the expression of kidney CYP2C11,
STAT5b. P-STAT5b and JAK2 were also studied using the
same techniques as described for the liver. Samples from rats
fed ethanol had an approximate 80% reduction (P � 0.05)
each in CYP2C11 (Fig. 6), STAT5b (Fig. 7), and P-STAT5b
proteins (Fig. 8). Interestingly, however, renal JAK2 levels
were reduced (P � 0.05) by approximately 50% (Fig. 9). These
renal data are summarized in Table 1. Thus, there is a tissue-
specific effect of ethanol on JAK2, with ethanol increasing
JAK2/P-JAK2 in the liver and decreasing this protein in the
kidney.

Discussion

Alcohol consumption may represent the proverbial two-
edged sword, where on one edge there are health benefits
associated with low levels of alcohol intake, and on the other
edge are adverse health effects caused by chronic consump-
tion of high alcohol levels. The mechanisms by which alcohol
induces beneficial or adverse effects are essentially un-
known, but they are clearly related to a variety of factors such
as; alcohol dose, pattern of alcohol consumption, type of
alcoholic beverage, diet, nutritional status, chronicity, un-
derlying health conditions, exercise, and genetic predispo-
sition. It is also clear that many, if not all, of the endocrine
systems become involved at some point along the continuum
of chronic alcohol effects.

It is likely that at least some health effects of alcohol are
secondary to alcohol-induced changes in GH production or
secretion, and other effects are downstream from the GHR.
We have previously identified alterations in male rat GH
secretion and GH-mediated actions by ethanol in the TEN
model (4). We have also previously used hypophysectomy,

anti-GH serum, and GH replacement to study the major
ethanol inducible cytochrome P450, CYP2E1, and the GH-
regulated male-specific protein, CYP2C11 (16, 28). Collec-
tively, data from the above three studies demonstrate that
chronic ethanol intake reduces serum T concentrations and
alters GH secretion and that GH is important in regulating
expression of hepatic CYP2C11 and CYP2E1. We have also
learned that CYP2C11 regulation by hormones is tissue spe-
cific, with GH mediating some of the hepatic regulation on
CYP2C11 expression, whereas T (rather than GH) was found
to completely restore renal CYP2C11 to control levels (16, 28).

In the current study, we tested the hypothesis that chronic
ethanol intake inhibits the JAK2/STAT5b signal transduc-
tion pathway that is thought to mediate GH signaling from
the GHR to the CYP2C11 gene. The current results confirmed
our earlier findings that alcohol-fed rats have significantly
lower levels of hepatic CYP2C11 protein and mRNA, and
consistent with our hypothesis, we demonstrated significant
decreases in STAT5b. When combined with other published
data (4, 12, 13, 16, 29), these results add support to the
following scenario for the effects of ethanol on CYP2C11 in
the liver. Chronic ethanol intake causes demasculinization of
GH secretion. This leads to altered activation of GHR and
decreased STAT5b because the normal male pattern of GH
is necessary for activation of the GHR and subsequent main-
tenance of STAT5b levels. The low mean level of STAT5b
observed in the male rats of this study is similar to that
observed in female animals (30) and consistent with the
altered GH pulse pattern from the typical male profile to-
ward a female-like pulse pattern (4). The decreased STAT5b
levels would be expected to lead to a reduced expression of

FIG. 5. Western analysis of hepatic GHR: effects of ethanol. Upper
portion of the graph is the Western blot of four representative rats per
group for GHR. Control, Rats fed a non-ethanol-containing diet;
EtOH, rats fed an ethanol-containing diet. Bars represent mean
(�SEM) of arbitrary densitometric units (ADU) is (n � 4) following
Western blot analysis of hepatic microsomes. Values are expressed as
percentages relative to controls for four rats per group.

FIG. 6. Western analysis of renal microsomal CYP2C11: effects of
ethanol. Bar represent means (�SEM) of arbitrary densitometric units
(ADU) expressed as percentages relative to controls (n � 6/group).
The upper portion is a Western blot of two representative rats per
group. Control, Rats fed a non-ethanol-containing diet; EtOH, rats fed
an ethanol-containing diet for 21 d. Lanes 1 and 2, Control rats; lanes
3 and 4, ethanol-fed rats. *, P � 0.05.
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CYP2C11. Although these results suggest that ethanol is
impairing CYP2C11 expression by altered pulsatile GH sig-
nal to the GHR, proof of this awaits the results from studies
of CYP2C11 expression in hypophysectomized rats in which

pulsatile GH replacement is given in the presence or absence
of ethanol feeding.

One might expect that if ethanol inhibits GH-mediated
hepatic gene expression through an inhibitory action on the
JAK2/STAT5b pathway similar to that of the prolactin JAK/
STAT pathway (17), P-JAK2 levels would be decreased in the
current study. We found, however, that decreased P-STAT5b
levels were not linked to lowered P-JAK2 in the liver but
were linked to a decrease in STAT5b protein. Because the
ratio of STAT5b to P-STAT5b in control and ethanol-fed rats
did not differ, we conclude that chronic ethanol intake does
not affect phosphorylation of STAT5b, but rather reduces the
level of the STAT5b protein. This could occur through inhi-
bition of STAT5b protein synthesis, increases in protein deg-
radation, or decreased mRNA abundance; but it seems clear
that is not due to reductions in JAK2. Because GH stimulates
STAT5b phosphorylation and there were no effects of eth-
anol on the ratio of STAT5b/P-STAT5b, the ethanol effects on
STAT5b may be due to mechanisms other than alterations in
GH secretion. Studies are ongoing to determine the mech-
anisms underlying the reduced STAT5b levels.

Interestingly, renal CYP2C11, which has been shown to be
regulated by T but not by GH (16), was reduced in rats fed
chronic ethanol; this down-regulation was accompanied by
decreases in JAK2, STAT5b, and P-STAT5b, as well as re-
duced serum T concentrations. We surmise that the mech-
anism by which ethanol reduces renal CYP2C11 is through
T deficiency, perhaps via cross-talk with the JAK/STAT sys-
tem. Alternatively, the changes in the renal JAK/STAT path-
way relative to CYP2C11 expression may not be linked.

FIG. 7. Western analysis of renal cytosolic JAK2: effects of ethanol.
Bars represent means (�SEM) of arbitrary densitometric units (ADU)
expressed as percentages relative to controls (n � 6 rats/group). The
upper portion is a Western blot of two representative rats per group.
Control, Rats fed a non-ethanol-containing diet; EtOH, rats fed an
ethanol-containing diet for 21 d. Lanes 1 and 2, Control rats; lanes 3
and 4, ethanol-fed rats. *, P � 0.05.

FIG. 8. Western analysis of renal cytosolic STAT5b: effects of ethanol.
Bars represent means (� SEM) of arbitrary densitometric units (ADU)
expressed as percentages relative to controls (n � 6 rats/group). The
upper portion is a Western blot of two representative rats per group.
Control, Rats fed a non-ethanol-containing diet; EtOH, rats fed an
ethanol-containing diet for 21 d. Lanes 1 and 2, Control rats; lanes 3
and 4 are ethanol-fed rats. *, P � 0.05.

FIG. 9. Western analysis of renal cytosolic P-STAT5b: effects of eth-
anol. Bars represent means (�SEM) of arbitrary densitometric units
(ADU) expressed as percentages relative to controls (n � 6 rats/
group). The upper portion is a Western blot of two representative rats
per group. Control, Rats fed a non-ethanol-containing diet; EtOH, rats
fed an ethanol-containing diet for 21 d. Lanes 1 and 2 are control
rats and lanes 3 and 4 are ethanol-fed rats. *, P � 0.05.
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Unraveling these complex interactions awaits future hor-
mone replacement studies.

Because chronic ethanol intake alters concentrations of
several hormones, cytokines, ILs, and other potential ligands
for cell surface receptors that associate with one or more
JAK2-mediated signal transduction pathways, it should not
be surprising that hepatic JAK2 levels increased in the cur-
rent study. But the increased P-JAK2 levels were not asso-
ciated with increased phosphorylation of STAT5b in this
study. This may indicate that phosphorylation of STAT5b is
at a maximal level and cannot be induced further. On the
other hand, because the liver samples studied in this exper-
iment were composed of many cell types, the increased JAK2
levels could reflect increases in expression in cell types other
than hepatocytes, and thus not be linked to the GHR-JAK2-
STAT5b pathway in hepatocytes. Alternatively, GH-medi-
ated phosphorylation of STAT5b may differ in the presence
of ethanol, similar to that shown previously in studies on
PRL in Nb2 cells where a clear dissociation between JAK2
and STAT5 activation has been demonstrated (31). Ethanol
induced apparent uncoupling of the hepatic IL-6-activated
JAK/STAT3 phosphorylation in freshly isolated hepatocytes
(19). In fact, as compared with controls, ethanol-treated cells
had greater JAK1 and Tyk2 levels in the presence of IL-6,
whereas, ethanol treatment in the absence of IL-6 had no
effect. Similarly, ethanol did not inhibit leptin-induced JAK2
phosphorylation in Huh7 cells cotransfected with the splice
isoform of the leptin receptor gene (OBRb) cDNA and JAK2
cDNA (20). Thus, whereas some in vitro studies have shown
ethanol inhibition of JAK2, others have not. Results from the
current study suggest that in vivo ethanol intake reduces
STAT5b levels and decreases CYP2C11 in the liver without
inhibition of JAK2 signaling. Similarly, ethanol has been
reported to reduce hepatic IGF-1 levels in mice that overex-
press GH, suggesting ethanol inhibitory effects on GH sig-
naling downstream from the GHR (32). This is important
because it may point to possible signal transduction effects
downstream from plasma receptors and may provide an
explanation for the hepatic JAK2/STAT5b dissociation in the
present study.

Lastly, our kidney data demonstrate that ethanol inhibits
renal CYP2C11 expression. However, the relative roles of
decreased T and down-regulation of JAK/STAT signaling in
this process remains to be determined.
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