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Introduction

Within the first week of partial surgical4,5,7 or chemically
induced6 hepatectomy the rat liver starts to reorganize its
normal histological structure; after the third week the
regenerated and the original livers are practically indistin-
guishable. Different growth factors and cytokines are
involved in the regulation of this regeneratory process. The
role of interleukin-6 (IL-6) in hepatic regeneration is also
obvious, since in IL-6 gene-targeted mice the rate of regene-
ration is markedly slowed down and can be re-accelerated
again by exogenously added IL-6.4 Moreover, NFκB induc-
ing cytokines (such as IL-1 and tumor necrosis factor, TNF)

Received: Dec 15, 1998; accepted: Febr 27, 1999
Correspondance: prof. András FALUS, Department of Genetics,
Cell- and Immunobiology, Semmelweis University of Medicine;
Budapest, Nagyvárad tér 4, Hungary tel: (36)-1-210-2929, fax:
(36)-1-303-6968, e-mail: faland@net.sote.hu
This work was performed by the support of following grants: Hun-
garian Academy of Sciences No. 92/2-441, 3,3/48, Ministry of
Education No. 90, Semmelweis Grant, 1996 and AKP 92/2-441

In rats within the first week of partial hepatectomy
reconstruction of the normal histological structure
of the liver already starts. To approach the possible
role of endogenous glucocorticoids in the process
of regeneration we measured the changes in the
expression of steroid glucocorticoid receptor gene
after various regeneration intervals. After partial
hepatectomy, between 0.5–168 hours from the sur-
gery, the gene expression (mRNA) of glucocorticoid
receptor was determined by reverse transcription
followed by PCR and normalized to that of glyce-
rolphoshate dehydrogenase. Two peaks of gluco-
corticoid receptor mRNA were detected first, bet-

ween 3 and 6 hours (first peak) and a second bet-
ween 24 and 36 hours. Immunoreactive glucocorti-
coid receptor was detected by immunohistochem-
istry using monoclonal anti-glucocorticoid recep-
tor. Three days after the surgery immunohisto-
chemical studies showed substantially more immu-
noreactive GcR protein in the regenerated liver
than in the controls. These semiquantitative data
provide evidence suggesting elevation of glucocor-
ticoid receptor expression during regeneration of
liver at mRNA and protein levels. (Pathology Onco-
logy Research Vol 5, No 2, 107–109, 1999)
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by preventing apoptosis seem to enhance and maintain
regeneration in liver.8

We the have previously shown that some of the inflam-
matory cytokines (IL-6, IL-1, TNF) increase the number of
glucocorticoid binding sites in hepatic cells in vitro.13 The
regeneration process may change receptor expression as
demonstrated earlier by increased availability of hepatic
insulin receptor during liver-regeneration in rats.5

In our present experiment we monitored the rate of glu-
cocorticoid receptor expression in regenerating rat liver by
molecular biological and immunohistochemical assays. 

Materials and Methods

Animals and hepatectomy

Home-bred 3 month old Wistar male and female rats were
used according to criteria outlined in “Guide for the Care
and Use of Laboratory Animals”. A partial (two thirds) sur-
gical hepatectomy7 was performed between of 9 and 12 a.m.
A small subxyphoid incision was made under ether anesthe-
sia, the left and median (the two big) lobes of the liver were



removed, then the incision was sutured. After various inter-
vals (0, 0.5, 1, 3, 6, 12, 24, 36, 72, 120 hours after surgery)
the animals were sacrifized and the liver remnant was per-
fused with sterile cold 0.9 % NaCl solution through the por-
tal vein and placed in ice-cooled plates. For control purpos-
es, sham operated rats were used.

RNA isolation and reverse transcriptase polymerase chain
reaction (RT-PCR)

After homogenization total cellular RNA was isolated fol-
lowing the guanidin-isotiocyanate/phenol method.3 From the
isolated RNAs, RT-PCR was performed (the incubation mix-
ture for RT was: MgCl2 2,5 mM, dNTP 10 mM, RNase inhi-
bitor 20 U/µl, MULV reverse transcriptase 25 U (Promega),
oligo dT 50 uM (Promega). For PCR the incubation mixture
was the same as that for RT, except that Taq polymerase (Pro-
mega) was included, and specific GcR primers9 (sense: 5’
GGG TAA TTA AGC AAG AGA AAC TGG G 3’, antisen-
se: 5’ TGG AGG AGA GCT TAC ATC TGG TCT C 3’) we-
re used instead of oligodT. The cycle conditions for RT were
42oC 20 min, 100oC 10 min for PCR 94oC 4 min and 30 cyc-
les; 95oC 0.5 min, 65oC 1 min, 72oC 1 min, then 72oC 5 min).

Using the same mRNA and cDNA samples RT-PCR
mRNA of an internal control, glycerolphosphate dehydro-
genase (GAPDH) (sense: 5’ GGT ATC GTG GAA GGA
CTC AT 3’, antisense 5’ ACC ACC TGG TGC TCA GTG
TA 3’) has been determined,1 as well. After electrophoresis
the RT-PCR bands were scanned and densitometric analysis
was performed by Image Quant program. The densitomet-
ric values of GcR cDNA were normalized to those of
GAPDH. This value provides a semiquantitative estimation
of relative changes in GcR gene expression.

Immunohistochemical detection of glucocorticoid receptors

Immunohistochemical tests were carried out using intact
remnants: perfusion made use of sucrose as the cryoprotec-
tive material, the liver-tissue was fresh-frozen, and cut in
the cryostat. We used directly FITC labeled mouse mono-
clonal GcR antibody. The antibody was raised2 against a
peptide (27 amino acid motive) of human GcR; however,
due to its phylogenic conservative feature it cross reacts
with its rat counterpart.

Results 

Macromorphological changes in liver regeneration are
already visible within 24 hours of surgery: seven days after
partial hepatectomy the liver remnants have almost
regained the original tissue-properties (not shown). Our
semiquantitative RT-PCR studies (Table 1) demonstrated,
that the expression of the GcR-gene (normalized to glyce-
rolphoshate dehydrogenase mRNA, GAPDH) is time

dependent and indicates two peaks. The first peak of gene
expression of the GcR-gene appears between 3 and 6 hours,
the second one is between 24–36 hours, then the relative
value rapidly declines at 72 hours following surgery. Com-
parison to the house-keeping glycerolphosphate dehydroge-
nase gene indicates that these changes of GcR gene expres-
sion are relevant in regenerating hepatic tissue. 

Immunohistochemical analysis (Figure 1) demonstrates
the major quantity of the GcRs at 72 hours found in the
cytoplasm of hepatocytes. Before three days (at 24 and 48
hours) we failed to detect similar strong reactions in regen-
erating liver tissues (not shown).

Discussion

Clarification of the molecular mechanism and hepatic
regeneration may contribute towards the development of a
therapy for liver lesions, carcinoma, viral- and of autoim-
mune liver-diseases as well as alcohol-related damage. One
can speculate, that endogenous glucocorticoid might be one
of the multiple factors regulating the complex procedure of
liver regeneration. Therefore, molecular regulation and
changes in the expression of hepatic GcR, an important ele-
ment of the glucocorticoid sensitivity might influence the
actual effectiveness of endogenously available glucocorti-
coids during regeneration. This effect could be both direct,
through the regulation of hepatocyte proliferation and also
indirect to modulate the local production of many cytokines
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Table 1. Relative amount of glucocorticoid receptor (GcR)
and glycerolphosphate dehydrogenase (GAPDH) mRNA
during liver regeneration of rats

0 1343±134 1914±132 0.6076
1 2874±199 1891±145 1.5198
3 4788±221 1821±149 2.6293**
6 3356±359 1885±201 1.7803

12 4434±339 2512±198 1.7651
24 4897±501 1679±156 2.916**
36 3456±401 1771±187 1.9514
72 2567±299 2976±231 0.8625

120 2287±198 1944±241 1.1764
168 2004±227 2431±178 0.8243

PCR bands corresponding to reverse transcribed GcR and
GAPDH mRNA were scanned and analysed by densitometry
(Image Quant) (results in Table 1 correspond to mean ± sem
of four experiments). ** p< 0.05 (Student t probe). 
For details see Materials and Methods.
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and expression of cytokine receptors. Since IL-6 elevates
glucocorticoid binding in hepatocytes,13 and vice versa glu-
cocorticoids elevate the expression of IL-6 receptors on
hepatocytes11 a further link between cytokines and gluco-
corticoid metabolism in liver can be suggested. The recent-
ly recognized molecular association and “asymmetric”
functional interaction between the Stat5 transcriptional fac-
tor and glucocorticoid receptor12 also provides new hints for
the role of various cytokines in down- and up-regulation of
glucocorticoid receptor expression and function.

Our data showing upregulation of GcR mRNA and
immunoreactive GcR in regenerating liver was confirmed
by earlier experiments10 demonstrating increase in the
inducibility by dexamethasone of the activity of hepatic
enzymes tyrosine aminotransferase and tryptophan oxyge-
nase in regenerating rat liver after partial hepatectomy.
Other receptor binding results using labelled dexametha-
sone in our laboratory (not shown here) provide preliminary
evidences that during regeneration not only GcR mRNA
and protein, but the number of functionally active (dexa-
methasone binding) GcR also increases. 

The second peak of GcR mRNA (around 24 h) largely
precedes the visible elevation (at 72 h) of immunoreactive
GcR, this time we have no explanation why there is no clear
concordance in these results, more data on the regulation of
translation and catabolic processes of GcR in rat hepato-
cytes required. Our monoclonal antibody2 however stains
only cytoplasmic GcR. Confirmation of the functional rele-
vance of endogenous glucocorticoids in hepatic regenera-
tion process need further direct experimental evidence.

Acknowledgement

The authors acknowledge the skilled technical help of Andrea
Kovács and Dr. Ágnes Gonda as well for critical reading by Harvey
Shenker. 

References

1.² Apostolakos MJ, Schuermann WH, Frampton MW, et al: Measu-
rement of gene expression by multiplex competitive polymerase
chain reaction. Anal Biochem 213:277-284, 1993.

2.² Berki T, Kumánovics G, Kumánovics A, et al: Production and flow
cytometric application of a monoclonal anti-glucocorticoid receptor
antibody. J Immun Meth 214:19-27, 1998.

3.² Chomczynski P, Sacchi N: Single-step method of RNA isolation by
acid guanidium thyocyanate-phenol-chloroform extraction. Anal
Biochem 162:156-159, 1987.

4.² Cressman DE, Greenbaum LE, DeAngelis RA, et al: Liver failure
and defective hepatocyte regeneration in interleukin-6-deficient
mice. Science 274:1379-1383, 1996.

5.² Dobozy O, Csaba G, Inczefi-Gonda Á, et al: Impact of a single in-
sulin treatment (imprinting) applied during liver regeneration on
hepatic insulin receptor development, blood glucose level and liver
function parameters in adult rats. Acta Phys Hung 79:331-338,
1992.

6.² Golding M, Sarraf CE, Lalani EN, et al: Oval cell differentiation
into hepatocytes in the acetylaminofluorene-treated regenerating rat
liver. Hepatology 4 Pt 1:1243-1253, 1995.

7.² Higgins GM, Anderson RM. Experimental pathology of the liver: I.
Restoration of the liver of the white rat following partial surgical
removal. Arch Pathol, 12:186-202, 1931.

8.² Iimuro Y, Nishiura T, Hellerbrand C, et al: NFkappaB prevents
apoptosis and liver dysfunction during liver regeneration. J Clin
Invest 101:802-811, 1998.

9.² Lau EC, Li ZQ, Santos V, et al: Messenger RNA phenotyping for
semi-quantitative comparison of glucocorticoid receptor transcript
levels in the developing embryonic mouse palate. J Steroid
Biochem Mol Biol 46:751-758, 1993.

10.² Okamoto K, Isohashi F, Tsukanaka K, et al: Alteration in the
inducibility by dexamethasone of the activity of tyrosine amino-
transferase and tryptophan oxygenase in regenerating rat liver after
partial hepatectomy. Endocrinology 112:336-340, 1983.

11.² Snyers L, De Wit L, Content J: Glucocorticoid up-regulation of high
affinity interleukin-6 receptors on human epithelial cells. Proc Natl
Acad Sci USA 87:2838-2842, 1991.

12.² Stöcklin E, Wissler M, Gouilleux F, et al: Functional interactions
between Stat5 and the glucocorticoid receptor. Nature 383:726-
728, 1996.

13.² Rakasz E, Gal A, Biró J, et al: Modulation of glucocorticosteroid
binding in human lymphoid, monocytoid and hepatoma cell lines
by inflammatory cytokines interleukin (IL)-1, IL-6 and tumor
necrosis factor (TNF) Scand. J.Immunology, 37:684-689, 1993.

109Glucocorticoid Receptors in Liver Regeneration

Vol 5, No 2, 1999

Figure 1. Immunohistochemical localization of glucocorticoid
receptors in the sham operated control (A) and in 72-hours
regenerating (B) rat liver using FITC labeled monoclonal
mouse antibodies raised against human glucocorticoid receptor
(for details see Materials and Methods). X750.
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