ISSN 1993-6842. Biopolymers and cell. 2009. vol. 25. N 2. Translated from Ukrainian

IFNo and protein kinase R during regeneration of rat
liver after partial hepatectomy
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The paper is devoted to validation of our hypothesis concerning an obligatory involvement of innate immune
response in a liver transition from quiescence to proliferation. Our research is focused on the expression of
IFNo, its receptor (first subunit) and its target — protein kinase R (PKR) during first 12 hours after
regenerative stimulus. Two models were used — rat liver after partial hepatectomy (PHE) and after
laparatomy, that imitate transition of inactive liver cells to proliferation and acute phase response as a
component of liver response to PHE, cor- respondingly. After PHE a short-term increase in IFNo
expression is revealed in Kupffer cells. In hepatocytes PKR — mRNA up-regulation takes place, followed by
an increase in IFNa. — mRNA production. Taking into account the dual function of PKR as a target and
inducer of IFNa, we suggest that secretion of IFNa by Kupffer cells leads to the activation of PKR gene
expression in hepatocytes, in which the product of PKR gene in its turn provokes an increase in the IFNo
gene expression. After laparatomy the IFNo. expression is down-regulated in Kupffer cells and hepatocytes.
The expression of PKR — gene is opposite to that, observed after PHE — the level of PKR-RNA decreases in
hepatocytes and transiently increases in Kupffer cells. PKR protein is detected in nuclei and cytoplasm in
hepatocytes in intact liver and liver after laparatomy while it is concentrated in cytoplasm after 6 hours
post-PHE, releasing nuclei from antigen. The expression of all investigated genes is cell-specific. It reveals
respectively the activation and inhibition of IFNa. system that is characteristic of the liver restoration and
acute phase reaction.
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Introduction. Liver regeneration after mechanical or  restoration of organ’s mass and function. Our previous
toxic injury is a complex multi-component process, study has revealed for the first time that the synthesis of
which is regulated in time and space and leads to the interferon alpha (IFNa) increases at the early stage of

liver regeneration [1]. This fact, in concordance with
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the activation of complement system [2], points to the
essential role of innate immunity in the triggering of
liver regeneration.

The aim of this study was to unravel the specific in-
volvement of hepatocytes and sessile macrophages,
Kupffer cells, in IFNa and IFNoa-mediated gene ex-
pression after partial hepatecomy (PHE) and
laparatomy as the respective models of liver transition
from quiescence to proliferation and acute phase re-
sponse. The latter is a component of liver response for
PHE and serves as a control. The research was carried
out during the first 12 hours after both operations,
which correspond and embrace transitional and
prereplicative periods of the first cell cycle in
hepatocytes after PHE.

The hepatocytes are mainly responsible for the
work of “biochemical factory” of the body and the
Kupffer cells - for the synthesis of multiple regulatory
molecules including cytokines and eicosanoids [3]. We
focused our investigation on the genes that encode
IFNo, IFNa-regulated protein kinase R (PKR), and
gene that encodes the first chain of IFNa receptor
(IFNAR1), as indispensable mediator in signal
transduction from IFNa to PKR promoter.

PKR (EC 2.7.11.1) is encoded by a single gene
copy in 6ql1 locus of the 6th chromosome in rat ge-
nome. The promoter of PKR gene contains a putative
interferon-stimulated response element (ISRE) with a
similarity score of 0.77 to ISRE-matrix, as ascertained
by COTRASIF program [5]. Therefore, PKR gene ex-
pression can be induced by IFNa. Reciprocally, PKR
protein mediates the induction of /F'N gene expression
[4]. The PKR enzyme possesses dual specificity, as
serine/threonine kinase with protein substrates and
thyrosine kinase in autophosphorylation [4]. PKR,
originally inactive, may be activated by dou-
ble-stranded RNA, intracellular proteins like
PACT/RAX, and 5'-untranslated regions of several
messenger RNAs. The resulting autophosphorylation
is indispensible for the enzymatic activity. In addition
to the kinase activity, PKR acts as an adaptor for some
intracellular proteins. It regulates translation and
intracellular signal transduction that points to its ability
to essentially amplify the inducer signal, particularly
that from IFNa [4].
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Materials and Methods. The research was carried
out on female nonlinear rats (200-250g). Operations of
PHE and LAP were conducted according to the stan-
dard procedure under ether anesthesia [6]. Hepatocytes
and Kupffer cells were isolated by the modified method
of Berry and Friend in 1, 3, 6 and 12 hours after both
operations using anesthesia by ketamine and xylasine
[7]. Gene expression was assessed at mRNA level by
quantitative reverse transcriptase - polymerase chain
reaction in real time (QRT-PCR). RNA was isolated by
standard Chomczynski method [8]. RN A samples were
subjected to DNAse treatment, followed by reverse
transcription with random hexamer primers [9]. Primer
design for PCR and verification of their quality were
described previously [1]. To construct standard curve
for qRT-PCR the specific amplicons were produced,
purified and used for calibration either directly or being
cloned into vector DNA.

The expression of PKR-gene at the protein level
was assessed by Western-blot analysis with polyclonal
anti-rat antibodies (Sigma-Aldrich, Germany). The re-
sults were normalized to the total protein load after
Ponseau S staining and subsequent densitometry. The
localization of the PKR protein in the liver was de-
tected by standard immunohistochemical procedure
with polyclonal anti-rat antibodies (Sigma-Aldrich,
Germany).

The time-dependent level of the PKR protein in re-
sponse to PHE was compared to its level in cultivated
hepatocytes subjected to IFNa treatment during corre-
sponding time. After isolation the hepatocytes were
cultivated for 24 hours in Williams’ medium E
(Sigma-Aldrich, Germany) without serum, the medium
was changed for the same one with an addition of the
rat recombinant [FNa (Sigma-Aldrich, Germany) to
the final concentration of 250 units/ml or without it.
The cells were incubated for 3, 6 and 12 hours. After-
wards the cells were washed with PBS, RNA was ex-
tracted with Trizol (Qiagen, USA) and qRT-PCR was
carried out as described above.

Results and discussion. 7he levels of IFNo-,
IFNARI- and PKR-specific mRNAs in Kupffer cells
and hepatocytes after PHE and LAP. As it is shown in
Fig. 1a, the definite content of IFNa-specific mRNA is
detected in Kupffer cells isolated from quiescent liver.
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Fig.1. The level of mRNAs in Kupffer cells (a) and hepatocytes (b), isolated from regenerating rat liver./ — IFNa; 2 — IFNARI; 3 — PKR
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Fig.2. The level of mRNAs in Kupffer cells (a) and hepatocytes (b), isolated from rat liver after laparatomyi: / —IFNa; 2—IFNAR/; 3—PKR

It substantially increases immediately after operation
and returns to the initial level thereafter.

It is known that Kupffer cells in quiescent rat liver
are in the primed state even when obtained from
germ-free rats. It means that they produce IFNa at a
low level being not activated and thus do not require
like e.g. mouse macrophages the two-stage activation.
They need only an elicitor to become fully active [10].
Induced by PHE rapid up-regulation of initially low
IFNo expression in Kupffer cells illustrates this
statement.

As we have shown previously with a biological test
the production of IFNa protein increases at the first
hours after PHE in the whole liver [ 11] and corresponds

to the up-regulation of IFNo mRNA in this study. We
presume that initially synthesized by Kupffer cells
IFNa is secreted. It binds to cognitive receptors partic-
ularly on Kupffer cells and hepatocytes in autocrine
and paracrine manner correspondingly, and transmits
the signal inside the cells.

It is highly probable that IFNa, as a typical inducer
of PKR gene, causes substantial increase of PKR-spe-
cific mRNA in hepatocytes and small fluctuation in
Kupffer cells that are observed in this study (Fig. 1a, b).
To find out to what extent the increase in PKR-specific
mRNA in hepatocytes may be caused by the IFNa ac-
tion, we cultivated the primary hepatocytes in the pres-
ence and absence of IFNa for 3, 6 and 12 h. The content
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of PKR-specific mRNA in cultivated hepatocytes in-
creases under IFNa treatment, reaches its maximum to
6 h and returns to the initial level to 12 h of incubation.
It does not change noticeably in the cells not treated
with IFNa (data not shown). We assume that after PHE
besides IFNa other agents - most likely signals from
Toll-like receptors [4] - may support more prolonged
up-regulation of the PKR expression in hepatocytes.

PHE induces also the up-regulation of /FNa- and
IFNARI- genes expression in hepatocytes but both are
less pronounced than that of PKR-gene. The elevation
of IFNa-specific mRNA content in hepatocytes may be
partly explained by putative activity of PKR protein
that can stimulate IFNo transcription via signaling
pathways [4]. The increase of /FNARI- mRNA content
in hepatocytes may be connected with the increased
turnover of IFNAR1-receptor due to the binding of ele-
vated amount of IFNa,, receptor internalization with its
subsequent degradation [12].

The expression of the investigated genes after LAP
substantially differs from that after PHE. The content of
IFNa mRNA dramatically declines in Kupffer cells and
slightly declines in hepatocytes (Fig.2 a, b). These data
are in accordance with the decrease in content of IFNa
protein previously revealed by biological testing [11].

The liver response to the injury of abdomen wall
and peritoneum is a significant part of a systemic re-
sponse or acute phase reaction to any kind of injury. At
the same time it is a component of a liver response to
PHE that includes a local and systemic response to the
injury and adaptive response leading to the restoration
of liver mass and function. The dramatic down-regula-
tion of /FFNa. gene expression after LAP gives a clue to
consider it as a negative regulator of acute phase reac-
tion and emphasizes the importance of /FNo. up-regu-
lation in response to PHE.

After LAP the level of IFNAR1 mRNA decreases
in Kupffer cells and does not undergo substantial
changes in hepatocytes. These data correspond to the
down-regulated expression of /FFNa.. The level of PKR
mRNA temporarily increases in Kupffer cells while it
decreases and returns to the initial level in hepatocytes
12 h after operation (Fig.2). An effector of the negative
regulation of PKR expression after LAP is unknown.

Content and subcellular localization of PKR pro-
tein in liver cells after PHE and laparatomy. Western
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blot analysis has revealed that PHE induces the up-reg-
ulation of total PKR in Kupffer cells in 3h after opera-
tion that is simultaneous with the up-regulation of PKR
mRNA. The level of PKR protein in hepatocytes after
both operation and in Kupffer cells after LAP does not
change significantly. In contrast to nearly pertinent
amount of the PKR protein after both operations its
intracellular distribution is not similar (data are not pre-
sented). According to the immunohistochemical analy-
sis, the PKR protein is detected in hepatocytes of intact
rats as dispersed staining nearly equally distributed be-
tween nuclei and cytoplasm that correlates with exist-
ing information about protein compartmentalization in
the cells [13]. In Kupffer cells PKR is detected in the
form of intensively brown granules. After laparatomy
the protein distribution between the nuclei and cyto-
plasm in hepatocytes does not change substantially.
However, at 6 h after PHE the nuclei are nearly com-
pletely free from the protein while cytoplasm contains
the major amount of it. At 12 h after PHE the initial
compartmentalization of PKR is restored.

According to the existing data, the PKR protein
may interact with 40S subunit of ribosomes and regu-
late the process of translation by phosphorylation of
eukaryotic initiation ~ factor  2a (elF2a).
Phosphorylated elF2a partially inhibits the mRNA
translation and changes the profile of translated RNAs
[4]. Therefore, the transient accumulation of PKR in
the cytoplasm may be an important event in the devel-
opment of regenerative process and provides a chal-
lenge for  further  investigation. Besides
phosphorylation of e[F2a,, PKR may interact with dif-
ferent adaptor proteins and thus interfere in different
signaling pathways [4].

Conclusions. For the first time we have shown that
the IFNa gene expression is up-regulated at the early
steps of liver regeneration induced by PHE. Kupffer
cells and hepatocytes are involved in this process in the
given order. In hepatocytes the expression of PKR, the
target gene of /F'Na., is up-regulated at the background
of less manifested increase in the /FFNARI expression.
The up-regulation of PKR expression in Kupffer cells
in 3h after PHE is supported by similar changes at the
protein level at the background of slight fluctuations of
IFNARI expression. The PKR protein initially equally
distributed between nuclei and cytoplasm is temporally
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redistributed after PHE with the majority of the protein
in cytoplasm. In contrast to PHE LAP induces dramatic
decrease in content of [FNa-specific mRNA in Kupffer
cells and slight decrease in hepatocytes. The content of
PKR mRNA in hepatocytes is down-regulated with the
minimal value in between 1 and 6h postoperatively.
The content of PKR protein in Kupffer cells and
hepatocytes is slightly fluctuates and the initial nearly
equal distribution between nuclei and cytoplasm re-
tains. Taking into account the opposite changes of
IFNa. expression after PHE and LAP inducing the tran-
sition of liver cells from quiescence to proliferation and
acute phase response, respectively, we suggest that the
IFNo plays a special role in the triggering of
regenerative process.

This research was supported by STCU grant #
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IaTepdepon a ta mporeinkinasza P y mporeci BiTHOBICHHS TEYiHKH

LIYPIB MiCJIs YaCTKOBOT rernaTeKToMil

Pesrome

Iicns wacmrosoi cenamexmonmii (4YI'E) y knimunax Kyngpepa cnoc-
mepizacmuvcsa KOPpOMKOUAcHe supadicene 3poCmanns excnpecii 2ena
I®Ha, a 6 ecenamoyumax — nioguwenns piens PHK npomeinkinazu
P (IIKP), 3a axum 30inbuiyemoca emicm IOHa-PHK. Jlanapamomis
cnpuvunse 6 knimunax Kyngepa ma eenamoyumax cmpimke 3nu-
orcenns konyenmpayii IOHo-PHK. Bmicm mPHK IIKP nicas one-
payii smenwyemscs. binox IIKP eu- sunauaemuvcsa 6 aopax i
Yumonaazmi eenamoyumis 8 IHMaKmuiiu nevinyi ma newinyi nicis
YI'E i nanapamomii 8 yci 00caioxncysani cmpoku, okpim 6 200 nicis
YI'E, konu 6in npucymuitl y yumonaazmi i Mavoice ne Us8IAEMuCsly
A0pi. Excnpecis 0ocnioacyeanux eenis y Kiimunax 0060x munie mae
supasicenutl KIiMuHocneyuivHull xapakmep i ciOuUmMs NPo aKmu-
eayito ma iHeibyeanns cucmemu [IOPHo 6idnosiono 6 npoyeci
6i0HO061eHHs newinku nicas Y1TE ma peakyii 2cocmpoi ¢pazu nicas na-
napamomii.

Kniouosi cnosa: inmepgepon o, npomeinxinasza P, pecenepayis
nevinKu.

M. M. Ilepeneniox, A. B. Kyxnun, A. B. lllepoa, b. T. Toxosenxko,
H. B. Makozon, A. I'oznep, C. lllane, M. 0. Oborencrasn

WnTtepdepon o u nporenHknHasza P B mporecce BOCCTaHOBIICHUS

TI€YCHU KPBIC ITOCIIC YAaCTUYHOM TenaTdKTOMUM

Pesrome

Hocne wacmuunoii eenamsxkmomuu (413) 6 xnemrax Kyngghepa
Habao0aemcs: KpamKko8pPEMeHHbII GbIPANCEHbIL NOObEM IKCHPec-

cuu eena UOHa, a ¢ cenamoyumax nosviuaemcs koauvecmeo PHK
npomeunxunaswl (IIKP), 6cied 3a uem sospacmaem yposens UDOH
o-PHK. Jlanapamomus é kniemxax Kynggpepa u eenamoyumax npu-
600um K peskomy cHudxcenuio cooepaxcanus UOHo-PHK. Peaxyus
IIKP na onepayuio saensemcsi npomu8ONOIOHCHOU MAKOBOU HA
YI'D. Fenox I[IKP onpedensiemcs 6 A0pax u yumoniasme 2enamoyi-
Mo6 6 UHMAKMHOU NeYeHU U neyeHy nocie 1anapamomuu 60 6ce uc-
crnedoganHvle cpoku, kpome 6 uy nocie HI'D, xkoeda om npucym-
cmeyem 6 yumonaasme u ne 8blAeusemcs 6 sope. IKchpeccus uc-
Ccr1edyeMblX 2eH08 8 KIemKax 000ux munos umeem GulpadiceHHblil
KiemouHocneyuguieckuil xapakmep u ceuoemenbcmeyem 06 ax-
musayuu u uneubuposanuu cucmemvl H®Ho coomeemcmeenno 6
npoyecce 60cCMan08IeHUs NeveHu U peakyuu ocmpoul hpazvl nocie
aanapamomuu.

Kuwouesvie crosa: unmepghepon o, npomeunxkunasza P, pecene-
payus nevenu.
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