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LEVELS OF RNA FOR TNF-a
AND RECEPTORS DURING THE PREREPLICATIVE
PERIOD OF LIVER REGENERATION

"During the prereplicalive period of liver regeneration the changes of the mRNA con-
-tents for tumor necrosis factor-o (TNF-o) and ils recepiors were examined in total
liver  RNA with the help of reverse transcriptase-polymerase chain reaction (RT-PCR)
and compared with those after sham operation or stimulation with lipopolysaccharide.
{LP5). In regenerating liver all the changes are nearly synchronous with a slight deloy
for the TNF receptor RNAs. The mRNA levels reach their maximum af 1—3 h after ope-
ration and exceed the values for intact animals about fen-fold. The corresponding chan-
ges induced by sham operalion are quantitatively less than those in the regeneraiing
liver and manifest themselves af the end of the prereplicative period. LPS stimulotion
induced an increase of TNF-ww and TNF recepior production comparable with during re-
generation, Analysis of the expression of the 55 kDa TNF receptor revealed quualitative
changes, e. g. an increased polyadenylation and an imbalance between the amplification
of the whole molecule and its 5'-terminal half pointing to as yet unidentified changes
at the &' end of the molecule.

Introduction, Liver regeneration jollowing severe injury is an integral
process of secondary organ development in which all types of liver cells
participate. Although may features of this reparation resemble processes
typical for growth and development of neonatal liver, a number of dif-
ferences are conspicuous. The most prominent is the loss of the previous
adult phenotype with {he concomitant. adaptative and compensatory reac-
tions; furthermore, responses io stress and local injury differ from the
physiological processes of organized proliferation. The main changes
triggering the entrance of the injured liver into the cell cycle occur early,
during the first 3—4 h afier partial hepatectomy, This phase is conside-
red as the only one preceding the cell cycle and has been named «com-
‘petence» [1] in accordance with a similar state of mitotically induced fib-
roblasts [[2]. A similar metabolic reorientation follows the first bioche-
mical adaptation reactions called «situation check up» [3—5].

A question less often addressed in research on iiver regeneration is
the particular role of the non-parenchymal cells. They not only partici-
pate .in the growth processes by increasing their number, but must also
be seen as coniributors of signals and mediators of the whole regenera-
ting organ, Among the sinus-lining cells of the liver, the resident macro-
phages, the Kupifer cells, have been found o be the major producers of
stress-related factors that influence the metabolic performance of neigh-
bouring cells {6]. The tumor necrosis factor-g is one of the most potent
signal molecules produced by stimulated Kupfier cells that triggers in-
flammatory and other siress responses in the body [7, 8] and in parti-
cular after liver injury [9].

Growth factors and cytokines including TNF-q are generally produ-
ced by non-parenchymal, a. g, mesenchymal cells. They regulate epithe-
lial cell functions during development and to a great extent also during
physiological and different pathophysiological states of the postnatal pe-
riod. For example, TNF-a is absent or at least significantly decreased
during liver regeneration induced in germ-iree, athymic or LPS-resistant
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strains of mice or in conventional strains in the presence of antibodies
against TNF-q. Under these conditions, the release of interleukin-6, the
major inducer of acute-phase reactants in the liver, and DNA .synthesis
in parenchymal and non-parenchymal cells [10, 11] are greatly decreased
and sometimes also delayed. On the contrary, prestimulation of rats with
LPS that induces TNF-e production in liver macrophages, shortens the
premitotic period [12] and increases several manifestaticnus of the rege-
nerating process [13]. :

Though TNF-a has been suggested to participate in liver regenerati-
on evidence of its production, the responsiveness of the regenerating li-
ver to it and of the mechanisms involved have not yet been provided.
The pleiotropic activities of TNF-a include up-regulation of «early» ge-
nes and down—regulation of several tissue-specific genes as well as the
activation of 27,5”-oligo(A)synihetase [14], the first link in the chain of
specific RNA destruction. These efiects make TNF-a a very probable par-
tficipant in the reorientation of {he hepatic metabolism during the transi-
tion from the quiescent to the proliferating state.

For this reason the consequences of a two-third hepatectomy for the
capacity of liver cells to express the TNF-q gene on one hand and the
corresponding receptors on the other was studied on the pretranslational
level by estimating the content of specific RNAs during the prereplica-
tive period (0—12 h aiter partial hepatectomy). Reverse transcription
(RT) of RNA coupled with the amplification of individual ¢cDNAs in the
polymerase chain reaction (PCR) allowed to detect small quantities of
molecules in total RNA without isolation of individual cells or previous
enrichment of the samples by RNA fractionation that may produce arti-
iacts [15, 16]. In addition, it was possible to quantitate the data based
on the specific reactivity of each pair of primers, the necessary number
of cycles for reliable detection of the product and by comparison
of the vield of product with that of a definite quantity of an external
standard RNA. To recognize whether the changes at RNA level ref-
lect those of protein produciion TNF-a toxicity of liver homogenates
was tested.

It will be demonstrated that the relative amounts of TNF-a and TNF
receptor RNAs change nearly synchronously during the prereplicative pe-
riod reaching their maximum at 1-—3 h after partial hepateciomy. The
incréase was specific for the transition from quiescence to proliferation
and coincided with the decrease of the relative amount of mRNA for ri-
bosomal protein S12. Estimations of TNF-a and TNF recepiors RNAs in
total liver RNA revealed quantitative and qualitative differences in the
RNA production between resting, regenerating and LPS-treated livers
supporting the idea of special TNF-a funciions during the prereplicative
period of liver regeneration.

Materials and methods. Materials. ¢cDNA synthesis kit and 100bp
ladder were purchased from Pharmacia (Freiburg, Germany), Tag po-
Iymerase from Stehelin (Basel, Switzerland), T4 polynucleotide kinase
from New England Biolabs (Schwalbach, Germany), antibodies {o TNF-¢
from Genzyme (Ismaning, Germany).

We are indebted to Drs C, Galanos and P. Nielsen (Max-Planck-In-
stitut fiir Immunbiologie, Freiburg, Germany) for purifed LPS from
Salmonella minnesota R595 and primers for amplification of S72 ¢cDNA,
respectively, and to Dr. G. R. Adolf (Bender, Vienna, Austria) for a re-
combinant plasmid containing the 55 kDa TNF receptor ¢DNA and for
recombinant murine (rm) TNF-a. ‘

Pretreatment of the animals. For all experiments male
Wistar rats (250300 g) were used. Partial {2/3) hepatectomy and sham
operation were performed by standard procedures [17]. Septic shock was
induced in intact animals by intraperitoneal injection of I ml of a 0.1 %
solution of LPS. Livers were excised at 0.25, 0.5, 1, 3, 6 and 12 h after
operations and 1.5 h after septic shock, Shortly before excision the ani-
mals were anesthetized by intraperitoneal injection of 1.0 ml 20 % nem-
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butal. Livers were perfused in sifu with phosphate-buffered saline (PBS)
through the V. portae and immediately frozen in liquid nitrogen.

LPS stimulation of whole liver and Kupfier cells.
LPS stimulation of the liver was performed by a recirculating liver per-
fusiont in situ with RPMI medium containing 0.5 ng LPS/ml. 1 % new-
born-calf serum (NCS), 3.9 uM taurocholate, 20 nM glucagon and 50 nM
insulin during 2.5 h. Kupffer cells (6-10%) obtained from intact animals
according to Eyhorn et al. [18] were cultured on Falcon dishes for 72 h
and stimulated with 100 ng LPS, 50 U interferon (IFN)-y/ml in RPMI
medium during 1 h. The cells were frozen on the dishes in liquid nitro-
gen and stored at —70 °C.

RNA analysis. Total RNA from frozen tissues or cellular samples
was prepared by the guanidinium isothiocyanate method according to
Chomchynski and Sacchi [19]. The RNA concentration was determined
spectrophotometrically at 260 nm, its purity by the Eggo/Easy and Esgo/Easo
ratios, its integrity by denaturating gel electrophoresis in the presence of
formaldehyde [20]. Five ug of RNA from each sample were reverse-trans-
cribed in the presence of oligo(dT) or random primers with a ¢cDNA syn-
thesis- kit according to the supplier’s protocol; depending on the initial
RNA abundance 1/30 to 1/10 of the resulting mix was subjected to PCR.
10 p! of the final PCR volume contained the respective amount of ¢DNA,
05 U Tag polymerase, 3 pmol each of 5’- and 3’-primers and 2-105 cpm
of (y-3?P)ATP end-labelled 5'-primer. Denaturation was done at 94°C
for | min, annealing at the femperature specific for each pair of primers
for I min and extension at 72 °C during 1—3 min depending on the length
of product. The first denaturation and the last extension step were exten-
ded by 5 and 25 min, respectively. To avoid nonspecific primer annealing
the PCR was initiated by a hot start. To detect specific PCR products
the probes were subjected to a 5 % non-denaturing polyacrylamide gel
electrophoresis in parallel with an end-labelled 100 bp ladder. The gels
werte subsequently soaked for 1 h in 10 % acetic acid/10 % methanol and
dried. Under contirol by autoradiography the appropriate bands were cut
out and their radioactivity was measured by Cherenkov effect. The pro-
duct was identified by its length and by restriction analysis.

Primers for the polymerase chain reactions, The
primers were selected with the help of the «Oligo» program, version 4
[21] and synthesized with an aufomated nucleotide synthesizer. Some
characteristics of the primers and the corresponding products of ampli-
fication are presented in Table 1. 5-Primers were end-labelled
with (y-32PYATP (5000 Ci/mmol) in the T4 polynucleotide kinase
reaction [20].

Table 1
Characteristics of PCR primers and PCR products

-+ Speclficity . : Sequence Position Leggth.
TNF-e« . 5'ATG AGC ACA GAA AGC ATGATC Y 1—21 716*
N : 5'CAT ATG TCA CAG AGC AAT GAC TCC 684—707
_ ’ _ AAA 3
TNF 're'c'éptpr, 5"GCCACAAAGGAACCTACT¥ 422—439 470
55 kDa 5 GAT AACCAGAGG CAACAGS3 874—891
5GCC ACAAAGGAACCT ACT 3 492—A439 1480
. . S'TTTTTC TCCACAATCACCTCY 18811901
TNF receptor, 5'CAGCCA GAGCCCACA GAT 3 698716 167
75 kDa 5"AGCAGACCCAGT GATGTCA 3 846—864
S12 L 5 GGA AGG CAT AGC TGC TGG 37 65—82 369
.. _ . 5 GGA GCT ACT GTA GGA ACC 3’ 415—432

*3_;-prin;ler has ;additional @ nucleotides at 5" end.
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Determination of TNF-a. The production of TNF-a in the
liver was determined with the 1929 cell cytotoxicity assay [22]. Briefly,
the pieces of liver were homogenized in sterile RPMI medium, sonicated
5 times during 5 seconds with 30 second intervals and centrifuged at
10000 g. All procedures were carried out at 4 °C, Serial dilutions of the
supernatant were added to L929 cells. The degree of cytotoxicity was
compared with that of rmTNF-¢. TNF-a antibody-treated samples were
used to control the specificily of the reaction.

Results. Synthesis of a TNF-a-derived standard RNA,
To monitor the reproducibility of the RT-PCR procedure and establish a

KLestrictio '
g vep)  Msel 1008y
N1 N v & L
LR ¥ T l_ .
o Poty tinker TRE insert Polytinker
Ligation
SO o ™ 7‘_';’ 1004n
- —_} ——
L Pelylinker Pologtiuker
Restriction Hind W AE insens 54
/] frryem
SE6 N & e 7
FPoty(M Meling .
. TN sert ¢ b
Ey . " b
KRestriction r
iTr
Lt PSYE vt pesped S
SPE - !
il bl - . SH’__"‘"'— }—I1
Floly/T) Treling
A THE insery Lhp
N - :
U 7, e —
Anneating A
v THE fresomd S5
SHF 4 . 7
R o s
Reparation in £ Coty
. TAF tasert S0
o —

Fig. 1. Modification of the plasmid pSPTI8 for the synthesis of a TNF-a-related stan-
dard RNA :

reference for the quantitation of the products, a non-biological RNA who-
se structure was closely related to that of native TNF-¢ mRNA was con-
structed. The plasmid pSPTI8 containing the rat-specific TNF-a insert
{23] was used as initial sequence for the modifications presented in
Fig. 1. Poly(A)-tailed and abrogated TNF-a sense RNA was synthesized
by the T7 polymerase reaction [24] and purified on an (oligo-dT)cellu-
lose column. According to its sequence the molecular weight of the refe-
rence RNA was 250 kDa; 0.25 pg corresponded to 1 attomol or 6-105 mo-
lecules. Due to their different electrophoretic mobilities, the PCR pro-
ducts derived from the native TNF-¢ RNA (716 bp) and the standard
(585 bp) RNA could be easily separated in 2 % agarose or 5 % non-de-
naturing polyacrylamide gel electrophoresis,

Kinetics of the reverse transcriptase-polymera-
se chain reaction with standard TNF+ poly(A)+RNA.
Definite amounts of standard TNF-o poly(A)*RNA were subjected to
RP-PCR. The kinetic parameters were calculated on the basis of the PCR
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equation Y=A(14-R)”, where Y=quantity of terminal PCR product
(here radioactivity of the band), Ao=tnitial amount of amplifying cDNA,
R=coefficient reflecting the annealing efficiency between primers and
corresponding DNA sequences and n=number of cycles, From the slope
of each curve R=0.4+0.05 was obtained. The validity of this parameter
was confirmed by shiit values between the graphs for different concent-
rations. Approximation of all data to constant A; or n yields a single
line (Fig. 2).

RNAs for TNF-¢ and TNF receptors of livers af-
ter partial hepatectomy or sham operation. Each
serial estimation of individual RNAs in total liver RNA after different

"?L ) . - stimulations was preceded by test
& - experiments. They served to define
wl . the linear region of amplification for
each product and the dependency of
a the yield of product on the individu-
al RNA redundancies in total RNA

Sk

Fig. 2. Equivalent amount of PCR product
sl (Yeq) as a function of amplification cycles,
The amounts of PCR product (¥y) from
different inifial amounts of standard RNA
i (As) were approximated fo Yoo at Ac¢=
L =25 {g/10 pul PCR mix and plotted against
7 e the number of the cycles. A, 660 ig (@),
24 28 32 110 fg (&), 11 fg (W} of standard RNA.

Mumbom o cycles For details, see Materials and Methods

and on the initial concentration of total RNA used in RT-PCR. The ty-
pical dependence of the amount of specific product dn the number of am-
plification cycles is shown in Figs 3 and 4.

The amounts of PCR products obtained from TNF-a and TNF re-
ceptor RNAs reached their maxima at 1—3 h after partial hepatectomy
(with a slight delay for the TNF receptors) and at 6—12 h after sham

A ¥4

260

167

N
Cycles 24 27 a0 3F X 27 Jg i7

Fig. 3. Amount of 75 kDa TNF receptor-related RT-PCR product in liver RNA from
intact (A) and LPS-stimulated (B) rats. Ao=05 ug total RNA

operation, The value of the PCR product specific for the 55 kDa TNF re-
ceptor passed through a minimum at 0.5 h after partial hepatectomy be-
fore reaching its maximum at 3h after partial hepatectomy (Figs 5—7}.
Amplification of the same ¢DNA probes with primers specific for the
S12 RNA revealed quite different kinetics. The amount of product decre-
ased at 0.25—1 h in the hepatectomized liver and increased thereafter
steadily with time (Fig. 5). After sham operation the changes of S12
RNA were less pronounced but possessed the same tendency.

The amount of products formed depended on the nature of the pri-
mers used in RT-PCR. Higher amount of terminal products were synthe-
sized in random-primed than in oligo(dT)-primed cDNA synthesis for
each type of amplification. The difference between the two kinds of re-
actions remained nearly the same for TNF-u-specific amplifications in
samples from partially hepatectomized, sham-operated or intaet animals.
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Two different 3'-primers for amplification of ¢cDNA encoding the 55 kDa
TINF recepior were examined. In both reactions the 5'-primer was the
same. It annealed {o the sequence 63 bp downstream from 5’-end of the
region encoding the soluble part of receptor or to the junction of the se-
cond and third exons. The position of the latter was localized by compa-
rative computer analysis of the human [25] and rat [26] cDNAs, One
of the 3’-primers (position 1881—1901 bp) hybridized with the sequence
corresponding to the non-translatable 3‘-region of the intracellular part
of the receptor 229 bp upstream from the 3’-end of the whole ¢DNA. Used

K6 bp -

856y =

Lyetes I I3 I Y 55, H I3 34
Houips after OHE 7 & 2

Fig. 4. TNF-g-related RT-PCR products in the samples of total RNA from regeneratinﬁ
liver in the presence of the standard RNA. 4,—=05 ug total RNA+-285 fg standar
RNA. PHE, partial hepatectomy

together with the 5’-primer in the polymerase chain reaction they gave
a 1480 bp product corresponding to the whole receptor with a short ab-
rogation from the 5’-end. Another 3’-primer (position 874—891 bp) an-
nealed to the sequence corresponding to the transmembrane part (871—

Rours after PHE 0 025 05 10 30 &0 120

THFa 71580

Fig. 5. RT-PCR ISrcu:lm;:ts re-
lated to TNF-u, TNF receptors
and ribosomal protein $12 frem TNER

total liver RNA after partial
hepatectomy. A, is the same J9KD 48060

esi * ha=008 uy toial RNA.

The numbers 01}1 cycles were TH#FR
itieniion. of CDNA vl 7IKD #6747 A
feceptors . and the " mibosomel S12 098
protein 812 respectively .

967 bp) of the receptor and together with the 5'-primer gave a 470 bp
product, mainly corresponding to the soluble part of the TNF recepior.
‘With the same number of cycles, the amount of the 1480 bp RT-PCR pro-
duct was definitely less than the amount of the 470 bp species, Neverthe-
less, the initial concentrations of the corresponding ¢cDNAs should have
been comparable taking into account the different amplification rates of
both reactions (Ry0~0.4 versus Risso~0.2). The lesser efficiency of fhe
1480 bp <DNA amplification can be connected with the presence of am
extremely GC-rich stretch that is refraciory to PCR ampfification [26].
The ratio between both products was nearly constant for the liver samp-
les from intact, sham-operated and partially hepatectomized rats,
TNF-o and TNF receptor RNAs in LPStreated rat Ii-
vers. It has been claimed that TNF-q production after partial hepatec-
tomy may be induced by EPS leading from the gut into the portal blood
[27]. To take account of this possibility a comparative series of measure-
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ments was done after LPS stimulation both in the whole animal under
conditions leading to septic shock and by liver perfusion in sifu. The
amounts of PCR products related to TNF-g and both TNF receptors we-
re about one order of magniiude larger in the samples from LPS-treated
than in those from intact animals (Fig. 3). The amount of terminal pro-
duct related to the 55 kDa TNF receptor obtained trom samples of LPS-
treated animals revealed a dependence from the various primers used for
RT-PCR quite different from that in samples from untreated rats. The

Hours arter g 825 45 {0 40 &0 120
shoam gperation

THAR

IEKD 148080

THFR

7ERD (678w

Fig. 6. TNF receptor-related RT-PCR products from tetal liver RNA afler sham opera-
tion, Ao is the same as in the Fig, 3. The numbers of cycles were 25 and 30 for the
amplifications of the cDNA, to 55 kDa and 75 kDa receptors, respectively

ratio of the 470 bp 1480 bp products increased two-fold due to the decre-
ased formation of the 1480 bp product. At the same time the difference
between the random- and the oligo(dT)-primed amplifications of ihe
470 bp product was approximately 4 times smailer than in the samples

. without LPS stimulation becau-
% VATHE -a se of a more efficient oligo (dT)-
ﬁ‘@%&gng primed RT-PCR. The level of
Py S12 RNA remained unchanged,

XN 74 7542 ' It appears that some features

- of the LPS-stimulated liver dii-
fer from those of the regene-

2_
T % Fig. 7. Changes of the relative amo-
unts of the RT-PCR products related
1F to TNF-a and TNF receptors indu-
ced by partial hepatectomy. Y. anz

i Y, are the amounts of RT-PCR

% pl;oduct?' at irfltdicat?)der(;ji)im?nd pzﬁr[?

) J i a . 3,

6z 4% 4 J ¢ 4 g()zfgtial mlfepatecetl(-)my:p TNFR, TNF
Time after PHE(hours] receptor

rating liver. However, the presenfly available data do not rule out a par-
ticipation of LPS in the reactions of the liver after partial hepatectomy.

The amounts of TNF-a and TNF receptor RNAs in
total Jiver and in Kupffer cells after different
stimuliations, An estimation of the approximate maximal number
of TNF-a¢ mRNA molecules per unit of total liver or Kupffer cell RNA
after different stimulations is given in Table 2. The calculation was ba-
sed on the data obtained by oligo(dT) primed RT-PCR in the presence
of TNF-a-derived standard RNA exemplified in Fig. 4. After a definite
number of cycles{rn) the amount of TNF-w-specific full length product
(¥ total rva), e g. the radioactivity of the appropriate band, was compa-
red with the amount of TNF-a-derived shortened product (¥:standard rwa),
obtained in the same reactions. The following assumptions were also ta-
ken into consideration: Kupifer cells represent about 156 % by number of
all liver cells [28], they contain 2.5 pg RNA pro 10°% cells [29] and they
produce the major amount of TNF-a in blood-free liver [6].
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On the basis of the amplification rates of the individual products,
the number of PCR cycles and the amount of terminal products the ap-
proximate ratio of TNF-q, TNF receptor (TNFR) RNAs and S12 RNA
could be calculated. The abundance of the investigated RNAs in tofal
fiver may be arranged in the following order: S12~55 kDa TNFR>
=75 kDa TNFR=>TNF-q, where each following member is at least one
order of magnitude less abundant than. the preceding one. The low le-
vel of TNF-¢ RNA reflects the fact that TNF-¢ is produced in the liver
mainly by Kupifer cells that comprise about 3 of the tolal liver
cell mass.

TNF-¢ production in the liver. Measurements of the TNF-a
content in liver homogenates using the cytotoxicity assay revealed the
correspondence between the amounts of specific RNA and protein; ma-
ximal cytotoxicity was found in LPS-stimulated livers, less at the maxi-
mum of TNF-¢ RNA expression in regenerating livers and no cytotoxi-
city in intact livers (data not shown). :

Discussion. During the prereplicative period of liver regeneration
transient specific maniiestations are observed at the pretranslational le-
vel of gene expression. The main changes of RNAs encoding TNF-a and
TNF receptors occur 1—3 h after partial hepatectomy. Quantitatively
they are comparable with those obtained with LPS-stimulated animals.
The analysis of RT-PCR efficiency with RNA coding for the 55 kDa TNF
receptor, however, revealed some qualitative differences between regene-
rating and LPS-stimulated liver. Assuming that the oligo(dT) and ran-
dom primers determine reverse transcription of polyadenylated and total
RNA, respectively, it is suggested that— in contrast to the regenerating
liver — increased polyadenylation contributes to the elevated TNF-a ge-
ne expression after LPS stimulation. Addifionally, an imbalance exists
between the amplifications of the shorter (470 bp) and the longer
{1480 bp) cDNA species in the livers of endotoxin-treated rats. The de-
creased amplification of the long product coumpled with an increased
amplification of the short one (the reverse transcription was oligo(dT)-
primed for both} reflects some yet unidentified changes in the 3’-end re-
gion of the poly (A)*RNA for the 55 kDa TNF receptor that are induced
after exposure of the liver to LPS. The changes in the levels of TNF-a
and TNF receptor RNAs that were induced by sham operation were much
smaller than those in regenerating liver and manifested themselves only
at the end of the prereplicative period.

The decrease of the 55 kDa TNF receptor mRNA at the early stage
of the regenerating process (0.25—1 h after partial hepatectomy} cor-
responds to the down-regulation of TNF receptors considered by many
investigators as the consequence of protein kinase C activation (see
.{26]). This mechanism is also suggested to operate in the regenerating
liver but has not yet been experimentally proved.

The elevated level of RNA coding for TNF-¢ followed by elevated
levels of the RNAs coding for both TNF receptors elicits an increased

Table 2
TNF-u RNA conlent in whole liver and in Kupffer cells after various stimulations
NE-
. - Y tot RNA THNF-&¢ mENA molecules per
as5ue/c 3 v
© Ya st RNA ig total RNA 100 Kupffer cells
Intact liver 0.05—0.30 (0.6—3.8).102 (0.75—4.5) < 10°
Sham operated liver, 12 h 0.08—0.18 {0.9-2.0) 101 (1.1--2.5) - 10°%
Regenerating liver, 1 h 0.13—0.60 A1.6—7.2).104 (2.0—9.0) - 108
LPS-stimulated liver, in vivo 4.60—5.10 (5.6—6.2).10¢ 1(6.5—7.4).10%
LPS-stimulated liver, perfusion 0.90—1.50 (1.I—I1.8) +10* {1,4—2.2).108
Kupifer cells, 72 h in culture 0.50—3.00 (0.6—3.6) - 104 {0.2—0.9) . ]0%
Kupffer cells, 72 h in culture,
LPS-stimulated 1.60—2.00 -(2.0—2.4).105 (45—6.0)-108
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production of the corresponding proteins and thereby defines the tissue
responsiveness to TNF-a. The latter is due to different signal transducti-
on pathways initiated by the 55 kDa and the 75 kDa TNF receptor, res-
pectively [30]. The elevated expression of the TNF-a gene points to an
increased number or activity of the macrophages in the regenerating li-
ver. An increase of the TNF receptors expressed on hepatocytes might
explain the indirect activation of gene expression in the parenchymal
(and perhaps also some non-parenchymal) liver cells. Thus, a qualitati-
vely changing cell population of the regenerating liver [31] may lead
to a variable response pattern of the whole organ. These changes are
temporally limited to the stage of the prereplicative period classified as
reorientation of cellular metabolism [32]. One of the striking peculiari-
ties ‘of this stage is the partial restriction and partial activation of geno-
me expression. The former manifests itself in a decreased complexity of
the nuclear RNA transcribed from protein-coding DNA sequences, delayed
transit of newly formed RNA from nucleus to cytoplasm, release of ribo-
somes from the endoplasmic reticulum [32], and an increased cytoplas-
mic activity of 27,5"-oligo(A)synthetase with the tendency to produce oli-
gomers longer than the enzyme from unstimulated livers (unpublished
data). It is known that the efficiency to stimulate RNAse L increases
with the length of the 2°,5"-oligoadenylate molecules [33]. Since RNAse
L specifically destroys ribosomal and some other yef unidentified mRNAs
[33, 341, this effect on 2’,5"-oligo(A)synthetase may be responsible for
the observed decreased expression of the ribosomal protein §12, Taken
together with observations of an increased production of TNF-¢ afler
CCl, or D-galactosamine treatment [9] the data presented here support
the notion of an important rele of TNF-¢ in bringing about the metaho-
lic reorientation after liver injury,
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PIBHI PHK, fIKA KOAYE TNF-« 1 AOI'O PEUENITOPH,
TIPOTATOM IIPEPEIVHKATHBHOIQ TIEPIOJIY PETEHEPALII TTEUIHKH

PezoMme

llpoTArom npepennikaTusHoro nepiofy pereHiepantii pewimKW CHOCTEPiCaluCR SMiHM, BMicTy'
MPHK daxropa rexpoza myxamun (TNF-g) i jloro peuenropis y cymaprii PHEK nesinkn
3a ROMOMOrQly 3BGPOTHOT TPAHCKpWNUIL Ta noniMepassel sanmworosci peaknii, Jas nopis-
HAKHA i X BeJHYMHK BH3Ra4and y mewinmi micas mecmpasxupoi cnepanii afo ainononi-
caxapufHol cTUMyasnil. ¥ peremepyiouill mewinni Bei sMinu Mafime CHHXpOHHI, 3 HemenH-
kMM aanissendsM Aaaa PHK penenropis TNF. Pieni MPHK  aocaraoors MakcHManbiHX
anavenk uepes 1—3 roxm. nicas onepauil i apnbamare y !0 pasis nepeBHmyIoT: Taki Ass
inTakTHHX TBApHH. 3MiHH, BUKIMKAHI HeCNpaBXHBOK ONepamicio, MeEHbI 3a BeJHUHHOK,
Hi¥ NPH pereHepalil, i NpoABAAKTLRCA ¥ KiHui npepenaikatHpHoro nepiogy, CruMyaanis
JinonoaicaxapHaaMy npHIEOANTH Jo pocty nponykuii TNF-e i fioro peuenropis, nopis-
HAHHOTO S TakHM Tpu pereHepanil. Ananiz MPHK peuentopa TNF macowo 55000 3aceig-
yHE hKicHl 3MiHE, ¥ TOMY uHcal  aOiAbllenss  MoAiajeHiMOBAHHA, 1 HeBignmosimEicTh
aMuaidikanil R0l MoneKy M Ta 11 wacTHHH, DpHaerae! Ao 5'-KiHUR, X0 BKA3IYE Ha IIOKH
Ii0 He BHIKAYeH] 3MIHM Ha 3'-Kirni MonexyH.
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