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The cur rent work pres ents the in ves ti ga tion on IFN-a/b ex pres sion in rat liver af ter par tial hepatectomy (PHE) and
laparotomy (LAP). These op er a tions were used to model the re gen er a tion pro cess and the acute phase re sponse as a com -

po nent of re gen er a tion pro cess. The rel a tive con tent of IFN-a in to tal liver cytosol and IFN-a- and IFN-b-spe cific RNAs
in to tal liver RNA were as sessed by the bi o log i cal test and by re verse tran scrip tion-poly mer ase chain re ac tion, re spec -

tively. IFN-a-spe cific RNA and IFN-a pro tein were shown to be ex pressed in the in tact and re gen er at ing liver.

IFN-b-spe cific RNA is not de tected. IFN-a de liv ery to the liver via blood from other IFNa - pro duc ing cells is highly un -

likely due to its neg li gi ble con cen tra tion in the blood se rum. PHE in duces the in crease of IFN-a-spe cific RNA and pro tein 
con tent dur ing G0/G1 tran si tion of the liver from qui es cence to pro lif er a tion (1-3 hours af ter PHE) with the fur ther de -
crease in their con tent to wards the G1/S tran si tion of hepatocytes (12 hours af ter PHE). Quan ti ta tively the up-reg u la tion

of IFN-a ex pres sion was less than max i mally pos si ble, which was ob served af ter in jec tion of typ i cal in ducer of IFN-a

syn the sis, poly(I)-poly(C). LAP blocked IFN-a ex pres sion com pletely which was man i fested at RNA and pro tein level in

1, 3, 6, and 12 hours af ter the op er a tion. Thus, the in crease in IFN-a ex pres sion at the early phase of re gen er a tion is es -

sen tial for liver tran si tion from qui es cence to pro lif er a tion and IFN-a ex pres sion is in com pat i ble with the acute phase re -

sponse. A role of IFN-a in both pro cesses is yet to be de fined. The de crease in IFN-a ex pres sion till the G1/S tran si tion of

hepatocytes in 12 hours is con sis tent with a widely known con cept about antiproliferative ac tiv ity of IFN-a.
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Au thors’ in ter est to wards pro duc tion of en dog e nous in -

ter feron al pha (IFNa)  in the course of re gen er at ing

pro cess and acute phase re ac tion was con di tioned by
sev eral fac tors, namely, wide use of IFN? in med i cal
treat ment of ma lig nant tu mors, am big u ous na ture of its
in flu ence at dif fer ent stages of tu mor de vel op ment,
some difficulties caused by use of high doses of IFN?
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and in di vid ual char ac ter of ac tion. Rat liver af ter clas sic 
sur gery of par tial hepatectomy (PHE) and laparotomy
(LAP) was cho sen to be the ex per i men tal model.

The de crease in liver func tion ing as a re sult of sur -
gi cal or func tional loss of an or gan part stim u lates the
re gen er a tion of its lost mass. All the cells of the or gan
par tic i pate in re gen er a tion pro cess. The liver con sists of 
cells of dif fer ent or i gin, namely, parenchymal
(hepatocytes) and non-parenchymal (endotheliocytes,
Kupffer’s cells, Pit-cells, perisinusoidal cells). The
hepatocytes are the big gest cells of the or gan i.e. they
com prise its main mass. These cells are re spon si ble for
tis sue-spe cific liver func tions, syn the sis and se cre tion
of nu mer ous pro teins, e.g. al bu min, transferrin, blood
co ag u la tion fac tors, ceruloplasmin, transthyretin,
transcobalamin, etc. The non-parenchymal cells,
though re lated to per form ing tis sue-spe cific func tions
by the or gan, still play a very pe cu liar cell-spe cific role, 
they pro duce nu mer ous me di a tors, namely, cytokines
and eicosanoids, in par tic u lar. The mi totic in dex in in -
tact liver cells is low - 0.001-0.005% [1].

As a re sult of mitogenetic stim u la tion of liver cells
they turn from qui es cence (in proliferational as pect) to -
wards pro lif er a tion. Af ter PHE all liver cells re turn to
cell cy cle in se ries and this pro cess is strictly reg u lated
in time. Hepatocytes are the first ones to start pro lif er a -
tion, i.e. 24 hours ear lier than the non-parenchymal
cells [2].The pe riod from the start of DNA syn the sis is
called prereplicative, and it con sists of two stages. The
first stage (tran si tion from proliferative qui es cence to -
wards cell cy cle) lasts for 3 hours af ter PHE. The sec -
ond one (presynthetical pe riod of the first cell cy cle of
hepatocytes) lasts for about 12 hours af ter PHE [3]. Fol -
low ing hepatocytes some other cells pro ceed to pro lif -
er a tion, namely, bile duct cells, perisinusoidal cells,
Kupffer’s cells, and fi nally endotheliocytes [1].

Kupffer’s cells ac ti va tion and the pro duc tion of the
me di a tors by the lat ter, TNFa, Il-1, Il-6, etc. in par tic u -
lar, are known to be the nec es sary con di tions for pro -
ceed ing of hepatocytes from proliferational qui es cence
to cell cy cle [4]. Kupffer’s cells are ca pa ble of pro duc -
ing one more PHE cytokine – IFNa/b, which has not
been stud ied yet.

As it was shown in the re ported be fore [5], af ter
PHE, a short-term con ver gence of ri bo somes from
endoplasmic re tic u lum (EPR) takes place. The ri bo -

somes, lo cated in EPR, syn the sise se cre tory pro teins,
op po site to the ri bo somes, lo cated in cy to plasm and
pro duc ing “house keep ing” pro teins. We sup posed that
tem po ral con ver gence of ri bo somes from EPR re sults
in short-term de crease in the level of pro duc tion of spe -
cific pro teins, i.e. some thing sim i lar to
dedifferentiation takes place. Fur ther more, alternated
changes of 2¢-5¢-oligoadenylate-synthetase ac tiv ity in
the nu cleus and cy to plasm were de tected at the early
stage of liver re gen er a tion [5, 6]. Cur rent en zyme is a
spe cific tar get for IFNa and it can reg u late L. RNAase
via 2¢-5¢-oligoadenylates. Be side the men tioned
changes, typ i cal for IFNa ac tiv ity, IFNa can sus pend
the tran scrip tion of some DNA se quences via up stream
bind ing fac tor (UBF) as well as ini ti a tion of the trans la -
tion by means of phosphorylation of trans la tion ini ti a -
tion fac tor eIF-2a. On the ba sis of data (ob tained by us
and other au thors) we made a sup po si tion that IFNa/b
can take part in dedifferentiation of hepatocytes dur ing
their pro ceed ing from proliferational qui es cence to cell
cy cle.

Liver re gen er a tion is a com pli cated pro cess which
in cludes tis sue-spe cific re ac tions to liver in jury and
compensational re ac tions. Lo cal re ac tion to in jury and
sys temic acute phase re ac tion (key role in which is
given to liver [7]) be long to the first group; main tain ing
of es sen tial func tions with a lower quan tity of cells on
the back ground of re pro gram ming of the cells and their
pro lif er a tion head ing to wards res to ra tion of or gan mass 
and func tions be long to the sec ond group [3].

The aim of this work was to de ter mine the level of
IFNa/b ex pres sion in liver, and to de fine the source of
its or i gin by means of three ex per i men tal mod els. The
rats af ter PHE were cho sen to be the model of liver re -
gen er a tion proper, the rats af ter LAP were cho sen for
the in ves ti ga tion of liver tis sue-specific re ac tions to in -
jury of any or i gin and lo cal iza tion, and the rats af ter the
in jec tion of IFN? in duc tor – dou ble-strain RNA
poly(I)-poly(C) – were cho sen for de ter mi na tion of
max i mum pos si ble level of in ter feron syn the sis in liver. 
In or der to de fine the source of in ter feron or i gin in liver, 
IFNa/b con tent was de ter mined in spleen and blood se -
rum. The spleen was cho sen as the place of ma tur ing
and the de pot of blood el e ments, lym pho cytes, which
pro duce IFNa/b, in par tic u lar, and the se rum was cho -
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sen as the me dium for mass trans fer and func tion ing of
lym pho cytes.

Ma te ri als and Meth ods
The in ves ti ga tion was per formed on the fol low ing

ob jects: liver, spleen, and blood se rum of in tact an i mals 
and the an i mals af ter 0.5, 1, 3, 6, and 12 hours of 2/3
liver taken, LAP, and in jec tions of IFNa in duc tor
poly(I)-poly(C). Poly(I)-poly(C) so lu tion was in tro -
duced intraperitoneally, 650mg/ml, 330mg per rat.

IFNa/b con tent de ter mi na tion
IFNa/b level was de ter mined by the re sis tance of

rat gasserian gan glion neurinoma cells (RGGN) to ve -
sic u lar stomatitis vi rus (VSV). 10%-tis sue ho mog e nate
in nor mal sa line so lu tion was centrifugated at 3000g,
20min. Ho mog e nate supernatants and blood se rum
were treated by 5N HCl to pH 2.0. The ma jor ity of pro -
teins, in clud ing in ter feron g, are denaturated and and in -
ac ti vated at this pH level. IFNa/b re main ac tive. De tri -
tus was de pos ited at 3000g for 10min. Supernatant was
neu tral ized by 5N NaOH to pH 7.6. RGGN cells sus -
pen sion, con tain ing 3•105cells/ml, was added by 200µl
into 90 wells of 96-well flat bot tom tray and in cu bated
at 37°C, in 5% CO2 at mo sphere, 70% hu mid ity. In 1-2
days, when the cells com prised solid monolayer, the
cul ture me dium in 70 wells was sub sti tuted for cytosol
in the se ries of di lu tions (1:20, 1:40, 1:80, 1:160, 1:320, 
1:640, 1:1280). In or der to con trol cul tures growth and
to de ter mine VSV cytopathic dose 4 and 16 wells were
used re spec tively. Fur ther in cu ba tion lasted 24 hours,
t=37°C, in 5% CO2 at mo sphere, then 100ml of VSV
sus pen sion was added to each of the wells, ex cept the
con trol ones, which cor re sponded to 100 doses of
cytopathic ac tion.

IFNa/b quan tity was as sessed in rel a tive units,
which cor re sponded to the in verse num ber of cytosol
and se rum elu tion that re sulted in 50% de crease in VSV 
cytopathic ef fect.

The iso la tion of RNA by Chomczynski’s method [8]
100mg of tis sue were pow dered in a mor tar with

liq uid ni tro gen, then put into vial (Falkon), 1ml 4M
GTC-buffer (4M guanidine-isothiocyanate, 25mM
Na-ac e tate, pH7.0, 1% b-mercaptoethanol) was added
for lysis of the cells, passed through the in jec tion nee dle 
(d=0.7mm) sev eral times for DNA frag men ta tion. 1/10
vol ume of 2M Na-ac e tate, pH 4.0, equal to wa ter-sat u -

rated phe nol and 1/2 vol ume of chlo ro form was added
to the ho mog e nate. Vial con tent was stirred up by a vi -
bra tion mixer (15sec), cooled on ice (15min),
centrifugated at 10000g (15min, 4°C). RNA stays in
aque ous phase af ter centrifugation, while DNA and
pro teins stay in inter- and phe nol phases re spec tively.
Aque ous phase was taken out, equal vol ume of cooled
isopropanol was added and it was placed into re frig er a -
tor (-20°C, 1-3 hours) for RNA pre cip i ta tion. The mix -
ture was centrifugated for 1 hour at 10000g,
supernatant was care fully taken out and the sed i ment
was flushed twice by eth a nol. In the course of 30min af -
ter centrifugation, eth a nol was taken out, the sed i ment
was dried up, and dis solved in tris-EDTA-buffer.

To get rid of phe nol res i dues in RNA so lu tion, 1/10
vol ume 3M Na-ac e tate and 3 vol umes of 96% eth a nol
were added, then the mix ture was stored for the night
time at -20°C. The mix ture was centrifugated at 10000g 
(10min). The sed i ment was dis solved in wa ter, treated
by diethylpyrocarbonate. To store RNA, 1/10 vol ume
of 3M Na-ac e tate and 3 vol umes of 96% eth a nol was
added to the mix ture.

RNA con cen tra tion was de ter mined by op ti cal den -
sity l=260nm, and the prep a ra tion pu rity was de ter -
mined by ra tios of A260/A280 and A260/A230. All RNA
prep a ra tions were checked for DNA ad mix tures by
poly mer ase chain re ac tion with out pre vi ous re verse
tran scrip tion.

Re verse tran scrip tion of RNA
Re verse tran scrip tion (RT) was per formed in 50ml.

The mix ture, con tain ing 12.5mg of RNA, had the ad di -
tion of 2.5ml of ran dom hexamerous prim ers
(Pharmacia, Swe den) in the con cen tra tion of 0.2mg/ml
and was in cu bated at 70°C for 5min for an neal ing of
prim ers. Then 5ml 10mM of
deoxynucleosidetrisphosphate (MBI Fermentas, Lith u -
a nia), 10ml of 5x buffer (250mM tris-HCl, pH 8.3,
250mM KCl, 250mM MgCl2, 50mM DTT) (MBI
Fermentas, Lith u a nia) were added. After 5 min of in cu -
ba tion at 25°C, 2.5ml M-MuLV of re verse tran scrip tase
(200units/ml) (MBI Fermentas, Lith u a nia) were added,
and then in cu bated for 60min at 42°C. The re ac tion was 
stopped by ice-bath cool ing.

Poly mer ase chain re ac tion (PCR)
Re ac tion mixture for PCR, 50ml in buffer (10mM

tris-HCl, pH 8.8, 50mM KCl, 1.5mM MgCl2) con tained 
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15ml of cDNA so lu tion for the am pli fi ca tion of IFNa-
or IFNb-cDNA spe cific se quences or 5ml of cDNA so -
lu tion for am pli fi ca tion of S12-spe cific se quence, and 4 
nucleosidetrisphosphates in the con cen tra tion of
0.2mM each (MBI Fermentas, Lith u a nia), 20pM of
each of the prim ers (CJSC Sintol, Rus sia) and 2.5 units
of Taq-poly mer ase. To avoid mix ture evap o rat ing, it
was cov ered by a drop of ster ile min eral oil.

The am pli fi ca tion re ac tion of each of cDNA frag -
ments con sisted of pre vi ous de na tur ation (94°C, 4min), 
30 cy cles of am pli fi ca tion and fi nal poly meri sa tion
(72°C, 7min). The tem per a ture pro files of the cy cles re -
peated were dif fer ent for 3 types of frag ments. For
IFNa and S12-spe cific frag ments it con sisted of de na -
tur ation (94°C, 1min), an neal ing of prim ers (54°C,
1min), syn the sis (72°C, 30sec); for IFNb  it con sisted of 

de na tur ation (94°C, 1min), an neal ing of prim ers (58°C, 
1min), syn the sis (72°C, 30sec).

Gel-elec tro pho re sis of the am pli fi ca tion prod ucts
was con ducted in 2%-agarose gel and 1•TBE-buffer.
To de ter mine am pli fied IFNa/b-spe cific prod ucts they
were pre cip i tated by eth a nol from PCR mix ture, dis -
solved and put gel on. To de ter mine the am pli fied
S12-spe cific prod uct the gel was put on 20ml of PCR re -
ac tion mix ture.

The re sults of elec tro pho re sis were vi su al ized us ing 
Ultroscan equip ment and the pic tures were taken by
Canon PowerShot A75 dig i tal cam era. The
densitometry of electrophoregramms was per formed
us ing Gel-Pro ana lys ing soft ware.

Re sults and Dis cus sion
De ter mi na tion of IFNa/b con tent in cytosol of liver, 

spleen, and blood se rum
IFNa/b of in tact an i mals was re vealed in liver and

in spleen at 1:160 ti tre and was not re vealed in blood se -
rum (Fig.1).

In the course of prereplicative pe riod af ter
PHE IFNa/b con tents in liver, spleen, and blood se rum
are changed dif fer ently (Fig.2). In 0.5 hour af ter PHE,
in ter feron ti tre in liver in creases 4 times (1:640). It re -
mains on the same level for 3 hours and de creases in
6-12 hours.

In 0.5 hour af ter PHE, the in ter feron level
in spleen in creases 4-fold in com par i son to in tact an i -
mals. At the same time IFNa/b in blood se rum is not
de ter mined. Fur ther IFNa/b con tent is de tected in
blood se rum at low ti tre, which in creases in sig nif i -
cantly in 6-12 hours af ter PHE, while its titres de crease
in liver and spleen. It means that PHE stim u lates
IFNa/b syn the sis in spleen and liver by means of these
or gans cells. The weight of the liver af ter PHE is at least 
2 times big ger than that of the spleen, thus it is clear that 
the ma jor amount of IFNa/b is pro duced in liver, as a
re sult of sur gery.

As it was men tioned above, sev eral con stit -
u ents of liver mass and func tion re gen er a tion may be
dis tin guished, namely, liver tis sue-spe cific re ac tion to
in jury and com pen sa tory re ac tions for vi tal func tions
main tain ing. Hence, the ques tion arises – is IFNa/b
con tent af ter PHE de ter mined by re ac tion to in jury and
is it spe cific to acute phase re ac tion? To an swer this
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Fig.1. IFNa con tent in cytosol of liver, spleen, and blood se rum of in tact rats

Fig.2. IFNa con tent in cytosol of liver, spleen, and blood se rum af ter PHE, 1
– liver, 2 – spleen, 3 – se rum



ques tion, IFNa/b con tent af ter LAP was de ter mined at
the same time in ter vals as af ter PHE. In 12 hours af ter
sur gery, IFNa/b level in cytosol of liver, spleen, and
blood se rum was de tected to be lower than the ex per i -
ment sen si tiv ity. This fact shows that, as a re sponse to
in jury, IFNa/b syn the sis in liver and spleen is blocked,
and its in creased pro duc ing af ter PHE is con nected with 
the re stor ing con stit u ent of the re gen er a tive pro cess.

To study the is sue of how much PHE in flu -
ences IFNa/b syn the sis in duc tion, the de ter mi na tion of
IFNa/b level af ter spe cific syn the sis in duc tor
(poly(U)-poly(C)) in jec tion was per formed. IFNa/b
pro duc ing is de tected to be 3 times higher than af ter
PHE (Fig.3). IFNa/b con tent af ter poly(U)-poly(C) in -
jec tion in spleen and blood se rum dif fered from af ter
PHE nei ther in na ture nor in quan ti ta tive char ac ter.

The de ter mi na tion of rel a tive mRNA con -
tent, which en codes IFNa/b, in rat liver af ter PHE,
LAP, and poly(U)-poly(C) in jec tion. In or der to as sess
mRNA con tent, which en codes IFNa/b, in liver of in -
tact an i mals and of the an i mals af ter 0.5, 1, 3, 6, and 12
hours af ter PHE and LAP the RT-PCR method was
used. To se lect the prim ers for am pli fi ca tion of cDNA
frag ments, which en code IFNa/b and S12 ri bo somal
pro tein, the match ing se quences in NCBI were found.
Ac ces sion num ber X00336 cor re sponds to rat IFNa1
gene and was de coded in [9]. IFNa gene is one of the
ex cep tions among eukaryotic genes as it does not con -
tain introns. Rat IFNb cDNA se quence has ac ces sion
num ber NM_019127 and was de coded in [10]. cDNA
se quence, which en codes S12 pro tein, was se quenced
by Lin et al. [11], NCBI ac ces sion num ber
NM_031709.

Both prim ers and am pli fi ca tion con di tions were se -
lected in Vec tor NTI soft ware. The prim ers were
checked for the ca pa bil ity of form ing dim mers and
pins. Prim ers spec i fic ity was de ter mined by Blastn soft -
ware. cDNA prim ers, which are en coded by rat IFNa1,
limit the se quence area to 208 b.p. (from 149 to 356
b.p.). 11 se quences in rat ge nome are known to be ho -
mol o gous to X00336. Vec tor NTI soft ware anal y sis re -
vealed that the prim ers se lected re as so ci ate to
IFNa1-spe cific se quence only and do not in ter act with
any of other 11 IFN-sim i lar se quences. The primers do
not in ter act with cDNA, which en codes IFNb, the
homology to IFNa of which is 40.3%, ei ther. Prim ers to 
cDNA, which en code IFNb, limit the area to 487 b.p.
(from 15 to 501 b.p.). The prim ers to cDNA, which en -
codes the ri bo somal pro tein S12, were taken from [11].
They limit the area to 367 b.p. (from 90 to 457 b.p.).

In or der to per form semiquantitative as sess -
ment of the in ves ti gated RNA and to avoid tech ni cal in -
ac cu racy, the nor mali sa tion of op ti cal den sity in dexes
of elec tro pho retic path ways, which pro duced the am -
pli fi ca tion prod ucts, was per formed com par ing them to
the cor re spond ing in dex of am pli fied frag ment of
cDNA, which en codes S12 ri bo somal pro tein. Usu ally
only one of RNAs, which en code the “house keep ing”
pro teins, is used for data nor mali sa tion. The level of
this RNA must be sta ble. At this con di tion, the am pli -
fied prod uct quan tity, pro duced on the ba sis of such
RNA, will cor re late with the quan tity of non-fractioned
RNA, ob tained from RT-PCR re ac tion. In te gral op ti cal
den sity of this prod uct can be used for any not
fractioned RNA prep a ra tion in or der to achieve the nor -
mali sa tion of the in ves ti gated in dexes (Fig.4).
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Fig.3. IFNa con tent in blood se rum,
cytosol of liver and spleen of rats af -
ter poly(U)-poly(C) in jec tion, 1 –

blood se rum, 2 – spleen, 3 – liver



mRNA, which en codes IFNa, is de tected
in liver of in tact an i mals and its cur rent level was ac -
cepted as nor mal. In the course of re gen er a tive pro cess
this level de creases in 1 hour af ter PHE, in creases in 3
hours and de creases again in 6-12 hours (Fig.5). Men -
tioned re sults cor re spond to the data ob tained on the
level of pro tein and in di cate rapid block ing of gene
IFNa ex pres sion in the course of 12 hours af ter in jury
at least.

As we did not dif fer en ti ate IFNa and IFNb
pro duc ing on the level of pro tein, it was per formed by
RT-PCR re ac tion us ing spe cial prim ers for cDNA
IFNa and IFNb. We did not de tect frag ment am pli fi ca -
tion prod ucts of cDNA, which en codes IFNb, i.e. cor re -
spond ing cDNA in prep a ra tion of both in tact liver and
liver af ter PHE and LAP, as well.

There fore, af ter PHE changes de tected on
the level of pro tein and RNA con cerned the ex pres sion

of IFNa, and not IFNb. They are spe cific to re gen er a -
tion pro cess and, ap par ently, are less ex pressed quan ti -
ta tively due to the other con stit u ent of liver re gen er a -
tive pro cess i.e. re ac tion to in jury, which is ac com pa -
nied by block ing the ex pres sion of IFNa gene.
Sig nif i cant pro tein level de crease of IFNa and
IFNa-spe cific RNA in 12 hours af ter PHE does not
con tra dict the com mon con cept on IFNa
antiproliferative ac tiv ity [12]. The data on the fac tors
which reg u late IFN? ac tiv ity in some neg a tive way
have re cently ap peared [13], nev er the less, for spe cific
model, they ex ist on hypothetic level only [14].

The re sults ob tained are of
phenomenological char ac ter only. We sup pose that re -
gen er a tive pro cess spe cific IFN? gene ex pres sion is
nec es sary for re pro gram ming of the cells, pos si bly, for
par tial pro hib it ing pro tein syn the sis, and de struct ing
some RNAs, which func tioned ac tively dur ing G0, by
RNAase. IFNa ex pres sion stop in liver af ter LAP
points out the role of cytokine as a neg a tive reg u la tor of
acute phase re ac tion.

Con clu sions
IFNa is synthesized in liver cells of in tact

rats and rats af ter PHE. IFNa ex pres sion in liver of rats
af ter PHE is spe cific for re gen er a tive con stit u ent of re -
gen er a tive pro cess, the func tion of this con stit u ent has
not been de fined yet. IFNa ex pres sion in liver of rats is
ab sent at the ini tial stage of acute phase re ac tion.
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Fig.4. Electrophoregramme of prod -
ucts of S12-spe cific re ac tion of
RT-PCR of in tact and re gen er at ing
liver. M – marker, prod ucts of
RT-PCR re ac tion of RNA iso lated
of in tact (1, 2) and re gen er at ing liver 
af ter 0.5 (3, 4), 1 (5, 6), 3 (7, 8), 6 (9,
10), and 12 (11, 12) hours af ter PHE

were ap plied to path ways

Fig.5. Rel a tive con tent of mRNA, which encodes IFNa1 in rat liv ers af ter
PHE


