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EXPERIMENTAL STUDY

Cytokines and liver regeneration after partial portal vein

ligation in porcine experimental model
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Abstract: The aim of study: The limits of liver surgery are restricted today by the functional reserves of remnant
parenchyma. The aim of this article was to acquaint the general surgical and medical public with the results
of experimental liver regeneration stimulated by cytokines and thus to enhance their effort to carry on with
implementing the research results in clinical practice.

Methods: Authors present their experimental model of liver regeneration after ligation of portal branches for
caudate and right lateral, and right medial liver lobes. The regeneration was induced by application of TNF-a
and IL-6 into the non-occluded portal branches, and compared with the results of other experimental teams.
Results and conclusion: The absolute volume of hypertrophic lobes increases after application of TNF-a more
rapidly, whereas in the control group, practically no changes were recorded in hypertrophic liver lobes volumes
in first three days. The achieved acceleration of growth of hypertrophic liver lobes after application of TNF-a
and IL-6 confirmed the key role of studied pleiotropic cytokines in the priming of liver parenchyma regeneration
after portal vein ligation (Fig. 3, Ref. 26). Full Text (Free, PDF) www.bmj.sk.
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Liver surgery achieved an admirable progress in the past
twenty years especially because of the development of new tech-
nical procedures and owing to the introduction of modern inten-
sive perioperative care. Nevertheless, a complete remission of
malignant disease by means of radical surgical therapy is not
indicated in many patients with primary or secondary liver ma-
lignancies. Non-surgical treatment of suspected acute liver fail-
ure is indicated should the liver resection be too extensive thus
leaving the retained liver parenchyma too small to be able to
supply the liver functions and regeneration. Portal vein embo-
lization (PVE) can augment the future liver remnant volume
(FLRV) even when only one of liver lobes is afflicted with ma-
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lignant diseases. This procedure was performed for the first time
in 1984 by Makuuchi (1, 2, 3). PVE of portal branch supplying
the liver lobe afflicted with malignancy initiates compensatory
hypertrophy of contralateral non-occluded lobe. The occluded
lobe undergoes atrophy. The compensatory hypertrophy is sup-
posed to be stimulated by the increased flow of portal blood that
contains hepatotrophic substances (4, 5). Liver resection after PVE
is performed only in 63—-96 % of patients (6, 7, 8). The main
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Fig. 1. The comparison of volume of hypertrophic liver lobes among
the IL-6, TNF-a, and control groups (100 % volume=day 0).
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Fig. 2. The comparison of progression of particular biochemical parameters among the IL-6, TNF-a and control group: 1 — before opera-
tion, 2 — after ligation of the last portal branch, 3. -before application of cytokine, 4 — 2 hours after application of cytokine, 5 — 1th postope-
rative day (p.d.), 6 —3rd p.d., 7 — 7th p.d., 8 — 10th p.d., and 9 — 14th p.d. Units of particular biochemical parameters: alanine aminotrans-
ferase (ALT) — pkat/l, albumin — g/l, alkaline phosphatase (ALP) — pkat/l, aspartylaminotransferase (AST) — pkat/l, bilirubin — pmol/l,
creatinine — pmol/l, cholinesterase (CHE) — pkat/l, C-reactive protein (CRP) — mg/l, gamaglutamyltransferase (GGT) — pkat/l, and urea —
mmol/l. The curves of progression of some of biochemical parameters is presented in logaritmic scale to accent the differencies.

reason for this resolution is unsuccessful hypertrophy of FLRV
or progression of malignancy.

Proper regeneration of liver parenchyma depends on prolif-
eration of parenchymal and non-parenchymal liver cells. The im-
portance of STEM cells or liver oval cells is still under discussion
and this mechanism provokes many questions (9, 10, 11). After
partial hepatectomy or portal vein ligation, serum level of tumour
necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) increases,
and they have been proven to be involved in the priming of hepa-
tocytes and triggering them from GO to G1 cell cycle phase (12).
These cytokines induce the activation of genes that are respon-
sible for G1 phase. Both pleiotrophic cytokines are secreted by
non-parenchymal liver cells (mostly Kupffer cells) (13, 14). TNF-
-0 is superior to IL-6, and stimulates an increase in secretion of 1L-
-6. In hepatectomized regenerating liver, it is known that this sig-
naling pathway follows the sequence TNF-a — TNFR-1 - NF B

— IL-6 — STAT3 (15). The proliferation of primed hepatocytes
is regulated positively by hepatocyte growth factor (HGF), epi-
dermal growth factor (EGF), insulin-like growth factor (IGF),
transforming growth factor-alpha (TGF-a), etc. The termination
of proliferation and stimulation of differentiation of hepatocytes,
final restructuring of liver tissue, and production of extracellular
matrix is controlled by transforming growth factor-beta (TGF-[3)
(16, 17, 18). The replication of hepatocytes culminates on 7th day
(14 per cent of hepatocytes), and the return to quiescent status was
observed on 12th day after PVE in a swine experimental model
(19, 20). The differences between PVE and PVL were not proved
to be statistically significant in achieving FLRV (21).

The aim of this publication was to apprise the general surgi-
cal and medical public of the results of experimental liver regen-
eration stimulated by cytokines and thus to enhance their effort
to carry on with implementing the research results in clinical
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practice. The results can possibly be used in human liver surgery
to enable the patients suffering from liver malignancy to undergo
radical extensive liver resections.

Material and methods

The presented study compares the results acquired from two
previous experiments, namely in stimulating liver regeneration after
partial portal vein ligation by application of TNF-a (22) or IL-6
(23). We provide a short summary of methods in order to approxi-
mate the real experimental conditions, as well as to describe the
experimental model. All described procedures were prepared and
performed in compliance with the legislation of Czech Republic,
which is comparable with the legislation of the European Union.

The portal vein branches for caudate, right lateral and right
medial lobes (50—60 per cent of the supposed liver parenchyma)
were prepared and ligated without any injury or ligation of he-
patic artery branches. The recombinant porcine TNF-a in amount
of 5 ng/kg (rpTNF-a, ProSpec TechnoGene, Israel, 8 piglets from
TNF-a group), the recombinant porcine IL-6 in amount of 0.5
ng/kg (rplL-6, ProSpec TechnoGene, Israel, 8 piglets from 1L-6
group), or physiological solution (9 piglets from the control
group) were applied into non-occluded portal vein branches (22,
23, 24). The blood samples were collected from central vein
blood: 1) before the operation, 2) after the ligation of the last
portal branch, 3) before cytokines application, 4) 2 hours after
application of cytokines, 5) on 1st postoperative day (p.d.), 6)
on 3rd p.d., 7) on 7th p.d., 8) on 10th p.d., and 9) on 14th p.d.

The biochemical parameters were assessed by means of bio-
chemical analyser Olympus 2700 as follows: bilirubin, urea, crea-
tinine, alkaline phosphatase (ALP), gamaglutamyltransferase
(GGT), cholinesterase (CHE), aspartylaminotransferase (AST),
alanine aminotransferase (ALT), and albumin.

Serum level of C-reactive protein (CRP), studied cytokines
(TNF-a and IL-6), and growth factors (TGF-1, IGF) were
meassured through enzyme-linked immunosorbent assay
(ELISA) by Auto-EIA II Analyzer (Lasystems Oy Helsinki, Fin-
land). The immunoassay kits were produced by Biosource Cali-
fornia (TGF-B1, KAC1688/1689 and TNF-a, KSC3012/
/KSC3011), Immunodiagnostic Systems Britain (IGF, Octeia
IGF-1) RD Systems Minnesota (IL-6, Quantikine), and Tridelta
Development Ireland (CRP, Phase Range).

The ultrasonographic examinations were undertaken imme-
diately after an operation and on 3rd, 7th, 10th, and 14th postop-
erative day (ultrasound machine Medison Sonoace 9900, con-
vex probe with frequency 3.5 MHz). The diameters of atrophic
and hypertrophic lobes were measured in B-modus in all three
basic planes (axial, sagittal and coronary). The volume of lobes
was counted by using standard ultrasonographic formula, which
is also used in human medicine: axial x sagittal x coronary / 2.

The experiment was finished on 14th day when animals were
sacrificed under general anaesthesia.

The histological material from atrophic and hypertrophic
parenchyma was examined after being stained with hematoxyline-
eosine, periodic acid-Schiff (PAS) staining, and PAS staining after
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digestion of preparations with diastase. The proliferation activ-
ity was examined using antibody Ki67 (MIB 1 MW, 1:1000
DakoCytomation). We concentrated especially on the measure-
ment of lobule length, binucleated hepatocyte, and length of hepa-
tocytes.

Statistical analysis was performed by the sofware CRAN
2.4.0 and STATISTICA 98 Edition.

The measured parameters (biochemistry, immunoanalysis,
ultrasonography, etc.) were described with basic statistical vari-
ables — mean, median, standard deviation, minimum, maximum,
and quartile extent. The statistical data were processed graphicaly
into Box and Whisker plot diagrams. The comparison of distri-
bution of the parameters studied in particular groups was counted
with the help of the distribution-free test (Wilcoxon). The
Spearman Rank Correlation Coefficient was used because of non-
Gausian distribution of parameter values. The whole develop-
ment of the parameters studied in time was compared between
the groups by means of the parametric test ANOVA.

Results

The results of liver lobese volume achieved by means of ul-
trasonography and physical examinations during necropsy were
compatible on the 14th postoperative day. The absolute volume
of hypertrophic lobes grew more rapidly after the application of
IL-6 or TNF-a, whereas the control group had a slow start in
growth of hypertrophic liver lobes in the first three days. The
maximum acceleration of growth of hypertrophic liver lobes in
the IL-6 and TNF-a groups took place on 7th p.d. when com-
pared with the control group (p<0.05), nevertheless, this stimu-
lating effect was lost during the follow-up period. After 10th
p.d., the regeneration decelerated in both experimental groups,
and on 14th p.d., the average hypertrophic volume obtained
through application of TNF-a or IL-6 was larger than in the
control group, however, these results were not statistically sig-
nificant owing to the dispersion of particular values. We did
not prove any differences in the development of regeneration
process in liver parenchyma between TNF-a and II-6 groups
(Fig. 1).

All studied serum biochemical parameters were comparable
in both experimental groups, and the differences did not mani-
fest any statistical significance between IL-6 and control groups
at any point in time. On the contrary, some differences were re-
corded between TNF-a and control groups.

AST, ALT and GGT serum levels increased in the control
group after operation more rapidly than in TNF-a group (p<0.05).
The serum levels of AST and ALT decreased and normalized
during the first half of the follow-up, and we did not prove any
differences between TNF-a group and control groups at the end
of the experiment. The other studied biochemical serum param-
eters were compared in both experimental groups and the con-
trol group and the differences did not manifest any statistical
significance, as was the case in both experimental groups (Fig. 2).

The serum level of TNF-a increased after the application
(TNF-a group) but its serum level was practically normalized
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Fig. 3. The comparison of progression of particular cytokines and growth factors among the I1L-6, TNF-a and control group: 1 — before
operation, 2 — after ligation of the last portal branch, 3 — before application of cytokine, 4 — 2 hours after application of cytokine, 5 — 1th
postoperative day (p.d.), 6 — 3rd p.d., 7 — 7th p.d., 8 — 10th p.d., and 9 — 14th p.d. Units of particular biochemical parameters: HGF — ng/l,

IGF — pg/l, IL-6 — ng/l, TGF B — pg/l, TNF-a — ng/l.

on first p.d. (p<0.05). The serum levels of all studied cytokines
and growth factors expressed no statistically significant differ-
ences between IL-6 and TNF-a groups and the control group
at any point in time. Besides, there were no statistically sig-
nificant differences recorded between both experimental groups
(Fig. 3).

The histological examination of biopsies was aggravated by
time of collection of specimens, that were taken when the prolif-
eration phase of liver regeneration had actually finished. The
differences in lobule length were not statistically significant
(p=0.08) between TNF-a and control groups, but in TNF-a
group, there were not only small or normal size lobules, but also
many larger lobules, which were not present in the control group.
The statistical analysis proved a significant increase in the amount
of binucleated hepatocytes in hypertrophic liver lobes in IL-6
group compared to the control group. The statistical analyses of
other histological parameters were not proved to be statistically
significant. The proliferative activity in all groups greatly de-

creased, and when compared with normal liver samples from
piglets without any surgical procedures, the mitotic figures were
of the same quantity.

Discussion

Through this study, the authors are presenting a comparison
of two experimental studies (21, 22) that used a newly estab-
lished experimental model of portal vein embolization in big
animal, which is physiologically very similar to human body.
Contemporary literature describes portal vein ligation experimen-
tal model only in mice (25). The acceleration of growth of hy-
pertrophic liver lobes after TNF-a or IL-6 application confirmed
results gained in vitro models and in experiments on small labo-
ratory animals (12, 16). Both studies illustrate a possibility of
extrinsic cytokines application to increase the future liver rem-
nant volume requested after portal vein ligation in selected con-
centrations (25, 26). We did not prove any statistically signifi-
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cant difference between TNF-a and I1-6 groups as to liver re-
generation and increase in volume of regenerating liver lobes.

The secondary effects, which could be hypothetically ex-
pected to appear after key pleiotropic cytokines application
(changes in immune reactions and homeostasis) were not ob-
served during either of the experiments.

We did not prove any statistically significant differences be-
tween serum levels of biochemical parameters studied between
the control and IL-6 groups at particular points in time. On the
contrary, the application of TNF-a prevented serum levels of
AST, ALT, GGT, and creatinine from increasing in the postop-
erative period. All these biochemical parameters could result from
both, operative stress and occlusion of portal branches of right
liver lobes that represent significant liver function reserves. The
postoperative elevation of these parameters could be hypotheti-
cally ascribed also to atrophic changes in occluded lobes. This
reduction in the expected increase in serum level of the discussed
biochemical parametres after the application of studied cytokine
in non-occluded portal vein could present also one of its pleio-
tropic functions — hepatoprotection against changes after opera-
tive stress and reduction of functional parenchyma. The changes
in serum levels of studied cytokines and growth factors were
also not observed to be different between IL-6 or TNF-a groups
and the control group at particular points in time. The differ-
ences in serum levels of studied biochemical parameters and
cytokines and growth factors between IL-6 and TNF-0 groups
were not statistically significant.

The increased number of larger lobules in the hypertrophic
parenchyma in TNF-a group in comparison with the control
group, and the increased number of binucleated hepatocytes in
the hypertrophic parenchyma in IL-6 group could be explained
by incomplete liver regeneration. Since there were practically
no mitotic figures, or their amount was the same as in normal
liver parenchyma without any surgical procedures or toxic in-
sult, we could hypothesize, that the first phase of liver regenera-
tion was finished and the next phase of regeneration was pro-
ceeding, namely the remodeling phase and the phase, when the
liver’s microstructure is restored (17). The differences in histo-
logical parameters between IL-6 and TNF-a group were not sta-
tistically significant.

This presented experimental model of liver regeneration could
be considered more compatible with human organism in com-
parison with other models of small animals. Performed portal
vein ligature is also very similar to PVE (21, 22, 23). The results
of these experiments could be useful for supporting liver regen-
eration during complicated liver procedures bringing about high
risk of liver failure and future limit of liver remnant volume.

We could only hypothesize about the influence of studied
cytokines in real clinical situation upon the growth of tumours
or metastatical lesions. Because of their very short half-life and
the fact, that they have to circulate through many microcircula-
tions (liver, lungs) before they can enter again the occluded liver
lobe via arterial supplementation, we suppose, that this influ-
ence would be of marginal meaning. Our hypothesis is supported
by the fact, that the measured increase in serum levels of studied
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cytokines after their application in central vein were detected
only for short time. These speculations represent a trigger for
further experimental and preclinical research projects. These
questions have to be answered before our results can be clini-
cally applied.

These results can serve as a basis for further medical studies
of the initiation of hypertrophy after PVE in patients in whom
we can assume a weak hypertrophic reaction after PVE. The
application of IL-6 or TNF-a can hypothetically increase the
liver remnant volume after PVE. The comparison of both stud-
ies did not give us any answer to the question as to which of both
studied cytokines could be of greater benefit in human medi-
cine. None of the cytokines proved to be more advantagous than
the other. Therefore it is not possible to prefer one to the other.
This issue remains to be an objective for further experimental or
clinical research.
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