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The development of compensatory processes in the liver
and kidney in conditions of distant tumor growth
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Abstract — Development of malignant tumor accompanied
endogenous intoxication of an organism having a mixed nature,
in particular due to dysfunction of organs detoxification and
excretion damaging effect of tumor metabolism. The active
process of moving toxic and biologically active substances
formed during tumor progression from the primary focus by
blood and lymph flow leads to damage of distant organ. The aim
of this work was to identify structural changes in the liver and
kidney under the conditions of modeling distant tumor growth.
For modeling tumor growth, hepatocarcinoma-29 (G-29) cells
were used. G-29 cells were injected into the muscle of the right
thigh of CBA mice [1]. The material for research was collected
after 3, 7, 13, and 30 days of the experiment. The structure of
the liver and kidney was studied by the method of light and
electron microscopy. Both destructive and compensatory
changes in the liver and kidney were revealed in conditions of
distant tumor growth. In the liver, a decrease a size of
hepatocytes and concentration of organelles, as well as
development of autophagy, as a mechanism for maintaining
intracellular homeostasis, were noted. In the kidney at the early
stages of the development of the tumor growth, structural signs
of filtration barrier disorde were shown. Subsequent
development of compensatory hypertrophy of podocytes and
glomerular capillary endothelium, as well as autophagy in the
epithelium of the proximal nephron were noted
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Introduction

Cancer patients often suffer from fatigue, a complex
syndrome associated with loss of muscle mass, weakness and
depressed mood. Cancer-related fatigue can be detected
during diagnosis, manifest during treatment, and persist for
many years after treatment. Cancer-related fatigue adversely
affects quality of life, limits functional independence, and is
associated with decreased survival rates for cancer patients.
There are currently no effective treatments for fatigue
associated with cancer, as the pathophysiology of this
syndrome is poorly understood. One of the causes of cancer-
related fatigue is the fact that the development of a malignant
tumor is accompanied by endogenous intoxication of the
body. Development of malignant tumor accompanied
endogenous intoxication of an organism having a mixed
nature, in particular due to dysfunction of organs
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detoxification and excretion damaging effect of tumor
metabolism. The active process of moving toxic and
biologically active substances formed during tumor
progression from the primary focus by blood and lymph flow
leads to damage of distant organ. The aim of this work was to
identify structural changes in the liver and kidney under the
conditions of distant tumor growth.

Methods and algorithms

An experimental study was conducted on CBA male mice
weighing 18-20 g. The animals were kept on a standard diet
with free access to water and food. Work with animals was
carried out in accordance with the "Rules for the work using
experimental animals." In the experiment, 2 groups of animals
were used. Group 1 included intact mice (n = 5); group 2 -
animals, with the development of the tumor process (n = 20).
Hepatocarcinoma-29 cells (G-29) were used to simulate tumor
growth. G-29 cells were suspended in 10-fold volume of
saline and injected 0.1 ml of intact animals in the right thigh
muscle [1]. The material for research was collected after 3, 7,
13, and 30 days of the experiment. Animals were removed
from the experiment by the cranio-cervical dislocation
method. For electron microscopy studies, liver and kidney
fragments up to 1 mm3 in size were fixed in a 4% solution of
paraformaldehyde prepared on Hanks medium, fixed for 1
hour in a 1% solution of OsO4 in phosphate buffer (pH = 7.4),
and were dehydrated in increasing ethyl alcohol concentration
and concluded in epon (Serva, Germany). Semi-thin sections
with a thickness of 1 um were prepared from the obtained
blocks on a Leica UC7 / FC7 ultratome (Germany /
Switzerland), stained with toluidine blue, studied under a
LEICA DME light microscope, and the required tissue
sections were selected for examination an electron
microscope. Ultrathin sections with a thickness of 70-100 nm
were obtained from the selected material, contrasted with a
saturated aqueous solution of uranyl acetate and lead citrate
and studied using a JEM 1400 electron microscope (Center for
Collective Use, Federal Research Center for Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences). Morphometric analysis was performed using
ImageJ computer software (Wayne Rasband, USA). The
average value (M) and standard deviation (SD) were
calculated using Microsoft Excel software (Microsoft, USA).
The significance of differences between the studied



parameters was determined using the Statistica 6.0 software
(StatSoft, USA) using the Mann-Whitney U-test at a
confidence level of 95% (P <0.05).

Results
Hepatocarcinoma-29 is an extremely aggressive
transplantable  cell  line.  Upon  implantation  of
hepatocarcinoma-29 cells into the thigh region of

experimental animals, tumor cells quickly replaced muscle
fibers. By 13 days of the experiment, a tumor node was
formed, and by 30 days after implantation, mature tumor
tissue appeared, having a kind of liver beams surrounded by
“sinusoids” [2]. As a result of invasion of tumor cells and
damage to membrane structures, there was an increase in the
level of secondary products of lipid peroxidation in muscle
tissue: on day 7 - 2.1 times, on day 13 - 1.4 times relative to
control values [3], which could have a toxic effect on the liver
and kidneys. The liver, as the central organ of detoxification
and metabolism, is most susceptible to the toxic effects of
malignant products. In the dynamics of tumor growth, there
was a decrease volume density of mitochondria, endoplasmic
reticulum, lipid inclusions and an increasing volume density
of lysosomal structures. The development of intracellular
autophagic degradation of cytoplasmic organelles was
revealed. In autophagosomes, fragments of cytoplasm,
glycogen rosette, mitochondria, fragments of the endoplasmic
reticulum with ribosomes were observed. The data obtained
indicate that in conditions of distant tumor growth in the liver,
non-selective autophagy develops to maintain intracellular
hepatocyte homeostasis, as well as energy and trophic
homeostasis of the body. In the early stages development of
the tumor process, destructive disorders in the kidney were
noted, indicating a violation of the renal filter - a decrease in
the number of fenestra of glomerular capillary
endotheliocytes, an increase in the thickness of the glomerular
membrane, fusion of the legs of podocytes. Starting from 13
days of tumor development, compensatory processes were
noted in the structure of nephron components. Podocyte
hypertrophy was identified: the concentration of organelles in

413

the cytoplasm of podocytes and the number of cytopodia were
increased. A decrease in the thickness of the glomerular
membrane and an increase in the height of the glomerular
capillaries were observed. Autophagy in epithelium of the
proximal part of nephron was noted.

Conclusion

The development of both destructive and compensatory
changes in the liver and kidney in conditions of distant tumor
growth was revealed. In the liver, a decrease a size of
hepatocytes and concentration of organelles, as well as
development of autophagy, as a mechanism for maintaining
intracellular homeostasis, were noted. In the kidney at the
early stages of the development of tumor growth, structural
signs of a disorder of the filtration barrier are shown,
subsequent development of compensatory hypertrophy of
podocytes and glomerular capillary endothelium, as well as
autophagy in the epithelium of the proximal nephron were
identified.
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