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Abstract

Morphological features of the thymus of rats were studied using of entirehistochemical, lumi-
nescent-histochemical and immunohistochemical methods over 5 months after the use of a car-
cinogen 1,2-dimethylhydrazine.

It was found that the development of colon cancer was accompanied by the development of 
accidental involution of the thymus. Meanwhile, the area of ​​thymic lobules was reduced in size 
along with a simultaneous reduction of both cortical and medullary substance and a growth of 
adipose tissue around the gland.

Introduction of carcinogen leads to an increase in the number of thymus cells expressing 
CD68, protein S-100 and synaptophysin, active T-lymphocytes and cells of thymopoietic micro-
environment, and to a change in the ratio between the cortical and medullary CD3+ thymocytes 
with a predominance of the latter. Increase in the number of granule cells and luminescent levels 
of serotonin, histamine and catecholamines was reported therein.

Thus, we suppose that an evolving tumor is capable of providing a short-term stimulatory ef-
fect on the production of T-helper cells five months later, which is combined with its toxic effect 
on the bone marrow and impaired supply of thymopoiesis precursors to the thymus. 
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total prevalence of tumors was more than 2,000 per 
100,000 in the population. The absolute number of 
those with the disease was 15% more in 2011 than 
in 2001. The share of malignant neoplasms of the 
digestive organs in women was 23.9%, in men – 
31.7%, including colon ‒ 7 and 5.8%, respectively. 
The absolute number of first-time diagnoses of ma-
lignant tumors of the colon in 2011 exceeded 33,000 
for the first time, yielding in number only to tumors 
of the skin, breast, stomach, and respiratory organs 
[Chissov VI et al., 2013]. 

Despite the oncologists’ best efforts to reduce 
the incidence of colon tumors, the problems of 
their early diagnosis and timely treatment are 
highly topical and relevant [Egorenkov VV, 2011].

According to the statistical reports, in Chuvash 
Republic the indicator of primary malignant tu-
mors in this period amounted to 253.5 per 100,000 
people, which is comparable to the nationwide in-
dicator. In the morbidity pattern of malignant neo-
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Introduction

The problem of the growth of malignant tumors 
is worldwide. About 10 million cases of malignant 
tumors are diagnosed each year. Meanwhile, about 
8 million people die of cancer. The steady growth 
of cancer causes the need to reform the organiza-
tion of cancer care. This will solve the old problem 
in a new, more qualitative level and to ensure that 
standards of newly-emerged social medical work 
in oncology. 

According to statistics, malignancies are a major 
cause of adult mortality, ranking third in its morbid-
ity pattern after diseases of the cardiovascular sys-
tem, injury and poisoning [Kulikova OM et al., 
2012]. Only in 2011 in Russia there were found 
more than 522,000 new cases of malignancies. The 
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volution of the thymus in terms of tumor develop-
ment provides a new, more holistic understanding 
of the pathogenesis of malignant growth that will 
further allow developing more effective methods 
of prediction, monitoring and treatment of tumors.

The objective of the study is to analyze of mor-
phological and immunohistochemical features of 
the thymus 5 months after carcinogen injection.

Materials and Methods

The trial included 70 white non-pedigree male 
rats weighing 180-220 grams. The animals were kept 
in a vivarium, caring for them was carried out in ac-
cordance with the “Rules of the work using experi-
mental animals.” The animals were kept in a vivar-
ium and taken care of in accordance with the “Guide-
lines on Experimental Animal Care”. The animals 
were divided into 2 groups: group I (control), com-
prised of 20intact rats and group II (test), comprised 
of 50 rats, intraperitoneally injected with the carcino-
gen (1,2-dimethylhydrazine) at 20 mg/kg 1 time a 
week during four weeks, in accordance with the 
model of R.F. Jacoby et al (1991). Withdrawal from 
the experiment was conducted by decapitation 5 
months after the completion of carcinogen adminis-
tration. The thymus was the object of the study. 

During autopsy of the test group animals, their 
abdominal cavity was subjected to operative ex-
ploration the colon. Post mortem examination took 
into account the incidence of tumors, their mor-
phological features, and localization. Animals that 
did not exhibit tumor formation in the study were 
not considered. During pathomorphological re-
search were taken into account the incidence of 
tumors, their morphological features, localization. 
Animals that did not have tumor formation were 
exempted from the experiment.

The following methods were used in the study:
Immunohistochemistry [Kumar GL, Rudbeck L, 

2011]:
a) using monoclonal antibodies (MCAB) (Santa 

Cruze Company, USA and NovoCastra, UK) 
•	 against pan cytokeratin for non-selective identifi-

cation of the epithelial cells of the thymus lobes; 
•	 against CD3 to identify mature thymocytes; 
•	 against CD30 for identification of activated T-

lymphocytes of the cortex; 
•	 against CD68 to identify macrophages thymic 

lobules; 

plasms colon and rectum tumors in men rank 5th 
(7.3%), in women - 4th (6.4%).

Epidemiological and experimental studies con-
ducted so far have concluded that the development 
of cancer is associated with lifestyle factors [Za-
bezhenski MA, 2011] and the human environment 
[Vlasov AD, 2009]. Among lifestyle factors signifi-
cantly increasing the risk of cancer in recent years, 
greater attention is given to improper nutrition, 
physical inactivity, emotional stress, and bad habits 
[Egorenkov VV, 2011; Subramanian S et al., 2011].

It is known that an important role in the imple-
mentation of a carcinogenic effect also belongs to 
the immune system [Molchanov ОЕ, 2002; Za-
bezhinski МА, 2011]. The collected data led to the 
development of independent scientific direction of 
modern oncology ‒ immunology of malignant 
growth, which was formed due to intensive work 
of local and foreign researchers.

Immunological status of the patients depends 
on the type of tumor, stage of the process, and in-
dividual features [Grinevich YA, Kamenez LY, 
1986; Glyshkov АN, 1991].

At this point, the nervous and endocrine sys-
tems are known to work closely with the immune 
system. A huge role in organizing the interaction 
between these systems belongs to thymus. Mor-
phological features of thymus involution in the 
presence of malignant tumors have long been de-
scribed, however, analysis of published data shows 
that in the presence of tumors thymus involution 
and associated impaired replenishment of periph-
eral T lymphocytes underlie the development of T-
cell immunodeficiency [Krilov AV, 2008; Kiseleva 
EP, 2010; Moskvichev EV et al., 2012]. 

 Mechanisms of thymic involution in tumor 
growth are still not fully elucidated [Kostrova ОY 
et al., 2012]. Hormonal and cytokine hypothesis 
are known and some researches suppose that, thy-
mus involution can be induced by tumor break-
down products, components of extracellular ma-
trix, metabolic factors, and also the vascular endo-
thelial growth factor, which is produced directly 
by tumor cells [Ohm JE et al., 2003]. According to 
Kiselev E.P. (2002), vascular endothelial growth 
factor possibly enhances thymocytes apoptosis.

In connection with the above, study of the thy-
mus structures after carcinogen injection is very 
important. Comprehensive study of accidental in-
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•	 against IgM and IgG for identification of B 
lymphocytes and plasma cells in the microenvi-
ronment structures;

•	 against cell proliferation marker Ki-67 for iden-
tification of cells in the mitotic, G1, S and G2 
phases of the cell cycle;

b) using polyclonal antibodies (PCAB) (Santa 
Cruze Company, USA and NovoCastra, UK) : 

•	 against S-100 protein for the identification of 
cells of neuroectodermal histogenesis and den-
dritic cells;

•	 against synaptophysin to identify cells of neu-
roendocrine origin; 

•	 against the protein p53 to identify apoptotic 
cells in modified structures thymic lobules; 

•	 against bcl-2 protein to determine the orientation 
of apoptotic responses in structures thymic lobes;
Hematoxylin-eosin staining was used to inves-

tigate the morphology of the thymus. 
Computer morphometry. Digital images of 

micro preparations were based on Leica DM4000B 
microscope (Leica Microsystems, Germany) using 
color camera Leica DFC 425 and Leica Application 
Suite 3.6.0 licensed software. Linear morphometric 
measurements were made with the same software; 

Falk-Hillarp luminescent-histochemical method 
was used to detect serotonin and catecholamines in 
the structures of the thymus [Falk B et al., 1962];

Luminescent-histochemical method of Cross, 
Evan, and Rost was used to detect histamine in the 
structures of the thymus [Cross SA et al., 1971];

Cytospectrophotometric method to measure the 
levels of serotonin, histamine and catecholamine 
in the structures of thymus. Measurements were 
performed with FMEL-1A tubus, which was placed 
on a fluorescent microscope LUMAM-4 (Lomo 
PLC, Russia). Content of biogenic amines in the 
structures of the thymus was assessed in units of 
fluorescence (arbitrary units on a scale recording 
device) [Kalmikov VL, 1982]. 

The evaluation of statistical significance of the 
data was performed by Student t-test.

Results and Discussion

We found that 5 months after the introduction of 
the carcinogen into the colon of rats in the presence 
of precancerous changes in the form of crypt cell 
proliferation and cell dysplasia of varying degrees, 
one-two tumors with the morphology of highly dif-

ferentiated adenocarcinoma are formed (Fig. 1).
The morphology of the rat thymus against tumor 

development differs significantly from that of intact 
animals. If normal thymus lobules have a polygonal 

Figure 1. Large intestine. Five months after the admin-
istration of the carcinogen. Highly differentiated ad-
enocarcinoma of proximal segment. Hematoxylin 
and eosin. 400x

shape with a highly visible boundary between the 
cortex and medulla, the introduction of carcinogen 
is accompanied by strong involutional changes, 
while there is a decrease in the size and formation of 
“multiblade” lobules of the thymus (Fig. 2a). The 
boundary between the slices changes at random and 
a “merging” of lobules with the total cortex is 
formed, while in the center of the organ are located 
large lobules with observable boundary between the 
cortex and the medulla, and smaller ones with 
poorly observable boundary on the periphery.

Fluorescent microscopy shows medulla as spin-
dle-shaped or with an improper amoeboid shape, 
which is virtually free of luminescent cells. The cor-
tical substance contains multiple bright luminescent 
granule cells (LGC) different in size, which are un-
evenly distributed from the corticomedullary zone 
to the periphery (Fig. 2b). LGC corticomedullary 
zone has irregular polygonal shape and contain 
large granules with a whitish-yellow or yellow-or-
ange luminescence. The diameter of these cells was 
13.4±0.9 μm (Fig. 2c). On the periphery of the cor-
tex in the subcapsular zone smaller cells with yel-
lowish-green glow are scattered randomly. The sub-
capsular cell diameter is 5.9±0.4 μm.

Cytospectrophotometric method detected ele-
vation of serotonin, catecholamines and histamine 
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in all cell structures of the thymic lobules and in 
the lymphocytes of their microenvironment. Espe-
cially distinct increase of histamine and serotonin 
content is observed in LGC corticomedullary and 
subcapsular zones by 2-2.5 times, which leads to 
an increase in their level in the thymic parenchyma 
by 1.7-2 times (Table 1).

In determining the morphometric parameters of 
the lobule a significant 29% decrease in its area is 
observed, while the relative thymus weight is re-
duced by 22%. It should be noted that unlike age-
related involution, when the lobule area reduction 
is caused mainly by cortical atrophy, more sub-
stantial reduction both in the area of ​​the medullary 
substance (37%) and cortical thickness (16%) is 
observed in carcinogenesis. In addition, the immu-
nohistochemical examination revealed a signifi-
cant 1.65-fold increase in the expression of CD3+ 
thymocytes in the cortex and 14% increase of 
CD3+ thymocytes in the medulla (Fig. 2d).

The quantity and cytoarchitectonics of the thy-
mus epithelial cells changes significantly. Immuno-
histochemical reaction with pan cytokeratin reveals 
a more than 2 times increase in the number of epi-
thelial cells in the cortex, and 1.86-fold increase in 
the medullary substance (Table 2). Tails of cortical 
epithelial cells anastomose with each other and form 
a dense network in the cells of which are located 
lymphocytes. Medullary epithelial cells, in contrast, 
form compact clusters of a large number of cells, 
which are located around blood vessels in the cen-
tral parts of the medullary areas, but do not come 
into contact with cortical epithelial cells (Fig. 2e.

Immunohistochemical examination of the thy-

Table 1.
The luminescence intensity of bioamines (U) in the structures of the thymus 

in intact rats and 5 months after the carcinogen administration
Structures of the thymus Control group Test group

serotonin histamine catechol-
amines

serotonin histamine catechol-
amines

Luminescent 
granule cells

corticomedullary zone 235.6±10.4 280.2 ± 21 105.2 ± 5.0 595.2±25.9* 555.7±21.3* 160.1±3.8*

subcapsular zone 127.4 ± 4.3 144.1± 7.3 50.7± 0.4 321.7±22.5* 279.6±2.8* 108.5±4.8*

Thymocytes
cortical 102.7 ± 2.7 125.7 ± 2.9 36.9 ± 1.4 159.1±2.7* 231.1±5.6* 71.4±4.5*

medulla 60.05 ±1.1 97.6 ± 1.0 24.2 ± 0.8 104.3±3.2* 163.8±7.3* 32.2±0.5*

Mast cells 99.8 ± 2.5 223.3 ± 7.9 35.2 ± 0.5 222.4±1.6* 264.6±7.7 76.7±3.8*

Note: * p<0.001 

Table 2.
Number of epithelial cells, expression of CD68, 

S-100, synaptophysin and CD30 in thymus struc-
tures of control and test groups
Indices Control 

group
Test group

Cortical epithelian cells 
(%) 15.71±1.6 32.4±3.4**

Medullar epithelian cells 
(%) 16.92±1.7 31.5±2.8**

CD68+ 	 cellules 
(units in p/s) 48.36±3.82 69.8±3.21*

S-100+ cellules 
(units in p/s) 34.29±5.3 66.7±4.6**

Synaptophysin + cellules 
(units in p/s) 22.47±3.45 50.3±6.2**

CD30+ cellules 
(units in p/s) 20.01±3.18 34.1±4.9**

Note: * p<0.01, ** p<0.001 

mus 5 months after the carcinogen found signifi-
cant increase in activated CD30+ lymphocytes of 
the cortex, CD68+ macrophages (Fig. 2f), S-100+ 
cells of neuroectodermal histogenesis and den-
dritic cells as well as synaptophysin+ cells of the 
neuroendocrine origin (Table 2). 

Immunohistochemical examination of the me-
dulla of peripheral lobules exposed to atrophy 
shows a significant difference of the cellular com-
position compared with intact rats. The bulk of the 
cells represented mature plasma cells, which give 
an intense reaction with MCAB against IgM and 
IgG, whose number amounts to 44% and 55% re-
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Figure 2. Thymus. Five months after the administration of the carcinogen. 
a. A lobule with manifestations of accidental involution (in the center). Hematoxylin and eosin, 200x
b. Slice of irregular shape with randomly arranged granular cells. Falk Method. 100x
c.  Accumulation of large luminescent granule cells of the corticomedullary zone. Falk Method. 600x
d. High expression of CD3 in the cortical and medullary thymocytes. Immunohistochemical reaction to CD3. 400x
e. A dense network of cortical epithelial cells (1). Immunohistochemical reaction to pan cytokeratin. 400x
f. Increase in the number of macrophages in the corticomedullary zone of the lobule. Immunohistochemical reaction 

with CD 68. 400x
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spectively in the field of view. Besides the medulla 
lobules located on the periphery, a significant num-
ber of cells positive for IgM and IgG are present in 
the interlobular septs of the thymus’ central part. In 
preserved lobules the number of cells positive for 
IgM and IgG was significantly higher than in intact 
rats by almost 5 times. When determining apoptosis 
regulatory proteins in the structures of the animals’ 
thymus lobules exposed to carcinogen, 5 months 
later a more than 8-fold increase in bcl-2 expression 
was established, and a more than 25% decrease in 
p53 protein in both cortical thymocytes and medul-
lar substance. The use of MCAB against cell prolif-
eration marker Ki-67 allowed establishing increase 
of its expression in the cortex and medulla thymo-
cytes by 24 and 41% respectively. 

Thus, as shown in our experiments that admin-
istration of a carcinogen leads to an increase in cell 
number in the thymus, bcl-2 expression, S-100, 
and synaptophysin. As is known, anti-apoptotic 
bcl-2 protein is localized in immune memory cells, 
and its increase serves as a marker of high inten-
sity of cell division in immune disorders [Reed JC 
et al., 1987]. P53 is also a regulator of apoptosis 
and oversees the state of DNA. Expression of this 
protein in the cell may indicate that the high inten-
sity of apoptosis, while in malignancy transforma-
tion it indicates the presence of gene mutation. 
During the activation of bcl-2 in the cytoplasm it 
enters in a complex with p53 protein and inacti-
vates it, thereby blocking apoptosis [Israels LG, 
Israels ЕD, 1999]. Furthermore, changes in the ex-
pression of apoptosis regulatory proteins in con-
junction with the increased number of dendritic 
cells and APUD-series indicates the reaction to de-
velopment of thymus tumors still at the stage of 
preneoplastic changes, which have been previ-
ously demonstrated [Struchko GY et al., 2011].

Increased expression of cell proliferation 
marker Ki-67, which coincides with an increase in 
the number of active T-lymphocytes and cells of 
thymopoetick microenvironment may indicate in-
crease in thymopoiesis. We suppose that these 
changes are caused by the immune system as a re-
sponse to the tumor growth and overproduction of 
T-helper type 2 required for the formation of tumor 
immune tolerance [Nishimura T et al., 2000; Bar-
ishnikov АY, 2003]. 

Development of colon cancer occurs due to the 
change in the correlation between CD3+ thymo-
cytes and cerebral cortex with predominance of the 
latter. Reduction in the number of mature medul-
lary CD3+ thymocytes may explain their increased 
output to the periphery due to tumor growth and 
increase in cell number due to environment changes 
of the thymus involution. Increased number of cor-
tical CD3+ cells may point to an enhanced thymo-
cytes differentiation, and to reduction in the num-
ber of immature CD3‒ forms due to insufficient 
influx from the bone marrow.

The increase in LGC and the level of biogenic 
amines in them may be the consequence of the 
increase in the number of dendritic cells that se-
crete IL-1, IL-6 and TNF-α [Leplina ОY, 2011]. It 
is known that IL-1 and IL-2 can reach the hypo-
thalamus, and, along with catecholamines, stimu-
late the synthesis of corticotropin-releasing fac-
tor. Glucocorticoids, in turn, reduce the degree of 
pathological process as suppressors by inhibiting 
production of this factor by hypothalamus [Se-
menkov VF et al., 2011]. 

Great value in the ability of the thymus to pro-
duce lymphocytes belongs to the epithelial net-
work of the cortex. It is known that epithelial cells 
produce thymic hormones, including thymulin and 
thymopoietin, which are necessary for the TCR re-
ceptors rearrangements in the thymocytes differen-
tiation process. [Sempowski GD et al., 2002]. We 
found that involutive changes after exposure to 
carcinogen do not lead to disruption of cortical 
epithelial cells of the network; however, they are 
accompanied by a significant increase in their 
number. There is an opinion that keeping the net-
work of epithelial cells intact is a prerequisite for 
proper thymopoiesis in the process of involution 
[Flores KG et al., 1999]. 

Thus, we believe that 5 months later a progress-
ing tumor is able to provide a short-term stimula-
tory effect on the production of T-helper cells, 
which is combined with its toxic effects on the 
bone marrow and impaired delivery of thymopoi-
esis precursors to the thymus. On the one hand, 
progressing tumor inhibits delivery of thymopoie-
sis precursors to the gland, and on the other it en-
hances the proliferation and differentiation of thy-
mocytes into mature forms.
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