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 Abstract 
 
Background: The ability of dysfunctional β-cells lesion to regulate blood glucose levels can be normalized in by increasing the 
mass of existing β-cells in the pancreas. Study of regenerative processes in Diabetes Mellitus and finding new ways to activate β
-cells precursors is of great theoretical and practical interest. 
Methods: Using the methods of light, electron -microscopic, immunohistochemistry, electron-morphometric researches pan-
creas was studied in the experimental model of diabetes. In the present study, the influence of amniotic derived peptide 
(Plaferon LB) on renewal processes was investigated in the pancreas of rats with Alloxan-induced diabetes. From a total of 90 
Wistar laboratory rats, 30 received an Alloxan injection to induce diabetes and undergo  treated one month later with Plaferon 
LB for ten days (Alloxan/Plaferon LB-treated group), 30 received an Alloxan injection but no subsequent treatments (Alloxan-
treated group), and a control group of 30 rats (control group).  
Results: Dystrophic and necrotic changes were detected in the pancreatic β-cells following the induction of diabetes with 
Alloxan, and several alterations were observed in the vascular system of the islets. Special emphasis was made on display of 
extra-islet cells during the experiment. Data obtained suggest that extra-islet cells exist in the rats pancreas with Alloxan diabe-
tes in the different degree of maturation. Immunohistochemistry researches showed, that in Alloxan/Plaferon LB-treated rats 
pancreas cells adjacent to the duct epithelium and islets endothelial cells strongly expressed endothelial, hemopoetic and stem 
cell marker CD34. Cytokeratin CK19 and insulin were manifested in proliferating duct and some acinar cells. Electron-
morphometric analysis of insulin granules in the extra-islet isolated β-cells showed increased proportion of light granules which 
is associated with increased insulin secretion.  
Results suggest that Plaferon LB: 1) promotes a decrease in the blood glucose level, 2) helps to stabilize oxidative metabolism 
in the vascular system and to decrease the intensity of endotheliocyte injury, 3) encourages the maturation and differentiation 
of precursor cells, and 4) induces the renewal of β-cells in the pancreas of rats with Alloxan-induced diabetes.  
Conclusions: Experimental results gave possibility to hypothesis, that the cells which can potentially differentiate into β-cells 
are extra-islet cells. Immunohistochemic and electron-morphometric investigation have shown, that damaged pancreas has 
capacity of generating new β-cells from ducts, exocrine or stem cells after activation with external stimuli. Presumably Plaferon 
LB takes part in the renewal processes of β-cells. However, these effects of Plaferon LB were not found to be sufficient to 
compensate for insulin deficiency. (TCM-GMJ October 2016; 1(2):P4-P10)           
 
   Keywords: Pancreas, β-cells, Precursor cells, Alloxan, Plaferon LB, Rats 
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iabetes  mellitus (DM)  has long  been  recog- 
nized as one of the most serious medico-social 
problems throughout the world1. An insuf- 
ficient quantity and the slow renewal of β-cells 

ment of pancreas13.

of β-cells, causing subsequent problems in the 
provision of insulin2,3,4. The ability of dysfunctional β-
cell lesions to regulate blood glucose levels can be 
normalized by increasing the mass of existing β-cells 
in the pancreas5,6. 
  The latter approach can be achieved by the regenera- 
tion, proliferation, and replication of pre-existing β-
cells, as well as by the neogenesis of β-cells from 
precursor or stem cells or by trans-differentiation from 
other differen- tiated cells7,8. Trans-differentiation of β-
cells were reported in various experimental conditions 
associated with β-cells loss and damage9. Neogenesis 
of β-cell from duct epithelium is one of the most 
spread hypothe- sis10. Duct cells of the neonatal and 
adult rat pancreas actively proliferate  and  express  
high  levels  of  specific cytokeratines (CK) proteins. 
CK19 serve as immuno- histochemical marker of 
epithelial duct cells11,12, and have previously been 
shown to have role in the develop 

file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_1#_ENREF_1
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file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_6#_ENREF_6
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Methods 

Animal care and maintenance 

All study procedures were implemented in accordance 
with the Institutional Guidelines for Animal Experiments 
at Bioethical Board of Al. Natishvili Institute of Morphol-
ogy. Ninety male Wistar laboratory rats (aged eight weeks, 
≈ 200 g each) were housed 2 per cage in a room with a 12 
h/12 h light/dark cycle and an ambient temperature of 22 
to 25 ºC. Free access to food and water was provided 
throughout the duration of the study. The body weight of 
each animal was measured at the beginning and at the end 
of the experiment.  

Alloxan and Plaferon LB treatments 

 

The animals were divided into three groups: 1. Alloxan/
Plaferon LB-treated group consisted of 30 rats; 2. Alloxan-
treated group consisted of 30 rats; and 3. Control group 
was composed of 30 rats that received no treatment. Ex-
perimental diabetes was induced in 60 rats consisting of 
Alloxan/Plaferon LB and Alloxan-treated groups by a sin-
gle intraperitoneal injection of Alloxan (150 mg of a 10% 
solution in water). Alloxan-treated group of 30 rats was 
then treated with Plaferon LB (0.25 mg/kg of body weig- 

ht) for 10 consecutive days starting one month after the 
development of experimental diabetes. Blood glucose 
levels were measured (Glucometer IME-DC, FIA Bio-
med GmbH, Germany) in order to assess the develop-
ment of diabetes. Blood samples were collected from the 
tail vein prior to the Alloxan injection as well as 2 and 24 
h. and 7, 14, 21, 27, 31, 32, 33, 35, 37, 39 and 40 days 
after Alloxan administration. After the initiation of treat-
ment with Plaferon LB, a blood sample were collected at 
1, 2, 3, 5, 7, 9, 10 days from Plaferon LB injection and at 
31, 32, 33, 35, 37, 39, 40 days after Alloxan injection. In 
addition, glucose level was measured two hours before 
and two hours after Plaferon LB was administered to the 
animals in Alloxan-treated group. An injection of a lethal 
dose of a sodium pentobarbital mixture (1 %) was used 
for cessation of the experiment.  
 
Tissue morphological analysis 

 
Pancreas samples from all three groups of animals were 

obtained at the moment of completion of the Plaferon 
LB treatment course for Alloxan/Plaferon LB-treated 
group. To prepare samples for the morphological studies, 
each pancreas was fixed in a Carnua mixture and a Buen 
solution. Paraffin sections (5 mc) were stained with he-
matoxylin and eosin. 

 
Immunohistochemistry 

 

Neutral-buffer 10% of pancreatic sections (3 cm) which 
were formaline-fixed and paraffin-embedded was im-
munostained. The following primary antibodies: Mouse 
Monoclonal CK19 (clone RCK108, 1:50 dilution 
DAKO), Mouse Monoclonal Endothelial Cell Marker 
CD34 (clone QBEnd/10, 1:100 dilution, DAKO), and 
guinea pig anti-swine insulin antibody (N1542, 1:100 dilu-
tion, DAKO, Carpinteria, CA, USA) were used. Im-
munohistochemic research was performed according to 
manufacturer’s protocol using Novolink-Polimer detec-
tion system. Sections were incubated with biotinylated 
secondary antibody, washed in PBS and incubated with 
horseradish peroxidise-conjugated streptavidine. Visuali-
sation was made by DAB chromogen (Novocastra, 
UK).The sections were counterstained with Harris hae-
matoxylin to facilitate nuclear identification. The reliabil-
ity of obtained results was defined using both positive 
and negative control. Immunohistochemic reaction was 
based on visual evaluation taking into account the intensi-
ty of colour. 

 
Electron- microscopic research 

The pancreas samples were fixed in 2.5% glutaralde-
hyde followed by a fresh 1 % solution of osmium tetra-
oxide in a colloidal buffer (pH 7.2 - 7.4) for 2 h. at + 4 
ºC. The samples were dehydrated in increasing concentra-
tions of alcohol, poured over an araldite mixture, and 
polymerized for 24 h at +58 ºC. A Reichert-42 Ultrami-
crotom (Vienna, Austria) was used to prepare sections of  
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 Immunohistochemic research14,15    showed that subpo- 

pulation of cells adjacent to the duct epithelium  con- 
tained endothelial and hemopoetic cell marker CD34, 
which have been used as indicator of stem or precursor 
cells.  

A positive effect on the regeneration of β-cell mass in 
diabetic animals can be achieved by administration of hor- 
mones and growth factors (glucagon-like peptides, gastrin, 
betacellulin, activin A, exendin-4, and epidermal growth 
factors)16,17,18,19,20,21. 

Plaferon LB is a placenta-derived, biologically active sub- 
stance known to have hypoglycemic, antioxidant, immuno- 
modulating, anti-inflammatory, and anti-apoptotic effects 

22,23,24,25. Plaferon LB has been successfully adopted in clin- 
ical practice. Based on our earlier researches26,27 we used an 

experimental animal model with Alloxan-induced diabetes 
to examine the effects of Plaferon LB on regener- ative 
processes in the pancreas and provide a more com- plete 
description of the origin and functional ability of β- cell 
precursors. 

Alloxan (2, 4, 5, 6-pyrimidinetetrone) is a toxic glucose 
analogue, which selectively destroys insulin producing cells 
in animals pancreas. It causes an insulin-dependent DM, 
so called Alloxan-induced diabetes with characteristics 
similar to type 1 diabetes in humans28,29. Plaferon LB is 
biologically active peptide which is manufactured from 
amniotic membranes of human placenta. Plaferon LB was 
developed in the Institute of Medical Biotechnology of the 
Academy of Sciences of Georgia and licensed for clinical 
use by Georgian Drug Control Agency. It was approved in 
1992 by the government of the Republic of Georgia as 
pharmaceutical and therapeutic drug (Republic of Georgia, 
riiffist‘ry‘‘‘ o“f‘‘Health“, Registration Number A-0001). 

file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_13#_ENREF_13
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_14#_ENREF_14
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_15#_ENREF_15
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_16#_ENREF_16
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_22#_ENREF_22
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_26#_ENREF_26
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_27#_ENREF_27
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_28#_ENREF_28
file:///F:/TCM.tsu.ge/tcm%20vol%201%20N%202/for%20reviewers/42-83-4-SM.docx#_ENREF_29#_ENREF_29
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the samples, and the Reynolds method was used for Uranil 
Acetate contrasting. The sections were covered with a silver
-containing emulsion and observed under a microscope 
(Tesla-BS 500, Praha, Czech Republic, magnification of 
3000-22000). The negative images were magnified 3-5 times 
when printed. 

Electron-morphometric research 

 

For measurement of the insulin granules Adobe Pho-
toshop CC was used. Overall number of insulin granules, 
number and percentage parity, mean diameter of light and 
dark insulin granules were measured in isolated extra-islet β
-cells from Alloxan/Plaferon LB-treated group, in β-cells 
from Alloxan and control groups. Insulin granules in all 
groups were measured in the same area of the cells. All the 
measurements from pixel were transferred to micrometers 
(41 pixel was 1 mc). 

Statistical Analysis 
 

Student t-test was used to check the reliability of the dif-
ferences between blood mean of the three groups. The 
same test was used for two independent variables and for 
one independent variable to compare data in control and 
experimental groups followed by comparison of data before 
and after Plaferon LB injection, respectively. All results are 
given as means ±SE. Measurement of the insulin granules 
were statistically calculated in all three groups. All statistical 
procedures were conducted with IBM SPSS Statistics 20.0 
for Windows (IBM Corporation, Armonk, NY, USA). 

 

Results and discussion 

 

One month after the administration of Alloxan, the glu-
cose blood level in Alloxan-treated group was 222,29 ± 
22,67 mg/dL. The body weight had decreased by 50-70 g 
and was 150-170 g compared to control group. After two 
hours from Plaferon LB injection glucose content in the 
rat’s blood was shown to decrease by 40 - 50 mg% in 
Alloxan/Plaferon LB-treated group compared to Alloxan-
treated group. Blood glucose level in Alloxan/PlaferonLB-
treated group is lower than in Alloxan treated group 
(P<0.000) and higher than in control group (P<0.000). Sta-
tistical analysis of changes in blood glucose levels of con-
trol and experimental groups are presented in table 1 and 
figure 1. 

Minimal standard deviation after the injection of Pla-
feron LB points to the homogeneous effect. Positive corre-
lation suggests the presence of the positive effect of Pla-
feron LB in all cases. 

Using the histological research method pancreas islets 
had various size, some of the islets were atrophied, other 
hypertrophied and hyperemic in Alloxan-treated group. 
The islets structure was disorganized. Necrobiotic changes 
of β-cells were observed in the central part of the islets (e.g. 
destruction, degranulation, and vacuolization) (Figure 2) 
compared with the intact control group. There was reduc-
tion of β-cells in the islet. Necrotized cell regions were sur-
rounded by connective tissue. Fibrous inclusions were de-
tected in the islet. The ultrastructure of the pancreatic islets 
of the rats from Alloxan-treated group was found to be  

markedly changed in comparison to those from control 
group. After one month from the beginning of Alloxan 
diabetes amount of apoptotic cells increased, compared 
to intact group. 

Based on immunohistochemical analysis, in Alloxan/
Plaferon LB-treated group strong expression of CD34 
was observed in the endothelial cells cytoplasm of islet 
capillaries (Figure 4). Immunoreactivity of CD34 in the 
cells adjacent to ducts and islets were high. CD34 posi-
tive cells scattered throughout the pancreas (Figure 5), 
whereas expression of CD34 in Alloxan-treated and con-
trol group were limited (Figure 6).  According to this 
finding we hypothesized that Plaferon LB activates pro-
cesses of endothelial proliferation and initiates formation  
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Along necrotic changes in the β-cells were observed 
cells with highly condensed or fragmented nuclei, and 
cells without nuclei. Type1 DM is characterized by a sig- 
nificant  deficit  in  pancreatic  β-cell  mass  presumably 
caused by β-cell necrosis and apoptosis30,31.  According to 
researchers32,33 Alloxan-induced diabetes in pancreatic β-
cells manifests by alkylation of DNA and formation of 
toxic compounds such as superoxide anion peroxinitrite, 
and nitric oxide. Damage to DNA and in- tracellular 
structures causes necrosis and activates apop- tosis  of  
pancreatic  β-cells.  In  Alloxan/Plaferon  LB- treated 
group single hypertrophied islets (Figure 3), mito- sis in 
some cells and decrease of apoptotic bodies were 
observed compared to Alloxan-treated group. We sup- 
pose that Plaferon LB acts as a protector of insulin- 
producing β-cells, reduces intensity of apoptosis, restores 
potential of mitochondria and stimulates β-cell prolifera- 
tion, by increasing its mitogenic activity. 

Changes such as dystrophy and necrosis were apparent 
not only in the β-cells but also in the vascular system of 
the  pancreatic  islets.  Pancreatic  islets  endothelial  cells 
play an important role in the early phase of type 1 DM. It 
is well known that the endothelial layer represents a barri- 
er to blood cells; β-cells and the islet micro-vascular sys- 
tem cooperate in the maintenance of glucose 
homeostasis34,35,36,37.During the development of Alloxan-
induced dia- betes, the endothelium underwent alterations 
(dystrophy and desquamation of the endothelium) 
followed by the tran- sendothelial migration of immune 
and inflammatory cells into  the  pericapillary  space  and  
the  endocrine  tissues, with consequent progressive injury 
of the β-cells. Fibrous inclusions were revealed in 
pericapillary space.  

The endothelial lining of capillaries adjacent to cells in 
the islet of Alloxan/Plaferon LB-treated group were thin 
and well fenestrated. Within islets newly arisen capillaries 
were observed. Pericapillary space was found widened and 
without fibrous inclusions, collagen fibres in pancreatic 
islets become thin compared to the morphological chang- 
es which developed in sinusoidal network in Alloxan- 
treated group. Based on our findings, we suggest that 
Plaferon LB exerts antioxidant and anti-inflammatory 
effect,  stabilizing oxidative metabolism  in  the  vascular 
system and decreasing the intensity of injury in the endo- 
thelium of sinusoidal capillaries. 
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of new capillaries. Immunohistochemic researches showed 
that subpopulations of cells adjacent to the ductal epitheli-
um contained CD34-positive precursor cells and perhaps 
giving rise to β-cells. Therefore Plaferon LB might activate 
angiogenic processes and mobilizes bone marrow derived 
cells in pancreas of the diabetic rats. 

Substantial changes were detected in the extra-islet cells 
in Alloxan/Plaferon LB-treated group. In Alloxan/
Plaferon LB-treated group expression of CK19 of the area 
around the islet, and throughout the pancreas was detected 
(Figure 7). In the islets expression of CK19 was weak. 
CK19 mainly expressed in the pancreatic ducts, with slight 
expression in acinar cells. Weak and negative expression of 
CK19 has been observed in cells near the pancreas islets in 
Alloxan-treated and control groups. In addition, in Allox-
an/Plaferon LB-treated group some ducts and single acinar 
cells were including insulin granules. The intensity of stain-
ing on anti-insulin varied and usually is stronger in ducts 
nearby islets (Figure 8).  

Extra-islet cells of various origins and with varying de-
grees of maturation were revealed. Some extra-islet cells, 
which displayed features of β-cells, were isolated and not 
organized into islets. We considered endocrine cells as ex-
tra-insular component, when appeared isolated. For defini-
tion of functional ability of isolated extra-islet β-cells with 
mature insulin granules has been lead electron microscopic 
morphometry. Insulin granules were counted only in extra-
islet cells where nucleus was visible. Light and dark insulin 
granules were observed in such cells: light granules with 
electron lucent core and white halo, while dark granules 
were with an electron-dense core and a broad white halo. 
Most of insulin granules were observed in the perinuclear 
space. Large nuclei with a prevailing content of euchroma-
tin were detected in several of the extra-islet cells. Only 
extra-islet cells with mature insulin granules and visible 
nucleus in Alloxan/Plaferon LB-treated group (Figure 9), 
and insulin granules in β-cells of Alloxan-treated and con-
trol group were examined by electro- morphometric meth-
od. The number of insulin granules in extra-islet β-cells in 
Alloxan/Plaferon LB treated-group were lower than the 
number of insulin granules in β-cells of pancreas islets  

(P<0.000) in Alloxan-treated and control group. Percent 
age of light insulin granules in extra-islet β-cells of rats 
pancreas in Alloxan/Plaferon LB treated group were 
higher than percentage of dark insulin granules 
(p<0.000) in Alloxan-treated and control group. The 
percentage of dark insulin granules in β-cells in Alloxan-
treated and control group were higher (p˂0.000) whereas 
the percentage of dark insulin granules in extra-islet cells 
were lower (P<0.000) in Alloxan/Plaferon-treated group. 
The area of dark insulin granules was smaller, than area 
of light insulin granules in all groups. No significant dif-
ference could be found between mean diameter of light 
and dark insulin granules in three distinct groups (Table 
2). 

 
 
 

Table 1. Glucose level in the blood of control, Alloxan-treated 
and Alloxan/Plaferon LB-treated group. 
 

 
 

*SD = Standard Deviation 

**t = Student t-test 

***p = p-value 

Difference is statistically reliable (t=15.483; p<0.000) 

Difference is statistically reliable (t=23.0224; p<0.000) 

 

 

Groups Mean SD* t** p*** 

Control group 80.86 8.51 

15.483 0.000 Alloxan-

treated group 
222.29 22.62 

Control group 80.86 8.51 

23.024 0.000 

Alloxan/

Plaferon LB-

treated group 

172.29 6.16 
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The origin and nature of β-cell precursors are controver- 
sial. One of the potential reasons could be the regeneration 
and replication of pre-existing cells, de-differentiation, pro- 
liferation,  and  re-differentiation  of  facultative  precursor 
cells residing within the islet38,39,40,41. In Alloxan/Plaferon 
LB-treated group immunohistochemistry analysis revealed 
strong expression of CK19 in the duct cells nearby pancre- 
as islets. We support the idea that β-cell progenitors go 
through a ductal phase from an immature to an adult β-cell 
42,43,44,45. Plaferon LB appeared to activate neogenesis of β- 
cells from duct cells. However, new finding suggest12,46,47 

that β-cell precursors are not restricted to only pancre- atic 
ducts, and generate through acino-insular trans- 
differentiation. In the present study by electro-microscopic 
research single acinar cells including insulin granules were 
manifested. We agree with opinion above mentioned au- 
thors specifying on a possibility of acino-insular transdif- 
ferentiation from exocrine tissue. 

Knowledge of these measurements is important for 
understanding functional capacity of these cells48,49,50,51. 
Analysis showed differences in number, percentage pari- 
ty, mean diameter between insulin granules in extra-islet 
isolated β-cells in Alloxan/Plaferon-treated group and β- 
cells in islet of Alloxan-treated and control group. Re- 
search showed that extra-islet cells in Alloxan/Plaferon 
LB-treated group were included mature and functionally 
active insulin granules. An increased proportion of light 
granules in the extra islet β-cells in Alloxan/Plaferon LB 
-treated group might be associated with increased insulin 
secretion. We share the opinion by Ogneva et al.52 
that light granules might be responsible for immediate 
insulin secretion whereas the dark granules restore the 
insulin secret for a longer period. 
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Table 2. Insulin granules in isolated extra islet β-cells in Alloxan/Plaferon-treated group, in β-cells of pancreas islet in Alloxan-
treated and control group 

 

 

 

 

 

 

 

 

 

 

 

 
Values are means ± SE within an observation       *(p<0.000) 
 

Group Area Number 
of gran-
ules 

Number 
of dark 
granules 

Number 
of light 
granules 

Percent 
of dark 
granules 

Percent 
of light 
gran-
ules 

Diameter 
of dark 
granules 
(µm) 

Area of 
dark 
granules
(µm2 ) 

Diameter 
of light 
granules 
(µm) 

Area of 
light 
granules 
(µm2) 

 I - Extra-
islet isolated 
β-cells in 
Alloxan/
Plaferon LB 
treated 
group 

42.74 
± 
0.57* 

115 
± 
9.55* 

40 
± 
5.05* 

75 
± 
5.09* 

33.92 
± 
1.90* 

66.07 
± 
1.90* 

0.404 
± 
0.007* 

0.143 
± 
0.009* 

0.447 
± 
0.01* 

0.165 
± 
0.007* 

II - β-cells in 
Alloxan 
treated 
group 

42.65 
± 
0.61* 

136 
± 
4.74* 

95 
± 
3.86* 

41 
± 
2.51* 

69.86 
± 
1.55* 

30.14 
± 
1.55* 

0.304 
± 
0.006* 

0.076 
± 
0.03* 

0.334 
± 
0.007* 

0.095 
± 
0.04* 

 III - β-cells 
in control 
group 
  

42.45 
± 
0.48* 

344 
± 
0.51* 

276 
± 
0.35* 

68 
± 
0.71* 

80.22 
± 
1.25* 

19.78 
± 
1.25* 

0.391 
± 
0.63* 

0.06 
± 
0.05 

0.397 
± 
0.68* 

0.124 
± 
0.008 

Fig2.Alloxan-treated group. Rats’ pancreas. Necrobiotic changes 
in the central part of islet. Degranulation. Vacuolization of β-
cells. Shown magnification 10x40 (H&E) 

Fig1.Distribution of blood glucose mean in all experimental 

groups 

Fig3.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Hy-
pertrophic islet. Mitosis in β-cells in the islet. Shown magnifi-
cation 10x20 (H&E) 

Fig4.AlloxanPlaferon LB-treated group. Rats’ pancreas. CD34 
positive cells scattered throughout the pancreas and in the cells 
adjacent to ducts. Shown magnification 10x40. 
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Fig5.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Im-
munoreactivity of CD34 in the islets were observed. Alloxan-
treated group. Shown magnification 10x40. 

Fig6.Alloxan-treated group. Rats’ pancreas. Weak expression 
of CD34 in the pancreas. Shown magnification 10x40. 

Fig7.Alloxan/Plaferon-treated group. Rats’ pancreas. Strong 
expression of CK19 in the area around islet and throughout the 
pancreas. Shown magnification 10x20. 

Fig9.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Frag-
ment of extra-islet isolated β-cell. Shown magnification x6000 

Fig8.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Sin-
gle acinar cells in the islet peripheral part and near the islet 
stain with anti-insulin. Shown magnification 10x40 
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 Abstract 
 
The immunomorphological analysis of cell subpopulations has been conducted in the primary (thymus, bone marrow) and sec-
ondary (spleen, visceral and somatic lymph nodes) immune organs of gnotobiotic and conventional rats in the age aspect. Actual-
ly, as it has been shown, the age-related changes in quantitative ratio (at intergroup comparison) of immunocompetent cells in the 
immune organs of conventional and gnotobiotic rats are unidirectional   in the force of common, genetically determined factors 
(regardless of environmental antigen exposure). However, it should be also noted a miscellaneous type of aging correlations (at 
intergroup comparison) of so-called "naive" cells, i.e. T-lymphocytes for thymus and B-lymphocytes for bone marrow. For exam-
ple, on the background of a sharp age-related reduction in maturation of "naive" T cells in thymus of gnotobionts, an enhance-
ment of proliferative activity of "naive" B cells  in bone marrow of  gnotobionts was observed.  The above-mentioned seems to 
be necessary to maintain the desired level of B cells in spleen and visceral lymph nodes of the old-aged gnotobionts, thereby con-
tributing to the maintenance of a relatively high immunopoetic potential of the named organs. (TCM-GMJ October 2016; 1
(2):P11-P14)           
 
   Keywords: Aging, Gnotobiotic rats, Immunocompetent cells, Immunomorphology  

Quantitative peculiarities of Immunocompetent cells of the Immune 

organs of old Gnotobionts 

Kochlamazashvili B. 

 

Introduction 

 

Investigation of the aging processes of immuno-
competent cells is of important theoretical and 
practical significance. In addition, in the numerous 

works the cells of young and old organisms have been 
morpho-functionally compared, not taking into account 
the fact, that aging process not only affects individual 
features of lymphoid cells, but also the ratio of cells in 
different subpopulations. 

For example, it was revealed that the so-called 
"naive" (without contact with antigen) lymphocytes  pre-
dominated  in young organisms while "memory" lympho-
cytes  - in older  ones, respectively.  
Consequently, a simple quantitative or qualitative com-
parison of the peculiarities of immunocompetent cells in 
adult and old organisms is not possible, since, the ob-
served changes may not be caused by aging of cells, but 
be a consequence of different features and lymphoid cells 
differentiated in different ways and included in certain 
subpopulations.  Some authors showed, that aging is as-
sociated with a decline in B-lymphopoiesis in the bone 
marrow and accumulation of long-lived B cells in the 
periphery.  Also was shown that age-related changes in 
the B lineage are mediated by the accumulating long-lived 
B cells1,2,3. 

According to some authors4, among the population of 
immunocompetent cells the following groups of cells  
should be studied: 
1. Population of young, just emerged from the primary 

organs of the cell have not yet been exposed to anti-
gen ("naive" cells); 

2. Population of not active, (dormant)  "naive" cells 
not stimulated by antigen, but existing for a certain 
period of time ("aged naive" cells); 

3. Proliferating cells exposed to antigen; 
4. Population of “dormant” cells previously exposed to 

antigens ("memory" cells) 
The age-related changes in primary and secondary lym-

phoid organs responsible for the formation and differen-
tiation of immunocompetent cells have been determined 
by using immunomorphological investigations. 
The consequence is not only quantitative changes in the 
ratio of different subpopulations (having different  CD - 
markers) but age-related changes in functional features 
of the cells of the same subpopulation. Thus, when ana-
lyzing the changes in morphological and functional pecu-
liarities of immunocompetent cells associated with aging, 
it is necessary to take into account that the cells of adult 
and old-aged individuals may differ substantially accord-
ing to population composition. 

Consequently, in the basic mass of such investiga-
tions studying quantitative and qualitative parameters at 
aging, the "naive" cells of adult  organisms were com-
pared with  "memory" cells in old-aged organisms.  In 
addition, it is known that with age the number of 
"naive" (CD 3+, CD 45 RA +) immunocmpetent cells 
is reduced faster than the "memory" cells (CD 3+, CD 
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45 RO+), which practically does not change5.  
"Naive" T- and B-cells are continuously renewed by 

maturation in primary lymphoid organs, while the number 
of T- and B-"memory" cells are maintained in secondary 
lymphoid organs on account of  their repeated contacts 
with antigens. So, what that means is that the age-related 
changes cytoarchitectonics of the organs of immunogene-
sis largely depend as on the impact of internal antigenic 
stimuli of mentioned organs as well as the effect of anti-
genic environment on the organism as a whole. 

Therefore, in our  judgment,  conducting  the compara-
tive quantitative analysis of cellular relationships in the 
organs of immunogenesis of gnotobiotic (without antigen-
ic exposure to environmental microbes, i.e. "naive" organ-
isms) and conventional (with the influence of conventional 
antigenic environment of vivarium) organisms is of great 
importance, to identify and differentiate "pure" age-related 
changes ranged from pathological, occurring during aging 
of immune system, to  previously reported critical  compli-
cations6,7.  
 

Objective  

The aim of the current study was carrying out a com-
parative analysis of primary and secondary lymphoid or-
gans at aging with cytologic profile, taking into account 
the absence or presence of the influence of antigenic en-
vironment. 

 
 

Materials and Methods 

60 experimental animals have been divided into two 
research groups: 

1.Gnotobiotic animals - 15 adult (6-10 months of age) 
and 15 old-aged (24-32 months of age) animals ob-
tained from the laboratory «Iffa-Credo» (Lyon, 
France) 

2.Conventional animals - 15 adult and 15 old ones 
maintained under standard conditions of vivarium 
microbial environment. The animals were killed by 
total exsanguination through glass capillary tube in-
serted into the retro-orbital venous sinus under ether 
anesthesia. The masses of thymus, spleen and lymph 
nodes have been determined by using multifactorial 
morphological study including routine (H&E),  Im-
munohistochemical Metods (Coons method, PAP 
method) and morphometric methods8  of data analy-
sis. 

Cells morphometric parameters were measured by us-
ing a square mesh grid8. Blocks, sections and fields for cell 
counting were selected randomly. The validity and reliabil-
ity of the quantitative data were assessed by statistical vari-
ance using parametric t-criteria of Student's  distribution. 
The differences were considered statistically reliable/
significant at  p <0.05. 

 
 

 Results and Discussions 
 

Actually, cytoarchitectonics of lymphoid organs of 
gnotobiotic and conventional rats does not differ from 
each other very much in general. However, according to 
the comparative quantitative analysis of immunocompe-
tent  cells can be seen (see Table № 1) that, in adult ani-
mals of both gnotobionts and  conventional ones, on the 
background of equal (p> 0.05) number of T-lymphocytes 
in all investigated organs (except bone marrow, where T-
cells are only in conventional animals), low level of immu-
noglobulin containing cells - Ig + cells (in all organs) as 
well as B-cells in thymus, bone marrow and inguinal 
lymph nodes of adult gnotobionts was observed, while 
the number of  B-lymphocytes in spleen and mesenter-
ic  lymph nodes  is equal (p> 0.05) for both study groups. 

Thus, the potential of cellular immunity in adult gno-
tobionts is not significantly different from that of adult 
conventionals, while humoral immunity in gnotobionts is 
significantly suppressed in all lymphoid organs except the 
spleen and visceral lymph nodes, where this index  re-
mains at the level of the control group.  

The number of B lymphocytes in the old-aged gnoto-
bionts (see. Table N1) in thymus, bone marrow and in-
guinal lymph nodes was reduced, but in spleen and mes-
enteric lymph nodes does not differ from that of control 
animals, i.e. in accordance with the microbial status and 
regardless of the ages humoral immunity of gnotobionts 
is restricted proportionally to the reduction of antigenic 
exposure effect in all studied (except of the spleen and 
visceral lymph nodes) lymphoid organs. 

At comparative quantitative analysis of Ig+cells in 
lymphoid organs, detectable by immunoluminescence 
method, a significant age-related decrease (see. Table) (p 
<0.05) in their number in secondary lymphoid organs was 
revealed in the rats of both study groups. For example, a  
total number of Ig + cells (Ig + blasts, Ig + plasmocytes, 

As for old-aged organisms (see. Table 1), on the back-
ground of total decrease in the number of Ig + cells in all 
organs of old-aged gnotobionts, the number of T-cells in 
primary organs (compared to control) is significantly re-
duced and doesn’t differ significantly (p>0.05) in somatic 
lymph nodes as well, while the number of T-lymphocytes 
in spleen and visceral lymph nodes is even increased in 
comparison with conventional organisms.  

In particular, spleen and visceral lymph nodes should 
be distinguished, a humoral immunity potential of which 
doesn’t depend on the microbial and aging factors actual-
ly remaining at the level of the control group parameters. 
As for the cellular immunity, due to lack of simplified 
microflora exposure to the organism affects only primary 
lymphoid organs (proportionally increasing with age) of 
gnotobionts, while in gnotobionts a potential of cellular 
immunity in secondary lymphoid organs is not changed  
(somatic lymph nodes) or even amplified (spleen, visceral 
lymph nodes) in comparison with the animals of control 
group.  
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Ig + lymphocytes) in the spleen of conventional adults  
equals to 11.6 ± 0.43%, in adult  gnotobionts - 8.82 ± 
43%; but  in old-aged  -  7.58 ± 0.38% and 5.27 ± 0.26%, 
respectively. 

In adults of conventional organisms a total number of 
Ig + cells equals to 5.47 ± 0.29%, while in  old-aged ones  
- 3.24 ± 0.12% and 1.16 ± 0.06%, respectively. It is im-
portant to note that Ig + cells almost totally absent (see 
Table N1) in thymus of the adults  in both conventional 
and gnotobiotic rats, but they appear (in a small amount 
of  2.5 ± 0.12 and 1.33 ± 0.07%, respectively) in elder  
rats. The mentioned decrease in Ig + cells in the lymph 
nodes and spleen of elder animals and their appearance in 
the old-aged thymus (together with an increase in their 
number in the old bone marrow) can be explained by a 
redistribution of these cells to various organs of immune 
system or a presence of "silent" cells in elder organisms  
containing defective  immune- protein, or (more likely)  
by both of them, simultaneously. According to the cyto-
chemical data, most plasmocytes in lymph nodes and 
spleen of older animals (especially in conventional ones) 

contained denatured Ig as Russell bodies and Mott cells 
(corpora eosinophilica) and “hyaline balls “ detectable 
even in histological preparations by  type of "storage pa-
thology ". 

 

Conclusion 
 
Age-related changes, developed in the spleen and vis-

ceral lymph nodes (unlike somatic), are less expressed in 
gnotobionts in comparison with conventional animals, 
that is manifested in better safety of immunopoetic po-
tential  of these organs. Actually, the above-mentioned 
should be explained by endogenous reasons (erythrocyte 
decay products, food antigens, etc.)  of antigenic stimula-
tion, creating  the conditions (“immune autonomy”) for 
these organs, regardless of age and  effect of environmen-
tal antigen exposure to the organisms. To the less vulner-
ability/exposure (regardless of environmental antigen 
exposure) to age-related changes in visceral than the su-
perficial (somatic) lymph nodes, was indicated by other 

  

Organs 

  
Cells 

Gnotobiotics Conventional   
t 3-4 
(p) Adult 1 

--- 
Old 2 

t1-2 (p) 
Adult 3 
t1-3 (p) 

Old 4 
t2-4 (p) 

  

  

Thymus 

T-cell  89.5± 9.1 29.3 ± 3.1 
6.3(˂0.001) 

93.8±8.7 
0.34 (˃0.05) 

56.2 ± 5.2 
4.4(˂0.001) 

3.7 
(˂0.001) 

B-cell  0.24±00.3 0.46 ± 0.05 
3.8(˂0.001) 

0.76 ± 0.06 
7.8(˂0.001) 

2.6 ± 0.28 
7.6(˂0.001) 

6.3 
(˂0.001) 

(Ig+) cell  0 1.33 ± 0.07 
19(˂0.001) 

0 
---- 

2.5 ± 0.12 
8.4(˂0.001) 

20.0 
(˂0.001) 

Bone marrow T-cell  0 0.4 ± 0.03 
13.3(˂0.001) 

0.68 ± 0.12 
5.7(˂0.001) 

0.91 ± 0.08 
6.0(˂0.001) 

1.6 
(˃0.05) 

B-cell  11.7±0.83 15.6 ± 0.8 
3.4(˂0.001) 

18.2 ± 1.1 
4.7(˂0.001) 

19.6 ± 0.9 
3.2(˂0.001) 

0.9 
(˃0.05) 

(Ig+) cell  1.46±0.07 3.62 ± 0.17 
11.7(˂0.001) 

4.24 ± 0.2 
13.2(˂0.001) 

7.55 ± 0.33 
10.6(˂0.001) 

8.6 
(˂0.001) 

Spleen T-cell  28.4±2.1 22.6 ± 2.3 
1.9(˂0.001) 

35.2±3.2 
1.7 (˃0.05) 

17.2±1.2 
2.1 (˃0.05) 

5.3 
(˂0.001) 

B-cell  38.8±3.4 35.8 ± 3.2 
0.6(˃0.05) 

46.1±4.8 
1.2 (˃0.05) 

28.6 ±3.2 
1.6 (˃0.05) 

3.0 
(˂0.001) 

(Ig+) cell  8.82±0.43 5.27 ± 0.26 
7.1(˂0.001) 

11.6 ± 0.57 
3.9(˂0.001) 

7.58 ± 0.38 
5.0 (˂0.001) 

5.9 
(˂0.001) 

Inguinal lymph 

node 

T-cell  55.6±4.4 39.2 ± 3.4 
2.9(˂0.02) 

58.4±5.1 
0.42 (˃0.05) 

19.4 ± 2.1 
5.0(˂0.001) 

7.1 
(˂0.001) 

B-cell  22.4±1.7 19.2 ± 1.8 
3.8(˃0.05) 

25.2±3.1 
0.8 (˃0.05) 

18.8±51.8 
0. 2 (˃0.05) 

1.8 
(˃0.05) 

(Ig+) cell  2.04±0.1 1.28 ± 0.05 
6.8(˂0.001) 

4.86 ± 0.24 
10.8(˂0.001) 

3.26 ± 0.15 
12.5(˂0.001) 

5.7 
(˂0.001) 

Mesenteric 

lymph node 

T-cell  61.2±5.2 16.8 ± 1.2 
8.4(˂0.001) 

65.2±6.2 
0.5 (˃0.05) 

17.8±62.1 
0.4 (˃0.05) 

7.2 
(˂0.001) 

B-cell  18.2±1.2 9.6 ± 0.9 
5.7(˂0.001) 

22.5 ± 2.1 
2.7(˂0.001) 

13.6±1.6 
2.2 (˃0.05) 

2.92 
(˂0.01) 

(Ig+) cell  1.8±0.09 1.16 ± 0.06 
1.54(˃0.05) 

5.47 ± 0.29 
12.2(˂0.001) 

3.24 ± 0.12 
15.5(˂0.001) 

7.1 
(˂0.001) 

Table 1. Content of  T and B Cells and Also Ig + cells in Different Immune Organs of Conventional and Gnotobiotic Rats, % 
(X±Sx) 
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9,10,11,12, explaining this phenomenon by less 
changes developed  in  mucosal immunity at  aging. 

Consequently, age-related changes in quantitative ratio 
(at intergroup comparisons) of immunocompetent cells in 
the organs of immunogenesis are mostly of unidirectional 
character and are independent of environmental antigen 
exposure to the organisms. 

However, it should be also noted a non-unidirectional 
nature of age-relations (at intergroup comparison) of so-
called “naive” cells, i.e.  T-lymphocytes for thymus and B 
–lymphocytes for bone marrow. It is easy to note 
that  (see Table N1), if the number of T-cells in gnotobi-
onts are reduced 3 times but in conventional animals 
more than 1.5 times (i.e. unidirectional dynamics), then 
conversely, the number of “naive”  B-cells in bone mar-
row of  gnotobionts increases 1.3 times, while in the con-
ventional group this index does not change. 

Consequently, on the background of a sharp age-
related reduction in maturation of "naive" T cells in thy-
mus of gnotobionts, an enhancement of proliferative ac-
tivity of "naive" B cells  in bone marrow of  gnotobionts 
was observed.  

This apparently seems necessary to maintain the de-
sired level of B-cells in the spleen and visceral lymph 
nodes of elder gnotobionts, thereby contributing to the 
maintenance of a relatively high immunopoietic potential  
of these organs.  
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      Abstract 
        

Deteriorated renal function in patients with acute or chronic heart failure represents an important clinical challenge of modern 
medicine. The term Cardio-Renal Syndrome (CRS) has been brought into use to characterize heart-kidney interaction leading to 
dysfunction of one another. The pathophysiology of impaired renal function in cardiovascular disease is complex and not precisely 
understood. Recent investigations suggest that management of patients based on just low-flow theory does not lead to improved 
outcomes. Relative importance of Right-Sided Heart Failure (RSHF) has not been properly evaluated.  

This paper provides a concise overview of definition, classification and pathophysiology of the CRS and its subtypes, particu-
larly types 1 and 2 with special emphasis on the role of RSHF and increased Central Venous Pressure (CVP). The role of RSHF in 
CRS is difficult to ascertain, as it is frequently combined with left sided heart failure and renal dysfunction can also raise right atrial 
pressure by causing fluid retention, regardless of concomitant cardiac dysfunction. Proper understanding of CRS subtypes is cru-
cial, as therapies directed towards one organ system may have beneficial or unfavorable effects on the other.  
(TCM-GMJ October 2016; 1(2):P15-P18)           

    Keywords:  Cardio-Renal syndrome, Right-sided heart failure, Central venous pressure, eGFR, Low-flow theory 

 

The role of right-sided heart failure in patients with Cardio-Renal  

Syndrome 

 
Lobzhanidze G. 

 

 

Introduction 

oexistence of cardiac and kidney diseases is fairly 
common - the prevalence of moderate to severe 
renal impairment (defined as a Glomerulal Fil-
tration Rate (GFR) less than 60 mL/min per 

1.73 m2) is approximately 30 to 60 percent in patients 
with Heart Failure (HF)1,2,3,4,5. Clinical importance of in-
teractions between heart disease and kidney disease is 
illustrated by the following observations6: 

 Mortality is increased in patients with HF who have 
reduced GFR7;  

 Patients with chronic kidney disease have an increased 
risk of both atherosclerotic cardiovascular disease and 
heart failure and cardiovascular disease is responsible 
for up to 50 percent of deaths in patients with renal 
failure8;  

 Acute or chronic systemic disorders can cause both 
cardiac and renal dysfunctions9.  
The term Cardio-Renal Syndrome (CRS) has been 

brought into use in the last decade. Professor Claudio 
Ronco et al, has defined five subtypes of CRS, which are 
distinguishable from each other by the clinical course, 
pathophysiology, diagnostic approaches and management 
tactics10. CRS involves both - the acute and the chronic 
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conditions which are characterized by the heart's prima-
ry, and primary renal injury: 

Type 1: Worsening renal function complicates Acute 
Decompensated Heart Failure (ADHF) and Acute Coro-
nary Syndrome (ACS). Depending on the population, 
27%-40% of patients hospitalized for ADHF develop 
Acute Kidney Injury (AKI). Consequently, CRS type 1 is 
often seen in the coronary care and intensive care 
units11,12,13,14; 

Type 2: Chronic abnormalities in myocardial function 
leading to Chronic Kidney Disease (CKD). The “chronic 
abnormalities” may include many different heart condi-
tions, such as chronic heart failure, congenital heart dis-
ease, atrial fibrillation, constrictive pericarditis and 
chronic coronary heart disease15;  

Type 3: Acute renal failure leading to cardiac dysfunc-
tion, such as cardiac ischemic syndromes, congestive 
heart failure, or arrhythmia16. Type 3 emerges less fre-
quently than CRS type 1, but this may be due to the fact 
that it has been less thoroughly studied then type110; 

Type 4: Primary renal disease leading to cardiac dys-
function, such as ventricular hypertrophy, diastolic dys-
function, increased risk of adverse cardiovascular events 
17,18,19; 

Type 5: Systemic illness leading to simultaneous heart 
and renal failure. This CRS subtype may cover many 
acute or chronic conditions in which combined heart 
and kidney dysfunction is observed (e.g. diabetes melli-
tus, sepsis, lupus, etc.)20; 

When reno-parenchymal disease leads to cardiovascu-
lar complications, it’s been recommended to name the 
latter condition as Reno-Cardiac Syndrome (CRS type 3 
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and type 4)14, 21. CRS type 5 is also called a secondary 
CRS20, 22. 

The term - Cardio-Renal Cachexia Syndrome (CRCS) 
has been suggested when there are complex interrelations 
that involve transition from CRS to cachexia and from 
cachexia to CRS23. 

 

 Mechanism of renal impairment 

Pathophysiology of reduction in GFR in patients with 
HF is complex and includes several major factors: abnor-
malities in systolic and diastolic myocardial performance 
can lead to a number of hemodynamic derangements, in-
cluding reduced stroke volume and cardiac output, arterial 
underfilling, elevated atrial pressures and venous conges-
tion24. These hemodynamic derangements trigger a variety 
of compensatory neurohormonal adaptations including 
activation of Sympathetic Nervous System (SNS), the Ren-
in-Angiotensin-Aldosterone System (RAAS) and a range 
of adverse cellular processes (including oxidative injury 
and endothelial dysfunction) leading to apoptosis and renal 
fibrosis1,5,25,26,27,28,29.  

Novel biomarkers of acute cardiac and renal injury have 
become accessible for the last several years. These include 
Cystatin C, NGAL (Neutrophil Gelatinase-Associated 
Lipocalin), KIM-1 (Kidney Injury Molecule 1), NAG (N-
Acetyl-β-(D) Glucosaminidase), IL-1 8 (Interleukin-18), L-
FABP (Liver-Fatty Acid Binding Protein), CI (Cataitic 
Iron)30. It is expected, that these biomarkers will facilitate 
making an earlier diagnosis of CRS, as well as identify the 
specific type of CRS31. Unfortunately, these tests are not 
widely available yet.   

CKD is common and is associated with increased mor-
tality in HF32. Though, it is not clear whether the effect of 
CKD on mortality varies by Left Ventricular Ejection 
Fraction (LVEF). The mechanism of acute cardio-renal 
syndrome (type 1) is difficult to clarify also because of the 
complex and multifactorial comorbidities associated with 
acute heart failure syndrome33. Recent investigations sug-
gest that management of patients with primary cardiac and 
secondary renal dysfunction based only on the low-flow 
theory does not lead to improved outcomes34,35. Both ani-
mal and human studies have shown that Intra-Abdominal 
and Central Venous Pressure (CVP) elevation, which also 
increases the renal venous pressure, lead to reduction of 
GFR36,37,38,39,40. There is a growing evidence to support the 
roles for elevated Renal Venous Pressure and Intra-
Abdominal Pressure (IAP) in development of progressive 
renal dysfunction in patients with HF39,41,42. The study by 
Kevin Damman et al. has shown that CVP is associated 
with impaired renal function and independently related to 
all-cause mortality in a broad spectrum of patients with 
cardiovascular disease41. The study by Heiko Uthofft et al. 
further supported the concept that CVP is an important 
hemodynamic factor for impaired renal function, especial-
ly in combination with decreased cardiac output42. 

The study by Ali Ahmed et al. has shown that CKD-
associated mortality was higher in those with diastolic 

than systolic HF43. Diastolic HF or Heart Failure with 
Preserved Ejection Fraction (HFPEF) is the most fre-
quent form of HF44,45,46 (the incidence of HFPEF is re-
ported to include about 50% of the general heart failure 
population [47]). Coexistence of renal impairment in 
heart failure with preserved EF is reasonably common 
(especially in older females with hypertension and/or 
diabetes),  but may be under-diagnosed48. The Cardio-
Renal interactions potentially contributing to HFPEF 
are complex and include volume overload, due to inade-
quate renal handling of salt or fluid, renal hypertension, 
or oxidative stress and inflammatory processes49,50.  

The above-mentioned evidence dissuading the role of 
reduced LVEF as the primary driver of renal impair-
ment has prompted researchers to have a closer look 
into the role of right ventricle (RV) in the pathogenesis 
of CRS. 

 
 The role of right ventricle 

Awareness about the role of right ventricle in health 
and disease traditionally has been lagging behind that of 
the left ventricle51. Even though, right-sided (or right 
ventricular) heart failure (RSHF) usually occurs as a re-
sult of left-sided failure, RV function may be impaired in 
pulmonary hypertension (PH), chronic obstructive pul-
monary disease (COPD), congenital heart disease 
(CHD), connective tissue diseases, coronary artery dis-
ease and in patients with valvular heart disease. When 
left ventricular function is normal, the term - Isolated 
Right Ventricular Failure is used (IRVF)52. Data about 
prevalence of kidney impairment in those patients is 
uncertain, as it still remains largely under-diagnosed. 

Right ventricular dysfunction may play an important 
and possibly earlier role in the pathophysiology of im-
paired renal function53, but assessing RV function re-
mains a challenge. At this time, there is no single com-
monly accepted and generally applicable index of RV 
function54. Due to the complex anatomy of right ven-
tricular anatomy, only a few echocardiographic parame-
ters are reliable. Tricuspid Annular Plane Systolic Excur-
sion (TAPSE) is a validated parameter of global right 
ventricular function55. CVP, which is an estimate of 
Right Atrial Pressure (RAP), can also help to diagnose 
RSHF, but it should always be considered in conjunc-
tion with other cardiovascular parameters, e.g. LVEF, as 
the right heart sided pressures should indirectly reflect 
left sided pressures, and the left sided filling pressure 
may be an indicator of left ventricular function56.  

Frank L. Dini et al. studied relationship between RV 
dysfunction and CKD in outpatients with chronic sys-
tolic HF. The authors found that TAPSE and estimated 
GFR were significantly correlated53. The findings of the 
study support the concept that venous congestion from 
backward cardiac failure might be as important as for-
ward failure in the pathophysiology of renal impairment 
in HF. Elevated renal venous pressure due to RSHF can 
decrease GFR by increasing interstitial and tubular hy-

  TCM&GMJ Vol. 1 Issue 2. 2016                                                                                                                                                                                 Lobzhanidze G.    
                                                                                                                                                          



p 17 

drostatic pressures within the kidneys and by decreasing 
renal perfusion pressure and renal blood flow. Hypoxia, 
as well as local and systemic neurohormonal activation 
from elevated venous pressure may further compromise 
kidney function in these patients57,58.  

 

Conclusion 
 

Deteriorated renal function in patients with acute or 
chronic heart failure represents an important clinical chal-
lenge of modern medicine. The pathophysiology of im-
paired renal function in cardiovascular disease is complex 
and not precisely understood. Recent investigations sug-
gest that IAP and CVP elevation, which also increases the 
RVP, lead to reduction of GFR. Relative importance of 
RSHF has not been properly evaluated.  

Proper understanding of bidirectional pathways by 
which the heart and kidneys influence each other is neces-
sary to define optimal treatment strategies specific to the 
subtypes, as therapies directed towards one organ system 
may have beneficial or unfavorable effects on the other.  

In this review we tried to highlight potential role of 
RSHF and increased CVP in CRS type 1 and type 2. An 
evaluation of RSHF is complicated, however, TAPSE and 
CVP, an estimate of RAP, can help to diagnose RSHF, but 
they should always be considered in conjunction with oth-
er cardiovascular parameters. Despite the recent reports, 
the role of RSHF in CRS is difficult to ascertain, as it is 
frequently combined with left sided heart failure and renal 
dysfunction can also raise RAP by causing fluid retention, 
regardless of concomitant cardiac dysfunction. Additional 
high-quality studies in patients with coexisting IRVF and 
kidney disease are needed for proper understanding the 
role of RV in CRS.  
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 Abstract 
 

Metabolic syndrome and nodular pathology of the thyroid gland is a widespread problem nowadays. Recently there has been a 
notable coincidence between metabolic syndrome and nodular pathology of thyroid gland. Hence, it is interesting to reveal the 
possible pathogenetic connection between these two diseases. 

During the reviewing of articles in the PubMed and Google Scholar database, the attention was attracted on the insulin-like 
growth factor system, which activates the cell growth and proliferation. Insulin-like growth factor system is activated during hy-
perinsulinemia, which alongside with insulin resistance and obesity forms basis for the development of metabolic syndrome. 

Consequently, formed an idea to reveal the correlation between IGF 1 and thyroid nodular disease  in patients with metabolic 
syndrome. (TCM-GMJ October 2016; 1(2):P19-P25)           
 
   Keywords: Metabolic syndrome, Insulin like Growth Factor 1, Thyroid gland 

Introduction 
 

etabolic syndrome and nodular pathology of 
the thyroid gland is a widespread problem 
nowadays. The number of patients with meta-

bolic syndrome increases on daily basis. According to the 
data of International Diabetes Federation (IDF): A quar-
ter of adult population in the world suffers from meta-
bolic syndrome. Back in the year 2006 the spreading of 
metabolic syndrome in Georgia comprised 23,16 %1. 

Patients with metabolic syndrome have 5 times more 
risk of developing diabetes T2, 3 times more risk of de-
veloping cardiac diseases, and twice more risk of lethality, 
in comparison to those who do not suffer with metabolic 
syndrome. Out of 200 million people with diabetes, over 
80 % die of systemic complications of cardiac diseases. 
These data prove that metabolic syndrome and diabetes 
T2 prevail over other diseases in lethality index (IDf.org). 
Obesity, alongside with insulin resistance and hyperinsu-
linemia forms basis for the development of metabolic 
syndrome. Obesity is a problem of population worldwide.   
The number of obese people increases daily, 66% of 
adult population in the USA are diagnosed as obese or 
overweight. The increase in metabolic syndrome is asso-

M 
ciated with the increase in the percentage of obesity.  
Apart from metabolic syndrome, obesity is related to 
diseases like diabetes of type 2, arterial hypertension, is-
chemic cardiac disease, dyslipidemia, atherosclerosis, can-
cer2. 

Recently there has been a notable coincidence between 
metabolic syndrome and nodular pathology of thyroid 
gland. Hence, it is interesting to reveal the connection 
between these two diseases. 
 
Metabolic Syndrome and its Components 

 In 1988  Gerald Reaven was the first to describe meta-
bolic syndrome3. He introduced a term:” X Syndrome“ 
and described a complex of metabolic disorders which 
included intolerance of glucose, hypertriglyceridemia and 
low concentration of high density lipoproteins ( HDL). 
Since then, the name of the above-mentioned syndrome 
has been changed to „metabolic syndrome“, and diag-
nostic criteria were added by factors like: fasting hyper-
glycemia, abdominal obesity, arterial hypertension4. 

Finally, it was established that metabolic syndrome is a 
unity of various metabolic disorders, which represents of 
risk factor for diabetes of type 2 and cardiovascular dis-
eases. Its main components are:  

 Abdominal/visceral obesity; 

 Insulin Resistance and hyperinsulinemia; 

 Dislipidemia (especially hypertriglyceridemia); 

 Arterial hypertension; 

  Disorder of hemostasis (hypercoagulation)5. 
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   The risk factors leading to the development of metabolic 
syndrome are: extra weight of the body, sedentary lifestyle, 
smoking, pathological nutrition behavior, low weight at 
birth, hereditary predisposition to obesity, arterial hyperten-
sion and diabetes of type 2. 

The criteria for the diagnostics of metabolic syndrome 
have been provided by various organizations.  
In 2001 The National Cholesterol Education (NCEP) 
Adult Treatment Panel III (ATP III) worked out criteria for 
diagnostics, according to which metabolic syndrome should 
meet at least 3 criteria:  

 Waistline – in men >102 cm, in women > 88 cm; 

 Triglycerides  > 150 milligrams per deciliter (mg/dL). (> 
1,69 mmol/l); 

 HDL      - in men < 40 mg/dL ( <1,04 mmol/l), in 
women< 50 mg/dL ( <1,29 mmol/l); 

 Arterial hypertension >130/85 mm; 

 Fasting glycemia > 100 mg/dL ( > 6,1 mmol/l.) (2). 
Increased BMI is one of the key risk factors for metabolic 

syndrome. According to US National Health and Nutrition 
Check Research data, metabolic syndrome was found in 5% 
of patients with normal BMI, 22% of overweight patients 
and 60% of obese patients. According to the above-
mentioned research, risk factors also embraced age, race, 
post-menopause period, smoking, economic hardships, diet 
with high content of carbohydrates and sedentary lifestyle6. 

The chief component of metabolic syndrome is insulin 
resistance /hyperinsulinemia. Insulin regulates the metabo-
lism of glucose, assists the transportation of glucose from 
blood to tissues. Besides, in liver and muscular cells, insulin 
activates the synthesis of glycogen. With regard to adipose 
tissue, insulin acts in two directions: on the one hand, it 
stimulates the formation of fats (30-40 % of normally ab-
sorbed glucose is transformed into fat), on the other hand, 
insulin is a strong blocker of dissolution of fats. Adipose 
tissue is highly sensitive to insulin. Therefore, in case of 
hyperinsulinemia, obesity, especially of abdominal type, is 
developed. Besides, insulin activates ATP, DNA and RNA 
synthesis, which assists proliferation of cells in the entire 
organism4,7. 

The synthesis and secretion of insulin occurs in β cells of 
pancreas. The molecule of insulin consists of two polypep-
tide chains ( A -chain-21 amino acid and B- chain – 30 ami-
no acid). In the Golgi apparatus of pancreas β cells are 
formed by means of conversion from proinsulin, insulin 
and  C peptide.  The period of semi-dissolution of insulin in 
the peripheral blood equals 4 minutes, and that of peptide 
C equals 30 minutes5, 8,9,10. During 24 hours, 50% of total 
amount of insulin is formed in basal conditions. The re-
maining 50 % is formed during ingestion. The secretion of 
basal insulin comprises 18-32 international units. After in-
gestion the secretory response of insulin is fast, its secretion 
increases approximately five times as compared to basal, 
and reaches its peak within about an hour after ingestion 
5,11. 

The cells react to the activity of insulin by means of spe-
cial insulin receptors. Insulin receptor is coded by one gene, 
containing 22 exons localized on the 19th chromosome12, 13.  

The receptor is a trans-membrane tetrameric protein 
connected by disulphide, consisting of two α and two β 
parts14. α part is extracellular and insulin binds to it. β part 
is intracellular and contains tyrosine kinase domain. The 
trans-membrane component of β part governs the trans-
mission of insulin-binding signal to the internal part of 
the cell. Since insulin is bound, the tyrosine residue of the 
intracellular region of β part phosphorylates and tyrosine 
kinase activates. Normally, insulin binds to its receptor 
and activates tyrosine kinase phosphorylation, followed 
by triggering two pathways of insulin metabolism: the 
PI3K (hosphatidylinositol 3-kinase) pathway regulates the 
metabolic functions of insulin such as gluconeogenesis, 
glycogen synthesis, protein and lipid synthesis, while the 
MAPK pathway (mitogen-activated protein kinase) gov-
erns cells growth and differentiation process14, 15, 16. 
   Insulin receptors belong to the family of tyrosine kinase 
receptors, which also includes insulin-like growth factor 1 
(IGF1) receptor and insulin receptor related receptor 
(IRR). α and β subunits complex, coded by IGF1 recep-
tor gene, dimerizes not only with itself, in order to form 
IGF1, but also with α and β subunits complex of insulin 
receptor via generating hybrid receptors. IGF1, insulin, 
and hybrid receptors bind insulin and IGF1 with different 
affinity. Insulin regulates metabolism, while IGF1 influ-
ences the growth and proliferation. In the case of the 
metabolic syndrome, the activation of both hybrid and 
IGF1 receptors, followed by activation of cells prolifera-
tion process, results from hyperinsulinemia4. 
 The reasons for resistance to insulin may be: the de-
crease in the amount of insulin, distortion of the process 
of binding between receptors and insulin, mutation of the 
receptor gene, defect of cellular membrane, antibodies to 
receptors17,18.  Besides, among the supportive factors are: 
sedentary lifestyle, inappropriate diet, hyperglycemia, cer-
tain medicaments (glucocorticoids, cyclosporine, niacin 
etc.), increase in the concentration of free fat acids, as 
well as ageing19,20,. 

In order to assess resistance to insulin, a widespread 
method in clinical research and medical practice is home-
ostatic method of defining resistance to insulin (HOMA- 
IR). 

HOMA- IR model was worked out in order to define 
insulin resistance by means of fasting glycemia and insulin 
parameter. 

HOMA- IR = fasting glycaemia X fasting insulin /22.5 
(fasting glycaemia is measured in mmol/l, fasting insulin 
is measured in m/unit/ ml. 

Or, HOMA- IR = fasting glycaemia X fasting insu-
lin /405 (fasting glycaemia is measured in mg/dL, fasting 
insulin is measured in m/unit/ml).  

HOMA2- IR updated computer model enables to de-
fine insulin sensitivity( %S) and the function of Beta cells 
of pancreas ( %B) by means of data regarding glucose and 
insulin, or glucose and C-peptide22,23,24. 

In the 21st century there has been a significant decrease 
in physical activity; food products have high content of 
easily-absorbable carbohydrates, excessive use of which    
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forces pancreas to supply blood with a large amount of in-
sulin. This decreases the number of insulin receptors on the 
cell surface and leads to resistance to insulin. In order to 
overcome tissular resistance to insulin, pancreas again gen-
erates a large amount of insulin. As a result, hyperinsuline-
mia, the chief component of the metabolic syndrome, is 
develope25,26. 

Metabolic syndrome is associated with several patholo-
gies related to obesity, such as: fatty hepatosis of liver, fi-
brosis, cirrhosis, syndrome of polycystic ovaries, obstruc-
tive sleep apnoea, gout etc27,28,29,30,31,3. 

There are certain data regarding the coincidence of the 
metabolic syndrome with pathologies of the thyroid 
gland33,34,35,36. 

 
 The Insulin-like Growth Factor System (IGF System) 

Insulin influences cell growth but the role of insulin-like 
growth factor system (IGF System) in the process of cell 
proliferation and growth is even more important. IGF Sys-
tem consists of  IGF 1 and IGF 2, as well as their own cell 
receptors- IGF 1R  and - IGF 2R, hybrid receptors -IR/
IGF1R and 6 binding proteins IGFBP 1-6. Insulin-like 
growth factors are autocrine and paracrine regulators in-
volved in mitogenesis, tissue and cellular differentiation, 
angiogenesis, etc. There are two types of insulin-like 
growth factors, IGF-1 and IGF-2. These are single-chain 
polypeptides consisting of 70 amino-acid and 67 amino 
acids residues. The homology between these 2 hormones 
makes up 62%, while 50% of their amino-acid residues is 
identical with those of insulin. Both IGF 1 and IGF 2 are 
involved in the cell proliferation process, but it should be 
noted that  IGF 2 is more active during embryogenesis, 
whereas in postnatal period the involvement of IGF 1 in 
cell growth and development is essential37, 38, 39. 

The IGF 1R  and  - IGF 2R  receptors and IGFBP 1-6 
binding proteins are a molecular key to insulin-like growth 
factors. IGF 1R is a tyrosine kinase cell surface receptor, a 
heterotetrameric protein, composed of two: the α and β 
subunits. This is a product of a single gene expression lo-
calized on chromosome 15, as well as the insulin receptor 
gene40, 41.  

 IGF 1R binds with equal affinity to both the IGf I and 
IGf II, but with 100 times less affinity to the insulin. IGF 
1R and insulin receptors are structurally so similar that 
their subunits might exchange with each other by creating 
hybrid receptors. That is why IGf 1 and insulin have simi-
lar metabolic activity42, 43, 44, 45. 

Insulin like growth factors binding proteins IGFBP 1-6 
are secreted in blood by many tissues; they are considered 
as IGFI and IGf  II function modulators.  All the six pro-
teins reduce biological activity of IGF by different extent, 
at the same time, most of them except for IGFBP 4 and 
IGFBP 6, have potentiating effect on IGf activity in vitro 
46,47,48. 
Most IGF-I in blood is bound to IGFBP 3 that in its turn 

associates with the third protein (acid-labile subunit) and 
forms stable large molecular protein complex with molec-
ular weight of 150 kJ. The complex circulates in blood for  

a long time and makes reserve of IGF -1 available49.  
Unlike that, the concentration of IGFBP1 changes very 

quickly and it is regulated by insulin; by binding to IGF – 
1 it causes the inactivation of free IGF50, 51, 52, 53.  

IGf1 is a single-chain polypeptide consisting of 70 ami-
no acids. Its structure is similar to that of insulin. Like 
insulin, IGf1 also contains B and A domains, but unlike 
insulin, it contains an additional D domain on C- terminal 
and shorter c- peptide54, 55. 

 On the one hand, IGf1 mediates the biological func-
tion of somatotropic hormone, on the other hand, it 
functions like insulin, enhancing absorption of amino 
acids, glucose and fatty acids in cells. It is involved in li-
pid metabolism and has anti-inflammatory, anabolic anti-
oxidant activities as well as neuro- and hepatoprotective 
properties56,57,58,59,60,61,62,63, 64,65, 66. 

IGF 1 synthesis in the liver is intensified by the influ-
ence of somatotropic hormone and insulin. Elevation of 
insulin level via hypoglycemic mechanism enhances the 
synthesis of somatotropic hormone that has counter insu-
lin action. Somatotropic hormone, in turn, stimulates the 
release of IGF-1 that changes hyperglycemic effect of 
growth hormone67. The level of IGf1 in blood depends 
not only on the impact of somatotropic hormone, but 
also on reproductive, thyroid hormones, insulin and corti-
costeroids. Also, insulin, androgens and estrogens in-
crease hepatic synthesis of IGF-1, while glucocorticoids 
inhibit it. As tissular factor, IGf 1 is also produced in 
muscles, kidneys, adipocytes, etc68.  
 

IGf 1 and Diabetes Mellitus Type 1 

The study of the concentration of hormones, in the 
case of Diabetes Mellitus type 1, detected a high level of 
somatotropic hormone and decreased amount of IGf 1 in 
plasma. The Growth hormone plays a dominant role in 
IGF 1 gene expression, but its stimulating effect reduces 
significantly in the event of hypoinsulinemia. Hence, due 
to insulin deficiency, in the case of Diabetes Mellitus type 
1, the concentration of IGf 1 decreases; whereas a high 
level of somatotropic hormone is caused by low level of 
IGf 1, since the latter impacts hypothalamus and adeno-
hypophysis, reciprocally controlling synthesis of somatoli-
berin and somatostatin , as well as secretion of somato-
tropic hormone. High concentration of IGf 1stimulates 
secretion of somatostatin, whereas the lack of IGf 1inhib-
its secretion of somatostatin69. 

 
IGf 1 and Obesity, Metabolic Syndrome, Diabetes  
Mellitus Type 2  

In type 1 diabetes, the decrease in the level of IGf 1 is 
observed, while increased level of IGf 1 is found in type 2 
diabetes. This fact can be explained by IGFBP-related 
biological inertness of IGf 1. Due to the fact that the bio-
logical activity of IGf 1 enhances as a result of its binding 
to the receptor, the resistance to IGf 1 can be caused by 
increased level of IgfBP. 
The patients with type 2 diabetes mellitus, metabolic  

syndrome and obesity, develop resistance of muscular   
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tissue to IGf 1: in vitro glucose utilization by muscle tissue 
does not increase in the presence of IGf 170. 

In their studies Federici M. Porzio O. and coauthors 
found that in patients with type 2diabetes mellitus and 
obesity, low level of insulin resistance is counter correlated 
with IGf 1 concentration in plasma71. Moreover, in com-
parison with low weight patients, increased expression of 
hybrid receptors occurs in obese and type 2 diabetes pa-
tients. Having bound competitively insulin and IGf 1, hy-
brid receptors prevent them from binding to their own 
receptors, as well as from manifestation of their biological 
activity in insulin dependent tissues, this way contributing 
to development of insulin resistance. 

 The research conducted by Kulkarni R.N. and coau-
thors showed that only the inhibition (blocking) of insulin 
or IGf 1receptors does not have an effect on beta cells of 
pancreas, but simultaneous exclusion of both types of re-
ceptors leads to reduction of beta-cell mass in response to 
increased level of glucose72,73. It is known that in case of 
obesity glycemic level remains within normal range; the 
beta-cell replication and hypertrophy capacity in response 
to insulin resistance prevents the development of type2 
diabetes mellitus. When compensatory mechanisms are 
exhausted, beta-cell mass decreases and type2 diabetes 
mellitus becomes clinically manifested74. As insulin re-
sistance is accompanied by compensatory hyperinsuline-
mia, in type 2 diabetes mellitus the elevation of IGf 1 con-
centration in plasma is caused by the stimulating effect of 
insulin on the liver. In this situation IGf 1 is not related 
pathogenetically to the growth in insulin resistance. But it 
functions as a marker of hyperinsulinemiaand of the situa-
tion described above.  

The production of IGf 1 by the liver depends on both 
hormonal factors and eating behavior. In most type 2 dia-
betes patients who are overweight and hyperinsulinemia is 
presented, IGf 1stimulates process evolutionary developed 
as a regulator of cell proliferation relative to alimentation 
factor. Insulin plays a key role in the synthesis of IGf 1. It 
regulates the production of IGf 1 by having an effect on 
growth hormone receptors and post receptor mechanisms 
75. In the normal condition, when the level of insulin and 
sensitivity of tissues towards insulin is within a normal 
range, somatotropic hormone stimulates IGf 1 gene ex-
pression. Hypoglycemia stimulates the synthesis of counter
-insulin hormones including somatotropic hormone. In 
type 2 diabetes patients hyperinsulinemia does not have a 
stimulating effect on somatotropic hormone expression, as 
insulin resistance causes elevation of glucose level in 
blood. Besides, IGf 1 itself, with its high level in type 2 
diabetes patients, triggers reciprocal suppression of synthe-
sis of somatotropic hormone. This hormonal background 
in patients with type 2 diabetes together with other factors 
results in accumulation of fat in depots.  

On the other hand G. A. Aguirre (et al.) in the review “ 
insulin like growth factor-1 deficiency and metabolic 
syndrome” focused  on the metabolic effects of IGF-1 and 
discussing whether IGF-1 replacement therapy.   

In review we found data from multiple studies (in vitro 
and in vivo) demonstrate the association between IGF-1 

deficit and deregulated lipid metabolism, cardiovascular 
disease (CVD), diabetes, and altered metabolic profile of 
diabetic patients. 

Because IGF-1 is normally found at low levels in 
metabolic syndrome and T2D, maybe because of insulin 
cessation to inhibit IGFBP-1 production by the liver and 
because of decreased liver IGF-1 secretion by insulin 
stimulation, as insulin resistance prevails in the liver. 
Nevertheless, the mechanism of this possible inverse 
relationship between metabolic syndrome  and free IGF-
1 levels remains unclear. 

Consistent with the evidence presented  author suggest 
a positive effect towards re-establishing IGF-1 levels by 
substitutive therapy only to physiological levels, never  
above them76.  

IGf 1 and Neoplasy  

 IGf 1plays a crucial role in regulation of cell prolifera-
tion and apoptosis and depends on alimentation behavior 
77. Correct and balanced diet facilitates decrease in insulin 
and IGf 1's secretion, as well as reduction of muscle 
mass. At the same time, significantly declines the capabil-
ity of somatotropic hormone to induce IGf 1 gene ex-
pression.  The growth hormone and Igf stimulates vascu-
lar endothelial cell proliferation, the angiogenesis on the 
whole, reparation of neural tissue, and glucose utilization 
by brain cells. The higher the probability of cancer devel-
opment is, the higher cell proliferative activity and the 
lower the activity of cellular immunity, macrophages and 
reparation system are78. 

The risk of development of oncological diseases is 
higher in patients with metabolic syndrome, obesity and 
type 2 diabetes mellitus. It is established that individuals 
with diabetes have a higher risk of malignancies such as 
the liver, pancreas, colorectal and uterine cancer79. 

According to a range of data, impaired glucose toler-
ance is more likely to be a risk factor for  development of 
oncological processes than manifested diabetes mellitus80. 
The frequency of malignancies is higher in the incidence 
of type 2 diabetes mellitus than in the event of gestational 
diabetes, the reverse is true for type I diabetes (fewer ma-
lignances compared to gestational diabetes). This regulari-
ty indicates pathogenetic relation between the neoplastic 
processes  and the degree of hyperinsulinemia.  

According to literary sources, excessive insulin secre-
tion in patients with obesity and the metabolic syndrome 
results in elevation of IGf 1 concentration that stimulates 
cell proliferation. It is also important to consider that in 
the incidence of type 2 DM,  hyperinsulinemia is accom-
panied by hyperglycemia, production of glycosylation end 
products and active forms of oxygen81. The latter damag-
es cytoplasmic and mitochondrial membranes and inhib-
its intensity of DNA repair and therefore, slows down 
cell regenerative ability82. Hence, the management of met-
abolic process and restoration of normal immune system 
contribute to enhancement of quality of life. 
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IGF 1 and Nodular Pathology of Thyroid  

There are numerous findings that growth factors play an 
important role in the  growth and development of thyroid 
cells83,84,85,86. Conducted researches suggested that IGF 1 is 
involved in the pathogenesis of thyroid disease. One of the 
studies confirms that IGF 1 induces protein and DNA 
synthesis and facilitates thyroid cell proliferation87. 

Nodular thyroid disease is a widespread problem. There 
are different types of thyroid nodules: cysts, adenoma and 
cancer88. 

The occurrence of thyroid nodules is manifested by 
physical examination in 3-7 % of cases, while the chances 
of detection by ultrasound examinations are greater than 
25 %. The term “goiter” refers to an enlargement of the 
thyroid gland. Goiter is classified as follows: toxic and non
-toxic, diffuse and nodular. Nodular goiter can be solitary 
or multinodular. Nodular goiter is more common with 
women than men and its occurrence increases with age. It 
is most widespread in iodine-deficient areas. 
The majority of nodules develop from diffuse goiter in 
conditions of iodine deficiency. Initially, diffuse hyperplas-
ic process is localized in one or several areas of the thyroid 
gland where hyperplasic acinus undergoes colloid involu-
tion. There may also be nodular fibrosis or calcificats83. 
But not less frequently thyroid nodules develop inde-
pendently of iodine deficiency due to  autoimmune, genet-
ic and environmental factors. Generally, non-toxic nodular 
goiter is asymptomatic and often is accompanied by eu-
thyreosis. The compression syndrome is detected only in 
case the nodules are of large size because of the pressure 
on surrounding organs that is manifested by coughing, 
trouble in swallowing, voice change, and difficulty in 
breathing. In the incidence of nodular disease, the function 
of the thyroid gland may be reduced or increased. Thyroid 
nodules may become malignant. Tumorous nodules are of 
two types: benign and malignant. The latter is classified as 
follows: differentiated – papillary and follicular carcinoma, 
and undifferentiated - anaplastic carcinoma and C-cell 
(calcitonin-producing) medullary carcinoma. There are also 
other types of rare malignant tumors: lymphoma, sarcoma, 
metastatic lesions of thyroid gland, etc 2 . 
 The issue of relation of tumor to nodular goiter is still 
under discussion. Carcinomas derive from benign nodules 
and the process of malignization is relatively slow in com-
parison with carcinomas of other location. Basically, carci-
nomas emerge from non-toxic nodules89,90. 

As it was mentioned above, IGF system governs cell 
proliferation. IGF 1 receptor and IGFBP are found in thy-
roid gland tissue(91). Therefore, there emerged the opin-
ion that the IGF 1- may have some effect on the thyroid 
cells, and consequently, on the development of thyroid 
nodular disease. 

 The studies conducted on animals showed that this 
molecule stimulates the proliferation of thyroid epitheli-
um92, 93. A high level of IGF 1 receptor expression in the 
thyroid gland was confirmed in patients with Graves’s dis-
ease and cancer94, 95. 

One of the studies reveled that IGF 1 facilitates protine 

and DNA synthesis and stimulates thyroid cells prolifera-
tion96. 

Furthermore, thyroid cancer is most common with ac-
romegalic patients. In the incidence of acromegaly the 
IGF 1concentration is much higher compared to the nor-
mal range97. 

Therefore, it is interesting to ascertain the relation be-
tween the concentration of IGF 1 and occurrence of thy-
roid nodules in patients with metabolic syndrome. 
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 Abstract 
 

Diabetes is one of the most challenging chronic and heterogeneous diseases all over the world. For now it is already estab-
lished, that in most of the cases Diabetes Type 1 results from autoimmune destruction of the insulin-producing beta cells in the 
islets of Langerhans. The combined measurement of zinc transporter 8 antibodies (ZnT8A), glutamic acid decarboxylase antibod-
ies (GADA), insulinoma associated autoantigen 2  antibodies (IA2A), and insulin antibodies (IAA)  raised autoimmunity detec-
tion rates at disease onset. Zinc (Zn) plays essential roles in cellular metabolism of mammals. The pancreatic islet β-cell is among 
the cells which contain high levels of zinc. It is concentrated in the insulin secretory granules and is essential for the proper stor-
age, secretion, and the action of insulin. Zinc transport in mammalians is regulated by the family of Zn transporters.  ZnT8 is 
expressed in pancreatic islet β-cells. The essential role of this protein is to transports zinc ions from the cytosol into the vesicles 
of β-cells for insulin secration and storage. ZnT8 is one of main antigens in the etiology of type 1 diabetes mellitus and it can be 
used as diagnostic and predictive tool for Type 1 Diabetes Mellitus. Though the onset of type 1 diabetes  cannot be prevented, it 
is still very important to reveal the different risk groups as the knowledge  of the increased risk can help to prevent acute onset of 
the disease with ketoacidosis and concomitant morbidities. (TCM-GMJ October 2016; 1(2):P26-P28)           
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Introduction 

iabetes is one of the most challenging chronic 
and heterogeneous diseases all over the world1. 
It  interrupts normal development in children 
and carries the threat of severe complications in 

the most active period of life. For now it is already estab-
lished, that in most of the cases Diabetes Type 1 results 
from autoimmune destruction of the insulin-producing 
beta cells in the islets of Langerhans2. Though type 1 dia-
betes mellitus is less common, than type 2 diabetes, it is 
the major autoimmune diabetes in humans1. The treat-
ment strategies for patients with diabetes mellitus vary 
widely and are depending on the accurate determination 
of the type of diabetes. The combined measurement of 
zinc transporter 8 antibodies (ZnT8A), glutamic acid de-
carboxylase antibodies (GADA), insulinoma associated 
autoantigen 2  antibodies (IA2A), and insulin antibodies 
(IAA) raised autoimmunity detection rates to 98% at dis-
ease onset. ZnT8A were persistent in the prediabetic 
phase and proved to be a useful independent marker of 
autoimmunity either alone in antibody-negative subjects 

or in conjunction with IAA, GADA, or IA2A3. Though 
the onset of type 1 diabetes  cannot be prevented, it is 
still very important to reveal the different risk groups as 
the knowledge  of the increased risk can help to prevent 
acute onset of the disease with ketoacidosis and concomi-
tant morbidities.  

The role of zinc in the biosynthesis of insulin  

Zinc plays essential role in cellular metabolism of mam-
mals. The pancreatic islet β-cell is among the cells which 
contain high levels of zinc4. There is large evidence that 
zinc status and homeostasis plays the essential role in the 
onset and progression of diabetes5,6. Zinc supplementa-
tion to the meal   had inhibited the progression of the 
experimental type 1 diabetes in rodents7. Zn is concen-
trated in the insulin secretory granules of pancreatic islet 
β-cells  and is essential for the proper storage, secretion, 
and the action of insulin. Proinsulin which is formed 
from preproinsulin after cleavage of the signal sequence, 
is assembled in the Golgi apparatus in hexameric form 
forming zinc-calcium-proinsulin complex, the histidine at 
amino acid position 10 in the B-chain (His B10) coordi-
nates the two central zinc ions. Then by excision of the C
-peptide with proteolytic enzymes the hexameric proin-
sulin is converted into the insulin hexamer. Therefore Zn 
is essential for structural stability of stored insulin. Zinc 
transport  in mammalians is regulated by the family of Zn 
transporters. Zn is co-released with insulin into extracel-
lular fluid over the exocytosis of insulin from β-cell and 
releases from insulin when it reaches the blood, which 
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has higher pH, then  extracellular fluid. There is a consider-
ation, that  these released Zn ions play a role in regulation 
of a pancreatic ɑ cell secretory function8,9.  

 
Zinc Transporters  

The homeostasis of zinc is regulated by ZnT (SLC30A) 
and Zip (SLC39A) transporters. ZnT transporters 
transport zinc ions from cytoplasm into extracellular fluid 
or lumen of organelles, thus decreasing intracellular zinc 
level.  On the contrary Zip transporters transport zinc ions 
from extracellular space to the cytoplasm and increases the 
level of intracellular zinc ions. Currently there were identi-
fied 10 members of the ZnT family (ZnT1 to ZnT10) and 
14 members of the Zip family (Zip1 to Zip14)10.  
In pancreatic islet β-cells Zn ions from cytoplasm to insulin 
secreting vesicles is transported by the enzyme ZnT8 
(SLC30A). It is localized to insulin containing secretory 
granules and its main function is to provide Zn to β-cells 
for insulin secretion and storage11,12.  
 

ZnT8 antibodies – diagnostic tool for diabetes mellitus 
 

ZnT8 has recently been identified as one of the major 
antigens in pathogenesis of type 1 diabetes mellitus. The 
antibodies to this antigen were discovered by the works of 
Wenzlau et al. They studied mRNA of human and rodent 
pancreatic cells. 223 patients with new onset type 1 diabetes 
mellitus were included in the study. GAD, IA-2 and IA an-
tibodies were detected respectively in 72%, 68%, 55%, and 
63% of new-onset patients (n 223). ZnT8A measurements, 
if substituted individually for GADA, IA2A, or IAA, de-
tected a similar number of diabetic patients; inclusion of the 
ZnT8 assays in the list of assays for detection of autoim-
munity to pancreatic β cells reduced the number of diabetic 
autoantibody-negative individuals from 5.8% to 1.8% and 
increased the number who tested positive for two or more 
autoantibodies from 72% to 82%3. 

In 2010 has been published another study showing, that 
ZnT8 antibodies seems to be a valuable marker to differen-
tiate clinical phenotypes of diabetes mellitus. ZnT8 anti-
bodies has been tested in 193 patients with latent autoim-
mune diabetes of adults (LADA), who were positive for 
GAD and IA-2 antibodies and in 1056 antibody negative 
patients with type 2 diabetes mellitus. ZnT8 antibodies 
were detected in 18.6% patients with autoimmune diabetes  
and 1.4% with type 2 diabetes.  This study demonstrated, 
that the use of GAD, IA-2 and ZnT8 antibodies in combi-
nation allowed a stratification of clinical phenotype, with 
younger age of onset of diabetes and more severe insu-
lin deficiency in patients with all three markers13. 

The role of ZnT8 antibodies and ZnT8 encoding gen 
SLC30A8 (Solute carrier family 30 (zinc transporter), mem-
ber 8) in the pathogenesis of type 1 diabetes mellitus has 
been also revealed by the study conducted in Germany – 
BABYDIAB. It was multicentral, prospective, cohort study.  
ZnT8 autoantibodies were measured in sera of 1,633 chil-
dren with a first-degree family history of type1 diabetes me-
llitus and who were prospectively followed from birth. To 

reveal single nucleotide polymorphism SLC30A8 geno-
typing has been performed in 1,170 children.  
ZnT8 autoantibodies were detected in 58 children as early 
as 9 months of age (median 3 years). Among 128 children 
who were positive for GAD, IA-2 or insulin antibodies, 
ZnT8 antibodies were detected in 55 (43%) and 34 (81 
%) children from those 42 who developed diabetes, were 
positive for ZnT8 antibodies. The additional presence of 
ZnT8 antibodies stratified diabetes risk in islet autoanti-
body-positive children. The same study showed, that 
SLC30A8 genotype strongly influenced ZnT8 anti-
body type and diabetes risk in ZnT8A positive children14. 

 
The role of ZnT8 antibodies in prediction of  
type 1 diabetes mellitus 

Several studies had revealed, that positivity to autoanti-
bodies  to  pancreatic islet cells, especially multiple anti-
body positivity can be used for screening of people with 
high risk of type 1 diabetes mellitus15. Among the individ-
uals with first degree relatives with type one diabetes 
mellitus, 6.1 % is positive for GAD, IA-2 and/or ZnT8 
antibodies, within the follow-up period 34% of antibody 
positive subjects developed type 1 diabetes mellitus16.  In 
first degree relatives of patients with type 1 diabetes 
mellitus, who were positive for GAD or IA-2 the risk of 
developing type one diabetes in the observational period 
of 4 – and 5 years were 7% and 17% respectively. When 
ZnT8 antibodies measurement was  added the cumulative 
risk has increased up to 31% and 47% respectively17,18. 
Adding ZnT8 antibodies to IA-2 antibodies appeared 
more cost-effective  strategy to identify individuals with 
high risk of progression to type 1 diabetes mellitus. It 
allowed to identify 78% of first degree relatives who de-
veloped diabetes within 5 year , especially under the age 
of 40 years16,18,19. 

 

Conclusion 

Type 1 Diabetes mellitus, is an organ – specific autoim-
mune disease which is caused by a complex interaction of 
genetic and environmental factors. It  interrupts normal 
development in children and carries the threat of severe 
complications in the most active period of life. Most pa-
tients with newly diagnosed type 1 diabetes mellitus have 
elevated concentrations of auto-antibodies  against Lang-
erhans islet β cells. The antigens for these antibodies are 
insulin, glutamic acid decarboxylase (GAD), insulinoma 
associated autoantigen 2 (IA2), and zinc transporter 8 
(ZnT8). ZnT8 has recently been identified as one of the 
major antigens in pathogenesis of type 1 diabetes melli-
tus. Zinc plays essential roles in cellular metabolism of 
mammals. The pancreatic islet β-cell is among the cells 
which contain high levels of zinc (4). There is large evi-
dence that zinc status and homeostasis plays the essential 
role in the onset and progression of diabetes. The home-
ostasis of zinc is regulated by ZnT (SLC30A) and Zip 
(SLC39A) transporters. In pancreatic islet β-cells Zn ions 
from cytoplasm to insulin secreting vesicles is transported  

  TCM&GMJ,  October 2016                                                                                                                                                                       Balakhadze et al.     
                            



p 28 

by the enzyme ZnT8 (SLC30A). It is localized to insulin 
containing secretory granules and its main function is to 
provide Zn to β-cells for insulin secretion and storage. 
ZnT8 is one of main antigens in the etiology of type 1 dia-
betes mellitus and it can be used as diagnostic and predic-
tive tool for Type 1 Diabetes Mellitus. Though the onset of 
type 1 diabetes  cannot be prevented, it is still very im-
portant to reveal the different risk groups as the knowledge  
of the increased risk can help to prevent acute onset of the 
disease with ketoacidosis and concomitant morbidities.  
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he presented research work aims at substanti-

ation of the adequacy (compliance) of the used 
methodical approach for the implementation of the re-
search, which is dedicated to the comparative analysis of 
end-of-life needs and attitudes of the people, who are con-
scious of the limitations of their remaining life, falling into 
such two categories, as 1) individuals aged 85 and over and 
2) individuals suffering from terminal stage of cancer. 

In order to achieve this aim, obviously, it is better to use 
the mixed method of the study, containing both, quantita-
tive and qualitative components, which will facilitate the 
holistic coverage; At the same time, it is important to select 
the mentioned components so that they possess interdefin-
ing and interdetermining properties. 

We had selected a semi-structured  face-to-face  inter-
views as the survey tool. In particular, each study partici-
pant had to answer the following questions from both 
groups: 

 

Our research methodology has been developed based 
on the grounded theory, the strategy of qualitative data 
collection and analysis for the theoretical generalization. 
From such most widely recognized strategies of the quali-
tative research,  used for systematic researches, as  
“Narrative Analysis”, “Phenomenological Analysis”, 
“Ethnographic Research”, “Case Study” Discourse Analy-
sis” and “Grounded Theory”1. 

 
 
 
 
 
 
 
 
 
 
 

 

 
Our choice fell on the latter. The reason is that, from 

the other listed techniques, only  "Grounded Theory" 
has the clearly defined sociological direction. At the 
same time, the most important is that it satisfies the 
requirements for theoretical generalization and is dedi-
cated the formation of the theory (or theoretical model)
2. 

Besides, it is believed that application of the 
"Grounded Theory" gives a chance to identify and de-
velop "everything", related to the field of research3, 

contributing to the development of the reasoned theo-
ry, that describes or evaluates any  event, In the final 
formation of which participate the hypotheses, induced 
(emerged) directly during the study. 

The aim of our research, on the one hand, the verifi-
cation of the hypothesis, according to which "Human's 
end-of-life needs, perceptions and attitudes are similar, 
regardless of the reason, which determined the feeling of 
the limitations of the remaining life - incurable disease 
or senility (age)"; while, on the other hand development 
of such model of the relations with the patients, during 
the planning and implementation of the palliative care, 
which best suits their requirements, the needs and per-
ceptions, based on the obtained results. 

While applying  approach of the grounded theory, 
there are distinguished 20 types of the selection of mate-
rial2. We have used the so-called criterial selection type: 
opportunity to participate in the interview was given to 
the individuals from the  abovementioned two catego-
ries who, in the researchers' opinion, were aware of the 
limitation of the remaining life. At the same time, it was 
necessary to meet such inclusion criteria,  as adequate 
consciousness and the ability to participate independent-
ly in the interview. 

While using the techniques of the grounded theory, it 
is necessary to code the data for the purposes of qualita-
tive analysis. Besides, such approach will create a possi-
bility for further development of a quantitative study.  

We have selected the selective coding technique from 
the various coding methods4,5. Selection of the men-
tioned methods was due to our decision, to evaluate the  
end-of-life requirements, attitudes and perceptions of 
the trial subjects (On the one hand, incurable patients 
suffering from terminal stage of cancer, on the other  
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How would you remember your past life? 
Would you change anything in your past life? 
What are you planning to do? 
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hand, elderly people aged above 85 years, who realize dras-
tic limitations of their remaining life) in terms of the posi-
tions humanistic psychology of Abraham Maslow6,7. 

Abraham Maslow's Hierarchy of need is portrayed in the 
shape of the five level pyramid. Only after meeting the 
needs on each stage of the pyramid, to some extent, occurs 
the actualization of the needs, placed on the next stage. 

By Maslow the actualization of the requirements and 
needs happens according to the following algorithm: re-
quirements of meeting the physical needs > safety needs > 
love/belonging needs > esteem needs  > self-actualization 
needs.  

Maslow's hierarchy, which is widely recognized and 
established in the studies of the Psychologic and Sociolog-
ic fields8 is now establishing itself in those medical and 
health-related studies, which has to take into account the 
psychological problems6 Maslow’s hierarchy of needs, was 
applied on the first stage for transcribing and encoding the 
narrations of the respondents: it was decided to break up 
(code) the narratives according to the relevance with the 
certain levels of this hierarchy. 

The pilot study was conducted for the approbation of 
such research method: there had been interviewed ten in-
dividuals aged 85 and over and ten patients, suffering from 
the terminal stage of the cancer.  

The duration of the audio recording of the interview 
was from 10 to 45 minutes. After the interviews, there  

were made their transcripts and they were encoded: 
Each interview was divided into more or less independ-
ent logical fragments (Such fragments points ranged 
from 2 to 17). Afterwards, there was determined the 
compliance of the information of each fragment with 
the levels of the  Abraham Maslow's pyramid and ac-
cordingly, their "placement" on that level. The logical 
separation of fragments, as well as encoding of the text 
was performed by two independent researchers. After 
performing this task, there were compared the frag-
ments of the interviews, placed on the pyramid of the 
needs/requirements/values, in order to determine how 
similarly the researchers have selected the certain frag-
ments for placing them on the various levels of the 
Maslow pyramid. All inconsistencies, hindering to get-
ting the unified image and the evolved problems, were 
solved through discussion among the researchers, based 
on consensus, which we used to get a uniform result. 

On the second stage of coding we performed the 
"sub-coding" of the fragments of the interview, placed 
on each level of the Maslow's pyramid, but this time 
within the level itself: 

Each specific fragment of the interview had been 
reevaluated and the subgroup (category) with that gen-
eralized title was selected for it, which in the opinion of 
the researches suited the content of a particular frag-
ment best of all. For example, to the fragments, placed  

 

                                                         Levels of Maslow Pyramid 
I basic needs II Safety III Love and be-

longing 
IV   Esteem V Self-

actualization 

Categories Categories Categories Categories Categories 
                                            

1       X   X     X   X           X           

2                                             

3               X     X                   X   

4               X                 X   X       

5                                             

6   X                   X         X           

and etc.                                             
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on the  3rd level, i.e on the level of "love/belonging 
needs" the following sub-codes were given: 1. Love from 
family and relative; 2. Friends' love; 3. Love from grateful 
people (the people, towards whom the respondent had 
disposed care  and respect are ment) and etc. 

From three to five categories were separated at each 
sublevel. 

It should be noted that sometimes, in the process of 
such sub-coding, previously assigned code was changed, 
because the given fragment was re-evaluated and moved to 
another level of the pyramid. This type of re-evaluation is a 
good illustration of the relevance of the grounded theory 
to our research. Our concept of verification (the theory, 
which has to be grounded) emerges (induces) from the 
studies phenomenon. It is formed, developed and verified 
on base of  the collection and analysis of the systematic 
data. Thus obtained data, their analysis and the theory, 
which has to be grounded are in dynamic interrelation, 
which presents the very essence (principle) of the ground-
ed theory. 

As a result of the completion of the second stage of the 
coding, the data tables  are given in the following form (see 
Table). 

Considering the design of our study, it is obvious, that 
there will be two such tables. The tables of this kind, will be 
easily subjected to the quantitative comparative analysis. As 
a result, qualitative, as well as quantitative data will be avail-
able for testing our hypothesis.  

In view of all above mentioned, we believe that for per-
forming the studies of the presented type, it would be ap-
propriate to use the grounded theory approach and 
Maslow's hierarchy of needs of the humanistic theory, as 
the encoding matrix. 
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2016 gives to Georgian Medical Association the opportunity once more to 
demonstrate the Georgia, as one of  the best countries, rich with the modern 
medical and educational, historical values and tourism potential, because on 7-
11 September, in Batumi was held SEEMF (South-East European Medical Fo-
rum) 7th International Medical Congress. 

 That was an exceptional opportunity to collect best and new Medical knowledge and organi-
zational topics by the new National Associations from Europe and Asia.  

The organizing committee of  the congress created a comprehensive series of  lectures and 
symposia, covering almost entire field of  clinical and translational medicine, where the con-
gress participants learned about the latest scientific and practical developments in the field in a 
stimulating environment. It was also a unique opportunity to network with colleagues from the 
Southern and Eastern Europe as well as South Caucasus region. These interactions undoubted-
ly enhanced research and career development.   

The Organizing Committee was presented with: Co-Chairs: Dr. Andrey Kehayov - President of  
SEEMF (Bulgaria), Prof. Gia  Lobzhanidze MD, PhD, ScD - Chairman of  Georgian Medical 
Association, Iv. Javakhishvili Tbilisi State University (Georgia) and Secretary - Dr. Zaza 
Khachiperadze - Georgian Medical Association, Iv. Javakhishvili Tbilisi State University (Georgia) 

 The Scientific Committee was presented with: Co-Chairs: Acad. Wladimir Ovcharov, MD, PhD, 
ScD - President of  the Bulgarian National Medical Academy (Bulgaria), Prof. Dimitri Kordzaia 
MD, PhD, ScD - Alexandre Natishvili Institute of  Morphology, Iv. Javakhishvili Tbilisi State 
University (Georgia) and Secretary - Prof. Goce Spasovski – University Clinic of  Nephrology, 
University “ Ss Cyril and Methodius” Skopje, Macedonia. 

For the first time in the congress history, SEEMF conducted the Satellite Conference, special 
scientific section for Students and junior doctors and plenary scientific meeting with invited 
Lecturers: Prof. J. Padillo, Prof. S. Gusev and Acad. V. Ovcharov.  

Together with this information, we present you the abstracts from the Lectures of  above 
mentioned persons. 
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CELL THERAPY IN LIVER DISEASES  

Padillo J.  

(University Hospital Virgen del Rocío, Seville, Spain) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Abstract 
 

 The growing incidence of liver diseases worldwide requires increased numbers of liver transplant and 
leads to an ongoing shortage of donor livers. To meet the huge demand, various alternative approaches are 
being investigated including, hepatic cell transplantation, artificial devices and bioprinting of the organ it-
self.. On the other hand , immunomodulatory effects of mesenchymal stem cells derived from adipose tis-
sues in liver transplantation has been proposed. 

Moreover liver transplantation, stem cells have been used in the treatment of liver cirrhosis as regenera-
tion treatment. Differentiation of human stem cells to hepatocytes has become a major interest in the field 
of stem cell research and has progressed greatly.  

Other application of stem cells as regeneration approach has been after extended liver resection in order 
to avoid the “small for size” damage in the remaining liver tissue.  

Finally, at the same time, use of decellularized organ matrices and 3 D printing are emerging cutting-edge 
technologies for tissue engineering, opening up new paths for liver regenerative medicine. There have been  
big efforts trying to find the best type of cells used in these approach.  Adult hepatocytes are the preferred 
cell sources, but they have limited availability, are difficult to isolate, propagate poor and undergo rapid 
functional deterioration in vitro. Thus, there are many studies investigating how to improve culture condi-
tion for hepatocytes, providing adequate extracellular matrix as well as identifying new and different cell 
sources. 
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Abstract 
The polymorphonuclear (PMN) leukocyte, or neutrophil, has long been recognized as the infantry 

of the innate immune system, rapidly deploying to sights of injury and infection. Considerable 
knowledge has accumulated demonstrating how these cells contribute to inflammation and host-
defense. In particular, the mechanisms of neutrophil recruitment, phagocytosis, NADPH oxidative 
burst and toxic granule dependent microbial killing have been elucidated in great detail. However, this 
conventional paradigm dramatically shifted with the observation that stimulated  

PMN could release extracellular nucleic acids decorated with histones and granular proteins 
(neutrophil extracellular traps) capable of entrapping exogenous bacteria. Within the bloodstream, the 
capture of the pathogens, for the most part, remains a function of Kupffer cells within the liver vascu-
lature. These cells express a specialized pathogen receptor, the Complement Receptor of the Immu-
noglobulin superfamily (CRIg), which has evolved to catch circulating pathogens under shear condi-
tions. By contrast, neutrophils are not capable of directly catching circulating pathogens but by pro-
ducing NETs, they can increase the catching capacity of the liver. The enzymes, peptidyl arginine dei-
minase type IV (PAD4) and neutrophil elastase (NE), have been implicated in the initial decondensa-
tion of DNA and the proteolytic degradation of the nuclear envelope. The DNA is then released 
through lysis, vesicular transport and degranulation or by some as yet unresolved catapulting mecha-
nism. These additional NET components include nuclear proteins (histones), cytoskeletal proteins 
and granular proteins, including proteases and myeloperoxidase (MPO). Because of the cytotoxic mix 
of proteins and enzymes bound to NETs, these structures have been described as a double-edged 
sword, not only facilitating pathogen elimination, but also eliciting damage to bystander cells. Alt-
hough histones have a potent antimicrobial action, they can also damage and kill endothelial and epi-
thelial cells. Pathogenicity of NETs has also been implicated in the promotion of thrombosis as 
NETs serve as scaffolds for fibrin, von Willebrand factor (VWF) and thrombus formation.In addi-
tion, NETs may also have lasting effects by modulating tissue healing and even shaping the late 
(adaptive) immune response.  

In the bloodstream DNase could simply breakdown the NETs. However, even  this latter point, 
that is, are all NET components removed with DNase, is really not known. 

NET release during acute infection may have unintended, long-term side effects that must be con-
sidered. Here we consider the evidence that NET release may incite both autoimmune and vasculitic 
diseases. 

Systemic lupus erythematosus (SLE, lupus) is a complex autoimmune disease, comprising a con-
stellation of clinical manifestations of unknown cause. A review of the historical diagnostic tests for 
lupus provides intriguing, although inconclusive evidence that NETosis may play a pathophysiologic 
role in SLE. Rheumatoid arthritis (RA) is an autoimmune disease that targets joints, but it can also 
cause severe systemic and solid organ complications. PMN from RA patients were found to be more 
prone to produce NETs and RA serum was a strong inducer of NETosis. Moreover, NETosis result-
ed in the externalization of citrullinated autoantigens, thereby linking NET formation to rheumatoid 
arthritis. 

There is reason to believe that better understanding of both mechanisms of NET release, and the 

NETs effects on the host immune system, could support the development of new potential therapeu-

tic strategies for various diseases. 

  

NEUTROPHIL EXTRACELLULAR TRAPS 

Gusev S.A. 

(Federal Research and Clinical Center of  Physical-Chemical Medicine of Federal  Medical Biological Agency , Moscow, Russia) 
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INTERACTION BETWEEN NERVOUS AND IMMUNE SYSTEM  

Ovtscharoff  W. 

Abstract 

 

Between nervous and immune system exists extensive bidirectional communications in borh health 
and disease. In the nervous system there are over 200 neurotransmitters and neuromodulators. In the 
immune system T cells by means of cytokines activate the other immune cells as B cells, NK cells, mac-
rophages and dendritic cells. On the other hand numerous transmitters regulate the immunity – T cells 
response at the innate immunity. The nervous system via mediators like dopamine, serotonin, gluta-
mate, acetylcholine and neuropeptides regulates the immune system. The immune cells possess mem-
brane receptors for these transmitters. The sympathetic nerve terminals secrete neuropeptides – NPY, 
substance P, VIP, CGRP, endorphins, somatostatins and others. The immune cells have receptors for 
these neuropeptides as well. The sensory fibers contain CGRP, which activate the macrophages, mast 
cells and other immune cells. The nervous system modulates the activity of the immune system also via 
the Hypothalamo-Pituitary-Adrenal axis ruling the stress homeostasis. The Corticotropin-Releasing 
Hormone effects directly upon immune system – stimulates antibody production, modulate the activity 
of NK cells and stimulates the proliferation of the lymphocytes. The chronic stress shapes the activity 
of the immune system. The cytokines secreted from the immune cells – cytokines, chemokines and 
growth factors are able to modulate the function of the nervous system – synaptic plasticity, changes in 
the aging brain, learning and memory. The neurons in some brain areas possess cytokine receptors. The 
cytokines could modulate the behavior. The therapy with cytokines leads to mood disorders, depres-
sion, fear, sleep problems, cognitive dysfunction, fatigue and others. The immune cells synthesize and 
secrete neurotransmitters – dopamine, serotonin, glutamate, norepinephrine, which can modulate the 
brain activity. The immune system plays important role in the autoimmune disorders affecting the nerv-
ous system.  
  

(Medical University of Sofia, Sofia, Bulgaria) 
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