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Peptides Tissue-Specifi cally Stimulate Cell Differentiation 
during Their Aging 
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We verifi ed expression of CXCL12 and Hoxa3 transcription factors of differentiation in cul-
tures of human embryonic pancreatic and bronchial cells and CXCL12 and WEGC1 factors 
in a culture of human prostatic fi broblasts. Reduced expression of these differentiation mark-
ers was detected in late-passage (aging) cultures. The expression of differentiation factors 
CXCL12, Hoxa3, and WEGC1 was tissue-specifi cally stimulated by short peptides: pancragen 
(Lys-Glu-Asp-Trp) in pancreatic cells, bronchogen (Ala-Glu-Asp-Leu) in bronchial epithelial 
cells, and vesugen (Lys-Glu-Asp) in fi broblasts. The inducing effect of peptides on the expres-
sion of differentiation factors was more pronounced in aged cultures, which can serve as a 
mechanism of their geroprotective effect.
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Expression of genes participating in cell differentiation 
is regulated by transcription factors. They stimulate or 
suppress the synthesis of regulatory proteins through 
interaction with specifi c nucleotide sequences of the 
gene. Synthesis of proteins (including differentiation 
factors) in cells decreases with age and under patho-
logical conditions, which leads to dysregulation of 
gene expression and a decrease in functional acti vity 
of organs and tissues [1,2,4].

Peptides pancragen (Lys-Glu-Asp-Trp), broncho-
gen (Ala-Glu-Asp-Leu), and vesugen (Lys-Glu-Asp) 
created at St. Petersburg Institute of Bioregulation and 
Gerontology promote functional recovery of the pan-
creas and organs of the respiratory and cardiovascular 
systems, respectively. However, their effect on expres-
sion of differentiation factors has never been studied. 
Pancragen reduces glucose concentration in the blood 
[3,5]. It is demonstrated that pancragen signifi cantly 
reduced glycemia (by 35%) in rats with alloxan-in-

duced diabetes mellitus, which correlated with de-
crease in the animal mortality [3]. Clinical studies of 
pancragen demonstrated its effi ciency in individuals 
with diabetes mellitus [9]. Bronchogen attenuated the 
infl ammatory reaction in the lungs of rats with bleo-
mycin-induced fi brosis: fi brotic changes in the lungs, 
hemodynamic disturbances in the lesser circulation, 
and myocardial hypertrophy were less pronounced [6]. 
Vesugen improves metabolism in the vascular wall [7]. 
The use of these peptides is important for gerontology, 
because diabetes mellitus and bronchial and vascular 
pathologies often develop in elderly and senile indi-
viduals.

In cell of the bronchial epithelium, pancreatic is-
lets, and fi broblasts of the prostatic gland, WEDC1, 
CXCL12 (SDF-1), and Hoxa3 proteins act as differ-
entiation factors. Factors WEGC1 and CXCL12 are 
expressed by human prostate fi broblasts and their syn-
thesis decreases with age, which is one of the causes 
of hyperplastic processes [7]. Increased concentration 
of chemokine CXCL12 in the plasma and alveolar 
fl uid and migration of cells carrying CXCR4 receptors 
selectively binding CXCL12 into the lungs were ob-
served in rats with lung injury [11]. Protein Hoxa3 is 
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transcribed by tissue-specifi c homeotic gene HOXA3 
participating in tissue differentiation via modulation of 
the expression of various genes [8,10].

Here we studied the effects of pancragen, bron-
chogen, and vesugen on the expression of transcription 
factors WEDC1, Hoxa3, and CXCL12 in cultures of 
human lung and pancreatic cells and fi broblasts du-
ring aging.

MATERIALS AND METHODS

Experiments were performed on embryonic cultures 
of acinar cells of the pancreas MIA PaCa-2 (Insti-
tute of Cytology, Russian Academy of Sciences) and 
bronchial epithelium FLECH (Research Institute of 
Infl uenza, Ministry of Health and Social Development) 
of passages 1, 7, and 14. Cultures of passages 1, 7, 
and 14 were considered as young, mature, and aged 
cultures, respectively (according to recommendations 
of International Association of Cell Culture Studies, 
San Francisco, USA, 2007). We also used culture of 
human prostate fi broblasts (clone CX3CR1, Cambrex 
Bioscience) passing 1, 4, and 7 passages, which cor-
responded to 1, 7, and 14 passages for embryonic 
cultures. Physiological saline or one of the test pep-
tides was added to control and experimental cultures 
respectively: bronchogen to culture of bronchial epi-
thelial cells, pancragen to culture of acinar cells of the 
pancreas, and vesugen to fi broblast cultures. Prelimi-
nary experiments showed that peptides not specifi c for 
the tissue (bronchogen for acinar cells, pancragen for 
bronchial epithelial cells, and cardagen for fi broblasts) 
do not affect the expression of transcription factors.

Acinar cells of the pancreas were cultured in 
25-cm2 fl asks (JetBiofi l) in 5 ml DMEM supplemen-
ted with L-glutamine (Bio lot), 15% fetal calf serum 
SC-BIOL (Biolot), and 1% penicillin-streptomycin 
at 37oC. Bronchial epithelial cells were cultured in 
MEM supplemented with L-glutamine (Bio lot), 10% 
fetal calf serum SC-BIOL (Biolot), and 1% penicillin-
streptomycin. Fibroblasts were cultured in 24-well 
plates (Costar) at 37oC and 5% CO2 in RPMI-1640 
(Flow) supplemented with 10% ECS (Serva), 300 μg/
ml L-glutamine (Flow), 0.02 M HEPES buffer (Sig-
ma), and 100 μg/ml gentamicin (Pharmakhim). Initial 
concentration was 106 cell/ml.

For immunocytochemical study, primary mono-
clonal antibodies WEDC1 (1:150, Vectorlab), CXCL12 
(1:200, Vectorlab), and Hoxa3 (1:150, “Vectorlab”) 
and secondary antibodies, biotinylated anti-mouse im-
munoglobulins (Novocastra) were used. Permeabili-
zation was performed with 0.1% Triton-X100. The 
reaction was visualized with horseradish peroxidase 
and diaminobenzidine (EnVision Detection System, 
Peroxidase/DAB, Rabbit, Mouse).

The results of immunocytochemical analysis 
were evaluated morphometrically using a computer-
as sisted microscopic image analysis system consisting 
of Nikon Eclipse E400 microscope, Nikon DXM1200 
digital camera, and Videotest-Morphology 5.0 soft-
ware. In each case, at least 5 fi elds of view were ana-
lyzed at ×200. The area of expression was calculated 
as the ratio of the area occupied by immunopositive 
cells to the total area of cells in the fi eld of view and 
expressed in percents. This parameter characterizes the 
intensity of the synthesis of the studied transcription 
factors in cells.

Immunofluorescent confocal microscopy was 
performed on non-fi xed cell suspensions. Cell smears 
were treated with primary antibodies (Torrey Pines 
Biolabs) to CXCL12 and WEDC1 proteins. Expres-
sion of signal molecules was visualized using Vector 
Red kits (Vector Lab) for immunofl uorescent visua-
lization of alkaline phosphatase. Levamisole (1.25 
mM) was added during incubation with alkaline 
phosphatase of the kit for blockade of endogenous 
enzyme. The preparations were examined under 
Leica TCS SP5 confocal microscope at ×400 and 
×1000 using an MRC-1024 system equipped with 
LaserSharp 5.0 software (Bio-Rad) for confocal im-
age analysis. In each case, the area of expression was 
analyzed in 10 fi elds of view at ×400. Statistica 7.0 
software was used for comparison and evaluation of 
between-group differences.

RESULTS

Expression of CXCL12 and Hoxa3 markers was veri-
fi ed in control cultures of pancreatic acinar cells and 
bronchial epithelial cells and CXCL12 and WEDC1 
markers in fi broblast culture. In culture of pancre-
atic acinar cells, the area of Hoxa3 expression signifi -
cantly decreased with age. In young cultures, the area 
of Hoxa3 expression was 1.2- and 2-fold larger than 
in mature and aged cultures (Table 1). The area of 
CXCL12 expression decreased by 22 and 12% in ma-
ture and aged cultures, respectively. Area of WEDC1 
expression in fi broblast cultures of passages 4 and 7 
was reduced by 60 and 81% in comparison with pas-
sage 1 (Table 2).

Addition of pancragen to the culture of pancreatic 
acinar cells reduced the area of expression of differ-
entiation factor CXCL12 by 21% in young cultures 
and by 86 and 72% in mature and aged cultures, re-
spectively (Table 1, Fig. 1, a, b). Expression of Hoxa3 
signifi cantly increased after addition of pancragen: 
by 60% in young cultures and by 90% in mature cul-
tures. The most pronounced effect was observed in 
aged cultures: Hoxa3 expression area increased by 
2.8 times in comparison with the control. Enhanced 
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Hoxa3 expression was also observed after addition 
of bronchogen to the culture of bronchial epithelial 
cells: by 1.7, 1.4, and 1.7 times in young, mature, and 
aged cultures (Table 3). Bronchogen had no effect of 
the expression of differentiation factor CXCL12 in all 
studied passages of bronchial epithelial cells (Table 3).

Addition of vesugen to fi broblast culture increa-
sed expression of differentiation factors CXCL12 
and WEDC1: in young cultures by 1.2 and 1.5 times, 
respectively, in mature cultures by 8 and 8.2 times, 
and in aged cultures by 7.6 and 16 times (Fig. 2, a-c; 
Table. 2).

Aging of the culture of bronchial epithelium, pan-
creatic acinar cells, and prostate fi broblasts is associa-
ted with a decrease in the expression of differentiation 

factors CXCL12, Hoxa3, and WEDC1, which attests 
to reduced differentiation capacity of these cells and 
can be a cause of reduced functional activity of the 
pancreas, bronchi, and prostate during aging.

Stimulating effects of peptides pancragen, bron-
chogen, and vesugen on the glandular and endothelial 
tissues was reported previously. In our experiments, 
these peptides induced the expression of differentia-
tion factors CXCL12, Hoxa3, and WEDC1 in cells of 
the pancreas, bronchi, and prostate fi broblasts. Since 
these differentiation factors participate in transcription, 
we can hypothesize that stimulation of cell differen-
tiation by short peptides is mediated by an epigenetic 
mechanism underlying peptide regulation of aging 
processes.

TABLE 1. Effect of Pancragen on Expression of Pancreatic Acinar Cell Differentiation Factors (M±m; %)

Factor

Expression area

passage 1 (young cultures) passage 7 (mature cultures) passage 14 (aged cultures)

control pancragen control pancragen control pancragen

CXCL12 8.3±1.1 10.1±1.3 6.5±0.9 12.1±3.1* 7.3±1.2 12.6±1.7*

Hoxa3 5.4±0.8 8.6±0.7* 4.7±0.6 8.9±0.9* 2.7±0.3 10.2±2.1*

Note. Here and in Tables 2, 3: *p<0.05 in comparison with the control.

TABLE 2. Effect of Vesugen on Expression of Fibroblast Differentiation Factors (M±m; %)

Factor

Expression area

passage 1 (young cultures) passage 4 (mature cultures) passage 7 (aged cultures)

control vesugen control vesugen control vesugen

CXCL12 2.22±0.08 2.72±0.05 1.14±0.04 9.13±1.72* 0.37±0.01* 2.81±0.2*

WEDC1 1.72±0.06 2.66±0.09* 0.70±0.03* 5.73±0.16* 0.32±0.01* 5.23±0.21*

TABLE 3. Effect of Bronchogen on Expression of Bronchial Epithelium Differentiation Factors (M±m; %)

Factor

Expression area

passage 1 (young cultures) passage 7 (mature cultures) passage 14 (aged cultures)

control bronchogen control bronchogen control bronchogen

CXCL12 6.2±1.3 6.3±1.4 5.4±0.9 6.0±0.7 5.0±0.6 5.4±0.9

Hoxa3 4.0±0.8 6.5±1.2* 5.2±1.7 12.7±3.4* 5.2±1.9 14.2±4.1*
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Fig. 1. Expression of differentiation factor CXCL12 in culture of pancreatic acinar cells: passage 14 (200). a) control; b) addition of pan-
cragen, immunocytochemistry.

Fig. 2. Expression of WEDC1 protein (green fluorescence) in prostate fibroblasts. Confocal microscopy. a) passage 1; b) passage 7; c) 
passage 7 in the presence of T-38. Magnification: 1000 (a, b) and 1600 (c).
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