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The aim of the study was to assess the effect of proline-rich polypeptide (PRP) on bone marrow stromal stem
cells in vivo and in vitro and on tumour cell lines. Methods. Isolation of giant-cell tumour (GCT) stromal cells
and obtaining these cell strains; obtaining normal bone marrow stromal cell strains; PRP administration to
rats; bone marrow cell explantation into cultures; PRP addition to cell cultures. Results. Various routes and
doses of PRP administration to rats increased the multipotent mesenchymal stromal cell (MMSC) concentration
in the bone marrow. PRP addition to normal bone marrow MMSC cultures increased cell proliferation 1.5–
2.5-fold, whereas PRP addition to GCT MMSC cultures inhibited cell proliferation 1.5–2-fold. Both pro-
liferation inhibition and no PRP effect on proliferation were observed in tumour cell cultures. Conclusions. PRP 
administration to rats increased MMSC concentration in the normal bone marrow, and PRP addition to tissue
cultures revealed opposite effects of PRP on cell proliferation.
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Introduction. The rapid progress of cell technologies
in the recent decades was largely brought about by the
discovery of bone marrow stromal stem cells (or multi-
potent mesenchymal stromal cells, MMSCs) [1] and
their wide use in medical practice. Investigations of pro-
line-rich polypeptide (PRP) effect on these cells are of
great interest. PRP was first isolated by Galoyan et al.
[2] from the neurosecretory granules of N. Supraop-
ticus and N. Paraventricularis of the bovine pituitary,
and it can have striking effects on various vital aspects
of the living organism as previous studies have shown. 

Materials and methods. To obtain human and rat
normal bone marrow strains, we prepared a single-cell

suspension which was explanted into vials with a com-
plete nutrient medium (4⋅104 cells/cm2). The cultivation
was carried out in a 5 % CO2 atmosphere at 37 °C. On
Day 12–14 when discrete colonies of stromal fibro-
blasts were formed, the first passage was performed. The 
cultures were washed with saline and 0.25 % trypsin-
treated. Then the cells were counted and transferred into
a larger vial (7–8⋅103 cells/cm2). Giant-cell tumour (GCT)
cells were isolated by trypsinization of minced tumour
fragments (1–1.5 mm3) [3]. The cell suspension was ex-
planted into vials with a complete nutrient medium
(5⋅106 cells/cm2 per vial 80 cm2). The passage was perfor- 
med as described above. PRP effect on cell proliferation
was studied using strains obtained by passage II–III.
3⋅104 cells of normal bone marrow were explanted into
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each of 12 vials divided into 4 groups. PRP was added in- 
to the vials of each group: Gr. 1 – 1 µg/vial, Gr. 2 – 5 µg,
Gr. 3 – 10 µg, and the vials of Gr. 4 were used as cont-
rols. The same experiment was used to study PRP effect
on GCT stromal cells: 3⋅105 cells of each line were ex-
planted into each of the vials where PRP 5 µg was added.

To study PRP effect on MMSC concentration in the 
bone marrow, PRP 5 µg (in 0.5 ml of saline) was admi-
nistered i. m. to rats. On Day 7 or 14 the rats were ether- 
killed and the tibias were isolated, bone marrow single- 
cell suspensions were prepared, and 5⋅105 cells were
explanted into each of 4 vials (25 cm2) with a complete
nutrient medium. The cultivation was carried out in a
5 % CO2 atmosphere at 37 °C. On Day 10–12 the cultu-
res were fixed and the grown colonies were counted.

Results and discussion. The clonal nature of colo-
nies [4] allowed studying PRP effect on stromal stem
cells in vivo. A single i. m. injection of PRP 5 µg to rats
resulted in a 5–9-fold increase of MMSC concentration
in the bone marrow (Fig. 1). These findings are of great
importance for cell technologists as they allow signifi-
cant shortening of the time needed to grow the required
number of cells for transplantation. In literature there is
no information about any growth factors or other sub-
stances which could increase MMSC concentration in
the bone marrow after administration into the living orga-
nism. Today PRP is the only substance which increases
MMSC concentration in the bone marrow over 5-fold
when administered i. m. The stromal cells isolated from
GCT do not differ in phenotype from MMSCs isolated
from the normal bone marrow. Both populations of these 
cells show a high growth activity after their explantation
into a tissue culture. PRP effect on the proliferation of
these cells was studied using strains obtained by passage 
II–III. Vials containing 3⋅104 normal bone marrow cells
were divided into 3 groups (3 vials in each group). PRP
0.2 µg/ml of medium was added into each vial in Gr. 1, 1 
µg – in Gr. 2, and 2 µg – in Gr. 3. On Day 4 when the cell
growth became almost confluent the cultivation was

stopped. The results showed that the cell number in the
experimental vials increased 1.5-fold as compared to
controls, irrespective of PRP concentration. A decreased 
number of explanted cells (1⋅104) allowed prolongation
of the cultivation period to 8 days. Prolonged PRP action 
on the cells (irrespective of PRP concentration) resulted
in a 2-fold increase in the grown cell number as compa-
red to that in 4-days culture  (Fig. 2). 

To study PRP effect on human GCT stromal cells,
1 ⋅ 104 and 3.3 ⋅ 103 cells were explanted into vials. The
cultivation lasted 8 and 12 days respectively. PRP
concentrations in the culture medium were the same.
The grown cell number decreased 1.5-fold in the ex-
perimental vials as compared to controls (Fig. 2). The
longer cultivation time (i. e. the increased length of
PRP action on the proliferating cells) did not result in
any additional inhibition of growth (Fig. 3). So our fin-
dings showed opposite effects of PRP on the stromal
cells of normal and tumour tissues.

Inhibition of GCT stromal cell proliferation in vitro
was the main determinant which guided our studies of
PRP effect on other tumour cell lines: Mel. Kor – mela-
noma (skin cancer), SCOV-3 – ovarian cancer, and two
lines of breast cancer – SKBR-3 and MCF-7. PRP 5 µg
was added into each vial containing 3 ⋅ 105 cells of these
lines; the cell proliferation decreased 1.6-fold in the Mel. 
Kor line and 1.3-fold in the SKBR-3 line. PRP had prac-
tically no effect on the other tumour cell lines (Fig. 4).

Numerous groups of researchers are investigating
the effect of various growth factors on MMSC prolife-
ration and trying to increase MMSC colony formation
by adding such growth factors to cultures. However the- 
ir findings do not give a clear idea of the effect of certain
growth factors on MMSCs [5]. This inconsistency may
be accounted for by different methods of cell isolation,
different nutrient media and different FBS concentra-
tions in the media, etc. used by different researchers.
Standard conditions are extremely important for all in-
vestigations of the effect of various growth factors.
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Fig. 1. Effectiveness of MMSC colony formation in rat bone marrow
cultures after PRP 5 µg i. m. administration: 1 – 5  µg; 2 – control
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Fig. 2. PRP effect on stromal cell proliferation in human bone marrow
cultures: 1 – 1  µg; 2 – 5  µg; 3 – 10  µg; 4 – control
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Conclusions. PRP 5 µg i. m. administration to rats
resulted in a 5–9-fold increase in MMSC concentration
in the normal bone marrow. PRP added to cultures of
stromal cells of normal bone marrow and GCT had op-
posite effects on cell proliferation. PRP decreased cell
proliferation 1.5-fold in Mel. Kor and SKBR-3 cultures.
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Дія ба га то го на пролін поліпеп ти ду на різні лінії 
пух лин них клітин, стро маль ну тка ни ну нор маль но го 
кістко во го моз ку та гіган токлітин них пух лин 

Ре зю ме

Мета досліджен ня – вив чен ня впли ву ба га то го на пролін поліпеп -
ти ду (ПБП) на стов бу рові клітини стро ми кістко во го моз ку in
vivo та in vitro і лінії пух лин них клітин.  Ме то ди. Виділен ня стро -
маль них клітин гіган токлітин ної  пух лнии (ГКП) і от ри ман ня
штамів цих клітин, а та кож штамів стро маль них клітин нор -
маль но го кістко во го моз ку, вве ден ня ПБП щу рам, експлан тація в
куль ту ру кістко во моз ко вих клітин, до да ван ня ПБП у куль ту ри
клітин. Ре зуль та ты. Різні спо со би і дози вве ден ня ПБП щу рам
збільшу ють кон цен трацію муль ти по тен тних ме зенхі- маль них
стро маль них клітин (ММСК) у кістко во му моз ку. До да ван ня
ПБП у куль ту ри ММСК нор маль но го кістко во го моз ку при зво -
дить до зрос тан ня проліфе ра тив ної ак тив ності клітин у 1,5–2,5
разу, вне сен ня ПБП у куль ту ри ММСК ГКП інгібує проліфе рацію
клітин у 1,5–2 разу. У куль ту рах пух лин них клітин спос тері-
гається як при гнічен ня пух лин них клітин, так і відсутність впли -
ву поліпеп ти ду на проліфе рацію. Вис нов ки. Вве ден ня ПБП щу рам 
підви щує кон цен трацію ММСК у нор маль но му кістко во му моз ку,
а за до да ван ня ПБП у куль ту ру тка нин ви яв ле но його різнос пря -
мо ва ну дію на проліфе рацію клітин. 

Клю чові сло ва: ба га тий на пролін поліпеп тид, муль ти по тент-
ні ме зенхімальні стро мальні клітини.
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Де йствие бо га то го про ли ном по ли пеп ти да на раз лич ные ли нии
опу хо ле вых кле ток, стро маль ную ткань нор маль но го кос тно го
моз га и ги ган ток ле точ ной опу хо ли

Ре зю ме

Цель ис сле до ва ния – из уче ние вли я ния бо га то го про ли ном по ли -
пеп ти да (ПБП) на ство ло вые клет ки стро мы кос тно го моз га in

vivo и in vitro и ли нии опу хо ле вых кле ток.  Ме то ды. Вы де ле ние
стро маль ных кле ток ги ган ток ле точ ной опу хо ли (ГКО) и по лу че -
ние штам мов этих кле ток, а так же штам мов стро маль ных кле -
ток нор маль но го кос тно го моз га, вве де ние ПБП кры сам, экс-
план та ция в куль ту ру кос тно моз го вых кле ток, до бав ле ние ПБП в 
куль ту ры кле ток. Ре зуль та ты. Раз лич ные спо со бы и дозы вве де -
ния ПБП кры сам уве ли чи ва ют кон цен тра цию муль ти по тен тных 
ме зен хи маль ных стро маль ных кле ток (ММСК) в кос тном моз ге.
До бав ле ние ПБП в куль ту ры ММСК нор маль но го кос тно го моз га
при во дит к воз рас та нию про ли фе ра тив ной ак тив нос ти кле ток
в 1,5–2,5 раза, вне се ние ПБП в куль ту ры ММСК ГКО ин ги би ру ет
про ли фе ра цию кле ток в 1,5–2 раза. В куль ту рах опу хо ле вых кле -
ток на блю да лось как угне те ние, так и от су тствие вли я ния по ли -
пеп ти да на про ли фе ра цию. Вы во ды. Вве де ние ПБП кры сам по-
вы ша ет кон цен тра цию ММСК в нор маль ном кос тном моз ге, а
при до бав ле нии ПБП в куль ту ру тка ней вы яв ле но его раз но нап -
рав лен ное де йствие на про ли фе ра цию кле ток. 

Клю че вые сло ва: бо га тый про ли ном по ли пеп тид, муль ти по -
тен тные ме зен хи маль ные стро маль ные клет ки.
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Fig. 3. PRP influens on the effectiveness of colony formation in human 
GCT cultures: 1 – 1  µg; 2 – 5  µg; 3 – 10  µg; 4 – control
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Fig. 4. PRP effeeffect on various tumour cell lines: 1 – control; 2 –
5 µg


